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Causal associations of thyroid
function with inflammatory
bowel disease and the mediating
role of cytokines

Shuyun Wu', Jiazhi Yi' and Bin Wu*

Department of Gastroenterology, The Third Affiliated Hospital of Sun Yat-sen University,
Guangzhou, China

Background: Previous observational epidemiological studies have suggested a
potential association between thyroid function and inflammatory bowel disease
(IBD). However, the findings remain inconclusive, and whether this association is
causal remains uncertain. The objective of this study is to investigate the causal
association between thyroid function and IBD.

Methods: Genome-wide association studies (GWAS) involving seven indicators
of thyroid function, IBD, and 41 cytokines were analyzed. Bidirectional two-
sample Mendelian randomization (MR) and multivariable MR were conducted to
examine the causal relationship between thyroid function and IBD and to explore
the potential mechanisms underlying the associations.

Results: Genetically determined hypothyroidism significantly reduced the risk of
CD (odds ratio [OR] = 0.761, 95% Cl: 0.655-0.882, p < 0.001). Genetically
determined reference-range TSH was found to have a suggestive causal effect
on IBD (OR = 0.931, 95% ClI: 0.888-0.976, p = 0.003), (Crohn disease) CD (OR =
0.915, 95% Cl: 0.857-0.977, p = 0.008), and ulcerative colitis (UC) (OR =0.910,
95% Cl: 0.830-0.997, p = 0.043). In reverse MR analysis, both IBD and CD
appeared to have a suggestive causal effect on the fT3/fT4 ratio (OR = 1.002, p =
0.013 and OR = 1.001, p = 0.015, respectively). Among 41 cytokines,
hypothyroidism had a significant impact on interferon-inducible protein-10
(IP-10) (OR = 1.465, 95% CIl: 1.094-1.962, p = 0.010). The results of
multivariable MR showed that IP-10 may mediate the causal effects of
hypothyroidism with CD.

Conclusion: Our results suggest that an elevated TSH level reduces the risk of
CD, with IP-10 potentially mediating this association. This highlights the pituitary-
thyroid axis could serve as a potential therapeutic strategy for CD.
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1 Background

Inflammatory bowel disease (IBD) is a chronic and nonspecific
inflammatory disorder of the intestinal tract, encompassing Crohn’s
disease (CD) and ulcerative colitis (UC) (1). Despite significant
advances in understanding IBD, the exact etiology of the disease
remains largely uncertain. A substantial body of literature suggests
that the pathogenesis of IBD is linked to intestinal microbiota, a
specific genetic background, environmental factors, and abnormal
immune responses (2). Although IBD primarily affects the
gastrointestinal tract, patients may experience extraintestinal
manifestations in various organs, such as the blood, liver,
pancreas, prostate, cervix uteri, central nervous system, and skin
(3). The severity of certain extraintestinal symptoms may vary
depending on the underlying activity of IBD (4).

The regulation of thyroid function is a complex process that
involves not only the thyroid gland but also the pituitary gland and
the hypothalamus. Thyrotropin (TSH), secreted by the pituitary,
stimulates the thyroid to release thyroxine (T4). In thyroidal and
peripheral tissues, free T4 is converted to free triiodothyronine
(fT3) hormone to fulfill physiological functions (5, 6).
Autoimmunity is the predominant etiology of thyroid
dysfunction, encompassing both hyperthyroidism (7) and
hypothyroidism (8). Autoimmune thyroid disorders, including
Grave’s disease, Hashimoto thyroiditis, and postpartum
thyroiditis, are characterized by circulating thyroid-specific
autoreactive antibodies (9).

Recent studies suggest that thyroid function extends beyond
thyroid diseases to include links to the gastrointestinal system (10,
11). The gut microbiota contributes to the synthesis and hydrolysis
of thyroid hormone conjugates. Microbial metabolites could
potentially contribute to autoimmune thyroid diseases by
modulating the immune response (12, 13). Several studies have
explored the relationship between thyroid diseases and IBD,
yielding variable and even conflicting results. A cross-sectional
study conducted in England, enrolling 300 UC patients, identified
a significant increase in the prevalence of thyrotoxicosis (14).
Additionally, several studies indicate that IBD patients may have
an increased susceptibility to thyroid gland carcinogenesis (15, 16).
Modifications in thyroid gland size and function, both with and
without clinically detectable hyperthyroidism or hypothyroidism,
have been reported in IBD patients (17). Nevertheless, the exact role
of thyroid hormones in the pathophysiology of IBD remains
unclear. It remains uncertain whether the observed connection
between thyroid function and IBD is causal.

Mendelian randomization (MR) is a method frequently
employed to explore causal links between risk factors and
outcomes using genetic instruments (18). Our study conducted a
bidirectional two-sample MR analysis to investigate the causal
relationship between thyroid function and IBD, including
ulcerative colitis (UC) and Crohn’s disease (CD) subtypes.
Cytokines play a critical role in the pathophysiological processes
of both IBD and autoimmune thyroid disorders. Furthermore, we
conducted a multivariable MR analysis to assess whether cytokines
mediate the causal relationship between thyroid function and IBD.
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2 Materials and methods

2.1 Study design

We conducted a bidirectional two-sample MR study to
investigate the causal relationship between thyroid function and
IBD. The flowchart is displayed in Figure 1.

GWAS summary data for thyroid functions included reference-
range free triiodothyronine (fT3), free thyroxine (fT4), the ratio of
fT3 to fT4 (fT'3/fT4), thyrotropin (TSH), thyroid peroxidase
antibody (TPOAD) positivity, decreased TSH status (indicative of
hyperthyroidism), and increased TSH status (indicative of
hypothyroidism). Genome-wide association study (GWAS)
summary data for IBD included both UC and CD subtypes.
Subsequently, we performed a two-sample MR analysis to explore
the causal effects of both hyperthyroidism and hypothyroidism on
cytokines. A multivariable MR analysis determined the effect of
hypothyroidism on CD after adjusting for interferon-inducible
protein-10 (IP-10). The selection of instrumental variables (IVs)
must adhere to three fundamental principles: (1) relevance
assumption—the genetic variation is highly associated with
exposure; (2) independence assumption—the genetic variation is
not significantly linked to potential confounding factors; and (3)
exclusion restriction assumption—the genetic variation exclusively
affects the outcome through the exposure.

2.2 Data sources

In this study, we utilized summary-level data from an updated
meta-analysis of GWAS conducted by the ThyroidOmics
Consortium (19). GWAS data for TPOAb positivity were
acquired from (20). GWAS data for IBD were obtained from the
International IBD Genetics Consortium (IIBDGC) (21), the
FinnGen database, and a large-scale GWAS study (22). The
GWAS data for cytokines was derived from the meta-analysis
summary statistics for 41 inflammatory cytokines (23). Detailed
information about the datasets used in this study is presented in
Supplementary Table 1. All summary statistics employed were from
GWAS analyses, and no sample overlap was observed. All GWAS
summary data are publicly available; thus, no additional ethical
approval or informed consent was required.

2.3 Genetic variants selection criteria

Single nucleotide polymorphisms (SNPs) meeting genome-wide
significance (p < 5 x 10~%) and having minor allele frequency (MAF)
>1% were included. Due to the scarcity of SNPs with p-values less
than 5x107%, we extended the threshold to 1x107° for TPOAb
positivity and 5x107° for cytokines to select appropriate
instrumental variables. The identified SNPs were then clumped
with a strict cutoff of clumping R* = 0.001 within a window of
10,000 kb. The proportions of trait variance explained by the
identified SNPs were calculated using the following formulas:
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FIGURE 1

Flowchart of the Mendelian randomization study. (A) Two-sample Mendelian randomization investigates the effect of thyroid function on IBD and its
subtypes.(B) Two-sample Mendelian randomization investigates the effect of hypothyroidism on cytokines and multivariable Mendelian
randomization analysis evaluates the roles of mediating the association between thyroid function and CD. IBD, inflammatory bowel disease; UC,
ulcerative colitis; CD, Crohn's disease; fT3, free triiodothyronine; fT4, free thyroxine; TSH, thyroid stimulating hormone; TPOAb, thyroid peroxidase
antibody; IP-10, interferon-inducible protein-10; TSMR, Two-sample Mendelian randomization.

R? = (2B* x MAF x (1 - MAF))/(2p* x MAF x (1 - MAF) + 2 N x
MAF x (1-MAF) x SE?), where MAF is the minor allele frequency,
B is the effect estimate of the SNP in the exposure GWAS, SE is the
standard error, and N is the sample size. Additionally, we assessed
instrument strength using the F statistic, defined as F = (R* x (N -
2))/(1 - R?), to evaluate the significant association of the genetic
instruments with the exposure (24, 25).

2.4 Statistical analysis

The inverse variance weighted (IVW) method was employed as
the primary approach in our MR analysis, providing accurate
estimates in the absence of heterogeneity and directional
pleiotropy between the exposure and outcome (26). The
heterogeneity of the IVW model was assessed using Cochran’s Q
test. If significant heterogeneity was indicated by Cochran’s Q test
(p < 0.05), we transitioned from the fixed inverse variance-weighted

Frontiers in Endocrinology 03

model to the random-effects model. Additionally, the MR Egger
method was utilized to estimate the causal effect, with the capability
to identify and adjust for any directional pleiotropy. The MR
Pleiotropy RESidual Sum and Outlier (MR-PRESSO) method was
applied to assess horizontal pleiotropy (27). If horizontal pleiotropy
was detected, it was corrected by removing the outlier and assessing
whether substantial variations in the causal effects existed before
and after outlier removal. Furthermore, the MR-Egger regression
intercept term was employed to evaluate the potential presence of
horizontal pleiotropy, where a deviation from zero (p < 0.05)
suggests directional pleiotropy (28). Finally, a meta-analysis was
conducted to assess the combined causality between thyroid
function and IBD from MR results across various databases. The
choice of effect model depended on the degree of heterogeneity
observed. For minimal heterogeneity (I* < 50%), the fixed-effects
model was applied. For substantial heterogeneity (I* > 50%), the
random-effects model was utilized. The findings of the meta-
analysis were considered the definitive evidence of causality.
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All MR analyses adhered to the guidelines outlined in the
STROBE-MR Statement (29). For the MR analysis examining the
relationship between thyroid function and IBD, we applied a
Bonferroni-corrected significance threshold, calculated as 0.0024
(0.05 divided by 21, accounting for 7 exposures and 3 outcomes). P-
values between 0.0024 and 0.05 were considered indicative of
potential causal associations between the exposures and
outcomes. For the MR analysis between hyperthyroidism/
hypothyroidism and cytokines, a p-value of less than 0.05 was
considered statistically significant. All statistical analyses were
conducted using the “TwoSample MR” package (version 0.5.6) in
R software (version 4.2.2), and data visualization was also
performed in R.

3 Results
3.1 Genetic instruments

After screening based on the corresponding p-values and
linkage disequilibrium (LD) clumping, we calculated the variance
explained by the genetic instruments. We quantified the instrument
strength by calculating the F-statistics for each SNP, noting that a
value of 10 or higher indicates adequate strength and the absence of
bias from weak instruments. The number and specific
characteristics of SNPs selected for each thyroid function
phenotype and IBD are detailed in Supplementary Table 2 and
Supplementary Table 3.

Exposure Outcome Consortium Methods OR
TSH IBD IIBDGC vw 0.924
FinnGen vw 0.996

de Lange et al. wvw 0.888

Overall 0.931

TSH CD IIBDGC vw 0.932
FinnGen vw 0.895

de Lange et al. wvw 0.908
Overall 0.915

TSH uc IIBDGC vw 0.891
FinnGen vw 0.993

de Lange et al. wvw 0.851
Overall 0.910

Hyperthyoidism CD IIBDGC vw 1.031
FinnGen vw 1.005

de Lange et al. vw 1.034
Overall 1.030

Hypothyoidism CD IIBDGC vw 0.777
FinnGen vw 0.890

de Lange et al. vw 0.734

Overall 0.761

FIGURE 2
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3.2 The causal effect of thyroid function on
IBD, CD and UC.

We found that genetically predicted hypothyroidism was
associated with a reduced risk of CD (OR = 0.761, 95% CI:
0.655-0.882, p < 0.001). Genetically determined hyperthyroidism
has a suggestive causal effect on CD (OR = 1.030, 95% CI: 1.001-
1.061, p = 0.041) (Figure 2). No evidence of pleiotropy or
heterogeneity was detected in the MR-PRESSO global test, MR-
Egger intercept test, and Cochran’s Q test. Genetically determined
TSH within the reference range has a suggestive causal effect on IBD
(OR =0.931, 95% CI: 0.888-0.976, p = 0.003), CD (OR = 0.915, 95%
CI: 0.857-0.977, p = 0.008) and UC (OR =0.910, 95% CI: 0.830-
0.997, p = 0.043). Little heterogeneity and no pleiotropy were
observed. No causal association was observed between fI3, fT4,
the ratio of fT4/fT3, and TPOADb positivity with IBD, CD, and UC
(Supplementary Figures S1-S3, Supplementary Table 4 and
Supplementary Table 5).

3.3 The causal effect of IBD, CD and UC on
thyroid function.

In reverse MR analysis, both IBD and CD demonstrated a
suggestive causal effect on the fT3/fT4 ratio (OR = 1.002, 95% CI:
1.000-1.004, p = 0.013 and OR = 1.001, 95% CI: 1.000-1.003, p =
0.015, respectively) (Figure 3). No evidence of pleiotropy or
heterogeneity was detected. Genetically predicted UC was not

OR95CI pval
(0.853,1.002) 0.056
(0912, 1.088) 0.936
(0.820,0.961) 0.003

(0.888,0.976 ) — 0.003
(0.836,1.039) 0.205
(0.751,1.067) 0.218
(0.827,0.998 ) 0.045

(0.857,0.977) — 0.008
(0.803,0.990) 0.031
(0.901,1.094) 0.882
(0.774,0.936 ) 0.001
(0.830,0.997) — 0.043
(0.973,1.093) 0.303
(0.920,1.098 ) 0.912
(0.998,1.071) 0.066
(1.001,1.06 ) Il 0.041
(0.607,0.993 ) 0.044
(0519, 1.526) 0.672
(0.602,0.896 ) 0.002
(0.655,0.882) — <0.001

Forest plots of the association between seven thyroid function indexes on IBD and final causality. fT3, free triiodothyronine; fT4, free thyroxine; TSH,
thyroid stimulating hormone; TPOAD, thyroid peroxidase antibody; IBD, inflammatory bowel disease; UC, ulcerative colitis, CD, Crohn’s disease; IVW,

inverse-variance weighted; OR, odds ratio.
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Exposure Consortium Outcome  Methods OR
IBD IIBDGC fT4/fT3 vw 1.002
Finngen wvw 1.000

de Lange et al. vw 1.003

Overall 1.002

CD IIBDGC fT4/fT3 vw 1.000
Finngen vw 1.003

de Lange et al. vw 1.002

Overall 1.001

FIGURE 3

10.3389/fendo.2024.1376139

OR95CI

(0.999,1.004)

pval
0.205
(0.996, 1.003 ) 0.975
(1.000, 1.005 ) 0.025
(1.000 , 1.004 ) 0.013
(0.998,1.002) 0.865
(0.999,1.007 ) 0.171
( 1.000, 1.003 )

(1.000 , 1.003 )

0.092

0.015

Forest plots of the association between IBD/CD on fT3/fT4 ratio and final causality. fT3, free triiodothyronine; fT4, free thyroxine; IBD, inflammatory
bowel disease; CD, Crohn's disease; IVW, inverse-variance weighted; OR, odds ratio.

causally associated with the fI3/fT4 ratio. Genetically predicted
IBD, CD, and UC were not causally associated with fT3, fT4,
TPOADb positivity, TSH, hyperthyroidism, and hypothyroidism.
(Supplementary Figures S4-S6, Supplementary Table 6 and
Supplementary Table 7).

3.4 The causal effect of hypothyroidism
and hyperthyroidism on cytokines

We conducted a two-sample MR to investigate the causal effects
of hyperthyroidism and hypothyroidism on cytokines. We found no
significant causal association between hypothyroidism and
cytokines overall; however, interferon gamma-induced protein 10
(IP-10) showed an association (OR = 1.465, 95% CI:1.094-1.962, p
= 0.010. No causal relationship was observed between
hyperthyroidism and cytokines (Figures 4A, B; Supplementary
Table 8 and Supplementary Table 9). Reverse Mendelian
randomization did not reveal an association between IP-10 and

hypothyroidism. We identified a significant causal association

-
3 2z
Z 52
o

Causaldiection

CTACK
EOTaxiy

& £
S S & u ® e
F F @b uw e 2
9 Qé,; % \8 ‘Q‘ é‘ v
®
Ly m z
3]
Hyperthyroidism

FIGURE 4

between interleukin-2 (IL-2) and stem cell growth factor beta
(SCGF-B) with hyperthyroidism (OR = 1.134, 95% CIL 1.037-
1.241, p = 0.006; OR = 1.106, 95% CI: 1.019-1.202, p = 0.017,
respectively). The presence of interleukin-13 (IL-13) and
macrophage migration inhibitory factor (MIF) are causally
associated with hyperthyroidism (OR = 1.046, 95% CI: 1.008-
1.086, p = 0.019; OR = 1.052, 95% CI: 1.007-1.099, p = 0.022,
respectively) (Supplementary Figure S7, Supplementary Table 10
and Supplementary Table 11).

3.5 Multivariable MR

Cytokines are involved in both thyroid function disorders and
IBD. We hypothesized that cytokines might mediate the causal
relationship between hypothyroidism and CD. Given that
hypothyroidism is only causally associated with IP-10, we
incorporated IP-10 to conduct a multivariable MR. We found
that the association between hypothyroidism and CD disappeared
after adjusting for IP-10 in the GWAS databases of the IBDGC and
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Circo heatmap of the effect of hypothyroidism/hyperthyroidism on 41 cytokines. (A) the effect of hyperthyroidism on 41 cytokines; (B) the effect of

hypothyroidism on 41 cytokines
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de Lang et al. The meta-analysis further demonstrated that the
association between hypothyroidism and CD was not significant
(OR = 0.813, 95% CI: 0.685-0.966, p = 0.018, failing to meet the
Bonferroni-corrected significance threshold of 0.0024) (Figure 5,
Supplementary Table 12). This suggests that IP-10 may mediate the
causal effect of hypothyroidism on CD.

4 Discussion

In this MR study, we demonstrated that hypothyroidism exerts
an inverse causal effect on CD but not on IBD or UC. Additionally,
we found that TSH within the reference range was suggestive of
causality associated with IBD and its subtypes, while
hyperthyroidism was suggestive of correlation with CD. In the
reverse-directional MR, both IBD and CD demonstrated suggestive
associations with the ratio of fT'4/fT3.

The relationship between thyroid disorders (TDs) and IBD has
been explored in numerous studies, yielding variable and
occasionally conflicting results. Snook et al. (30) reported a
positive association between extraintestinal autoimmune diseases
and UC regardless of thyroid function status, but this association
was not observed in CD. Similarly, a recent population-based study
of 8,072 IBD patients identified an increased risk of TDs in UC
patients aged 40 to 59 years, while no such risk was identified in CD
patients (31). Casella et al. (32) observed a significantly lower
prevalence of thyroid dysfunction among UC patients compared
to the general Italian population. In contrast, another study found
that individuals with UC experienced a markedly higher occurrence
of thyroid dysfunction, two to four times more prevalent than in the
general population (33). In a case-control study, Ricart et al. (34)
observed a generally lower frequency of autoimmune diseases,
particularly autoimmune thyroid disease, among IBD patients. A
retrospective cross-sectional study, limited to individuals with CD,

Exposure Outcome Consortium Methods  Adjustment
Hypothyroidism CD 1IBDGC VW before
P10
Hypothyroidism CD Finngen VW before
1P10
Hypothyroidism CD de Lange et al. VW before
IP10
Hypothyroidism CD Overall Ivw before
1P10

FIGURE 5

10.3389/fendo.2024.1376139

demonstrated only a statistically marginal reduction in the
prevalence of hypothyroidism, whereas no significant change was
observed in hyperthyroidism (35). A retrospective, single-center,
case-control study indicated that patients with IBD have a reduced
likelihood of developing thyroid disorders (36). Routine hormonal
assessments and thyroid gland imaging may not be necessary in the
absence of clinical signs or symptoms. According to their research
findings, the development of thyroid disorders may exhibit either a
positive or negative correlation with the onset of IBD or its
subtypes. Even studies highlighting a positive association of IBD
with increased extraintestinal autoimmunity, when compared to
non-IBD individuals, noted that this phenomenon was limited to
rheumatoid arthritis and dermatological disorders, excluding
common autoimmune diseases such as autoimmune thyroiditis
(37). Interestingly, even among IBD patients with a first-degree
family history of disease, the prevalence of autoimmune diseases
was not increased. Extensive research in Israel involving 12,967
individuals with IBD showed a notable increase in the prevalence of
several autoimmune diseases, with the remarkable exception of TDs
(38). Our investigation revealed that both IBD and CD exhibited a
suggestive causal association with fI'3/fT4, indicating a potential
causal link between IBD and thyroid dysfunction to some extent.
Intestinal fibrosis, which results in stricture formation and
obstruction, represents a significant complication of CD.
Although therapeutic management of CD has improved with
novel agents, an effective approach to address CD-related stricture
continues to be elusive. Recent research has indicated that thyroid
function is associated with fibrosis-related diseases, such as lung
fibrosis (39, 40) and liver fibrosis (41, 42). Thyroid hormone has
demonstrated efficacy in inhibiting lung fibrosis by enhancing
epithelial mitochondrial function (43). Triiodothyronine (T3)
potentially enhances the resolution of pulmonary fibrosis and
inhibits fibroblast activation and extracellular matrix production.
Additionally, T3 regulates the interaction between macrophages

OR OR95CI pval
0.777 — (0.607,0.993 ) 0.044
0.777 e (0544, 1.111) 0.167
0.890 — (0519, 1.526) 0.672
0.695 —_— (0450, 1.074) 0.101
0.734 — (0602, 0.896 ) 0.002
0.861 e (0.691,1.071) 0.180
0.761 — (0.655,0.882) <0.001
0.813 — (0685, 0.966 ) 0.018

Forest plot showing the effect of hypothyroidism on CD after adjustment in Multivariate MR. CD, Crohn'’s disease; IVW, inverse-variance weighted;

IP-10, interferon-inducible protein-10.
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and fibroblasts (44). In liver fibrosis, thyroid hormone regulates the
activation of hepatic stellate cells through thyroid hormone receptor
o and modulation of transforming growth factor downstream
signaling (45). Fibrotic stenosis of the intestinal lumen resulting
from CD shares some similarities with pulmonary fibrosis and
hepatic fibrosis, as all are linked to inflammation. Consequently,
thyroid hormone could represent a potential therapeutic target for
CD-related stricture.

A substantial body of research has documented the higher
prevalence of thyroid dysfunction in IBD patients compared to
the general population. However, investigations into the impact of
thyroid function on IBD from alternative perspectives remain
limited. Thyroid hormones not only affect gastrointestinal motor
function (46) but also play a crucial role in maintaining intestinal
epithelial homeostasis. Recent studies indicate that thyroid
hormones and their receptors perform diverse functions in
intestinal stem cells and their niches (47). Furthermore, the well-
documented bidirectional crosstalk between thyroid hormones and
the immune response underscores their interplay (48, 49). Studies
have demonstrated that T3 elevates the number of IL-17-expressing
T lymphocytes by activating dendritic cells in vitro (50). Circulating
TH levels positively correlate with immunological reactivity in
healthy individuals, supporting the physiological maintenance of
lymphocyte subpopulations (51). Hyperthyroidism is associated
with enhanced humoral and immune cell responses (49).
Conversely, hypothyroidism is linked to contrary effects (52).
Jaeger et al. (53) identified a significant correlation between TSH
concentrations and various populations of effector and regulatory T
cells through analysis of the immunological phenotype from the
Human Functional Genomics Project. Serum IL-27 levels are
elevated in subjects with hypothyroidism and inversely correlate
with the incidence of nonalcoholic fatty liver disease (54).
Hypothyroidism is linked to immunosuppression, which is
attributed to increased frequency and activity of Gal-1-expressing
Tregs, with significant implications for immunopathology,
metabolic disorders, and cancer (55). Apart from the pituitary, T
and B lymphocytes can synthesize and release TSH, potentially
affecting both healthy and abnormal thyroid cells expressing the
TSH receptor (56, 57). This novel and unexpected non-pituitary
source of TSH could also be decisive in affecting the immune
response during infections and chronic inflammation.

Interferon-inducible protein-10 (IP-10), also referred to as
CXCL10, is a chemokine essential for the activation of integrins
and migration of cells, including activated T cells, monocytes,
eosinophils, NK cells, epithelial and endothelial cells (58). The IP-
10/CXCR3 axis is instrumental in monocyte activation and elicits a
Thl response to facilitate effector cell recruitment in inflamed
intestinal tissues (59, 60). In experimental murine models,
treatment with anti-IP-10 antibodies has been shown to protect
against epithelial ulceration and reduce inflammation by impairing
Thl induction and recruitment (61). BMS-936557 (previously
known as MDX-1100) is a fully humanized monoclonal antibody
that targets IP-10. A phase II study has demonstrated the safety and
potential efficacy of BMS-936557 in UC patients (62). Our MR
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analysis has determined an inverse causal effect of hypothyroidism
on CD but not on IBD and UG, potentially IP-10-dependent. Xian
et al. (63) conducted an MR analysis examining the relationship
between Grave’s disease (GD) and IBD. Their findings suggest that
IBD and CD may increase the risk of GD, while UC may provide a
protective effect against the development of GD. Conversely, GD
may slightly increase the risk of CD. However, this research
underscores an ethnic disparity in terms of exposure and
outcome, which could potentially explain the divergent findings
observed by our team.

This study faces several constraints and limitations. A major
limitation of this investigation is the lack of comprehensive GWAS
in non-European ancestries, which necessitates reliance on studies
conducted in European populations to estimate the causal effects.
Future studies should focus on the assessment of these causal
pathways in diverse ethnic groups. Another limitation stems from
the absence of an association between abnormal fT'3 and fT4 levels
and IBD, a consequence of the constraints inherent in GWAS
datasets. Regrettably, our study did not conduct subgroup analysis
by gender for hypo- and hyperthyroidism, conditions that are more
prevalent in females than in males. The physiological and
biochemical impacts of TSH on CD require further validation via
cellular and animal experiments.

5 Conclusions

This study demonstrated that hypothyroidism had an impact
on CD, potentially mediated by IP-10. This discovery suggests
approaches for more effective prevention and intervention of CD.
However, it is important to acknowledge that these findings are
based on genetic prediction and necessitate further validation
through subsequent research.
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