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Summary

1. SUMMARY

Cardiovascular disease is the major cause of all death in Europe. Genome-wide association
studies (GWAS) are a new and powerful tool to detect common genetic variants of complex
and polygenic diseases such as cardiovascular disease. A GWAS in the general population
for QT interval duration was performed to detect common variants for cardiovascular
disease. The results mapped the human chromosome 1g23.3 region to the strongest
quantitative trait locus (QTL) modifying electrocardiographic QT interval.

Two genes of this region, NOS1AP (CAPON) and cardiomedin (OLFML2B) were
investigated for their influence on cardiac repolarization and sudden death. Separate knock-
down of NOS1AP and of both cardiomedin orthologous genes in zebrafish induced cardiac
dilatation and arrhythmia. Several cohorts of patients affected by sudden infant death
syndrome (SIDS), sudden cardiac death (SCD) or cardiovascular disease were resequenced
for rare variants of NOS1AP and cardiomedin. NOS1AP mutations were not observed in the
patient samples, whereas rare variants of cardiomedin were detected in SIDS and
cardiovascular disease patients. Three missense mutations of cardiomedin (P504L, G515E
and Y557H), found in infants affected by SIDS, showed a cell biological phenotype of non-
secretion. All three mutations suppressed cellular export of the secreted cardiomedin
glycoprotein, but did not induce ER or Golgi stress in the cells.

For the subcellular localization and the identification of possible interaction partners of
cardiomedin monoclonal antibodies were generated, different cellular components of
different transfected cell lines were analyzed using mass spectrometry. The results revealed
possible cardiomedin interacting proteins of the extracellular matrix (ECM) such as
fibronectin and matrillin.

Furthermore, the influence of cardiomedin on different ion channels (KCNQ1, KCNH2,
KCNA4 and SCN5A) was determind by patch clamp experiments on Xenopus laevis oocytes.
The cardiomedin protein had a strong influence on the potassium channel Ikr encoded by
KCNH2. When expressed in Xenopus laevis oocytes, wildtype cardiomedin protein led to
significant reductions of Ik potassium current. Current reductions were even stronger for any
of the three mutant cardiomedin proteins.

These results presented that nonsynonymous coding mutations in the cardiomedin gene may
contribute to QT interval variation and could be a possible reason for SIDS.
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Zusammenfassung

ZUSAMMENFASSUNG

Kardiovaskulare Erkrankungen sind die haufigste Todesursache in Europa. Genomweite
Assoziationsstudien sind eine neue und starke Methode zur Identifizierung genetischer
Varianten, welche Ursache von komplexen und polygenen Erkrankungen wie zum Beispiel
kardiovaskularen Erkrankungen sein konnen. Eine Kkdirzlich durchgefihrte genomweite
Assoziationsstudie konnte eine Assoziation zwischen dem quantitativen QT Intervall des
EKGs und dem Locus des humanen Chromosoms 1g23.3 aufzeigen. Zwei Gene in dieser
Region - NOS1AP (CAPON) und Cardiomedin (OLFML2B) - wurden auf ihren Einfluss auf
die kardiale Repolarisation und den pldtzlichen Herztod untersucht.

Ein Knock-Down des orthologen NOS1AP-Gens und die Knock-Downs der beiden
orthologen Cardiomedin-Gene im Zebrafisch fuhrten in jedem Fall zu kardialen Dilatationen
und Arrhythmien. Die DNA von Patienten, die an kardiovaskularen Erkrankungen,
plotzlichem Herztod (SCD) oder plotzlichem Kindstod (SIDS) verstorben waren, wurden auf
seltene Varianten in den beiden Genen NOS1AP und Cardiomedin untersucht. Zwolf seltene
Varianten des Cardiomedin-Gens wurden bei an plétzlichen Kindstod verstorbenen
Sauglingen und Patienten mit kardiovaskularen Erkankungen detektiert. Seltende Varianten
des NOS1AP-Gens konnten nicht detektiert werden. Die zellbiologischen Untersuchungen
der drei Cardiomedin-Mutationen, die bei SIDS-Patienten gefunden wurden, zeigten, dass
alle Mutationen die Sekretion des Glykoproteins Cardiomedin aus der Zelle unterdriicken.
Interessanterweise konnen sie aber keinen ER- oder Golgi-Stress innerhalb der Zelle durch
Fehlfaltungen des veranderten Proteins im ER hervorrufen. Zur ldentifizierung moglicher
Interaktionspartner von Cardiomedin wurden massenspektrometrische Untersuchungen von
verschiedenen zelluldren Kompartimenten in verschieden transfizierten Zelllinien
durchgefuhrt; mit dafir generierten monoklonalen Antikorpern. Die Experimente ergaben
mdgliche Interaktionen von Cardiomedin mit Proteinen der extrazellularen Matrix wie
Fibronectin und Matrillin. Der Einfluss von Cardiomedin auf verschiedene lonenkanéle
(KCNQ1, KCNH2, KCNA4 und SCN5A) wurde mit Hilfe von Patch-Clamp-Experimenten an
Xenopus laevis-Oozyten untersucht. Dabei konnte ein Einfluss von wildtype Cardiomedin auf
den Kaliumkanal KCNH2 festgestellt werden. Die Cardiomedin-Mutationen verursachen eine
signifikante Reduktion des Kaliumionen-Durchflusses durch den Kaliumkanal KCNH2.

Diese Ergebnisse weisen darauf hin, dass Mutationen im menschlichen Cardiomedin-Gen
vermutlich die Dauer des QT Intervalls beeinflussen und damit eine mogliche Ursache vom
plotzlichen Kindstod darstellen kénnen.

11



Introduction

2. INTRODUCTION

2.1 GENOME-WIDE ASSOCIATION STUDIES (GWAS) AND POST-GWAS FUNCTIONAL GENOMICS

During the last two decades substantial progress in identifying the genetics basis of many
human diseases has been made, mainly with regard to monogenic diseases like cystic
fibrosis and Huntington's disease. Far more difficult was the detection of genetic factors for
complex diseases, like as diabetes, schizophrenia and cardivascular diseases. The
preeminent reason for this is the different genetic background of multifactorial diseases.
These are thought to be mainly polygenic; many genes have a small effect on the risk of
developing the disease, do not segregate in a Mendelian fashion and their function and/or
expression is influenced by environmental factors. The common disease/common variant
(CDICV) hypothesis reflects this. Common genetic variants with allele frequencies > 1% are
strongy influencing common complex diseases. Such common variants are accepted to
cause only minor increase in disease risk (Reich & Lander 2001; Page et al. 2003).

An often successfully used approch to identify the responsible genes for monogenic diseases
is linkage analysis. One of the first prominent examples was the identification of variants in
the CFTR gene which cause cystic fibrosis. To work, linkage studies require Mendelian
segregation patterns and rare, strong effect variants in families. Due to the different genetic
architecture of complex diseases, linkage studies have met complex diseases with limited
success (Page et al. 2003).

To identify common genetic variants contributing to complex human diseases and traits,
genome-wide association studies (GWAS) are a new powerful tool. These studies compare
the frequency of genetic variants across the whole genome between affected and unaffected
individuals to detect an association between a certain allele and the risk of disease. GWAS
can even identify genomic regions which are associated with a certain phenotype or
influencing quantitative traits such as height and metabolite abundance (Risch 1996).
Several scientific and technological advances were necessary in order to make GWAS
possible. First, a catalog of common variation in the human population was established. The
Hap Map Project identified a total of 6,4 million of single nucleotide polymorphisms (SNPs) in
270 humans, thereof 2.6 million SNPs show a minor allele frequency of 5 % (MAF 2= 5) which
can be used as markers for association studies (Frazer et al. 2007). Second, techniques to
genotype these variants in thousands of humans (patients and control population) in a short
time and relatively cheap were developed. Third the analytical framework to distinguish true
associations from noise and artefacts was created (Altshuler et al. 2008).

All SNP-based association studies depending on the existence of association between the
causal variant and nearby markers (SNPs). Such association is termed linkage disequilibrium
(LD) (Cordell & Clayton 2005).

It is a big advantage that GWAS work without any prior hypothesis, making them completely
independent from previous results such as a candidate gene from former studies. Since 2006
a large number of GWAS for different complex diseases and traits have been published. By

12



Introduction

June 2010, a total of 779 GWAS (p< 5.0x10®) for 148 traits were registered by the US-
National Human Genome Research Institute (Figure 1) (www.genome.gov/GWAStudies).
Making sense of the GWAS results is hampered by several problematic issues. First of all,
the effect size for common variants is typically modest, increasing the risk by a factor of 1.1
to 1.5 per associated allele(s). This makes it difficult to show the functional difference of the
common variant since it is very small. The second problem is the interpretation of the
association signals. Usually, the associated variants are not the causal variants but just
polymorphisms in linkage disequilibrium with them. The association signhals only pinpoint
genomic target regions in which the causal variants and the respective disease-related
genes are located. These still need to be identified in follow-up studies. Further complicating
the analysis a single locus may contain multiple independent common risk variants. Only
subsets of association signals involve genes which have been previously related to the
disease or engage previous candidate genes (Altshuler et al. 2008).

The only way to verify all association signals of one GWAS is their functional and
mechanistic characterization. Due to the wide range of candidate genes identified by GWAS,
systematic and scalable approaches are needed. Strategies and requirements to establish
causality from genetic associations have been outlined by several authors (Katsanis 2009;
Page et al. 2003). The following facts describe a possible course of action to substantiate the
correctness and causality of GWAS results. First of all, checking the reproducibility of an
association between the genomic variations and the phenotype is mandatory. The existence
of an allelic series could be helpful in the functional analysis. Here, rare variants in the same
genes where the common variants were found can have similar but more pronounced
phenotypic changes, which are easier to characterize. The next step would be going from the
genomic level to the cell, where the natural occurrence of the variant in human cells has to
cause alterations at the cellular level. These alterations describe a pathophysiological
process by changing i.e. the mRNA expression, proteomics or a functional assay. This
pathophysiological process should then be studied in an in-vivo model system. This can be
performed by inducing the transgenic variant in a cell line or an animal, which shows effects
with a similarly consistent phenotype at the end. The ultimate goal would be to treat patients
with a specified biomedical intervention being developed based on the association findings.

13
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Introduction

The diversity of associated genomic regions identified by GWAS for more than hundred traits
implies that there is obviously no single accepted method to identify genes and pathways
playing a role in causing complex diseases. But limited by the specific background of the
disease and associated variants a patchwork of distinct but overlapping approaches will likely
be the best choice. There are several examples published where a specific SNP associated
with a certain protein does not illustrate the pathophysiological process. A common situation
appearing in GWAS is that an associated locus harbors more than one potentially causal
gene. One example is provided by the work on age-related macular degeneration (AMD).
Case/control association studies for AMD pointed to a region on 10g26 that shows a strong
susceptibility for this disease. Further research work on this locus showed that variation in
the promoter region of HRTA1, could be an explanation for AMD. But after complete
resequencing of the risk haplotype a deletion in the 3" untranslated region (UTR) of ARMS2
was detected which induces a rapid mRNA decay of ARMS?2 itself. This could be a hint that
the loss of ARMS2 and not HTRAL drives the susceptibility to AMD (Allikmets & Dean 2008;
Katsanis 2009). This clearly shows that it is a long and complicated way from association to
causality. In cases of extreme phenotypes the observation of monogenic mutations will
identify the functional gene. This strategy has successfully been applied to the chromosome
2024 region associated with the typel diabetes (T1D). There was IFIH1 identified as the
likely causal gene (Nejentsev et al. 2009).

For complex diseases we have to keep in mind that genes play a role, but that the
environment has an important influence shaping our traits (Altshuler et al. 2008).
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2.2 GENETIC INFLUENCES ON CARDIAC REPOLARIZATION AND SUDDEN CARDIAC DEATH SYNDROME
IN GWAS AND THE CHROMOSOME 1g23.1 GENE REGION

Anterior papillary muscls

B QRS C

s e G T wave

p isegment g T

o |
—PR—>f ie— 5T —s! | _I l |

i t | | i
i interva Qrs interva 5 QT QT

interval

Figure 2: QT interval. (A) Section of the heart showing the ventricular septum from Gray's Anatomy of the
Human Body from the classic 1918 publication. (B) Schematic diagram of normal sinus rhythm for a human heart
as seen on electrocardiography (ECG). The QT interval is measured from the beginning of the QRS complex to
the end of the T wave (Schmidt & Thews 1986). (C) Normal ECG trace for a single cardiac cycle (left) and

abnormal ECG trace with prolonged QT interval (right) (Sanguinetti 2010).

The QT interval is a part of the ECG (electrocardiogram) which is an interpretation of the
electrical activity of the heart over time captured and externally recorded by skin electrodes.
An ECG signature is divided into waves and intervals annotated with letters in alphabetic
order from P to U. An ECG starts with the P wave which describes the impulse flowing over
the left and right artia. The electrical activity spreading throughout the atria and ventricle
depend mainly on voltage gated sodium channels Ina. The contraction of the ventricle
corresponds to in the ECG signature starting from the Q wave until the end of the T wave.
Spread of electrical activity through the ventricular myocardium produces the QRS complex.
The T wave, however depends mainly on voltage gated potassium channels Iks and
describes ventricular repolarization. The QT interval represents the time from onset of
ventricular depolarization (Q wave) to completion of repolarization (end of T wave). The
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individual QT interval is dependent on heart rate; QTc is the QT interval corrected for heart
rate. The normal QTc interval is around 400 ms (Figure 2B).

A time over 440 ms describes a prolongation of the QTc interval (Figure 2C). This can be
due to a delayed repolarization of the heart and is associated with ventricular tachycardia
that may trigger ventricular fibrillation and sudden death. First in 1991, Schouten et al.
observed that a prolonged QT interval is associated with risk of mortality (Schouten et al.
1991). Several epidemiological studies in populations such as the ARIC study (Dekker et al.
2004) of healthy volunteers described a prolonged QT interval increasing total mortality,
cardiovascular mortality and the risk for sudden cardiac death (SCD) (Elming et al. 1998;
Dekker et al. 1994). A qualitative overview of seven cohort studies (Framingham Study;
Amsterdam Study; Rotterdam QT project; Zutphen Study; Finnish Study, Danish Study;
Rotterdam Study) in 2004 could not detect a consistent association of QTc interval
prolongation with an increase in mortality in all studies. The authors argued that the increase
in risk is likely to be small and difficult to detect reliably (Montanez et al. 2004).

2.2.1 GENOME-WIDE ASSOCIATION STUDY OF CARDIOVASCULAR DISEASE
Cardiovascular disease describes set of various heterogeneous complex diseases of the

heart and circulatory system (cardiovascular disease, CVD) and the main cause of all death
in Europe, nearly half (48%) accounting for over 4.3 million deaths each year (Figure 3).

25
21% 21%
20 17%
15 9 12%
11% . °
10
7%
5
0 ‘ ‘ ‘
Coronary heart Stroke Other All other Cancer Respiratory  Injuries and
disease cardiovascular causes disease poisoning
diseases

Figure 3: Total mortality. Death by cause, men, in the European Union in 2008. 43% of all men died on
cardiovascular diseases (Allender et al. 2008).

Cardiovascular diseases are generally complex genetic traits dispalying familiarity but no
precise modes of inheritance. This is likely to reflect numerous contributing genes each
confering only a small effect on disease risk and acting together with environmental risk
factors (Arking & Chakravarti 2009).

Until the introduction of the GWAS approach, the genetic study of QT interval and other
complex and quantitative traits was limited to genome wide linkage studies and association
studies of individual candidate genes. GWAS are highly applicable for cardiovascular
phenotypes because they are powered to detect the common, small effect variants thought
to underlie this type of disease. In addition to performing GWAS directly for different types of
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cardiovascular diseases, also intermediate phenotypes, i.e. traits located in the pathway
leading from genes to disease, can be studied. These are usually easier to measure exactly
and result in a more homogenous study sample (Hall & Smoller 2010).

For cardiovascular disease, the QT interval of the ECG is such an useful intermediate
phenotype because it can be measured accurately and cheaply in large samples from
standard ECG recordings. Furthermore it is a quantitative and not a qualitative trait;
guantitative traits are more powerful for genetic analysis (Arking et al. 2006).

The first GWAS for identifying genetic factors for the QT interval was performed in 2006
(Arking et al. 2006). In this study, the QT interval was examined in large population-based
cohorts of healthy volunteers. Several covariates influence the QT interval, necessitating
covariate adjustment (correction) when performing genetic studies. To this end, the QT
interval was corrected for heart rate (R), age (A) and sex (S), and named QTc_RAS.

The study had a three-stage design. In the first stage (stage I) 100 women from the KORA
S4 survey, a population-based cohort from southern Germany, with extreme QT interval
values (below 7.5 percentile or above 92.5 percentile) were analyzed genome-wide and at
selected candidate genes. In the second stage (stage Il) 300 additional women with extreme
QT interval values (below 15" percentile or above 85" percentile) were genotyped for the
most significant SNPs from stage I. In stage lll, the remaining 3366 individuals were
genotyped with the SNPs that passed the inclusion threshold in stage | and Il (Figure 4).

To reduce the probability of false positives, two further independent cohorts were genotyped
in stage lll, the KORA F3 cohort with 2646 individuals and the Framingham Heart study with
1805 individuals, both population-based cohorts. Taken together, only one SNP located in
the NOS1AP gene (rs10494366) showed significant association to the QT interval duration
(p < 10™) after correcting for multiple testing. The genetic variants at NOS1AP, also known
as CAPON explain about 1,5 % of the variation in QT interval (Arking et al. 2006). This
association was replicated in further independent studies (Newton-Cheh et al. 2007; Post et
al. 2007), confirming its validity.

Stage [: (100 from each extreme) Stage II: (300 from each extreme) Stage llI: (n = 3,366)

» Females only » Females only *Males and females, excludes females
« Select top and bottom 7.5 percentile « Additional 200 from each extreme analyzed in stages land Il

* Genome-wide analysis (~115,000 SNPs) * Genotype SNPs that pass stage | * Genotype SNPs that pass stage Il

Top 10 SNPs by Pvalue P< 0.005 by Pvalue

+ P< 0.01 by candidate gene + P< 0.01 by candidate gene

350 400 450 350 400 450 350 400 450 500
QTc_RAS QTc_RAS QTc_RAS

Figure 4: Genome-wide association study of the QT interval. In stage |, genome-wide genotyping was
performed on 100 females from each extreme of QTc. In stage 1l 300 women with extreme QTc were genotyped
with selected SNPs from stage I. Stage Il remaining individuals were genotyped with SNPs selected from stage |
and Il (Arking et al. 2006).
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The next step in the genetic analysis of the QT interval was the combination of several
individual large-scale GWAS in a single analysis, performing a so-called meta-analysis. Five
population-based cohorts from Europe and the United States (ARIC, SardiNIA, KORA,
GeNOVA and Heinz Nixdorf Recall) were analysed together in the QTSCD study (Pfeufer et
al. 2009).

The readily available genome-wide SNP data of 15,842 individuals chosen randomly within
these cohorts were analyzed to identify genes modulating the QT interval. In this meta-
analysis, ten significant association signals were identified across the genome (Figure 5).
Consistent to the previous GWAS, the strongest association signal maps to the NOS1AP
locus. Four of the nine loci are genes encoding proteins with an already known role in
cardiovascular diseases. Two association signals lie nearby such genes. For the residual
three loci, there was no obvious biological candidate for cardiovascular disease.
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Figure 5: Manhattan plot of genome-wide association analysis. The blue dotted line marks the threshold for
genome-wide significance (5 x 10'8). SNPs within loci exceeding this threshold are highlighted in green (Pfeufer et
al. 2009).

For an increased resolution of the NOS1AP locus additional imputation (combination of the
genotyping data with Hap Map SNPs to predict unprocessed SNPs) was performed. The
NOS1AP locus shows that SNP rs12143842 has the strongest association. In the NOS1AP
locus an independent secondary signal at rs4657178 which was in low linkage disequilibrium
to the main signal was identified (Figure 6). The 1923.2 region harbors several SNP variants
independently contributing to the overall effect (Arking et al. 2009; Pfeufer et al. 2009). Some
of these variants are located in the NOS1AP gene while some are located in cardiomedin
gene. Together, all independently associated variants explain about 1.5 % of the variation in
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the duration of QT interval in the general population. Another meta-analysis (the QTGEN
study) of three genome-wide association studies in 13,685 individuals of European ancestry
for the same phenotype QT interval duration was published in parallel to the data described
above (Newton-Cheh et al. 2009). This study replicated without exceptions the results seen
in the QTSCD study. The NOS1AP locus was again the strongest association. In conclusion,
these data provide strong evidence that NOS1AP locus is highly associated with the QT
interval.
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Figure 6: Association result at significant locus. The gene locus of chr.1gq23.3 is shown in the panel with 600
kb around each SNP. The SNPs are colored according to their linkage disequilibrium with the leading variant,
which is highlighted with a blue square. SNPs representing independent signals from the leading variant are
highlighted with a purple diamond. Gene transcript is annotated in the lower box, + or — indicating the direction of
transcription (Pfeufer et al. 2009).

2.2.2 SUDDEN CARDIAC DEATH (SCD)
Sudden cardiac death (SCD) is one of the major causes of cardiovascular mortality in

developed countries. The causes of sudden cardiac death are diverse (Virmani et al. 2001).
Clinicians define sudden cardiac death as natural, nonviolent, unexpected and occurring
within 1 hour of the onset of acute symptoms. It has a bimodal occurrence peak between
birth and six months (sudden infant death syndrome), and between 45 and 75 years of age,
due to development of coronary artery disease. At autopsy the most common causes for
SCD are coronary artery disease, hypertrophic cardiomyopathy (with or without obstruction),
and valvular aortic stenosis (Weese-Mayer et al. 2007). Yet, not all SCD has an obvious
cause that can be determined at autopsy (Tester & Ackerman 2005). Around 100,000 SCDs
occur in Germany every year. Thus, it is essential to identify both genetic and environmental
risk factors for SCD (Kao et al. 2009).
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The prolonged QT interval has been associated with SCD and ventricular arrhythmias that
may trigger degeneration to ventricular fibrillation (Straus et al. 2006).

A strong association of variant rs10494366 located in NOS1AP, and duration of the QT
interval has been mentioned before (Arking et al. 2006). However, these studies used only
population-based healthy control cohorts, and not patients with cardiovascular disease. The
detection of association of the known variant in NOS1AP in SCD patients and not only in
population-based cohorts would be a confirmation of the previous GWAS results and were
predicted to link these to cardiovascular disease itself (Kao et al. 2009).

Aarnoudse and colleagues were the first to study the association of the variants rs10494366
and rs10918594 with SCD in 228 SCD cases from the Rotterdam study, a population-based
cohort in the Rotterdam area (Aarnoudse et al. 2007). Both variants are located in NOS1AP
locus and are associated with QT interval duration (Arking et al. 2009). No significant
association with SCD was detectable, most likely because of the small number of cases the
study was underpowered.

Two years later, Kao et al. examined in a combined analysis of two population-based
prospective cohort studies 19 SNP variants in the NOS1AP locus. Here 334 Caucasian SCD
patients were analyzed for association of NOS1AP SNP variants with SCD. They identified
two SNPs (rs16847548 and rs12567209) located in NOS1AP (Figure 7) to be associated
with SCD (Kao et al. 2009; Aarnoudse et al. 2007).
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Figure 7: Association results for QT interval and SCD. Plots showing the result for both QT interval and SCD
in caucasian individuals for 19 SNPs genotyped to tag the NOS1AP locus and the surrounding region that
exhibited the strongest association with QT interval in previous studies (Arking et al. 2006).The bottom panel
shows the pair wise LD between SNPs. The value within each diamond represents the pair wise correlation
between SNPs (measured as r2). The top panel shows the significance for each SNP, with genomic position on
the x-axis and the negative base -10 logarithm of the P-value on the y-axis (Kao et al. 2009).
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The most recent study for duration of QT interval association with SCD has been published
in 2009. The same SCD cases of this Rotterdam study published in 2007 were analyzed for
a NOS1AP association with two variants: rs12143842 which is known form QTSCD study
and variant rs12567209 which showed an association signal in the SCD study from Kao et al.
in 2007. Both variants were found to be associated with SCD (Eijgelsheim et al. 2009).

2.3 SUDDEN UNEXPECTED DEATH SYNDROME (SUDS) AND SUDDEN INFANT DEATH SYNDROME
(SIDS)

Sudden cardiac death (see 2.2.2 Sudden cardiac death) does not always have an obvious
cause that can be determined by autopsy, especially in young adults. Such an SCD, where
no morphological abnormalities are identified, is labeled autopsy-negative sudden
unexplained death syndrome (SUDS). Common causes of autopsy-negative SUDs are long
QT syndrome (LQTS), catcholaminergic polymorphic ventricular tachycardia (CPVT),
Brugada Syndrome (BrS) und short QT syndrome (SQTS).

In the first year of life 70 % - 80 % of SUDS have no identifiable cause and are labeled as
sudden infant death syndrome (SIDS) (Tester & Ackerman 2009).

In 1965, sudden infant death syndrome (SIDS) was defined as a specific International
Classification of Diseases (ICD) class for the first time. Since then several different
definitions of SIDS appeared. Recently a revised conception subcategorized and defined
SIDS “as the sudden unexpected death of an infant <1 year of age, with onset of the fatal
episode apparently occurring during sleep, that remains unexplained after a thorough
investigation, including performance of complete autopsy and review of the circumstances of
death and the clinical history* (Krous et al. 2004). This is a diagnosis based on exclusions
and not on clinical signs (Mage & Donner 2009).

In Germany a total of 2,910 infants died in 2004 before the age of one year. For most of
these cases there were obvious causes of death. With the remaining 323 deaths and an
incidence of 0.46 per 1000 live birth, SIDS is 