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Alexithymic characteristics and interoceptive abilities are 
associated with disease severity and levels of C-reactive protein 
and cytokines in patients with inflammatory bowel disease
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Abstract Background Alexithymia and atypical gut-brain signaling have been linked to the pathophysiology 
of inflammatory bowel disease (IBD). We herein assessed IBD patients’ alexithymia levels and 
interoceptive abilities, and detected potential correlations with psychological distress, symptom 
severity and disease activity, and inflammation indices.

Methods Adult IBD outpatients and healthy controls were recruited. Alexithymia was assessed 
using the Toronto Alexithymia Scale, interoceptive accuracy using the Heartbeat Counting Test 
(cardiac interoception) and the Water Load Test-II (gastric interoception), and interoceptive 
sensibility using the Multidimensional Assessment of Interoceptive Awareness (MAIA).

Results Forty-one patients with Crohn’s disease (CD), 16 with ulcerative colitis (UC), and 50 
healthy controls were included. In CD patients, the level of externally oriented thinking and total 
alexithymia score were correlated with disease activity (P=0.027 and P=0.047, respectively), while 
in UC patients difficulties in identifying emotions were linked to disease activity (P=0.007). In 
CD patients, the Noticing, Not-Worrying and Emotional Awareness MAIA subscale score were 
correlated with C-reactive protein levels (P=0.005, P=0.048 and P=0.005), the Noticing subscale 
score with interleukin (IL)-1β levels (r=-0.350, P=0.039), the Not-Distracting subscale score with 
IL-6 levels (r=-0.402, P=0.017), and the Emotional Awareness subscale score with IL-1β (r=-
0.367, P=0.030) and IL-6 (r=-0.379, P=0.025) levels. Finally, in UC patients, the Not-Worrying 
subscale score was significantly associated with IL-6 levels (r=-0.532, P=0.049), while difficulties 
in identifying emotions were linked to IL-8 levels (r=0.604, P=0.022).

Conclusion Emotional and interoceptive processing is associated with IBD disease activity, 
suggesting a potential implication for IBD pathophysiology.
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Introduction

Patients with inflammatory bowel disease (IBD) appear 
particularly vulnerable to the emergence of anxiety and 
depressive symptoms [1], and there is a bidirectional 
relationship between psychological distress and gastrointestinal 
symptoms. Research has recently focused on the complex 
interaction between gut-located inflammatory processes 
and built-in neurophysiological mechanisms underlying 
specific patterns of emotional and physiological reactivity that 
might confer increased disease risk. Emotional processing 
difficulties—described by the term alexithymia, which reflects 
deficits in the perception and expression of emotions—have 
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been extensively studied in psychiatric and psychosomatic 
patients, including IBD patients [2]. Alexithymic traits are 
quite prevalent in a subgroup of IBD patients who also 
report increased psychiatric comorbidity, greater everyday 
suffering and a poorer prognosis [3]. In addition, it has been 
proposed that alexithymia as a stable personality characteristic 
reflects a potential genetic predisposition to stress-mediated 
somatization and disturbed autoimmunity, which may 
eventually lead to physical and psychological morbidity [2].

Alexithymia has also been linked to disturbed interoceptive 
abilities, mainly impairment in the subjective awareness of 
interoception [4]. Interoception refers to the ability to detect 
and process internal bodily sensations and is directly linked 
to the processing of emotional stimuli [5]. IBD patients 
report a different pattern of interoceptive sensibility, namely 
increased emotional awareness and a greater tendency to 
distract themselves from unpleasant sensations compared 
to healthy controls [6]. In addition, patients with chronic 
gastrointestinal disorders, including IBD, present altered 
neural processing of pain stimuli [7] and report higher levels 
of visceral hypersensitivity [8]. In this context, the aim of the 
present case-control study was the evaluation of IBD patients’ 
alexithymia levels and interoceptive abilities, and the detection 
of potential correlations of these parameters with psychological 
distress, body image, symptom severity and disease activity, 
and inflammation indices. To our knowledge, this is the first 
study that assesses multiple dimensions of alexithymia and 
interoception using well-validated psychometric instruments 
in IBD patients, and attempts to link them not only to 
psychosocial functioning, but also to the underlying chronic 
inflammation processes.

Patients and methods

The present case–control cross-sectional study was 
conducted in the Gastroenterology Division of the University 
Hospital of Patras (UHP), Greece, with the collaboration of the 
Psychiatry Department. The study protocol was approved by 
the hospital’s Ethics Committee (File No: 922/25/10/2018). All 
study participants provided written informed consent prior to 
study enrolment.

Adult IBD outpatients and healthy controls recruited 
from the community were invited to enter the study between 
November 2019 and May 2020. The following exclusion criteria 
were used: illicit drug use or alcohol abuse during the last year, 
stroke, cancer, cerebrovascular disease, mental retardation, 
dementia, psychotic or bipolar disorder, mindfulness-based 
therapy and lack of fluency in the Greek language. All healthy 

controls provided access to their electronic medical charts, 
which were thoroughly screened for disease and medication 
history. In addition, they were interviewed regarding the 
presence of current psychiatric or gastrointestinal symptoms 
to exclude cases of psychiatric or gastrointestinal disease.

Psychometric instruments and tests

Psychological functioning was assessed using the Greek 
version of the Hospital Anxiety and Depression Scale 
(HADS) [9], which comprises 7 items for anxiety and 7 items 
for depression. Each subscale is scored from 0-21. Higher 
scores indicate greater symptom severity [10].

Body image was assessed using the Modified Body Image 
Scale [11]. This is a 9-item self-administered questionnaire 
originating from the Body Image Scale, which evaluates 
body image in cancer patients [12] and has been validated in 
the Greek language [13]. The modified scale has been used 
previously in IBD patients, showing satisfactory psychometric 
properties. Each item is scored from 0 (not at all) to 3 (very 
much) and higher scores indicate increasing body image 
dissatisfaction [11,12].

Symptom severity was assessed with a set of items regarding 
the presence of 7 symptoms frequently reported by IBD 
patients (nausea, vomiting, abdominal pain, diarrhea, bloating, 
constipation, incontinence) and the impairment caused by each 
symptom during the last week. The presence of symptoms was 
detected with a yes/no question and the degree of impairment 
was defined at 3 levels: not at all, a little, or a lot. Prior to 
questionnaire completion, all participants were instructed 
regarding the definition of each gastrointestinal symptom.

Alexithymia was measured with the Greek version of the 
Toronto Alexithymia Scale [14]. This is a 20-item instrument and 
each item is scored on a 5-point scale ranging from 1=strongly 
disagree to 5=strongly agree. It encompasses 3 subscales, 1 that 
measures difficulties in identifying feelings and distinguishing 
them from bodily sensations, 1 that assesses deficits in describing 
feelings, and 1 that measures externally oriented thinking. 
Higher scores indicate more difficulties. Additionally, a total 
alexithymia score is calculated from all items [15].

Interoception is a multidimensional construct comprising 
3 distinct processes: interoceptive accuracy, interoceptive 
sensibility and interoceptive awareness. Interoceptive accuracy 
is the ability to detect and track internal bodily sensations, which 
can be measured by objective performance tests. Interoceptive 
sensibility refers to the subjective belief regarding one’s 
interoceptive abilities and the degree of one’s engagement with 
interoceptive signals; it is evaluated using self-administered 
questionnaires. Interoceptive awareness is the metacognitive 
awareness of interoceptive abilities and is reflected by the 
correspondence between objective interoceptive accuracy and 
subjective report [16].

In the current study we evaluated cardiac and gastric 
interoceptive accuracy using 2 validated measures, the Heartbeat 
Counting Task and the Waterload Test. During the Heartbeat 
Counting Task, participants sat in a quiet room at a relaxing 
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position and were instructed to silently count their heartbeats 
by concentrating on their body during 3 signaled time intervals 
(25  sec, 35  sec, and 45  sec), which were presented in random 
order alternating with 60-sec periods of rest. The reported 
number of heartbeats was compared to the actual number of 
heartbeats taken by a pulse oximeter attached to the participant’s 
index finger during the test. This procedure was repeated for a 
second time, and finally a total interoception score was calculated 
based on the IAcc formula proposed by Schandry (1981). Higher 
scores indicate greater interoceptive accuracy [17].

For the Waterload Test, participants were asked not to drink 
anything for 2 h prior to the experiment. During the test, they 
were asked to drink non-carbonated water at room temperature 
over 2 successive 5-min periods. During the first phase, 
participants were instructed to drink water until reaching 
satiation, i.e., the sensation that one has drunk enough but not 
too much. During the second phase, participants were asked 
to drink again until reaching maximum stomach fullness. 
During this 2-phase drink test, 3 different WLT-II indices are 
calculated: 1) water volume (mL) required to produce satiation 
(sat_ml); 2) additional water volume needed to produce 
maximum fullness (Δfull_ml); and 3) total water volume 
(total_ml), which is the sum of sat_ml and Δfull_ml [18].

Interoceptive sensibility was evaluated using the 
Multidimensional Assessment of Interoceptive Awareness 
(MAIA) which has been linguistically adapted and 
psychometrically validated by our research group [19]. 
It is a 32-item self-reported questionnaire consisting of 8 
subscales: (1) the Noticing subscale, which reflects awareness 
of uncomfortable, comfortable, and neutral body sensations; 
(2) the Not-Distracting subscale, which reflects the tendency 
not to ignore or distract oneself from sensations of pain or 
discomfort; (3) the Not-Worrying subscale, which reflects the 
tendency not to worry or experience emotional distress with 
sensations of pain or discomfort; (4) the Attention Regulation 
subscale, which represents the ability to sustain and control 
attention to body sensations; (5) the Emotional Awareness 
subscale, which refers to awareness of the connection between 
body sensations and emotional states; (6) the Self-Regulation 
subscale, which reflects the ability to regulate distress by 
attention to body sensations; (7) the Body-Listening subscale, 
which refers to actively listening to the body for insight; and 
(8) the Trusting subscale, which refers to the experience of 
one’s body as safe and trustworthy. MAIA items are rated on 
a 6-point Likert Scale (0-5), and higher scores indicate greater 
interoceptive sensibility [20].

All participants provided demographic data. For the IBD 
group, clinical and laboratory data were extracted from their 
medical records to calculate disease activity indices, the 
Truelove-Witts Index for ulcerative colitis (UC) [21] and the 
Harvey-Bradshaw Index for Crohn’s disease (CD) [22].

Measurement of serum cytokine levels

Blood samples were drawn from patients to measure 
serum concentrations of cytokines interleukin (IL)-8, IL-1β, 

IL-6, IL-10, tumor necrosis factor-α, and IL-12p70, by flow 
cytometry using a cytometric bead array assay (BD™ CBA 
Human Inflammatory Cytokines Kit 551811). The serum was 
separated from blood after clotting at room temperature within 
1 h by centrifugation (1500 g for 10 min). Serum was aliquoted 
and stored at -80°C until analysis.

Statistical analysis

Statistical analysis was performed using the SPSS package 
(version 17.0 for Windows; SPSS Inc., Chicago, Illinois, USA). 
The sample size was calculated with the formula used for case-
control studies [23]. Numerical data were expressed as medians 
and interquartile ranges, and categorical data as counts and 
percentages. All variables were tested for normal distribution 
using the Shapiro-Wilk test. Between-group differences in 
alexithymia, interoception, psychological distress, body image 
and gastrointestinal (GI) symptom severity were assessed by 
the chi-squared test for categorical variables, and the Kruskal-
Wallis test for continuous variables. Subsequently, we used 
Spearman’s correlations (continuous variables) and Mann-
Whitney U or Kruskal-Wallis tests (categorical variables) to 
assess correlations between alexithymia and interoception 
and the remaining parameters separately for each group of 
participants. Absolute values of the correlation coefficient, 
r, of 0.7-1 indicate a very strong correlation, 0.5-0.7 a strong 
correlation, 0.3-0.5 a moderate correlation and <0.3 a weak 
correlation. All tests were 2-tailed and significance was set at 
P<0.05.

Results

According to the sample size calculation, a sample of 
50 patients and 50 healthy controls would provide enough power 
to our analysis. Taking into account a potential dropout rate of 
15-20%, we initially approached 120 individuals to participate, 
60 IBD patients and 60 healthy controls. During recruitment, 
57 patients from the IBD group consented to participate, while 
50 healthy controls finally entered the study, given that 10 
individuals withdrew due to the COVID-19 lockdown measures 
imposed on March 11, 2020. Thus, in total, 107 participants were 
enrolled, 41 CD patients, 16 UC patients and 50 healthy controls. 
The participants’ characteristics are presented in Table 1.

Psychological distress, body image, symptom severity, 
alexithymia and interoceptive abilities in IBD patients

Both CD and UC patients reported significantly greater 
anxiety (P=0.032 and P=0.008), depression (P=0.003 and 
P=0.008), nausea (P=0.035 and P=0.007), diarrhea (P<0.001 
and P=0.011), and diarrhea-associated impairment (P<0.001 
and P=0.011) compared to controls. CD patients reported a 
more frequent presence of abdominal pain (P=0.003), while 
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Table 1 Participants’ demographic, clinical and laboratory characteristics

Characteristics CD patients UC patients Healthy controls P-value for comparisons

CD vs. 
UC

CD vs.
controls

UC vs.
controls

N 41 16 50

Male sex, N (%) 26 (63.2) 6 (37.5) 26 (52.0) 0.076 0.274 0.312

Disease activity
Remission or mild CD, N (%)
Mild UC, N (%)

24 (70.6)
7 (58.3)

Age, median (IQR), y 39.0 (28.0-48.0) 40.0 (25.8-43.8) 38.0 (31.0-49.25) 0.594 0.848 0.423

Education, median (IQR), y 16.0 (12.0-16.0) 16.0 (12.0-16.0) 16.0 (12.0-16.0) 0.709 0.287 0.649

Family status, N (%)
Single
Married without children
Married with children
Divorced, widow(er)

13 (33.3)
1 (2.3)

22 (56.4)
3 (7.7)

8 (56.2)
1 (6.7)

6 (40.0)
0 (0.0)

19 (38.8)
4 (8.2)

22 (44.9)
4 (8.2)

0.344 0.581 0.594

Hgb (g/dL), median (IQR) 14.1 (12.9-15.1) 14.3 (12.8-15.2) - 0.726 - -

WBC, median (IQR) 8055 (6578-9473) 7060 (6230-10400) - 0.608 - -

PLT, median (IQR) 267500 (222750-351750) 298000 (242000-358000) - 0.265 - -

PT (sec), median (IQR) 13.5 (13.1-15.05) 13.2 (12.65-14.05) - 0.064 - -

Albumin (g/dL), median (IQR) 4.4 (3.9-4.60) 4.4 (4.2-4.6) - 0.741 - -

CRP (mg/dL), median (IQR) 0.35 (0.22-0.89) 0.43 (0.22-0.79) - 0.889 - -

ESR (mm/h), median (IQR) 12.5 (5.0-24.3) 12.5 (4.8-17.5) - 0.602 - -
CD, Crohn’s disease; UC, ulcerative colitis; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hgb, hemoglobin; WBC, white blood count; PLT, platelets; 
PT, prothrombin time

UC patients reported a more frequent presence of incontinence 
(P=0.041) and increased body image disturbance (P<0.001), 
compared to healthy controls. Between-group comparisons of 
psychological distress, body image, and GI symptom frequency 
and severity are depicted in Supplementary Table 1.

Both CD and UC patients presented a higher total 
alexithymia score (P=0.044 and P=0.036 respectively), 
compared to healthy controls, while CD patients reported 
greater difficulties in describing feelings (P=0.027). UC patients 
exhibited higher cardiac interoceptive accuracy and lower body 
trusting, compared to CD patients (P=0.021 and P=0.013) 
and healthy controls (P=0.006 and P=0.001). CD patients 
reported gastric satiety at a significantly lower water volume 
(P<0.001) compared to healthy controls. However, both patient 
groups reported maximum fullness at significantly lower water 
volumes compared to the control group (P<0.001 and P=0.003). 
Between-group comparisons of alexithymia, cardiac and gastric 
interoception scores are presented in Table 2.

Correlations between alexithymia traits, symptom 
severity, body image and psychological distress in IBD 
patients and healthy controls (Supplementary Table 2)

In CD patients, difficulties in identifying feelings were 
strongly correlated with body image disturbances (r=0.570, 
P<0.001), nausea (P=0.015), and abdominal pain (P=0.031). 

Difficulties in describing feelings were linked to body image 
disturbances (r=0.350, P=0.029) and incontinence (P=0.049), 
while total alexithymia score was significantly correlated with 
body image disturbances (r=0.428, P=0.007), and nausea 
(P=0.045). In UC patients, difficulties in identifying feelings 
were associated with the degree of abdominal pain-induced 
impairment (P=0.042), externally oriented thinking was 
negatively correlated with body image disturbances (r=-0.521, 
P=0.038), and total alexithymia score was strongly associated 
with incontinence (P=0.020). Given that alexithymia scores 
did not correlate with anxiety and depression scores in IBD 
patients, we performed a similar correlation analysis between 
alexithymia scores and HADS scores in the healthy control 
group. Difficulties in identifying feelings were strongly 
correlated with anxiety (r=0.463, P=0.001) and depression 
(r=0.400, P=0.005) scores; difficulties in describing feelings 
were associated with anxiety (r=0.345, P=0.017) and depression 
(r=0.364, P=0.012) scores; and the total alexithymia score was 
significantly correlated with anxiety (r=0.318, P=0.029) and 
depression scores (r=0.340, P=0.019) in healthy individuals.

Correlations between alexithymic traits, disease activity 
and laboratory indices in IBD patients

The Harvey-Bradshaw Index was used to classify CD 
patients in being in clinical remission or not, while the 
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Table 2 Between group comparisons of scores for alexithymia and interoceptive abilities

Scores CD patients UC patients Healthy controls P-value for comparisons

CD 
vs. 
UC

CD vs. 
controls

UC vs. 
controls

DIF, median (IQR) 18.0 (11.0-24.0) 16.0 (12.25-24.25) 13.0 (9.5-18.0) 0.913 0.091 0.104

DDF, median (IQR) 14.0 (10.0-17.0) 14.0 (9.25-18.5) 11.0 (7.25-15.0) 0.956 0.027 0.066

EOT, median (IQR) 20.0 (16.0-24.0) 22.0 (18.25-23.0) 20.0 (15.0-22.0) 0.467 0.569 0.195

TAS total, median (IQR) 52.0 (40.5-61.0) 49.0 (45.0-61.75) 44.0 (36.0-55.75) 0.765 0.044 0.036

Cardiac interoception  
score, median (IQR)

0.28 (0.0-0.71) 0.69 (0.37-0.82) 0.29 (0.0-0.57) 0.021 0.634 0.006

Water satiety volume, median (IQR) 155.0 (118.8-250.0) 250.0 (140.0-297.5) 255 (200.0-500.0) 0.148 <0.001 0.152

Water discomfort volume, median (IQR) 385.0 (207.5-500.0) 420.0 (235.0-518.75) 620.0 (470.0-950.0) 0.864 <0.001 0.003

Total water volume, median (IQR) 565. (340.0-750.0) 640.0 (556.25-765.0) 880.0 (680.0-1400.0) 0.481 <0.001 0.009

MAIA noticing, median (IQR) 3.0 (1.75-3.9) 3.25 (1.94-3.94) 3.75 (2.75-4.25) 0.792 0.066 0.120

MAIA not distracting, median (IQR) 1.67 (1.0-2.33) 2.0 (1.08-2.92) 1.67 (1.0-2.33) 0.320 0.928 0.320

MAIA not worrying, median (IQR) 2.33 (1.67-3.0) 2.33 (1.42-3.67) 2.5 (1.92-3.42) 0.935 0.504 0.578

MAIA attention  
regulation, median (IQR)

3.0 (2.07-3.68) 2.64 (1.46-3.29) 3.29 (2.36-3.75) 0.123 0.730 0.101

MAIA emotional  
awareness, median (IQR)

3.7 (2.85-4.55) 3.3 (2.05-4.3) 3.6 (2.0-4.4) 0.191 0.377 0.486

MAIA self-regulation, median (IQR) 2.63 (1.75-3.5) 2.13 (0.81-3.38) 2.75 (1.69-3.75) 0.268 0.919 0.330

MAIA body listening, median (IQR) 2.33 (1.67-2.92) 2.33 (1.17-3.58) 2.67 (1.33-3.33) 0.956 0.614 0.860

MAIA trusting, median (IQR) 4.0 (3.3-4.67) 2.67 (2.33-3.67) 4.0 (3.67-4.67) 0.013 0.421 0.001
IQR, interquartile range; MAIA, multidimensional assessment of interoceptive awareness; DIF, difficulty identifying feelings subscale; DDF, difficulty describing 
feelings subscale; EOT, externally oriented thinking subscale; TAS, Toronto alexithymia scale; CD, Crohn’s disease; UC, ulcerative colitis

Truelove-Witts was used to classify UC patients as suffering 
from mild or moderate disease. In CD patients, more 
externally oriented thinking and a higher total alexithymia 
score correlated with the presence of active disease (P=0.027 
and P=0.047, respectively). In UC patients, difficulties in 
identifying feelings were linked to the presence of moderate 
disease activity (P=0.007) (Table 3).

Correlations between interoception accuracy scores, 
alexithymia, psychological distress, body image, GI 
symptom severity and disease activity in IBD patients 
(Supplementary Tables 3, 4)

In CD patients, cardiac interoceptive accuracy was negatively 
correlated with externally oriented thinking (r=-0.443, P=0.04) 
and total alexithymia score (r=-0.313, P=0.049), while a smaller 
water volume to satiety (high gastric interoceptive accuracy) 
was associated with bloating (P=0.029) and the degree of 
bloating-associated impairment (P=0.047), while a smaller 
water volume to fullness (high gastric interoceptive accuracy) 
was significantly linked to incontinence (P=0.031). In UC 
patients, increased cardiac interoceptive accuracy was linked 
to abdominal pain (P=0.049) and constipation (P=0.021), 

while higher gastric interoceptive accuracy (smaller water 
volume to satiety) was strongly correlated with difficulties in 
describing feelings (r=-0.590, P=0.016) and total alexithymia 
score (r=-0.613, P=0.011). In this patient group, constipation 
was also linked to lower gastric interoceptive accuracy (higher 
water volume to satiety, P=0.011 and greater total water 
volume, P=0.048).

Correlations between interoceptive sensibility scores 
and anxiety, depression, body image, alexithymia, GI 
symptom severity and disease activity in IBD patients 
(Supplementary Tables 5-7)

In CD patients, the Noticing score was significantly correlated 
with anxiety (r=0.549, P=0.001), depression (r=0.356, P=0.042), 
body image disturbances (r=0.356, P=0.026), abdominal pain 
(P=0.024), and C-reactive protein (CRP) levels (P=0.005). The 
Not-Worrying score was significantly correlated with anxiety 
(r=-0.407, P=0.019), body image disturbances (r=-0.405, 
P=0.010), difficulties in identifying (r=-0.349, P=0.027) and 
describing feelings (r=-0.368, P=0.016), total alexithymia 
score (r=-0.342, P=0.031), nausea (P=0.018), abdominal 
pain (P=0.003), gas and bloating (P=0.049), and CRP levels 
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(P=0.048). The Attention Regulation score was associated with 
difficulties in identifying (r=-0.395, P=0.012) and describing 
feelings (r=0.324, P=0.042), total alexithymia score (r=-0.327, 
P=0.039) and the degree of diarrhea-associated impairment 
(P=0.029). The Emotional Awareness score was linked to 
anxiety (r=0.452, P=0.008), nausea (P=0.047), and CRP levels 
(P=0.005). Finally, the Trusting score was strongly correlated 
with anxiety (r=-0.448, P=0.010), body image disturbances 
(r=-0.419, P=0.009), difficulties in identifying (r=-0.368, 
P=0.021) and describing (r=-0.355, P=0.027) feelings, and 
nausea (P=0.018).

In UC patients, the Noticing score was associated with 
the degree of diarrhea-associated impairment (P=0.025), 
and with gas and bloating (P=0.030). The Not-Distracting 
score was strongly correlated with abdominal pain (P=0.020) 
and the degree of its associated impairment, (P=0.042), 
and with gas and bloating (P=0.042) and the degree of its 
associated impairment (P=0.039). The Attention Regulation 
score was linked to constipation (P=0.037), while the 
Emotional Awareness score was correlated with body image 
disturbances (r=0.516, P=0.041) and the degree of diarrhea-
associated impairment (P=0.029). The Self-Regulation and 
the Body Listening scores were also significantly associated 
with the degree of diarrhea-associated impairment (P=0.016 
and P=0.029, respectively). Finally, the Trusting score was 
linked to anxiety severity (r=-0.571, P=0.021), the degree of 
diarrhea-associated impairment (P=0.025) and constipation 
(P=0.047).

Correlations between alexithymia, interoceptive 
processing and serum cytokines levels (Table 4)

In CD patients, the Noticing score was correlated with 
IL-1β levels (r=-0.350, P=0.039), the Not-Distracting score 
was significantly associated with IL-6 levels (r=-0.402, 
P=0.017) and the Emotional Awareness score was correlated 
with IL-1β (r=-0.367, P=0.030) and IL-6 (r=-0.379, 
P=0.025) levels. In UC patients, the Not-Worrying score 
was strongly associated with IL-6 levels (r=-0.532, P=0.049), 
while difficulties in identifying feelings were linked to IL-8 
levels (r=0.604, P=0.022). All other correlations were non-
significant. Fig. 1 summarizes all significant correlations of 
alexithymia and interoception with multiple variables for 
each patient group.

Discussion

In the present study we assessed multiple dimensions of 
alexithymia and interoception in IBD patients and revealed 
a distinct profile of emotional and internal bodily sensation 
processing contrasting with that of healthy individuals. 
Both CD and UC patients reported difficulties in describing 
emotions, and displayed greater gastric interoceptive 
accuracy, while UC patients also exhibited better cardiac 
interoceptive accuracy and significant differences in 
interoceptive sensibility. Moreover, we found significant 

• Alexithymia
• Gl symptom severity

• Alexithymia
• Gl symptom severity

Interoceptive
accuracy

Interoceptive
accuracy

Interoceptive
sensibility

Interoceptive
sensibility

Alexithymia

Crohn’s
Disease

Ulcerative
colitis

Alexithymia

• Anxiety
• Body image
• Alexithymia
• Gl symptom severity
• Cytokine levels

• Body image
• Gl symptom severity
• Disease activity

• Body image
• Gl symptom severity
• Disease activity

• Anxiety and depression
• Body image
• Alexithymia
• Gl symptom severity
• CRP and cytokine levels

Figure 1 Significant correlations of alexithymia and interoception in patients with Crohn’s disease and in those with ulcerative colitis
GI, gastrointestinal; CRP, C-reactive protein



Alexithymia and interoception in IBD 419

Annals of Gastroenterology 36

Ta
bl

e 
4 

C
or

re
la

tio
ns

 b
et

w
ee

n 
al

ex
ith

ym
ia

, i
nt

er
oc

ep
tiv

e 
se

ns
ib

ili
ty

, i
nt

er
oc

ep
tiv

e 
ac

cu
ra

cy
 a

nd
 c

yt
ok

in
e 

le
ve

ls 
by

 p
at

ie
nt

 g
ro

up

Pa
ra

m
et

er
s

IL
-1

β 
(p

g/
m

L)
IL

-6
 (

pg
/m

L)
IL

-8
 (

pg
/m

L)
TN

F 
(p

g/
m

L)

C
D

U
C

C
D

U
C

C
D

U
C

C
D

U
C

r
P-

va
lu

e
r

P-
va

lu
e

r
P-

va
lu

e
r

P-
va

lu
e

r
P-

va
lu

e
r

P-
va

lu
e

r
P-

va
lu

e
r

P-
va

lu
e

D
IF

-0
.1

34
0.

44
2

-
-

-0
.0

31
0.

86
1

0.
13

9
0.

63
5

-0
.0

71
0.

68
3

0.
60

4
0.

02
2

-0
.0

16
0.

92
8

-
-

D
D

F
0.

02
1

0.
90

7
-

-
0.

03
6

0.
83

7
-0

.2
12

0.
46

6
-0

.0
53

0.
76

2
0.

22
8

0.
43

2
-0

.0
82

0.
63

9
-

-

EO
T

-0
.1

39
0.

42
7

-
-

-0
.1

87
0.

28
3

0.
08

9
0.

76
2

-0
.1

36
0.

43
7

-0
.1

88
0.

68
8

-0
.0

10
0.

95
4

-
-

In
te

ro
ce

pt
io

n 
sc

or
e

<0
.0

01
0.

99
8

-
-

0.
25

2
0.

14
4

-0
.0

27
0.

92
6

0.
08

0
0.

64
8

0.
22

9
0.

43
1

-0
.0

37
0.

83
5

-
-

W
at

er
 sa

tie
ty

 v
ol

um
e

0.
05

6
0.

77
5

-
-

0.
00

4
0.

98
3

0.
02

1
0.

94
4

-0
.0

27
0.

89
0

-0
.3

37
0.

23
9

0.
14

2
0.

46
2

-
-

W
at

er
 d

isc
om

fo
rt

 v
ol

um
e

0.
22

4
0.

25
3

-
-

-0
.0

93
0.

63
8

0.
35

9
0.

20
7

-0
.0

76
0.

70
1

0.
18

2
0.

53
3

0.
04

3
0.

82
8

-
-

To
ta

l w
at

er
 v

ol
um

e
0.

13
7

0.
48

8
-

-
-0

.0
48

0.
80

9
0.

31
0

0.
28

0
-0

.0
23

0.
90

8
-0

.0
29

0.
92

3
0.

06
8

0.
73

0
-

-

M
A

IA
 n

ot
ic

in
g

-0
.3

50
0.

03
9

-
-

-0
.1

27
0.

46
5

0.
23

3
0.

42
2

0.
21

0
0.

22
5

0.
04

9
0.

86
9

0.
15

5
0.

37
3

-
-

M
A

IA
 n

ot
 d

ist
ra

ct
in

g
0.

05
9

0.
73

8
-

-
-0

.4
02

0.
01

7
-0

.0
46

0.
87

6
-0

.2
80

0.
10

3
-0

.1
63

0.
57

7
-0

.0
57

0.
74

6
-

-

M
A

IA
 n

ot
 w

or
ry

in
g

0.
24

4
0.

15
9

-
-

0.
30

1
0.

07
9

-0
.5

32
0.

04
9

-0
.0

45
0.

79
9

0.
01

8
0.

95
2

-0
.0

31
0.

86
2

-
-

M
A

IA
 at

te
nt

io
n 

re
gu

la
tio

n
-0

.3
10

0.
07

0
-

-
-0

.0
95

0.
58

8
-0

.0
33

0.
91

0
0.

10
0

0.
56

7
0.

13
1

0.
65

6
0.

23
5

0.
17

5
-

-

M
A

IA
 e

m
ot

io
na

l a
w

ar
en

es
s

-0
.3

67
0.

03
0

-
-

-0
.3

79
0.

02
5

0.
07

4
0.

80
3

-0
.1

73
0.

32
0

0.
18

8
0.

52
0

0.
09

1
0.

60
2

-
-

M
A

IA
 se

lf-
re

gu
la

tio
n

-0
.1

07
0.

54
0

-
-

-0
.1

33
0.

14
7

-0
.0

71
0.

80
9

0.
00

7
0.

96
8

-0
.1

30
0.

65
8

0.
25

1
0.

14
6

-
-

M
A

IA
 b

od
y 

lis
te

ni
ng

-0
.0

20
0.

90
8

-
-

-0
.0

62
0.

72
3

-0
.0

38
0.

89
8

0.
01

9
0.

91
6

0.
32

5
0.

25
8

0.
03

0
0.

86
2

-
-

M
A

IA
 tr

us
tin

g
0.

02
9

0.
87

1
-

-
0.

06
7

0.
70

7
-0

.2
69

0.
35

3
-0

.1
63

0.
35

6
-0

.1
20

0.
68

4
-0

.0
85

0.
63

2
-

-
D

IF
, d

iff
icu

lty
 id

en
tif

yi
ng

 fe
eli

ng
s M

A
IA

 su
bs

ca
le;

 D
D

F,
 d

iff
icu

lty
 d

es
cr

ib
in

g f
ee

lin
gs

 M
A

IA
 su

bs
ca

le;
 E

O
T,

 ex
te

rn
al

ly
 o

rie
nt

ed
 th

in
ki

ng
 M

A
IA

 su
bs

ca
le;

 M
A

IA
, m

ul
tid

im
en

sio
na

l a
ss

es
sm

en
t o

f i
nt

er
oc

ep
tiv

e a
w

ar
en

es
s



420 E. Vinni et al

Annals of Gastroenterology 36 

intercorrelations between interoceptive and emotional 
processing, GI symptom severity, psychological co-morbidity 
and inflammatory disease activity, which might imply the 
involvement of specific neurophysiological pathways in the 
pathophysiology of IBD. These findings provide valuable 
original knowledge and may help carve out a pathway towards 
novel therapeutic interventions based on the manipulation 
of interoceptive processing. Research has begun to focus on 
the effect of interoception manipulation strategies, including 
vagus nerve modulation and mindfulness-based therapies, on 
the symptomatology and course of several chronic diseases, 
including GI disorders [24,25].

Alexithymic traits have been repeatedly detected in 
IBD patients and have been linked to increased psychiatric 
comorbidity and greater impairment of quality of life [3,26]. 
In line with earlier research [3], our analysis showed similar 
alexithymia levels between CD and UC patients and revealed 
strong correlations between these difficulties and body image 
disturbances. Moreover, alexithymic traits were strongly 
correlated with disease activity and IL-8 levels, corroborating 
earlier findings suggesting that alexithymia is associated 
with changes in circulating cytokine levels [27], and that 
certain affective temperamental traits [28] may predispose 
to increased IBD activity. Given that alexithymic traits are 
enduring and stable temperamental characteristics, we 
could hypothesize that emotional processing difficulties 
precede disease onset, and could represent a vulnerable 
neurophysiological substrate that increases the likelihood 
of psychosomatic pathology, including the activation 
of neuroimmune processes that lead to the histological, 
endoscopic and clinical manifestations of IBD.

We found no significant association between alexithymic 
characteristics and psychological distress in IBD patients, 
a rather unexpected finding [3,29] that raises the issue of 
how complex is the association between alexithymia and 
psychological distress. Alexithymia is not a clinical disorder, 
but a constellation of idiosyncratic traits that raise the risk 
of mental or psychosomatic disease [30]. In our sample, 
alexithymic healthy controls displayed a high level of anxiety 
and depressive symptoms; alexithymic IBD patients did 
not, but reported a disturbed body image, increased impact 
of GI symptoms and greater disease severity. We could 
therefore hypothesize that, in IBD, emotional processing 
difficulties do not necessarily lead to psychological 
suffering, but rather manifest as somatic symptoms and 
a grossly altered representation of the body. Similarly, 
in patients with Hashimoto’s thyroiditis, alexithymia 
score did not correlate with most dimensions of anxiety 
and depression symptoms, and patients with increased 
alexithymic traits even underreported cognitive depressive 
symptoms [31], suggesting that in some subpopulations 
of autoimmune disease patients, alexithymia predisposes 
individuals to the emergence of physical symptoms. 
Earlier research has linked alexithymic characteristics 
with somatosensory amplification  [32] and increased 
vulnerability to inflammation. These associations between 

alexithymia and interoceptive processing might suggest that 
differences in interoceptive abilities could trigger distinct 
pathophysiological processes within the brain, which may 
predispose to a different set of clinical manifestations.

Previous research has linked heightened visceral 
hypersensitivity and amplified interoceptive transmission 
to CD [33]. Recently, Atanasova et al [6] found that IBD 
patients report increased emotional awareness and a greater 
tendency to distract themselves from unpleasant sensations, 
and revealed significant associations between interoceptive 
sensibility and emotional processing. However, contrary 
to our study, they failed to detect any differences in cardiac 
interoceptive accuracy between IBD patients and healthy 
controls. Our investigation was characterized by a different 
methodological design, including measures of both cardiac 
and gastric interoception and a separate data analysis for 
CD and UC patients, which allowed us to detect statistically 
significant differences in interoceptive accuracy and 
sensibility scores between patients and controls. Both groups 
of IBD patients exhibited a heightened gastric interoceptive 
accuracy that was significantly correlated with the severity of 
several GI symptoms, including gas and bloating, constipation 
and incontinence. These findings provide further evidence 
of a hyper-aroused (atypical) neuronal network conveying 
interoceptive information from the GI tract to the brain, 
which renders IBD patients extremely sensitive to gut-derived 
physiological alterations and makes those patients more likely 
to experience them as distressing, somatic symptoms. There 
is strong neuroimaging evidence that CD and UC patients 
display altered connectivity in brain regions implicated in 
interoceptive processing, such as the insular cortex and the 
anterior cingulate gyrus [34,35]. Furthermore, in CD patients, 
interoceptive sensibility was significantly associated with 
levels of CRP and proinflammatory cytokines IL-1β and IL-6, 
corroborating previous research supporting a connection 
between inflammatory processes and interoceptive 
signaling  [36]. Elevated IL-1β and IL-6 levels have been 
implicated in IBD pathogenesis [37], but to our knowledge 
this is the first investigation to report significant associations 
between interoception and levels of serum proinflammatory 
cytokines in IBD patients. Although the present study’s cross-
sectional design does not allow us to safely establish whether 
inflammation triggers interoceptive transmission or vice versa, 
it seems that the interoceptive circuitry constitutes a key part 
of the gut-brain axis.

Another interesting finding was that UC patients had greater 
cardiac interoceptive accuracy and different interoceptive 
sensibility compared to healthy controls and CD patients. 
Several investigations have detected significant differences at 
a clinical and pathophysiological level between CD and UC. 
A recent study revealed that CD and UC patients have distinct 
affective temperament profiles, suggesting that the presence 
of mood or anxiety disorders may originate from different 
pathogenetic pathways [28]. Similarly, our findings suggest 
potential differences in domain-specific interoceptive abilities 
between UC and CD.
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UC patients exhibited a discrepancy between actual and 
perceived interoceptive abilities that could lead to more 
prediction errors regarding bodily internal states, a condition 
that might compromise body homeostasis. According to recent 
computational theories, the brain processes information in 
a Bayesian manner, making predictions about its external 
and internal environment, and regulates homeostasis by 
minimizing prediction errors [38]. UC patients experienced 
amplified interoceptive signaling, but felt less confident in 
interpreting and integrating the body’s internal state, thus 
experiencing the emergence of cardiac or gastric internal 
sensations as more ambiguous and threatening. In states 
of gut-derived inflammation, where there is an activation 
of bottom-up interoceptive signaling through the vagus 
nerve [39] and cytokine release [40], it is possible that the 
brain will react with a cascade of top-down signals that might 
underlie the vicious cycle of autoimmunity, the exacerbation 
of clinical symptomatology and the deterioration of quality 
of life.

The present study’s main limitation was the relatively small 
sample size, which did not allow us to perform regression 
analysis to seek independent predictors of symptom and 
disease severity. Another limitation was the cross-sectional 
design, which did not permit the drawing of safe conclusions 
about causality in the observed associations. Finally, our 
sample did not include patients with another type of chronic 
GI disease. For example, comparing IBD patients with 
patients with functional GI disease would further elucidate 
the connection between alexithymia, interoception and 
intestinal inflammation. For this reason, future prospective 
investigations with larger sample sizes, including patients with 
functional GI disease, are needed to corroborate and expand 
existing findings.

In conclusion, IBD patients reported more alexithymic 
traits and better gastric interoception, which were linked to 
GI symptom severity, body image disturbance and disease 
activity indices. A distinct pattern of interoceptive processing 
was observed in UC patients compared to healthy controls and 
CD patients, suggesting that in conditions of allostatic load 
(intestinal dysbiosis or/and inflammation) this patient group 
might be more prone to react in a maladaptive way, leading to 
greater somatization and perpetuation of autoimmunological 
processes. Our study confirmed the presence of significant 
intercorrelations between emotional and interoceptive 
processing difficulties and provided evidence that they are 
associated with disease severity and the degree of inflammation, 
suggesting that these processes might be implicated in 
IBD pathophysiology. Our data-driven hypothesis is that 
interoceptive circuits constitute a key mediator in the pathway 
between constitutional deficits in emotional processing and the 
emergence of psychosomatic suffering. Exploring in greater 
depth the involvement of interoceptive processing in the gut-
brain crosstalk in the context of intestinal dysbiosis and low-
grade inflammation might provide new targets for intervention 
in an attempt to regulate autoimmunity and restore gut 
homeostasis.
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Supplementary material

Supplementary Table 1 Between group comparisons in psychological distress, gastrointestinal symptom presence and impact and body image

Parameters CD patients UC patients Healthy 
controls

P-value for comparisons

CD vs. 
UC

CD vs. 
controls

UC vs. 
controls

HADS-A, median (IQR) 6.0 (5.0-9.5) 8.0 (5.3-12.8) 4.0 (2.0-7.25) 0.252 0.032 0.008

HADS-D, median (IQR) 6.0 (3.5-9.0) 6.0 (4.3-9.8) 4.0 (1.0-6.25) 0.756 0.003 0.008

Nausea presence, yes, N (%) 11 (27.5) 6 (40.0) 5 (10.2) 0.372 0.035 0.007

Vomiting presence, yes, N (%) 4 (10.0) 1 (6.7) 5 (10.2) 0.702 0.975 0.681

Abdominal pain presence, median (IQR) 22 (55.0) 7 (46.7) 12 (24.0) 0.581 0.003 0.090

Abdominal pain-associated impairment, N (%)
Not at all
A little
A lot

26 (65.0)
10 (25.0)
4 (10.0)

9 (60.0)
3 (20.0)
3 (20.0)

43 (86.0)
4 (8.0)
3 (6.0)

0.602 0.053 0.083

Diarrhea presence, yes, N (%) 31 (77.5) 11 (73.3) 18 (36.0) 0.746 <0.001 0.011

Diarrhea-associated impairment, N (%)
Not at all
A little
A lot

25 (62.5)
12 (30.0)

3 (7.5)

11 (73.3)
2 (13.3)
2 (13.3)

48 (96.0)
2 (4.0)
0 (0.0)

0.408 <0.001 0.011

Bloating presence, yes, N (%) 24 (64.9) 11 (73.3) 35 (72.9) 0.555 0.424 0.975

Bloating-associated impairment, N (%)
Not at all
A little
A lot

20 (54.1)
12 (32.4)
5 (13.5)

7 (46.7)
5 (33.3)
3 (20.0)

28 (58.3)
18 (37.5)

2 (4.2)

0.816 0.296 0.139

Constipation presence, yes, N (%) 23 (59.0) 7 (46.7) 23 (46.0) 0.415 0.224 0.964

Constipation-associated discomfort, N (%)
Not at all
A little
A lot

30 (76.9)
7 (17.9)
2 (5.1)

15 (100.0)
0 (0.0)
0 (0.0)

34 (68.0)
13 (26.0)

3 (6.0)

0.125 0.636 0.041

Incontinence presence, N (%) 7 (17.5) 3 (20.0) 2 (4.0) 0.830 0.034 0.041

Body image scale, median (IQR) 2.0 (0.0-7.0) 8.5 (2.5-13.5) 1.0 (0.0-4.0) 0.016 0.547 <0.001
HADS-A, hospital anxiety and depression scale-anxiety; HADS-D, hospital anxiety and depression scale-depression; CD, Crohn’s disease; UC, ulcerative colitis; 
IQR, interquartile range
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Supplementary Table 3 Correlations between interoceptive accuracy, psychological distress, body image, alexithymia and disease activity

Scores Cardiac 
interoception

Water volume to 
satiety

Water volume to 
discomfort

Total water 
volume

CD UC CD UC CD UC CD UC

HADS-A
r
P-value

-0.288
0.104

-0.117
0.667

-0.103
0.575

-0.143
0.597

0.020
0.917

-0.277
0.298

0.014
0.940

-0.275
0.302

HADS-D
r
P-value

-0.009
0.961

0.150
0.579

0.075
0.685

-0.278
0.298

0.005
0.979

0.043
0.875

0.058
0.756

-0.139
0.606

Body Image Scale
r
P-value

0.009
0.955

-0.237
0.376

-0.091
0.616

0.128
0.637

-0.041
0.822

0.013
0.961

-0.036
0.846

0.159
0.558

DIF
r
P-value

-0.145
0.370

0.057
0.834

0.060
0.734

-0.267
0.317

0.156
0.386

0.328
0.215

0.157
0.384

0.099
0.714

DDF
r
P-value

-0.264
0.100

-0.458
0.075

-0.066
0.712

-0.590
0.016

0.137
0.449

0.107
0.693

0.077
0.669

-0.155
0.566

EOT
r
P-value

-0.443
0.004

0.028
0.917

0.021
0.908

-0.193
0.473

0.265
0.136

0.460
0.073

0.206
0.250

0.228
0.396

TAS total
r
P-value

-0.313
0.049

-0.359
0.172

0.018
0.919

-0.613
0.011

0.205
0.252

0.375
0.152

0.164
0.361

0.022
0.935

Crohn’s disease activity (Harvey-Bradshaw Index)
Clinical remission, median (IQR)
Mild-to-moderate disease median (IQR)
P-value

0.53 (0.0-0.77)
0.22 (0.0-0.58)

0.090

155 (119-263)
200 (110-210)

0.709

380 (143-500)
385 (205-500)

0.750

640 (298-750)
530 (330-740)

0.843

UC disease activity (Truelove-Witts Index)
Mild, median (IQR)
Moderate, median (IQR)
P-value

0.68 (0.0-0.86)
0.71 (0.22-0.83)

0.465

60 (140-325)
250 (105-300)

0.570

315 (50-425)
500 (335-638)

0.062

640 (140-725)
770 (460-908)

0.220
HADS-A, hospital anxiety and depression scale-anxiety; HADS-D, hospital anxiety and depression scale-depression; DIF, difficulty identifying feelings subscale; 
DDF, difficulty describing feelings subscale; EOT, externally oriented thinking subscale; TAS, Toronto alexithymia scale; CD, Crohn’s disease; UC, ulcerative colitis; 
IQR, interquartile range
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