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Plasma inflammation-related
proteins associated with anxiety
and depression disorders in IBD
patients

Min Si Zhou'2, Wan Ru Zhang'?, Yan Dang?, Fang Xu?, Chen Yue Xu', Zhan Wang?,
Chun Sai Er Wang?, SiYing Zhu?, Peng Li?, Jing Wu'*! & Hai Yun Shi***

Up to 25-35% of patients with inflammatory bowel disease (IBD) suffer from anxiety or depression.
Mood disorders are correlated with activated inflammatory response. However, changes of
inflammation-related proteins in IBD patients with anxiety or depression disorders are still unclear.
We aimed to depict the plasma proteomics characteristics of IBD patients with anxiety or depression.
Adult patients diagnosed with IBD were prospectively enrolled, and the clinical data were obtained.
The Hospital Anxiety and Depression Scale (HADS) was used to assess anxiety or depression levels.
OLINK panel (Target 96 Inflammation) was used to quantify the plasma levels of inflammation-related
proteins. Among the involved 142 IBD patients (median age 39.5, 42.96% female), 41 were comorbid
with anxiety or depression symptoms. The levels of anxiety and depression symptoms in active phase
group were significantly higher than those in quiescent group (P=0.020). The anxiety and depression
levels of IBD patients were positively correlated with fatigue levels (r=0.713, P<0.001), and negatively
correlated with sleep quality (r=0.499, P<0.001) and quality of life (r =-0.692, P<0.001). Plasma
levels of 92 inflammation-related proteins were measured in 61 IBD patients. Up-regulated levels of
fibroblast growth factor 23 (FGF-23) were found in IBD patients with anxiety or depression disorders,
with an area under the curve (AUC) of 0.67(95%CI:0.53-0.81, P=0.031). The plasma levels of C-C
motif chemokine 20 (CCL20) and C-X-C motif chemokine 1 (CXCL1) were up-regulated in IBD patients
with anxiety or depression, respectively, and the corresponding AUCs were 0.68 (95%Cl:0.54-0.82,
P=0.036) and 0.70(95%CI:0.56-0.84, P=0.017). Correlation analysis showed that the levels of anxiety
and depression symptoms in IBD patients were negatively correlated with plasma Delta/Notch-like
epidermal growth factor-related receptor (DNER) (r=-0.253, P=0.047) and interleukin-8 (IL-8) (r=-
0.275, P=0.031) levels, and were positively correlated with the plasma levels of CXCL1 (r=0.290,
P=0.022) and FGF-23 (r=0.290, P=0.022). In addition, negative correlation was found between
plasma DNER levels and Mayo clinical scores in ulcerative colitis (UC) patients (r=-0.464, P=0.001).
Mood disorders are closely related to disease flare of IBD patients. The increasing levels of anxiety and
depression in IBD patients are accompanied by graver fatigue, worse sleep quality and lower quality
of life. Inflammation-related immune regulation is associated with the development of emotional
disorders in IBD patients.
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Inflammatory bowel disease (IBD) is a chronic recurrent intestinal disease, including ulcerative colitis (UC)
and Crohn’s disease (CD)!. The existence of anxiety and depression is quite common in IBD patients. About
19.1-35.1% of IBD patients suffer from anxiety and 21.0-25.2% have comorbid depressive symptoms, which
are significantly higher than those in general population®?. The occurrence of anxiety and depression in IBD
patients accelerates disease progression, increases drug dosage, and worsens the prognosis*=°.

The mechanisms of anxiety and depression in IBD patients may include changes of brain morphology, role
of gut microbiota, and genetic factors?. The gut-brain axis plays a key role in the development of mood disorders
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in IBD patients by bidirectional regulation: gut inflammation aggravates psychiatric symptoms, on the contrary,
mental symptoms aggravate the intestinal symptoms®’. Evidence has suggested that immune pathways are
evoked in the pathogenesis of many psychiatric diseases and cognitive dysfunction®. The occurrence of anxiety
and depression disorders is proved to be correlated with the activated inflammatory response, and markers
reflecting the intestinal inflammation such as C-reactive protein (CRP), interleukin (IL-6), and tumor necrosis
factor-a (TNF-a), are found to increase in patients with mental disorders’.

Clarifying the mechanisms of anxiety and depression in IBD patients will help identify the pathophysiology
and provide strategies for disease treatment. However, few studies have focused on the changes of inflammation-
related proteins in IBD patients with anxiety or depression symptoms, and there is lack of research in reporting
sensitive plasma markers to predict anxiety and depression disorders in IBD patients.

We aimed to describe the plasma proteomics characteristics of IBD patients with anxiety or depression, and
to reveal the potential immunological mechanisms of emotional disorders in IBD patients from a new prospect
(Fig. 1).

Materials and methods

Study design and participants

Patients with confirmed diagnosis of IBD based on clinical, endoscopic and pathological findings treated at
Beijing Friendship Hospital, Capital Medical University from February 2023 to September 2023 were enrolled
in this study if the following inclusion criteria were met: (1) > 18 years old; (2) years of education >6; (3) with
completed clinical data; (4) signed the informed consent for the study. Patients with current or past serious
mental illness, such as schizophrenia, brain tumors, or disorders of consciousness, were excluded.

Clinical data collection and psychiatric symptoms assessment

Gender, age, and IBD related information containing age of onset, duration of disease, disease activity (UC
patients assessed by Mayo clinical score; CD patients assessed by CDALI score) were collected. An active phase
was defined as Mayo stool frequency score > 1 or rectal bleeding score >0 for UC patients and CDAI score > 150
for CD patients. The anxiety and depression symptoms were assessed by the Hospital Anxiety and Depression
Scale (HADS), a widely used 14 questions (7 for anxiety and 7 for depression) self-reported scale for anxiety and
depressive symptoms in hospital non-psychiatric patients®. The scale was divided into anxiety and depression
subscales. A subscale score of =8 was regarded as the presence of anxiety or depression symptoms. The degree
of fatigue was assessed by Multidimensional Fatigue Inventory (MFI)!® with higher scores indicating greater
fatigue. The Pittsburgh Sleep Quality Index (PSQI) was used to evaluate the sleep quality of IBD patients'!, and
a higher PSQI score represented poorer sleep quality. Quality of Life (QoL) was assessed using the Inflammatory
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Fig. 1. Flow chart of the research.
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Bowel Disease Questionnaire (IBDQ)'2, which could be divided into four dimensions, including bowel symptoms
(IBDQ-B), systemic symptoms (IBDQ-S), emotional well-being (IBDQ-E) and social functioning (IBDQ-SF),
with a higher score indicating a better QoL.

Blood sampling and measurement of plasma inflammation-related proteins

Peripheral blood samples were collected in vacutainer tubes containing the chelator ethylenediaminetetraacetic
acid (EDTA) from IBD patients within 2 weeks of data collection and scale assessment. Blood samples were
centrifuged at 1800 g for 10 min and the plasma layer was collected and stored at —80 ° C for future use. Plasma
samples from each participant were analysed on the OLINK inflammation panel (Uppsala, Sweden), which
contains 92 inflammation-related cytokines, chemokines or growth factors. The relative quantification of each
protein was presented as normalized protein expression (NPX) values and can be used for further statistical
analysis.

Statistical analysis

Statistical analyses were performed using SPSS 26.0. Categorical variables were presented by absolute counts
(n) and relative frequencies (%). Normally distributed continuous variables were presented by mean + standard
deviation, and non-normally distributed data were presented by median and interquartile range. Unpaired
Student’s t-test or Mann-Whitney U test was used to detect differences between groups, as appropriate. Receiver
operating characteristic (ROC) curve analysis was performed to evaluate the ability of inflammation-related
proteins in identifying anxiety or depression symptoms in IBD patients. Spearman correlation analysis was used
to assess the associations between variables. A P value of less than 0.05 was considered statistically significant.

Ethical consideration
This study was performed in line with the principles of the Declaration of Helsinki and the protocol was approved
by the Ethics Committee of Beijing Friendship Hospital, Capital Medical University (No. 2022-P2-292-02).

Results

Demographic and clinical characteristics of the enrolled patients

A total of 142 IBD patients were included in this study with median age of 39.5 (34.00-57.00) years, and 61
(42.96%) were female. The median age of IBD onset was 34.00 (26.00-49.00) and the median disease duration
was 47.50 months (24.75-101.00). Among the 142 participants, 130 (91.55%) were UC patients, and 55 (38.73%)
had active disease at the time of enrollment (Table 1). Patients were assigned to groups with anxiety or depression
(A/D) (n=41) or without A/D (n= 101). There were no statistical differences between patients with A/D and
patients without A/D in gender, age, disease duration, and onset age of IBD. We found significant differences
between IBD patients with A/D and without A/D in MFI, PSQI and IBDQ scores (P< 0.05).

Comparison of anxiety or depression levels between patients with active and quiescent IBD
According to the disease activity status, participants were divided into active phase and quiescent phase. The
scores of HADS-A (5.00 vs. 3.00, P= 0.036), HADS-D (4.00 vs. 3.00, P= 0.020) and HADS (9.00 vs. 5.00, P=
0.020) in patients with active IBD were significantly higher than those in the quiescent group (Fig. 2), indicating
that active IBD is associated with more severe symptoms of anxiety and depression.

Correlation between HADS scores and clinical characteristics in IBD patients

Spearman correlation analysis showed that the HADS scores of IBD patients were positively correlated with
MFI scores (r=0.713, P< 0.0001) and PSQI scores (r= 0.499, P< 0.0001), and were negatively correlated with
IBDQ scores (total IBDQ score (r =—0.692, P< 0.0001), IBDQ-B scores (r=—0.515, P< 0.0001), IBDQ-S scores
(r=—0.626, P< 0.0001), IBDQ-E scores (r=—0.768, P< 0.0001), IBDQ-SF scores (r=-0.540, P< 0.0001)) (Fig. 3).
These results suggested that higher levels of anxiety and depression in IBD patients were accompanied with
higher levels of fatigue, worse sleep quality, and decreased quality of life.

Identification of plasma inflammation-related proteins specific to anxiety or depression in
IBD patients

Plasma expression levels of 92 inflammation-related proteins were evaluated in 61 IBD patients (Table 2). The
level of plasma fibroblast growth factor (FGF)—23 was significantly higher in IBD patients with A/D than in those
without mood disorders (P= 0.031), and the area under curve (AUC) was 0.67 (95%CI:0.53-0.81) (Fig. 4A).
In addition, compared with patients without anxiety, the plasma levels of C-C motif chemokine 20 (CCL20)
(P=0.036) and FGF-23 (P=0.011) in IBD patients with anxiety were significantly up-regulated. The AUCs of
CCL20 and FGF-23 for identifying IBD patients with anxiety were 0.68 (95%CI: 0.54-0.82) and 0.72 (95%CI:
0.57-0.86), respectively. Among IBD patients with depression, we found up-regulated plasma levels of C-X-C
motif chemokine 1 (CXCL1) (P= 0.017) and FGF-23 (P= 0.045), compared with patients without depression.
The AUCs of CXCL1 and FGF-23 for distinguishing IBD patients with depression were 0.70 (95%CI: 0.56-
0.84) and 0.76 (95% CI:0.51-0.81), respectively (Fig. 4B-C). A subgroup analysis was further conducted among
patients in both the active and quiescent phases of the disease. Within the active phase group, patients with
mood disorders demonstrated significantly elevated plasma levels of cystatin 5 (CST5), axis inhibition protein
1 (AXIN1), FGF-23, sulfotransferase 1 A1 (ST1A1) and reduced plasma levels of urokinase-type plasminogen
activator (uPA), delta/notch-like epidermal growth factor-related receptor (DNER), leukemia inhibitory factor
receptor (LIF-R), and tumor necrosis factor-like weak inducer of apoptosis (TWEAK), compared to those
without mood disorders (P< 0.05). In the quiescent phase group, IBD patients with mood disorders exhibited
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All Non-A/D A/D

(n=142) (n=101) (n=41) P value
Female, n (%) 61 (42.96) 46 (45.54) 15 (36.59) 0355
I\A/I%:i’iz;l (25-75%) ?394?(())0757.00) 41.00 (34.00-58.00) 355920—56‘50) 0.459
Categories of IBD
UG, n (%) 130 (91.55) 96 (95.05) 34 (82.93)
CD, n (%) 12 (8.45) 5 (4.95) 7 (17.07) 0039
Disease duration, mo, median (25-75%) | 47.50 (24.75-101.00) | 51.00 (24.50-104.00) | 38.00 (25.00-98.00) 0.451
Age of IBD onset, y, median (25-75%) | 34.00 (26.00-49.00) 33.00 (26.50-49.50) 35.00 (25.00-49.00) 0.707
Disease activity
Quiescent phase, n(%) 87 (61.27) 68 (67.33) 19 (46.34) 0.024
Active phase, n (%) 55 (38.73) 33 (32.67) 22 (53.66)
HADS score, 6.50 4.00 17.00 <0.001
Median (25-75%) (3.00-14.00) (1.00-8.00) (15.00-20.00)
HADS-A score ?i(.)(())o-s.zs) (zi(.)(())o- £00) 8.00 (6.00-11.00) <0.001
HADS-D score A(li(.)(())o-s‘oo) ?(')(.)go- . 9.00 (7.00-11.50) <0.001
ﬁf;isaflo;;é—75% ) 50.00 (37.00-59.25) 43.00 (36.00-54.00) 61.00 (155.50-68.50) | < 0.001
II\)/ISegiIajla();g,—75%) ?;(())0-9‘00) (64(.)(())0-8.00) 10.00 (7.00-12.00) <0.001
IBDQ score, 190.50 (157.30-207.00) | 198.00 (179.50-210.00) | 154.00 (126.50-182.50) | < 0.001
Median (25-75%)
IBDQ-B score 62.00 (54.00-66.00) 64.00 (58.00-67.00) 54.00 (44.50-62.00) <0.001
IBDQ-S score 27.00 (22.00-30.00) 29.00 (24.00-31.00) 22.00 (16.00-26.50) <0.001
IBDQ-E score 70.00 (59.00-77.00) 75.00 (66.50-79.00) 57.00 (45.50-62.50) <0.001
IBDQ-SF score 31.00 (25.00-35.00) 33.00 (28.00-35.00) 24.00 (20.00-42.00) <0.001

Table 1. Demographic and clinical characteristics of included 142 IBD patients. *HADS: Hospital Anxiety and
Depression Scale (HADS-A, HADS anxiety subscale; HADS-D, HADS depression subscale); MFI: Multiple
Fatigue Index; PSQI: Pittsburgh Sleep Quality Index; IBDQ: Inflammatory Bowel Disease Questionnaire (B:
Bowel symptoms; S: Systemic symptoms; E: Emotional function; SF: Social Function).
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Fig. 2. Mann-Whitney test for HADS scores between IBD patients in quiescent phase and active phase. (A)
HADS-A scores; (B) HADS-D scores; (C) Total HADS scores. *P< 0.05.
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Fig. 3. Spearman correlation analysis between HADS scores and clinical characteristics in IBD patients. (A)
Correlation between total HADS scores and MFI scores; (B) Correlation between total HADS scores and
PSQI scores; (C) Correlation between total HADS scores and IBDQ scores (Total IBDQ score, IBDQ-B score,
IBDQ-S score, IBDQ-E score, and IBDQ-SF score). Spots in red circle: patients with active IBD; Spots in blue
triangle: patients with quiescent IBD.

significantly decreased plasma levels of monocyte chemotactic protein 2 (MCP2) and monocyte chemotactic
protein 3 (MCP3) compared to those without (P < 0.05) (Supplementary Fig. 1).

Correlation between HADS score and expression of plasma inflammation-related proteins
We further explored the correlation between HADS scores and plasma levels of inflammation-related proteins
in IBD patients. The plasma levels of DNER were negatively correlated with HADS (r=-0.253, P= 0.047) and
HADS-D (r=-0.293, P= 0.021) scores. Negative correlations were found between the plasma interleukin-8 (IL-
8) levels and HADS (r=-0.275, P= 0.031), HADS-A (r=-0.255, P= 0.046) and HADS-D (r=-0.282, P= 0.026)
scores, separately. In addition, we found a positive correlation between the plasma CXCLI levels and HADS-D
scores (r=0.290, P= 0.022). Plasma FGF-23 levels were positively correlated with HADS (r= 0.290, P= 0.022)
and HADS-A (r=0.309, P= 0.015) scores (Fig. 5).

Correlation between plasma emotion-related proteins levels and disease activity in IBD
patients

To figure out whether the previously found emotion-related plasma proteins were related to the intestinal
inflammation in IBD patients, we analyzed the correlation between plasma levels of five proteins (IL-8, CXCLI,
DNER, CCL20, FGF-23) and Mayo clinical scores in UC patients (n= 50). Results showed that significantly
negative correlation was found between plasma DNER levels and Mayo clinical scores in UC patients (r=—0.464,
P=0.001) (Fig. 6). A correlation analysis was conducted between the peripheral blood CRP levels and differential
protein levels in the enrolled patients. The results showed a significant positive correlation between plasma
CXCL1 levels and blood CRP levels in IBD patients (Spearman r= 0.423, P= 0.028) (Supplementary Fig. 2).
Additionally, we conducted a correlation analysis between the Ulcerative Colitis Endoscopic Index of Severity
(UCEIS) scores and differential protein levels in UC patients who underwent colonoscopy during the study
period. A significant positive correlation was found between plasma CXCL1 levels and UCEIS scores in UC
patients (Spearman r= 0.483, P= 0.004), while plasma DNER levels showed a significant negative correlation
with UCEIS scores (Spearman r=-0.390, P= 0.023) (Supplementary Fig. 3).
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IBD without Anxiety or Depression IBD with Anxiety or Depression
All All Active phase Quiescent phase | P All Active phase | Quiescent phase | P P
(n=61) (n=38) (n=16) (n=22) value | (n=23) (n=14) (n=9) value | value
25 16 7 9 9 5
Female, n (%) (40.98) (42.11) (43.75) (40.91) 0.86 | (3913 (35.71) 4 0.68 082
Age,y, 37.00 36.50 34.00 38.50 o1y | 37:00 40.00 37.00 o064 | 085
Median (25-75%) | (33.00-54.00) | (33.00-44.25) | (29.50-44.00) | (34.00-48.50) : (28.00-59.00) | (25.75-56.75) | (30.50-67.50) : :
Smoking
Never, n (%) 46 31 14 17 15 10 5
> (75.41) (81.58) (87.50) (77.27) (65.22) (71.43) (55.56)
5 2 1 1 3 1 2
Yes, n (%) (8.20) (5.26) (6.25) (4.55) 056 | (13.04) (7.14) (22.22) 0.56 1095
) 10 5 1 4 5 3 2
Quit, n (%) (16.39) (13.16) (6.25) (18.18) (21.74) (21.43) (22.22)
Drinking
Never, n (%) 41 26 8 18 15 8 7
> e (67.21) (68.42) (50.00) (81.81) (65.22) (57.14) (77.78)
7 4 3 1 3 2 1
Yes, n (%) (11.48) (10.53) (18.75) (4.55) 0111 (13.04) (14.29) (11.11) 0.56 1033
) 13 8 5 3 5 4 1
Quit, n (%) (21.31) (21.05) (31.25) (13.64) (21.74) (28.57) (11.11)
BMI (kg/m?), 20.79 20.69 20.10 2123 06a | 2088 20.70 24.81 025 | o026
Median (25-75%) | (18.77-24.04) | (19.07-22.99) | (19.16-23.32) | (18.59-22.48) | (18.67-25.46) | (18.19-24.74) | (18.95-27.90) : :
Categories of IBD
48 32 14 18 16 8 8
0
UG, n (%) (78.69) (84.21) (87.50) (81.81) (69.57) (57.14) (88.89)
- . ; " 0.28 S . " 0.11 |0.10
CD, n (%) (21.31) (15.79) (12.5%) (18.18) (30.43) (42.86) (11.11)
Mayo clinical score, | 0.00 0.00 3.00 0.00 < 1.00 3.00 0.00 < 0.89
Median (25-75%) | (0.00-3.00) (0.00-3.00) (2.00-7.00) (0.00-0.00) 0.01 | (0.00-3.00) (2.25-5.50) (0.00-0.00) 001 |
fﬁﬁ’n (25-75%) (119115(')20‘ (14%27 '15(())—167 30) (11991i2§o-191 20) ?56133-139 50) 0.16 ?1197‘{30' (21598%?80’ 2?33620-108 60) 0.13 1 0.028
! °) 1 279.50) : : : : : - 370.00) 378.30) . .
ﬁ '(fe“e duration, | 4 o, 49.50 37.50 63.00 0.067 | 38:00 64.00 27.00 021 los
Median (25-75%) | (27-50-100.00) | (3275-98.00) | (3025-57.75) | (33.25-151.30) (26.00-126.00) | (28.00-126.50) | (15.50-88.00)
;\ge of IBD onset, | 5, 32.50 32.50 32.50 073 | 3100 28.50 36.00 039 |os1
Viedian (25-75%) | (24:50-43.50) | (26.00-40.00) | (24.00-39.50) | (28.25-40.00) (21.00-51.00) | (18.75-51.50) | (25.00-49.50)
CRP (mg/L), 1.81 1.42 1.42 1.32 0689 | 298 558 1.85 0.086 | 011
Median (25-75%) | (0.86-7.90) (0.75-6.18) (0.73-24.73) (0.81-5.41) : (1.59-10.30) | (1.66-17.30) | (1.43-2.93) : :
ESR (mm/h), 8.00 7.00 8.00 7.00 019 | 1050 12.50 8.00 017 |o3s
Median (25-75%) | (6.00-23.00) | (6.00-23.00) | (6.75-42.50) (4.75-16.25) : (6.57-25.50) | (7.00-30.50) | (6.00-14.75) : :
ALB (g/L), 41.05 41.60 42.20 41.40 093 | 39:00 38.85 42.80 o017 |o14
Median (25-75%) | (38.73-43.55) | (39.60-43.70) | (34.30-45.00) | (39.85-42.93) : (36.00-43.80) | (34.75-41.15) | (37.20-46.00) :
HADS score, 10.00 4.00 5.00 4.00 099 | 1800 18.00 18.00 o1s | <
Median (25-75%) | (3.00-17.00) | (1.75-10.00) | (3.00-8.75) (1.00-10.00) : (16.00-22.00) | (16.00-27.00) | (14.50-18.00) : 0.01
HADS-A score, 5.00 2.50 2.50 2.50 089 | 890 9.50 8.00 o1s | <
Median (25-75%) | (2.00-8.00) (1.00-5.25) (1.00-4.75) (1.00-6.00) : (6.00-11.00) | (7.50-13.25) | (5.50-10.00) : 0.01
HADS-D score, 4.00 2.50 2.50 2.00 0g1 | 1000 9.00 10.00 04s | <
Median (25-75%) | (1.00-8.00) (1.00-4.00) (1.00-4.00) (0.75-4.25) : (8.00-12.00) | (7.75-13.75) | (7.00-10.50) : 0.01
MEFI score, 52.00 46.50 47.50 43.50 062 | 60:00 60.00 62.00 095 | <
Median (25-75%) | (43.00-60.00) | (37.00-52.50) | (36.25-54.75) | (37.00-52.50) ! (57.00-69.00) | (54.00-72.75) | (57.00-67.00) : 0.01
PSQI score, 8.00 6.00 5.00 7.00 0.058 | 1000 9.50 11.00 080 | <
Median (25-75%) | (5.00-10.00) | (4.75-8.00) (4.00-7.75) (5.00-8.25) : (7.00-12.00) | (7.00-12.50) | (7.00-14.00) : 0.01
IBDQ score, (1175%080_ (1196355;;0_ 181.00 202.50 0.023 (1155*(')080_ 132.50 155.00 027 | <
Median (25-75%) | 30 50) 209.40) (146.50-197.00) | (175.80-211.50) 180.00) (97.75-180.50) | (151.50-175.50) 0.01
IBDQ-B score, 59.00 63.00 59.50 65.50 0016 | 5400 46.50 55.00 021 | <
Median (25-75%) | (47.00-65.50) | (54.75-67.25) | (41.00-64.75) | (61.25-68.25) : (43.00-58.00) | (30.50-59.00) | (51.00-59.50) : 0.01
Continued
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IBDQ-S score, 24.00 26.50 24.50 29.00 011 | 2100 20.00 22.00 095 | <
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Table 2. Demographic and clinical information of 61 IBD patients. *HADS: Hospital Anxiety and Depression
Scale (HADS-A, HADS anxiety subscale; HADS-D, HADS depression subscale); MFI: Multiple Fatigue Index;
PSQI: Pittsburgh Sleep Quality Index; IBDQ: Inflammatory Bowel Disease Questionnaire (B: Bowel symptoms;
S: Systemic symptoms; E: Emotional function; SF: Social Function).
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Fig. 4. Specific plasma inflammation-related proteins between IBD patients with and without mood disorders.
Mann-Whitney test and ROC curve of specific plasma proteins in differentiating: (A) IBD patients with or
without anxiety or depression; (B) IBD patients with or without anxiety; (C) IBD patients with or without
depression. *P< 0.05.
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Fig. 5. Correlation heat map of HADS scores and plasma inflammation-related protein levels in IBD patients.
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Fig. 6. Spearman correlation analysis between plasma levels of 5 emotion-related proteins (IL-8, CXCL1,
DNER, CCL20, FGF-23) and Mayo clinical scores in UC patients.

Discussion

This study characterized the clinical features of IBD patients with anxiety or depression and assessed their
plasma inflammation-related proteins using OLINK technology. We found that active phase IBD patients
exhibited significantly higher anxiety and depression symptoms compared to those in quiescent phase. These
symptoms correlated with increased fatigue, poorer sleep quality, and diminished quality of life. Additionally,
we identified specific plasma proteins that are predictive of mood disorders in IBD. Anxiety and depression
levels negatively correlated with plasma DNER and IL-8, while positively correlating with CXCL1 and FGF-23.
Notably, plasma DNER levels showed a significant negative correlation with UC activity, suggesting its potential
role in the immune mechanisms underlying emotional disorders in IBD patients.

Several studies have reported close relationships between psychological factors and disease course in
IBD patients'>!%. A systematic review and meta-analysis of 12 longitudinal follow-up studies confirmed the
bidirectional effect of anxiety or depression symptoms and the course of disease’. The study concluded that IBD
patients with depression or anxiety had a significantly higher risk of therapy escalation, hospitalization, and
emergency attendance. On the other hand, clinically active disease at baseline was found to be associated with
future development of anxiety or depression. Our study showed that IBD patients in active phase were suffering
from a significantly higher burden of anxiety and depression disorders than those in quiescent phase.

A considerable proportion of IBD patients have sleep disorders, which would negatively impact health and
work productivity in the long term!°. Our study found that higher anxiety and depression levels were associated
with poorer sleep quality, aligning with previous research. The prevalence of fatigue in IBD patients is much
higher than that in healthy individuals!®, with over 80% of active phase patients and 40% of quiescent phase
patients. We observed a significant positive correlation between fatigue levels and HADS scores in our IBD
cohort, indicating a close link between mood disorders and fatigue symptoms. IBDQ is the most commonly used
instrument for measuring disease-specific QoL in IBD patients!”. Our research revealed that IBD patients with
anxiety and depression experienced a decline in QoL across four aspects: bowel symptoms, systemic symptoms,
emotional function, and social function.

The development of IBD is marked by systemic inflammation, activating immune cells and altering the
expression of inflammation-related proteins!®. Proinflammatory cytokines communicate with the brain through
cellular, molecular, and neural pathways, altering neural activitylg. Studies report altered inflammation markers
in mood disorders. A recent study using the OLINK proteomics Platform identified 13 differentially expressed
inflammation-related proteins in adolescents with depression versus healthy controls. Five proteins (CXCL6,
CXCL11, IL-18, CXCL5, CCL4) were up-regulated, while eight (OSM, VEGEF-A, TRAIL, TGF-a, TBFSF14, IL-
10RB, FIt3L, HGF) were down-regulated in the depression group?’. The flare of IBD activates the immune system,
with immune cell-released inflammatory factors potentially contributing to the onset and progression of mood
disorders in IBD patients??2, However, the association between plasma inflammation-related proteins and
anxiety or depression in IBD patients, and whether these protein changes were driven by intestinal inflammation,
remained uncertain. Our study used OLINK proteomics to detect 92 inflammation-related proteins in plasma,
identifying five closely linked to anxiety or depression in IBD patients.

DNER, a transmembrane protein, belongs to the non-classical Notch ligand family and binds to the Notchl
receptor”>. DNER was first found to be highly expressed in Purkinje neurons and plays a key role in cerebellar
development?%. One study described the function and mechanism of DNER in macrophages in the context of
chronic lung inflammation?. They discovered DNER localization in activated macrophages of COPD patients,
regulating IFN-y secretion through non-canonical Notch in pro-inflammatory macrophages. No prior studies
have reported DNER’ role in gastroenterological inflammation or mood disorders. Our research revealed a
negative correlation between plasma DNER levels and anxiety/depression in IBD patients, with a significant
association also found between lower DNER levels and UC disease activity. We hypothesize that DNER may
protect against gut inflammation in IBD and regulate mood disorders via the immune-mediated gut-brain axis.
This is the first study to report DNER level changes in intestinal inflammation and mood disorder patients;
however, further clinical and basic research is needed to elucidate DNER’s role in IBD and IBD-related emotional
disorders. FGF-23 can be expressed in specific parts of the brain?® and has been shown to be associated with
mood regulation?”. No prior study has reported the relationship between FGF-23 and mood disorders in IBD
patients. Our study first found significantly elevated plasma FGF-23 levels in IBD patients with anxiety or
depression, which positively correlated with the severity of these mood disorders. The initial study on CCL20
in mood disorders found a positive correlation between plasma CCL20 levels and anxiety/depression scores in
pregnant women?®. Our study, possibly the second to report on CCL20 in mood disorders, aligns with these
findings, revealing significantly elevated plasma CCL20 levels in IBD patients with anxiety disorders. CXCL1 has
been identified in microglia, neurons, and oligodendrocyte progenitor cells?®** and its level has been reported
to alter in patients with depressive mood disorders®!*2. However, the trend of plasma CXCL1 levels in mood
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disorder patients remains uncertain. Our findings revealed elevated plasma CXCL1 levels in IBD patients with
depressive symptoms, positively correlating with depression scores. Consistent with previous findings that IL-8
was down-regulated in mood disorder patients®»**, we found a significant negative correlation between the
levels of anxiety and depression and the plasma levels of IL-8 in IBD patients.

This study offers several notable advantages. Firstly, it pioneers the use of proteomics technology to explore
anxiety and depression disorders in IBD patients, identifying five inflammation-related proteins that are closely
associated with these disorders. Secondly, through multiple clinical scales, we comprehensively assessed IBD
patients, examining the relationships between anxiety and depression symptoms, fatigue, sleep quality, and quality
of life, thereby elucidating the clinical characteristics of IBD patients with these psychological comorbidities.
This study lays a foundation for understanding the potential immunological mechanisms underlying these
conditions in IBD patients. However, this study has several limitations. It is a single-center, cross-sectional
investigation with a limited sample size, and it does not include a comparative analysis of outcomes before and
after treatment. Also, the absence of multiple comparison corrections may increase the risk of Type I errors.
Additionally, we did not consider the potential confounding influences of medication usage, dietary habits,
and other variables on the results. Furthermore, our study population was primarily comprised of patients with
ulcerative colitis due to the demographics of our clinical center. To address these gaps, larger-scale prospective
cohort studies and mechanistic experiments are needed to investigate the relationship between plasma proteins
and psychological comorbidities in IBD patients.

Conclusion

The anxiety and depression symptoms in IBD patients are closely related to disease flare. The increasing levels
of anxiety and depression in IBD patients are accompanied by graver fatigue, worse sleep quality and lower
quality of life. Several inflammation-related proteins are significantly changed in plasma of IBD patients with
anxiety and depression and are significantly correlated with the levels of anxiety and depression. Inflammation-
related immune regulation is associated with the development of emotional disorders in IBD patients. A better
understanding of the specific immunological mechanism related to mood disorders in IBD patients, which is
critical to achieving effective approaches for the diagnosis and treatment of psychological comorbidities in IBD
patients is needed.

Data availability
The data are not publicly available due to privacy or ethical restrictions. Underlying data can be shared upon
reasonable request made to the corresponding author.
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