
SLEEP, Vol. 32, No. 8, 2009 1077

SLEEP DISORDERED BREATHING (SDB) IS A CONDI-
TION CHARACTERIZED BY INTERMITTENT PARTIAL 
OR COMPLETE UPPER AIRWAY OBSTRUCTION THAT 
disrupts normal ventilation during sleep and normal sleep pat-
terns.1 There is no consensus on the definition of pediatric SDB, 
but clinically there is a spectrum of symptoms, in which the 
milder forms only have primary snoring and mouth-breathing, 
while the more severe forms have symptoms similar to the 
more defined entity obstructive sleep apnea syndrome (OSAS), 
i.e., intermittent breathing pauses (apneas), habitual snoring, 
snorts or gasps, disturbed sleep,1 and daytime neurobehavio-
ral problems with impaired school performance.2 Complica-
tions of OSAS include failure to thrive and, in severe cases, cor 
pulmonale and even death.1 To diagnose OSAS, sleep studies 
are required; the gold standard is full-night polysomnography 
(PSG) with electroencephalography (EEG).1 However, PSG is 
expensive, time-consuming, and not widely available; thus the 
term SDB is most often clinically used.

The correlation between clinical history of snoring and ap-he correlation between clinical history of snoring and ap-
nea and the polysomnographic findings have been investigated. 
One study showed that apneic episodes every night detected by 
parents were the most important single risk factor for OSAS.3 
Further, previous adenoidectomy was a risk factor, suggesting 
that the epipharyngeal space does not play a central role in pedi-

atric OSAS.3 Another study showed that tonsillar hypertrophy 
was correlated to more severe apnea among pre-school-age 
children, but not among school-age children.4

The most important risk factor to SDB and OSAS is ade-
notonsillar hypertrophy.5 There are diverging results concerning 
if the severity of OSAS is proportional to the size of the tonsils 
and adenoids,6 or not.7 Other risk factors are obesity, craniofa-
cial anomalies, and/or neuromuscular disorders etc.8,9 Surgical 
removal of adenotonsillar hypertrophy is the first treatment op-
tion in children.8,10-12 Removal of adenoids from the nasophar-
ynx alone may not be sufficient to treat OSAS and is mostly 
performed to treat primary snoring and mouth breathing.3

A recent epidemiologic review suggests that the prevalence 
of parent-reported symptoms of SDB on questionnaire is 4% to 
11%; OSA diagnosed by varying criteria on diagnostic studies, 
1% to 4%.13 The prevalence of SDB is higher among boys than 
girls, and among African Americans compared to other races.13 
In addition, obesity and overweight showed to have different 
importance among older versus younger children, in whom en-
larged tonsils are believed to play a major role in SDB risk.13 
The prevalence of adenotonsillar hypertrophy in children is un-
known.

Genetic studies of adults and children indicate that also hered-
ity can be an important risk factor for OSA or SDB.14-18 Genome 
scan of white adults in USA has been performed.14 Evidence 
for linkage to the apnea-hypopnea index (severity of OSA) was 
found in 2 chromosome regions. The Cleveland Family Study 
in the United States suggested that the angiotensin-converting 
enzyme (ACE) deletion allele may protect against hyperten-
sion in the setting of obstructive sleep apnea.15 Further shown 
in OSA children is that RNA derived from peripheral leuko-
cytes confirms the presence of involved genes related to the 
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inflammatory response.16 Apolipoprotein E (ApoE) epsilon4 
allele was associated with not only increased odds of having 
SDB, but also with an increased risk for neurocognitive dys-
function,17 and polymorphisms involving more than one locus 
in the ApoE gene and its regulatory region were associated with 
OSA in Caucasian children.18

In Sweden, there is a special hospital diagnostic code for 
OSAS. However, it is seldom used for children as they only oc-
casionally undergo sleep studies, i.e., polysomnography at hos-
pitals, with measurements of breathing, pulse oximetry, and/or 
transcutaneous carbon dioxide, can be performed. SDB has no 
special diagnostic code and therefore, children with such symp-
toms and suspected OSAS get the code adenotonsillar hypertro-
phy instead. If a child previously has undergone adenoidectomy 
but still has symptoms, the code of hypertrophy of tonsils is 
used.

The construction of a large population-based patient regis-
ter has led to the rapid development of genetic-epidemiological 
studies in Sweden.19,20 In addition, a recently published large-
scale population-based study from our group has found that, after 
accounting for socioeconomic status, age, geographic region, and 
period of diagnosis, adults with at least one sibling who had a 
hospital diagnostic code of OSAS had a 3-fold increased risk of 
getting diagnosed with the same code during 8 years.21

In the present study we included hospital data on all children 
in Sweden during the study period between 1997 and 2004, i.e., 
a total of 2.7 million individuals. The individual study popula-
tion was siblings born in 1978 and onward. The use of hospital 
register data eliminated recall bias. Recall bias is a potential 
problem when conducting case-control studies of familial risk 
because patients in the case group are prone to report a posi-
tive family history of the disease or other health problem being 
studied.

The main aim of this study was to define the familial risk of 
hospitalization for primary diagnostic codes of (1) OSAS and/
or (2) suspected OSAS, with clinical signs of SDB and ade-
notonsillar hypertrophy, in Swedish children less than 19 years 
of age. A further aim was to determine whether there were any 
differences by age and gender.

MetHodS

MigMed Research database

Data used in this study were retrieved from the MigMed 
database, located at the Center for Family and Community 
Medicine at the Karolinska Institute in Stockholm. MigMed is 
a single, comprehensive database that has been constructed us-
ing several national Swedish data registers, including, but not 
limited to, the Total Population Register, the Multigeneration 
Register, and the Swedish Hospital Discharge Register (1986–
2004).22-24 Information from the various registers in the data-
base is linked at the individual level via the national 10-digit 
civic registration number assigned to each person in Sweden for 
his or her lifetime. Prior to inclusion in the MigMed database, 
civic registration numbers were replaced by serial numbers to 
ensure the anonymity of all individuals.

Because the database contains information from the Multi-
generation Register, it is possible to link more than 10 million 

index persons (persons born in or after 1932 and registered in 
Sweden any time since 1961) with their biological parents. The 
latest version of the Multigeneration Register, which has been 
incorporated in the MigMed database, includes supplementary 
data from church records on index persons domiciled in Sweden 
between 1947 and 1961, including information about biologi-
cal parents, children, siblings, and adoptions. This population 
includes both first and second generation immigrants. We have 
no data on ethnicity or country of birth.

outcome Variables

The 10th revision of the International Classification of Dis-
eases (ICD-10) was used to identify all first hospital admissions 
for the outcome variables: (1) OSAS, (2) hypertrophy of tonsils, 
(3) hypertrophy of adenoids and tonsils, or (4) only hypertrophy 
of adenoids, during the study period (1997–2004) in individuals 
aged 0–18 years. ICD-10 code G47.3 was used to define OSAS, 
J 35.1 to define hypertrophy of tonsils, and J 35.3 to define hy-
pertrophy of both adenoids and tonsils. Also, J 35.2 to define 
hypertrophy of adenoids was used, but as such children often 
have milder forms of SDB and seldom have suspected OSAS, 
the results are only showed in figures, not in tables. Children 
with primary diagnosis of upper airway infections (acute tonsil-
litis, pharyngitis) were excluded in the present study.

Diagnostic codes at the individual level were retrieved from 
the Swedish Hospital Discharge Register in the MigMed data-
base. Sweden has a social welfare system that includes public 
primary and hospital health care for all individuals. During the 
study period, most children with suspected OSAS would have 
been referred to an otorhinolaryngologic clinic by a primary 
health care or hospital physician. The patients in the present 
study were mainly on hospital wards because of symptoms of 
SDB and suspected OSAS; for surgical removal of adenotonsil-
lar hypertrophy, or, in rare cases, hospitalized for sleep stud-
ies. There are only a few private hospitals in Sweden, and the 
Swedish Hospital Discharge Register includes data from these 
hospitals, as well as from the public hospitals. However, some 
older children undergo ambulant sleep studies and therefore are 
not included in the present study. In addition, the routines for 
the overnight studies vary between different regions and hos-
pitals in Sweden, which we have partly accounted for in the 
present analysis (see below).

explanatory Variables

Explanatory variables included gender, age at first hospital 
diagnosis of the outcome variable in question, socioeconomic 
status (defined as family income), and geographic region of 
residence (i.e., in most cases geographic region of hospitaliza-
tion). Family income was divided into 3 categories based on the 
income level registered by the taxation authorities.

Geographic region was divided into large cities (cities with 
a population of more than 200,000, i.e., Stockholm, Gothen-
burg, and Malmö), Southern Sweden, and Northern Sweden. 
Geographic region was included as an explanatory variable to 
adjust for possible differences between geographic regions in 
Sweden with regard to hospital admissions for the 3 outcome 
variables.
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Statistical analysis

Using the individual-level data in the MigMed database, the 
entire pediatric population of Sweden was sorted into sibling 
groups (families) based on a shared mother and father. The da-
tabase was then used to determine the presence or absence of a 
primary hospital diagnosis of pediatric OSAS or hypertrophy of 
the tonsils, or hypertrophy of the adenoids and tonsils, in each 
individual during the follow-up period. Next, individuals were 
categorized as positive or negative for sibling OSAS, or hyper-
trophy of the tonsils, or hypertrophy of the adenoids and tonsils, 
based on the presence of the disorder in at least one of their 
siblings. Individuals without siblings were excluded from the 
analysis. The individual serial numbers described in the section 
on the MigMed research database were used to check that those 
with hospital diagnoses of pediatric OSAS, or hypertrophy of 
the tonsils, or hypertrophy of the adenoids and tonsils appeared 
only once in the data set, i.e., for their first hospital diagnosis 
during the study period.

Person-years were calculated from the start of follow-up on 
January 1, 1997, to hospitalization for OSAS, or hypertrophy 
of the tonsils, or hypertrophy of the adenoids and tonsils, death, 
emigration, or the end of the study on December 31, 2004. 
Age-specific incidence rates (defined as first hospitalization 
rates during the study period) were calculated for the whole 
follow-up period. The results are shown as standardized inci-
dence ratios (SIRs) with 95% confidence intervals (CIs). SIRs 
were calculated as the ratio of the observed to the expected 
number of cases for age, gender, time period, region, and so-
cioeconomic status. Sibling risks were calculated separately for 
boys and girls categorized as positive for the disease in ques-
tion in at least one of their siblings compared with boys or girls 
characterized as negative for sibling OSAS, or hypertrophy of 
the tonsils, or hypertrophy of the adenoids and tonsils, using 
the cohort methods as described in a study by Hemminki et al.25 
Briefly, we defined a cohort of individuals with at least one af-
fected sibling and computed the incidence rates in this cohort 
over the study period. In a family with two or more affected 
siblings, each affected individual is included in the cohort (as 
the sibling of an affected individual).

Relative weights used to calculate the age-standardized in-
cidence rates were based on the European standard population. 
We judged this standard population to be a precise choice be-
cause a study from 2002 found that the 1960 standard popula-that the 1960 standard popula-
tion (the Segi standard) was as precise as more recent standard 
populations in the calculation of age-standardized rates.26

The test statistic χ2 was used to calculate the probability 
(P value) of the SIR ratio between gender and age.

ethical considerations

This study was approved by the Ethics Committee of the 
Karolinska Institute, Stockholm, Sweden.

ReSUltS

A total of 854 boys and 627 girls aged 0–18 years had a first 
hospital diagnosis of pediatric OSAS during the study period 
(Table 1). The first hospitalization rates in the entire popula-

tion were 10.3 per 100,000 person-years for boys and 8.0 per 
100,000 person-years for girls (significant gender difference, 
P = 0.014). The incidence rate of boys with a sibling history of 
OSAS was 544.8 and for girls 462.8 (no significant gender dif-
ference, P = 0.503).

There were 23 children (8%) diagnosed with pediatric OSAS 
who were also diagnosed with hypertrophy of the tonsils, or 
adenoids and tonsils; data not shown.

A total of 13,656 boys and 11,648 girls aged 0–18 years had 
a first hospital diagnosis of hypertrophy of the tonsils, or hyper-
trophy of adenoids and tonsils. The first hospitalization rates in 
the entire population were 165.0 per 100,000 person-years for 
boys and 148.8 per 100,000 person-years for girls (significant 
gender difference, P < 0.001). The incidence rate for boys with 
a sibling history of hypertrophy of the tonsils or hypertrophy 
of the adenoids and tonsils was 861.6 and, for girls, 812.6 (no 
significant gender difference, P = 0.185).

In Table 2, the SIRs for the first hospitalization for OSAS, 
hypertrophy of the tonsils, or hypertrophy of adenoids and 
tonsils, among children with ≥ 1 sibling with the disorders are 
shown by age groups. The models are adjusted for all the ex-
planatory variables simultaneously. The overall SIR of OSAS 
among those who had ≥ 1 affected sibling was 33.23 (95% CI, 
16.54–64.84) for boys and 40.49 (95% CI, 19.44–81.35) for 
girls, compared with the reference group of those without a sib-
ling history of the disorder, no significant gender differences. 
The overall SIR of hypertrophy of the tonsils, or hypertrophy of 
adenoids and tonsils, among those who had at least one affected 
sibling was 4.53 (3.01–6.79) for boys and 4.94 (3.27–7.44) for 
girls, compared with the reference group of those without a sib-
ling history of these disorders, a significant gender difference, 
P = 0.049. Children with only hypertrophy of adenoids, had a 
SIR of 17.12 (95% CI, 8.33–34.04) in boys, and a SIR of 8.88 
(95% CI, 3.33–21.5) in girls, not shown in the table.

Table 3 shows SIRs and the observed number with pediat-
ric OSAS who had at least one sibling with pediatric OSAS 
by gender of the affected siblings. When a male sibling had 
pediatric OSAS, the risk (SIR) that a male sibling would also 
have the disorder was 30.80 (95% CI, 13.28–67.38) and that 
a female sibling would have the disorder was 36.65 (95% CI, 
15.06–83.15). When a female sibling was affected the risk 
(SIR) that a male sibling would have OSAS was 38.83 (95% CI, 
15.96–88.11) and that a female sibling would have the disorder 
was 42.70 (95% CI, 16.45–101.58).

In children with hypertrophy of the tonsils or hypertrophy 
of the adenoids and tonsils who had at least one sibling with 
hypertrophy of the tonsils or hypertrophy of the adenoids and 
tonsils, the results were: when a male sibling had the disorder, 
the risk (SIR) that a male sibling would also have it was 4.38 
(95% CI, 2.86–6.72) and that a female sibling would have the 
disorder was 4.71 (95% CI, 3.04–7.28). When a female sibling 
was affected the risk (SIR) that a male sibling would have the 
disorder was 4.75 (95% CI, 3.06–7.33) and that a female sibling 
would have it was 5.15 (95% CI, 3.32–7.96).

There were no families with > 2 siblings affected with 
OSAS. However, there were families with > 2 siblings affected 
with hypertrophy of the tonsils or hypertrophy of the adenoids 
and tonsils. Boys and girls with no affected sibling were used 
as a reference. For 64 boys, the SIR was 96.63 (52.61–174.59) 
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showed similar increases, as well as the ratios for boys and girls 
with one, two, or more affected siblings. There were significant 
gender differences in the first hospitalization rates in the entire 
study population with a higher rate for OSAS in boys than girls, 
as well as for hypertrophy of lymphoid tissue in boys compared 
to girls. This is in accordance with previous studies, which have 
shown that boys have a higher frequency of SDB than girls.13 
There was no significant gender difference in the incidence rate 
of OSAS among those with a sibling history of OSAS, which 
was in contrast to adenotonsillar hypertrophy, in which a statis-adenotonsillar hypertrophy, in which a statis-
tically significant gender difference was found; the SIR in girls 
was 4.9 compared to 4.5 in boys. However, this small gender 
difference is probably of minor clinical importance.

The results of the current study, with sibling aggregation 
of pediatric SDB are consistent with those of previous stud-
ies, i.e., the Cleveland Family Study investigated predictors of 
sleep disordered breathing in 577 children with a mean age of 
10 years.27 Ten percent of the children had at a mean of 5 years 
previously undergone tonsillectomy and/or adenoidectomy. An 
independent risk factor for SDB in these children was, besides 
obesity and black race, a high familial risk (related to an af-
fected proband). It suggested that there are both shared and 
unshared genetic factors underlying susceptibility to OSA and 
obesity and that the genetic determinants of obesity may be 
modulated by the severity of apnea.

A recently published study by our group on adult OSAS was 
conducted using the same methods as in the present study.23 We 
showed an increased risk in males with at least one sibling who 
had OSAS with a SIR of 3.4 in males and 3.2 in females for 
having OSAS. To the best of our knowledge, these are the only 

for having the disorder and, for 47 girls, it was 77.92 (40.47–
146.63); there was no significant gender difference, P = 0.26; 
data not shown in table.

We also performed an additional analysis, to calculate age 
differences, in order to investigate the effect of environmen-
tal factors on sibling risk. Large age differences indicate less 
shared environment and vice versa. The children were divided 
in 2 groups: < 4 years old and ≥ 4 years old. There was no sig-
nificant age difference in pediatric OSAS between 25 young-
er boys, SIR of 41.18 (18.82–86.08), and 12 older boys, SIR 
of 23.71 (8.62–58.75), P = 0.11. For the few number of girls 
with OSAS, there was a significant age difference between 23 
younger girls, SIR of 56.33 (25.22–119.71), and 8 older girls, 
SIR of 22.38 (6.76–62.68), P = 0.02. However, in children with 
hypertrophy of the tonsils or hypertrophy of the adenoids and 
tonsils, there were only small, non-significant age differences; 
data not shown in table.

diScUSSion

The sibling risk of pediatric OSAS was extremely high in 
the present study, with an incidence ratio of 33.2 in boys and 
40.5 in girls in children who had at least one sibling with an 
OSAS diagnosis. We also included children with SDB and sus-
pected OSAS with adenotonsillar hypertrophy, which is the 
main cause of pediatric OSAS.5 The familial risk of OSAS was 
much higher than in the group with adenotonsillar hypertrophy, 
the incidence ratio being 4.5 in boys and 4.9 in girls. However, 
the increase was highly significant and the numbers of chil-
dren were much larger than in OSAS. The gender-specific ratio 

Table 1—Age-Specific Incidence Rates of Obstructive Sleep Apnea Syndrome, Hypertrophy of Tonsils and Hypertrophy of Adenoids and 
Tonsils Per 100,000 Person-Years in Boys and Girls Aged 0–18 Years

Boys Girls

Entire population With sibling
history of OSAS

Entire population With sibling
history of OSAS

Age at
diagnosis (y)

No. Incidence 
rates

No. Incidence 
rates

No. Incidence 
rates

No. Incidence 
rates

OSAS

  0–6 601 21.3 28 941.2 418 15.6 22 747.5

  7–12 187 6.5 8 324.4 151 5.5 6 245.2

  13–18 66 2.6 1 74.1 58 2.4 3 229.4

  All 854 10.3 37 544.8 627 8.0 31 462.8

Hypertrophy of 
tonsils 

Entire population With sibling history of 
hypertrophy of tonsils or 
hypertrophy of adenoids 

and tonsils

Entire population With sibling history of 
hypertrophy of tonsils

or hypertrophy of 
adenoids and tonsils

or hypertrophy 
of adenoids and 
tonsils

No. Incidence 
rates

No. Incidence 
rates

No. Incidence 
rates

No. Incidence 
rates

0–6 8896 315.2 797 1526.5 6186 231.2 638 1299.3

7–12 3745 130.0 254 533.8 3626 132.9 263 578.8

13–18 1015 39.5 36 136.5 1836 75.8 69 277.9

All 13656 165.0 1087 861.6 11648 148.8 970 812.6
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the indication of tonsillectomy mainly was because of recurrent 
and/or chronic tonsillitis. We know from the diagnostic codes 
that the children in the present study underwent tonsillectomy 
primarily because of OSAS and adenotonsillar hypertrophy, 
and not tonsillitis. However, we cannot rule out the possibility 
that the children secondarily also had an acute infection, which 
may have worsened their SDB symptoms. The heritability for 
recurrent and/or chronic tonsillitis and hypertrophy of lymphoid 
tissue is probably different, which makes it difficult to compare 
the results. Unfortunately, we did not have enough statistical 
power to perform a twin study of the Swedish children. How-
ever, recent genetic studies of both adult and pediatric patients 

studies that have investigated family risks in siblings with a his-
tory of medically verified OSAS or in children with adenoton-
sillar hypertrophy.

The increased risks for OSAS and also the main causes of pe-
diatric OSAS, adenotonsillar hypertrophy, could be an expres-
sion of genetic or shared environmental mechanisms. However, 
the results from the present study cannot differ between these 
mechanisms. The influence of heritability has been investigated 
in a twin-study from 1991, using questionnaires.28 The persons 
had undergone childhood tonsillectomy from 1939 to 1964 and 
the heritability factor varied between 29% to 82%. Their study 
has a recall bias and was performed during a time era when 

Table 2—Standardized Incidence Ratios (SIRs) and Observed Number of Cases of Obstructive Sleep Apnea Syndrome (OSAS), Hypertrophy of 
Tonsils and Hypertrophy of Adenoids and Tonsils in Boys and Girls Aged 0–18 Years with at Least One Sibling with the Disease in Question

Sibling history Age at Boys Girls Gender
 diagnosis   difference
 (years) O SIR 95% CI O SIR 95% CI P value
OSAS All 37  33.64 15.79 68.83 31 40.49 19.44 81.35 0.42
 0–6 28 32.85 9.92 92.00 22 39.90 17.65 85.56
 7–12 8 26.74 0.01 216.8 6 36.52 9.29 113.15
 13–18 1 33.23 16.54 64.84 3 60.00 8.00 251.18
Hypertrophy of tonsils All 337 4.38 2.78 6.89 296 4.36 2.74 6.91 0.95
 0–6 221 4.97 3.06 8.01 171 5.77 3.49 9.48
 7–12 92 3.65 2.08 6.33 85 3.47 1.96 6.07
 13–18 24 3.33 1.51 7.02 40 2.90 1.46 5.59
Hypertrophy of
adenoids and tonsils All 750 4.59 3.02 6.98 674 5.24 3.43 8.00 0.013
 0–6 576 4.92 3.20 7.55 467 5.73 3.69 8.88
 7–12 162 3.87 2.33 6.39 178 4.49 2.73 7.36
 13–18 12 2.78 1.01 6.89 29 3.88 1.84 7.90
Hypertrophy of tonsils or
hypertrophy of adenoids
and tonsils All 1087 4.53 3.01 6.79 970 4.94 3.27 7.44 0.049
 0–6 797 4.93 3.25 7.48 638 5.74 3.75 8.78
 7–12 254 3.79 2.36 6.06 263 4.10 2.56 6.55
 13–18 36 3.12 1.55 6.12 69 3.25 1.79 5.81

O = observed number of cases; SIR = standardized incidence ratio; CI = confidence interval. Bold type: 95% CI does not include 1.00.

Table 3—Gender-Specific Standardized Incidence Ratios and Observed Number of Cases of Obstructive Sleep Apnea Syndrome and Hyper-
trophy of Tonsils or Hypertrophy of Adenoids and Tonsils

OSAS Male sibling with OSAS Female sibling with OSAS
  O SIR 95% CI O SIR 95% CI
Boys 20 30.80 13.28 67.38 17 38.83 15.96 88.11
Girls 17 36.65 15.06 83.15 14 42.70 16.45 101.58
Hypertrophy of tonsils or Male sibling with hypertrophy of tonsils Female sibling with hypertrophy of tonsils
hypertrophy of adenoids and tonsils or hypertrophy of adenoids and tonsils or hypertrophy of adenoids and tonsils
  O SIR 95% CI O SIR 95% CI
Boys
 Hypertrophy of tonsils 188 4.35 2.65 7.09 155 4.42 2.65 7.31
 Hypertrophy of tonsils and adenoids 410 4.40 2.82 6.86 335 4.91 3.11 7.73
 All  598 4.38 2.86 6.72 490 4.75 3.06 7.33
Girls
 Hypertrophy of tonsils 149 4.43 2.65 7.35 141 4.30 2.56 7.17
 Hypertrophy of tonsils and adenoids 340 4.85 3.08 7.63 339 5.61 3.56 8.83
 All  489 4.71 3.04 7.28 480 5.15 3.32 7.96

O = observed number of cases; SIR = standardized incidence ratio; CI = confidence interval
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lar signs or symptoms in siblings. If the answers are positive, 
these children should be sent to an ear nose throat specialist for 
further examination and treatment.
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