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ABSTRACT

Background Somatic symptom disorder (SSD) commonly
presents in general hospital settings, posing challenges for
healthcare professionals lacking specialised psychiatric
training. The Neuro-11 Neurosis Scale (Neuro-11) offers
promise in screening and evaluating psychosomatic
symptoms, comprising 11 concise items across three
dimensions: somatic symptoms, negative emotions

and adverse events. Prior research has validated the
scale’s reliability, validity and theoretical framework in
somatoform disorders, indicating its potential as a valuable
tool for SSD screening in general hospitals.

Aims This study aimed to establish the reliability,

validity and threshold of the Neuro-11 by comparing it
with standard questionnaires commonly used in general
hospitals for assessing SSD. Through this comparative
analysis, we aimed to validate the effectiveness and
precision of the Neuro-11, enhancing its utility in clinical
settings.

Methods Between November 2020 and December 2021,
data were collected from 731 patients receiving outpatient
and inpatient care at Shenzhen People’s Hospital in China
for various physical discomforts. The patients completed
multiple questionnaires, including the Neuro-11, Short
Form 36 Health Survey, Patient Health Questionnaire 15
items, Hamilton Anxiety Scale and Hamilton Depression
Scale. Psychiatry-trained clinicians conducted structured
interviews and clinical examinations to establish a gold
standard diagnosis of SSD.

Results The Neuro-11 demonstrated strong content
reliability and structural consistency, correlating
significantly with internationally recognised and widely
used questionnaires. Despite its brevity, the Neuro-11
exhibited significant correlations with other questionnaires.
A test-retest analysis yielded a correlation coefficient

of 1.00, Spearman-Brown coefficient of 0.64 and
Cronbach’s o coefficient of 0.72, indicating robust content
reliability and internal consistency. Confirmatory factor
analysis confirmed the validity of the three-dimensional
structure (p<0.001, comparative fit index=0.94,
Tucker-Lewis index=0.92, root mean square error of
approximation=0.06, standardised root mean square
residual=0.04). The threshold of the Neuro-11 is set at 10
points based on the maximum Youden’s index from the
receiver operating characteristic curve analysis. In terms
of diagnostic efficacy, the Neuro-11 has an area under the
curve of 0.67.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Somatic symptom disorder (SSD) is characterised
by a high incidence and low diagnosis rate in gener-
al hospital settings, necessitating the development
of a rapid screening tool to improve the recognition
of SSD in this context.

WHAT THIS STUDY ADDS

= The Neuro-11 Neurosis Scale (Neuro-11) isa screen-
ing scale for SSD, employing a three-dimensional
structure that incorporates somatic symptoms, neg-
ative emotions and adverse events.

= It has been validated to possess good reliability and
validity, outperforming the Hamilton Depression
Scale and Patient Health Questionnaire 15 items in
terms of screening accuracy for SSD.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= A simple and user-friendly scale such as Neuro-11
holds excellent promise for SSD screening, particu-
larly in general hospitals with many outpatient cases
in China.

= This approach can potentially enhance the diagnosis
and treatment of SSD while reducing the burden on
healthcare resources.

Conclusions (1) The Neuro-11 demonstrates robust
associations with standard questionnaires, supporting

its validity. It is applicable in general hospital settings,
assessing somatic symptoms, negative emotions and
adverse events. (2) The Neuro-11 exhibits strong content
reliability and validity, accurately capturing the intended
constructs. The three-dimensional structure demonstrates
robust construct validity. (3) The threshold of the Neuro-11
is set at 10 points.

INTRODUCTION

Somatic symptom disorder (SSD) is a mental
disorder as defined in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5),' characterised by persistent
physical discomfort and excessive symptom-
atic feelings or behaviours. Since physical
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discomfort is the primary symptom of SSD, patients often
seek initial care in general hospitals.” ® Research indi-
cates that approximately one-third of patients in general
hospitals receive a diagnosis of SSD.*” However, due to
the intricate and ambiguous diagnostic criteria associated
with SSD, the diagnosis rate in general hospitals is rela-
tively low, and such cases are seldom recorded in medical
databases.® Consequently, misdiagnosis and underdiag-
nosis rates among these patients are considerably high,
leading to inadequate diagnosis, treatment and signifi-
cant waste of medical resources.” Currently, there are no
established objective biological markers for diagnosing
mental illnesses, necessitating psychiatrists to rely on
interviews and other subjective methods. Consequently,
non-psychiatrists in general hospitals encounter chal-
lenges in effectively screening and identifying individuals
with SSD.

Psychiatric scales serve as crucial tools for screening and
identifying mental illnesses. In general hospitals, widely
employed international scales including the Patient
Health Questionnaire 9 items (PHQ-9), Generalised
Anxiety Disorder 7 items (GAD-7), Hamilton Anxiety/
Depression Scale (HAMA/HAMD) for assessing depres-
sion and anxiety and the Patient Health Questionnaire
15 items (PHQ-15) for evaluating somatic symptoms.
However, due to the considerable overlap of somatic
disorders with anxiety and depression,” ' "' many theo-
ries currently posit somatic symptoms as manifestations
and accompanying features of depression and anxiety
disorders.””® Consequently, anxiety and depression
scales are often used to assess patients with somatic symp-
toms. Despite these scales containing physical symptom
items seemingly related to SSD, their application in
general hospitals, primarily developed by psychiatrists,
presents inevitable disadvantages. First, specific psychi-
atric scales, such as HAMA/HAMD, can be laborious
and time-consuming to implement. Second, numerous
psychiatric symptom items, such as those concerning
suicidal tendencies, hypochondriasis and hallucinations,
may contribute to mental illness stigma. This may result
in patients with somatic complaints resisting, feeling
perplexed and sensing neglect of their physical symp-
toms, leading to reduced cooperation when completing
these scales. Moreover, an important aspect often over-
looked is the influence of adverse events, acknowledged
as social and psychological factors, on the occurrence
and development of somatic disorders.'®'” Unfortunately,
existing scales lack relevant items that adequately capture
the impact of adverse events on patients’ symptoms.

Given the current suboptimal recognition rate of SSD
in general hospital settings and the limitations of existing
scales, there is a pressing need to swiftly identify patients
with this condition using a more practical screening
scale. In response to this challenge, our research team
has developed a somatic symptom screening scale named
the Neuro-11 Neurosis Scale (Neuro-11) (shown in the
online supplemental material).”® The Neuro-11 scale
encompasses 11 items organised into three dimensions:

somatic symptoms, negative emotions and adverse
events. In previous investigations, we have successfully
established the scale’s reliability, validity and theoretical
framework in the context of somatoform disorders. In the
present study, we aimed to further validate and calibrate
the reliability, validity and threshold of the Neuro-11 for
screening SSD by conducting a comparative analysis with
existing standard questionnaires.

PARTICIPANTS AND METHODS

Participants

The dataset for this study was collected between April
2020 and December 2021. It consisted of participants who
sought outpatient or inpatient care from various depart-
ments, including neurology, cardiology, gastroenter-
ology, endocrinology and traditional Chinese medicine,
at Shenzhen People’s Hospital. The research flowchart is
shown in figure 1. The inclusion criteria were as follows:
(a) patients who sought outpatient or inpatient care in
general hospitals; (b) age range of 18-80 years; (c) partic-
ipants who voluntarily consented to participate in the
clinical trials and provided written informed consent.
Exclusion criteria for enrolment included: (a) patients
with conditions such as dementia, aphasia or signifi-
cant consciousness disturbances that would significantly
impair their ability to complete scale examinations and
participate in diagnostic interviews; (b) participants who
are unable to cooperate with the scale assessment and
evaluators and (c) individuals with current psychotic
disorders, including schizophrenia, major depression,
substance abuse or active suicidality. Additional exclusion
and discontinuation criteria were (a) participants who
exhibit poor compliance and are unable to cooperate
with the completion of interviews and (b) individuals who
fail to complete all assessments for various reasons.

Methods

Patients who met the predefined inclusion criteria

provided informed consent and were instructed to

complete the following scales:

» A custom questionnaire designed to collect demo-
graphic characteristics such as sex, age, marital status
and education level.

» Neuro-11, a newly developed
designed for screening SSD.

» PHQ-15, a brief self-assessment questionnaire recom-
mended by the DSM-5. It consists of 15 items that
assess the severity of physical symptoms experienced
in the past month. Previous studies have demon-
strated the scale’s reliability and validity in assessing
the severity of physical discomfort symptoms.'?™!

» Medical Outcomes Study Questionnaire Short Form
36 Health Survey (SF-36), a widely used health ques-
tionnaire developed by the Boston Health Research
Institute. It comprehensively evaluates the quality
of life of respondents in the past year across eight
domains, including physical functioning (PF), bodily

scale specifically
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medicine, etc.

763 patients were recruited from April 2020 to December 2021. All participants
were outpatients or inpatients of Shenzhen People’s Hospital from departments
of neurology, cardiology, gastroenterology, endocrinology, traditional Chinese

32 patients were excluded:
- 9 unable to communicate in
Mandarin

- 4 unable to complete
questionnaires

A 4

"l - 8 refused physician diagnostic

interview
- 11 had data missing

731 patients completed scales evaluation and physician diagnostic interview
(70 patients with a final digit of 7 were retested for Neuro-11 after 2 weeks)

'

'

355 patients with SSD

376 patients without SSD

Figure 1

pain (BP), general health (GH), vitality, social func-
tioning (SF), role limitations due to emotional and
physical health, emotional well-being and mental
health. The SF-36 has shown good reliability and
validity.** **

» HAMD, a commonly used rating scale for assessing
depression developed by Hamilton in 1960. It has
demonstrated sensitivity in distinguishing between
patients with depression and the general population,
along with good reliability and validity.**

» HAMA, a widely used rating scale for assessing anxiety
developed by Hamilton in 1959. It comprises two-
factor structures, physical and mental, and is primarily
used to evaluate the severity of neurosis and anxiety
symptoms experienced in the past week. HAMA has
shown good reliability and Validity.25

The order in which the Neuro-11, PHQ-15 and SF-36
scales were administered was randomised, while two
professional psychological evaluators conducted the

HAMD and HAMA scales. The completion of the five scales

typically took between 20 and 50 min. After completing

the scales, patients underwent interviews conducted by
two attending doctors with >byears of clinical experience.

The diagnostic criteria for SSD were based on the DSM-5,

and patient assessments were performed using the DSM-5

Flowchart of the study. SSD, somatic symptom disorder.

Structured Clinical Interview. The scale evaluators and
doctors were blinded to each other, with the doctors
unaware of the patients’ scale results. Patients with a final
digit of 7 underwent a retest of the Neuro-11 scale after a
2-week interval to assess the test-retest reliability.

Statistical analysis

A total of 763 patients who met the predefined inclu-
sion criteria participated in the survey. The response rate
among eligible individuals was 95.8%, resulting in a final
sample size of 731 participants. Among them, 355 indi-
viduals were diagnosed with SSD. Descriptive data anal-
ysis was conducted to compare Neuro-11 scores among
different demographic groups. As the Neuro-11 employs
discrete values, a non-parametric Mann-Whitney U test
was employed for the statistical analysis.

Two weeks following the completion of all scales,
a subgroup of 70 patients was randomly selected to
undergo a retest of the Neuro-11. The purpose of this
retest was to assess the testretest reliability and correla-
tion analysis of the Neuro-11 scores. The content reli-
ability of the Neuro-11 data was evaluated using the
splithalf technique, the Spearman-Brown formula and
the Guttman split-half coefficient. Furthermore, the scale
was calibrated by examining the correlations between the
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Table 1 General demographics and Neuro-11 sum scores of the total subjects (n=731)
Sample Neuro-11 sum scores Z score P value
Gender
Male 368 (50.3%) 10.0 (7.0, 15.0) -5.24 <0.001
Female 363 (49.7%) 13.0 (8.0, 18.0)
Age (years)
<45 371 (50.8%) 13.0 (9.0, 17.0) 4.22 <0.001
>45 360 (49.2%) 10.5 (7.0, 15.8)
Marital status
Married 531 (72.6%) 11.0 (7.0, 16.0) -4.23 <0.001
Others 200 (27.4%) 14.0 (9.0, 18.0)
Education level
High school and below 404 (55.3%) 12.0 (7.0, 17.0) -0.34 0.731

University and above 327 (44.7%)

12.0 (8.0, 16.0)

Shapiro-Wilk test is used to verify the normal distribution of Neuro-11 scores. The range calculated based on mean (SD) is used to describe
the normal scores, and the IQR is used to describe the non-normal scores. Mann-Whitney U test was conducted. P value of 0.05 was used as

a significant level.

IQR, interquartile range; Neuro-11, Neuro-11 Neurosis Scale; SD, standard deviation.

total and dimension scores of the Neuro-11 and those
obtained from previous surveys. To ensure the suitability
of our data for factor analysis, the Kaiser-Meyer-Olkin
test value was calculated. Confirmatory factor analysis
was then performed to assess the construct validity of the
proposed three-dimensional structure of the Neuro-11.

Using physician diagnoses as the reference standard,
we determined the threshold for the SSD question-
naire by constructing a receiver operating character-
istic (ROC) curve. The SSD questionnaire scores were
then categorised based on the established threshold
using logistic regression analysis. Statistical analyses
were conducted using SPSS V.23.0, AMOS and R soft-
ware to evaluate the data.

RESULTS

Descriptive analysis

The demographic characteristics for the total 731 subjects
are presented in table 1, where the score of Neuro-11 is
compared against gender, age, marital status and educa-
tion level. We found that for the data, the Neuro-11 sum
score for females was significantly higher than for males,
for younger people was higher than for older people
and for married individuals was lower than for others
(including unmarried, widowed and divorced). However,
there was no significant difference in education level.
For the 355 patients with SSD, no significant difference
existed between the sum score of Neuro-11 and these
four demographic characteristics. The detailed analysis
that compared the three dimensions scores of Neuro-11
for these demographics showed some difference and is
presented in table 2. In patients with SSD, we found that
females had significantly higher scores than males in the
somatic symptoms dimension scores, and younger people

or married individuals had lower scores than others in
the negative emotions dimension. For education level,
subjects in the high school and below group had higher
scores in the somatic symptoms dimension than subjects
in the university group; these findings are presented in
table 2.

Reliability, calibration and structure validation of Neuro-11
Reliability test

We tested the reliability of Neuro-11 with test-retest and
splithalf methods to ensure the content of the design
items was reasonable and valid. Neuro-11 had good reli-
ability, and the sum score of the Neuro-11 in the test-retest
was highly correlated (r=1.00, p<0.01). The results of the
split-half reliability test were calculated by dividing the
11 items into two parts according to odd and even items.
Neuro-11 had good internal consistency as the non-equal
length Spearman-Brown coefficient was 0.64, Guttman
Split-half coefficient was 0.69, which was consistent with
the results obtained when the scale was first applied to
assess somatoform disorders in 2014.'

Association between Neuro-11 and other questionnaires

Several neuropsychological assessment questionnaires,
including the HAMD, HAMA, PHQ-15 and SF-36, are
commonly used in general hospitals in China. This
study used them as the calibration standard. Spearman’s
correlation was applied to analyse the association as the
score took discrete numbers. Neuro-11 was significantly
positively correlated with HAMA (r=0.772, p<0.001),
HAMD  (r=0.748,p<0.001) and PHQ-15 (r=0.607,
p<0.001) and was significantly negatively correlated with
SF-36 (r=-0.429, p<0.001), as shown in figure 2A. The
reason for the negative correlation between Neuro-11
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Table 2 General demographics and Neuro-11-dimension scores of the patients with SSD (n=355)

Sample Body Zcore Negative emotions Z score Adverse events zcore
Gender
Male 163 (45.92%) 8.00 (6.00, 11.00) -2.42 2.00 (1.00, 3.00) -0.91  3.00(3.00,6.00) 1.29
Female 192 (54.08%) 9.00 (6.25, 12.00) 2.00 (1.00, 3.00) 3.00 (3.00, 3.00)
Age (years)
<45 215 (60.56%) 6.00 (8.00,11.00) —0.51  2.00 (1.00, 3.00) —2.78" 3.00(3.00,6.00) -0.25
>45 140 (39.44%) 9.00 (5.25, 12.00) 1.50 (1.00, 3.00) 3.00 (3.00, 6.00)
Marital status
Married 237 (66.76%) 8.00 (6.00, 11.00) -0.55 2.00 (1.00, 3.00) -3.18** 3.00 (3.00, 6.00) -0.05
Others 118 (33.24%) 9.00 (6.00, 11.00) 2.00 (1.00, 4.00) 3.00 (3.00, 6.00)
Education level
High school and below 176 (49.58%) 9.00 (6.00, 12.00) 2.08 2.00 (1.00, 3.00) -0.06 3.00 (3.00, 3.00) -—0.55

University and above 179 (50.42%)

*p<0.01 , **p<0.001.

8.00 (6.00, 10.00)

Neuro-11, Neuro-11 Neurosis Scale; SSD, somatic symptom disorder.

2.00 (1.00, 3.00)

3.00 (3.00, 6.00)

and SF-36 is that a high score in SF-36 indicates a healthy
condition, but in Neuro-11 it is vice versa.

The correlations between each dimension of Neuro-11
and HAMA, HAMD and SF-36 are presented in
figure 2B-D, respectively. The somatic symptoms dimen-
sion was highly correlated with the somatic anxiety factor
(r=0.643, p<0.001) and the psychogenic anxiety factor
(r=0.646, p<0.001). The negative emotion dimension
was also highly correlated with the psychogenic anxiety
factor (r=0.680, p<0.001), although it was also correlated
with the somatic anxiety factor (r=0.445, p<0.001). The
adverse event dimension, specially designed for Neuro-
11, was also correlated to those two dimensions of HAMA,
but the association was relatively weak (r<0.4). Compared
with HAMD, the three dimensions of Neuro-11 were all
highly correlated (p<0.001) with all the factors of HAMD,
except for the weight factor. Compared with SF-36, the
three dimensions of Neuro-11 had low correlations (r=0.0)
with the PF and SF factors in SF-36. Factors concerning
BP, GH and mental health in SF-36 were highly correlated
with Neuro-11. The SF in SF-36 was like the factor of
weight in HAMD and may not contribute much informa-
tion concerning SSD. PF was highly correlated with other
physical health factors, for example, role physical (RP),
BP, GH, role emotion and healthy transition in SF-36, but
it was noteworthy that all three dimensions in Neuro-11
were highly correlated with those physical health factors
but not correlated with PF. The correlations within
Neuro-11 are presented in figure 2E. We noticed that
item 11 had low correlations with all items except items 5
and 7 in the somatic symptoms dimension.

Confirmatory factor analysis

The confirmatory factor analysis was conducted to verify
the structure of the items with the defined three dimen-
sions based on our dataset. Figure 3 shows the structure

of the confirmatory factor analysis. Table 3 summarises all
test results for Neuro-11, indicating the internal consis-
tency and plausibility of this three-dimensional structure.
The whole Cronbach’s o coefficient was >0.70, indicating
a good internal consistency. The p value of the % test
was far less than 0.05, meaning the model fitted the data
very well. This was also confirmed by other measures
where the comparative fit index (CFI) and Tucker-Lewis
index (TLI) were >0.90, and the root mean square error
of approximation (RMSEA) and the standardised root
mean square residual (SRMR) were close to or smaller
than 0.05.%° However, our subsequent examination of the
subscales’ convergent and discriminant power revealed
some minor issues. According to average variance
extracted (AVE) and composite reliability (CR) values,
the convergent validity of the construct was adequate for
dimensions except for the adverse events. Based on the
prior defined three-dimensional structure, the somatic
symptoms dimension’s AVE value was 0.27, and the CR
value was 0.71. The negative emotions dimension’s AVE
value was 0.61, and the CR value was 0.76. However, the
adverse events dimension’s AVE value was 0.11, and the
CR value was 0.08. A detailed examination has found that
item 11 contributed little information to the dimension
of adverse events loading —0.10 (p=0.175) under the Wald
test, as a lower CR (<0.5) indicated that the items did
not measure what they were intended to measure, and a
low AVE (<0.6) indicated that more errors remained in
the items than the variance explained by the intended
dimension.?’

Determination of the thresholds and classification

Our dataset included 731 subjects; 355 were diagnosed
with SSD and 376 were diagnosed with other disorders,
for example, somnipathy. In total, 457 patients’ total
Neuro-11 scores were >10 points, but these included
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Figure 2 (A) The sum score in Neuro-11 is significantly correlated (p<0.001) with HAMA, HAMD, PHQ-15 and SF-36. The
correlation between Neuro-11 with HAMA and HAMD is higher than with the other two questionnaires. (B) The first two
dimensions score in Neuro-11 is significantly correlated with the two dimensions of HAMA. The adverse event dimension is
also correlated to those two dimensions, but the association is relatively weak (r<0.4). (C) The dimensions of Neuro-11 are

all statistically highly correlated with all factors of HAMD, except the weight factor. (D) The dimensions of Neuro-11 have low
correlations (r~0.0) with PF and SF factors in SF-36. Factors concerning body pain, general health and mental health in SF-36
are highly correlated with Neuro-11 but lowly correlated with PF and SF. (E) The correlation within the items of Neuro-11. ltem 11
highly correlates with items 5 and 7 in the body dimension.BP, bodily pain; GH, general health; HAMA, Hamilton Anxiety Scale;
HAMD, Hamilton Depression Scale; HT, health transition; MH, Mental Health; Neuro-11, Neuro-11 Neurosis Scale; PF, physical
functioning; PHQ-15, Patient Health Questionnaire 15 items; RE, role emotional; RP, role physical; SF, social functioning; SF-36,
Short Form 36 Health Survey; VT, Vitality.
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Figure 3 Based on our dataset, the structure diagram of confirmatory factor analysis results of Neuro-11 Neurosis Scale.

scores of 182 patients who had not been diagnosed with
SSD. Before we could use the Neuro-11 or other scales to
diagnose SSD, we first needed to find a threshold so that
patients with scores higher than the threshold could be
diagnosed as SSD. We used the gold standard described
in the ‘introduction’ section to construct a ROC curve
and to calculate Youden’s index.” The threshold was
determined by maximising the index. The threshold
of Neuro-11 determined in this way was 10.5 points, 8.5
points for HAMA and 6.5 points for HAMD.

However, in the ‘descriptive analysis’ section, we found
that gender, age and marital status had statistically signif-
icant effects on neuro-11 sum scores. A subgroup analysis

was performed to examine whether different thresholds
of Neuro-11 should be used for the various groups because
the features and their interactions may affect the SSD
diagnosis. A logistic regression analysis was conducted first
to determine the most influential features. We included
the demographic characteristics and their interactions
as the independent variables and selected the diagnosis
of SSD as the response variable. The Akaike information
criterion (AIC) was used for feature selection. Our results
showed that the most relevant features were gender and
age. We then split our data concerning gender and age
and conducted the threshold-determining procedure.
The results showed that the threshold of Neuro-11

Table 3 Confirmatory factor analysis results of Neuro-11 including the goodness of fit, structure consistency and

convergence tests

Dimension (items) Cronbach’s o coefficient AVE CR Item Estimate dimension loading (F\,I\;Iaﬁlc;‘ :est)
Body (1, 2, ..., 7) 0.71 027 071 1 0.40 <0.001
Negative emotions (8, 9) 0.76 061 0.76 2 0.36 <0.001
Negative events (10, 11) -0.07 0.11 0.08 3 0.48 <0.001
Whole 0.72 4 0.43 <0.001
Goodness of fit 5 0.59 <0.001
P value (? test) <0.001 6 0.66 <0.001
CFI 0.94 7 0.51 <0.001
TLI 0.92 8 0.78 <0.001
RMSEA 0.06 9 0.72 <0.001
SRMR 0.04 10 0.70 0.052
11 -0.10 0.175

AVE, average variance extracted; CFl, comparative fit index; CR, composite reliability; Neuro-11, Neuro-11 Neurosis Scale; RMSEA, root
mean square error of approximation; SRMR, standardised root mean square residual; TLI, Tucker-Lewis index.
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Table 4 The results of logistic regression with 10-fold cross-validation

Variables AUC (95% ClI) Accuracy (95% Cl) Kappa Sensitivity Specificity PPV NPV
Neuro-11 (dummy by >10) 0.65 (0.61 to 0.68) 0.64 (0.61 to 0.67) 0.29 0.60 0.71 0.78 0.52
Neuro-11 score 0.67 (0.63 to 0.71) 0.63 (0.59 to 0.66) 0.25 0.64 0.62 0.53 0.72
HAMD score 0.63 (0.59 to 0.67) 0.57 (0.53 to 0.61) 0.13 0.59 0.56 0.39 0.74
HAMA score 0.64 (0.60 to 0.68) 0.60 (0.57 to 0.64) 0.20 0.61 0.60 0.49 0.71
HAMD score+HAMA score 0.64 (0.60 to 0.68) 0.60 (0.57 to 0.64) 0.20 0.62 0.60 0.47 0.73
Neuro-11 (dummy by >10)+HAMD 0.66 (0.63 to 0.70) 0.64 (0.61 to 0.68) 0.29 0.60 0.71 0.78 0.52
score+HAMA score

PHQ-15 score 0.63 (0.59 to 0.67) 0.58 (0.54 to 0.61) 0.15 0.59 0.57 0.44 0.71
HAMD score+HAMA score+PHQ-15 score 0.65 (0.61 to 0.69) 0.61 (0.57 to 0.64) 0.21 0.60 0.62 0.70 0.51
SF-36 score 0.53 (0.49 to 0.57) 0.51 (0.48 to 0.55) 0.01 0.50 0.52 0.24 0.78
Revised Neuro-11 (dummy by >9) 0.68 (0.64 to 0.71) 0.67 (0.64 to 0.71) 0.35 0.63 0.74 0.79 0.57
Revised Neuro-11 score 0.70 (0.66 to 0.74) 0.64 (0.60 to 0.68) 0.28 0.65 0.63 0.56 0.71

The dependent variable is the whether the patient was diagnosed with SSD or not.
AUC, area under the curve; Cl, confidence interval; HAMA, Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale; Neuro-11, Neuro-11 Neurosis
Scale; NPV, negative predictive value; PHQ-15, Patient Health Questionnaire 15 items; PPV, positive predictive value; SF-36, Short Form 36 Health

Survey; SSD, somatic symptom disorder.

determined in the subgroup of gender was 10.59 and
10.46 for females and males, respectively, and 10.48 and
10.63 for age <45and >45 years, respectively. The thresh-
olds in the subgroups showed only slight differences;
thus, as no item in Neuro-11 had a decimal point, the
threshold of Neuro-11 was set at 10.

We used Neuro-11 with a threshold of 10 to classify
whether or not each of the 731 subjects had SSD. For
comparison, we also used a logistic regression model with
the score of Neuro-11 as a covariate to conduct classifi-
cation. The performance of the statistical models was
investigated by a 10-fold cross-validation. By comparing
this simple method with a logistic regression using
the Neuro-11 score (denoted by the Neuro-11 score in
table 4) as a covariate, we found the former was even
better than the latter in terms of accuracy, kappa, spec-
ificity and positive predictive value, although the area
under the curve (AUC) was slightly lower. This indicates
that using Neuro-11 with a threshold of 10 is a reliable
assessment method, and the performance is consistent
with the logistic regression model, but we should bear in
mind that Neuro-11 is easy to use in practice. According
to the confirmatory factor analysis results, item 11 should
be treated carefully when Neuro-11 is used to diagnose
SSD. We then removed item 11 and used the remaining 10
items (denoted by revised Neuro-11 in table 4) to conduct
the SSD classification. With the revised dataset, the perfor-
mance was even slightly better. We also compared our
Neuro-11 with other questionnaires, including HAMA,
HAMD, PHQ-15 and SF-36. The results shown in table 4
were based on a logistic regression model but with each
of those scores as a covariate. We found the performance
of Neuro-11 was consistently better than the others when
they were used to classify SSD. The ROC curve of different
approaches is presented in figure 4.

DISCUSSION

Main findings

This study introduces the Neuro-11, a concise self-
rating scale comprising 11 items designed to capture
the clinical features of somatic symptoms and related
disorders across three dimensions: somatic symptoms,
negative emotions and adverse events. The items in the
Neuro-11 are organised into three sections. The first
section focuses on commonly experienced somatic
symptoms such as muscle pain, vertigo, headache,
palpitations, shortness of breath, loss of appetite, sleep
disturbances, fatigue and difficulty concentrating.
These symptoms represent manifestations across
various bodily systems. Patients in general hospital
settings often emphasise the psychological aspects of
their somatic symptoms, so including somatic symp-
toms in the first dimension aims to reflect the multi-
system clinical characteristics of SSDs and enhance
patient cooperation. The second section of the scale
assesses core symptoms of depression and anxiety,
including loss of interest, propensity for crying and
worry or fear. These two negative emotion items were
chosen to be more acceptable to non-psychiatric
patients and physicians than scales containing
obscure and stigmatising psychiatric symptoms, such
as suicidal tendencies found in the HAMD scale.
The third section addresses adverse life events and
chronic illnesses. Per diagnostic criteria for somatic
symptoms and related disorders, these mental disor-
ders are often associated with life-stress events,29 50
and the magnitude of adverse events holds signifi-
cant importance. Previous studies have consistently
demonstrated a strong association between neurosis
and the occurrence of adverse events. Patients with a
history of adverse events are at a significantly higher

8
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Figure 4 The plot of receiver operating characteristic curves. The AUC for Neuro-11 Neurosis Scale (Neuro-11)—with or
without item 11—is the highest compared with other questionnaires. AUC, area under the curve; HAMA, Hamilton Anxiety
Scale; HAMD, Hamilton Depression Scale; PHQ-15, Patient Health Questionnaire 15 items; SF-36, Short Form 36 Health

Survey.

. . . 31-35
risk of developing neurosis than normal controls.” ™

Furthermore, numerous studies have confirmed the
close relationship between somatic symptoms and
chronic diseases, including cardiovascular disease,36 7
cancer”™ and common medical conditions treated in
primary care settings, such as migraines and asthma.”
Item 11 in this dimension, related to chronic disease,
provides clinicians with important information. The
three dimensions of the Neuro-11 exhibit inter-
relatedness, as confirmed by confirmatory factor anal-
ysis, supporting its theoretical construct. While there
may be limited available data regarding the reliability
and validity of the adverse event dimension, based on
this dataset, it appears that the 11th item concerning
chronic diseases did not have statistical effectiveness
in diagnosing SSD, potentially due to sample influ-
ences on test results. However, considering the exten-
sive literature highlighting the strong association
between chronic illness and psychiatric symptoms, we
have decided to retain this item for future research
using more comprehensive datasets or revised entries.

In the calibration correlation analysis, signifi-
cant positive correlations were observed between
the Neuro-11 and the total scores of HAMA, HAMD
and PHQ-15. Likewise, the three dimensions of the
Neuro-11 exhibited significant correlations with the
corresponding dimensions of the other scales. These
findings indicate that the evaluation performance of
the Neuro-11 is comparable to that of widely used
and effective scales in the field. Notably, the adverse
event dimension of the Neuro-11 showed only weak
correlations with the two factors of HAMA, suggesting
that the adverse event dimension provides unique

and valuable information not captured by HAMA.
Regarding the correlation analysis with HAMD, it was
found that the correlation between weight change
and the Neuro-11 was weaker, implying that weight
change may be a manifestation of depressive symp-
toms with higher specificity compared with SSD.*~**
Additionally, the Neuro-11 demonstrated a signifi-
cant negative correlation with the total score of the
SF-36, indicating its ability to evaluate the severity
of patients’ conditions. Specifically, the energy
(Vitality, VI) and mental health (Mental Health,
MH) domains of the SF-36 showed strong correla-
tions with the Neuro-11 (>0.40), suggesting that the
Neuro-11 scale primarily assesses impairments in
energy and mental health domains among patients
with SSD. Based on physician diagnosis as the gold
standard, a cut-off score of 10 points on the Neuro-11
indicated the presence of SSD. Although gender and
age differences were observed in the total score of
the Neuro-11, subgroup analysis revealed that these
differences had minimal impact on the cut-off value.
Therefore, a cut-off score of 10 points was deemed
effective for both genders and different age groups.
However, it is important to note that the AUC of the
Neuro-11 scale was 0.67, which may be considered
relatively low compared with our previous study on
somatoform disorders, where Neuro-11 achieved an
AUC of 0.89. This discrepancy may be attributed to
the diagnostic criteria for SSD, which place greater
emphasis on psycho-behavioural changes rather than
solely the presence of somatic symptoms, leading to
more stringent criteria compared with somatoform
disorders."’
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The PHQ-15 is widely recognised as an effective
measure for assessing somatic symptoms.** In our
study, Neuro-11 demonstrated the highest AUC when
compared with HAMA, HAMD and PHQ-15 concur-
rently in diagnosing SSD. Furthermore, categorical
logistic regression models using Neuro-11 scores as
variables indicated that Neuro-11 was more effec-
tive in diagnosing SSD compared with using HAMD,
HAMA, PHQ-15 alone, or a combination of HAMD,
HAMA and PHQ-15. These findings suggest that the
Neuro-11 can replace multiple scales in screening
patients with SSD in general hospital settings,
resulting in significant time, labour and cost savings.
It is worth noting that the sensitivity and specificity
of the HAMA and HAMD scales were also analysed to
determine their optimal cut-off values, with approxi-
mately 8 points identified for the HAMA and HAMD
scales in this population (results not shown). This
implies that the SSD population in our study had
only mild levels of anxiety and depression. While it
is recommended to include anxiety and depression
scales in the assessment of patients with somatic
complaints to avoid false negatives,” there remains
a need to develop new, applicable scales in line with
the evolving diagnostic culture and disease under-
standing. Nonetheless, the HAMA and HAMD scales
are still widely used in China.*® In terms of administra-
tion, the Neuro-11 offers the advantages of simplicity
and ease of implementation as it is self-assessed,
requiring a brief evaluation time of approximately
2-5min. These characteristics make it highly suitable
for use in general hospital settings.

Limitations

This study has several limitations that should be
acknowledged. First, the sample used in this research
was drawn from a single centre, which may limit
the generalisability of the findings. Further investi-
gation with larger and more diverse samples across
multiple centres is needed to validate the reliability
and validity of the Neuro-11. Second, the design
concept of the Neuro-11 primarily focuses on the
characteristics of Chinese patients in general hospital
settings, who often exhibit prominent physical symp-
toms and relatively weaker psychological symptoms.
However, previous studies have indicated that there
may be psychometric differences among populations
in different countries.?” * Therefore, it is important
to conduct revalidation studies to ensure the gener-
alisability of the Neuro-11 to diverse populations in
various countries. Third, as the Neuro-11 scale is a
self-rating scale that relies on the recall of symptom
duration and frequency for evaluation, the potential
for recall bias should be considered. Lastly, when
evaluating changes in illness severity, it is important
to consider the impact of objective records of adverse
events in the third dimension on the total score,
warranting further investigation.

Implications

The Neuro-11, as a concise and efficient neuropsy-
chological scale, offers the advantage of capturing
the psychological state of patients while minimising
the time required for face-to-face consultations. This
feature enhances the comprehensive diagnosis and
treatment of patients and is well-received by both
physicians and patients in general hospital settings.
Consequently, using the Neuro-11 in diagnosing and
treating individuals with somatic symptoms would
provide valuable support. The Neuro-11 has the
potential to become the preferred questionnaire for
physicians in general hospitals, serving as a diagnostic
tool for SSD or for routine screening purposes.
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