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Abstract: For patients with chronic pain and persistent physical symptoms, understanding the
mechanism of central sensitisation may help in understanding how symptoms persist. This cross-
sectional study investigated the association of central sensitisation with depression, anxiety, and
somatic symptoms. Four hundred and fifteen adults attending an outpatient psychosomatic clinic
were evaluated. Participants completed the Hospital Anxiety and Depression Scale, Somatic Symptom
Scale 8, and the Central Sensitisation Inventory. The relationships between these factors were
examined using descriptive statistics and multiple logistic regression analyses. The mean age was
42.3 years, and 59% were female. The disorders included adjustment disorders (n = 70), anxiety
disorders (n = 63), depressive disorders (n = 103), feeding and eating disorders (n = 30), sleep–wake
disorders (n = 37), somatic symptoms and related disorders (n = 84), and others (n = 28). In multiple
logistic regression analyses, higher central sensitisation was associated with more severe anxiety,
depression, and somatic symptoms after controlling for potential confounders. In the disease-specific
analysis, somatic symptoms correlated more positively with central sensitisation than with depression
or anxiety. Central sensitisation and depression, anxiety, and somatic symptoms were associated
with patients attending an outpatient clinic. These findings highlight the importance of evaluating
depression, anxiety, and somatic symptoms when assessing central sensitisation.

Keywords: anxiety; central sensitisation; depression; somatic symptoms

1. Introduction

Central sensitisation (CS) refers to the increased sensitivity of the central nervous
system to stimuli, which can lead to chronic pain, fatigue, and other symptoms; it is defined
as an increased response of the central nervous system [1–3]. As concrete phenomena,
‘hyperalgesia’, or markedly increased sensitivity to painful stimuli, and ‘allodynia’, or
experiencing pain in response to non-noxious stimuli, are known [4]. CS has been primarily
studied in relation to neurological and musculoskeletal disorders, such as rheumatoid
arthritis, persistent neck pain, and fibromyalgia, which are often present in chronic pain
syndromes [5]. There have been multiple reports on the relationship between CS and
pain [6–10]. However, research on the relationship between CS and psychiatric symptoms
is limited. Among the limited research, depression and anxiety, which are the most frequent
psychiatric symptoms, have been discussed in several previous studies. In patients with
fibromyalgia, CS is positively associated with depression and anxiety [11–13]. In breast
cancer survivors, CS may positively correlate with depression and anxiety, although this
difference was not statistically significant [14]. In painful temporomandibular disorders, CS
is not associated with depression but is positively associated with anxiety [15]. In chronic
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lower back pain, high trait anxiety-related personality characteristics predict the extent
of CS symptoms [16]. However, some studies have found negative relationships between
CS and depression and anxiety [17–19]. The relationship between CS and depression
and anxiety has been inconsistent in previous studies, and the study population has been
limited to specific pain-related diseases.

Although studies have reported that CS, depression, and anxiety are related to
pain [20–22], few studies have directly examined these relationships in patients with poor
general mental health. Therefore, we consider it meaningful to evaluate these relationships
in patients with poor general mental health. Evaluating these relationships in patients
with poor general mental health rather than pain conditions holds the potential to broaden
the horizon of understanding the association between pain and mental illnesses. Some
assessment criteria for central sensitisation [1–3] include not only physical symptoms but
also mental symptoms, necessitating the expansion of the study population to include not
just physical but also mental disorders.

In addition to the relationship between CS, depression, and anxiety, previous stud-
ies have reported the possibility of a relationship between CS and functional somatic
symptoms [23,24]. CS has also been studied in relation to chronic pain and persistent
physical symptoms [9]. For patients with chronic pain and persistent physical symptoms,
understanding the mechanism of CS may lead to a better understanding of how the symp-
toms persist [25,26]. Depression and anxiety constitute the most crucial group of mental
symptoms, and physical symptoms are intricately linked to central sensitisation. However,
there has been no study that simultaneously evaluates the relationship between central
sensitisation and depression, anxiety, and physical symptoms.

Therefore, we investigated the relationships of CS with depression, anxiety, and so-
matic symptoms, not limited to pain-related diseases but targeting general mental health
outpatients. We hypothesised that there is a clear positive relationship of CS with depres-
sion, anxiety, and somatic symptoms (CS and depression, CS and anxiety, CS and somatic
symptoms) in general mental health outpatients.

2. Materials and Methods
2.1. Study Design and Ethical Considerations

This cross-sectional study was based on the STROBE (strengthening the reporting of
observational studies in epidemiology) statement (Supplementary Materials) [27,28] and
was conducted at the outpatient service of the Department of Psychosomatic Medicine at
Toho University Medical Center. This clinical trial was conducted following the most recent
revision of the Declaration of Helsinki and received approval from the Ethics Committee of
Toho University School of Medicine (registration number A22086). Since existing data were
used, informed consent was conducted through an opt-out method, clearly stating on the
research institution’s website the right to withdraw from the study.

2.2. Participants and Diagnosis of Diseases

All individuals involved were new patients attending the Toho University Medical
Center Omori Hospital from 1 May 2022 to 30 November 2022, and completed a self-
administered questionnaire. We did not select patients based on age or sex. However, we
excluded patients whose levels of depression and anxiety were significantly affected by
schizophrenia, delusional disorder, and severe physical and mental disorders. Multiple
physicians diagnosed the patients using the Diagnostic and Statistical Manual of Mental
Disorders, 5th edition [29].

2.3. Evaluation of Depression, Anxiety, Physical Symptoms, and CS

Depression and anxiety were evaluated using the seven-item Hospital Anxiety and
Depression Scale (HADS) for hospital patients [30]. The scales for depression and anxiety
are scored from 0 to 21 points, and the cut-off values for both depression and anxiety are
8 points or more [31]. The reliability and validity of the Japanese version of the scale have
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been confirmed [32]. Somatic symptoms were assessed using the Somatic Symptom Scale-8
(SSS8) [33]. The Japanese version of the SSS8 has been linguistically and psychologically
validated, demonstrating internal consistency [34]. CS was evaluated using the Japanese
version of the Central Sensitisation Inventory (CSI9). The short form of CS consists of nine
symptoms related to the CS syndrome. Each symptom was evaluated on a 5-point scale:
never, rarely, sometimes, often, and always. Higher scores indicated a higher tendency for
CS. Previous studies have evaluated the validity and reliability of this scale [35,36].

2.4. Confounding Variables

In the relationships of CSI9 with HADS depression, HADS anxiety, and SSS8, the
following characteristics were extracted as potential confounding variables: age, sex, educa-
tional history, smoking history [37,38], and alcohol drinking history [39]. The participants
were classified into three categories based on their educational history: junior high school,
high school, and university or higher. The patient’s smoking history was categorised into
two groups: people who currently smoke and people who are not presently engaged in
smoking. Alcohol consumption history was divided into two categories: regular drinking
and non-regular drinking, which encompasses former drinking and non-drinking.

2.5. Sample Size

We gathered information from 438 new patients visiting Toho University Omori
Medical Center Hospital for the first time. We did not conduct a formal sample size
calculation for this study since it was exploratory in nature. We evaluated the relationship
between depression, anxiety, somatic symptoms, and CS using logistic regression analysis.
We assumed that there were five adjustment variables; therefore, a minimum of 50 people
was required. After the overall analysis, we stratified the disease and conducted similar
analyses. After excluding samples with insufficient data, the data of 415 patients were
analysed. Disease-specific analyses were performed for depressive disorders (n = 103),
somatic symptoms and related disorders (n = 84), adjustment disorders (n = 70), and anxiety
disorders (n = 63), indicating an adequate sample size. Thus, we conclude that this analysis
is logically acceptable.

2.6. Statistical Analysis

We descriptively evaluated the basic characteristics of the study population using main
questionnaire scores (i.e., HADS anxiety, HADS depression, SSS8, and CSI9) and factors
such as sex, age, and potential confounders (i.e., educational history, smoking history, and
alcohol drinking history). Continuous variables are presented as mean (standard deviation
[SD]) or median (interquartile range [IQR]) based on distribution.

After a descriptive evaluation of the characteristics of the study population, logistic
regression analyses were used to assess the association of HADS anxiety, HADS depression,
and SSS8 with CSI9 in the entire sample population, adjusting for age, sex, educational
history, smoking history, and alcohol consumption. The CSI9 score was converted into
binary variables for clinical assessment: scores below 20 or exactly 20 were labelled as 0,
while scores exceeding 21 were labelled as 1 [36].

In our disease-specific analysis, we selected diseases such as depressive disorders
(n = 103), somatic symptoms and related disorders (n = 84), adjustment disorders (n = 70),
and anxiety disorders (n = 63) because each had a sample size of over 50. Both the
unadjusted and adjusted odds ratios (AORs) showed statistical significance at p < 0.05
(two-tailed). The analyses were all conducted with STATA® version 14.

3. Results

We utilized data from a total of 415 participants, with an average age of 42.3 years
(standard deviation = 1.0 year), of whom 245 were female. Table 1 shows the basic char-
acteristics, classification of diseases, and main questionnaire scores (i.e., HADS anxiety,
HADS depression, SSS8 score, and CSI9) of the participants.
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Table 1. Basic characteristics of the participants (n = 415).

Total

Women, n (%) 245 (59.0)
Age, median (IQR) 42 (25–57)

Educational history, n (%)
Junior high school 31 (7.5)
High school 122 (29.4)
University and over 262 (63.1)

Smoking history, n (%)
Current smoking 72 (17.3)
Not presently engaged in smoking 343 (82.7)

Drinking history, n (%)
Regular drinking 135 (32.5)
Non-regular drinking 280 (67.5)

Diagnosis, n (%)
Adjustment disorder 70 (16.9)
Anxiety disorders 63 (15.2)
Depressive disorders 103 (24.8)
Feeding and eating disorders 30 (7.2)
Sleep–wake disorders 37 (8.9)
Somatic symptoms and related disorders 84 (20.2)
Other diseases * 28 (6.8)

HADS anxiety, median (IQR) 10 (6–13)
HADS depression, median (IQR) 10 (6–14)
SSS-8, median (IQR) 12 (8–18)
CSI score, mean (SD) 16.4 (7.9)
Clinical high CSI score 21 and over, n (%) 116 (28.0)

* Other diseases include bipolar disorder (n = 5), substance-related and addictive disorders (n = 4), neurodevelop-
mental disorders (n = 9), dissociative disorders (n = 1), personality disorders (n = 3), and Schizophrenia spectrum
disorders (n = 6). IQR means interquartile range. SD means standard deviation.

In order of frequency, participants’ disorders included depressive disorders (n = 103),
somatic symptoms and related disorders (n = 84), adjustment disorders (n = 70), anxiety
disorders (n = 63), sleep–wake disorders (n = 37), feeding and eating disorders (n = 30),
and other diseases (n = 28). Multiple logistic regression analysis was performed on the
total sample (Table 2) and revealed that clinical CS was significantly associated with
a greater severity of HADS anxiety (AOR: 1.24, 95% confidence interval CI: 1.17–1.32,
p < 0.01), HADS depression (AOR: 1.18, 95% CI: 1.12–1.24, p < 0.01), and SSS8 (AOR: 1.34,
95% CI: 1.26–1.42, p < 0.01), after controlling for potential confounders.

Table 2. Association of HADS anxiety, HADS depression, and SSS8 with clinical CSI of the total
sample in a cross-sectional study in Japan, 2022 (n = 514).

Clinical CSI

Model 0 (Not Adjusted) Model 1 (Adjusted) Model 2 (Adjusted)

OR (95% CI) p Value AOR (95% CI) p Value AOR (95% CI) p Value

HADS Anxiety 1.24 (1.17–1.31) <0.01 1.24 (1.17–1.32) <0.01 1.24 (1.17–1.32) <0.01
Age 1.00 (0.99–1.00) 0.95 1.08 (0.99–1.01) 0.84
Sex 0.60 (0.37–0.99) 0.04 0.51 (0.30–0.85) 0.01
Educational history 0.98 (0.67–1.44) 0.94
Smoking history 2.14 (1.17–3.92) 0.01
Drinking history 1.18 (0.71–1.98) 0.52
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Table 2. Cont.

Clinical CSI

Model 0 (Not Adjusted) Model 1 (Adjusted) Model 2 (Adjusted)

OR (95% CI) p Value AOR (95% CI) p Value AOR (95% CI) p Value

HADS Depression 1.17 (1.12–1.23) <0.01 1.18 (1.13–1.24) <0.01 1.18 (1.12–1.24) <0.01
Age 1.00 (0.99–1.01) 0.87 1.00 (0.99–1.01) 0.74
Sex 0.56 (0.34–0.90) 0.02 0.47 (0.28–0.79) <0.01
Educational history 0.97 (0.66–1.41) 0.86
Smoking history 2.27 (1.25–4.13) <0.01
Drinking history 1.10 (0.66–1.84) 0.71

SSS8 1.33 (1.26–1.41) <0.01 1.34 (1.26–1.42) <0.01 1.34 (1.26–1.42) <0.01
Age 1.01 (1.00–1.03) 0.16 1.01 (0.99–1.02) 0.23
Sex 0.67 (0.38–1.17) 0.16 0.55 (0.30–1.00) 0.05
Educational history 0.98 (0.62–1.55) 0.94
Smoking history 2.12 (1.07–4.23) 0.03
Drinking history 1.36 (0.75–2.48) 0.31

HADS means Hospital Anxiety and Depression Scale. SSS8 means Somatic Symptom Scale-8. Model 0: not
adjusted analysis. Model 1: adjusted by age and sex. Model 2: adjusted by age, sex, educational history, smoking
history, and drinking history. In terms of clinical assessment, CSI9 scores were converted into binary variables;
scores below 20 were categorized as 0, whereas scores of 21 and higher were categorized as 1.

In our disease-specific analysis, the relationships of clinical CS with HADS anxiety,
HADS depression, and SSS8 were evaluated. Among the anxiety disorders (Table 3),
depressive disorders (Table 4), and somatic symptoms and related disorders (Table 5), the
associations of HADS anxiety, HADS depression, and SSS8 with clinical CS were positive
(p < 0.01 in all analyses).

Table 3. Association of HADS anxiety, HADS depression, and SSS8 with clinical CSI among anxiety
disorders of a cross-sectional study in Japan, 2022 (n = 63).

Clinical CSI

Model 0 (Not Adjusted) Model 1 (Adjusted) Model 2 (Adjusted)

OR (95% CI) p Value AOR (95% CI) p Value AOR (95% CI) p Value

HADS Anxiety 1.30 (1.07–1.58) <0.01 1.31 (1.07–1.60) <0.01 1.51(1.15–1.99) <0.01
Age 0.99 (0.96–1.02) 0.54 0.99 (0.95–1.03) 0.51
Sex 0.58 (0.12–2.78) 0.50 0.79 (0.15–4.26) 0.79
Educational history 0.18 (0.04–0.72) 0.02
Smoking history 1.31 (0.03–3.28) 0.33
Drinking history 1.39 (0.19–10.44) 0.75

HADS Depression 1.23 (1.07–1.41) <0.01 1.23 (1.07–1.41) <0.01 1.28 (1.10–1.52) <0.01
Age 1.00 (0.97–1.03) 0.86 1.00 (0.96–1.03) 0.74
Sex 0.66 (0.13–3.25) 0.61 0.80 (0.15–4.13) 0.79
Educational history 0.27 (0.07–1.00) 0.05
Smoking history 0.87 (0.11–6.87) 0.90
Drinking history 0.92 (0.13–6.51) 0.93

SSS8 1.33 (1.14–1.56) <0.01 1.33 (1.13–1.57) <0.01 1.41 (1.15–1.72) <0.01
Age 1.00 (0.96–1.04) 0.93 1.00 (0.96–1.04) 0.94
Sex 0.56 (0.10–3.08) 0.51 0.62 (0.10–3.94) 0.61
Educational history 0.30 (0.08–1.10) 0.07
Smoking history 0.28 (0.02–3.88) 0.34
Drinking history 1.65 (0.18–15.03) 0.34

HADS means Hospital Anxiety and Depression Scale. SSS8 means Somatic Symptom Scale-8. Model 0: not
adjusted analysis. Model 1: adjusted by age and sex. Model 2: adjusted by age, sex, educational history, smoking
history, and drinking history. In terms of clinical assessment, CSI9 scores were converted into binary variables;
scores below 20 were categorized as 0, whereas scores of 21 and higher were categorized as 1.



Life 2024, 14, 612 6 of 11

Table 4. Association of HADS anxiety, HADS depression, and SSS8 with clinical CSI among depressive
disorders of a cross-sectional study in Japan, 2022 (n = 103).

Clinical CSI

Model 0 (Not Adjusted) Model 1 (Adjusted) Model 2 (Adjusted)

OR (95% CI) p Value AOR (95% CI) p Value AOR (95% CI) p Value

HADS Anxiety 1.28 (1.14–1.43) <0.01 1.28 (1.14–1.44) <0.01 1.30 (1.16–1.47) <0.01
Age 1.00 (0.98–1.03) 0.92 1.00 (0.98–1.03) 0.74
Sex 0.57 (0.22–1.48) 0.25 0.35 (0.12–1.04) 0.06
Educational history 1.57 (0.66–3.70) 0.31
Smoking history 3.16 (0.96–10.48) 0.06
Drinking history 1.46 (0.53–4.04) 0.47

HADS Depression 1.28 (1.14–1.43) <0.01 1.22 (1.10–1.35) <0.01 1.23 (1.11–1.37) <0.01
Age 1.00 (0.98–1.03) 0.87 1.01 (0.98–1.03) 0.72
Sex 0.51 (0.98–1.03) 0.15 0.32 (0.11–0.91) 0.03
Educational history 1.43 (0.63–3.25) 0.40
Smoking history 3.64 (1.11–11.97) 0.03
Drinking history 1.07 (0.40–2.87) 0.90

SSS8 1.33 (1.18–1.49) <0.01 1.36 (1.21–1.54) <0.01 1.37 (1.21–1.56) <0.01
Age 1.02 (0.99–1.05) 0.27 1.03 (0.99–1.06) 0.15
Sex 0.39 (0.13–1.19) 0.10 0.27 (0.08–0.93) 0.04
Educational history 1.95 (0.69–5.48) 0.21
Smoking history 1.91 (0.52–7.00) 0.33
Drinking history 0.96 (0.30–3.11) 0.94

HADS means Hospital Anxiety and Depression Scale. SSS8 means Somatic Symptom Scale-8. Model 0: not
adjusted analysis. Model 1: adjusted by age and sex. Model 2: adjusted by age, sex, educational history, smoking
history, and drinking history. In terms of clinical assessment, CSI9 scores were converted into binary variables;
scores below 20 were categorized as 0, whereas scores of 21 and higher were categorized as 1.

Table 5. Association of HADS anxiety, HADS depression, and SSS8 with clinical CSI among somatic
symptoms and related disorders of a cross-sectional study in Japan, 2022 (n = 84).

Clinical CSI

Model 0 (Not Adjusted) Model 1 (Adjusted) Model 2 (Adjusted)

OR (95% CI) p Value AOR (95% CI) p Value AOR (95% CI) p Value

HADS Anxiety 1.24 (1.10–1.41) <0.01 1.24 (1.09–1.41) <0.01 1.24 (1.09–1.41) <0.01
Age 1.00 (0.97–1.03) 0.99 1.00 (0.97–1.03) 0.95
Sex 0.47 (0.13–1.71) 0.25 0.61 (0.16–2.33) 0.47
Educational history 0.94 (0.38–2.35) 0.90
Smoking history 1.00 omitted
Drinking history 1.08 (0.33–3.57) 0.90

HADS Depression 1.16 (1.06–1.29) <0.01 1.19 (1.06–1.34) <0.01 1.18 (1.05–1.33) <0.01
Age 0.99 (0.96–1.02) 0.39 0.99 (0.96–1.02) 0.40
Sex 0.36 (0.10–1.27) 0.11 0.42 (0.11–1.53) 0.19
Educational history 1.03 (0.42–2.52) 0.95
Smoking history 1.00 omitted
Drinking history 1.27 (0.39–4.11) 0.69

SSS8 1.33 (1.16–1.51) <0.01 1.32 (1.16–1.50) <0.01 1.34 (1.16–1.54) <0.01
Age 1.00 (0.96–1.03) 0.80 0.99 (0.96–1.03) 0.72
Sex 0.48 (0.10–2.26) 0.36 0.62 (0.12–3.10) 0.56
Educational history 0.52 (0.17–1.57) 0.25
Smoking history 1.00 omitted
Drinking history 1.51 (0.38–6.03) 0.56

HADS means Hospital Anxiety and Depression Scale. SSS8 means Somatic Symptom Scale-8. Model 0: not
adjusted analysis. Model 1: adjusted by age and sex. Model 2: adjusted by age, sex, educational history, smoking
history, and drinking history. In terms of clinical assessment, CSI9 scores were converted into binary variables;
scores below 20 were categorized as 0, whereas scores of 21 and higher were categorized as 1.
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Among adjustment disorders (Table 6), only the association between SSS8 and clinical
CS was positive (AOR: 2.15, 95% CI: 1.40–3.30, p < 0.01).

Table 6. Association of HADS anxiety, HADS depression, and SSS8 with clinical CSI among adjust-
ment disorders of a cross-sectional study in Japan, 2022 (n = 70).

Clinical CSI

Model 0 (Not Adjusted) Model 1 (Adjusted) Model 2 (Adjusted)

OR (95% CI) p Value AOR (95% CI) p Value AOR (95% CI) p Value

HADS Anxiety 1.08 (0.95–1.23) 0.25 1.08 (0.94–1.23) 0.29 1.10(0.94–1.27) 0.23
Age 1.00 (0.97–1.03) 0.99 1.00 (0.96–1.03) 0.84
Sex 0.55 (0.18–1.67) 0.29 0.38 (0.12–1.26) 0.12
Educational history 3.02 (0.89–10.25) 0.08
Smoking history 1.72 (0.44–6.70) 0.44
Drinking history 1.02 (0.30–3.42) 0.98

HADS Depression 1.08 (0.96–1.21) 0.19 1.09 (0.96–1.23) 0.17 1.09 (0.95–1.24) 0.22
Age 1.00 (0.97–1.03) 0.97 1.00 (0.96–1.24) 0.86
Sex 0.49 (0.16–1.52) 0.22 0.34 (0.10–1.16) 0.09
Educational history 2.77 (0.85–9.09) 0.09
Smoking history 1.57 (0.40–6.10) 0.51
Drinking history 1.12 (0.34–3.67) 0.85

SSS8 1.69 (1.31–2.19) <0.01 1.93 (1.35–2.75) <0.01 2.15 (1.40–3.30) <0.01
Age 1.07 (0.99–1.14) 0.07 1.06 (0.98–1.14) 0.12
Sex 1.50 (0.22–10.46) 0.68 0.68 (0.08–5.49) 0.72
Educational history 6.45 (0.96–43.19) 0.06
Smoking history 4.05 (0.46–35.69) 0.21
Drinking history 2.36 (0.36–15.50) 0.37

HADS means Hospital Anxiety and Depression Scale. SSS8 means Somatic Symptom Scale-8. Model 0: not
adjusted analysis. Model 1: adjusted by age and sex. Model 2: adjusted by age, sex, educational history, smoking
history, and drinking history. In terms of clinical assessment, CSI9 scores were converted into binary variables;
scores below 20 were categorized as 0, whereas scores of 21 and higher were categorized as 1.

The SSS8 tended to exhibit a stronger positive correlation with the CSI9 than with the
HADS anxiety and depression.

4. Discussion

This cross-sectional study investigated the association of central sensitisation and
depression, anxiety, and somatic symptoms, revealing significant positive associations
among these factors. In our disease-specific analysis, the SSS8 exhibited a stronger positive
correlation with clinical CS than with HADS depression or HADS anxiety. These results
indicate that CS is closely related to depression, anxiety, and somatic symptoms and has a
particularly strong positive association with somatic symptoms. Disease analysis showed
that a positive relationship between SSS8 and clinical CS was generally observed, and
this relationship was stronger than that between HADS depression and HADS anxiety in
depressive and somatoform disorders.

Previous studies have reported positive associations between CS, depression, and
anxiety in fibromyalgia [12,13], breast cancer [14], temporomandibular disorders [15], and
chronic lower back pain [16]. Our study, like many previous studies, also recognises a
positive correlation. We think this is because our study focused on patients with men-
tal disorders, who have a high prevalence of depression and anxiety, and because our
sample size was larger compared to clinical studies. The present findings suggest that
this association extends not only to these physical conditions but also to general mental
disorders. Furthermore, the positive relationship of CS with depression, anxiety, and
somatic symptoms was thought to be the strongest for somatic symptoms. Therefore, it
may be possible that embodied symptoms represented by the functional somatic syndrome
(FSS) are related to CS [40,41]. The term functional somatic syndrome has been applied to
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several related syndromes characterised more by symptoms, suffering, and disability than
by consistently demonstrable tissue abnormalities [42]. CS is a state in which symptoms
are strongly perceived and closely related to FSS, where symptoms appear to the extent
that daily life is affected. Previous studies have reported that functional somatic symptoms
are most severe when affected by CS [23,24]. Physical symptoms arise from both peripheral
and central processes, and previous research has demonstrated the importance of central
symptom processing [24]. Central sensitisation is characterised by hypersensitivity in this
processing. However, depression and anxiety are mental symptoms primarily originating
from central processes. Hence, the association between central sensitisation and physical
symptoms may be more significant than that with depression or anxiety.

Among anxiety disorders, depressive disorders, and somatic symptoms and related
disorders, HADS depression, HADS anxiety, and SSS8 were associated with clinical CS.
This association suggests a strong potential for the positive association of central sensitisa-
tion with anxiety, depression, and somatic symptoms in each respective mental disorder.
Let us assess the strength of the associations in each disease through an analysis specific
to each condition. Among depressive disorders, HADS anxiety, HADS depression, and
SSS8 were positively associated with clinical CS. This relationship was stronger with SSS8
than with HADS anxiety and HADS depression. This stronger relationship suggests a
particularly strong positive association between somatic symptoms and central sensiti-
sation in depressive disorders. Among somatic symptoms and related disorders, HADS
anxiety, HADS depression, and SSS8 were positively associated with CSI. This relationship
was stronger with SSS8 than with HADS anxiety and HADS depression. This stronger
relationship also suggests a particularly strong positive association between somatic symp-
toms and central sensitisation in somatic symptoms and related disorders. Among anxiety
disorders, HADS anxiety, HADS depression, and SSS8 were positively associated with
clinical CS. This relationship was stronger with HADS anxiety than with HADS depression
and SSS8. This stronger relationship suggests a particularly strong positive association
between anxiety and central sensitisation in the anxiety disorder group. The reason for the
relatively low correlation between somatic symptoms and central sensitisation in anxiety
disorders is unclear. Anxiety disorders exhibit diversity, which may have contributed to the
weaker association [29]. However, by expanding the sample size and conducting a detailed
analysis of individual disorders within the anxiety disorder group, the underlying causes
may become clearer. Among adjustment disorders, only SSS8 was related to clinical CS,
and no relationship was observed between HADS depression and HADS anxiety. This lack
of a relationship may be because adjustment disorders, which are not core symptom-based
diseases, have multiple vague symptoms [29].

This study suggests that the potential connection between clinical CS and depression,
anxiety, and physical symptoms across a range of mental disorders is significant; however,
it has several limitations. First, because of its cross-sectional design, this study cannot
directly imply causality that high depression, anxiety, and somatic symptom scores lead
to an increase in CS or vice versa; rather, it can only speculate a statistical association.
A more robust study design (e.g., a prospective cohort study) is required to confirm
these results. Second, although the study included a statistically significant number of
participants, the data were obtained from a single facility. Most of them sought treatment
at the psychosomatic department affiliated with the university hospital, which limited the
representativeness of the sample and the external validity of this study. Therefore, studies
from other facilities are necessary to generalise the results. A large-scale prospective cohort
study involving participants from other facilities is necessary to clarify the results of this
study further.

This study refers to the possibility of elucidating the causes of physical symptoms
through CS measurement in patients with common mental disorders included in pain-
related conditions. Physical symptoms, even in those with apparent organic diseases,
contain a certain degree of psychological influence [23–26]. The measurement of CS in this
study could confirm the extent of psychological influence and potentially contribute to
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treatment strategies. Evaluating the psychological impact included in physical illnesses
from a public health perspective may reduce economic losses due to medically unexplained
symptoms [43].

5. Conclusions

There were significant associations between anxiety, depression, somatic symptoms,
and clinical CS in patients attending general mental health outpatient services. These
findings highlight the importance of evaluating somatic symptoms when assessing CS in
mental disorders. Assessing central sensitisation in patients can be useful in distinguishing
whether their physical symptoms have a physical or central origin.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/life14050612/s1.

Author Contributions: T.T. and K.H. conceived and designed the study. A.K., T.T., K.H. and M.H.
performed the experiments. T.T. and K.A. performed the data analysis. T.T. contributed reagents,
materials, and analysis tools. T.T. wrote the paper. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported by JSPS KAKENHI Grant Number 22K03182.

Institutional Review Board Statement: The clinical study adhered to the most recent version of the
Declaration of Helsinki and received approval from the Ethics Committee of Toho University School
of Medicine, 8 April 2023 (registration number A22086).

Informed Consent Statement: Informed consent was obtained through the opt-out form on the website.

Data Availability Statement: The datasets used and analysed during this study are available from
the corresponding author upon reasonable request.

Acknowledgments: We thank the individuals who participated in this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Latremoliere, A.; Woolf, C.J. Central sensitization: A generator of pain hypersensitivity by central neural plasticity. J. Pain 2009,

10, 895–926. [CrossRef]
2. Woolf, C.J. Central sensitization: Implications for the diagnosis and treatment of pain. Pain 2011, 152, S2–S15. [CrossRef]

[PubMed]
3. Loeser, J.D.; Treede, R. The Kyoto protocol of IASP basic pain terminology. Pain 2008, 137, 473–477. [CrossRef]
4. Jensen, T.S.; Finnerup, N.B. Allodynia and hyperalgesia in neuropathic pain: Clinical manifestations and mechanisms. Lancet

Neurol. 2014, 13, 924–935. [CrossRef]
5. Andias, R.; Silva, A.G. Impact of sex, sleep, symptoms of central sensitization, and psychosocial factors in adolescents with

chronic musculoskeletal pain: An exploratory study. Pain Med. 2022, 23, 1777–1792. [CrossRef]
6. Cao, Y.; Fan, D.; Yin, Y. Pain mechanism in rheumatoid arthritis: From cytokines to central sensitization. Mediat. Inflamm. 2020,

2020, 2076328. [CrossRef]
7. Beckwee, D.; De Hertogh, W.; Lievens, P.; Bautmans, I.; Vaes, P. Effect of tens on pain in relation to central sensitization in patients

with osteoarthritis of the knee: Study protocol of a randomized controlled trial. Trials 2012, 13, 21. [CrossRef] [PubMed]
8. Zheng, P.; Zhang, W.; Leng, J.; Lang, J. Research on central sensitization of endometriosis-associated pain: A systematic review of

the literature. J. Pain Res. 2019, 12, 1447–1456.
9. den Boer, C.; Dries, L.; Terluin, B.; van der Wouden, J.C.; Blankenstein, A.H.; van Wilgen, C.P.; Lucassen, P.; van der Horst,

H.E. Central sensitization in chronic pain and medically unexplained symptom research: A systematic review of definitions,
operationalizations and measurement instruments. J. Psychosom. Res. 2019, 117, 32–40. [CrossRef] [PubMed]

10. Fillingim, R.B.; Bruehl, S.; Dworkin, R.H.; Dworkin, S.F.; Loeser, J.D.; Turk, D.C.; Widerstrom-Noga, E.; Arnold, L.; Bennett, R.;
Edwards, R.R.; et al. The ACTTION-American Pain Society Pain Taxonomy (AAPT): An evidence-based and multidimensional
approach to classifying chronic pain conditions. J. Pain 2014, 15, 241–249. [CrossRef]

11. Ang, D.C.; Chakr, R.; France, C.R.; Mazzuca, S.A.; Stump, T.E.; Hilligoss, J.; Lengerich, A. Association of nociceptive responsivity
with clinical pain and the moderating effect of depression. J. Pain 2011, 12, 384–389. [CrossRef]

12. Lopez-Ruiz, M.; Losilla, J.M.; Monfort, J.; Portell, M.; Gutierrez, T.; Poca, V.; Garcia-Fructuoso, F.; Llorente, J.; Garcia-Fontanals,
A.; Deus, J. Central sensitization in knee osteoarthritis and fibromyalgia: Beyond depression and anxiety. PLoS ONE 2019,
14, e0225836. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/life14050612/s1
https://www.mdpi.com/article/10.3390/life14050612/s1
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1016/j.pain.2010.09.030
https://www.ncbi.nlm.nih.gov/pubmed/20961685
https://doi.org/10.1016/j.pain.2008.04.025
https://doi.org/10.1016/S1474-4422(14)70102-4
https://doi.org/10.1093/pm/pnac053
https://doi.org/10.1155/2020/2076328
https://doi.org/10.1186/1745-6215-13-21
https://www.ncbi.nlm.nih.gov/pubmed/22353582
https://doi.org/10.1016/j.jpsychores.2018.12.010
https://www.ncbi.nlm.nih.gov/pubmed/30665594
https://doi.org/10.1016/j.jpain.2014.01.004
https://doi.org/10.1016/j.jpain.2010.09.004
https://doi.org/10.1371/journal.pone.0225836
https://www.ncbi.nlm.nih.gov/pubmed/31805099


Life 2024, 14, 612 10 of 11

13. Valera-Calero, J.A.; Ubeda-D’Ocasar, E.; Arias-Buria, J.L.; Fernandez-de-Las-Penas, C.; Gallego-Sendarrubias, G.M.; Cigaran-
Mendez, M. Convergent validity of the central sensitization inventory in women with fibromyalgia: Association with clinical,
psychological and psychophysical outcomes. Eur. J. Pain 2022, 26, 2141–2151. [CrossRef] [PubMed]

14. de la Rosa-Diaz, I.; Barrero-Santiago, L.; Acosta-Ramirez, P.; Martin-Peces-Barba, M.; Iglesias-Hernandez, E.; Plisset, B.; Lutinier,
N.; Belzanne, M.; La Touche, R.; Grande-Alonso, M. Cross-sectional comparative study on central sensitization-psychosocial
associated comorbidities and psychological characteristics in breast cancer survivors with nociceptive pain and pain with
neuropathic features and without pain. Life 2022, 12, 1328. [CrossRef] [PubMed]

15. Proenca, J.D.S.; Baad-Hansen, L.; Braido, G.V.D.V.; Mercante, F.G.; Campi, L.B.; Goncalves, D.A.G. Lack of correlation between cen-
tral sensitization inventory and psychophysical measures of central sensitization in individuals with painful temporomandibular
disorder. Arch. Oral Biol. 2021, 124, 105063. [CrossRef] [PubMed]

16. Clark, J.R.; Nijs, J.; Yeowell, G.; Holmes, P.; Goodwin, P.C. Trait sensitivity, anxiety, and personality are predictive of central
sensitization symptoms in patients with chronic low back pain. Pain Pract. 2019, 19, 800–810. [CrossRef] [PubMed]

17. Palacios-Cena, M.; Barbero, M.; Falla, D.; Ghirlanda, F.; Arend-Nielsen, L.; Fernandez-de-Las-Penas, C. Pain extent is associated
with the emotional and physical burdens of chronic tension-type headache, but not with depression or anxiety. Pain Med. 2017,
18, 2033–2039. [CrossRef] [PubMed]

18. Hoyos-Calderon, Y.; Martinez-Merinero, P.; Nunez-Nagy, S.; Pecos-Martin, D.; Calvo-Lobo, C.; Romero-Morales, C.; Abuin-Porras,
V.; Serrano-Imedio, A. Myofascial trigger points and central sensitization signs, but no anxiety, are shown in women with
dysmenorrhea: A case-control study. Biology 2022, 11, 1550. [CrossRef]

19. Yucel, F.N.; Gezer, H.H.; Jandaulyet, J.; Oz, N.; Acer Kasman, S.; Duruoz, M.T. Clinical and functional impact of central
sensitization on patients with familial Mediterranean fever: A cross-sectional study. Rheumatol. Int. 2023, 43, 125–136. [CrossRef]

20. Bair, M.J.; Robinson, R.L.; Katon, W.; Kroenke, K. Depression and pain comorbidity: A literature review. Arch. Intern. Med. 2003,
163, 2433–2445. [CrossRef]

21. Schlereth, T.; Heiland, A.; Breimhorst, M.; Fechir, M.; Kern, U.; Magerl, W.; Birklein, F. Association between pain, central
sensitization and anxiety in postherpetic neuralgia. Eur. J. Pain 2015, 19, 193–201. [CrossRef]

22. Balachandran, A.; Tassone, V.K.; Adamsahib, F.; Di Passa, A.; Kuburi, S.; Demchenko, I.; Ladha, K.S.; Bhat, V. Efficacy of ketamine
for comorbid depression and acute or chronic pain: A systematic review. Front. Pain Res. 2022, 3, 1022767. [CrossRef] [PubMed]

23. Budtz-Lilly, A.; Schroder, A.; Rask, M.T.; Fink, P.; Vestergaard, M.; Rosendal, M. Bodily distress syndrome: A new diagnosis for
functional disorders in primary care? BMC Fam. Pract. 2015, 16, 180–188. [CrossRef] [PubMed]

24. Rosendal, M.; Olde Hartman, T.C.; Aamland, A.; van der Horst, H.; Lucassen, P.; Budtz-Lilly, A.; Burton, C. “Medically
unexplained” symptoms and symptom disorders in primary care: Prognosis-based recognition and classification. BMC Fam.
Pract. 2017, 18, 18. [CrossRef]

25. Morton, L.; Elliott, A.; Cleland, J.; Deary, V.; Burton, C. A taxonomy of explanations in a general practitioner clinic for patients
with persistent “medically unexplained” physical symptoms. Patient Educ. Couns. 2017, 100, 224–230. [CrossRef]

26. Olde Hartman, T.; Lam, C.L.; Usta, J.; Clarke, D.; Fortes, S.; Dowrick, C. Addressing the needs of patients with medically
unexplained symptoms: 10 key messages. Br. J. Gen. Pract. 2018, 68, 442–443. [CrossRef] [PubMed]

27. STROBE Statement. Checklist for Cross-Sectional Studies. ISPM. Available online: https://www.strobe-statement.org/index.
php?id=available-checklists (accessed on 10 February 2024).

28. Vandenbroucke, J.P.; von Elm, E.; Altman, D.G.; Gotzsche, P.C.; Mulrow, C.D.; Pocock, S.J.; Poole, C.; Schlesselman, J.J.; Egger, M.
STROBE initiative Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): Explanation and elaboration.
Ann. Intern. Med. 2007, 147, 163. [CrossRef]

29. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Publishing:
Washington, DC, USA, 2013; pp. 1–947.

30. Zigmond, A.S.; Snaith, R.P. The hospital anxiety and depression scale. Acta Psychiatr. Scand. 1983, 67, 361–370. [CrossRef]
31. Bjelland, I.; Dahl, A.A.; Haug, T.T.; Neckelmann, D. The validity of the Hospital Anxiety and Depression Scale: An updated

literature review. J. Psychosom. Res. 2002, 52, 69–77. [CrossRef]
32. Hatta, H.; Higashi, A.; Yashiro, H.; Kotaro, O.; Hayashi, K.; Kiyota, K.; lnokuchi, H.; lkeda, J.; Fujita, K.; Watanabe, Y.; et al. A

validation of the hospital anxiety and depression scale. Jpn. J. Psychosom. Med. 1998, 38, 309–315.
33. Gierk, B.; Kohlmann, S.; Kroenke, K.; Spangenberg, L.; Zenger, M.; Brahler, E.; Lowe, B. The somatic symptom scale-8 (SSS-8): A

brief measure of somatic symptom burden. JAMA Intern. Med. 2014, 174, 399–407. [CrossRef] [PubMed]
34. Matsudaira, K.; Oka, H.; Kawaguchi, M.; Murakami, M.; Fukudo, S.; Hashizume, M.; Lowe, B. Development of a Japanese version

of the Somatic Symptom Scale-8: Psychometric validity and internal consistency. Gen. Hosp. Psychiatry 2017, 45, 7–11. [CrossRef]
[PubMed]

35. Nishigami, T.; Tanaka, K.; Mibu, A.; Manfuku, M.; Yono, S.; Tanabe, A. Development and psychometric properties of short form
of central sensitization inventory in participants with musculoskeletal pain: A cross-sectional study. PLoS ONE 2018, 13, e0200152.
[CrossRef] [PubMed]

36. Tanaka, K.; Nishigami, T.; Mibu, A.; Manfuku, M.; Yono, S.; Yukioka, M.; Miki, K. Cutoff value for short form of central
sensitization inventory. Pain Pract. 2020, 20, 269–276. [CrossRef] [PubMed]

37. Takeuchi, T.; Nakao, M.; Yano, E. Relationship between smoking and major depression in a Japanese workplace. J. Occup. Health
2004, 46, 489–492. [CrossRef] [PubMed]

https://doi.org/10.1002/ejp.2026
https://www.ncbi.nlm.nih.gov/pubmed/35979630
https://doi.org/10.3390/life12091328
https://www.ncbi.nlm.nih.gov/pubmed/36143365
https://doi.org/10.1016/j.archoralbio.2021.105063
https://www.ncbi.nlm.nih.gov/pubmed/33529837
https://doi.org/10.1111/papr.12809
https://www.ncbi.nlm.nih.gov/pubmed/31215742
https://doi.org/10.1093/pm/pnx047
https://www.ncbi.nlm.nih.gov/pubmed/28387834
https://doi.org/10.3390/biology11111550
https://doi.org/10.1007/s00296-022-05181-6
https://doi.org/10.1001/archinte.163.20.2433
https://doi.org/10.1002/ejp.537
https://doi.org/10.3389/fpain.2022.1022767
https://www.ncbi.nlm.nih.gov/pubmed/36353699
https://doi.org/10.1186/s12875-015-0393-8
https://www.ncbi.nlm.nih.gov/pubmed/26669977
https://doi.org/10.1186/s12875-017-0592-6
https://doi.org/10.1016/j.pec.2016.08.015
https://doi.org/10.3399/bjgp18X698813
https://www.ncbi.nlm.nih.gov/pubmed/30166397
https://www.strobe-statement.org/index.php?id=available-checklists
https://www.strobe-statement.org/index.php?id=available-checklists
https://doi.org/10.7326/0003-4819-147-8-200710160-00010-w1
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1016/S0022-3999(01)00296-3
https://doi.org/10.1001/jamainternmed.2013.12179
https://www.ncbi.nlm.nih.gov/pubmed/24276929
https://doi.org/10.1016/j.genhosppsych.2016.12.002
https://www.ncbi.nlm.nih.gov/pubmed/28274342
https://doi.org/10.1371/journal.pone.0200152
https://www.ncbi.nlm.nih.gov/pubmed/29975754
https://doi.org/10.1111/papr.12850
https://www.ncbi.nlm.nih.gov/pubmed/31638741
https://doi.org/10.1539/joh.46.489
https://www.ncbi.nlm.nih.gov/pubmed/15613773


Life 2024, 14, 612 11 of 11

38. Fluharty, M.; Taylor, A.E.; Grabski, M.; Munafo, M.R. The Association of Cigarette Smoking with Depression and Anxiety: A
systematic review. Nicotine Tob. Res. 2017, 19, 3–13. [CrossRef]

39. Li, J.; Wang, H.; Li, M.; Shen, Q.; Li, X.; Zhang, Y.; Peng, J.; Rong, X.; Peng, Y. Effect of alcohol use disorders and alcohol intake
on the risk of subsequent depressive symptoms: A systematic review and meta-analysis of cohort studies. Addiction 2020, 115,
1224–1243. [CrossRef]

40. Maletic, V.; Raison, C.L. Neurobiology of depression, fibromyalgia and neuropathic pain. Front. Biosci. Landmark Ed. 2009, 14,
5291–5338. [CrossRef]

41. Grassini, S.; Nordin, S. Comorbidity in migraine with functional somatic syndromes, psychiatric disorders and inflammatory
diseases: A matter of central sensitization? Behav. Med. 2017, 43, 91–99. [CrossRef]

42. Barsky, A.J.; Borus, J.F. Functional somatic syndromes. Ann. Intern. Med. 1999, 130, 910–921. [CrossRef]
43. Jadhakhan, F.; Romeu, D.; Lindner, O.; Blakemore, A.; Guthrie, E. Prevalence of medically unexplained symptoms in adults

who are high users of healthcare services and magnitude of associated costs: A systematic review. BMJ Open 2022, 12, e059971.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/ntr/ntw140
https://doi.org/10.1111/add.14935
https://doi.org/10.2741/3598
https://doi.org/10.1080/08964289.2015.1086721
https://doi.org/10.7326/0003-4819-130-11-199906010-00016
https://doi.org/10.1136/bmjopen-2021-059971
https://www.ncbi.nlm.nih.gov/pubmed/36198445

	Introduction 
	Materials and Methods 
	Study Design and Ethical Considerations 
	Participants and Diagnosis of Diseases 
	Evaluation of Depression, Anxiety, Physical Symptoms, and CS 
	Confounding Variables 
	Sample Size 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

