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Abstract: Irritable bowel syndrome (IBS) is a functional bowel disorder that is highly comorbid with
mental disorders. However, few studies have examined the risk of attention-deficit/hyperactivity
disorder (ADHD), autism spectrum disorder (ASD), bipolar disorder, major depressive disorder
(MDD), and schizophrenia in the offspring of parents with IBS. We used nationally representative
cross-sectional survey data to analyze cross-generational transmission patterns of both IBS and
major mental disorders. Odds ratio (OR) was calculated by using logistic regression models with
adjustment for potential confounding factors. Offspring of parents with IBS were more likely to
develop IBS themselves (OR = 2.41, 95% confidence interval (CI), 2.09-2.78), ADHD (OR = 1.33,
95% CI, 1.08-1.62), and MDD (OR = 1.32, 95% CI, 1.04-1.68) than the controls. Data stratification
by parental sex revealed that paternal IBS increased risk of ADHD (OR = 1.34, 95% CI, 1.01-1.77) in
the offspring, while maternal IBS increased the risk of MDD (OR = 1.51, 95% CI, 1.11-2.06). This
is the first study to reveal parental IBS is associated with IBS, ADHD, and MDD among offspring,
suggesting the necessity for early implementation of prevention strategies for at-risk children.

Keywords: irritable bowel syndrome; neurodevelopmental disorders; mental disorders; ge-
netic inheritance

1. Introduction

Irritable bowel syndrome (IBS) is a common and chronic condition of the digestive
system, with a prevalence rate ranging from of 2.4% to 31% [1]. The Rome IV criteria defines
IBS as a condition of recurrent abdominal pain in conjunction with altered bowel habits
including diarrhea, constipation, and mixed symptoms of constipation and diarrhea [2]. In
clinical settings, IBS is the most common functional gastrointestinal disorder accounting
for 25-50% of all referrals to gastroenterologists [3]. Because the spectrum and severity of
the disorder can be debilitating to many patients, IBS leads to high medical costs and a
significant impact on the quality of life [4,5].
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Although the diagnostic criteria for IBS does not include psychological symptoms,
somatization and depression often interplay with the disease course of IBS [6,7]. A growing
body of literature has focused on the bidirectional relationship between IBS and mental
disorders, and one of the most commonly implicated hypotheses is dysfunction of the
gut-brain axis (GBA) which integrates stress responses, the gut microbiome, and immune
regulation [8]. A cohort study with mother-child dyads revealed that repeated gastroen-
teritis during childhood was significantly associated with an increased prevalence of
neurodevelopment disorders at 15.5 years of age, including attention-deficit/hyperactivity
disorder (ADHD) [9]. Another study compared fecal microflora from autistic children and
controls, and suggested that the increasing diversity of the microbiome in autistic children
may be associated with their psychiatric- and IBS-related symptoms [10]. Another study
reported that childhood IBS was an important medical comorbidity which contributed to
the development of adult bipolar disorder [11].

In addition to a high tendency of coaggregation in twins [12] and probands [13],
IBS might be an independent predictor of mental disorders within families [14]. An
observational study suggested that IBS is independently associated with a familial history
of mental disorders and may be linked to a history of alcohol or substance abuse [14].
Several genetic studies have indicated that the pathophysiology and treatment response of
IBS are associated with monoamine transporter gene polymorphisms, such as those for
serotonin [15] and norepinephrine [16], which contribute to the development of several
mental disorders [17].

Although IBS can cause substantial distress and burden to the patients themselves,
the link between parental IBS and the presence of mental disorders in their offspring,
remains to be determined. A few studies have investigated the association between IBS
and mental disorders through cross-generational transmission patterns. Previous study
found repeated episodes of gastroenteritis were associated with emotional and behavioral
difficulties in early life [9]. It also revealed that the episodes of gastroenteritis at childhood
can significantly increase the risk for mental disorders in adolescents [9]. Another study
showed maternal mental illness are strongly connected to the IBS in their children [14].
However, these studies used small sample sizes, had a high attrition rate [14], and the
results were also limited by unvalidated IBS diagnoses [9] and not controlling for the
presence of parental mental disorders [18].

In this study, we used data from the Taiwan National Health Insurance Research
Database (NHIRD), which contains data from the entire Taiwanese population [19-21]. We
examined the association between parental IBS and the risk of developing major mental
disorders in their offspring. First, we investigate the co-occurrence of IBS and parental
major mental disorders. Then, we further hypothesized that children born to parents
with IBS were more likely to develop major mental disorders during the follow-up period,
compared to children born to parents without IBS.

2. Materials and Methods
2.1. Data Source

The Taiwan NHIRD is audited and authorized by the National Health Research
Institute for scientific and study purposes. The information of subjects included in the
NHIRD are anonymized to maintain individual privacy. Comprehensive information on
insured subjects in the NHIRD include their demographic data, dates of clinical visits,
and disease diagnoses. Using a unique personal identification number assigned to each
resident in Taiwan, all of the information is linked together.

The recorded family kinships listed in the NHIRD were validated and used for ge-
nealogical reconstruction [22,23]. The diagnostic codes used were based on the International
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). In Taiwan, sev-
eral epidemiological studies assessing disease prevalence and population trends have used
the information collected in the NHIRD [22-25]. The Taipei Veterans General Hospital
Institutional Review Board approved this study (2018-07-016AC).
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2.2. Inclusion Criteria of Parents with IBS and Their Offspring

Two types of parent—child cohorts (an IBS parent-child cohort and a non-IBS-parent-
child cohort) were enrolled in our study to investigate the association between parental IBS
and offspring risk of developing major mental disorders. Fathers or mothers, who were
diagnosed with IBS (ICD-9-CM code: 564.1) by a board-certified gastroenterologists or
colorectal specialists, at least twice, and had raised any biological child (son or daughter),
were identified as an IBS parent-child cohort. A 1:4 case-control matched analysis was
conducted based on age, sex, and familial relationship. For example, a 40-year-old mother
with IBS who had an 8-year-old daughter was matched with four 40-year-old mothers
without IBS who had an 8-year-old daughter.

2.3. Disease Classification and Assessment of Covariates

The major mental disorders identified were schizophrenia (ICD-9-CM code: 295),
bipolar disorder (ICD-9-CM codes: 296, except for 296.2, 296.3, 296.9, and 296.82), major
depressive disorder (MDD; ICD-9-CM codes: 296.2 and 296.3), autism spectrum disorder
(ASD; ICD-9-CM code: 299), and ADHD (ICD-9-CM code: 314). These disorders were
diagnosed at least twice by board-certified psychiatrists, based on their clinical judgment
and diagnostic interviews. The assessed covariates included the mental disorders the
parents were diagnosed with, the Charlson Comorbidity Index, the place of residence
(classified into five categories according to the level of urbanization), and monthly income.

2.4. Statistical Methods

Chi-square statistics and F-tests were used to compare categorical and continuous
variables, respectively, between IBS-parent-child and non-IBS-parent-child cohorts. Two
logistic regression models were performed to correlate the occurrence of parental IBS and
the offspring risk of developing major mental disorders. Model 1 was adjusted for the
demographic data, including the ages of parents and children, sex of the parents and
children, residence level of urbanization, and income. Model 2 was further adjusted for
the incidence of parental mental disorders, including schizophrenia, bipolar disorder, and
MDD. Due to the rare incidence, we did not adjust for parental ADHD (n = 14, 0.03%)
or ASD (n =2, 0.005%) in the regression model. Sub-analyses stratified by paternal or
maternal data were also performed. In addition, a logistic regression model adjusted
for demographic data and the presence of parental mental disorders was further used to
examine how parental IBS influenced the risk of offspring having IBS. A 2-tailed p-value of
less than 0.05 was considered statistically significant. All data processing and statistical
analyses were performed with Statistical Package for Social Science (SPSS) version 17
software (SPSS Inc., IBM, Armonk, NY, USA) and Statistical Analysis Software (SAS)
version 9.1 (SAS Institute, Cary, NC, USA).

3. Results

The parents with IBS were more likely to have mental disorders than the non-IBS-
parents in the control cohort, which included schizophrenia (0.6% vs. 0.4%, p = 0.004),
bipolar disorder (0.9% vs. 0.4%, p < 0.001), and MDD (4.3% vs. 1.4%, p < 0.001). The children
born to IBS parents were more likely to have ADHD (1.6% vs. 1.2%, p = 0.003) and MDD
(1.1% vs. 0.8%, p = 0.006) than the children born to parents without IBS. We included 8377
IBS parent-child cohorts and 33,508 age-, sex-, and kinship-matched non-IBS-parent-child
cohorts. The other demographic data, including age, sex, place of residence, and income
status are listed in Table 1 and were adjusted for in model 1 and model 2.
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Table 1. Demographic data and prevalence of mental disorders among the offspring of parents with or without IBS.

Parents with IBS and Their

Parents without IBS and Their

Demographic Characteristics Children (1 = 8377) Children (z = 33,508) P
Age of parents (years, SD) 56.92 (11.62) 56.91 (11.63) 0.931
Sex of parents (1, %) 1.000
Male (father) 4108 (49.0) 16,432 (18.0)
Female (mother) 4269 (51.0) 17,076 (51.0)
Age of children (years, SD) 28.58 (11.92) 28.59 (11.91) 0.942
Sex of children (1, %) 0.883
Male (son) 4560 (54.4) 18,208 (54.3)
Female (daughter) 3817 (45.6) 15,300 (45.7)
Mental disorders of parents (1, %)
Schizophrenia 52 (0.6) 129 (0.4) 0.004
Bipolar disorder 72 (0.9) 123 (0.4) <0.001
Major depressive disorder 360 (4.3) 468 (1.4) <0.001
IBS of children (1, %) 312 (3.7) 536 (1.6) <0.001
Mental disorders of children (n, %)
ADHD 134 (1.6) 397 (1.2) 0.003
ASD 19 (0.2) 62 (0.2) 0.412
Schizophrenia 54 (0.6) 207 (0.6) 0.762
Bipolar disorder 32(0.4) 105 (0.3) 0.337
Major depressive disorder 94 (1.1) 270 (0.8) 0.006
Level of urbanization (1, %) 1.000
1 (most urbanized) 1876 (22.4) 7504 (22.4)
2 3012 (36.0) 12,048 (36.0)
3 1022 (12.2) 4088 (12.2)
4 826 (9.9) 3304 (9.9)
5 (most rural) 1641 (19.6) 6564 (19.6)
Income-related insured amount 1.000
<15,840 NTD/month 3288 (39.3) 13,152 (39.3)
15,841~25,000 NTD/month 2381 (28.4) 9524 (28.4)
>25,001 NTD/month 2708 (32.3) 10,832 (32.3)

ADHD attention deficit hyperactivity disorder; ASD autism spectrum disorder; IBS irritable bowel syn-drome; SD standard deviation; Bold

type indicates the statistical significance.

We next examined the risk of developing major mental disorders associated with parental
history of IBS (Table 2). In model 1, with adjustment for the demographic data, parental
IBS was associated with an increased risk of developing ADHD (odds ratio (OR) = 1.37, 95%
confidence interval (CI) = 1.12-1.67) and MDD (OR = 1.40, 95% CI = 1.11-1.77), in the children.
The associations remained statistically significant in model 2, which was further adjusted for
the presence of parental mental disorders. The ORs were 1.33 (95% C I =1.08-1.62) for ADHD
and 1.32 (95% CI = 1.04-1.68) for MDD. We did not find any association between parental
IBS with other mental disorders, including ASD, bipolar disorder, and schizophrenia. For
IBS, parental history of IBS was associated with a two-fold higher risk in their offspring after
adjusting for demographic data and the occurrence of parental mental disorders (OR =2.41 in
model 1; OR = 2.38 in model 2).

Lastly, we examined the effect of parental sex which might differentially contribute to
disease risk (Table 3). After stratification by parental sex, children born to fathers with IBS
were more likely to develop ADHD compared with controls (OR = 1.34, 95% CI = 1.01-1.77),
while this risk was not present in children born to mothers with IBS compared with controls
(OR =1.31,95% CI = 0.98-1.76). On the contrary, children born to mothers with IBS were
more likely to develop MDD compared with controls (OR = 1.51, 95% CI = 1.11-2.06), while
children born to fathers with IBS were not at higher risk compared with controls (OR = 1.09,
95% CI = 0.74-1.60). We did not observe an effect of parental sex on the risk of developing



Int. J. Environ. Res. Public Health 2021, 18, 4679 50f9

IBS. Both paternal and maternal IBS were significantly associated with an approximately
two-fold higher risks of IBS occurring in their offspring compared with controls (OR =2.15
for paternal IBS and 2.57 for maternal IBS).

Table 2. Logistic regression model of parental IBS and mental disorders of their children.

Mental Disorders of Children (OR, 95% CI) IBS of
Variables . . Bipolar Children
ADHD ASD Schizophrenia Disorder MDD (OR, 95% CI)
Model 1
Parental IBS
Presence 1.37 (1.12-1.67)  1.22(0.73-2.04)  1.04(0.77-1.41)  1.22(0.82-1.82)  1.40 (1.11-1.77)  2.41 (2.09-2.78)
Absence 1 (ref.) 1 (ref) 1 (ref.) 1 (ref) 1 (ref.) 1 (ref)
Model 2
Parental IBS
Presence 1.33 (1.08-1.62)  1.20(0.71-2.01)  1.02(0.75-1.38)  1.10(0.74-1.65)  1.32(1.04-1.68)  2.38 (2.06-2.75)
Absence 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)

Model 1: adjusted for demographic data. Model 2: adjusted for demographic data and parental mental disorders. ADHD attention deficit
hyperactivity disorder; ASD autism spectrum disorder; CI confidence interval; IBS irritable bowel syndrome; MDD major depressive
disorder; OR odds ratio; SD standard deviation. Bold type indicates the statistical significance.

Table 3. Logistic regression model of parental IBS and mental disorders of their children, stratified by parental sex*.

Mental Disorders of Children (OR, 95% CI) IBS of
Variables . ) Bipolar Children
ADHD ASD Schlzophrenla Disorder MDD (OR, 95% CI)
Paternal IBS
Presence 1.34 (1.01-1.77)  0.89 (0.41-1.92)  0.82 (0.50-1.36)  1.07 (0.58-1.92)  1.09 (0.74-1.60)  2.15 (1.72-2.69)
Absence 1 (ref.) 1 (ref) 1 (ref.) 1 (ref) 1 (ref.) 1 (ref)
Maternal IBS
Presence 1.31(0.98-1.76)  1.59(0.78-3.26)  1.18 (0.80-1.73)  1.11 (0.65-1.91)  1.51 (1.11-2.06)  2.57 (2.13-3.11)
Absence 1 (ref.) 1 (ref) 1 (ref.) 1 (ref) 1 (ref.) 1 (ref)

Model 1: adjusted for demographic data. Model 2: adjusted for demographic data and parental mental disorders. ADHD attention deficit
hyperactivity disorder; ASD autism spectrum disorder; CI confidence interval; IBS irritable bowel syndrome; MDD major depressive
disorder; OR odds ratio; SD standard deviation. Bold type indicates the statistical significance.

4. Discussion

Previous studies have found a bidirectional relationship between IBS and mental dis-
orders [9,14,18], while our study is the first one to examine this relationship in the context
of a cross-generational transmission pattern. We compared IBS-parent-child cohorts with
non-IBS-parent-child control cohorts and found that parental IBS was significantly associated
with higher risks in the offspring for developing IBS and major mental disorders. After
adjusting for the occurrence of parental major mental disorders and other demographic data,
the risk was increased for ADHD, MDD, and IBS in the offspring of parents with IBS versus
in those of parents without IBS. Additionally, the cross-generational transmission pattern was
different for fathers and mothers with IBS. We found that paternal IBS was associated with
a risk of having ADHD, while maternal IBS was associated with the risk of having MDD.
However, both fathers and mothers with IBS seemed to contribute similarly to the risk of
developing IBS in the offspring. In summary, we suggest that IBS is an independent risk
factor for the development of both IBS and major mental disorders in the offspring.

Consistent with the literature, our findings support the hypothesis that parental history
of IBS is associated with both gastrointestinal symptoms and psychological symptoms in
their offspring [26,27]. A previous study conducted on twins, indicated that having parents
with IBS is a stronger predictor than having a twin with IBS, implying that parental IBS
could be a significant environmental factor precipitating the development of IBS [12]. This
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study also implicated parental history of IBS as a vulnerability factor for the development
of stress-related disorders. Importantly, patients with IBS who experience early life stress,
tend to have higher cortisol levels than healthy controls after a visceral stressor [28]. Among
patients with IBS, those having a faster stress response and a slower recovery of stimulated
cortisol displayed more IBS symptoms and overall poor quality of life [28]. In animal
research, perinatal stress exposure facilitated the development of stress-induced visceral
hypersensitivity, increased HPA response, and anxiety behavior in adult rats [29,30]. There
is also a growing body of evidence suggesting a similar pattern of heart rate variability,
sympathetic activation, and parasympathetic inhibition for patients with IBS, MDD, and
ADHD [31-35]. These findings support the hypothesis that parental IBS plays an important
role in developing major mental disorders and mediating life-long stress responses through
the GBA. Therefore, children with a history of parental IBS may face either IBS-related
physical discomfort or psychological distress from their parents, starting at an early age.
These daily challenges might elicit HPA hyperactivity and autonomic dysregulation which
are associated with the pathophysiology of these major mental disorders [31,32,36,37].

Previous family [13,14] and twin studies [12,18,38] have reported familial aggregation of
IBS. Our study observed co-aggregation of IBS and major mental disorders in patients with a
history of parental IBS; we suggest that a genetic predisposition may explain such relationships.
Serotonin plays a critical role in controlling gastrointestinal motility and evidence suggests
that disturbances in serotonin synthesis and metabolism contribute to the pathophysiology
of bowel function in IBS [39]. A variety of psychiatric symptoms have been linked to a
reduction of serotonin neurotransmission, including inattention, hyperactivity, and depression.
Importantly, genetic studies have indicated a common single-nucleotide polymorphism in the
promoter for synthesis of the serotonin transporter in depressive disorder and the diarrhea
subtype of IBS [39,40]. Studies in patients with IBS also revealed an association between
quality of life/psychological distress and polymorphisms of tryptophan hydroxylase (TPH),
a rate-limiting enzyme in the biosynthesis of serotonin [41]. A nucleotide polymorphism of
TPH has also been implicated in ADHD [42] and MDD [43]. Notably, a study by Sheehan
et al. found an association between TPH polymorphism and ADHD, and this association was
enhanced after data stratification by parental sex (OR = 3.7) [42], which is consistent with our
finding of prominent paternal transmission in ADHD. In brief, the aforementioned findings
support the hypothesis that family co-aggregation of IBS and MDD may be associated with
several shared genetic factors.

A previous study using small sample sizes has suggested that there exists a relation-
ship between IBS and mental disorders [9]. Using a nationwide population-based study
design, this study found that parental IBS was a significant predictor of the diagnoses of
ADHD and MDD in their offspring. Interestingly, a co-twin control study examined the
genetic association and co-occurrence of MDD and IBS [38]. The findings from this study
suggest that there is a higher risk for developing MDD, among IBS discordant monozygotic
twins compared to control twins (OR = 3.17), implying that there is a common causal
pathway between IBS and MDD [38]. Another study described a trend in depressive
disorder (OR = 1.9) among twins with IBS compared to those without IBS [18]. These
studies also suggested an interplay between familial and environmental factors in the
pathophysiology mediating the co-occurrence of MDD and IBS [18]. A longitudinal cohort
study examined the risk of behavioral difficulties after exposure to gastroenteritis in early
childhood (between 30 and 36 months of age), and the authors also found that repeated
gastroenteritis was significantly associated with hyperactivity/inattention symptoms and
a later diagnosis of ADHD in adolescence (OR = 1.08) [9].

The generalizability of our results is subject to certain limitations. First, the prevalence
rate of IBS in the current study was significantly lower than the rates found in Western
countries [1]. An underestimation may be considered because only patients with IBS who
suffered from severe symptoms might seek medical consultation and be included in the
database. However, the prevalence of IBS might be higher when symptoms are obtained by
questionnaires and patient interviews [1]. The diagnosis of IBS in our study was confirmed by
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board-certified gastroenterologists or colorectal specialists, at least twice, potentially yielding
a more reliable diagnosis than a questionnaire-based diagnosis. Second, the current study did
not evaluate the sub-type of IBS. Since a specific diagnostic code for diarrhea- or constipation-
predominant IBS is not available in the ICD-9-code system, we were unable to examine these
subtypes. Third, our study only focused on the influence of parental IBS on ADHD, ASD,
bipolar disorder, schizophrenia, and MDD. Whether parental IBS may be a risk factor for
other psychiatric disorders, such as anxiety spectrum disorders, requires further investigation.
Fourth, though our results suggest that parental history of IBS is an important factor in
offspring risk of major mental disorders, the causal association between these disorders
remains to be determined. Fifth, the heritability of paternally transmitted vs. maternally
transmitted risks of IBD and mental disorders might have been confounded by non-paternity.
However, the data of non-paternity in Taiwan is not available. According to the previous
studies, the estimate of non-paternity rate in Switzerland and German are approximately
0.64% and 1%, respectively [44]. Therefore, the confounding effect of non-paternity might be
relatively small. Additionally, the bidirectional relationship between the digestive system and
the brain were not directly examined in the current study.

5. Conclusions

In conclusion, children and adolescents with a history of parental IBS may be at a higher
risk of developing IBS, ADHD, and MDD, and such associations seem to differ in relation
to fathers and mothers. Previous studies have suggested the co-aggregation of IBS within
families [13,14], our findings further support the prevalence of IBS and major mental disorders
through both genetic and familial environment influences. Our findings not only indicate
an increased risk of IBS, ADHD, and MDD in the offspring of parents with IBS but also that
paternal IBS increased the risk of ADHD while maternal IBS increased the risk of MDD.

Furthermore, we found that this association remained significant after adjusting
parental mental disorders, which suggests early recognition of psychosocial stressors in
offspring of parents with IBS may be an essential prevention strategy for lowering their
risk of IBS and mental disorders. Further research should be carried out to delineate the
biopsychosocial model which triggers IBS and mental disorders among this particularly
vulnerable population. This is the first study to reveal parental IBS is associated with a
higher risk of IBS, ADHD, and MDD among offspring, suggesting the necessity for early
implementation of prevention strategies for at-risk children.
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