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ABSTRACT

Objectives Irritable bowel syndrome (IBS) clusters

in families, but the familial risk of IBS has not been
determined in adoptees. Studying adoptees and their
biological and adoptive parents is a strong study design for
separating genetic from environmental causes of familial
clustering. This nationwide study aimed to separate the
biological (genetic) and familial environmental contribution
to the familial transmission of IBS.

Methods We performed a family study for Swedish-born
adoptees born from 1951 until 1995, and their biological
and adoptive parents. The Swedish Multigeneration
Register was linked to the Hospital Register (inpatients
and outpatients) for the period 1964-2012 and the
Swedish Outpatient Care Register for 2001-2012, and

the Swedish Primary Healthcare register for 1989-2012.
ORs for IBS were calculated for adoptees with an affected
biological parent with IBS compared with adoptees without
a biological parent with IBS. The OR for IBS was also
determined in adoptees with an adoptive parent with IBS
compared with adoptees without an adoptive parent with
IBS. Heritability /7 (+SE) was also determined.

Results The ORs for IBS were 1.67 in adoptees (95% Cl
1.06 to 2.62) of biological parents diagnosed with IBS. The
ORs for IBS were 0.88 in adoptees (95% Cl 0.48 to 1.63)
of adoptive parents diagnosed with IBS. The heritability
was 19.5%=+8.5%.

Conclusions The present study indicates that biological
(genetic) factors are important for the familial clustering

of IBS. The heritability calculated is in the range from twin
studies and suggests that heritability may be estimated in
adoptees.

INTRODUCTION

Irritable bowel syndrome (IBS) is a common
chronic functional bowel disorder charac-
terised by abdominal pain or discomfort." *
IBS is believed to be a complex disorder or
trait,” that is, any phenotype that does not
show classic Mendelian recessive or domi-
nant inheritance due to a single gene locus.”
IBS clusters in families and” familial ORs for
IBS among first relatives has been reported
to range between 1.75 and 3.1.% The reason
for this may be due to shared genes or shared
family environmental exposures.'’ ' Twin
and adoptee studies can help to disentangle
genetic and environmental influences."’ Twin

What is already known about this subject?

» Irritable bowel syndrome (IBS) is known to
aggregate in families.

» Familial aggregation may be due to genetic or
environmental factors.

What are the new findings?

» IBS is transmitted to adoptees from their biological
parents but not to a major degree from their
adoptive parents.

» The present study suggests that biological (genetic)
factors are important in the familial aggregation of
IBS among adoptees.

How might it impact on clinical practice in the

foreseeable future?

» History of IBS in a biological parent is a risk factor
for IBS in adoptees.

» Genetic studies in order to identify IBS-associated
genetic variants might be worthwhile.

studies support the concept that IBS has both
genetic and environmental contributions.'*™"”
The heritability, that is, the fraction of the
phenotype variability that can be attributed
to genetic variation, has been determined
to be 56.9% for functional gastrointestinal
disorder in general and between 19% and
48% for IBS in twin studies.'?™? Furthermore,
extended family studies may also support a
genetic cause of familial clustering.” While
family studies suggest a genetic contribution,
recent genetic studies have been able to iden-
tify genetic variants linked to IBS.***
Determining the contributions of genetic
and family environmental factors is difficult
in family studies of IBS. This is because most
children, including dizygotic (DZ) and mono-
zygotic (MZ) twins, grow up in their biological
families."’ " An important assumption in twin
studies is that MZ and DZ twins show similar-
ities because of shared environmental factors
so that the difference in concordance rates
between MZ and DZ twins is only a reflection
of genetic factors."" However, studies suggest
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that MZ twins are treated more similarly than DZ twins,
which theoretically may inflate the estimated heritability
determined in twin studies.” It may therefore be of value
to have other methods than twin studies as a determinant
of the heritability for IBS. Studying adoptees is an appro-
priate alternative for analysing the genetic and shared
familial environmental influence on the transmission
of IBS."" #** Studies of adoptees offer an opportunity to
understand the genetic transmission of IBS because adop-
tees do not grow up in their biological families."" Trans-
mission of IBS from biological parents to offspring would
therefore be explained by biological (genetic factors) or
early life factors rather than family environment. In addi-
tion, transmission of IBS from adoptive parents to their
non-biological offspring would be explained by family
environment rather than genetic factors. To the best
of our knowledge, no study has examined the familial
aggregation in adoptees with IBS with the aim to shed
new light on the familial transmission of IBS.

This study used the Swedish Inpatient Register, the
Swedish Outpatient Care Register, a Swedish Primary
Healthcare Register and the Swedish Multigeneration
Register. Our study had two primary aims: (1) to examine
the risk and heritability of IBS in adoptees with a biolog-
ical parent affected by IBS and (2) to examine the risk of
IBS in adoptees with an adoptive parent affected by IBS.

METHODS

We linked comprehensive registers and nationwide

healthcare data from multiple sources to assess IBS

among individuals in Sweden.** ™ This linkage was based

on the unique individual Swedish 10-digit personal ID

numbers assigned at birth or immigration to all resi-

dents in Sweden for life. This information is nearly 100%

complete. These numbers were replaced with serial

numbers to preserve anonymity. We used data from the
following sources:

1. The Swedish Multigeneration Register; this contains
information on family relationships including
adoptions. The register contains information on
index persons registered in Sweden from 1 January
1961 and born from 1 January 1932 onwards.

2. The Lisa Register from Statistics Sweden (SCB), which
contains annual data on education status from 1990
to 2012. It also contains the Swedish Standard Clas-
sification of Occupations 1996, which is a national
version of the International Standard Classification of
Occupations.

3. The Swedish Hospital Discharge Register, which con-
tains all hospital diagnoses for all people in Sweden
from 1964 to 2012. The register has had nationwide
coverage since 1987.

4. The Hospital Outpatient Care Register, which con-
tains information on diagnoses from all specialist out-
patient clinics in Sweden from 2001 to 2012.

5. The Swedish Cause of Death Register, which contains
data on date and cause of death from 1964 to 2012.

6. A nationwide Primary Healthcare register, which con-
tains data from 1989 to 2016 (with 7 908 367 individ-
uals in registers from 12 regions) (see online supple-
mentary tables 1 and 2 and supplementary figure 1).

7. The Migration register, which contains data on immi-
gration and emigration from 1892 to 2012.

8. Census registers, including individual addresses, avail-
able every byears between 1960 and 1990.

9. From 1991 Small Area Market Statistics (SAMS) data
has been used to define a municipal subarea when
you need to characterise a neighbourhood; the code
comprises the county, the municipality and unique
SAMS area (9200 in whole Sweden). Neighbourhood
Deprivation Index (NDI) was created according to
Winkleby et al and was based on educational status;
income; unemployment and social welfare recipient.”
Azscorewas calculated for each SAMS neighbourhood.
The z scores, weighted by the coefficients for the
eigenvectors, were then summed to create the index.
The index was categorised into three groups: below 1
SD from the mean (low deprivation), above 1 SD from
the mean (high deprivation) and within 1 SD of the
mean (moderate deprivation). Higher scores reflect
more deprived neighbourhoods.™

Study approval

The study was approved by the Ethics Committee of
Lund University, Sweden, and was performed in compli-
ance with the Helsinki Declaration. Informed consent
was waived as a requirement by the ethics committee.

Definition of IBS

Cases of IBS in the Swedish Hospital Discharge Register,
Outpatient Care Register and Primary Healthcare
register were identified by the following International
Classification of Diseases (ICD) codes: ICD-7 573.10,
573.21, 573.22; ICD-8 564.10, 564.11, 564.19; ICD-9 564B
(IBS) and ICD-10 K58 (IBS). Main and all secondary diag-
noses were used. The validity in the Hospital Discharge
Register is generally 85%-95%.” The present study may
not be representative of all patients with IBS in Sweden
and may introduce a selection bias as the diagnosis of IBS
is based on healthcare seeking.”> However, familial risk in
Sweden is similar using these national specialist register
and primary healthcare data.” We excluded patients with
IBS with possible gastrointestinal differential diagnosis,
that is, coeliac disease, inflammatory bowel disease (IBD)
and colorectal cancer. ICD codes are presented in
online supplementary tables 3; and (5) adoptees not
linked to at least one biological and at least one adoptive
parent.’

Sample

The analyses were based on a dataset containing infor-
mation on the entire Swedish population, including
parental relationships. The dataset contains all Swed-
ish-born children that were adopted (born 1951-1995)
with respective biological or adoptive parents. We
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Table 1 Descriptive statistics of 30 693 adoptees and their adoptive (=51 634) and biological parents 49 912 (132 239

individuals in total)

Adoptees

Adoptive parents Biological parents

(n=30 693)

(n=51 634)

(n=49 912)

Sex*
Female
IBS*
Female
High education* (12 years or more)
NDI (high socioeconomic status)

14 883 (48.49%)
776 (2.53%)
552 (1.80)

9004 (29.34%)
407 (1.33%)

22 547 (43.67%)
660t (1.28%)

29 706 (59.52%)
840t (1.68%)

Occupation§ 5775 (18.82%)
Age at IBS diagnosis 43 (35-49)
(median and IQR)

Age at end of follow-up 49 (43-54)

(median and IQR)

433 (0.84) 693 (1.39)
9067 (17.67%) 4973 (9.96%)
4575 (8.86%) 2426 (4.86%)
5832 (11.29%) 3475 (6.96%)
71 (63-78) 62 (55-69)
76 (68-83) 68 (60-75)

*Number of observations (%).
TFour adoptees had two adoptive parents with IBS.
FEight adoptees had two biological parents with IBS.

SChief or occupation with a requirement for in-depth university competence.

IBS, irritable bowel syndrome; NDI, Neighbourhood Deprivation Index.

excluded adoptees from the study if they had: (1) died
before age 16years (death year—birth year); (2) migrated
from Sweden before age 16years (migration year—birth
year); (3) died before 1964; (4) gastrointestinal differ-
ential diagnosis, that is, patients with IBS with coeliac
disease, IBD and colorectal cancer were excluded. ICD
codes are presented in online supplementary tables
3; and (5) adoptees not linked to at least one biological
and at least one adoptive parent. All adoptive children
who had lived with a biological parent were excluded
according to Census (1960-1990) or SAMS (from 1991).
For those born between 1951 and 1959, the status in the
1960 census was used.

We also excluded adoptees that had lived with their
adoptive grandparent, aunt/uncle and sibling or with
step-parents and their biological parent. A total of 30 693
adoptees remained in the study after exclusions. They
constitute the study population in the cohort study. These
adoptees could be linked to 51634 adoptive parents and
49 912 biological parents.

After exclusions, we identified 2288 (1.73%) IBS cases.
A total of 776 IBS cases were found in adoptees, 840 IBS
cases in biological parents and 660 IBS cases in adoptive
parents. Of the 2288 IBS cases, 55.07% (1260) were found
in the Primary Healthcare register and 44.93% (1028) in
the Hospital register. Among the hospital-diagnosed IBS

cases, 330 (32.10%) were from the Hospital Discharge
register n=330and 698 (67.90%) from the specialist
Outpatient register. Of all IBS cases, 5.68% (n=130)
were identified with ICD-8, 3.63% (n=83) with ICD-9 and
90.69% (n=2075) with ICD-10. No case was identified
with ICD-7.

Statistical calculations

We collected data on adoptees and their biological and
adoptive parents from 1964 to 2012 in order to assess
the genetic and environmental influences in IBS disease.
We used a cohort design and a case-control approach.
We conducted two main analyses: one using biolog-
ical parents and one using adoptive parents. We used
case-control exact matching method (1:5) by drawing
a sample of affected adoptees as cases and matched
control groups of unaffected adoptees.”* The control
groups were matched based on sex, birth year, county of
birth and level of education. In the case-control study, we
connected both groups using connection codes to their
biological and adoptive parents.”” For the case-control
study, analyses were conducted using conditional logistic
regression. For the cohort study, we used logistic regres-
sion. In the multivariate model, we used adoptees' birth
year, sex, education of adoptees and county (region) of
birth of adoptees as covariates. The estimated parameters

Table 2 The distribution of the birth years for adoptees and their adoptive and biological parents are shown

n Minimum Maximum Mean SD Median Q1-Q3
Adopted offspring 30 693 1951 1995 1964 9 1963 1957-1968
Adoptive parents 51634 1888 1979 1930 12 1928 1921-1938
Biological parents 49912 1884 1980 1939 11 1939 1932-1946

Q1-Q3=IQR range.
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Figure 1 Age distribution for Swedish born (1951-1995) adoptees at first time diagnosis of irritable bowel syndrome.

were odds of an adoptee to IBS when at least one biolog-
ical parent had got IBS relative to the odds of an adoptee
to IBS when no biological parents had IBS, and similarly
for adoptive parents. We also created a new age-stratified
category variable based on an adopted child’s age distri-
bution after matching.

We used Falconer’s regression, which is based on the
liability of the threshold, to obtain heritability in adop-
tees of the biological parents.36 Using the prevalence
rate of the relatives of the biological probands and the
controls from the case-control study, the heritability I
(and +SE) was calculated.”® We also used the ap;)roach
described by Frisell et al to evaluate heritability.”” Using
the case-control procedure, we calculated tetrachoric
correlations and heritability, according to the preva-
lence in the present cohort study and for a wide range
of different population prevalences of IBS.*” Under the
assumption that only additive genetic factors contribute
to similarity among relatives without any shared familial
environment, the heritability of liability may be esti-
mated as twice the observed tetrachoric correlation
among first-degree relatives according to Falconer and
Mackay.38

Statistical analysis was performed with SAS V.9.3 (SAS
Institute) and for calculating heritability, we used R soft-
ware (V.3.3.2). A level of p<0.05 (two-sided) was consid-
ered statistically significant.

RESULTS

Descriptive statistics

During the study period (1951-1995), a total of 2288
individuals were diagnosed with IBS (excluding indi-
viduals with a concomitant coeliac disease, IBD and

Table 3 Descriptive statistics of 30 693 adoptees with and
without diagnosis of IBS

No IBS IBS

(n=29 917) (n=776) p Value
Sex

Female 14 331 (47.90%) 552 (71.13%) <0.0001*

High education 8756 (29.27%) 248 (31.96%) 0.104*
(12years or
more)
NDI (high 403 (1.35%) 4 (0.52%) 0.053t
socioeconomic
status)
Occupationt 5657 (18.91%) 118 (15.21%) *0.009
Age at end 49 (43-54) 48 (43-54) 0.239§
of follow-
up (years)
(median and
IQR)
*X? test.

tFisher's exact test.

FChief or occupation with a requirement for in-depth university
competence.

§Wilcoxon test.

IBS, irritable bowel syndrome; NDI, Neighbourhood Deprivation
Index.
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Table 4 OR determined with logistic regression for IBS in adoptees with an affected biological or adoptive parent (cohort

Adoptive parents

Model 2t

Model 3*

Model 41

design)

Biological parents
Risk factors Ref Model 1*
IBS 0 1.66 (1.17-2.35)
Year of birth 1.01 (1.00-1.02)
Sex Male 2.68 (2.29-3.14)

County (region)

1.00 (0.99-1.01)

1.63 (1.14-2.32
1.01 (1.00-1.02

1.00 (0.99-1.01

0.77 (0.44-1.34)
1.01 (1.00-1.02)
2.68 (2.29-3.14)
1.00 (0.99-1.01)

0.75 (0.43-1.32)
1.01 (1.00-1.02)
2.61 (2.23-3.06)
1.00 (0.99-1.01)

Education 1.25 (1.13-1.39)

)
)
2.61(2.23-3.06)
)
)

1.16 (1.04-1.29

1.25 (1.13-1.39) 1.16 (1.04-1.29)

*Univariate model.
TMultivariate model.
IBS, irritable bowel syndrome; Ref, reference.

colorectal cancer). Table 1 shows the descriptive statistics
for adopted offspring, biological parents and adoptive
parents, that is, age, sex, educational attainments, NDI,
occupation, IBS and age at IBS diagnosis and age at end
of follow-up. Cases of IBS were more often found among
females. The prevalence of IBS among biological parents
was 1.68% (840/49 912), while among the adoptive
parents it was 1.28% (660/51 634). Thus, there was no
statistically significant difference between these groups
(X*=1.42, p=0.23). The adoptive parents with median age
of 76years (IQR 63-83years) were older than biological
parents with a median age of 68years (IQR=60-75years)
at end of follow-up. Table 2 shows that the median birth
year of adoptees was 1963 (IQR 1957-1968), for biolog-
ical parents it was 1939 (IQR 1932-1946), while it was
1928 (IQR 1921-1938) for adoptive parents. The age
distribution for Swedish born (1951-1995) adoptees at
first time diagnosis of IBS is shown in figure 1. Biolog-
ical parents also had lower education, lived in more
deprived neighbourhoods and less often had an occupa-
tion with a requirement for in-depth university compe-
tence. In table 3, non-affected adoptees are compared
with affected adoptees. Affected adoptees were signifi-
cantly more often females (p<0.0001) and less often had
an occupation with a requirement for in-depth university
competence (p=0.009).

Cohort design
The estimated OR with 95% CI in the cohort design is
shown in table 4. In the crude model, the OR for IBS in

adoptees of biological parents of which at least one had
IBS was increased, OR 1.66 (95% CI 1.17 to 2.35). The
OR in the adjusted model (model 2) was also significantly
increased, OR 1.63 (95% CI 1.14 to 2.32). The estimated
OR for IBS in adoptees with an affected adoptive parent
was not significantly increased either in the crude model
(OR 0.77; 95% CI 0.44 to 1.34) or in the adjusted model
(OR 0.75;95% CI 0.43 to 1.329).

Case-control study

The results of the case-control study are shown in table 5.
IBS in the adoptees was significantly associated with IBS
in biological parents with an OR of 1.67 (95% CI 1.06 to
2.62) in adoptees with an affected biological parent. IBS
in an adoptive parent was not significantly associated with
IBS in adoptees (OR 0.88 (95 % CI 0.48 to 1.63)). The
age-stratified ORs were not significantly increased.

Heritability

By using Falconer’s method, we obtained the estimated
heritability (4°) in biological parents of adoptees with
IBS. The heritability 4* for IBS calculated from the
case-control study was 19.5%+8.5%. The heritability
was also determined by tetrachoric correlation in the
case-control study with different estimates of the popu-
lation prevalence of IBS (table 6). We did not know the
prevalence in the particular source population exactly
but based on previous studies we were able to choose a
range of likely values and present a corresponding range
of heritability estimates. The results are presented in

Table 5 Results for the matched case-control study (1:5)

All* Age<d4byearst

Age>45yearst

ORs for IBS in adoptees with an affected biological parent
ORs for IBS in adoptees with an affected adoptive parent

1.67 (1.06 to 2.62)
0.88 (0.48 to 1.63)

1.70 (0.93 to 3.08)
1.03 (0.48 to 2.21)

1.63 (0.82 to 3.25)
0.69 (0.24 to 1.96)

ORs for IBS among adoptees with an affected biological or adoptive parent. Age-stratified ORs for IBS are also shown. Data are presented

as OR (95% Cl).

*Cases (n=569) and controls (n=2 845).
FCases (n=315) and controls (n=1 575).
fCases (n=254) and controls (n=1 270).
IBS, irritable bowel syndrome.
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Table 6 Heritability of irritable bowel syndrome based on estimated population prevalence and tetrachoric correlation in

case-control study according to Frisell et al*”

Exposed cases Unexposed cases OR Prevalence Tetrachoric correlation Heritability (%)
26 543 1.67 0.5 0.08 16
26 543 1.67 1.0 0.09 17
26 543 1.67 3.0 0.10 20
26 543 1.67 5.0 0.11 22
26 543 1.67 10.0 0.12 24
26 543 1.67 15.0 0.125 25
26 543 1.67 20.0 0.133 27

table 6. The heritability varied from 16% in a population
with 0.5% prevalence to 27% in a population with 20%
prevalence. With a prevalence of 1.73% (table 1), as in
the present population, the heritability was 18.3%.

DISCUSSION

This is the first study of IBS in adoptees and their
biological and adoptive parents. An association was
found between IBS disease in adoptees and their
biological but not adoptive parents. The OR estimated
in the present study is lower than among first-degree
relatives that are not adopted according to previous
published studies,”™ which suggests a contribution
of familial environmental factors. However, familial
environmental factors on their own are not enough
to cause IBS among adoptees. IBS in adoptive parents
does not increase the odds of IBS in adoptive children.
The heritability 4% could also be estimated among adop-
tees in the present study and was determined to be
19.5%+8.5% with Falconer's method and between 16%
and 27% tetrachoric correlations depending on the
prevalence of IBS in the population. These numbers
are close to several published twin studies, although the
heritability in published twin studies varies from 19% to
48%."*" The present study adds to increasing evidence
for genetic factors being important in IBS.?"* Recently
genetic variants have been associated with IBS.?!

The present study cannot rule out that shared envi-
ronmental factors are of importance. Most adoptees
who were diagnosed with IBS at first time were adults.
We do not know whether any possible effects of familial
environmental factors are weakened or not after adop-
tees become adults and move from their adoptive
parents. Previously, an increased risk of IBS has been
observed among spouses, which suggests an effect of
shared adult familial environment.

Strength of this study is that we used nationwide
specialist care registers and a large primary healthcare
database containing information on all primary health-
care visits from well-defined areas. This approach mini-
mised any selection bias. A limitation of our present
study is that we did not have access to how diagnosis of
IBS was determined. However, the prevalence is low and

similar to previously published Swedish register-based
studies.” ** A limitation is that we do not know whether
the Rome criteria were followed or not. Moreover, the
criteria for IBS have also changed over time. IBS has not
been evaluated in the present register but IBS diagnoses
have been evaluated in an English primary healthcare
register with a positive predictive value of 77%.% The
sex and age distribution is as expected in an IBS popu-
lation.'™ This may indirectly suggest that the ICD code
mostly identifies patients with IBS in the used registers.
However, it is possible that those seeking healthcare
are the most severely affected cases. This might be an
advantage in genetics because there are usually more
genetic factors in more severe cases in complex traits,
which could be an advantage of the present study.” The
study population is limited to Swedish-born adoptees
and is therefore only valid for Caucasians.

In conclusion, the present study shows that biological
(genetic) factors are important in the familial transmis-
sion of IBS. We have also, in a novel way, determined
the heritability with results that confirm twin studies,
which suggests that future studies of genetics of IBS will
be fruitful.
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