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1  |  INTRODUC TION

Irritable bowel syndrome (IBS) is a common chronic disorder affecting 
~15% worldwide and is more predominant among women. The diag-
nosis is based on clinical symptoms including recurrent abdominal pain 

associated with disturbed bowel function. The pathogenesis of IBS re-
mains unclear, but factors that trigger the stress response in the sign-
aling system between the brain and the gut are risk factors for IBS.1 
These span a broad array of influences, including, for example, bacte-
rial intestinal infections or traumatic events especially in early life.2,3
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Abstract
Background: Social stress is related to symptom burden of irritable bowel syndrome 
(IBS). This study explores the associations between IBS and social strain or low sup-
port	in	close	relationships,	including	spouse,	friends,	and	family,	in	a	Norwegian	twin	
cohort.
Methods: The	 sample	 included	5442	Norwegian	 twins	 aged	40–80,	of	whom	589	
suffer from IBS. We used multivariate structural equation models to estimate genetic 
and environmental sources of variation and covariation underlying IBS liability, meas-
ures of social stress and the relationships between these. The co-twin control design 
was used to explore the nature of the associations between IBS and social strain or 
low support using models that test for causality.
Key Results: Genetic effects explained between 30% and 40% of the variation in IBS 
liability, social strain, and low support. The phenotypic correlations between IBS and 
social strain (0.20) and between IBS and low support (0.17) were primarily explained 
by shared genetic pathways. Surprisingly, all the genetic variation underlying the li-
ability to develop IBS was shared with genetic influences underlying social strain and 
low support. In contrast, most of the nonshared environmental influences accounting 
for the variation of IBS risk were unique for IBS. The co-twin control analyses suggest 
that the relationships between IBS and the social measures reflect shared familial 
rather than causal effects.
Conclusion & Inferences: The genetic variation of IBS risk was fully shared with ge-
netic effects for variation in the social measures, emphasizing the contribution of 
genes	involved	in	central	brain–gut	mechanisms	to	genetic	variation	in	IBS	risk.
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A	 biopsychosocial	 model,	 involving	 brain–gut	 interactions	 and	
central stress circuits,4–6 has been used in the last two decades to 
explain the relationship between psychosocial and physiological 
factors associated with IBS symptoms and the clinical outcome. 
Among	 the	 psychosocial	 factors,	 social	 stress	 has	 been	 shown	 to	
influence various aspects of IBS, including onset of IBS or exacer-
bation of abdominal symptoms among individuals already suffering 
from IBS.7 For instance, Gwee et al. demonstrated that the risk of 
developing postinfectious IBS was higher among those who experi-
enced chronic interpersonal stressors within 3 months of acute gas-
troenteritis than among those who did not experience interpersonal 
strain.8	Negative	interactions	and	low	support	in	close	relationships	
have been associated with worse IBS symptoms and quality of life 
impairment, and several studies have suggested that the effects of 
social interactions on bodily pain are mediated by stress.9–11 Despite 
growing evidence linking social stress with IBS, relatively little is 
known about the factors underlying these associations.

The aims of this study were to explore the nature of the relation-
ships between social strain, low social support, and IBS using data from 
a	sample	of	Norwegian	twins.	We	exploit	features	of	the	twin	design	
to examine three main questions: (a) to what extent do genetic and 
environmental factors contribute to the relationships between IBS and 
the social measures, strain, or low support, (b) to what extent are the 
genetic effects for IBS dependent of genetic effects for the social mea-
sures, and (c) are the relationships between the social measures and 
IBS consistent with a model of causal or shared effects?

2  |  MATERIAL S AND METHODS

2.1  |  Sample

The data were collected as part of a study on Social Factors and 
Health.12	 Twins	 aged	40	 to	80	years	old	 (mean	age	=	61.54	years	
old)	were	 identified	 in	 the	Norwegian	Twin	Registry13 and invited 
to complete an extensive questionnaire asking about their physical 
and mental health and their social relationships. The results reported 
herein	are	based	on	responses	from	5442	twins	(1986	complete	pairs	
and 1470 single responders). The individual and pairwise response 
rates were 51% and 37%, respectively. The data are described in 
more detail elsewhere.12

2.2  |  Measures

2.2.1  |  IBS

The questionnaire included a checklist for 44 illnesses and symp-
toms, including a question asking: Do you have irritable bowel syn-
drome (diarrhea and/or constipation related to abdominal pain, at 
least once a week). There were two response alternatives—“yes” 
(self-reported) and “yes, diagnosed by a doctor.” To increase power, 
a combined measure of IBS was created which had value of 1 if a 

twin answered either “yes” (self-reported) or “yes, diagnosed by a 
doctor,” and value of 0 if a twin did not select either of the alterna-
tive answers. The decision to collapse these two response categories 
was based upon analyses testing for differences in the regressions 
of strain and low support on IBS in the self-reported and the doctor-
diagnosed groups, correcting for age and sex (Table S1).

2.2.2  |  Strain

The strain measure (Strain) was constructed using four items inquir-
ing about the respondent's perception of strain in each of the follow-
ing three classes of relationships: spouse/partner, family (excluding 
co-twin), and friends. The items asked: “how often do they make too 
many demands on you?”, “how often do they criticize you?”, “how 
often do they let you down when you count on them?”, “how often 
do they get on your nerves?”. Response categories ranged from 1 to 
4 (often, sometimes, rarely and never). Items were reverse-coded, 
and total Strain across all relationships was calculated as the average 
value of all the items with high scores indicating high strain which 
parallel those from the Midlife in the US (MIDUS) study.14

2.2.3  |  Low support

The	measure	of	 Low	Support	was	 constructed	 in	 a	 similar	way	 as	
Strain, as in the MIDUS study,14 using the average score across three 
domains (spouse, family, and friends) and four items for each domain 
(“How often do they really care about you?”, “How much do they 
understand the way you feel about things?”, “How much can you rely 
on them for help if you have a serious problem?”, “How much can 

Key message

The state of current knowledge
IBS is associated with social stressors
The key question addressed in the paper
To what extent do genetic and environmental factors 
contribute to the relationships between IBS and social 
stressors?
Results
IBS and social stressors share genetic pathways
The genetic effects for IBS are fully shared with the ge-
netic effects for social stressors
The importance of the results in the context of the 
broader field of neurogastroenterology and motility and 
health and disease
Genes	involved	in	central	stress	mechanisms	in	the	brain–
gut axis are the main source of the genetic variation in IBS 
risk. IBS treatment should be oriented toward how to deal 
with or avoid stress
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you open up to them if you need to talk about your worries?”). The 
total	score	for	Low	Support	ranged	from	1	to	4	(a	lot,	some,	a	little,	
not at all) with high scores indicating lower levels of support.

2.2.4  |  Dichotomous measures of strain and 
low support

The	measures	of	Strain	and	Low	Support	were	dichotomized	for	the	
co-twin control analyses. The value “1” was assigned to scores within 
the highest quartile and “0” otherwise; and a twin pair was consid-
ered discordant if, in addition to different dichotomous scores, the 
difference in their continuous scores was greater than or equal to 
half a standard deviation of the respective measure (0.22 for Strain 
and	0.20	for	Low	Support).	This	was	done	to	ensure	that	the	discord-
ant	twins	indeed	differed	in	their	levels	of	Strain	and	Low	Support.

2.3  |  Analysis

Descriptive analyses were conducted for all measures (Table 1).
Twin resemblance in monozygotic (MZ) pairs compared to dizy-

gotic pairs (DZ) provides preliminary information about the impor-
tance of genetic effects. The within-pair correlation for each trait, 
IBS,	Strain,	and	Low	Support	reflects	the	resemblance	between	twin	
1 and twin 2 for that trait and is called the intraclass correlation. 
Greater MZ than DZ intraclass correlations suggest that genetic ef-
fects	contribute	to	variation	in	that	trait.	Likewise,	the	relationship	
between traits can be examined by comparing the cross-twin cross-
trait correlations in the MZ and DZ pairs. This correlation reflects the 
relationship of trait 1 in twin 1 with trait 2 in twin 2. If the value of 
the MZ cross-twin cross-trait correlations exceeds the value of the 
DZ cross-twin cross-trait correlations, then this would also suggest 
that genetic factors contribute to the covariation between these 
traits.

2.3.1  |  Model fitting

Biometrical modeling was conducted to investigate our question 
aimed at quantifying the extent to which genetic and environmental 
factors contribute to the relationships between the measures under 
study. These models decompose the phenotypic variances of each 
of	 the	variables:	 IBS,	Strain,	Low	Support,	 into	genetic	 (additive	A	
and/or dominant D) and environmental (shared C and/or unique E) 
components, and then estimate how these components contribute 
to the covariance between the variables.15,16

We are able to estimate the four genetic and environmental 
components	 (A,	 D,	 C,	 and	 E)	 because	 they	 contribute	 to	 resem-
blance of MZ and DZ pairs in predictable ways. MZ twins are ge-
netically identical while DZ twins share, on average, 50% of their 
segregating genes (like ordinary siblings). These differences in bio-
logical relatedness are used to specify our models. Due to statistical TA
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considerations,	 it	 is	not	possible	 to	estimate	all	 four	effects	 (A,	D,	
C,	and	E)	in	a	single	model	and,	therefore,	ACE	and	ADE	models	are	
usually	 run	and	 their	 fit	 statistics	are	compared.	An	ADE	model	 is	
indicated if the observed DZ correlations are less than half the MZ 
correlations.

First, univariate analysis was performed for each of the three 
measures to estimate the genetic and environmental variance com-
ponents.	 Full	models	 (ACE	 and	ADE)	 and	 submodels	 (AE	 and	DE)	
were tested. The statistical fit of the submodels was then compared 
with that of their respective full models using the likelihood ratio 
chi-square	tests	(LRT)	to	determine	which	effects	were	significant.	
Comparisons	between	non-nested	models,	ACE	and	ADE,	were	also	
conducted	using	Akaike's	information	criterion	(AIC)	test	(lower	val-
ues indicate a better fit) (Table S2).

Second, we used a Cholesky decomposition model (Figure 1) 
which allows the covariation between the measures to be decom-
posed into components that are shared with the other measures in 
the	model.	A	particular	 advantage	of	 this	model	 is	 that	 it	 is	 order	
dependent, which means that the variance estimates for the last 
measure will reflect unique effects that are not shared with the 
other measures in the model. This allows us to estimate the ge-
netic and environmental variance effects for IBS after accounting 
for	 the	effects	 shared	with	Strain	and	Low	Support.	From	 the	 tri-
variate Cholesky decomposition model, we obtain the genetic and 
environmental correlations between each set of variables, and these 
correlations quantify the extent to which genetic and environmental 

influences are shared between each sets of variables (IBS-Strain/
Low	Support	and	Strain-Low	Support).

IBS is measured as a dichotomy; this approach, a liability thresh-
old model, assumes a latent continuous underlying liability to de-
velop IBS which is normally distributed.16,17 Sex and age effects 
were estimated on the means for all three measures.

A	bootstrapping	technique18 (5000 replicates) was used to de-
rive	the	95%	confidence	intervals	(CIs)	for	all	the	estimates	from	the	
biometrical analyses.

Co-twin control design
Next,	a	co-twin	control	design	was	employed	to	test	whether	the	

relationships between IBS and social measures are most consistent 
with a model of causality or shared genetic and/or environmental ef-
fects.19	To	test	whether	IBS	is	causal	to	Strain/Low	Support,	we	an-
alyzed pairs who were IBS discordant, meaning that only one of the 
twins in the pair has IBS. In this way, we can use the co-twin with-
out	IBS	as	a	control.	Further,	to	test	whether	Strain/Low	Support	is	
causal	to	IBS,	we	analyzed	pairs	discordant	for	Strain/Low	Support.	
For example, in the latter case, the odds ratio (OR) for IBS when ex-
posed	to	Strain/Low	Support	was	estimated	in	MZ	and	DZ	pairs	and	
unrelated individuals and compared (Figure 2).

If	Strain/Low	Support	is	a	causal	factor	for	IBS,	then	the	expected	
risk of developing IBS would be greater (OR > 1) among those with 
higher	values	of	Strain/Low	Support	compared	to	those	with	lower	
values.	A	causal	model	would	therefore	predict	a	similar	increase	in	

F I G U R E  1 Path	diagram	of	the	trivariate	Cholesky	decomposition	used	for	the	multivariate	analysis.	It	includes	as	many	latent	A,	D,	and	E	
factors	as	there	are	observed	variables:	A1-A3,	D1-D3,	and	E1-E3.	The	first	latent	factor	for	each	type	of	influence	(A,	D,	and	E)	loaded	on	all	
three	measures—Strain,	Low	Support,	and	IBS;	the	second	latent	factor	loaded	on	Low	Support	and	IBS;	and	the	third	factor	loaded	only	on	
IBS.	All	components,	A,	D,	and	E,	were	estimated	simultaneously
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F I G U R E  2 Co-twin	control	analysis.	Panel	A—illustration	of	the	expected	odds	ratios	under	different	types	of	relationships:	causality,	
pleiotropy,	and	shared	environment.		Panels	B,	C,	D,	and	E—OR’s	and	their	corresponding	95%	CIs	from	the	analysis.	The	numbers	inside	
each	bar	is	the	sample	size.	Figures	A	and	C—twins	are	discordant	for	IBS;	Figure	B—twins	are	discordant	for	Strain;	Figure	D—twins	are	
discordant	for	Low	Support
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the	OR	 for	 an	 individual	with	 high	 Strain/Low	Support	 regardless	
of whether they were from discordant MZ or DZ pairs or unrelated 
individuals. In contrast, if shared genetic effects (pleiotropy) explain 
the relationship between the exposure and IBS, then the OR would 
still be >1 in the unrelated individuals, equal to 1 in the MZ twins 
because they are genetically identical and have inherited the same 
risk genes, and intermediate between these two values in the DZ 
twins. If shared environmental factors underlie this relationship, the 
OR would be equal to 1 for both MZ and DZ twins and greater than 
1 in the unrelated individuals.

Combinations of these three mechanisms (causality, pleiotropy, 
and shared environmental effects) are also possible and would result 
in mixed patterns.

To explore the most plausible model underlying the relationships 
between	 IBS	and	Strain	or	Low	Support,	we	conducted	three	sets	
of logistic regression analyses, correcting for twin dependency, to 
estimate the odds ratios among the unrelated individuals, discordant 
MZ, and discordant DZ twins: (a) causal model with βunrel	=	βDZ	=	βMZ, 
that is, OR are the same across these three groups; (b) shared envi-
ronment model with βunrel > βDZ	=	βMZ	=	0,	that	is,	OR	are	similar	for	
MZ and DZ twins and larger than 1 for the unrelated individuals; (c) 
pleiotropy model with βunrel	=2βDZ and βMZ	 =	0,	 that	 is,	OR	 for	MZ	
twins is equal to one. Here, βunrel, βDZ, and βMZ are regression coef-
ficients.	The	best	model	was	chosen	based	on	the	AIC	value	(Table	
S3).

The sample of unrelated individuals for each of the four scenarios 
was comprised from the single responders and one twin from each 
concordant pair.19	All	 analyses	were	 conducted	with	 the	OpenMx	
package20 in R.21

3  |  RESULTS

In	total,	356	twins	(6.5%)	reported	IBS	symptoms	(self-reported),	
21 twins (0.4%) answered “yes, diagnosed by a doctor”; 211 twins 
(3.4%) chose both options, self-reported and “diagnosed by a 
doctor.” Merging self-reported and doctor-diagnosed groups (de-
scribed	in	Methods)	resulted	in	589	IBS	cases	(7.5%).

The mean values for Strain (range from 1 to 4) were 1.74 
(SD	=	0.43)	and	1.76	(SD	=	0.45)	for	males	and	females,	respectively.	
The	corresponding	values	 for	Low	Support	were	1.51	 (SD	=	0.40)	
for	males	and	1.45	(SD	=	0.39)	for	females.	Descriptive	information,	

including frequencies, the number of pairs concordant and discor-
dant	for	IBS,	the	dichotomized	measures	of	Strain	and	Low	Support,	
and the probandwise concordance rates (calculated as the ratio of 
twice the number of concordant pairs divided by twice the number 
of concordant pairs plus the number of discordant pairs),22 is pre-
sented in Table 1 by zygosity.

3.1  |  Sex and age effects on IBS

Age	was	not	associated	with	IBS,	whereas	sex	correlated	positively	
with IBS reflecting a greater prevalence among females than males 
(13.3%	versus	7.6%)	(Table	1).

3.2  |  Twin correlations

IBS	 correlations	with	 Strain	 and	 Low	 support	 are	 equal	 to	 0.20	
(0.14;	 0.26)	 and	 0.17	 (0.12;	 0.23),	 respectively,	 while	 correla-
tion	between	Strain	and	Low	Support	is	higher,	0.40	(0.37;	0.43).	
Higher intraclass correlations for MZ twins compared to DZ twins 
for	IBS,	Strain,	and	Low	Support	(Table	2)	are	consistent	with	ge-
netic effect for these measures. Moreover, the magnitude of DZ 
correlations is less than half of the magnitude of the MZ correla-
tions for all three measures, indicating that dominant genetic ef-
fects	may	account	for	some	of	the	variation	and	suggests	an	ADE	
model.

The cross-twin cross-trait correlations (Table 2) among the MZ 
pairs exceed the DZ values for the associations between Strain and 
Low	Support	and	between	IBS	and	Strain	implying	that	common	ge-
netic factors explain these relationships. In contrast, the correlations 
between	 IBS	 and	 Low	 Support	 do	 not	 vary	 between	 the	MZ	 and	
DZ pairs, indicating that this association may be explained by shared 
environmental effects. However, the overlap in confidence intervals 
between MZ and DZ estimates hampers clear differentiation be-
tween the importance of genetic and shared familial effects.

3.3  |  Univariate twin analyses

The results comparing the fit of the univariate models that were 
analyzed	to	decompose	the	variance	of	each	measure	 (Strain,	Low	

Strain Low support IBS

Strain 0.38 (0.32; 0.43) & 
0.17 (0.11; 0.23)

0.12	(0.07;	0.16) 0.10 (0.03; 0.17)

Low	Support 0.19 (0.14; 0.22) 0.39 (0.34; 0.44) & 
0.13 (0.07; 0.20)

0.13 (0.05; 0.20)

IBS 0.16 (0.09; 0.23) 0.12 (0.05; 0.18) 0.31 (0.16; 0.45) & 
0.08	(−0.10;	0.25)

Note: Strain	and	Low	Support	were	regarded	as	continuous	measures	here.
Below diagonal and in bold for MZ twins, above the diagonal for DZ twins.

TA B L E  2 Intraclass	correlations	(on	the	
main diagonal, in bold—for MZ twins) and 
cross-twin cross-trait correlations



    |  7 of 13KUTSCHKE ET al.

TA
B

LE
 3
 
C
or
re
la
tio
ns
	b
et
w
ee
n	
St
ra
in
,	L
ow
	S
up
po
rt
	a
nd
	IB
S—
ph
en
ot
yp
ic
	a
nd
	b
y	
va
ria
nc
e	
co
m
po
ne
nt

rP
rA

rD
rE

St
ra

in
Lo

w
su

pp
or

t
IB

S
St

ra
in

Lo
w

su
pp

or
t

IB
S

St
ra

in
Lo

w
su

pp
or

t
IB

S
St

ra
in

Lo
w

su
pp

or
t

IB
S

St
ra

in
1

1
1

1

Lo
w
	S
up
po
rt

0.
39
	(0
.3
6;
	0
.4
3)

1
0.
96
	(0
.5
2;
	1
.0
0)

1
−0
.3
3	
(−
1.
00
;	

0.
90
)

1
0.

32
 (0

.2
7;

 
0.
38
)

1

IB
S

0.
20

 (0
.1

4;
 0

.2
5)

0.
17

 (0
.1

2;
 0

.2
2)

1
0.
87
	(0
.2
7;
	1
.0
0)

0.
98
	(0
.4
6;
	1
.0
0)

1
−0
.5
7	
(−
1.
00
;	

1.
00

)
−0
.5
8	
(−
1.
00
;	

0.
47

)
1

0.
05
	(−
0.
05
;	

0.
16
)

0.
06
	(−
0.
04
;	

0.
17

)
1

N
ot

e:
 rP
—
pa
irw
is
e	
ph
en
ot
yp
ic
	c
or
re
la
tio
n,
	rA
—
pa
irw
is
e	
ad
di
tiv
e	
ge
ne
tic
	c
or
re
la
tio
n,
	r	
D
—
pa
irw
is
e	
do
m
in
an
t	g
en
et
ic
	c
or
re
la
tio
n,
	rE
—
pa
irw
is
e	
en
vi
ro
nm
en
ta
l	c
or
re
la
tio
n.

F I G U R E  3 Waterfall	plots	depicting	absolute	contribution	of	
the	additive	genetic	(rA),	dominant	genetic	(rD)	and	nonshared	
environmental	(rE)	correlation	into	the	phenotypic	correlation	(rP)
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Support	and	IBS)	 into	genetic	 (A,	D)	and	environmental	 (E)	factors	
are	 reported	 in	 Table	 S2.	 The	 lowest	 AIC	 values,	 indicating	 best	
model	fit,	were	observed	for	an	AE	model	for	Strain	and	a	DE	model	
for	both	Low	Support	and	IBS.	However,	the	95%	CIs	for	D	estimates	
(data not shown) overlapped substantially with the confidence inter-
vals	for	the	A	estimates,	making	it	difficult	to	differentiate	between	

A	and	D	effects.	Thus,	we	maintained	the	full	ADE	model	for	each	of	
the three measures in the trivariate analysis rather than selecting a 
simplified	AE	model.

3.4  |  Multivariate twin analyses

Standardized	 variances	 and	 covariances	 (with	 95%	CI)	 from	 the	 full	
trivariate Cholesky decomposition model are reported in Table S4. The 
standardized	components	of	variance	for	each	trait	with	95%	CI	(main	
diagonal in Table S4) represent the percentage of the total trait vari-
ance which is attributable to genetic or environmental influences.

Genetic	effects	[additive	(A)	and	nonadditive	(D)]	account	for	30%–
40% of the variance, whereas nonshared environmental influences (E) 
account	for	61%–69%	of	the	total	variance	of	each	measure.	For	IBS,	
we see from the diagonal values in Table S4 that 21% of the variance 
in	risk	to	develop	IBS	is	explained	by	A,	9%	by	D	and	69%	by	E.	The	
total	genetic	variance	 (30%)	represents	the	sum	of	A	and	D	effects.	
Similarly,	for	Strain,	29%	of	the	variance	is	explained	by	A,	9%	by	D,	and	
62%	by	E.	The	corresponding	figures	for	Low	Support	are	as	follows:	
21%,	19%,	and	61%.

Genetic and environmental correlations between the measures 
were calculated based on the results from the Cholesky decompo-
sition	(Table	3).	Genetic	correlations	(rA)	were	close	to	1	for	all	re-
lationships, whereas the nonshared environmental correlation (rE) 
between IBS and social measures was weak and close to zero. The 
nonadditive genetic correlations (rD) between the measures were all 
negative,	and	the	respective	95%	CI's	all	contained	zero.	Due	to	neg-
ative rD, we computed the absolute, and not the relative (percent-
age),	 contribution	of	 rA,	 rD,	and	 rE	 to	 the	phenotypic	correlations	
(Appendix	S1).	Figure	3	shows	that	the	phenotypic	correlations	be-
tween IBS and social measures are largely explained by the genetic 
correlation between these measures. In contrast, the correlation be-
tween	Strain	and	Low	support	is	equally	explained	by	shared	genetic	
and shared environmental factors

3.4.1  |  Covariance structure

Standardized path estimates from the multivariate analysis are pre-
sented in Figure 4 (calculations of variances based on the path esti-
mates	are	explained	in	Appendix	S2).

The Cholesky decomposition model (Figure 4) provides addi-
tional information about the standardized covariance structure and 
the proportion of genetic and environmental variance that is shared 
between	 the	 included	variables	 (for	calculation,	 see	Appendix	S2).	
IBS is ordered last in our Cholesky model so that we can estimate 
the	residual	genetic	(A3,	D3)	and	environmental	effect	(E3)	for	IBS	
after	accounting	for	the	effects	shared	with	Strain	and	Low	Support.	
As	seen	in	Figure	4,	the	paths	A3	and	D3	are	estimated	to	be	zero,	
which suggests that genetic factors that contribute to the variance 
in risk of IBS are almost entirely shared with those that affect vari-
ance	in	Strain	(A1	and	D1)	and	Low	Support	 (A2	and	D2).	 In	other	

F I G U R E  4 Standardized	path	estimates	from	the	trivariate	
Cholesky decomposition. To estimate the residual genetic and 
environmental effects for IBS after accounting for effects that 
covary	with	both	Strain	and	Low	Support,	we	ordered	the	measures	
with	Strain	first,	then	Low	Support,	and	then	IBS.	The	first	latent	
factor	for	each	type	of	influence	(A,	D,	and	E)	loaded	on	all	three	
measures—Strain,	Low	Support	and	IBS;	the	second	latent	factor	
loaded	on	Low	Support	and	IBS;	and	the	third	factor	loaded	only	
on IBS
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words, after sequentially regressing out genetic effects for Strain 
and	Low	support,	there	were	no	residual	(unique)	genetic	effects	on	
IBS	 liability	 (A3	and	D3).	 In	contrast,	most	of	 the	nonshared	envi-
ronmental variance for the liability to develop IBS was not shared 
with the other measures. The results of the variance decomposition 
into genetic and environmental components for all three measures 
are depicted in a pie diagram (Figure 5). For IBS risk, the pie chart is 
further specified to indicate the percent of variance which is shared 
with the social measures and which is unique to IBS risk.

3.5  |  Co-twin control analyses

Figure 2 presents the resulting ORs from the co-twin control anal-
yses and respective sample sizes. The ORs for experiencing high 
strain/low support given a history of IBS; and for IBS given a high 
level of strain/low level of support were significantly greater than 
1 only in unrelated individuals, but not in the discordant MZ and 
DZ pairs. The pattern of ORs observed between IBS and Strain and 
between	IBS	and	Low	Support	does	not	favor	a	causal	explanation.	

Rather, the pattern suggests that shared influences explain the re-
lationships between IBS and social measures, either environmental 
or genetic effects, or a combination of these. Further comparisons 
using	statistical	criteria	(AIC	values)	to	determine	which	model	fit	
the data best indicated that shared (familial) effects best explain 
the	relationships	between	IBS	and	Strain/Low	Support	(Table	S3).	
However, it was difficult to differentiate between shared environ-
mental effects and shared genetic effects, due to low power. The 
power of the analyses including the MZ and DZ twin pairs ranged 
between 17.5% and 27.3%.

4  |  DISCUSSION

The present study explored the nature of the relationships be-
tween IBS, social strain, and low support using the classical twin 
approach	 and	 the	 co-twin	 control	 design	 in	 a	 Norwegian	 twin	
cohort. Our main findings reveal that genetic effects contribute 
modestly to variation in all three measures, and there is consid-
erable overlap between these genetic effects in explaining the 

F I G U R E  5 Variance	decomposition	of	Strain,	Low	Support,	and	IBS	risk	into	genetic	and	environmental	components.	For	IBS	risk,	the	pie	
chart is further specified to indicate the percent of variance which is shared with the social measures and which is unique to IBS risk. For 
Strain	and	Low	Support,	additive	genetic	(A),	nonadditive	(D),	and	nonshared	environmental	(E)	variance	are	shown
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covariation between measures. Furthermore, there was no evi-
dence of independent genetic effects on the liability to develop 
IBS after accounting for genetic variation shared with Strain and 
Low	 Support.	 Finally,	 the	 relationships	 between	 IBS	 and	 Strain	
or	Low	Support	most	 likely	 reflect	 the	effects	of	 shared	 familial	
factors rather than causal mechanisms. Our study was under-
powered to differentiate whether these shared familial effects 
were explained by shared environmental effects or shared genes. 
However, the multivariate analyses provided evidence for a high 
genetic correlation between IBS and the social strain and support 
measures (Table 3) which suggests that that these shared familial 
effects are mainly genetic. To our knowledge, this is the first study 
to explore genetic and environmental determinants underlying the 
associations between IBS and social measures.

4.1  |  IBS prevalence

The IBS group included both the self-reported-IBS and doctor-di-
agnosed IBS because the groups did not differ with regards to their 
scores on social measures (Table S1).

The question for IBS was: “Do you have irritable bowel syn-
drome (diarrhea and/or constipation related to abdominal pain, at 
least once a week)” with two responses: “yes” and/or “yes, diag-
nosed by doctor.” In agreement with several investigations, our data 
reveal that approximately one-third of the self-reported IBS twins 
were doctor-diagnosed23,24 The IBS prevalence of 7.5% in this twin 
cohort was very similar to the prevalence found in the background 
population	(8.4%).25 The prevalence of IBS was twice as high among 
females	(13.3%)	than	among	males	(7.6%)	in	our	twin	cohort	and	is	
consistent with reports from most studies.26,27

4.2  |  Genetic and environmental sources of 
variation for IBS

The classical twin design provides estimates of genetic sources of 
variation without performing analyses of specific gene variants. 
This is possible because MZ twins have identical genotypes; thus, 
they share all genetic effects (rare and common variants) which 
may act in an additive or a nonadditive fashion. In contrast, the 
DZ pairs share, on average, 50% of their segregating genes; thus, 
they are correlated only 0.5 for additive and 0.25 for dominance 
effects. These differences enable us to estimate all the genetic 
variation in the population under study without knowing which 
specific genes are involved or whether those genes act in an addi-
tive or nonadditive manner.

The results from the variance component analyses revealed a 
heritability of 30% for the liability to develop IBS, with 21% due to 
additive	genetic	effects	and	9%	due	to	nonadditive	genetic	effects	
(Table	S4).	We	based	our	analyses	on	the	full	ADE	model,	because	
we lack statistical power to differentiate between the additive and 
dominant genetic effects. IBS is a complex polygenic disorder; the 

additive effects of common genetic variants constitute the bulk 
of the genetic variance of IBS.28–30 Even so, some polymorphisms 
known to influence the risk of developing IBS in a subset of patients 
are rare gene variants with high penetrance.31,32 Further, a family 
study by Fiskerstand et al. demonstrated a pattern of dominant in-
heritance for symptoms of IBS.33

The relative importance of nonadditive (dominant) genetic 
variation in complex traits is not well known. Most often ge-
nome-wide association studies are aimed at identifying single 
nucleotide	 polymorphisms	 (SNP)	 that	 are	 associated	with	 com-
plex	 traits.	 These	 typically	 rely	 on	 additive	models,	 so	 the	 SNP	
data provide narrow sense heritability that does not include ef-
fects due to dominance. However, Zhu et al. estimated dominant 
genetic variation in human complex traits by applying a method 
which	 enabled	 independent	 estimates	 of	 A	 and	 D,	 using	 ge-
nome-wide	SNP	data	of	79	quantitative	traits	 in	6715	unrelated	
European	Americans.34 They found that the average estimate of 
dominant variance across all the traits was approximately one-
fifth of that for the additive variance.

Most of the variation in liability to develop IBS was explained 
by	nonshared	environmental	factors	(69%),	which	is	congruent	with	
findings from earlier twin studies.29,30,35	Although	we	are	unable	to	
model these effects directly in our data, examples of nonshared en-
vironmental factors that might have an impact on either brain- or 
gut-related mechanisms are restricted fetal growth, early traumatic 
events and chronic stressors,28,36,37 and diet, use of antibiotics and 
bacterial gastroenteritis, respectively.38

4.3  |  The relationships between IBS, social 
strain, and support

Our study is based on a population-based sample of twins. We find 
that the prevalence of IBS among the twins in our study reflects that 
in the background singleton population,25 and there is no reason to 
believe that extent to which genetic and environmental influences 
that explain the covariation between the traits we have studied 
would differ between a twin and nontwin population.

The phenotypic correlations reveal that IBS is associated with 
social strain (0.20) and low support (0.17). These findings are con-
gruent with those earlier studies reporting an association between 
IBS and supportive or negative interactions in close relationships. 
Lackner	et	al11,39 demonstrated that social interactions influenced 
global severity of IBS symptoms through the level of stress.

Social relationships have been widely recognized as a protec-
tive factor for physical and mental health.40 Two mechanisms are 
believed to underly the beneficial effect of social support from close 
relationships, the direct positive effect and the buffering effect 
by	 dampening	 the	 activity	 in	 the	 hypothalamus–pituitary–adrenal	
(HPA)	axis,	and	the	release	of	the	stress	hormone	cortisol.41

The present suggests that the associations between IBS and so-
cial measures were explained almost exclusively by common addi-
tive genetic effects (Figure 4).
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Our findings are also consistent with those from candidate gene 
studies showing associations between stress-related gene variants 
and IBS in patients who have experienced stressful life events. 
Examples of such genes, that might partly explain the correlation be-
tween IBS and social stressors, include inflammation-related genes 
and	those	involved	in	regulation	of	the	HPA	axis	and	the	serotoner-
gic and adrenergic signaling system.2,42–44

4.4  |  Genetic variation for the liability to develop 
IBS is shared with social measures

A	novel	 and	 interesting	 finding	of	 the	present	 study	was	 that	ge-
netic influences explaining variation in liability of IBS risk were 
fully shared with genetic effects for variation in social measures 
(Figure 4). The order of the measures in the Cholesky decomposition 
model (Figure 4) permits us to differentiate between genetic effects 
shared between IBS and the social measures and genetic effects 
unique for IBS. Since we did not find unique genetic effects for the 
liability	to	develop	IBS	(A3,	D3)	after	accounting	for	the	shared	ge-
netic effect with social measures, we conclude that genes involved 
in the central stress mechanisms are the main source of the genetic 
variance of IBS risk.

The	bidirectional	communication	along	the	brain–gut	axis	under-
lies the hypothesis that IBS symptoms can arise from two pathways: 
(a) the central pathway mediated through the brain involving pain, 
emotions, cognitions, and psychosocial mechanisms and (b) the pe-
ripheral pathway mediated through the gut, involving interactions 
between the microbiota and the mucosal immune system. This was 
nicely illustrated by Jeffrey et al. in subsets of patients with IBS 
based on gut microbial signatures.45	Although	genetic	and	environ-
mental factors underlying the development of IBS presumably vary 
between these two pathways, the resulting clinical presentation of 
IBS may be quite similar. Our results emphasize the contribution of 
the underlying genetic influences of brain-related mechanisms to the 
genetic variance of IBS risk.

In contrast to the variance of IBS risk explained by genetic influ-
ences, the variance explained by nonshared environmental effects 
was almost exclusively unique for IBS. We do not have specific mea-
sures of nonshared environment, but to the extent that these are 
not shared within pairs, differences in diet, acute gastroenteritis, 
and antibiotic use could be examples of nonshared environmental 
factors that might alter the microbiome and, in interaction with the 
mucosal	immune	system,	trigger	the	HPA	axis	by	peripheral	mech-
anisms of IBS.

4.5  |  Limitations

One limitation of this study is that the support and strain measures 
are non-normally distributed. Skewed distributions in the analyses 
using the nontransformed, continuous measures could affect both 
the	model	fit	statistics	and	could	 lead	to	an	underestimation	of	A	

with	overestimates	of	D	and	E	 in	our	ADE	model.46	Another	 limi-
tation	is	 low	statistical	power	due	to	sample	size.	Although	this	 is	
among the largest twin studies of IBS, we still lack power for robust 
tests to differentiate the importance of specific effects. For exam-
ple,	we	could	not	reliably	resolve	A	from	D	effects	in	the	univariate	
analyses or conclude the role of D in contributing to the covaria-
tion	between	IBS	and	Strain	or	Low	Support.	Therefore,	we	advise	
caution	 in	 interpreting	 estimates	 of	 the	 relative	 importance	 of	 A	
versus D estimated in our models and the role of D in the covariance 
analyses. Further, it was difficult to differentiate between shared 
environmental effects and genetic effects in the co-twin control 
analyses.

5  |  CONCLUSION

Our	results	suggest	that	variation	in	IBS	risk,	Strain,	and	Low	Support	
is partly explained by the same genes, but not by the same nonshared 
environmental	factors.	A	large	proportion	of	the	genetic	effects	for	
Strain	and	Low	Support	were	shared	with	IBS.	A	novel	finding	is	that	
the genetic influences explaining variation in the liability to develop 
IBS were fully shared with genetic effects for variation in the social 
measures. In contrast, nonshared environmental influences affect-
ing the liability to develop IBS were, largely, unique to IBS. These 
findings suggest that genes involved in central stress mechanisms 
in	 the	 brain–gut	 axis	 are	 the	main	 source	 of	 the	 genetic	 variation	
in	 IBS	risk.	Peripheral	 stress	mechanisms	of	 IBS,	 including	 interac-
tions between mucosal immunity and inflammatory responses and 
the	HPA	axis,	might	be	influenced	mainly	by	environmental	factors	
influencing the microbiota, such as diet, antibiotics, and especially 
acute gastroenteritis.

Based on the observed risk pattern in the co-twin control anal-
yses, we conclude that shared familial effects, rather than causal 
mechanisms, best explain the relationship between IBS and social 
strain or low support. By disentangling genetic and environmental 
influences shared by IBS and social measures using twin modeling, 
this study contributes to the understanding of the genetic architec-
ture of IBS.
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