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Abstract Females are more likely than males to develop
eating disorders (EDs) in the adolescence and youth, and
the etiology remains unclear. We aimed to estimate the
effect of severe early life stress following bereavement,
the death of a close relative, on the risk of EDs among
females aged 10-26 years. This population-based cohort
study included girls born in Denmark (from 1973 to 2000)
or Sweden (from 1970 to 1997). Girls were categorized
as exposed if they were born to mothers who lost a close
relative 1 year prior to or during pregnancy or if the girl
herself lost a parent or a sibling within the first 10 years
of life. All other girls were included in unexposed group.
An ED case was defined by a diagnosis of EDs at ages of
10-26 years, including broadly defined bulimia nervosa,
broadly defined anorexia nervosa and mixed EDs. Pois-
son regression models were used to estimate the incidence
rate ratio (IRR) between exposed group and unexposed
group.A total of 64453 (3.05 %) girls were included in the
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exposed group. We identified 9477 girls with a diagnosis
of EDs, of whom 307 (3.24 %) were from the exposed
group. Both prenatal and postnatal exposure following
bereavement by unexpected death was associated with an
increased overall risk of EDs (IRR oyt 1.49, 95 % CL:
1.01-2.19 and IRR a0t 1.34, 95 % CL: 1.05-1.71). We
observed similar results for subtypes of broadly defined
bulimia nervosa (IRR: 2.47, 95 % CI. 1.67-3.65) and
mixed EDs (IRR: 1.45, 95 % CI: 1.02-2.07).Our find-
ings suggest that prenatal and early postnatal life stress
due to unexpected death of a close relative is associated
with an increased overall risk of eating disorders in ado-
lescent girls and young women. The increased risk might
be driven mainly by differences in broadly defined bulimia
nervosa and mixed eating disorders, but not broadly
defined anorexia nervosa.

Keywords Bereavement - Eating disorders - Cohort
study - Prenatal stress - Postnatal stress

Introduction

The prevalence of eating disorders (EDs) has been increas-
ing over the past decades [1, 2]. EDs affect up to 3 % of
population, and the prevalence varies by subtypes and
populations [3, 4]. The cumulative risk of EDs among
females is more than 17-fold higher than among males in
Denmark [5]. EDs are among the psychiatric disorders with
the highest mortality risks, comparable with schizophrenia
and bipolar disorder in adolescents and young adults [6].
In addition, individuals with EDs are likely to suffer from
other psychiatric diseases, such as autism spectrum dis-
orders [7, 8]. However, the etiology of EDs is still poorly
understood.
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Animal studies have suggested that perinatal stress
has negative effects on the development of hypothalamus
pituitary adrenal (HPA) axis that plays an important role
in regulating eating behaviors. Some have suggested that
acute maternal stress has a greater long-term effect on
HPA axis function and behavior than chronic maternal
stress with sex-specific effects [9]. Findings from a series
of animal experiments showed that a single aversive stimu-
lus could change sensitivity of HPA axis on response to
future stressors [10]. A cross-sectional study in humans
observed that war stress could modify the eating behav-
ior and was associated with an increased risk of EDs [11].
Another case—control study suggested that chronic stress
and psychiatric comorbidity are strongly associated with
the onset of EDs in adolescents, and psychiatric comorbid-
ity is a partial mediating factor in the association of stress
with EDs [12]. It is difficult to compare findings in these
studies due to variations in assessment of stress and case
diagnosis.

Prenatal stress following maternal bereavement due to
death of a close relative, has been proposed to be related
to several psychiatric diseases in the offspring, such as
attention deficit hyperactivity disorder (ADHD), schizo-
phrenia, autism spectrum disorders and suicide attempt in
different timing patterns [13—17]. Specifically, severe stress
to a mother during the first trimester may alter the risk of
schizophrenia in offspring [13], while bereavement during
preconception period is associated with an increasing risk
of ADHD [14]. Our previous study has shown that bereave-
ment related to loss of an older child or spouse other than
other relatives is associated with an increased risk of EDs
in infants and toddlers [18]. In addition, it has been sug-
gested that there are still certain specific risk factors for
each subtype of EDs except sharing the same risk factors
[19]. Hence, we hypothesized that maternal bereavement
might be associated with risk of EDs in the offspring with
different timing pattern for each subtype of EDs. Using
data from national registers in Denmark and Sweden, we
aimed to examine the association between prenatal and
early postnatal life stress due to bereavement and risk of
EDs in adolescent girls and young women. We expected
that the association differed by timing of exposure [17],
and type of death [18], and the subtype of EDs [19].

Methods

We performed a population-based cohort study based on
several national registries from Denmark and Sweden. The
study was approved by the Danish Data Protection Agency
(No. 2008-41-2680) and the local ethics committee in Cen-
tral Region of Denmark (No. M-201000252) and Karolin-
ska Institutet (No. 2008/4:6).
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Data sources

A unique personal identification number in Scandinavian
countries allows individual records linkage across these
national registries. The international classification of dis-
eases (ICD) criteria was used during the study period,
Specifically, eighth version (ICD-8) from 1977 to 1993 in
Denmark and from 1973 to 1986 in Sweden, and ICD-9
from 1987 t01996 in Sweden, and the ICD-10 from 1994
onwards in Denmark and from 1997 onwards in Sweden.

Participants and follow up

We used data from the Danish Civil Registry System and
the Swedish Multi-generation Register to identify girls born
in Denmark from 1970 to 2000 (N = 1,034,539) and girls
born in Sweden from 1973 to 1997 (N = 1,246,560). We
excluded girls with no linkage to the mothers (N = 3672),
with missing or implausible maternal age (unknown or
<13 or >60 years, N = 3579), and born to mothers who
lost a close relative by death due to EDs (N = 67). Girls
who died (N = 16,029) or emigrated (N = 59,416) or
were diagnosed with EDs (N = 4418) before the start
of the follow-up period were also excluded. Although
DSM-5 no longer requires amenorrhea for a diagnosis of
AN, it has been reported that puberty has a close associa-
tion with onset of EDs and age of menarche has declined,
the start of follow up time was set to 10 years of age. To
ensure that exposure precedes the onset of the disease, girls
exposed to bereavement between 10-26 years of age were
excluded (N = 83,162). Our study population consisted of
2,110,756 girls born in Denmark (N = 934,610) and Swe-
den (N = 1,178,146).

All subjects were followed from 10 years of age until
the first diagnoses of EDs, death, emigration, the day when
they reach 26 years of age, or end of follow-up (December
31, 2010 for Denmark and December 31, 2007 for Swe-
den), whichever came first.

Exposure

We categorized the girls as exposed if they were either pre-
natally or postnatally exposed to stress following bereave-
ment by death of a family member. The prenatal exposure
referred to maternal bereavement due to death of an older
child, spouse, or one of other family members (a sibling or
a parent) in the prenatal period from 1 year before or during
pregnancy to the birth of the girl. The postnatal exposure
referred to bereavement when the girl lost a mother, father
or a sibling during the period from birth to up to 10 years
of age. If the girl experienced more than once the exposure
(i.e.,death) during the above defined time window, we gave
priority to the earliest exposure.
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We subdivided the exposure according to: (1) relation-
ship to the deceased relative: death by a core family member
(father and sibling for prenatal exposure, mother, father, and
sibling for postnatal exposure) and death by an extended fam-
ily member (mother’s parent or mother’s sibling, only suitable
for prenatal exposure); (2) timing of exposure: prenatal expo-
sure was further divided into five time periods (12—7 months
before pregnancy, 6-0 months before pregnancy, the first
trimester, the second trimester and the third trimester); post-
natal exposure were divided into three time periods (infants
and toddlers: 1-2 years old, preschoolers: 3-5 years old, and
school age: 6-10 years old) [20]; (3) type of death: unex-
pected death [codes were for Sweden: 79590-79599, 79621,
E807-E999 (ICD-8); 798, E807-E999 (ICD-9); R95, R96,
R98, VO1-Y98 (ICD-10); and for Denmark: 795, 810-823,
950-959, 800-807, 825-949, 960-999 (ICD-8); R95-R98,
V01-V89, X60-X84 (ICD-10)] and other death.

Outcome

Information on EDs was obtained from the Danish Psychi-
atric Central Research Register, Danish National Patient
Register, and Swedish Patient Register. We categorized EDs
into three subtypes according to the following ICD codes:
(1) broadly defined anorexia nervosa, including feeding
disturbance (ICD-8 codes 306.5), anorexia nervosa (ICD-9
codes 307.B and ICD-10 codes F50.0), and atypical anorexia
nervosa (ICD-10 codes F50.1); (2) broadly defined bulimia
nervosa, including bulimia nervosa (ICD-9 codes 307.F
and ICD-10 codes F50.2), atypical bulimia nervosa (ICD-
10 codes F50.3); and (3) mixed eating disorders, including
overeating associated with other psychological disturbances
(ICD-10 codes F50.4), vomiting associated with other psy-
chological disturbances (ICD-10 codes F50.5), other eating
disorders (ICD-10 codes F50.8), and eating disorder unspec-
ified ICD-10 codes F50.9). Patients with more than one type
of EDs were categorized according to the first diagnosis.

Statistical analysis

All data management and analyses were performed with
the SAS version 9.2 statistical software packages (SAS
Institute, Inc., Cary, North Carolina). Because survival
analysis (Cox’s proportional hazards) would often be too
computationally intensive for a dataset of this size with
time-dependent variables, Log-Linear Poisson regression
models, as an approximation of the Cox’s regression model
[21], were used to estimate the incidence rate ratio (IRR) of
EDs in relation to the exposure.

The following variables were adjusted for in the analyses:
country (Denmark, Sweden), birth order (1st, 2nd, >3rd,
missing), the number of fetuses in the current pregnancy (1,
>1, missing), maternal education (<9 years, 10-14 years,

>15 years, missing), calendar age of the index girl, calendar
year of follow up, and family history of psychiatric diseases
(yes, no) which was defined by the fact that father, mother
or sibling of the index girl was diagnosed with psychiatric
diseases (ICD-8 codes 290-315, ICD-9 codes 290-319 and
ICD-10 codes FO0-F99). Maternal age and paternal age
were also adjusted as continuous variables in the analyses.
We also restricted analyses to girls without family history of
psychiatric diseases to partly disentangle the genetic effects.
We first presented results for all exposure categories, and
then presented results according to the timing of exposure
(prenatal exposure and postnatal exposure).

Results

A total of 64,453 (3.05 %) girls were exposed during 1 year
before pregnancy through 10 years of age. The baseline

Table 1 Baseline characteristic of population at birth by bereave-
ment exposure

Exposed (N = 64,453) Unexposed (N = 2,046,302)

Country
Denmark 25,921 (40.22) 908,689 (44.41)
Sweden 38,532 (59.78) 1,137,614 (55.59)

The number of fetuses in current pregnancy

Singleton 59,693 (92.61) 1,852,949 (90.55)
Multiple 1888 (2.93) 44,534 (2.18)
Missing 2872 (4.46) 148,820 (7.27)
Birth order
Ist 24,279 (37.67) 915,401 (44.73)
2nd 21,816 (33.85) 684,946 (33.47)
>3rd 15,874 (24.63) 346,635 (16.94)
Missing 2484 (3.85) 99,321 (4.85)
Maternal age (years)
<27 24,086 (37.37) 889,427 (43.47)
27-30 17,403(27.00) 597,789 (29.21)
>30 22,964(35.63) 559,087 (27.32)
Paternal age (years)
<29 21,203 (32.90) 807,665 (39.47)
29-33 19,649 (30.49) 678,635 (33.16)
>33 23,042 (35.75) 530,648 (25.93)
Missing 559 (0.87) 29,355 (1.43)
Family history of psychiatric diseases
Yes 17,333 (26.89) 379,973 (18.57)
No 47,120 (73.11) 1,666,330 (81.43)
Maternal education (years)
<10 16,446 (25.52) 444,753 (21.73)
10-14 30,182(46.83) 1,012,346 (49.47)
>14 7745 (12.02) 265,688 (12.98)
Missing 10,080 (15.64) 323,516 (15.81)
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Table 2 Incidence rate ratio (IRR) for eating disorders after exposure to bereavement, by timing of bereavement, relationship to the deceased,

and type of death
Exposure No. of cases IR (10,000 person years) Crude IRR Adjusted IRR*
Non-exposure 9170 4.16 1.00 1.00
Any time exposure 307 4.45 1.07 (0.95-1.19) 1.06 (0.94-1.19)
Timing of exposure
Prenatal exposure 150 4.66 1.11 (0.95-1.31) 1.06 (0.90-1.25)
12-7 months 47 5.13 1.22 (0.92-1.62) 1.15 (0.86-1.54)
6—0 months 53 5.03 1.20 (0.91-1.57) 1.16 (0.89-1.53)
During pregnancy 50 4.00 0.97 (0.74-1.28) 0.91 (0.69-1.21)
Ist trimester 13 3.62 0.86 (0.50-1.48) 0.85 (0.49-1.46)
2nd trimester 21 4.11 1.02 (0.67-1.55) 1.01 (0.66-1.53)
3rd trimester 16 4.21 1.00 (0.61-1.64) 0.86 (0.51-1.44)
Postnatal exposure 157 4.28 1.02(0.87-1.20) 1.05(0.86-1.24)
0-2 years 44 5.03 1.20 (0.89-1.61) 1.29 (0.95-1.77)
3-5 years 45 4.03 0.96 (0.72-1.29) 0.96 (0.70-1.31)
6-10 years 68 4.05 0.98 (0.77-1.24) 0.98 (0.46-1.27)
Relationship to the deceased
Loss of a core relative 188 4.35 1.04 (0.90-1.20) 1.05 (0.90-1.23)
Prenatal maternal loss of child/spouse 31 4.77 1.13 (0.80-1.61) 1.09 (0.76-1.56)
Postnatal loss of a parent 100 4.16 1.00 (0.82-1.22) 1.03 (0.83-1.27)
Postnatal loss of a sibling 57 4.50 1.07 (0.82-1.39) 1.08 (0.82—1.43)
Loss of other relatives 119 4.63 1.11 (0.93-1.33) 1.06 (0.88-1.27)
Type of death
Any time of unexpected death 99 5.62 1.35 (1.11-1.64) 1.38 (1.12-1.69)
Prenatal unexpected death 27 6.60 1.57 (1.08-2.29) 1.49 (1.01-2.19)
Postnatal unexpected death 72 5.32 1.28 (1.02-1.62) 1.34 (1.05-1.71)
Any time of other death 208 4.05 0.97 (0.84-1.11) 0.95 (0.82-1.90)
Prenatal other death 123 4.39 1.05 (0.88-1.26) 1.01 (0.84-1.20)
Postnatal other death 85 3.67 0.87 (0.70-1.08) 0.87 (0.69-1.10)

IR incidence rate, IRR incidence rate ratio

% Adjustment for country, birth order, the number of fetuses in current pregnancy, paternal age, maternal age, maternal education, calendar age

of the index girl, calendar year of follow up, and family history of psychiatric diseases

characteristics of the study population are presented in
Table 1. Exposed girls were more likely to be born to older
parents, or to have a family history of psychiatric diseases,
or to have a higher birth order.

We identified 9477 females with a diagnosis of EDs,
of whom 307 (3.24 %) were exposed to either prenatal or
postnatal bereavement (Table 2). We did not find an over-
all association between exposure to bereavement and the
risk of EDs (IRR: 1.06, 95 % confidence interval (CI):
0.94-1.19). When the exposure was categorized by type of
death, we found that exposure to bereavement caused by
unexpected death was associated with an increased overall
risk of EDs (IRR: 1.38, 95 % CI: 1.12-1.69), both for pre-
natal (IRR: 1.49, 95 % CI: 1.01-2.19) and postnatal (IRR:
1.34, 95 % CI: 1.05-1.71) exposure. No association was
observed after categorizing the exposure according to the

@ Springer

timing of exposure and relationship of the deceased relative
with the index girl.

We did not observe any significant association between
bereavement and the risk of broadly defined anorexia ner-
vosa (IRR: 0.96, 95 % CI: 0.82-1.13) (Table 3). Similar to
the overall risk of EDs, we observed exposure to bereavement
caused by unexpected death in prenatal or postnatal period
was associated with the increased risks of broadly defined
bulimia nervosa (IRR: 2.47, 95 % CI: 1.67-3.65) (Table 4)
and mixed EDs (IRR: 1.45, 95 % CI: 1.02-2.07) (Table 5).
However, the significant association disappeared for mixed
EDs when separating the time window of exposure into pre-
natal (IRR: 1.81, 95 % CI: 0.97-3.37) and postnatal exposure
(IRR: 1.33, 95 % CI: 0.86-2.04). We did not observe that the
associations for all three subtypes differed by the timing of
exposure and relationship of the deceased with the subject.
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Table 3 Incidence rate ratio (IRR) for broadly defined anorexia nervosa after exposure to bereavement, by timing of bereavement, relationship

to the deceased, and type of death

Exposure No. of cases IR (10,000 person years) Crude IRR Adjusted IRR*
Non-exposure 5712 2.59 1.00 1.00
Any time exposure 166 2.41 0.96 (0.82-1.12) 0.96 (0.82-1.13)
Timing of exposure
Prenatal exposure 81 2.52 1.02 (0.82-1.27) 0.96 (0.77-1.20)
12-7 months 26 2.84 1.12 (0.75-1.67) 1.07 (0.72-1.58)
6—0 months 28 2.66 1.09 (0.75-1.58) 1.06 (0.73-1.54)
During pregnancy 27 2.16 0.88 (0.61-1.29) 0.79 (0.53-1.17)
Ist trimester 4 1.11 0.45 (0.17-1.23) 0.44 (0.17-1.17)
2nd trimester 14 2.74 1.12 (0.66-1.89) 1.09 (0.64-1.84)
3rd trimester 9 2.37 0.97 (0.50-1.87) 0.73 (0.35-1.52)
Postnatal exposure 85 2.32 0.90 (0.73-1.12) 0.97 (0.76-1.22)
0-2 years 24 2.74 1.08 (0.71-1.62) 1.13 (0.72-1.77)
3-5 years 27 242 0.92 (0.62-1.36) 0.90 (0.58-1.40)
6-10 years 34 2.02 0.80 (0.57-1.13) 0.93 (0.65-1.32)
Relationship to the deceased
Loss of a core relative 96 2.22 0.87 (0.71-1.07) 0.93 (0.74-1.16)
Prenatal maternal loss of child/spouse 11 1.69 0.69 (0.38-1.25) 0.74 (0.41-1.34)
Postnatal loss of a parent 54 2.25 0.85 (0.64-1.12) 0.96 (0.72-1.29)
Postnatal loss of a sibling 31 2.45 1.00 (0.70-1.43) 0.97 (0.65-1.44)
Loss of other relative 70 2.72 1.10 (0.87-1.39) 1.01 (0.79-1.28)
Type of death
Any time of unexpected death 43 2.44 0.98 (0.72-1.32) 1.05 (0.76-1.44)
Prenatal unexpected death 9 2.20 0.90 (0.47-1.73) 0.81 (0.41-1.63)
Postnatal unexpected death 34 2.51 1.00 (0.71-1.41) 1.13 (0.79-1.62)
Any time of other death 123 2.40 0.95 (0.79-1.14) 0.94 (0.77-1.14)
Prenatal other death 72 2.57 1.04 (0.82-1.31) 0.98 (0.78-1.24)
Postnatal other death 51 2.20 0.85 (0.64-1.13) 0.87 (0.64-1.19)

IR incidence rate, IRR incidence rate ratio

% Adjustment for country, birth order, the number of fetuses in current pregnancy, paternal age, maternal age, maternal education, calendar age

of the index girl, calendar year of follow up, and family history of psychiatric diseases

We observed similar results when analyses were
restricted to subjects without family history of psychiatric
diseases (results are available upon request).

Discussion

Using nationwide registers from two Nordic countries, we
examined associations between stress due to bereavement
from 1 year preconception to 10 years of age and the risks
of EDs, including its three subtypes among adolescent girls
and young women. We observed an increased risk of EDs
among girls who were exposed to either prenatal or early
postnatal life stress due to unexpected death of a close rela-
tive. It seemed that the increased risk was driven by differ-
ences in broadly defined bulimia nervosa and mixed EDs

rather than broadly defined anorexia nervosa. Timing does
not seem to be important.

Dysfunction of HPA axis has been implicated in the
pathogenesis of EDs [22], and not only prenatal stress but
also postnatal stress could alter HPA axis function [23,
24]. Girls exposed to both prenatal and postnatal stress are
reported to have an increased vulnerability to psychiatric
diseases and decreased stress response possibly mediated
through a process of increased corticotrophin-releasing
hormone in the hippocampus which regulates HPA axis
activities [25]. This is also partly consistent with the
results that functional signs of neonatal dysmaturity had
a significant additive interaction with childhood abuse in
determining the risk for the illness [26]. Stress due to loss
of a close relative occurred in the early prenatal period
could persist in the following period, even in postnatal
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Table 4 Incidence rate ratio (IRR) for broadly defined bulimia nervosa after exposure to bereavement, by timing of bereavement, relationship to

the deceased, and type of death

Exposure No. of cases IR (10,000 person years) Crude IRR Adjusted IRR*
Non-exposure 1659 0.75 1.00 1.00
Any time exposure 63 0.97 1.27 (0.96-1.67) 1.30 (0.97-1.72)
Timing of exposure
Prenatal exposure 25 0.78 1.08 (0.71-1.69) 1.23 (0.80-1.89)
12-7 months 0.87 1.10 (0.49-2.46) 1.21 (0.54-2.71)
6—0 months 0.66 0.96 (0.43-2.13) 1.02 (0.46-2.28)
During pregnancy 10 0.80 1.21 (0.63-2.33) 1.43 (0.74-2.76)
Ist trimester 3 0.83 1.40 (0.45-4.35) 1.63 (0.55-5.26)
2nd trimester 4 0.78 1.31 (0.49-3.51) 1.58 (0.59-4.23)
3rd trimester 3 0.79 0.89 (0.22-3.55) 1.00 (0.25-4.01)
Postnatal exposure 38 1.03 1.42 (0.99-2.03) 1.35 (0.93-1.96)
0-2 years 10 1.14 1.35 (0.64-2.83) 1.41 (0.66-2.99)
3-5 years 7 0.63 0.90 (0.41-2.02) 0.92 (0.41-2.05)
6-10 years 21 1.25 1.80 (1.13-2.87) 1.60 (0.98-2.63)
Relationship to the deceased
Loss of a core relative 47 1.09 1.48 (1.08-2.04) 1.38 (0.98-1.92)
Prenatal maternal loss of child/spouse 9 1.38 1.81 (0.86-3.81) 1.48 (0.70-3.12)
Postnatal loss of a parent 27 1.12 1.61 (1.07-2.43) 1.48 (0.95-2.29)
Postnatal loss of a sibling 11 0.87 1.06 (0.53-2.13) 1.11 (0.55-2.22)
Loss of other relative 16 0.62 0.92 (0.54-1.55) 1.13 (0.97-1.92)
Type of death
Any time of unexpected death 30 1.70 2.67 (1.84-3.89) 2.47 (1.67-3.65)
Prenatal unexpected death 9 2.20 3.70 (1.92-7.13) 3.87 (2.01-7.47)
Postnatal unexpected death 21 1.55 2.36(1.50-3.72) 2.07 (1.28-3.34)
Any time of other death 33 0.64 0.79 (0.53-1.18) 0.86 (0.57-1.28)
Prenatal other death 16 0.57 0.72 (0.41-1.27) 0.82 (0.46-1.44)
Postnatal other death 17 0.73 0.87 (0.49-1.54) 0.91 (0.51-1.61)

IR incidence rate, IRR incidence rate ratio

% Adjustment for country, birth order, the number of fetuses in current pregnancy, paternal age, maternal age, maternal education, calendar age

of the index girl, calendar year of follow up, and family history of psychiatric diseases

period. Hence, our results that both prenatal and postna-
tal bereavement were associated with an increased risk of
EDs might be contributed by a combined influence of pre-
natal maternal stress on fetal neurodevelopment and self-
response to stress in early childhood. Our results also have
alternative explanation that severe stress reduced maternal
food intake and subsequently influenced the intrauterine
nutrition [27, 28].

An animal study has suggested that effect of stress on
food intake is more dependent on the intensity of a stressor
[29]. Normally, sudden or violent death causes more stress
than other types of death [30]. Cute maternal stress (mostly
unexpected stress) has a greater long-term effect on HPA
function and behavior than chronic maternal stress. These
findings are in line with our results on association between
unexpected loss of a close relative and increased risk of
EDs.

@ Springer

To our knowledge, this is the first large-scale study to
examine the association between prenatal and early life
stress and the risk of EDs with its subtypes. Patients with
different types of EDs show different personality traits
and social adaption capacities [31]. EDs subtypes during
adolescence are different in term of neuro correlates of
inhibitory control and activation of brain regions [32]. We
found an increased risk for broadly defined bulimia nervosa
among girls who experienced unexpected loss of a close
relative both during prenatal period and within 10 years
after birth. The potential specific mechanisms need to be
further studied.

We did not find an increased risk of broadly defined
anorexia nervosa in bereaved girls. Higher education level
and ascending year of birth have been proposed as risk fac-
tors for anorexia nervosa [33, 34]. We observed the same
pattern for broadly defined anorexia nervosa in the present
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Table 5 Incidence rate ratio (IRR) for mixed eating disorders, following exposure to bereavement, by timing of bereavement, relationship to the

deceased, and type of death

Exposure No. of cases IR (10,000 person years) Crude IRR Adjusted IRR*
Non-exposure 3049 1.38 1.00 1.00
Any time exposure 110 1.60 1.19 (0.97-1.45) 1.11 (0.90-1.36)
Timing of exposure
Prenatal exposure 55 1.71 1.34 (1.02-1.76) 1.19 (0.90-1.57)
12-7 months 19 2.07 1.54 (0.95-2.47) 1.32 (0.81-2.16)
6—0 months 20 1.90 1.49 (0.95-2.34) 1.37 (0.87-2.15)
During pregnancy 16 1.28 1.06 (0.65-1.73) 0.93 (0.56-1.54)
Ist trimester 6 1.67 1.38 (0.62-3.07) 1.29 (0.58-2.88)
2nd trimester 4 0.78 0.65 (0.24-1.73) 0.60 (0.23-1.60)
3rd trimester 6 1.58 1.31 (0.59-2.91) 1.02 (0.42-2.45)
Postnatal exposure 55 1.50 1.06 (0.79-1.41) 1.03 (0.76-1.39)
0-2 years 16 1.83 1.32 (0.78-2.34) 1.48 (0.88-2.51)
3-5 years 18 1.61 1.04 (0.61-1.76) 1.01 (0.61-1.80)
6-10 years 21 1.25 0.94 (0.60-1.47) 0.79 (0.47-1.31)
Relationship to the deceased
Loss of a core relative 71 1.64 1.17 (0.91-1.51) 1.11 (0.85-1.46)
Prenatal maternal loss of child/spouse 16 2.46 1.78 (1.06-3.02) 1.53 (0.88-2.64)
Postnatal loss of a parent 37 1.54 1.00 (0.69-1.44) 0.91 (0.61-1.36)
Postnatal loss of a sibling 18 1.42 1.18 (0.74-1.87) 1.24 (0.78-1.97)
Loss of other relative 39 1.52 1.22 (0.89-1.68) 1.10 (0.79-1.52)
Type of death
Any time of unexpected death 35 1.99 1.50 (1.06-2.13) 1.45 (1.02-2.07)
Prenatal unexpected death 11 2.69 2.03 (1.09-3.77) 1.81 (0.97-3.37)
Postnatal unexpected death 24 1.77 1.35 (0.86-2.05) 1.33 (0.86-2.04)
Any time of other death 75 1.46 1.08 (0.85-1.38) 0.99 (0.77-1.27)
Prenatal other death 44 1.57 1.24 (0.91-1.68) 1.10 (0.80-1.50)
Postnatal other death 31 1.34 0.89 (0.60-1.32) 0.84 (0.54-1.29)

IR incidence rate, IRR incidence rate ratio

% Adjustment for country, birth order, the number of fetuses in current pregnancy, paternal age, maternal age, maternal education, calendar age

of the index girl, calendar year of follow up, and family history of psychiatric diseases

study. An increased risk of mixed EDs was observed among
girls after exposure to bereavement caused by unexpected
death. However, this association was weaker than the cor-
responding association for broadly defined bulimia nervosa
and was not significant after dividing it into prenatal and
postnatal exposure. The number of cases with mixed EDs
was probably limited by time and ICD version: more than
30 % patient was diagnosed mixed EDs based on the ICD-
10 in this study. Hence, it is worthy to further explore the
associations between stress and subtypes of EDs using a
more detailed categorized system of EDs. Further studies
are also needed to clarify the possible mechanisms involve
in different subtypes of EDs.

This study has several strengths. We used a large cohort
with prospectively collected information that included
all the girls born in Denmark and Sweden during nearly
two decades. This allowed us to explore the association

between rare exposure (bereavement) and outcomes (EDs
and its subtypes), and to adjust for a number of poten-
tial confounders. In this population-based cohort study,
bias due to selection of population and loss of follow up
is unlikely. In addition, bereavement due to loss of a close
relative, widely accepted as a relatively precise and univer-
sal indicator for stress, was used as an indicator of expo-
sure status [35]. Again, this is the first large-scale study to
examine the association between bereavement and different
patterns for subtypes.

Our study also has several limitations. First, the ICD
system was used to identify the cases in this study,
instead of the DSM-5 that has more detailed diagnosis
information about the EDs [36]. Some misclassification
of EDs may be expected. Specifically, the incidence rate
of EDs could be underestimated because cases who did
not present for treatment would not be included at all.

@ Springer
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However, this needs not to be related to exposure, and
hence would bias the estimates toward the null. Second,
we did not find any validation study of EDs in the three
registries. The Swedish Patient Register may have a high
predictive value for most validated diagnoses (85-95 %),
but a low sensitivity [37]. Validity of some psychiatric
diseases is high in Danish Psychiatric Central Research
Register, like childhood autism (94 %) and schizophrenia
(90 %) [38, 39]. In our study, broadly defined anorexia
nervosa was the most common subtype of EDs, which is
in line with the previous studies [2, 5]. Third, we only
have inpatients before 1995 in Denmark and all time in
Sweden. Bereavement might either lower or increase the
threshold for hospitalization, therefore comorbidity or
other factors related to the threshold of hospitalization
should be considered in the future studies. Fourth, as an
observational study based on register data, it is not pos-
sible to conclude that the association is causal and further
studies are needed.

In conclusion, our findings suggested that prenatal and
early postnatal life stress due to unexpected death of a
close relative is associated with an increased overall risk
of eating disorders in adolescent girls and young women.
The increased risk might be driven mainly by differences
in broadly defined bulimia nervosa and mixed eating disor-
ders, but not broadly defined anorexia nervosa.
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