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Abstract

Background: Prenatal stress has been associated to a number of neuropsychiatric diseases but its role on the
development of eating disorders (ED) remains unknown. Infants and toddlers with feeding or eating disorders are
also at an increased risk of such diseases in later childhood and adolescence. We aimed to examine whether
prenatal stress following maternal bereavement is associated with ED in infants and toddlers.

Methods: This population-based cohort study included children born from 1977 to 2008 in Denmark (N = 2,127,126)
and from 1977 to 2006 in Sweden (N = 2,974,908). Children were categorized as exposed if they were born to mothers
who lost a close relative one year prior to or during pregnancy and were categorized as unexposed otherwise. They
were followed until the age of 3 for a first diagnosis of ED. Poisson regression models were used to examine incidence
rate ratio (IRR) between the exposed and the unexposed cohort.

Results: A total of 9,403 ED cases were identified and 179 of whom were in the exposed cohort. Offspring born to
mothers bereaved by loss of a core family member (older child or spouse) within the six months before pregnancy
had a higher risk of ED than the unexposed offspring (IRR: 1.63, 95 % confidence intervals (CI): 1.07–2.47). In stratified
analyses, bereavement during the six months before pregnancy was associated with an increased risk of ED in boys
(IRR: 2.21, 95 % CI: 1.28–3.82), but not in girls (IRR: 1.18, 95 % CI: 0.61–2.27).

Discussion: This is the first population-based study to explore the association between prenatal stress and the risk of
ED in infants and toddlers within two Nordic countries. This study added new evidence of early life stress for etiology
of ED while the potential mechanism still needs further studies.

Conclusions: Prenatal stress following maternal bereavement by loss of a core family member is associated with an
increased risk of ED among infants and toddlers. The six months before conception may be a susceptible time
window, especially for boys.
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Background
The lifetime prevalence of all types of eating disorders
(ED) is approximately 5 % and they may lead to profound
and long-lasting physical and psychosocial morbidity [1].
Infants with feeding problems are at an increased risk of

ED in later childhood and adolescence [2]. ED are charac-
terized by food refusal for at least one month, growth defi-
ciency and an apparent lack of appetite in infants and
toddlers [3]. Early problems in eating behaviors are re-
ported to be more common in infants with developmental
delays (80 %) than in normally developed infants (25 %) [4].
However, despite its important consequences, the etiology
of ED in infants and toddlers is poorly understood [5].
Eating behavior is a complex process controlled by the

neuroendocrine system, of which the hypothalamus-
pituitary-adrenal-axis (HPA axis) is a major component
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[6, 7]. Dysregulation of the HPA axis is associated with ED
[8–11]. ED may have its origins in prenatal life and accu-
mulating evidence from experimental studies suggests that
the prenatal stress has a programming effect, particularly
on the activity of the HPA axis [12, 13]. Findings from a
recent review suggest that prenatal stress exposure, the ac-
tivity of the HPA axis, and feeding regulation in early years
of life are closely linked [14]. However, there has been lit-
tle empirical evidence on the potential effect of precon-
ceptional and prenatal maternal stress on the risk of ED in
infants and toddlers.
Maternal bereavement during or shortly before preg-

nancy, as an indicator of severe stress, has been associated
with a number of psychiatric disorders in the offspring,
including autism spectrum disorder (ASD), attention
deficit hyperactivity disorder (ADHD) [15, 16], and
affective psychosis [17]. The risks are often higher for
children bereaved by loss of a core family member
(i.e., older child or spouse) than by loss of an extended
family member (i.e., mother’s sibling or parent), sug-
gesting the presence of dose-response effect. Findings
regarding the importance of the timing of stress have
been mixed.
We hypothesized that prenatal stress following maternal

bereavement may increase the risk of ED in infants and
toddlers. As ED is rarely diagnosed in early ages, we use
combined data from nationwide registries in two countries
(Denmark and Sweden) to examine the association. The
large study allowed us to investigate the dose-response
patterns and the importance of the timing of stress ob-
served in other psychiatric disorders. In addition, as sex
difference was observed for effect of prenatal stress on
some other psychiatric diseases [16, 18], we also investi-
gated whether association between prenatal stress and ED
differed by sex.

Methods
This study was based on secondary data and all analyses
were performed on the secure platform of Statistics
Denmark using encrypted identification numbers and thus
no access to personal identification numbers of the partic-
ipants. The study was approved by the Danish Data Pro-
tection Agency (No. 2008-41-2680) and Scientific Ethics
Committee of Central Jutland Region (No. M-201000252)
and Karolinska Institutet (No. 2008/4:6).

Study design and participants
We conducted a population-based cohort study by
combining data from several national registries from
Denmark and Sweden. The unique personal identifica-
tion number, assigned in both countries to all legal
residents, allows individual record linkage across all
national registries.

We used data from the Danish Civil Registry System
and the Swedish Multi-generation Register to identify chil-
dren born from 1977 to 2008 in Denmark (N = 2,136,450)
and from 1977 to 2006 in Sweden (N = 2,982,647) [19, 20].
We excluded children with unknown sex (N = 20), with
no linkage to the mothers (N = 8,889), diagnosed with ED
as a comorbidity to cleft lip and palate or any type of
digestive system malformation (N = 153), born to mothers
who lost a close relative caused by ED (N = 156), children
to mothers with no linkage to any relatives (N = 7,453),
with missing or implausible maternal age (unknown, ≤14
or ≥60 years, N = 392). Our study population consisted of
5,102,034 children born in Denmark (N = 2,127,126) and
Sweden (N = 2,974,908).

Exposure and outcome
We categorized children as exposed if their mothers lost
an older child, a sibling, or a parent one year prior to or
during pregnancy, or if the mother lost a spouse during
pregnancy. Only the first time exposure information was
used when one case was exposed to maternal bereavement
more than once within the exposure window (0.04 %).
The remaining children were included in the unexposed
cohort.
Information on ED for the index child was obtained

from the Danish Psychiatric Central Research Register
(N = 5) [21] and the Danish National Patient Register
(N = 2002) [22] in Denmark. The Danish Psychiatric
Central Research Register contains information on every
psychiatric hospital admission since 1969 and onwards,
and information on outpatient treatment is included since
1995. Similar information was obtained from the Swedish
Patient Register (N = 7,396), which holds information on
psychiatric inpatient care since 1973 [23]. Patients with
mild to moderate mental disorders are generally diag-
nosed and treated by the private practice psychiatrists and
general practitioners in cooperation, without hospital con-
tact in Denmark, thus are not registered in the Psychiatric
Central Research Register. The diagnosis information was
based on the International Classification of Diseases
(ICD). The eighth version (ICD-8) was used from 1977 to
1993 in Denmark and from 1973 to 1986 in Sweden, the
ninth version (ICD-9) from 1987 to1996 in Sweden, the
tenth version (ICD-10) from 1994 onwards in Denmark
and from 1997 onwards in Sweden. Based on the diagno-
sis criteria of feeding disorders proposed by Chatoor [24],
a child was defined as a case if he/she had a diagnosis of
ED or feeding disorders (ICD-8 codes 306.5 (feeding
disturbance); ICD-9 codes 307.B (anorexia nervosa), 307.F
(bulimia nervosa); ICD-10 codes F50 (eating disorders),
F98.2 (feeding disorder of infancy and childhood),
F98.3 (Pica of infancy and childhood)) before the age
of 3. Cohort members were followed from birth until
the first diagnosis of ED or feeding disorders, death,
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emigration, the day when they reached 3 years of age,
or the last follow up date (December 31, 2010 in
Denmark and December 31, 2007 in Sweden), whichever
came first.

Potential confounders
Perinatal factors (parity and the number of fetuses in the
pregnancy) and children’s sex were retrieved from the

Medical Birth Register [25, 26]. Paternal age and maternal
characteristics including age, countries of origin, education
were obtained from the Danish Integrated Database for
Longitudinal Labor Market Research [27], Swedish Medical
Birth Register [25] and the Swedish Education Register
[28]. Data on family history of psychiatric disorders was
retrieved from the Danish Central Psychiatric Register, the
Danish National Patient Register and Swedish Patient

Table 1 Baseline characteristics of the study population

Denmark Sweden

Characteristics Exposed Unexposed P value Exposed Unexposed P value

(N = 29,475) (N = 2,097,651) (N = 56,542) (N = 2,918,366)

N (%) N (%) N (%) N (%)

Sex

Boy 14,981(51) 1,076,217(51) 29,006(51) 1,499,551(51)

Girl 14,494(49) 1,021,434(49) 0.10 27,536(49) 1,418,815(49) 0.69

Maternal age (years)

15–26 7,924(27) 708,240(34) 15,422(27) 1,073,318(37)

27–30 8,613(29) 640,409(31) 15,617(28) 849,158(29)

31–59 12,938(44) 749,002(36) <0.01 25,503(45) 995,890(34) <0.01

Paternal age (years)

15–28 7,393(25) 622,992(30) 15,161(27) 976,972(33)

29–33 10,191(35) 726,459(35) 18,847(33) 986,054(34)

≥ 34 11,137(38) 681,103(32) 22,201(39) 935,866(32)

Unknown 754(3) 67,097(3) <0.01 333(1) 19,474(1) <0.01

Parity

1 11,035(37) 979,756(47) 18,131(32) 1,223,966(42)

2 11,723(40) 778,384(37) 21,144(37) 1,056,861(36)

≥ 3 6,711(23) 333,485(16) 17,265(31) 637,471(22)

Unknown 6(0) 6,026(0) <0.01 2(0) 68(0) <0.01

Number of fetuses in the pregnancy

Singleton 28,099(95) 1,898,839(91) 55,091(97) 2,846,323(98)

Multiple 953(3) 64,731(3) 1,446(3) 71,866(2)

Unknown 423(1) 134,081(6) <0.01 5(0) 177(0) 0.25

Maternal countries of origin

Nordic 29,275(99) 2,074,856(99) 54,543(96) 2,603,304(89)

Others 194(1) 13,129(1) 1,963(3) 302,486(10)

Unknown 6(0) 9,666(0) <0.01 36(0) 12,576(0) <0.01

Family history of psychiatric disorders

No 26,173(89) 1,912,542(91) 51,896(92) 2,717,203(93)

Yes 3,302(11) 185,109(9) <0.01 4,646(8) 201,163(7) <0.01

Maternal education

≤ 9 years 8,662(29) 546,022(26) 10,196(18) 487,899(17)

10–14 years 12,601(43) 825,834(39) 36,664(65) 1,823,765(62)

≥ 15 years 6,821(23) 438,799(21) 8,620(15) 403,798(14)

Unknown 1,391(5) 286,996(14) <0.01 1,062(2) 202,904(7) <0.01
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Register (ICD-8 codes 290–315, ICD-9 codes 290–319 and
ICD-10 codes F00-F99) [21–23].

Statistical analysis
All data management and analyses were performed with
the SAS version 9.2 statistical software packages (SAS
Institute, Inc., Cary, North Carolina). Poisson regression
models were used to estimate incidence rate ratio (IRR) of
ED between exposed and unexposed children.
We divided the exposure window in five periods (12–7

months before pregnancy, 6–0 months before pregnancy,
the first trimester, the second trimester and the third
trimester) to examine whether a potential effect of pre-
conceptional and prenatal stress following maternal be-
reavement on ED differed across these periods.
To examine a potential dose-response relationship be-

tween maternal bereavement and offspring’s ED risk, we
categorized exposed children in two ways, which may repre-
sent the stress level of bereavement. (1) according to the
causes of death: a) death due to unexpected causes (Swedish
codes:79590–79599, 79621, E807-E999 (ICD-8); 798,
E807-E999 (ICD-9); R95, R96, R98, V01-Y98 (ICD-10);
Danish codes: 795, 810–823, 950–959, 800–807, 825–949,
960–999 (ICD-8); R95-R98, V01-V89, X60-X84 (ICD-10)),
and b) death due to other causes; and (2) according to the
mother’s relationship of the deceased: a) death of a core
family member (an older child or a spouse), and b) death
of other relatives (a parent or a sibling). We hypothesized
that loss of a core family member would have a stronger
effect than loss of a parent or a sibling [29]. Similarly, we
anticipated a stronger effect in case of unexpected deaths
than in case of other deaths [30].
To examine potential sex-differences in prenatal be-

reavement and risk of ED in offspring, we performed
analyses in boys and girls separately.
We adjusted for the following potential confounders:

country (Denmark, Sweden), sex (boy, girl), parity (1, 2, ≥3,

unknown), maternal age (15–26 years, 27–30 years, 31–59
years), paternal age (15–28 years, 29–33 years, ≥34 years,
unknown), maternal countries of origin (Nordic, others,
unknown), number of fetuses in the pregnancy (single-
ton, multiple, unknown), family history of psychiatric
disorders (yes, no) and maternal education (≤9 years,
10–14 years, ≥15 years). Calendar year of follow up
was included as a time-dependent variable, while the
other covariates were included as time-fixed (Model 1).
Since adverse birth outcomes (preterm delivery, low
birth weight) have been proposed to be risk factors for
ED [31, 32], we adjusted additionally for preterm
delivery (yes, no) and birth weight (<2500 g, 2500–
4000 g, ≥4000 g) (Model 2).
Finally, we restricted the analyses to children without

family history of psychiatric disorders to partly disentan-
gle genetic effects from maternal stress effects [33].

Results
Baseline characteristics of the cohort
A total of 86,017 (1.69 %) children were born to mothers
experiencing bereavement one year prior to or during
pregnancy. The baseline characteristics of the study popu-
lations in Denmark and Sweden are presented in Table 1.
In both countries, exposed children were more likely to be
born to older parents and to have a higher parity than un-
exposed children.

Timing-specific and dose-response pattern of prenatal
stress (maternal bereavement)
Of 9,403 infants and toddlers with a diagnosis of ED, 179
were exposed to preconceptional and prenatal maternal
bereavement. We did not find an association between pre-
conceptional and prenatal maternal bereavement and the
overall risk of ED, neither when taking possible con-
founders into account (Table 2, Model 1), nor when also

Tables 2 Relative risk of eating disorders and prenatal maternal bereavement according to timing of exposure

Exposure category Cases Incidence rate (1/100,000) Crude IRR Adjusted IRR (95 % CI)Model 1 Adjusted IRR (95 % CI)Model 2

Unexposed 9,225 63.00 1.00(ref) 1.00(ref) 1.00(ref)

Any exposed 179 71.32 1.13 1.12(0.97–1.30) 1.10(0.95–1.28)

12–7 months 53 73.12 1.17 1.17(0.90–1.53) 1.14(0.87–1.49)

6–0 months 61 76.82 1.20 1.20(0.93–1.54) 1.18(0.91–1.50)

Prenatal 65 65.60 1.04 1.02(0.80–1.30) 1.02(0.80–1.30)

1st trimester 23 79.07 1.24 1.21(0.80–1.82) 1.19(0.79–1.79)

2nd trimester 26 64.15 1.04 1.01(0.70–1.48) 1.00(0.68–1.45)

3rd trimester 16 54.31 0.85 0.85(0.52–1.39) 0.88(0.54–1.44)

Model 1: Adjusted for country, offspring’s sex, parity, number of fetuses in the pregnancy, paternal age, maternal age, maternal countries of origin, family history
of psychiatric disorders, maternal education and calendar year of follow up
Model 2: Adjusted for gestational age and birth weight in addition to the variables from Model 1
IRR incidence rate ratio, CI confidence intervals
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accounting for possible mediators (Table 2, Model 2).
Neither time of exposure (12–7 months before pregnancy,
6–0 months before pregnancy, the first trimester, the sec-
ond trimester and the third trimester), nor cause of death
(unexpected causes and other causes) influenced risk of
ED (Table 3).
Compared to unexposed children, children exposed to

maternal bereavement by loss of a core family member
(an older child or spouse) had an increased risk of ED
(IRR: 1.53, 95%CI: 1.13–2.08), while children exposed to
maternal bereavement by loss of other relatives were not
at an increased risk (IRR: 1.02, 95 % CI: 0.86–1.20)
(Table 4). When we additionally stratified children
exposed to maternal bereavement into three groups
by timing of exposure, we only observed that maternal
bereavement related to loss of a core family number
during six months before conception was associated with
an increased risk of ED (IRR: 1.63, 95 % CI: 1.07–2.47)
(Table 4).

Sex-difference effects and sensitivity analyses
When stratifying on sex of children, we found an in-
creased risk of ED in children born to mothers who lost
a close relative during the six months before conception
in boys (IRR: 2.21, 95 % CI: 1.28–3.82), but not in girls
(IRR: 1.18, 95 % CI: 0.61–2.27) (Table 5). Results were
similar to those from the main analyses after excluding
children with a family history of psychiatric disorders
(results are available upon request).

Discussion
The main findings of this study
In this large population-based cohort study, we found
that maternal exposure to the loss of a core family mem-
ber (an older child or spouse) the year before or during
pregnancy was associated with an increased risk of ED
in infants and toddlers. The risk was only significantly
increased among children with maternal loss of an older
child during six months before conception; whereas it

Tables 3 Relative risk of eating disorders and prenatal maternal bereavement according to cause of death and timing of exposure

Exposure category Cases Incidence rate (1/100,000) Crude IRR Adjusted IRR (95 % CI)Model 1 Adjusted IRR (95 % CI)Model 2

Unexposed 9,225 63.00 1.00(ref) 1.00(ref) 1.00(ref)

Unexpected causes 21 71.15 1.17 1.05(0.69–1.59) 1.03(0.68–1.56)

12–7 months 7 82.44 1.43 1.34(0.67–2.69) 1.29(0.67–2.68)

6–0 months 4 41.11 0.62 0.58(0.22–1.54) 0.56(0.21–1.50)

Prenatal 10 88.55 1.33 1.18(0.64–2.20) 1.18(0.64–2.20)

Other causes 158 71.69 1.13 1.13(0.97–1.33) 1.12(0.95–1.31)

12–7 months 46 72.20 1.13 1.14(0.85–1.52) 1.11(0.83–1.49)

6–0 months 57 82.22 1.28 1.30(1.00–1.68) 1.26(0.97–1.63)

Prenatal 55 62.97 1.00 1.00(0.77–1.30) 1.00(0.76–1.29)

Model 1: Adjusted for country, offspring’s sex, parity, number of fetuses in the delivery, paternal age, maternal age, maternal countries of origin, family history of
psychiatric disorders, maternal education and calendar year of follow up
Model 2: Adjusted for gestational age and birth weight in addition to the variables from Model 1
IRR incidence rate ratio, CI confidence intervals

Tables 4 Relative risk of eating disorders and prenatal maternal bereavement according to type of the deceased relative and time
of exposure

Exposure category Cases Incidence rate (1/100 000) Crude IRR Adjusted IRR (95 % CI)Model 1 Adjusted IRR (95 % CI)Model 2

Unexposed 9,225 63.00 1.00(ref) 1.00(ref) 1.00(ref)

Loss of child/spouse 41 107.05 1.67 1.65(1.21–2.24) 1.53(1.13–2.08)

12–7 months 12 93.84 1.46 1.50(0.85–2.65) 1.37(0.78–2.41)

6–0 months 22 112.95 1.76 1.77(1.16–2.68) 1.63(1.07–2.47)

Prenatal 7 116.01 1.81 1.58(0.75–3.32) 1.56(0.74–3.27)

Loss of other relatives 138 64.89 1.03 1.02(0.87–1.21) 1.02(0.86–1.20)

12–7 months 41 68.69 1.10 1.10(0.81–1.48) 1.09(0.80–1.47)

6–0 months 39 65.07 1.02 1.02(0.74–1.39) 1.01(0.74–1.38)

Prenatal 58 62.33 0.99 0.98(0.76–1.27) 0.98(0.76–1.27)

Model 1: Adjusted for country, offspring’s sex, parity, number of fetuses in the pregnancy, paternal age, maternal age, maternal countries of origin, family history
of psychiatric disorders, maternal education and calendar year of follow up
Model 2: Adjusted for gestational age and birth weight in addition to the variables from Model 1
IRR incidence rate ratio, CI confidence intervals
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remained high throughout other prenatal periods. The
association persisted after excluding children with a
family history of psychiatric disorders. When stratifying
on sex of children, we only found results similar to the
main analyses in boys, but not in girls.

Comparison with previous studies and potential
underlying mechanisms
Research on the effect of prenatal stress on ED in early
life has been limited. A case report from 1995 presented
a three years old boy with infantile anorexia who experi-
enced prenatal bereavement, and suggested that severe
prenatal stress may be implicated in the etiology of ED
in infants or toddlers [34]. Two observational studies
showed that self-reported maternal anxiety or depression
during pregnancy was associated with an increased risk

of infant feeding problems [35, 36]. The sample sizes of
these studies were substantially smaller than our study
and information on confounders was limited. Another
study, examining several offspring psychiatric disorders
after prenatal (six months before pregnancy and during
pregnancy) and postnatal bereavement, showed dif-
ferent vulnerable periods for these diseases [15]. For
instance, for ASD, the second and third trimesters
were the most vulnerable periods, while only the
third trimester was associated with an increased risk
for ADHD, and no preconceptional periods were associ-
ated with increased risks. We extended the time win-
dow to one year prior to pregnancy and observed
that only maternal bereavement six months before
conception was associated with an increased risk of
ED in offspring.

Table 5 Relative risk of eating disorders and prenatal maternal bereavement stratified on sex of children

Exposure category Boys Girls

Cases Incidence rate (1/100,000) Adjusted IRR (95 % CI)a Cases Incidence rate (1/100,000) Adjusted IRR (95 % CI)a

Unexposed 4,197 55.84 1.00(ref) 5,027 70.54 1.00(ref)

Any exposed 86 67.10 1.16(0.94–1.43) 93 75.74 1.05(0.86–1.29)

Time of exposure

12–7 months 26 70.16 1.24(0.85–1.81) 27 76.23 1.05(0.72–1.54)

6–0 months 34 84.30 1.44(1.03–2.02) 27 69.09 0.94(0.65–1.38)

Prenatal 26 51.20 0.88(0.60–1.29) 39 80.76 1.14(0.84–1.56)

1st trimester 10 67.51 1.13(0.61–2.11) 13 91.07 1.24(0.72–2.13)

2nd trimester 9 43.45 0.72(0.38–1.39) 17 85.78 1.23(0.77–1.95)

3rd trimester 7 45.87 0.83(0.40–1.75) 9 63.37 0.92(0.48–1.76)

Type of deceased relative

Child/spouse 20 103.91 1.69(1.09–2.63) 21 110.22 1.41(0.92–2.16)

12–7 months 4 62.82 1.03(0.39–2.75) 8 124.61 1.76(0.82–3.30)

6–0 months 13 133.11 2.21(1.28–3.82) 9 92.66 1.18(0.61–2.27)

Prenatal 3 96.34 1.45(0.47–4.51) 4 136.99 1.65(0.62–4.39)

Other relatives 66 60.59 1.06(0.83–1.35) 72 69.40 0.98(0.78–1.24)

12–7 months 22 71.68 1.28(0.85–1.93) 19 65.52 0.91(0.58–1.44)

6–0 months 21 68.71 1.19(0.77–1.82) 18 61.29 0.86(0.54–1.36)

Prenatal 23 48.25 0.83(0.55–1.26) 35 77.14 1.11(0.80–1.54)

Cause of death

Unexpected causes 10 66.31 1.13(0.63–2.05) 11 76.20 0.94(0.52–1.70)

12–7 months 2 44.68 1.04(0.33–3.22) 5 124.50 1.68(0.70–4.04)

6–0 months 4 80.73 1.24(0.47–3.31) – – –

Prenatal 4 70.80 1.06(0.40–2.84) 6 106.33 1.43(0.64–3.18)

Other causes 76 67.52 1.17(0.93–1.46) 82 76.05 1.07(0.86–1.33)

12–7 months 24 73.96 1.26(0.85–1.89) 22 70.38 0.98(0.65–1.50)

6–0 months 30 85.27 1.47(1.03–2.10) 27 79.07 1.09(0.74–1.59)

Prenatal 22 48.96 0.85(0.56–1.29) 33 77.80 1.12(0.80–1.57)

IRR incidence rate ratio, CI confidence intervals
aPoisson regression models were adjusted for country, maternal age, paternal age, parity, number of fetuses in the pregnancy, maternal countries of origin, family
history of psychiatric disorders, maternal education, gestational age, birth weight and calendar year of follow up; −. No case
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The mechanism of association between maternal stress
and risk of disordered behavior in offspring was not well
understood. Based on previous studies, the main pro-
posed mechanism for the link between prenatal maternal
stress and psychiatric disorders is the programming
effect of HPA axis [37]. Postnatal stress is more likely to
affect interaction between mother and child in early life
of offspring and has a direct effect on children eating
behavior [38, 39]. Therefore prenatal stress and postnatal
stress might have different mechanisms on the risk of
ED. In this study, we focus on prenatal stress’s effect.
Our results can be interpreted by increased CRF1 ex-
pression in frontal cortex of brain which is related to
appetite regulation following maternal preconceptional
stress [40, 41]. Class et al. have reported that preconcep-
tional stress increased the risk of infant mortality, which
indicated the period immediately before conception may
be a sensitive developmental period [42].
It has been suggested that temperament is an import-

ant contributor to the development and maintenance of
ED [43]. We observed an increased risk of ED but only
in boys exposed to maternal bereavement following the
loss of a core family member during six months before
pregnancy. The result is consistent with suggestions of
an animal study, which found that maternal stress before
conception may worsen social interaction and increase
fear response in male, but not in female rats [44]. In
addition, another animal study reported that exposure to
stress in the two weeks prior to mating was associated
with neuronal morphology change in the anterior cingu-
late cortex of brain only in males [45], where is on the
pathway of appetite activation [46]. Our results sug-
gested that for mothers having male offspring, several
months before conception may be a vulnerable time
window.

Strengths and limitations
To our knowledge, this is the first population-based
study to explore the association between prenatal stress
and the risk of ED in infants and toddlers. Based on na-
tionwide registries of two Nordic countries, we could ex-
plore the association between bereavement and ED
before the age of 3 with 0.18 % prevalence (rare event).
In addition, with almost complete follow-up, the results
are unlikely to be biased by selection of study partici-
pants or loss to follow up. The large sample size also
allowed for adjustment for a number of potentially im-
portant confounders. However, our findings should be
interpreted with caution due to several limitations. First,
we had no data on maternal lifestyle factors, such as pre-
natal drinking and marijuana use, which might confound
the association [47]. For instance, bereaved mothers are
likely to drink alcohol, which could partly underlie the
association. Second, no systematic study was performed

to validate the diagnosis of ED in registries although
studies for some major psychiatric diagnoses, such as
schizophrenia and single episode depression, have indi-
cated a high validity [48, 49]. Third, patients with mild
and moderate ED cannot be identified in the Registries;
and the DSM-5 classification (where the feeding and eat-
ing disorders have been put together) was not used; and
ICD-8 and ICD-10 were used to identify the cases in
Denmark while ICD-8, ICD-9 and ICD-10 were used in
Sweden. These are expected to lead to bias in disease
diagnosis. However, we think that these classifications
are independent of exposure status and would thus draw
the risk estimates towards unity.

Conclusions
Our study shows that maternal bereavement related to
the loss of a core family member was associated with an
increased risk of ED in infants and toddlers. The period
of six months before conception may be a susceptible
time window, especially for boys.
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