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Abstract

Aims/hypothesis The potential impact of childhood bereavement—a severe psychological stressor—on childhood type 1
diabetes development remains unclear. Here, we aimed to bridge this knowledge gap and assess whether bereavement char-
acteristics influenced any impact.

Methods We conducted a register-based cohort study encompassing 3,598,159 children born in Sweden between 1987 and
2020. Childhood bereavement was defined as the death of a biological mother, father or sibling. Diagnosis of type 1 diabetes
in childhood (<18 years) was ascertained through the National Patient Register. We applied a Cox proportional hazards
regression model to investigate the impact of childhood bereavement on type 1 diabetes, while adjusting for potential con-
founders (including parental type 1 diabetes status, country of birth and demographic characteristics).

Results During follow-up, 86,226 children (2.4%) lost a family member, and 18,817 children (0.52%) were diagnosed with
type 1 diabetes (median age at onset 9.1 years). We did not detect any overall association between childhood bereavement
and type 1 diabetes (adjusted HR 1.04; 95% CI 0.93, 1.17). We found no influence of age at loss, cause of death, familial
relationship to the deceased, and time since loss.

Conclusions/interpretation In this large population-based Swedish study, we observed no evidence supporting a link between
childhood bereavement and type 1 diabetes.
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What is already known about this subject?
e Psychological stress has been suggested to influence the risk of type 1 diabetes and to accelerate disease
progression
e Childhood bereavement (loss of a first-degree relative) is a severe psychological stressor
What is the key question?
e Does bereavement affect type 1 diabetes risk in childhood?
What are the new findings?
® In this register-based cohort study encompassing more than 3.5 million children born in Sweden, we detected no
association between bereavement and type 1 diabetes
e We did not observe any influence of bereavement characteristics, including age at loss, cause of death, familial
relationship to the deceased, and time since loss
How might this impact on clinical practice in the foreseeable future?
e  Further large-scale studies are needed to investigate the potential impact of psychological stressors other than
bereavement on type 1 diabetes risk
Introduction relationship to the deceased, and time since the loss [6, 9,

Type 1 diabetes is a chronic disease that is character-
ised by the autoimmune destruction of insulin-producing
pancreatic beta cells. While genetic predisposition is an
established risk factor for type 1 diabetes, the knowledge
base on candidate environmental triggers and factors that
may influence disease progression in childhood is rapidly
evolving [1]. Psychological stress has previously been
suggested to induce beta cell stress by increasing insulin
demand [2, 3], and to increase the risk of islet autoim-
munity by modulation of the immune response [4]. Child-
hood bereavement, i.e. the death of a parent or a sibling
in childhood, constitutes a severe psychological stressor,
with potentially far-reaching consequences for emotional
well-being and psychiatric health [5-7]. However, the
potential impact of bereavement on type 1 diabetes risk in
childhood, and whether such effects are transient or of a
more long-lasting nature, has not yet been fully elucidated.

Type 1 diabetes onset occurs at any time during child-
hood, but the incidence peaks during puberty [8], when
rapid physical growth and substantial hormonal dynam-
ics increase insulin resistance and demand. Moreover, the
age at bereavement, and the developmental stage of the
child, may influence how the child perceives and under-
stands death [7]. The timing of the loss may thus have
varying effects on type 1 diabetes development throughout
childhood. Furthermore, previous Swedish register-based
studies on childhood bereavement have reported that the
health consequences may differ across causes of death,
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10]. Therefore, such factors may also be pertinent when
assessing the association between loss and type 1 diabetes.

Several observational studies have suggested a link
between psychological stressors, including childhood
bereavement, illness of a family member or socioeconomic
disadvantages, and type 1 diabetes incidence. However, the
earliest studies were retrospective, questionnaire-based, or
based on limited samples [11-15]. Two population-based
register studies [16, 17], both originating from Danish
national registers and using partly overlapping data, have
reported inconclusive findings on type 1 diabetes risk
after exposure to childhood adversities. While one study
reported an age-dependent increased risk of type 1 dia-
betes [16], the other found no, or negligible, associations
with type 1 diabetes risk [17]. A third Danish study [18],
which specifically investigated the impact of childhood
bereavement after the age of 5 years on type 1 diabetes in
childhood or early adulthood, found an increased risk if
the loss occurred after the age of 11 years. No assessment
of variation by time since loss was performed.

Here, we aimed to investigate the effect of bereavement
on the risk of childhood-onset type 1 diabetes, and to assess
the potential influences of age at loss, cause of death, famil-
ial relationship to the deceased, and time since loss. To this
end, we used prospectively and objectively collected data
from national population and health registers in Sweden
relating to more than 3.5 million children and their parents
and siblings.
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Methods

Study population We obtained information on all children
born in Sweden from 1987 to 2020 from the Total Popula-
tion Register (n=3,704,422). The children were linked to
their biological parents and siblings (full and half) using the
Multi-Generation Register. Additional information on the
children and their relatives was extracted from the Total Pop-
ulation Register, the Longitudinal Integrated Database for
Health Insurance and Labour Market Studies, the National
Patient Register (NPR), the Cause of Death Register and the

Fig. 1 Flow chart of the study
population Information from the
Swedish Total

Population Register

Information from the Multi-
Generation Register

Information from the National

Patient Register

Swedish Prescribed Drug Register. Linkages across regis-
ters were enabled through personal identification numbers,
a unique 10-digit number that is assigned to all residents in
Sweden at birth or immigration [19].

To enable the establishment of attachment relationships
[20] and to avoid including events of neonatal diabetes,
follow-up started at the age of 1 year. We excluded chil-
dren who had died or emigrated before that age or who had
incomplete migration data (Fig. 1). We also excluded chil-
dren with missing information on the identity of their par-
ents, and children with one or two parents who had died or

3,704,422
Live births in Sweden
1987-2020
52,394 Excluded

21,908 Incomplete migration data
17,691 Emigration at <1 year
12,795 Death at <1 year

3,652,028

Children living in Sweden
at age 1 year

53,693 Excluded

45,606 Missing information on
parents' identity

5226 Parental emigration at
child age <1 year

2861 Parental death at child
age <1 year

176 Excluded

176 Any diabetes diagnosis
at age <1 year

3,598,159

Individuals followed from age 1 year to type 1 diabetes diagnosis, death,
emigration (child or parents), 18th birthday, or 31 December 2021
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emigrated before the start of follow-up. We further excluded
children with any diabetes diagnosis (including neonatal dia-
betes or any other type of diabetes) recorded in the NPR
before the start of follow-up. Any diabetes diagnosis before
the start of follow-up was defined as having had an inpa-
tient visit with the main diagnosis coded as 250 according
to ICD-9 (http://www.icd9data.com/2007/Volume1/default.
htm) or E10 or E11 according to ICD-10 (https://icd.who.int/
browse10/2019/en). Our final study population comprised
3,598,159 children.

Exposure The main exposure, childhood bereavement, was
defined as the death of a biological mother, father or sibling.
The date of death of the parent or sibling was ascertained
through the Cause of Death Register. We categorised age
at loss as preschool (1-6 years), school age (7-12 years) or
teenage (13—17 years). We categorised the main cause of
death as illness (e.g. cardiovascular disease or cancer) or
external causes of morbidity and mortality (including sui-
cide, accidents, environmental exposures and homicides).
External causes of morbidity and mortality were defined
by ICD-9 codes ES00-E999 and ICD-10 codes VO01-Y98,
while illness was defined as death by all other ICD-9 or
ICD-10 codes. The familial relationship with the deceased
was also investigated, and categorised as mother, father or
sibling.

Outcome The main outcome was type 1 diabetes in child-
hood (1-17 years), defined as an inpatient main diagnosis
(ICD-9 code 250 or ICD-10 code E10) in the NPR. The date
of diagnosis was defined as the date of discharge.

Although ICD-9 does not have separate codes for the var-
ious types of diabetes, the risk of misclassification is low,
because >98% of Swedish children aged 0-18 years who are
diagnosed with diabetes have type 1 diabetes [21]. However,
a previous study showed that prescription of insulin in the
Swedish Prescribed Drug Register, which holds informa-
tion on all dispensed medications in Sweden from July 2005
onwards, could be used to reliably assess the occurrence
of type 1 diabetes in individuals aged 0-34 years [8]. To
explore the validity of our outcome, we assessed the propor-
tion of children defined as having type 1 diabetes who had
at least one dispensed prescription of insulin (anatomical
therapeutic chemical code A10A) at <18 years, and the pro-
portion of children with one or more dispensed prescription
of insulin at <18 years who did not have a type 1 diabetes
diagnosis.

Covariates We obtained information on baseline parental
covariates, including age, country of birth (categorised
as Sweden or other), region of residence (categorised as
Gotaland, Svealand, Southern Norrland and Northern Nor-
rland) and the population density of home municipality
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(calculated as the number of inhabitants per km?) from
the Total Population Register. Baseline was defined as the
year of birth of the child. Information on parental high-
est achieved education level (categorised as compulsory,
secondary or university), disposable income (presented
in quintiles) and marital status (categorised as married,
not married but cohabiting with children, or single) was
obtained from the Longitudinal Integrated Database for
Health Insurance and Labour Market Studies, which col-
lects sociodemographic information on all Swedish resi-
dents from 1990 onwards. Parental type 1 diabetes status
was based on a diagnosis of type 1 diabetes (ICD-9 code
250 and/or ICD-10 code E10; main inpatient or outpa-
tient diagnosis) in the NPR. Race as a concept is not used
in Sweden, and information on race or ethnicity is not
available in Swedish national registers and is therefore not
included in our analyses [22]. All children in our cohort
were born in Sweden.

Prior to the analysis phase, we created a directed acyclic
graph using the DAGitty tool (available at http://www.dagit
ty.net) [23]. The directed acyclic graph (electronic supple-
mentary material [ESM] Fig. 1) is a graphical presentation
of the theoretical framework of the study, describes our prior
assumptions on how bereavement may have a causal effect
on child type 1 diabetes development, and further helps to
identify potential confounders.

Statistical methods We used Cox proportional hazards
models, with attained age as the timescale, to assess the
association between the death of a family member and the
risk of type 1 diabetes. Death of a family member was
included in the models as a time-varying variable. An
individual was classified as unexposed until the date of
death of a family member, and was thereafter classified
as exposed until the end of follow-up. If a child lost more
than one family member during the study period, the first
death was used to classify the exposure status. We did not
evaluate the effect of multiple losses. The study individuals
were censored at emigration (their own or parental), death,
when the individual turned 18 years old, or at the end of
follow-up (31 December 2021), whichever came first. To
explore how the potential effect of losing a family member
may vary by time since exposure to loss, we used restricted
cubic splines (four knots at the 5th, 35th, 65th and 95th
percentiles, respectively). A robust sandwich estimator of
variance was used to account for the within-family cor-
relations [24].

The models were adjusted for the potential confound-
ers identified in our directed acyclic graph, i.e. the baseline
variables year of birth of child, maternal age at delivery,
parental country of birth, parental type 1 diabetes, region
of residence and population density of the home munici-
pality. However, information about parental type 1 diabetes
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was updated during follow-up and treated as a time-varying
covariate. Less than 2% of our study population had missing
information for the confounders, and complete-case analy-
sis was performed. To examine the proportional hazards
assumption, we used Schoenfeld residuals. These indicated
that the assumption was violated for parental type 1 diabetes,
and therefore a stratified Cox model allowing for different
baseline hazards was used.

We further performed subgroup analyses by the sex of
the child.

Analyses were performed using SAS version 9.4 (SAS
Institute, USA) and R version 4.3 (The R Foundation, Aus-
tria) [25]. The study was approved by the Swedish Ethical
Review Authority (DNR 2018/1697-31/1, with amendment
2021-03277).

Results

Validity of the outcome According to our outcome definition
based on the NPR, 18,817 children were diagnosed with type
1 diabetes (median age 9.1 years), of whom 98.8% (18,600)
had a dispensed prescription of insulin. Of the 217 children
diagnosed with type 1 diabetes who did not have an insulin
prescription, 131 had already been censored by July 2005
when the Swedish Prescribed Drug Register was initiated.
Overall, 19,610 children in our cohort had a dispensed pre-
scription of insulin, of whom 5.2% (1010) did not have type 1
diabetes according to our outcome definition.

Exposure to bereavement In our final study population,
86,226 (2.4%) of the children were exposed to childhood
bereavement, i.e. death of a family member. The median age
at loss was 10.2 years. Of all deaths, 32.2% (27,801) were
due to external causes. The most common loss was death of
the father (44,620; 51.7%), followed by death of a sibling
(21,860; 25.4%) and death of the mother (19,746; 22.9%).
Baseline characteristics are presented in Table 1 and ESM
Table 1. At birth, exposed children lived in less densely pop-
ulated areas and had older parents than unexposed children.
The parents of the exposed children were more often diag-
nosed with type 1 diabetes, had lower disposable income,
lower education level, and were more often single than the
parents of the unexposed children.

No association between death of a family member and type
1 diabetes During follow-up (median duration 15.3 years),
the type 1 diabetes incidence rate was 51/100,000 person-
years in the exposed children and 43/100,000 person-years
in the non-exposed children. In total, 290 children were

Table 1 Baseline characteristics of the study population, assessed at
the year of birth, presented by exposure status

Bereaved Not bereaved
N 86,226 3,511,933
Birth year
1987-1990 18,404 (21.3) 430,220 (12.3)
1991-1995 21,197 (24.6) 547,252 (15.6)
1996-2000 15,302 (17.7) 430,997 (12.3)
2001-2005 14,390 (16.7) 466,845 (13.3)
2006-2010 10,226 (11.9) 529,825 (15.1)
2011-2015 5265 (6.1) 549,965 (15.7)
2016-2020 1442 (1.7) 556,829 (15.9)
Girls 41,994 (48.7) 1,706,570 (48.6)
Mother born in Sweden 68,971 (80.0) 2,797,133 (79.6)
Missing data 245 (0.3) 20,443 (0.6)
Father born in Sweden 68,861 (79.9) 2,768,450 (78.8)
Missing data 349 (0.4) 54,146 (1.5)

Region of residence

Gotaland 40,180 (46.6) 1,662,589 (47.3)
Svealand 34,608 (40.1) 1,437,207 (40.9)
Southern Norrland 6312 (7.3) 225,012 (6.4)
Northern Norrland 5028 (5.8) 182,638 (5.2)
Missing data 98 (0.1) 4487 (0.1)

Population density (inhabitants per 76 (29-380) 87 (34-717)
km?)

Missing data 98 (0.1) 4487 (0.1)
Maternal age at delivery (years) 30 (26-34) 29 (26-33)
Paternal age at delivery (years) 34 (29-39) 32 (28-36)
Maternal type 1 diabetes 616 (0.7) 16,462 (0.5)
Paternal type 1 diabetes 1063 (1.2) 20,580 (0.6)

Data are presented as n (%) or median (IQR)

Percentages are calculated based on numbers before excluding miss-
ing data

diagnosed with type 1 diabetes after experiencing the death
of a family member, two were excluded from the adjusted
analysis, and thus 288 children were included in our com-
plete-case analysis dataset.

We could detect no overall association between bereave-
ment and type 1 diabetes (crude HR 1.10; 95% CI 0.98,
1.24; adjusted HR 1.04; 95% C1 0.93, 1.17) (Fig. 2). There
was no influence of age at loss, cause of death, familial
relationship to the deceased (Fig. 2) or time since loss
(Fig. 3, p=0.096).

Finally, we could not detect any association between
bereavement and type 1 diabetes when we performed a
subgroup analysis by sex: adjusted HR for girls 1.15;
95% CI1 0.96, 1.36; adjusted HR for boys 0.96; 95% CI
0.82, 1.13.
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Fig.2 Adjusted HRs and 95%
ClI for type 1 diabetes in children
exposed to bereavement, com-
pared with unexposed children.
The HRs were adjusted for year

Loss of a family member
Yes

of birth of the child, maternal No

age at delivery, parental country Age at loss

of birth, parental type 1 dia- 1-6 years

betes, region of residence, and 7-12 years

population density of the home 13-17 years

municipality Cause of death
lliness

External causes

Family member lost
Mother
Father
Sibling

Discussion

In the current study encompassing more than 3.5 million
children, we detected no association between childhood
bereavement and type 1 diabetes in childhood, or any influ-
ence of age at loss, cause of death, or familial relationship to
the deceased. We also specifically investigated whether time
since loss influenced the estimate, but found no evidence of
such an association.

2.0
\
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1.54 ‘\ _
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=
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Time since loss (years)

Fig. 3 Adjusted time-varying HR and 95% CI for type 1 diabetes in
children exposed to bereavement, compared with unexposed children.
The HR was adjusted for year of birth of the child, maternal age at
delivery, parental country of birth, parental type 1 diabetes, region of
residence, and population density of the home municipality
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Strengths of our study include the population-based
design, the large sample size with essentially complete
follow-up, and the use of objectively and prospectively col-
lected data, thereby enhancing the generalisability of our
findings to similar populations and eliminating the risk of
recall bias. Some limitations apply. First, although the death
of a family member was objectively assessed and precisely
dated, the child may have been exposed to increased psy-
chological stress even before the loss if the death was due to
illness or suicide. Second, we specifically investigated the
emotional stress induced by the death of a biological family
member, leaving unexplored other stressful life events such
as the death of other close relatives, parental divorce or non-
fatal disease in family members. Third, the sensitivity of
type 1 diabetes diagnosis based on the NPR should be high
as all children in Sweden with type 1 diabetes are initially
hospitalised. However, the comparison with the prescription
of insulin in our study indicated that some misclassification
may be present. We think that this potential misclassifica-
tion is non-differential and the risk is low and may have
only a negligible effect on the estimated association. Fourth,
even though our cohort comprised more than 3.5 million
children, both the exposure and the outcome are relatively
rare events. We may therefore have lacked adequate power
in subgroup analyses by sex, or to investigate the impact
of specific causes of death or age at loss. Lastly, our study
population only encompassed children born in Sweden. Our
results may not be generalisable to children born in coun-
tries with different incidence rates and trends in childhood-
onset type 1 diabetes. Furthermore, under the Healthcare
Act in Sweden, the children of parents with severe medical
conditions should receive age-appropriate information and
support from healthcare personnel to help them understand
and process their parent’s condition and prognosis [26]. The
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financial impact of the loss of a parent may be partly allevi-
ated by the child allowance, a monthly benefit distributed by
the Swedish Pensions Agency to the surviving parent until
the child turns 18 [27]. In case of severe disease and death of
a sibling, parents can receive unlimited parental care allow-
ance to care for their child in life and are eligible for sick
pay after death [28]. In summary, our findings reflect the
effect of childhood bereavement on type 1 diabetes incidence
in a Nordic welfare state, and the external validity may be
limited to other countries with similar healthcare and social
support systems.

Our findings contrast with some previous reports on
the relationship between exposure to psychological stress,
defined as illness or death of a family member and/or socio-
economic disadvantages, and type 1 diabetes in childhood.
These discrepancies may be partly due to methodological
differences. Two population-based Danish studies, using
partly overlapping register data, have previously investigated
the impact of cumulative exposure to parental and psycho-
social childhood adversities on type 1 diabetes risk in both
childhood and early adulthood [16, 17]. While one of these
reported a higher risk of type 1 diabetes in boys at age <11
years and in girls aged >16 years [16], the other reported
an increased risk mainly in the small proportion of girls
exposed to very high levels of adversity, with no increased
risk of type 1 diabetes in boys [17]. Two smaller Swedish
studies that indicated a link between exposure to an array of
severe life stressors and type 1 diabetes in childhood were
both questionnaire-based and performed in invited birth
cohorts [14, 15].

Our overall findings align with the results of a Danish
study that also focused on childhood bereavement and type 1
diabetes risk and included more than 1.7 million children
born from 1980 to 2005 [18]. Similarly to our study, that
study was based on national population and health regis-
ters, and observed no overall association between childhood
bereavement and type 1 diabetes and no influence of cause
of death or familial relationship to the deceased. The time
since the loss was not explored. In contrast to our study, an
increased risk of type 1 diabetes after loss of a family mem-
ber at 11-17 years old was noted. However, their follow-up
period extended into adulthood, while we aimed to investi-
gate childhood-onset type 1 diabetes, and our results may
not be fully comparable. Furthermore, the incidence rate of
type 1 diabetes in childhood increased quite dramatically
in Sweden during our study period [29], reaching an esti-
mated age-standardised incidence of 41.4 cases per 100,000
person-years in individuals aged 0-19 years in 2021 [30].
In contrast, the Danish increase in type 1 diabetes incidence
was less pronounced [31], reaching 25.4 cases per 100,000
person-years in 2021 [30]. Thus, our study included 18,817
children diagnosed with type 1 diabetes, compared with
6110 children and young adults in the Danish study, and the

studies also reflect different baseline risks for type 1 diabetes
in children.

In conclusion, our findings do not support a link between
exposure to bereavement and type 1 diabetes in childhood.
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