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Aims The role of psychological stress in the aetiology of atrial fibrillation (AF) is unclear. The death of a child is one of
the most severe sources of stress. We aimed to investigate whether the death of a child is associated with an
increased risk of AF.

...................................................................................................................................................................................................
Methods
and results

We studied parents with children born during 1973–2014 included the Swedish Medical Birth Register
(n = 3 924 237). Information on death of a child, AF and socioeconomic, lifestyle and health-related covariates was
obtained through linkage to nationwide population and health registers. We examined the link between death of a
child and AF risk using Poisson regression. Parents who lost a child had a 15% higher risk of AF than unexposed
parents [incidence rate ratio (IRR) and 95% confidence intervals (CI): 1.15 (1.10–1.20)]. An increased risk of AF
was observed not only if the child died due to cardiovascular causes [IRR (95% CI): 1.35 (1.17–1.56)], but also in
case of deaths due to other natural [IRR (95% CI): 1.15 (1.09–1.21)] or unnatural [IRR (95% CI): 1.10 (1.02–1.19)]
causes. The risk of AF was highest in the 1st week after the loss [IRR (95% CI): 2.87 (1.44–5.75)] and remained
10–40% elevated on the long term.

...................................................................................................................................................................................................
Conclusions Death of a child was associated with a modestly increased risk of AF. Our finding that an increased risk was

observed also after loss of a child due to unnatural deaths suggests that stress-related mechanisms may also be
implicated in the development of AF.
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Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia. Its
prevalence, currently estimated to 1–2% in the Western world has
been increasing along the ageing of the population and is expected to
double by 2050.1 Atrial fibrillation is associated with increased risks
of cognitive dysfunction, stroke, heart failure, venous thromboembol-
ism, cardiac events, and cardiovascular and total mortality.2 Several
risk factors for AF have been identified, e.g. old age, male sex, certain

genetic variants, European ancestry, smoking, alcohol consumption,
extreme physical activity, obesity, diabetes, obstructive sleep apnoea,
hypertension, and certain heart diseases.2 A substantial proportion of
AF cases cannot, however, be attributed to these factors, prompting
the need to identify additional risk factors.3

Psychological stress has been suggested to play a role in the devel-
opment and maintenance of AF4 via stress-induced activation of the
hypothalamic-pituitary-adrenal axis5,6 and the autonomic nervous
system,7 adverse changes in health behaviour, endothelial function,
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..blood pressure, inflammatory, metabolic, and thrombotic activity
among other potential mechanisms.2,4,6,8 These may induce structural
and electrophysiological changes in the atrial substrate, e.g. fibrosis,
inflammatory infiltrates, focal ectopic firing from the pulmonary veins,
altered atrial refractory periods, and conduction velocity, which in
turn may contribute to the stabilisation and the perpetuation of re-
entry and of AF.2,9 P-wave dispersion, a marker of atrial remodelling
and a predictor of AF, has been observed in patients with panic dis-
order.10 Acute stress and the activation of the autonomic nervous
system is common before paroxysmal AF episodes, suggesting a
triggering effect.8,11,12 Only a few prospective studies analysed the
association between psychological stress or adverse life events
and the risk of AF and their findings have been mixed. Four prospect-
ive studies observed an association between job strain13–15 or
adverse life events16 and the risk of AF, whereas others found no
association.17–19

Death of a child is one of the most extreme sources of stress.20

Parents’ grief following the death of a child is intense and long-last-
ing21 and may hardly be fully resolved.22 Bereaved parents have an
increased risk of psychiatric disorders,23 acute myocardial infarction24

and mortality,25,26 compared with unexposed parents. Thus, if stress
is involved in the aetiology of AF, we may expect to observe an asso-
ciation between death of a child and AF.

In this large population-based study, we investigated whether the
death of a child is associated with an increased risk of incident AF, tak-
ing into consideration characteristics of the loss and the time since
the death.

Methods

Study population and design
We conducted a population-based cohort study by linking individual-
level data from several Swedish population-based registers using the
unique personal identification number assigned to all Swedish residents.
We defined the study population as parents of the 4 298 283 liveborn
children recorded in the Swedish Medical Birth Register (MBR) during
1973–2014. These children were linked to their parents through the
Swedish Multi-Generation Register, which includes familial link for individ-
uals born in 1932 onward. Information on mothers was available for virtu-
ally all children in the initial cohort; we had information on fathers in 83%
of the children, resulting in 3 924 237 parents being included in the paren-
tal cohort (Figure 1). Through the Multi-Generation Register, we also
identified the parents’ other children who were not included in the MBR,
including those born before 1973 when the MBR was launched, and those
born outside Sweden and later registered as Swedish residents. Since we
aimed to identify AF from the Swedish Patient Register, which achieved
nationwide coverage for inpatient care in 1987, we defined the study
period as 1987–2014. Follow-up of these parents started on 1 January
1987, birth of the first child, or immigration to Sweden, whichever came
later, and ended at the time of the first diagnosis of AF, death, emigration
out of Sweden, or 31 December 2014, whichever came first. Parents
were included in the study, if they were living in Sweden and were alive at
the start of the follow-up, had at least one child alive on 1 January 1987 or
later, and did not have a record of AF prior to start of follow-up
(n = 3 908 716) (Figure 1).

The study was approved by the Regional Ethical Review Board in
Stockholm.

Measures
Exposure

We defined exposure as the death of a child occurring after the start of
follow-up. We obtained information on children’s date and cause of
death from the Causes of Death Register. We classified exposed parents
according to (i) the deceased child’s cause of death [death due to cardio-
vascular diseases (CVD), other natural causes, or unnatural causes], (ii)
the deceased child’s age (<_1, 2–12, 13–18, or >18 years), (iii) the number
of remaining live children at the time of the loss (0, 1–2, or >_3 children),
and (iv) the number of deceased children during the follow-up (0, 1, or
>_2). In case the parent lost several children during the follow-up, we con-
sidered the first loss in case of the above first three classifications. The
International Statistical Classification of Diseases (ICD) codes used to
classify causes of death are shown in Supplementary material online,
Table S1.

Outcome

Information on the diagnosis of AF was retrieved from the Patient
Register using the ICD codes presented in Supplementary material on-
line, Table S1. The Patient Register was established in 1964 and had cov-
ered all inpatient care in the country since 1987; information on
specialized outpatient care had been included since 2001. A Swedish val-
idation study reported a positive predictive value of 97% for the diagno-
ses of AF and atrial flutter in the Patient Register.27

Covariates

Information on parents’ sex, birth year, marital status (married or in regis-
tered partnership vs. divorced, widowed, or single), and country of birth
(Sweden vs. other countries) was obtained from the Total Population
Register. Data on household income were obtained from the Register of
Incomes and Taxes; the variable was categorized based on the tertile dis-
tribution of each 10-year interval. Information on education was retrieved
from the Education Register and was classified as <_9, 10–14, or
>_15 years; for study participants who entered the cohort before 1991
when the quality of data had been substantially improved, we used the in-
formation on education recorded in 1990. We used information on mari-
tal status, highest education, and household income from the year before
study entry. If information for the corresponding year was lacking, we
used data from the closest year with available data in the 5 years before
study entry.

Information on study participants’ history of psychiatric disorders and
personal and family history (i.e. parents and siblings according to the
Multi-Generation Register) of CVD at baseline was obtained from the
Patient Register. For women, we also retrieved information from the
MBR on hypertensive disorders and diabetes before or during pregnancy
(available since 1973) and on smoking (available since 1982) and body
mass index (BMI) (available during 1982–1989 and 1992–) in early preg-
nancy; we used information on these characteristics from the pregnancies
women had before baseline. The ICD codes used to retrieve information
on the above medical conditions are shown in Supplementary material
online, Table S1.

Statistical analyses
We analysed the association between the death of a child, treated as a
time-varying exposure, and the risk of incident AF using Poisson regres-
sion. An exposed parent contributed person-years to the unexposed
group until the date of the death of a child and contributed person-years
thereafter to the exposed group. We performed analyses with any loss
and with exposure categorized according to (i) the deceased child’s cause
of death, (ii) age at death, (iii) the number of remaining live children the
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.parent had at the time of loss, and (iv) the number of deceased children
during the follow-up. We included the following potential confounders in
our main models: sex, age at follow-up, calendar year at follow-up, coun-
try of birth, marital status, household income, highest attained education,
history of psychiatric disorders and CVD at baseline. We treated age and
calendar year of follow-up as time-dependent variables, i.e. we split the
follow-up at every 5 years in case of age (<20, 20–90 by 5 years, and
>90 years) and at every 10 years in case of calendar year (<_1989, 1990–
1999, 2000–2009, and >_2010). Given that a large proportion of study
participants lacked information on their parents and siblings, we
adjusted for family history of CVD in analyses restricted to those with
register links to parents. In analyses restricted to mothers, we also
adjusted for pre- and gestational hypertension and diabetes, as well as
smoking and BMI in early gestation. To analyse the risk of AF in different
time periods after bereavement, we performed analysis according to
time since the loss (<_7, 8–30 days, 1–6, 6–12 months, 1–5, 5–10, and
>_10 years).

We further performed analyses stratified by parents’ sex, age (<50 vs.
>_50 years), attained education at baseline (<9, 10–14, and >_15 years), the
birth year of the first child prior to or after 1987 (when the coverage of
the Patient Register became nationwide), and the start of follow-up be-
fore or after 2001 (when information on specialized outpatient care was
added to the Patient Register). We also performed a sensitivity analysis
by excluding parents who lost a child before 1987. To investigate the im-
portance of conjugal support in bereaved parents, we repeated our main
model after classifying bereaved parents based on their marital status at

the end of the year that preceded their loss as (i) single, widowed, or
divorced before the year preceding the loss, (ii) married or in registered
partnership the year preceding the loss and divorced later, and (iii) mar-
ried or in registered partnership the year preceding the loss and not
divorced later.

Analyses were performed using SAS 9.4.

Results

A total of 64 628 (1.7%) of the 3 908 716 parents included in our
study lost at least one child between 1987 and 2014 (Figure 1). The
bereaved parents were more likely to be older, married or in regis-
tered partnership, to have only primary education, lower income,
and a family history of CVD than their unexposed counterparts.
Bereaved mothers were less likely to be obese and more likely to
smoke in early pregnancy than non-bereaved mothers
(Supplementary material online, Table S2).

A total of 95 188 parents were diagnosed with AF during the
follow-up, leading to an incidence rate of 130.6 per 105 person-years.
Death of a child was associated with an increased AF risk [incidence
rate ratio (IRR): 1.15, 95% confidence intervals (95% CI): 1.10–1.20].
The association was most pronounced if the child died of CVD but
was also present when the child died of other natural or unnatural
causes. The association was slightly stronger when the child died at

Figure 1 The flowchart of the study participants.
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..the age of 13–18 years and when the parents had three or more chil-
dren alive at the time of loss. We found no association between loss
of two or more children and AF risk (Table 1). The risk of AF after be-
reavement was highest in the 1st week after the loss [IRR (95% CI):
2.87 (1.44–5.75)], but an increased risk was present throughout most
part of the follow-up (Figure 2).

The association between the death of a child and AF was slightly
stronger in mothers than in fathers and among younger (<50 years)
than older parents (>_50 years) (Supplementary material online,
Table S3 and S4). There was no evidence of effect modification by the
parent’s educational attainment, the birth year of the first child, or
the calendar year at the start of follow-up (Supplementary material

....................................................................................................................................................................................................................

Table 1 Adjusted incidence rate ratios and 95% confidence intervals for atrial fibrillation according to death of a child

Exposure Events/person-years Age-adjusted IRR (95% CI) Multivariable IRRa (95% CI)

Unexposed 92 983/72 059 900 1.00 1.00

All deaths 2205/767 299 1.16 (1.11–1.21) 1.15 (1.10–1.20)

Cause of death of the deceased

Death due to CVD 187/34 228 1.33 (1.15–1.54) 1.35 (1.17–1.56)

Other natural death 1369/545 081 1.14 (1.09–1.21) 1.15 (1.09–1.21)

Unnatural death 649/187 989 1.14 (1.06–1.23) 1.10 (1.02–1.19)

Age of the deceased child at loss (in years)

<_1 230/281 829 1.35 (1.18–1.53) 1.19 (1.04–1.35)

2–12 113/107 717 1.01 (0.84–1.22) 0.95 (0.78–1.14)

13–18 222/76 850 1.28 (1.13–1.47) 1.25 (1.10–1.43)

>18 1640/300 903 1.13 (1.08–1.19) 1.15 (1.09–1.21)

Number of remaining live children at loss

0 166/153 277 1.05 (0.90–1.22) 1.01 (0.87–1.18)

1–2 1207/458 317 1.12 (1.06–1.19) 1.11 (1.05–1.18)

>_3 832/155 705 1.24 (1.16–1.33) 1.24 (1.16–1.33)

Number of deceased children during follow-up

1 2155/746 967 1.16 (1.11-1.21) 1.16 (1.11-1.21)

2 or more 50/20 332 1.02 (0.77-1.35) 0.96 (0.72–1.29)

CI, confidence interval; CVD, cardiovascular diseases; IRR, incidence rate ratio.
aAdjusted for sex, age at follow-up, calendar year at follow-up, country of birth, marital status, household income, educational attainment, history of psychiatric disorders, and
cardiovascular diseases.

Figure 2 Incidence rate ratios for atrial fibrillation according to the time since the child’s death.
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online, Table S4). The point estimates for the association between
the death of a child and the risk of AF did not change substantially
after (i) excluding study participants who lost a child before 1987, (ii)
adjusting for parents’ and siblings’ history of CVD at baseline, or (iii)
adjusting for maternal pregestational or gestational diabetes and
hypertension, and BMI and smoking in early pregnancy
(Supplementary material online, Table S5). The IRR in case of
bereaved parents who were single, widowed, or divorced at the end
of the year preceding the loss was slightly higher [n = 20 584, IRR
(95% CI): 1.30 (1.20–1.40)] than that in case of bereaved parents
who remained married after the loss [n = 18 250, IRR (95% CI): 1.17
(1.09–1.25)]. The statistical power was limited to investigate AF risk
in bereaved parents who divorced after their loss relative to the un-
exposed [n = 4065; IRR (95% CI): 0.98 (0.81–1.17)].

Discussion

In this nationwide population-based study, we found that the death
of a child was associated with an increased risk of AF. The association
was present not only for losses due to CVD, but also for losses due
to other natural and unnatural causes. The risk of AF was particularly
high in the 1st week after the loss but persisted throughout the
follow-up. The association was slightly stronger in mothers than in
fathers.

Comparison with earlier studies
Our findings that the loss of a child was associated with a modestly
increased risk of AF corroborate the results of several earlier studies
in this field reporting a modest association between psychological
stress, e.g. job strain or adverse life events,13–16,28 negative emo-
tions29,30 or mental ill-health,4,18 and the risk of AF. In contrast, other
investigations found no evidence for an association between per-
ceived stress and AF risk.17–19 Effect sizes in our study were compar-
able to or slightly lower to those observed in case of well-established
risk factors for AF, e.g. hypertension (1.2–1.5), diabetes (1.3), or
heavy alcohol consumption (1.3–1.5).31 A number of methodological
concerns may limit causal inference in several of the earlier studies
regarding the link between stress and AF, primarily the possibility of
reverse causation and recall bias,4 small exposure contrasts,17,19 and
limited statistical power to detect effects of the magnitude we
reported.14,15,17–19 The strengths of our study are noted in several
aspects. First, we investigated an objective source of stress that is like-
ly to be emotionally demanding and to induce stress-related physio-
logical changes for most individuals, irrespective of coping resources.
Second, we collect information on exposure from a high-quality
register before and independently of the outcome. Third, by employ-
ing a large population-based cohort with a long follow-up, we could
have adequate statistical power to detect even modest associations,
to examine short-term and long-term effects, and to investigate sev-
eral potential effect modifiers. Fourth, linkage to several national
population-based registers allowed us to consider a large number of
potential confounders.

An important concern in studies regarding the association be-
tween bereavement and CVD is the separation of the stress-related
effect of the loss from confounding due to genetic and environmental
cardiovascular risk factors that cluster in families.26 We, therefore,

conducted analyses according to the child’s cause of death. As
expected, we found that parents who lost a child due to CVD had
the highest risk of AF. However, the fact that an association was pre-
sent also after adjusting for a large number of sociodemographic,
health- and lifestyle-related confounders and also in case of loss due
to unnatural deaths, which are less likely to be substantially affected
by cardiovascular risk factors shared by family members, may suggest
that stress-related mechanisms may also operate. Though several
anatomical and electrophysiological differences (e.g. in the left atrial
and ventricle size, ventricular wall thickness, structural remodelling,
expression of ion channels that influence repolarization and thus re-
fractoriness and re-entry) make men more prone to develop AF,31,32

we found a stronger association in mothers than in fathers. This find-
ing, which is in line with several previous studies reporting that
bereaved mothers have higher risks of mental illness23 and mortal-
ity,25,33 than bereaved fathers may be supportive of a causal effect,
given that mothers often have a stronger emotional bond with their
child than fathers. Though having other children at the time of loss
has been suggested to help alleviate grief34 and buffer the impact of
the child’s loss on the risk of morbidity and mortality,23,25,33 we found
an increased AF risk in bereaved parents who had other child(ren) at
the time of the loss relative to those who lost their single child. These
findings are in line with a Danish study concerning the association be-
tween the death of a child and the risk of myocardial infarction24 and
may reflect higher stress, e.g. due to difficulties in combining personal
grief with the daily care and support to the surviving children. The
lack of an association between death of two or more children and AF
risk is not clear, but we speculate that, besides limited statistical
power, the extreme stress that these parents may have experienced
is likely to have led to disorganized life patterns, lack of interest in
seeking care in case of cardiac symptoms and competing risks due to
suicide or premature death of other causes.

Potential linking mechanisms
The mechanisms by which stress may increase AF risk involve the ac-
tivation of the hypothalamic-pituitary-adrenocortical axis which may
trigger paroxysmal AF episodes.11 In addition, chronic stress may re-
sult in depression, anxiety, poor lifestyle, dysregulation of the physio-
logical stress systems, hypertension,35 and adverse changes in
inflammatory and metabolic activity; these, in turn, may contribute to
structural remodelling and electrical changes in the heart36 that in-
crease AF risk.2,3,37 Our finding that death of a child was associated
with an almost three-fold increased risk of AF in the week after the
child’s death is supportive of the hypothesis of an acute effect of
stress on AF and corroborates the findings of several case reports of
paroxysmal AF after acute stress,8,12 as well as those of an interview-
based study reporting that stress was the most common trigger of
paroxysmal AF.38 A Danish study investigating the association be-
tween the death of a partner and the risk of AF found a transiently
increased risk 8–14 days after the loss, after which the risk gradually
declined.16 The reasons for not observing an increased risk of AF in
the bereaved group 8–30 days after the child’s death in our study are
not clear; we speculate that the parents’ attention was focused pri-
marily on the tasks related to the child’s funeral and that they may
have been less observant to the symptoms of AF or they may not
have prioritized seeking care for these symptoms during this period.

Death of a child and the risk of atrial fibrillation 1493
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Limitations
Our study has several limitations. First, though we adjusted for sev-
eral potential confounders, we cannot exclude the possibility of re-
sidual confounding from genetic factors or unmeasured
socioeconomic, lifestyle or health-related factors shared by family
members. To consider confounding by familial factors, we performed
subgroup analyses according to the deceased child’s cause of death
and found an increased risk also after unnatural deaths, which are less
prone to residual confounding. Second, we cannot exclude the possi-
bility of misclassification of the outcome in our study. The validity of
the AF diagnosis has been shown to be high in the Swedish Patient
Register with few false positives,27 but we may have missed some
cases of AF. These cases are likely to be asymptomatic, paroxysmal,
or less severe cases. It is possible that parents who lost their child
due to CVD may be more likely to interpret physical symptoms as
being cardiac-related, to be more frequently examined and to receive
long-term monitoring such as a 24-h electrocardiogram, and thus
more likely to receive an AF diagnosis than parents in the other ex-
posure groups. On the other hand, it is also possible that young
bereaved parents, e.g. those who lost a child aged 2–12 years in our
study, may be less perceptive to cardiac symptoms or less suspected
to have AF and to have missed a mild or transient AF. Third, our find-
ings may only be generalized to parents living in countries with low
child mortality, with a free universal healthcare system and with a
sociocultural context similar to that of Sweden. Fourth, we did not
have information on cardiovascular or psychiatric medication or on
psychosocial resources such as perceived social support, quality of
parental relationships or participation in psychosocial interventions
for bereaved parents, which may have influenced their ability to ad-
just to the loss of a child. Nevertheless, we could perform analyses in
which we considered bereaved parents’ marital status before and
after the loss. As expected, bereaved parents who were not married
or in registered partnership at the time of the loss had a slightly higher
AF risk than those who remained married after their loss. Due to the
relatively small number of parents who divorced after their loss—a
finding in line with those of Finnäs et al.39 reporting a modest, if any
association between the death of a child and the risk of parental di-
vorce—we did not have sufficient power to investigate whether
parents who divorced after their loss had higher AF risks than those
in the unexposed group. Although the death of a child may be accom-
panied by marital strain for some couples, for others such a traumatic
event, and eventually engaging in a new pregnancy, may strengthen
the relationship.39

Conclusions

In this large population-based cohort study, we found that the death
of a child, one of the most extreme forms of stress, was associated
with a modestly increased risk of incident AF. The findings that the as-
sociation was present also in case of unnatural deaths, which are un-
likely to be substantially affected by cardiovascular risk factors shared
by family members, may suggest that stress-related mechanisms may
contribute to this association. Further studies are needed to continue
to investigate whether less severe, but more frequent sources of
stress, with potentially more important public health implications, are

also associated with AF and to elucidate the underlying mechanisms
linking stress to AF.
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