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Mortality From Myocardial Infarction After the Death of a Sibling:
A Nationwide Follow-up Study From Sweden
Mikael Rostila, PhD; Jan Saarela, PhD; Ichiro Kawachi, PhD, MD

Background-—Death of a sibling represents a stressful life event and could be a potential trigger of myocardial infarction (MI). We
studied the association between loss of an adult sibling and mortality from MI up to 18 years after bereavement.

Methods and Results-—We conducted a follow-up study for Swedes aged 40 to 69 years between 1981 and 2002, based on
register data covering the total population (N=1 617 010). Sibling deaths could be observed from 1981 and on. An increased
mortality rate from MI was found among women (1.25 CI 1.02 to 1.54) and men (1.15 CI 1.03 to 1.28) who had experienced death
of an adult sibling. An elevated rate some years after bereavement was found among both women (during the fourth to sixth half-
years after the death) and men (during the second to sixth half-years after the death), whereas limited support for a short-term
elevation in the rate was found (during the first few months since bereavement). External causes of sibling death were associated
with increased MI mortality among women (1.54 CI 1.07 to 2.22), whereas nonexternal causes showed associations in men (1.23
CI 1.09 to 1.38). However, further analyses showed that if the sibling also died from MI, associations were primarily found among
both women (1.62 CI 1.00 to 2.61) and men (1.98 CI 1.59 to 2.48).

Conclusions-—Our study provided the first large-scale evidence for mortality from MI associated with the death of a sibling at an
adult age. The fact that findings suggested associations primarily between concordant causes of death (both died of MI) could
indicate genetic resemblance or shared risk factors during childhood. Future studies on bereavement should carefully deal with the
possibility of residual confounding. ( J Am Heart Assoc. 2013;2:e000046 doi: 10.1161/JAHA.112.000046)
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I t is well known that the risk of myocardial infarction (MI) is
influenced by stress and stressful life events.1,2 Bereave-

ment represents a stressful life event, and studies suggest
that the risk of acute MI increases after the loss of a
significant person.3 For instance, cardiovascular disease
accounts for 20% to 53% of the excess deaths during the
early weeks and months of spousal bereavement.4–8 Another
study showed an increased risk of MI in bereaved parents
after the loss of a child.9 However, the contribution of MI to
excess deaths after other types of familial losses and in a
longer-term perspective is unclear.

The least-studied familial relationship in the bereavement
literature is that of adult siblings.10–12 The impact of grief after
the loss of an adult sibling has been largely overlooked. To the
extent that siblings are also beloved and provide companion-
ship and support, one would expect that the death of an adult
sibling—as much as the death of other family members (eg,
spouse, parents, children)—could be considered a stressful life
event and a potential trigger of MI. In fact, the death of a sibling
often represents the loss of the longest and most intimate
relationship of a person’s lifetime.13 Some studies even suggest
that the death of a sibling ismore disruptive and involves amore
severe grief process than other familial deaths.12,14

Bereavement could lead to both acute and chronic mental
stress and thereby influence the risk of MI.15 Bereavement
could trigger MI through acute psychophysiological stress
mechanisms, which have been observed to follow episodes of
intense psychogenic shock and are also known as “takotsubo
cardiomyopathy,” “transient left ventricular apical ballooning,”
or “broken heart syndrome.”16–19 Deaths from a broken heart
usually occur within the first few hours and days after a stressful
event.16,19 Chronic stressors after bereavement could, how-
ever, also lead to pathophysiological changes in the sympa-
thetic nervous system, the hypothalamic-pituitary-adrenal axis,
and the immune system.9,20 It has been suggested that such
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mechanismsmight work through sympathetic nervous system–
induced inflammatory mechanisms and thereby contribute to
disease risk subsequent to bereavement.21,22 Pathophysiolog-
ical changes could lead to MI months or years after bereave-
ment; an increased risk could occur if the sibling death is
unexpected and hencemore stressful.14 In addition, deleterious
coping responses, such as smoking, increased alcohol con-
sumption, and poor diet and exercise habits, could follow
bereavement.23,24 Such behaviors are likely to contribute to
increased risk of MI over the longer term. Although there are
strong reasons to believe that a sibling death and the stress and
grief that are involved could have an impact on surviving siblings
through the aforementioned mechanisms, it should be empha-
sized that knowledge regarding active mechanisms is scarce.

Previous studies have suggested sex differences in the
association between bereavement and health. Men, in
particular, appear more vulnerable during the earlier months
of bereavement, whereas the risk period appears to be more
prolonged for women,25 which might be due to the influence
of persistent grief. Middle-aged women are especially vulner-
able to acute stress levels after grief (ie, the broken heart
syndrome).18 Consequently, there could be significant sex
differences in the pattern of association between the loss of a
sibling and the risk of MI in the surviving relative.14

Siblings share a similar biological predisposition to death
and disease, which makes confounding by genetic inheritance
likely. Siblings also share many environmental exposures
during childhood and adolescence (eg, parental education,
unhealthy eating habits, etc). An important threat to causal
inference therefore is the possibility that the death from MI in
the same sibling group is related to shared biological and
genetic similarities (ie, there is confounding of the relationship
by an unobserved third variable, in this instance, shared
biologic predisposition).14 If a sibling dies of a heart attack
and the other sibling dies later, this may be a marker of
genetic or biological similarity. One method of getting closer
to causal inference is to examine deaths due to specific
causes. By studying whether pairs of siblings died of the same
specific cause (eg, both died of a heart attack) or a discordant
cause may assist in teasing out causation from confounding.

Our aim was to conduct a large-scale longitudinal study on
mortality from MI after the loss of an adult sibling, using
intergenerational linked data from nationwide Swedish regis-
ters. We postulated that the association between a sibling’s
death and mortality from MI will depend on the time interval
since the sibling’s death, the sex of the remaining sibling, and
the cause of death.

Methods
The data, approved by the Regional Ethical Review Board of
Karolinska Institutet in November 11, 2002 (decision no.

02-481), come from the Swedish Work and Mortality Data.
The Swedish Work and Mortality Data provide multiple-linked
data of national Swedish routine registers, maintained at the
Centre for Health Equity Studies in Stockholm.

In the study, all persons born in Sweden during the period
1932–1962 and alive at the end of 1980 were linked to their
mother, provided that she was born in Sweden and alive at the
same time. Hence, sibling groups are identified through their
mother. Singletons were excluded from analysis. We restrict
the data to people aged ≥40 years, because very few persons
die from MI in young adulthood. Therefore, the study included
persons aged 40 to 69 years, who could be observed during
1981–2002.

We included individual-level information about basic soci-
odemographic variables (age, socioeconomic status, marital
status, number of children, number of siblings, region of
residence, and calendar year) to proxy regional and social
differences in mortality from MI, as well as the month and
specific cause of death for all persons who died during the
study period. Socioeconomic status distinguished blue-collar
workers, white-collar workers, self-employed persons, and
people outside the labor market. Marital status consisted of
the categories of married, previously married, and never
married. Number of children and number of siblings were
treated as categorical variables. Region of residence refers to
each person’s county of residence and consisted of 26
different categories. All covariates except age and calendar
year were measured at the end of 1980, which antedated any
sibling death. We distinguished deaths from MI, which have
International Classification of Diseases, Revision 8 (ICD-8)
codes 410 and 795, ICD-9 codes 410 and 798, and ICD-10
codes I21 and I46. Sibling deaths from MI were contrasted to
deaths from other cardiovascular disease (ICD-8 and ICD-9
codes 411 to 438 and ICD-10 codes I22 to I52 and I60 to
I69), cancer (ICD-8 and ICD-9 codes 140 to 239 and ICD-10
codes C00 to D48), suicide (ICD-8 and ICD-9 codes E950 to
E959 and ICD-10 codes X60 to X84), and other external
causes (ICD-8 codes E807 to E949 and E960 to E999, ICD-9
codes E800 to E949 and E960 to E999, and ICD-10 codes
V01 to X59 and X85 to Y98). “Other nonexternal cause” refers
to all other codes.

All people who experienced a sibling’s death at some time
during the observation period were included, whereas those
who did not experience a sibling’s death composed a 10%
random sample. In the statistical analyses, people from each
group were weighted according to their sampling proportion
using normalized weights to correct for inflated t statistics.
The death of sibling is a time-varying feature, which means
that when a sibling died, the surviving sibling changed status
from being a nonbereaved to being a bereaved person. We
estimated standardized mortality rates from MI using Poisson
regressions and focused on the rate ratio of bereaved and
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nonbereaved persons. Separate analyses were conducted for
men and women. Covariates included in the regressions were
age, calendar year, region of residence, socioeconomic status,
marital status, number of children, and number of siblings.
When stepwise adding each of these in the aforementioned
order, all except number of siblings in women improved the
statistical fit of the models. Throughout the report, the level of
statistical significance referred to is 0.05.

Results
In total, 65 802 men and 65 118 women experienced a
sibling’s death, and 469 and 134 of them subsequently died
from MI (Table 1). Corresponding numbers in the non-
bereaved group were 5172 MI deaths among 750 390 men
and 1225 MI deaths among 65 118 women. The unstandard-
ized mortality rate of bereaved persons was roughly twice that
of nonbereaved persons (in Table 2: 0.85/0.45 for men and
0.24/0.11 for women).

Bereaved persons were slightly older than nonbereaved
persons, somewhat more of them had a lower socioeconomic
position, and they had more siblings, which is expected
considering that the likelihood of observing a sibling’s death
must be higher in larger sibling groups (Table 2). We
accounted for distributional differences between bereaved
and nonbereaved persons by using the control variables,

which generally provided good statistical fit. Hence, through-
out the analyses we estimated standardized mortality rate
ratios (ie, the ratio of the death rate of persons who
experienced the death of a sibling and the death rate of
persons who did not experience the death of a sibling).

The standardized rate of fatal MI was also notably higher in
bereaved persons than in nonbereaved persons (Table 3).
Among women, the mortality rate ratio of bereaved to
nonbereaved persons was 1.25 (95% CI 1.02 to 1.28),
whereas in men it was 1.15 (95% CI 1.03 to 1.28). In most
subcategories of the control variables, there was an associ-
ation between bereavement and mortality from MI, but the
statistical power was generally too small to facilitate any
detailed conclusions on this point (Table 4).

We observed an association between a sibling’s death and
mortality from MI after some years of bereavement (Fig-
ure 1). For men, the mortality rate during years 1 to 3 after a
sibling’s death was �30% higher than for nonbereaved men,
albeit the elevation was not consistently statistically signif-
icant. For women, the mortality rate during years 2 to 3 after
a sibling’s death was notably higher, or approximately twice
that of nonbereaved persons. Longer-term effects could not
be discerned, since there was no pronounced mortality
increase ≥3 years after a sibling’s death. The sex-specific
patterns were fairly similar in different age groups, albeit the
CIs were wide due to relatively few numbers of deaths
(Table 5). The percentage of deaths from MI was �13% of the
total number of deaths during the first 10 years since sibling
loss in men and �5.5% in women (not shown in table). In
general, MI constituted a slightly larger share of bereave-
ment-related deaths during the first few years of bereave-
ment.

More detailed analyses of the cause of the siblings’ death
revealed that at least part of the association between sibling
loss and fatal MI might be due to residual confounding,
because it was found primarily in cases where both persons in
a sibling pair died from MI (Table 3). In men, the standardized
rate ratio for this association was 1.98 (95% CI 1.59 to 2.48),
whereas in women it was 1.62 (95% CI 1.00 to 2.61). In
contrast, there was no increase in the rate of male MI if the
sibling died from an external cause or from any other
nonexternal cause than MI. For women, on the other hand, the
mortality rate of MI was 54% higher if the sibling died from an
external cause (95% CI 1.07 to 2.22) and 86% higher if that
cause was not suicide (95% CI 1.41 to 2.30), whereas the rate
ratio was lower and nonsignificant if the sibling died from any
other cause than MI. A sibling’s death from any other
cardiovascular disease than MI was also strongly associated
with mortality from MI in the index persons. The standardized
rate ratio was 1.74 in men (95% CI 1.40 to 2.16) and 1.50 in
women (95% CI 0.95 to 2.37). These findings indicate that, at
least for men, the association between the loss of a sibling

Table 1. Some Descriptive Statistics by Sex of the Index
Persons

Men Women

No. of ever bereaved persons 65 802 65 118

No. of nonbereaved persons 750 390 735 700

No. of deaths from myocardial infarction

In bereaved persons 469 134

In nonbereaved persons 5172 1225

No. of person-years in

Bereaved persons 552 886 548 381

Nonbereaved persons 11 383 335 11 105 989

Percent of all sibling deaths from

Myocardial infarction 10.4 10.4

Other cardiovascular disease 13.3 13.3

Cancer 39.8 39.7

Other nonexternal cause 20.9 21.0

Suicide 6.8 7.0

Other external cause 8.6 8.6

Number of nonbereaved persons represents people in the 10% sample of people who did
not experience the death of sibling.

DOI: 10.1161/JAHA.112.000046 Journal of the American Heart Association 3

Mortality From Myocardial Infarction After the Death of a Sibling Rostila et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



and fatal MI in the surviving relative might be confounded by
shared predisposition.

Discussion
This large-scale follow-up study based on the Swedish
population register examined bereavement after the death
of a sibling as a trigger of MI in the surviving relative. Some
initial analyses showed that the death of a sibling was
associated with an increased mortality from MI among both

men and women. Sibling deaths from external causes
(primarily suicides and accidents) were also associated with
MI among women. We primarily observed associations with
fatal MI some years after a sibling’s death but no associations
immediately after the death. Analyses of cause-specific
mortality suggested that the associations may not be due to
stress-related mechanisms in men. Hence, we cannot exclude
that bereavement effects may reflect the fact that male family
members share a similar biological predisposition to death
and disease and that they share many environmental
exposures.

Table 2. Characteristics of Bereaved and Nonbereaved Persons by Sex

Men Women

Bereaved Nonbereaved Bereaved Nonbereaved

%
No. of
Deaths Rate %

No. of
Deaths Rate %

No. of
Deaths Rate %

No. of
Deaths Rate

Age, y

40 to 44 16.6 10 0.11 31.5 410 0.11 16.2 3 0.03 31.1 108 0.03

45 to 49 22.4 46 0.37 28.8 833 0.25 21.9 6 0.05 28.6 186 0.06

50 to 54 25.0 89 0.64 21.1 1330 0.55 24.8 24 0.18 21.3 251 0.11

55 to 59 20.7 132 1.15 12.1 1310 0.95 20.9 34 0.30 12.4 315 0.23

60 to 64 11.9 131 1.98 5.1 940 1.61 12.4 43 0.63 5.4 262 0.44

65 to 69 3.4 61 3.24 1.2 349 2.62 3.8 24 1.17 1.3 103 0.72

Socioeconomic status

Blue-collar worker 48.0 227 0.85 40.8 2385 0.51 36.0 56 0.28 29.7 451 0.14

White-collar worker 31.2 123 0.71 40.2 1502 0.33 32.0 29 0.17 39.8 302 0.07

Self-employed 10.6 54 0.92 10.8 585 0.48 4.3 4 0.17 4.3 49 0.10

Outside labor market 10.2 65 1.16 8.2 700 0.75 27.8 45 0.30 26.1 423 0.15

Marital status

Married 57.4 262 0.83 60.8 2952 0.43 65.8 72 0.20 68.3 742 0.10

Previously married 8.4 76 1.64 7.5 725 0.85 12.0 35 0.53 10.6 233 0.20

Never married 34.3 131 0.69 31.7 1495 0.41 22.2 27 0.22 21.2 250 0.11

No. of children

0 28.9 126 0.79 29.6 1389 0.41 17.3 24 0.25 18.9 451 0.21

1 19.2 91 0.86 18.8 923 0.43 19.2 28 0.27 19.0 302 0.14

2 33.3 144 0.78 34.5 1626 0.41 38.8 38 0.18 40.4 49 0.01

>2 18.6 108 1.05 17.1 1234 0.63 24.6 44 0.33 21.7 423 0.18

No. of siblings

1 17.7 69 0.71 41.3 2085 0.44 18.0 20 0.20 41.7 742 0.16

2 25.6 119 0.84 29.3 1414 0.42 25.1 33 0.24 29.0 233 0.07

>2 56.8 281 0.90 29.4 1673 0.50 56.8 81 0.26 29.3 250 0.08

Total 100.0 469 0.85 100.0 5172 0.45 100.0 134 0.24 100.0 1225 0.11

Deaths refer to deaths from myocardial infarction.
Descriptive statistics for region of residence and calendar year are not displayed.
Number of person-years (total risk time) is 552 886 in bereaved men, 11 383 335 in nonbereaved men, 548 381 in bereaved women, and 11 105 989 in nonbereaved women.
% refers to percentage of total risk time.
Rate is number of deaths per person-years multiplied by 1000.
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Our results suggest that if there is an association between
the loss of a sibling and MI, it can primarily be discerned
some years after bereavement. It could be that adverse
coping responses (eg, unhealthy life styles) underlie the
association. Hence, deleterious coping responses, such as
smoking, increased alcohol consumption, and poor diet and
exercise habits, could follow bereavement 23,24 and contrib-
ute to increased risk of MI. Moreover, chronic mental stress
after the death of a sibling could also lead to pathophysio-
logical changes in the hypothalamic-pituitary-adrenal axis and
the immune system, with health consequences some years
after the loss of a sibling.9,20 Sympathetic nervous system–
induced inflammatory mechanisms could also be a possible
contributor to disease risk subsequent to bereavement.
Accordingly, one study found elevated levels of the inflam-
matory markers interleukin-1 receptor antagonist and inter-
leukin-6 among bereaved individuals.21 However, we found
limited support for the fact that sibling loss influences MI
through acute psychophysiological stress mechanisms
observed to follow episodes of intense psychogenic shock,
also known as the broken heart syndrome.3,16–19 That no
shorter-term association was found could indicate that adult
siblings normally live separate lives and have their own
families and therefore it is possible that their primary
network (spouse and children) can help them cope with grief
and increased stress levels in the immediate aftermath of a

sibling’s death and therefore postpone the appearance of the
association for some years. The results could also reflect that
bereavement after the death of a sibling leads to a milder
bereavement process. Consequently, other types of losses
such as child or spousal deaths could represent more stress-
ful events. Nevertheless, the study of short- and long-term

Table 3. Effect of Sibling’s Death on Mortality From
Myocardial Infarction, by Cause of Sibling’s Death

Men Women

Cause of sibling’s death

All causes 1.15 (1.03 to 1.28) 1.25 (1.02 to 1.54)

External 0.84 (0.66 to 1.07) 1.54 (1.07 to 2.22)

Not external 1.23 (1.09 to 1.38) 1.18 (0.94 to 1.48)

Suicide 1.13 (0.81 to 1.44) 1.15 (0.55 to 1.75)

Other external 0.62 (0.25 to 0.99) 1.86 (1.41 to 2.30)

Myocardial
infarction

1.98 (1.59 to 2.48) 1.62 (1.00 to 2.61)

Not myocardial
infarction

1.05 (0.94 to 1.18) 1.21 (0.97 to 1.50)

Other
cardiovascular

1.74 (1.40 to 2.16) 1.50 (0.95 to 2.37)

Cancer 0.95 (0.80 to 1.14) 0.86 (0.60 to 1.23)

Other
nonexternal

1.03 (0.83 to 1.29) 1.35 (0.92 to 1.96)

Data are standardized mortality ratios (with 95% CIs) between bereaved and
nonbereaved persons (ie, the ratio of the death rate of persons who experienced the
death of a sibling and the death rate of persons who did not experience the death of a
sibling), adjusted for effects of all the control variables.
Control variables included in the estimations are age, calendar year, socioeconomic
status, marital status, number of children, number of siblings, and region of residence.
Separate models have been estimated for men and for women.

Table 4. Effect of Sibling’s Death (From Any Cause) on
Mortality From Myocardial Infarction Stratified by Age
Category, Socioeconomic Status, Marital Status, Number of
Children, and Number of Siblings

Men Women

Age, y

40 to 44 0.82 (0.44 to 1.54) 0.85 (0.27 to 2.68)

45 to 49 1.31 (0.97 to 1.77) 0.71 (0.31 to 1.62)

50 to 54 1.08 (0.87 to 1.35) 1.47 (0.95 to 2.26)

55 to 59 1.17 (0.97 to 1.41) 1.19 (0.82 to 1.72)

60 to 64 1.17 (0.97 to 1.41) 1.30 (0.92 to 1.82)

65 to 69 1.15 (0.87 to 1.51) 1.44 (0.91 to 2.28)

Socioeconomic status

Blue-collar
worker

1.08 (0.94 to 1.25) 1.23 (0.92 to 1.66)

White-collar
worker

1.37 (1.13 to 1.66) 1.43 (0.96 to 2.12)

Self-employed 1.29 (0.97 to 1.72) 1.00 (0.36 to 2.77)

Outside labor
market

0.95 (0.74 to 1.24) 1.20 (0.87 to 1.66)

Marital status

Married 1.19 (1.04 to 1.36) 1.14 (0.87 to 1.48)

Previously
married

1.15 (0.91 to 1.47) 1.49 (1.02 to 2.15)

Never
married

1.07 (0.89 to 1.29) 1.34 (0.89 to 2.01)

No. of children

0 1.21 (1.00 to 1.47) 1.17 (0.76 to 1.80)

1 1.24 (1.00 to 1.55) 1.25 (0.83 to 1.87)

2 1.17 (0.98 to 1.40) 1.13 (0.80 to 1.60)

>2 0.99 (0.81 to 1.22) 1.45 (1.04 to 2.03)

No. of siblings

1 0.99 (0.77 to 1.26) 1.20 (0.76 to 1.90)

2 1.25 (1.03 to 1.51) 1.32 (0.91 to 1.92)

>2 1.16 (1.01 to 1.33) 1.23 (0.95 to 1.60)

Data are standardized mortality ratios (with 95% CIs) between exposed and unexposed
index persons (ie, the ratio of the death rate of persons with a deceased sibling and the
death rate of persons with no deceased sibling), adjusted for effects of all control
variables.
Control variables included in the estimations are age, calendar year, socioeconomic
status, marital status, number of children, number of siblings, and region of residence.
The results are based on 5 different specifications for each sex, where in each model
with all main effects we have included also the joint effect of sibling’s death and the
control variable of interest.
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effects of bereavement on MI could still be considered a very
crude and indirect test of active mechanisms. More detailed
information on active mechanisms linking bereavement and
MI is needed to evaluate factors that explain the associa-
tions.

Women were found to be more vulnerable to the death of a
sibling from all causes compared with men. They also showed
an excess mortality rate from MI after sibling deaths from
external causes. This finding might reflect the fact that
women place more emphasis on social relationships than do
men, particularly regarding parents and the family.26 The loss
of a sibling due to an external and unexpected cause could be
especially severe and might have stronger emotional conse-
quences for women, which, in turn, could account for higher
stress levels and higher mortality. Accordingly, our previous
findings indicate that women’s health is more influenced by
bereavement than is men’s health.14,27,28

In general, we found an increased risk of dying from
concordant causes among pairs of siblings (ie, in cases where
both siblings died of MI). No significant associations were
found when siblings died of discordant causes, with the
exception of an association among women who experienced
the death of a sibling from external causes other than suicide.
This finding indicates confounding; that is, that the associa-

tion might be explained by an unobserved third variable (eg,
genetic similarities between siblings or shared childhood
environment and family effects). Given the strong genetic
similarities between siblings, there could be a higher risk of
confounding compared with research on other types of
bereavement. Accordingly, studies on twins and genomewide
association studies indicate a genetic component of cardio-
vascular disease.29–31 On the other hand, it could be that
many deaths from the same cause (ie, both siblings died of
MI) still reflect effects of bereavement. MI is highly responsive
to bereavement, and previous studies show that cardiovas-
cular disease accounts for a great share of the excess deaths
during the early weeks and months of bereavement.4–8 Even
though siblings died of the same cause, we cannot exclude
the possibility that the association, to some extent, could
reflect bereavement rather than confounding (ie, one sibling
dies of MI and the remaining sibling dies of heart attack due
to bereavement rather than genetic vulnerability or shared
environmental exposures). Consequently, our analyses may
not be completely explained by reversed causality.

Despite the obvious strengths of this study, such as the
use of total population register data, large sample size,
longitudinal follow-up, reliable information on mortality from
MI, and other included variables, some limitations should be
noted. More detailed individual information is required to
uncover the actual causal mechanisms that link sibling
deaths and MI. Such information could also minimize the
possibility of omitted variable bias. Furthermore, information
regarding comorbid conditions at baseline or follow-up and
presence and severity of bereavement, menopausal status,
psychiatric screening, and other variables is not available in
the registers. Such variables could contribute to the under-
standing of underlying factors. Ideally, one would like to have
access to biological and genetic data, detailed information on
diseases from medical records, more information on shared
childhood social environment and family characteristics, and
detailed data on personal and relational characteristics,
which, unfortunately, are not included in the registers. On the
other hand, our results likely underestimate the true
bereavement effect on the risk of MI, because we could
study only deaths from MI. For instance, advancements in
prevention and medical techniques prevent many fatal heart
attacks in today’s health care system. Examining incident MIs
would provide more precision and greater statistical power
for the estimates. The absence of a relationship between
sibling loss and deaths from MI during the first few months of
bereavement might be explained, for instance, by the fact
that nonfatal MI events were not analyzed, and mortality from
MI does not necessarily coincide with the specific event of MI
but with a time lag. Accordingly, the definition of MI based on
ICD codes is confined to transmural MI and is not inclusive of
non-ST-segment or out-of-hospital MI. The study of fatal MI

Figure 1. Standardized mortality from myocardial infarction after
the death of a sibling compared with nonbereaved persons (with 95%
CIs).
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also leaves the possibility that study subjects are exposed to
a nonfatal MI after bereavement although they later on die of
another cause. This may cause an underestimation of the
association with MI. Furthermore, our analyses of deaths
from concordant causes as an indication of confounding
could also underestimate the “true” effect of bereavement.
Many deaths from the same cause (ie, both died of MI) could
in fact be related to bereavement processes. Finally, the fact
that some of our findings indicate no causal effect by
bereavement, which deviates from many other studies,
suggests that this research area might suffer from the “file
drawer effect” (ie, nonreporting in the literature of nonsig-
nificant results).32

From a policy perspective, our findings suggest that the
health care system should be concerned about broader
“collateral health effects” of illness and death on members of
the decedent’s social networks.33 Our findings also conform
to the view that it is important for health care workers to
follow bereaved siblings after the death of a sibling and
recognize signs of short- or long-term psychosocial stress
mechanisms that could lead to a risk of MI.34 Triggered
cardiovascular events might be prevented with traditional
cardiovascular medications (eg, aspirin, b-blockers, statins)
and with stress management.

In summary, our study provided the first large-scale
evidence for mortality from MI associated with the death of
a sibling at an adult age. Our findings emphasize that future
studies on bereavement and mortality should carefully deal
with the possibility of residual confounding by shared biologic
and family characteristics. The mechanisms linking the death
of a sibling and MI among bereaved persons also need further
investigation.

Sources of Funding
Dr Rostila was funded by the Swedish Council for Working Life
and Social Research (grant 2009-0547) and the Swedish
Research Council (grant 421-2011-1649). The funding source
(s) had no involvement in the study design, the collection of
data, analysis, interpretation of data, writing of the report, or
in the decision to submit the paper for publication.

Disclosures
None.

References
1. Dimsdale JE. Psychological stress and cardiovascular disease. J Am Coll

Cardiol. 2008;51:1237–1246.

2. Schwartz BG, French WJ, Mayeda GS, Burstein S, Economides C, Bhandari AK,
Cannom DS, Kloner RA. Emotional stressors trigger cardiovascular events. Int
J Clin Pract. 2012;66:631–639.

3. Mostofsky E, Maclure M, Sherwood JB, Tofler GH, Muller JE, Mittleman MA.
Risk of myocardial infarction after the death of a significant person in one’s

life: the Determinants of Myocardial Infarction Onset Study. Circulation. 2012;
125:491–496.

4. Parkes CM, Benjamin B, Fitzgerald RG. Broken heart: a statistical study of
increased mortality among widowers. BMJ. 1969;1:740–743.

5. Cottington EM, Matthews KA, Talbott E, Kuller LH. Environmental
events preceding sudden deaths in women. Psychosom Med. 1980;42:
567–574.

6. Jones DR. Heart disease mortality following widowhood: some results from
OPCS Longitudinal Study. Office of Population Censuses and Surveys.
J Psychosom Res. 1987;31:325–333.

7. Buckley T, Bartrop R, McKinley S, Ward C, Bramwell M, Roche D, Mihailidou
AS, Morel-Kopp MC, Spinaze M, Hocking B, Goldston K, Tennant C, Tofler G.
Prospective study of early bereavement on psychological and behavioural
cardiac risk factors. Intern Med J. 2009;39:370–378.

8. Buckley T, Mihailidou AS, Bartrop R, McKinley S, Ward C, Morel-Kopp M-C,
Spinaze M, Tofler G. Haemodynamic changes during early bereavement:
potential contribution to increased cardiovascular risk. Heart Lung Circ.
2011;20:91–98.

9. Li J, Precht DH, Mortensen PB, Olsen J. Mortality in parents after death of a
child in Denmark: a nationwide follow-up study. Lancet. 2003;361:363–367.

10. Balk DE. Adolescents’ grief reactions and self-concept perceptions follow-
ing sibling death: a study of 33 teenagers. J Youth Adolesc. 1983;12:137–161.

11. Reed MD, Greenwald JY. Survivor-victim status, attachment, sudden death
bereavement. Suicide Life Threat Behav. 1991;21:385–401.

12. Segal NL, Wilson SM, Bouchard TJ, Gitlin DG. Comparative grief experiences of
bereaved twins and other bereaved relatives. Person Individ Diff.
1995;18:511–524.

13. Robinson L, Mahon MM. Sibling bereavement: a concept analysis. Death Stud.
1997;21:477–499.

14. Rostila M, Saarela J, Kawachi I. The forgotten griever: a nationwide follow-up
study of mortality subsequent to the death of a sibling. Am J Epidemiol.
2012;176:338–346.

15. Kop WJ. Chronic and acute psychological risk factors for clinical manifesta-
tions of coronary artery disease. Psychosom Med. 1999;61:476–487.

16. Cramer MJM, De Boeck B, Melman PG, Sieswerda G-J. The ‘broken heart’
syndrome. What can be learned from the tears and distress? Neth Heart J.
2007;15:283–285.

17. Eshtehardi P, Koestner SC., Adorjan P, Windecker S, Meier B, Hess OM, Wahl
A, Cook S. Transient apical ballooning syndrome: clinical characteristics,
ballooning pattern, and long-term follow-up in a Swiss population. Int J Cardiol.
2009;135:370–375.

18. Movahed M-R, Donohue D. Review: transient left ventricular apical
ballooning, broken heart syndrome, ampulla cardiomyopathy, atypical apical
ballooning or Tako-Tsubo cardiomyopathy. Cardiovasc Revasc Med. 2007;8:
289–292.

19. Wittstein IS. The broken heart syndrome. Cleve Clin J Med. 2007;74
(suppl.):17–22.

20. McEwen BS. Protective and damaging effects of the stress mediators. N Engl
J Med. 1998;338:171–179.

21. Schultze-Florey CR, Mart�õnez-Maza O, Magpantay L, Crabb Breen E, Irwin MR,
Gundel H, O′Connor M-F. When grief makes you sick: bereavement induced
systemic inflammation is a question of genotype. Brain Behav Immun.
2012;26:1066–1071.

22. O′Connor M-F, Irwin MR, Wellisch DK. When grief heats up: pro-
inflammatory cytokines predict regional brain activation. Neuroimage. 2009;
47:891–896.

23. Martikainen P, Valkonen T. Mortality after the death of a spouse: rates and
causes of death in a large Finnish cohort. Am J Public Health. 1996;86:
1087–1093.

24. Cohen S, Kessler R, Gorden U. Strategies for measuring stress in studies of
psychiatric and physical disorders. In: Cohen S, Kessler R, Gorden U, eds.
Measuring Stress. New York: Oxford University Press; 1995:3–26.

25. Bowling A. Mortality after bereavement: a review of the literature on survival
periods and factors affecting survival. Soc Sci Med. 1987;24:117–124.

26. Umberson D, Meichu C, House J, Hopkins K, Slaten E. The effect of social
relationships on psychological well-being: are men and women really so
different? Am Sociol Rev. 1996;61:837–857.

27. Rostila M, Saarela J. Time does not heal all wounds. Mortality following the
death of a parent. J Marriage Fam. 2011;73:236–249.

28. Rostila M, Saarela J, Kawachi I. Mortality in parents following the death of a
child: a nationwide follow-up study from Sweden. J Epidemiol Community
Health. 2012;66:927–933.

DOI: 10.1161/JAHA.112.000046 Journal of the American Heart Association 8

Mortality From Myocardial Infarction After the Death of a Sibling Rostila et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



29. Marenberg ME, Risch N, Berkman LF, Floderus B, de Faire U. Genetic
susceptibility to death from coronary heart disease in a study of twins. N Engl
J Med. 1994;330:1041–1046.

30. Luft F. Twins in cardiovascular research. Hypertension. 2001;37:350–356.

31. Ioannidis JPA. Prediction of cardiovascular disease outcomes and established
cardiovascular risk factors by genome-wide association markers. Circ
Cardiovasc Genet. 2009;2:7–15.

32. Shor E, Roelfs DJ, Curreli M, Clemow L, Burg MM, Schwartz J. Widowhood and
mortality: a meta-analysis and meta-regression.Demography. 2012;49:575–606.

33. Christakis NA. Social networks and collateral health effects. BMJ. 2004;24:
184–185.

34. Milberg A, Olsson E-C, Jakobsson M, Olsson M, Friedrichsen M. Family
members’ perceived needs for bereavement follow-up. J Pain Symptom
Manage. 2008;1:58–69.

DOI: 10.1161/JAHA.112.000046 Journal of the American Heart Association 9

Mortality From Myocardial Infarction After the Death of a Sibling Rostila et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H


