
ORIGINAL ARTICLE - GASTROENTEROLOGY (CLINICAL)

Bidirectional association between inflammatory bowel disease
and depression among patients and their unaffected siblings
Bing Zhang,*1 Ho-Hui Eileen Wang,†1 Ya-Mei Bai,‡,§,¶ Shih-Jen Tsai,‡,§,¶ Tung-Ping Su,‡,§,¶,**
Tzeng-Ji Chen,††,‡‡ Yen-Po Wang¶,§§,¶¶ and Mu-Hong Chen‡,§,¶

*Department of Medicine, Division of Gastrointestinal and Liver Disease, Keck School of Medicine, University of Southern California, Los Angeles,
†Department of Psychiatry, Division of Child and Adolescent Psychiatry, University of California San Francisco, San Francisco, California, USA; ‡Department
of Psychiatry, ††Department of Family Medicine, §§Division of Gastroenterology, Taipei Veterans General Hospital, §Division of Psychiatry, School of
Medicine, ¶Institute of Brain Science, ‡‡Institute of Hospital and Health Care Administration, ¶¶Division of Gastroenterology, School of Medicine, National
Yang-Ming University, and **Department of Psychiatry, General Cheng Hsin Hospital, Taipei, Taiwan

Key words
Crohn’s disease, depression, gut–brain axis,
IBD, ulcerative colitis.

Accepted for publication 29 March 2022.

Correspondence
Dr Mu-Hong Chen, Department of Psychiatry,
Taipei Veterans General Hospital, No. 201,
Shih-Pai Road. Sec. 2, 11217 Taipei, Taiwan.
Email: kremer7119@gmail.com

Dr Yen-Po Wang, Division of Gastroenterology,
Taipei Veterans General Hospital, No. 201,
Shih-Pai Road, Sec. 2, 11217 Taipei, Taiwan.
Email: ulnafu@gmail.com

Dr Bing Zhang, Department of Medicine,
Division of Gastrointestinal and Liver Disease,
Keck School of Medicine, University of
Southern California, Los Angeles, California,
USA.
Email: bing.zhang@med.usc.edu

Declaration of conflict of interest: The authors
declare that they have no conflict of interest.
Ethics approval: This study was approved by
the Institutional Review Board of the Taipei

Abstract
Background and Aim: Approximately 30% of inflammatory bowel disease (IBD) patients
develop depression. Conversely, several studies reported increased IBD risk among pa-
tients with depression. Such bidirectional relationship has not been reported within one rep-
resentative cohort, nor investigated among patients’ family members. These associations
may further implicate the gut–brain axis in IBD.
Methods: We conducted parallel retrospective cohort analyses to investigate depression
risk among IBD patients and their unaffected siblings, and IBD risk among patients with
depression and their unaffected siblings using the Taiwanese National Health Insurance Re-
search Database. Individuals were followed up to 11 years for new-onset depression or
IBD. Controls were matched to unaffected siblings based on predefined characteristics.
Results: To investigate depression risk among IBD - 422 IBD patients, 537 unaffected sib-
lings, and 2148 controls were enrolled. During follow-up, 78 (18.5%) IBD patients, 26
(4.8%) unaffected siblings, and 54 (2.5%) controls developed depression. Adjusted odds
ratios (ORs) for depression among IBD patients and unaffected siblings were 9.43 (95%
CI 6.43–13.81; P < 0.001) and 1.82 (95% CI 1.14–2.91; P = 0.013), respectively. To in-
vestigate IBD risk among depression - 25 552 patients with depression, 26 147 unaffected
siblings, and 104 588 controls were enrolled. During follow-up, 18 (0.70/1000) depression
patients, 25 (0.96/1000) unaffected siblings, and 58 (0.55/1000) controls developed IBD.
ORs for IBD among depression patients and unaffected siblings were 1.87 (95% CI
1.07–3.26; P = 0.028) and 1.69 (95% CI 1.05–2.69; P = 0.029), respectively.
Conclusions: This population-based study elucidates bidirectional association between
IBD and depression. Elevated risks for either disease among patients and their unaffected
siblings suggest shared etiologic contributors, offering novel insight into the gut–brain
axis’ influence in IBD pathophysiology.
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Introduction
Patients with inflammatory bowel disease (IBD), a chronic
relapsing–remitting inflammatory condition postulated to develop

from dysregulated immune response to intestinal microbiome in a
genetically susceptible individual, have increased risks for psychi-
atric disorders including depression and anxiety, Parkinson’s dis-
ease, and dementia.1–4 Neuropsychiatric involvement in Crohn’s
disease (CD) and ulcerative colitis (UC), two predominant types
of IBD, likely reflect factors including symptom burden, chronic
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inflammation, and gut dysbiosis associated with these enteric dis-
eases. This relationship may partially reflect the “gut–brain axis,”
which describes the bidirectional influence between the gastroin-
testinal and central nervous systems in health and disease.5,6

Factors contributing to this intimate connection include shared ge-
netic underpinnings between gastrointestinal and neurologic and
psychiatric disorders, gut microbiome–metabolome composition
and neuronal signaling via the autonomous nervous system, and
cerebral and systemic inflammatory burden.7–9

Among psychiatric disorders associated with IBD, the associa-
tion with depression is most established.10 Nearly 30% of IBD pa-
tients meet criteria for lifetime depression, and up to 60%
experience depressive symptoms.11 Poorly controlled depression
among IBD patients is linked to increased treatment noncompli-
ance and worse disease outcomes including higher relapse rates,
more hospitalizations, and increased likelihood of surgery.12–14

Conversely, patients with depression have greater risk of develop-
ing IBD, and the use of select antidepressants may protect against
the development of CD and UC.15,16 Taken together, these find-
ings suggest an underlying bidirectional relationship, which previ-
ous longitudinal study could not observe.17

Familial studies elucidated higher IBD risk among blood
relatives of UC or CD patients.18–20 Similarly, genetic and
environmental factors contribute to familial aggregation of
depression.21,22 Given the comorbidity and bidirectional clinical
influence between IBD and depression, it is plausible that the
two diseases share aspects of underlying pathogenesis contributing
to their development. Investigating the familial aggregation of
these diseases may heighten diagnostic vigilance, improve clinical
management, and contribute to etiologic research.
While previous studies demonstrated unidirectional associations

between IBD and depression and vice versa, none have satisfacto-
rily evaluated the bidirectional relationship between the two dis-
eases within the same representative cohort.15,16 Furthermore,
efforts to examine the association between IBD and depression
among the unaffected siblings of either disease, which provides
additional evidence for the linkage between these two diseases,
have not been attempted. The current study constructs two parallel
retrospective cohorts within one population-based health-care da-
tabase to investigate the bidirectional association between IBD
and depression among patients with either disease and their unaf-
fected siblings.

Materials and methods

Data source. The Taiwan National Health Insurance (NHI)
program was established in 1995 and provides compulsory medi-
cal coverage to approximately 99.6% of the 23 million Taiwanese
residents at the end of 2010. The NHI Research Database
(NHIRD), curated by the NHI administration for research pur-
poses, contains comprehensive information on all insured individ-
uals including demographics (sex, birthdate, residential location,
and income status) and claims data (medical diagnoses, outpatient
and hospitalization visits, prescriptions, procedures and surgeries).
The NHIRD has been widely used for epidemiologic
research.23–27 To protect privacy, each beneficiary is assigned a
unique identifier upon NHI enrollment, allowing researchers to
link their entire medical record. All data underlying this article

were provided by the NHIRD and are available upon request and
approval by the organization.
Following previously described methods of genealogy recon-

struction using familial relationships recorded in the NHIRD, kin-
ship was established from birth certificates and insurance
dependency, and employment status.23,25–27 Diagnoses were
coded using the International Classification of Diseases, Ninth Re-
vision, Clinical Modification (ICD-9-CM). This study was ap-
proved by the Institutional Review Board of the Taipei Veterans
General Hospital (2018-07-016AC).

Study population, exposure, and outcome

Risk of depression. Parallel retrospective cohorts were em-
ployed to investigate the longitudinal association between IBD
and depression. Subjects born before 2000 were included. In Anal-
ysis 1, we included subjects with IBD and their siblings without a
diagnosis of IBD (unaffected siblings). The primary outcome was
new-onset depression among IBD patients and their unaffected
siblings. The diagnosis of IBD was identified by the ICD-9-CM
codes 555 and 556, and depression was captured by the ICD-9-
CM codes 296.2, 296.3, and 300.4. Each respective diagnosis
was made at least twice by board-certified gastroenterologists, co-
lorectal surgeons, or psychiatrists; the date of the first diagnosis
was recorded as initiation of the condition. In Taiwan, psychiatrists
are responsible for the longitudinal management of depression. To
identify the incidence of depression following IBD development,
subjects with depression diagnosed prior were excluded. Both sub-
jects and matched controls were followed from January 1, 2001
until a diagnosis of depression, death, or study termination on De-
cember 31, 2011.

Risk of inflammatory bowel disease. In Analysis 2, we in-
cluded subjects with depression and their unaffected siblings.
Similar to Analysis 1, we excluded subjects with the diagnosis of
IBD prior to the development of depression. The cohort and
its matched controls were followed from January 1, 2001 to
December 31, 2011 until a diagnosis of IBD is made or death.

Matched controls. Each unaffected sibling of the patient with
either IBD or depression was matched to four controls randomly
selected from the NHIRD based on the premises of age (±1 year),
sex, enrollment time, monthly income (≤15 840 NTD (New
Taiwanese Dollars) or 528 USD (United States Dollars),
15 841–25 000 NTD or 528–833 USD, and ≥25 000 NTD or
≥833 USD), and residence urbanization level (proxy for
health-care availability; levels 1–5, most to least urbanized).28

Monthly income and residence location were used to represent so-
cioeconomic status. Charlson comorbidity index (CCI) was used
for comorbidity adjustment and clinical prognosis.

Statistical analysis. For between-group comparisons, F-test
was applied to continuous variables, and Pearson test was used for
categorical variables. Standardized mean differences were used to
compare baseline characteristics between the study groups. Given
equal follow-up duration between subjects in each matched set,
logistic regression was performed to calculate the odds ratio
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(OR) and 95% confidence interval (CI) of IBD/depression be-
tween patients and their unaffected siblings. Adjusted ORs were
computed after controlling for potential confounders including
age, sex, income, residence urbanization status, and CCI. Statisti-
cal significance was set to two-sided P value< 0.05. Data process-
ing and computation were performed with SAS (Version 9.1, SAS
Institute, Cary, NC, USA) and SPSS (Version 17, SPSS Inc.,
Chicago, IL, USA).

Results

Risk of depression. Analysis 1 included 422 patients with
IBD, 537 unaffected siblings, and 2148 matched controls (Table 1).
The all-cause clinical visits per year, surgery, IBD-related hospital-
izations, and disease severity as defined previously were also
included.4 No significant differences were observed between the

IBD patients versus their unaffected siblings and controls for sex,
income level, and residence urbanization level. During follow-up,
depression developed in 18.5% of IBD patients (n = 78) and 4.8%
of their unaffected siblings (n = 26), compared with 2.5% of
controls (n = 54). The rates of developing depression were
statistically different among the three groups. After adjustments
for potential confounders (age, sex, income level, residence
urbanization level, and CCI), the ORs for depression among
IBD patients and their unaffected siblings were 9.43 (95% CI
6.43–13.81; P < 0.001) and 1.82 (95% CI 1.14–2.91;
P = 0.013), respectively, compared with controls (Table 2).
Kaplan–Meier survival curve with log-rank test showed that pa-
tients with IBD and their unaffected siblings had significantly
higher risk of developing depression during follow-up (Fig. 1).
Subanalyses to explore the influence of sex on depression were

performed (Table 2). Among male probands with IBD, there was
increased risk for depression (14.43, 95% CI 8.16–25.51;

Table 1 Demographic data of probands with IBD, unaffected siblings, and controls

IBD probands, (A)
n = 422

Unaffected siblings (B),
n = 537

Controls (C),
n = 2148

Pvalue Post-hoc

Age (years, SD) 26.98 9.47 21.12 9.97 21.11 9.97 < 0.001 A > B ~ C
Sex, n (%) 0.051

Male 186 44.1 271 50.5 10 634 50.5
Female 236 55.9 266 49.5 1084 49.5

IBD diagnosis (n, %)
UC 175
CD 247

Unaffected siblings (n, %)
Of UC probands 201 37.4
Of CD probands 336 62.6

IBD status (n, %)
Mild 338 80.1
Moderate–severe 78 18.5
Surgery 6 1.4
IBD-related hospitalization 42 10.0

Income (n, %) 0.556
≤ 15 840 NTD/month 160 37.9 181 33.7 724 33.7
15 841 ~ 25 000 NTD/month 121 28.7 169 31.5 676 31.5
≥ 25 001 NTD/month 141 33.4 187 34.8 748 34.8

Residence (n, %) 0.980
1 (urbanized) 113 26.8 155 28.9 620 28.9
2 135 32.0 178 33.1 712 33.1
3 75 17.8 87 16.2 348 16.2
4 31 7.3 40 7.4 160 7.4
5 (rural) 68 16.1 77 14.3 308 14.3

Charlson comorbidity index 1.33 1.36 0.77 1.03 0.65 1.05 < 0.001 A > B > C
Medical comorbidities (n, %)

Hypertension 25 5.9 24 4.5 83 3.9 0.153
Dyslipidemia 28 6.6 19 3.5 71 3.3 0.004 A > B ~ C
Type 2 diabetes 6 1.4 8 1.5 45 2.1 0.486
Obesity 12 2.8 16 3.0 23 1.1 0.001 A ~ B > C
Smoking 18 4.3 12 2.2 40 1.9 0.010 A > B ~ C

Depressive disorder (n, %) 78 18.5 26 4.8 54 2.5 < 0.001 A > B > C
Age at diagnosis (SD) 27.63 7.16 26.99 9.51 29.83 10.08 0.256

All-cause clinical visits per year (SD) 11.30 9.47 6.17 5.65 5.09 4.73 < 0.001 A > B > C

CD: Crohn’s disease; IBD, inflammatory bowel disease; NTD, New Taiwan Dollar; SD, standard deviation; UC: ulcerative colitis.
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P < 0.001). This increased risk was not seen among the unaffected
siblings. Among female probands, there was increased risk for de-
pression (6.92, 95% CI 4.08–11.74; P < 0.001). Female unaf-
fected siblings also demonstrated increased risk for depression
(1.87, 95% CI 1.02–3.40; P = 0.042).
Additional subanalyses to explore the influence of sibling age

on depression risk were performed (Table 2). Among older pro-
bands with IBD, there was elevated risk for depression (9.92,
95% CI 6.14–14.05; P < 0.001). Among younger probands with
IBD, there was also elevated risk for depression (9.03, 95% CI
5.83–13.97; P < 0.001). Among younger unaffected siblings,
there was no increased risk for depression; among older unaffected
siblings, there was increased risk for depression (2.10, 95% CI
1.16–3.86; P = 0.015).
To evaluate the risk of depression among probands with CD or

UC and their unaffected siblings, another group of subanalyses
was performed (Table 3). Higher depression risks were found
among both CD and UC probands. Unaffected siblings of CD pro-
bands had higher risk for depression; this was not statistically sig-
nificant among unaffected siblings of UC probands, which may
reflect inadequate power.

Risk of inflammatory bowel disease. Analysis 2 in-
cluded 25 552 patients with depression, 26 147 unaffected siblings,
and 104 588 matched controls (Table 4). These patients were more
likely to be older than their unaffected siblings, female, made lower
income, and had higher CCI. During follow-up, 18 depression pa-
tients developed IBD (n = 0.70 per 1000), compared with 25

unaffected siblings (n = 0.96 per 1000) and 58 controls (n = 0.55
per 1000). After adjustments for potential confounders, the ORs
for IBD among depression patients and their unaffected siblings
were 1.87 (95% CI 1.07–3.26; P = 0.028) and 1.69 (95% CI
1.05–2.69; P = 0.029), respectively, compared with controls
(Table 2). Kaplan–Meier survival curve with log-rank test showed
that patients with depression and their unaffected siblings had sig-
nificantly higher risk of developing IBD during follow-up (Fig. 2).
Subanalyses to explore the influence of sex on IBD risk were

performed (Table 2). Among male probands with depression, there
was increased risk for IBD (2.17, 95% CI 1.07–4.38; P = 0.032).
This increased risk was not seen among the unaffected siblings.
Among female probands, there was no increased risk for IBD.
However, female unaffected siblings demonstrated increased risk
for IBD (2.17, 95% CI 1.00–4.70; P = 0.050).
Additional subanalyses to explore the influence of sibling age

on IBD risk were performed (Table 2). Among older probands
with depression, there was no increased risk for IBD. Among
younger probands with depression, there was increased risk for
IBD (3.17, 95% CI 1.75–5.75; P < 0.001). Among younger unaf-
fected siblings, there was increased risk for IBD (2.02, 95% CI
1.16–3.53; P = 0.013). Among older unaffected siblings, there
was no increased risk for IBD.

Discussion
In this population-based study, we performed parallel retrospective
cohort analyses to validate the association between IBD and

Table 2 Multivariable analysis for risk of major depressive disorder and IBD among probands and unaffected siblings

Risk of depression Risk of IBD

Adjusted HR† (95% CI) P Adjusted HR† (95% CI) P

Probands and their siblings
Unaffected siblings vs. control 1.82 1.14–2.91 0.013 1.69 1.05–2.69 0.029
Probands vs. control 9.43 6.43–13.81 < 0.001 1.87 1.07–3.26 0.028

Male sample
Unaffected siblings vs. control 1.67 0.77–3.63 0.199 1.47 0.81–2.66 0.206
Probands vs. control 14.43 8.16–25.51 < 0.001 2.17 1.07–4.38 0.032

Female sample
Unaffected siblings vs. control 1.87 1.02–3.40 0.042 2.17 1.00–4.70 0.050
Probands vs. control 6.92 4.08–11.74 < 0.001 1.61 0.65–3.97 0.306

Probands and younger siblings
Unaffected siblings vs. control 1.58 0.84–2.97 0.156 2.02 1.16–3.53 0.013
Probands vs. control 9.29 6.14–14.05 < 0.001 1.54 0.78–3.53 0.210

Probands and older siblings
Unaffected siblings vs. control 2.10 1.16–3.86 0.015 1.47 0.75–2.89 0.265
Probands vs. control 9.03 5.83–13.97 < 0.001 3.17 1.75–5.75 < 0.001

Sex, male vs. female 0.86 0.62–1.19 0.358 1.76 1.16–2.68 0.008
Charlson comorbidity index 1.19 1.08–1.30 < 0.001 1.31 1.15–1.50 < 0.001

†Adjusted for age, sex, monthly income, urbanization, Charlson comorbidity index, medical comorbidities, and all-cause clinical visits.
Bold indicates the statistical significance.
CI, confidence interval; HR, hazard ratio; IBD, inflammatory bowel disease.
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depression utilizing a bidirectional design. This relationship was
found to not only impact the patients of either disease but also sig-
nificantly influence the clinical outcomes of their unaffected sib-
lings. Unexpectedly, the OR of developing depression among
IBD patients differed greatly from the OR of their unaffected

siblings. The difference in OR of developing IBD among depres-
sion patients and their unaffected siblings was more subdued,
likely reflecting the relative scarcity of the IBD diagnosis com-
pared with depression and the symptom burden associated with
IBD.
There were no sex differences in the risk of depression among

IBD probands, likely reflecting the high prevalence of depression
among IBD patients. Among the unaffected siblings, female sib-
lings were likely to develop depression compared with male sib-
lings, which may reflect sex-related differences in phenotype and
environmental contributors. Male probands with depression dem-
onstrated higher OR for IBD, while female unaffected siblings of
depressive probands showed higher OR for IBD. These again
may reflect sex-based differences in disease penetration and phe-
notype in addition to social and environmental factors, which are
areas of active research.29–31 It may also be possible that these
subanalyses were not adequately powered to detect smaller differ-
ences. Furthermore, CCI was positively associated with the devel-
opment of both IBD and depression. The former reflects higher
CCI in the context of IBD, which is associated with higher depres-
sion risk, and the latter likely demonstrates chronic systemic
illnesses including hypertension and cardiovascular diseases,
which accompany depression, some of which are highlighted in
Table 4.32,33

Several genetic, environmental, and physiologic risk factors
may contribute to the pathology of IBD and depression. Both

Figure 1 Kaplan–Meier survival curve of develop-
ing depression among patients with inflammatory
bowel disease, their unaffected siblings, and con-
trol group. , Control group; , unaffected sib-
lings; , inflammatory bowel disease probands.

Table 3 Multivariable analysis for risk of depression among IBD pro-
bands and unaffected siblings

Events
(n, %)

Risk of depression,
adjusted HR† (95% CI)

CD proband or trait
Control group 37 (2.8) 1 (ref.)
Unaffected siblings vs. control 18 (5.4) 1.79 (1.01–3.16)
CD probands vs. control 42 (17.0) 7.41 (4.55–12.05)

UC proband or trait
Control group 17 (2.1) 1 (ref.)
Unaffected siblings vs. control 8 (4.0) 1.84 (0.79–4.29)
UC probands vs. control 36 (20.6) 14.98 (7.73–29.02)

†Adjusted for age, sex, monthly income, urbanization, Charlson comor-
bidity index, medical comorbidities, and all-cause clinical visits.
Bold indicates the statistical significance.
CD, Crohn’s disease; CI, confidence interval; HR, hazard ratio; IBD, in-
flammatory bowel disease; UC, ulcerative colitis.
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diseases are associated with a host of genetic predispositions.34,35

Their clinical comorbidity and familial co-aggregation suggest
shared underlying genetic and environmental predilections. As
hallmark of IBD, inflammation also plays a critical role in depres-
sion, and repurposing of anti-tumor necrosis factor α as a therapeu-
tic option has been considered.36,37 Gut dysbiosis, a potential
cause for IBD, may also contribute to depression onset. Intestinal
flora harbors the capacity to synthesize and release a variety of
neurotransmitters and neuromodulator such as dopamine, seroto-
nin, and gamma aminobyturic acid.5 Passage of signaling mole-
cules is possible through the autonomous nervous system vagus
nerve and the blood–brain barrier, components of the gut–brain
axis.38,39 Recent study reported the capacity of chronic stress to
alter gut microbiota, providing evidence on the capability of men-
tal health to influence intestinal inflammation.40 Finally, gut
microbiome dysbiosis has been found in other disease conditions
comorbid with depression, most prominently in inflammatory
illnesses including rheumatoid arthritis and systemic lupus
erythematosus.41,42

Among the associations explored in this study, the greatest OR
was found for the subsequent development of depression among
IBD patients. This finding was not unexpected, given the psycho-
logical toll and worse quality of life from IBD disease burden.43

Elevated depression risk among the unaffected siblings of IBD
may reflect environmental stressors such as caregiver fatigue in

addition to shared aspects of pathogenesis such as underlying
genetic predisposition.44,45 Interestingly, the pattern of IBD risk
correlated strongly with depression, with the highest adjusted
OR among depression patients, followed by their unaffected sib-
lings and controls. The gradation of risk for developing IBD
among patients with depression and their unaffected siblings com-
pared with matched controls, and vice versa, further infer shared
pathogenesis by these disorders. While the correlation between ir-
ritable bowel syndrome with depression has been well-described,
our findings highlight the need to ensure absence of gut inflamma-
tion among this patient population and their relatives, given the
significant overlap in clinical presentation between IBD and func-
tional bowel disorders.46 Furthermore, the findings provide addi-
tional support for the importance of treating depression in IBD
management and possibly even prevention.
Strengths of the study originate from its design. We applied bi-

directional analysis to evaluate the association between IBD and
depression utilizing one representative population cohort. Positive
findings from the inclusion of the patients’ unaffected siblings
reinforce the correlation between the two illnesses. To our knowl-
edge, this is the first study to encompass these unique approaches.
Observations made from this comprehensive study design further
validate the outcomes previously reported.15,16 Furthermore, we
performed additional subanalyses to delineate the impacts of sex
and sibling age on the risk for IBD and depression. We surmise

Table 4 Demographic data of probands with depression, unaffected siblings, and controls

Depression probands (A),
n = 25 552

Unaffected siblings
(B), n = 26 147

Controls (C),
n = 104 588

Pvalue Post-hoc

Age (years, SD) 26.23 8.49 19.43 9.55 19.46 9.57 < 0.001 A > B ~ C
Sex, n (%) < 0.001

Male 9664 37.8 13 929 53.3 55 716 53.3
Female 15 888 62.2 12 218 46.7 48 872 46.7

Income (n, %) < 0.001
≤ 15 840 NTD/month 10 101 39.5 10 120 38.7 40 480 38.7
15 841 ~ 25 000 NTD/month 8744 34.2 7668 29.3 30 672 29.3
≥ 25 001 NTD/month 6706 26.3 8359 32.0 33 436 32.0

Residence, n (%) < 0.001
1 (urbanized) 6940 27.1 6923 26.5 27 692 26.5
2 8553 33.5 8834 33.8 35 336 33.8
3 3555 13.9 3503 13.4 14 012 13.4
4 2598 10.2 2457 9.4 9828 9.4
5 (rural) 3906 15.3 4430 16.9 17 720 16.9

Charlson comorbidity index 0.92 1.16 0.57 0.89 0.51 0.83 < 0.001 A > B > C
Medical comorbidities (n, %)

Hypertension 1098 4.3 605 2.3 2358 2.3 < 0.001 A > B ~ C
Dyslipidemia 1079 4.2 608 2.3 2281 2.2 < 0.001 A > B ~ C
Type 2 diabetes 521 2.0 343 1.3 1295 1.2 < 0.001 A > B ~ C
Obesity 754 3.0 401 1.5 1315 1.3 < 0.001 A > B > C
Smoking 1103 4.3 475 1.8 1457 1.4 < 0.001 A > B > C

IBD (n, per 1000) 18 0.70 25 0.96 58 0.55 0.068
UC 11 0.43 13 0.50 23 0.22 0.029 A ~ B > C
CD 7 0.27 12 0.46 35 0.33 0.499
Age at diagnosis (SD) 32.61 11.80 28.02 9.79 28.15 10.37 0.262

All-cause clinical visits per year (SD) 8.52 7.45 4.81 4.83 4.77 10.16 < 0.001 A > B ~ C

CD, Crohn’s disease; IBD, inflammatory bowel disease; NTD, New Taiwan Dollar; SD, standard deviation; UC, ulcerative colitis.
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that sex hormones, sex-related genetic loading, and environmental
conditions including familial roles may influence the phenotypes
for these illnesses. Given these are subanalyses, the findings may
also reflect lack of adequate power.
Study limitations are consistent with other registry-based analy-

ses. The findings cannot elucidate shared mechanistic pathways
between the diseases, which require further research. While influ-
ence of socioeconomic status was explored, other potential envi-
ronmental and lifestyle confounders could not be evaluated due
to their exclusion from the NHIRD. Medication utilization and se-
verity of IBD and depression are unavailable. Finally, misclassifi-
cation of diagnoses is possible; however, diagnoses are assigned
by physicians, potentially yielding better diagnostic validity rela-
tive to participant-reported questionnaires. Furthermore, accurate
diagnostic coding is mandated by the Taiwanese government for
medical reimbursement.47

In conclusion, this study observed a bidirectional association be-
tween IBD and depression among patients with either disease,
which permeates to their unaffected siblings. Increased awareness
of such association and understanding of mutual influence may
improve the diagnostic yield and management of IBD and psychi-
atric disorders among IBD patients leading to better clinical out-
comes. Further research on gut–brain axis is warranted to
identify shared aspects of pathogenesis between the diseases,
which may reveal novel therapeutic approaches leveraging the
gut–brain axis.
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