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Abstract

IMPORTANCE Sudden infant death syndrome (SIDS) remains a leading cause of death during the
first year of life. The etiology of SIDS is complex and remains largely unknown.

OBJECTIVE To evaluate whether siblings of children who died of SIDS have a higher risk of SIDS
compared with the general pediatric population.

DESIGN, SETTING, AND PARTICIPANTS This register-based cohort study used Danish nationwide
registers. Participants were all infants (<1 year) in Denmark between January 1, 1978, and December
31, 2016, including siblings of children who died of SIDS. Siblings were followed up from the index
cases’ date of SIDS, date of birth, or immigration, whichever came first, and until age 1 year,
emigration, developing SIDS, death, or study end. The median (IQR) follow-up was 1 (1-1) year. Data
analysis was conducted from January 2017 to October 2022.

MAIN OUTCOMES AND MEASURES Standardized incidence ratios (SIRs) of SIDS were calculated
with Poisson regression models relative to the general population.

RESULTS In a population of 2 666 834 consecutive births (1 395 199 [52%] male), 1540 infants died
of SIDS (median [IQR] age at SIDS, 3 [2-4] months) during a 39-year study period. A total of 2384
younger siblings (cases) to index cases (first sibling with SIDS) were identified. A higher rate of SIDS
was observed among siblings compared with the general population, with SIRs of 4.27 (95% CI, 2.13-
8.53) after adjustment for sex, age, and calendar year and of 3.50 (95% CI, 1.75-7.01) after further
adjustment for mother’s age (<29 years vs �29 years) and education (high school vs after
high school).

CONCLUSIONS AND RELEVANCE In this nationwide study, having a sibling who died of SIDS was
associated with a 4-fold higher risk of SIDS compared with the general population. Shared genetic
and/or environmental factors may contribute to the observed clustering of SIDS. The family history of
SIDS should be considered when assessing SIDS risk in clinical settings. A multidisciplinary genetic
evaluation of families with SIDS could provide additional evidence.
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Introduction

Although sudden infant death syndrome (SIDS) is a leading cause of natural death during the first
year of life,1-3 the underlying mechanisms causing sudden death remain largely unknown, and
prevention is still a challenge. SIDS is a diagnosis of exclusion applied to the death of an infant
younger than 1 year after an extensive postmortem investigation.4 Causes of SIDS are considered to
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be complex and multifactorial.5 There is a triple-risk hypothesis with 3 risk factors that predispose to
SIDS: (1) an exogenous stressor (eg, sleeping prone, smoke exposure), (2) a critical development
period (usually age 2-4 months), and (3) an underlying vulnerability, such as genetic susceptibility.6,7

To date, it is not possible to predict infants at risk of SIDS. Environmental factors may be risk factors
in an infant who is genetically susceptible and quite innocuous to a nonsusceptible infant. A positive
familial aggregation study is an important step to suggest the usefulness of clinical genetic work-up
of the families. Even though positive family history of SIDS has been described,8-14 it is unknown
whether a familial aggregation exists in the general population. Previous studies of familial
aggregation were performed on small and/or selected populations8-12; therefore, a nationwide study
on an unselected pediatric population with information on family history is warranted to establish a
familial clustering of children who died of SIDS. More knowledge is warranted because an association
between a family history of SIDS and subsequent SIDS will have public health implications to identify
children at risk of SIDS, with the goal of preventing of further SIDS within families. Thus, the aim of
this study was to evaluate whether siblings of children who died of SIDS have a higher risk of SIDS
compared with the general pediatric population. We hypothesized that the risk of SIDS would be
increased among siblings of children who died of SIDS.

Methods

The study was approved by the Danish Data Protection Agency. In Denmark, retrospective register-
based studies in which individuals cannot be identified do not require approval from the ethics
committees. Conduct of this study was in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) recommendations.15 Informed consent is not
required for administrative registry studies in Denmark. All data were encrypted, and Statistics
Denmark hosted and linked the data.

Data Sources
We conducted this nationwide study based on health and administrative registries in Denmark. In
Denmark, all residents are given a permanent and unique civil registration number at birth or
immigration that enables individual-level linkage between all health and administrative registries.16

Since 1954, there is close to complete registration of parents and siblings to individuals born in
Denmark as well as complete data on hospital diagnosis and cause of death. Using the Danish Cause
of Death Register, we identified all persons who had died of SIDS.17 SIDS is a diagnosis of exclusion
and defined as the sudden death of an infant younger than 1 year, which remains unexplained after a
thorough autopsy, including investigation of the scene of death and review of the medical
history.4,5,18 In Denmark, it is mandatory by law to complete death certificates. Danish death
certificates are well suited as a primary screening tool for identifying sudden and unexpected deaths
due to a detailed description of the circumstances of the death, including a summary of the death
scene investigation on the certificate. Autopsies have to be performed if the external examination
cannot establish the mode of death or at the request of physicians or relatives. Information from the
autopsy reports, including toxicology examinations, is also added to the death certificate. We used
the International Classification of Diseases, Eighth Revision (ICD-8) for deaths before 1999 (ICD-8
code 795) and International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10) for deaths since 1999 (ICD-10 code R95). Our group has previously validated the
Cause of Death Registry by comparing the cause of death after reading the autopsy report and the
official ICD-10 diagnosis denoting SIDS (R95) in the registry between 2000 and 2006.3,19 The Cause
of Death Registry correctly categorized 81 of 98 SIDS cases (83%). Furthermore, we used the Danish
Medical Birth Registry to identify all siblings of children who died of SIDS.20 The first sibling in a
sibship (group of siblings with the same mother) who died of SIDS was named the index case.
Information on vital status (date of birth, date of death, sex, emigration, and immigration) was
obtained from the Danish Civil Registration System,21 and data on education and household income
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were obtained from the Population’s Education Register and the Income Statistics Register,
respectively.22,23

Study Population
Using data from the national Civil Registration System, we initially identified all the births in Denmark
between January 1, 1978, and December 31, 2016. By cross-linking the Civil Registration System with
the Cause of Death Register, all infants who died of SIDS (ICD-8 code 795; ICD-10 code R95) and were
younger than 1 year at the time of death were included. Using the Medical Birth Registry, we
identified all siblings of these children who died of SIDS. Siblings were followed up from the index
cases’ date of SIDS, date of birth, or immigration, whichever came first, and until 1 year of age,
emigration, developing SIDS, death, or study end (December 31, 2016). Persons who died before
January 1, 1978, stillborn babies, and adopted children were excluded. In a sensitivity analysis, we
limited the study period to January 1, 2002, and December 31, 2016.

Socioeconomic Status
The mothers’ educational status was obtained from the Population’s Education Register, which
contains data on current and highest completed education authorized by the Danish Ministry of
Education.22 This register is reported by the Statistics Denmark as having a high validity.22 The
highest level of completed education the same year of birth was classified according to UNESCO’s
guidelines for classifying education, the International Standard Classification of Education (ie,
elementary school, high school, vocational education, short- or medium-length higher education,
and longer higher education or research). In addition, household income was collected from the
Danish Income Statistics Registry, which is provided by the Danish Tax authorities.23 Median
household income to the year of birth was calculated and graded in tertiles.

Statistical Analysis
Descriptive data were reported as frequencies and percentages or medians with IQRs, as
appropriate. Baseline characteristics were summarized, and differences between groups were tested
by applying the χ2 test for categorical variables. The relative risk of SIDS among siblings was
estimated by Poisson regression modeling, adjusted for sex, age, and calendar year, in which the rate
of SIDS in the general pediatric population was used as a fixed reference. The index cases did not
participate in the analysis. This method has previously been used by our group.24,25 Results are
shown as standardized incidence ratios (SIRs) with 95% CIs. As in many other countries, the Danish
Health and Medicines Authority recommends supine- or side-sleeping position. To account for risk-
intervention campaigns in Denmark, we performed a sensitivity analysis and included only SIDS after
year 1992.

All data management and statistical analyses were performed using SAS version 9.4 (SAS
Institute) and R version 3.4 (R Project for Statistical Computing) (from Statistic Denmark’s research
servers). For all analyses, a 2-sided P � .05 was considered statistically significant.

Results

Through nationwide health and administrative registries, we included all infants (2 666 834;
1 395 199 [52%] male) younger than 1 year between 1978 and 2016 in Denmark. We identified 1540
infants who died of SIDS during the 39-year study period, of whom 1465 had family information. We
identified 2384 siblings of these 1465 SIDS index cases (Figure). Most cases of SIDS (1324 [90%])
occurred within the first 6 months of life (median [IQR] age at SIDS, 3 [2-4] months), and boys
represented 61% of these children (888 infants). Table 1 shows the clinical characteristics of siblings
of SIDS index cases compared with the general pediatric population. There were no significant
differences regarding sex and mother’s age at childbirth between the 2 groups. However, siblings of
SIDS index cases were more likely to live in households with low income (851 [50%] vs 593 580
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[33%]) and to have mothers with only elementary school education (1216 [54%] vs 559 802 [26%])
compared with the general population. Clinical characteristics of the index cases are shown in
eTable 1 in Supplement 1.

After 1 year of follow-up, a total of 8 siblings died of SIDS at a median (IQR) age of 2.5 (1.4-4.1)
months. The SIR calculated by the Poisson model was 4.27 (95% CI, 2.13-8.53) after adjustment for
sex, age, and calendar year and 3.50 (95% CI, 1.75-7.01) after further adjustment for mother’s age
(<29 years vs �29 years) and education (high school vs after high school) (Table 2). Furthermore, we
performed a sensitivity analysis and included only SIDS deaths after 1992. Additional sensitivity
analyses including SIDS deaths during 2002 to 2016 (122 younger siblings to 92 index cases) were
carried out and remained significant (eFigure and eTables 2 and 3 in Supplement 1). The SIRs

Figure. Flowchart Illustrating the Selection of the Sibling Cohort, Which Comprised Siblings to Infants
With Sudden Infant Death Syndrome (SIDS) Between 1978 and 2016

2 683 549 Danish residents born 1978-2016 
and aged <1 y at study start

2 666 834 Danish residents not stillborn or 
adopted born 1978-2016 and 
aged <1 y at study start 

1540 Danish residents diagnosed with 
SIDS 1978-2016 

1465 First sibling in sibship with SIDS 
(index patients) 

16 715 Excluded
16 170 Adopted

545 Stillborn

2 665 884 Excluded (no SIDS)

2384 Younger siblings to index patients 

75 Patients excluded with SIDS diagnosis 
but no siblings or information on 
familial relations

Table 1. Baseline Characteristics of Siblings of Index Cases Compared With the General Pediatric Population

Characteristic

Infants, No. (%)

P value
Siblings of index cases
(n = 2384)

General population
(n = 2 666 834)

Sex

Male 1223 (51) 1 395 199 (52)
.32

Female 1161 (49) 1 271 185 (48)

Maternal age, median (IQR), y 29 (26-33) 29 (26-33) .53

Household incomea

Low 851 (50) 593 580 (33)

<.001
Middle 593 (35) 611 575 (34)

High 255 (15) 593 584 (33)

Missing data 685 868 095

Maternal education

Elementary 1216 (54) 559 802 (26)

<.001

High school 130 (6) 217 456 (10)

Vocational 533 (24) 654 019 (31)

Short- or medium-term higher education 304 (14) 534 239 (25)

Longer-term higher education 62 (3) 161 477 (8)

Missing data 139 539 223

a Household income stratified in tertiles low (<467 031
DKK [US $66 641]), middle (467 032-671 436 DKK
[US $66 641-$95 807]), and high (>671 436 DKK [US
$95 807]).
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calculated by the Poisson model were 3.94 (95% CI, 2.55-5.32) after adjustment for sex, age, and
calendar year and 4.17 (95% CI, 2.21-6.13) after further adjustment for mother’s age (<30 years vs
�30 years) and education (high school vs after high school) (eTable 4 in Supplement 1). Table 3
shows the clinical characteristics of the 8 siblings who died of SIDS.

Discussion

Our study includes one of the largest cohorts of unselected children who died from SIDS and their
siblings at risk for potential SIDS, and in line with our hypothesis, we found a familial aggregation of
occurrence of SIDS: siblings of SIDS victims had a 4-fold higher risk of SIDS compared with the
general population. Whether this familial aggregation is a consequence of shared environmental risk
factors, genetic factors, or a combination remains unknown, but our findings emphasize the
importance of including a detailed family history of SIDS to identify siblings at risk of SIDS, with the
goal to prevent further SIDS within families. Any child who died of SIDS who has a sibling should be
investigated with great care to exclude genetic and/or environmental factors.

To date, the best established risk factors, or trigger events, are environmental risk factors.26 But
despite a great reduction in the SIDS rate by targeting these environmental risk factors, SIDS remains
a leading cause of natural death during the first year of life, and SIDS rates have plateaued in recent
years,1 suggesting that other factors play a role. In the early 1990s, the prone sleep position was
identified as a major risk factor for SIDS.27 Subsequent public health campaigns reduced the
incidence of prone sleeping in infants, and follow-up studies showed that this change in behavior was
associated with a dramatic reduction in the SIDS rate.28-33 We performed a sensitivity analysis to
evaluate whether prone sleeping alone accounted for familial aggregation. We found familial
aggregation of SIDS after 1992, suggesting that environmental risk factors alone are unlikely to be the
leading cause of the observed familial aggregation.34 In addition, although studies have shown
associations between SIDS and smoke exposure35,36 and lower socioeconomic status,29,37 families of
nonsmoking parents in higher socioeconomic categories continue to be affected, suggesting that
shared genetic factors between siblings contribute to the observed familial aggregation. The
aggregation of SIDS in families is the first clue for an underlying genetic susceptibility. This agrees
with several studies that have indicated that genes involved in inherited cardiac diseases and
metabolic disorders play a role in SIDS.38-42 During the past few years, genetic research has

Table 2. SIRs for SIDS in Sibling of SIDS Index Cases

Group No. (No. of events)

SIR (95% CI)

Model 1a Model 2b

General population 2 666 834 (1540) [Reference] [Reference]

Siblings of children with SIDS 2384 (8) 4.27 (2.13-8.53) 3.50 (1.75-7.01)

Siblings born after 1992 1286 (4) 9.10 (3.42-24.25) 7.27 (2.73-19.38)

Abbreviation: SIDS, sudden infant death syndrome;
SIR, standardized incidence ratio.
a Adjusted for age, sex, and calendar year.
b Adjusted for age, sex, calendar year, maternal age

(<29 y [median age] vs �29 y), and maternal
education (high school vs after high school).

Table 3. Baseline Characteristics of Siblings to SIDS Index Cases
Who Died of SIDS

Characteristic
Siblings to children who died
of SIDS, median (IQR) (n = 8)

Death age, mo 2.5 (1.5-4.1)

Sex, No. (%)

Male 4 (50)

Female 4 (50)

Mothers age, y 28 (25-30)

Time between index case death
and sibling death, y

3 (2-4)

Abbreviation: SIDS, sudden infant death syndrome.
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significantly improved our understanding of the genetic basis of SIDS,41,43-45 but the magnitude of its
contribution and the mode of inheritance are still obscure. A sequencing study of 161 infants who
died of SIDS identified potentially causative gene variants in 20% of the children, and these were
associated with inherited cardiac disorders and metabolic diseases.41 Furthermore, data suggests
that approximately 5% to 15% of SIDS deaths may stem from pathogenic variations in genes coding
for cardiac ion channels associated with long QT syndrome, Brugada syndrome, and
catecholaminergic polymorphic ventricular tachycardia.46,47 Others have also implicated
abnormalities in sodium channels in the skeletal muscle,44 nicotine metabolizing enzymes, and
regulation of the autonomic nervous system48 as promising genetic candidates that may explain
SIDS. In addition, there has shown to be a potential overlap with genetic risk of sudden unexpected
death in epilepsy and sudden unexplained death at a young age.49 Studies have also reported genes
involved in the regulation of the immune system as contributors to SIDS risk,50 which suggests that
the way children who die of SIDS respond to infection—and perhaps not the infection itself—is
important.51 To date, only 1 published exome study of 427 children who died of SIDS has taken an
unbiased approach to investigate a monogenic basis of SIDS.52 However, this study did not yield any
statistically significant results. Importantly, this does not suggest a lack of genetic contribution to
SIDS; rather, it supports an extreme heterogeneity in the genetic causes which cannot be singled out
by these methods in a cohort of this size (427 infants). Moreover, an investigation of all previously
implicated noncardiac genes underpinning SIDS also failed to show any significant associations of
ultrarare or novel variations consistent with autosomal dominant and recessive inheritance
patterns.45 Therefore, it still needs to be investigated whether infant vulnerability to sudden death
may be supported by a more complex polygenic inheritance model. Heritability may not be due to
monogenic variants but to low frequency and common genetic variations. Even though we could not
distinguish between genetic and shared environmental factors or their interactions in this study, our
results and previous studies8-12 provide strong support for genetic testing of SIDS index cases to
prevent future SIDS in affected families. Although genetic conditions are often inherited, this is not
always the case. Several SIDS reports have identified de novo genetic variants.53,54 However, our
finding of aggregation in the families of children who die of SIDS implies that inheritance plays a role
in SIDS, which has important clinical implications for the surviving family because it warrants both
clinical screening of family members as well as targeted genetic analysis.

Recommendations and Future Research
SIDS is a challenge for clinicians with regard to the counselling and future management of possible
risk to other family members. To date, prevention is hindered by our inability to identify infants who
are at risk of dying suddenly. While there is currently nothing that can guarantee protection from
SIDS in an infant, the most effective way described so far to prevent SIDS is through reduction of
known environmental risk factors,55 so focus should remain on implementation of measures that
have already been proven to prevent SIDS. However, the vast majority of infants who sleep in prone
position, are exposed to tobacco smoke, and get overheated during sleep do not die in infancy, and
numerous infants with none of these risk factors have died of SIDS, suggesting that the etiology is
more complex, a view that is supported by our finding of familial aggregation and other studies
showing involvement of various genetic pathways.5,38,40-42 Based on the latter studies, the Heart
Rhythm Society/European Heart Rhythm Association/Asia Pacific Heart Rhythm Society recommend
molecular autopsy to uncover potential inherited cardiac conditions, and if positive, they recommend
that family members are investigated.56,57 We agree that a combined approach of molecular autopsy
and familial evaluation, with detailed family history, provides the best chance of identifying an
inherited condition in the family of multiple children who died of SIDS. Moreover, we believe the best
way to find inherited cardiac disease is to have dedicated cardiac genetic clinics with effective family
screening programs to ensure thorough cascade family screening. To date, routine infant
electrocardiogram (ECG) screening is controversial.58,59 Most pediatric cardiologists do not consider
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such ECG screening to be informative, nor do we. We believe that mass infant ECG screening will have
little or no impact on the incidence of SIDS.

In future research, large studies with good statistical power are clearly needed given that SIDS
is a rare event, even among relatives of children who died of SIDS. In addition, we believe that
important tasks in SIDS research today are to determine the genetic component, the genes that are
involved, and the molecular mechanism contributing to SIDS.

Strengths and Limitations
The strengths of our study lie in the fact that it is so far among the largest studies on SIDS and the
follow-up data are complete. All data were retrieved from nationwide registries, guaranteeing
reliable estimation of familial risk because the data on family relationships and SIDS were obtained
from registered sources with almost complete coverage.

This study has limitations even though confounding factors, including age, gender and
socioeconomic status were adjusted in the analysis. The first limitation of our study is the fact that
the SIDS diagnosis is an exclusion diagnosis, and even though a great effort has been made to
standardize it, it is possible that children who die from SIDS were not investigated sufficiently for a
conclusive SIDS diagnosis. Moreover, the definition of SIDS has changed over time, and the autopsy
algorithm has advanced.18 All other possible causes of death must be excluded for this diagnosis to
be made. It is estimated that an alternative diagnosis could have been made in 25% of SIDS cases.60

In addition, there should always be a concern for child abuse (ie, intentional suffocation).61 Second,
we are aware of the fact that the number of SIDS deaths is relatively small, but despite this we believe
that the results from this study are relevant, since SIDS cannot solely be explained by environmental
factors, and our finding of familial aggregation provides support for additional genetic involvement.
Third, our study only addresses family aggregation, and we had limited access to other risk factors. It
would have been preferable to control for sleeping environment and smoking exposure, as these are
factors that may affect SIDS risk in families. In addition, we know that lower socioeconomic status
and lack of education are associated with higher pregnancy-related smoking rates.62,63 But we would
like to underscore that Denmark is a country with one of the lowest infant mortality rates in
Europe,64 and a study from Sweden, a comparable neighbor country, has shown that nonsupine
sleep position rates are less than 6% and maternal smoking rates are less than 10%.65 Nevertheless,
although these numbers are relatively low, they could be further reduced by effective
communication regarding modifiable risk factors for SIDS and recommendations to reduce unsafe
sleeping environment and exposure to cigarette smoke, especially in target populations.

Conclusions

This study found familial aggregation of SIDS deaths in a large population-based study. Shared
genetic factors may contribute to this familial aggregation of SIDS, but the contribution of shared
environmental factors cannot be neglected. Although SIDS is very rare and declining, thousands of
infants still die of SIDS annually in Europe and the United States,64 and answers are still needed to
prevent these deaths. Despite ongoing research on the genetic causes of SIDS, there are no definitive
answers yet; therefore, we recommend that parents follow the public health guidelines66 and that
clinicians consider the family history of SIDS when assessing SIDS risk and when implementing
preventive interventions.
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