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Abstract
Background  The current study aimed to investigate the performances of clinical scales rated by clinicians and 
patients as well as cognitive function tests in distinguishing patients with affective and anxiety disorders from healthy 
controls (HCs).

Methods  We recruited a total of 122 subjects, comprising 24 patients with bipolar disorder (BD), 34 patients with 
major depressive disorder (MDD), 29 patients with anxiety disorder (AD), and 35 matched HCs. Three clinician-rated 
scales and five patient-rated scales were used to quantify clinical symptoms, while four cognitive tests were employed 
to measure cognitive functions in all subjects. Fisher’s discriminant analysis (FDA) was employed to distinguish 
patients from HCs, as well as to discriminate patient sub-groups from each other. In the FDA model, the prior 
probability of each group was set as 0.5 in the two-group classification and 0.25 in the four-group classification.

Results  The results showed that patient-rated scales achieved higher classification accuracies than clinician-rated 
scales in identifying MDD and AD from HCs. In contrast, cognitive tests exhibited the lowest accuracy.

Conclusions  These findings suggest that patient-rated scales might improve the classification accuracy for patients 
with MDD and AD.
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Background
Bipolar disorder (BD), major depressive disorder (MDD), 
and anxiety disorder (AD) are the most prevalent mental 
illnesses worldwide, especially in China [1–3]. In clini-
cal diagnosis and treatment, psychiatric clinicians quan-
tify patients’ symptoms using clinician-rated scales, such 
as the Hamilton Depression Rating Scale (HAMD) [4], 
Hamilton Anxiety Rating Scale (HAMA) [5], and Young 
Mania Rating Scale (YMRS) [6]. Patients quantify their 
subjective experience of symptoms using patient-rated 
scales, such as the Patient Health Questionnaire-9 (PHQ-
9) [7] and Generalized Anxiety Disorder-7 (GAD-7) scale 
[8].

Among these evaluation tools, whether some scales or 
items are more sensitive in classifying patients and quan-
tifying symptoms than others needs to be fully explored. 
The identification of some evaluation tools as more effec-
tive would reduce unnecessary expenditure on medical 
resources. It also helps clinicians choose the right kind 
of scales to be more accurate and efficient in clinical 
assessment. Moreover, with the use of smartphones and 
the development of artificial intelligence, patient-rated 
scales can help clinicians gather important information 
online before meeting patients for the first time. How-
ever, only a few studies have investigated the classifica-
tion performance of clinician- or patient-rated scales in 
patients with diseases, such as BD [9, 10], MDD [11–16], 
cancer [17], stroke [18–21], and epilepsy [22]. PHQ-9 and 
its abbreviated eight-item (PHQ-8) and two-item (PHQ-
2) versions were often used to screen individuals with 
depression [12, 14–16, 23], while PHQ-15 was used to 
distinguish BD type II from MDD [9, 23]. GAD-7 and its 
abbreviated two-item (GAD-2) version were often used 
to screen for generalized anxiety, panic, social anxiety, 
and post-traumatic stress disorder [8, 23].

Fisher’s discriminant analysis (FDA) is a statistical tech-
nique used to classify one category from two or more cat-
egories by minimizing the differences within groups and 
maximizing the differences between groups [24]. It has 
no restrictions on data distribution and variance; thus, it 
is widely used in many scientific fields, such as medicine 
and biology [25–27].

The current study aimed to investigate the perfor-
mances of clinician-rated scales, patient-rated scales, and 
cognitive tests in distinguishing patients with BD, MDD, 
and AD from healthy controls (HCs). We hypothesized 
that clinician-rated scales could distinguish patients from 
HCs well, but the accuracy would increase by combin-
ing patient-rated scales and cognitive tests. Additionally, 
we expected that the classification accuracy achieved by 
patient-rated scales would be equal to that of clinician-
rated scales, as previous studies have found good per-
formance of patient-rated scales in screening patients 
[9, 23]. To test these hypotheses, we recruited patients 

with BD, MDD, and AD as well as HCs. Three clinician-
rated scales (HAMD, HAMA, and YMRS) were used to 
quantify the observed symptoms, five patient-rated scales 
were employed to measure the experiential symptoms, 
and four cognitive tests were conducted to assess the 
cognitive functions in all subjects. FDA was employed to 
distinguish patients from HCs, as well as discriminating 
patient sub-groups from each other.

Methods
Subjects
This study initially enrolled a total of 130 subjects, com-
prising 27 BD patients, 37 MDD patients, 31 AD patients, 
and 35 HCs through outpatient services and online 
advertisements from August 2018 to December 2019. 
All subjects were interviewed using Chinese versions of 
the Structured Clinical Interview for DSM-IV and the 
Mini International Neuropsychiatric Interview (MINI). 
At last, 8 patients did not complete the assessments and 
were excluded from the study, thereby leaving 122 sub-
jects, comprising 24 BD patients, 34 MDD patients, 29 
AD patients, and 35 HCs. Figure  1 shows the flowchart 
of this study.

Inclusion criteria for patients were: (1) 18–55 years 
old; (2) primary school education or above; (3) providing 
written informed consent; (4) currently meeting one of 
the following diagnoses in the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV): AD (panic disor-
der, agoraphobia, social phobia, generalized anxiety dis-
order), MDD, or BD (types I and II); and (5) first episode 
of psychiatric illness or discontinuation of psychotropic 
drugs at least five half-lives prior to the assessment of 
clinical scales and cognitive tests [28]. Exclusion criteria 
were: (1) history of epilepsy or brain trauma; (2) severe 
physical illness; (3) high risk of suicide; (4) electroconvul-
sive therapy or transcranial magnetic stimulation within 
the past 6 months; and (5) pregnancy or breastfeeding.

In addition, 35 age, sex, and educational level-matched 
HCs were enrolled from the local community through 
online advertisement, ensuring that they did not have any 
history of psychiatric disorders, suicidality, or any family 
history of psychiatric illnesses.

Written informed consent was provided by all sub-
jects, and the protocol was approved by the Institutional 
Review Board of Jining Medical University.

Measures
Clinician-rated scales
In the current study, all subjects underwent three com-
monly used clinical assessments, which were conducted 
by two experienced psychiatrists. Both psychiatrists 
receive thorough training on the assessment tools, diag-
nostic criteria, and procedures to ensure they have a 
shared understanding of how to evaluate cases. Both 
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psychiatrists perform evaluations independently and 
without prior discussion, ensuring that their judgments 
are unbiased. The inter-rater reliability was measured 
using Cohen’s Kappa to quantify the agreement between 
the two psychiatrists. The values of Cohen’s Kappa on 
HAMD, HAMA, and YMRS were 0.58, 0.50, and 0.47, 
indicating moderate agreement.

Hamilton depression rating scale-17 item (HAMD-
17)  HAMD-17 is a widely used clinician-rated measure 
of depressive symptoms. Each item is scored on a scale 
from 0 to 4 points or from 0 to 2 points, and the total score 
ranges from 0 to 52 points [4]. In this study, the HAMD-17 
was used to quantify the depressive symptoms in patients 
with BD, MDD, and AD, as the depressive mood is one 
of the most commonly shared symptoms among patients 
with these disorders.

Hamilton anxiety rating scale-14 item (HAMA-
14)  HAMA-14 is a commonly used clinician-rated mea-
sure of anxiety in clinical and research settings [5]. Each 
item is scored on a scale from 1 to 4 points. The total score 

ranges from 0 to 56 points. In this study, the HAMA-14 
was used to assess somatic anxiety and psychic anxiety 
in all patients, as anxious mood is one of the most com-
monly shared symptoms among patients with BD, MDD, 
and AD.

Young mania rating scale (YMRS)  The YMRS is used to 
quantify the severity of manic symptoms in BD patients 
[6]. It includes 11 items, which assess the severity of manic 
symptomatology. Each item is scored on a scale from 0 to 
4 points (seven items) or from 0 to 8 points (four items). 
The total score ranges from 0 to 60 points. In this study, 
the YMRS was mainly used to quantify the manic symp-
toms in BD patients.

Patient-rated scales
All subjects were asked to complete five patient-rated 
scales, which are widely used in the Chinese population. 
A clinical psychologist was responsible for explaining the 
requirements of rating these scales.

Fig. 1  Flowchart of this study. Note Abbreviations AD = anxiety disorder; AIS = Athens Insomnia Scale; BD = bipolar disorder; DMT = Digit Memory Test; 
DSST = Digit Symbol Substitution Test; GAD-7 = Generalized Anxiety Disorder-7; HAMA = Hamilton Anxiety Scale; HAMD = Hamilton Depression Scale; 
HC = healthy control; MDD = major depressive disorder; PHQ-9 = Patient Health Questionnaire-9; PHQ-15 = Patient Health Questionnaire; SDS = Sheehan 
Disability Scale; ST = Stroop Test; TMT = Trail Marking Test; and YMRS = Young Mania Rating Scale
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Patient health questionnaire-9 (PHQ-9)  The PHQ-9 
assesses the severity of depressive symptoms during the 
last 2 weeks. Each item is scored on a scale from 0 (not at 
all) to 3 points (almost daily), with the total score ranging 
from 0 to 27 points [7]. Given that depressive mood is one 
of the major complaints in patients with affective and anx-
iety disorders, this study used the PHQ-9 to measure the 
depressive symptoms in patients with BD, MDD, and AD.

Generalized anxiety disorder-7 (GAD-7)  The GAD-7 
quantifies anxiety symptoms during the last 2 weeks. 
Responses for each item can range from 0 (not at all) to 3 
points (almost daily), with the total score ranging from 0 
to 21 points [8]. In this study, the GAD-7 was employed to 
measure the anxious symptoms in all patients, as BD and 
MDD might be accompanied by anxiety symptoms.

Patient health questionnaire-15 (PHQ-15)  The PHQ-
15 measures somatic symptoms during the last month. 
Each item is scored on a scale from 0 (none) to 2 points 
(very many), with the total score ranging from 0 to 30 
points [29]. Given that MDD and AD are often accom-
panied by somatic symptoms, the present study used the 
PHQ-15 to evaluate the somatic symptoms in patients 
with BD, MDD, and AD.

Sheehan disability scale (SDS)  The SDS consists of five 
items that assess the degree of disability in daily life, the 
workplace/school, and social life in the last week. The first 
three items, which are directly related to disability, were 
used in this study. Each item is scored on a scale from 0 
(not at all) to 10 points (extremely), with the total score 
ranging from 0 to 30 points [30]. In this study, the SDS 
was used to evaluate the degree of disability in patients 
with BD, MDD, and AD.

Athens Insomnia scale (AIS)  The AIS consists of eight 
items, which are based on the International Classification 
of Diseases, Tenth Revision, diagnostic criteria for insom-
nia [31]. The first five items of this scale assess sleep in the 
nighttime, and the last three items assess the function in 
the daytime during the last month. The score of each item 
ranges from 0 (none) to 3 points (many), with the total 
score ranging from 0 to 24 points. Given that sleep quality 
influences affection and cognition, the current study used 
the AIS to measure the quality of sleep in patients with 
BD, MDD, and AD.

The PHQ-9, GAD-7, PHQ-15, SDS, and AIS are all Chi-
nese versions and have been validated well in Chinese.

Cognitive function
To determine the differences in cognition functions 
between HC and patients as well as to verify the ability 
of cognition functions to identify patients, four cognitive 

function tests were performed on all subjects by a clinical 
psychologist.

Stroop task (ST)  In the ST, we used three separate condi-
tions of 100 stimuli each in which subjects were instructed 
to (i) read color words (color), (ii) name color bars (word), 
and (iii) name the color of color words while inhibiting 
the prepotent response of reading the word (conflict). The 
dependent measures collected were the number of errors 
and the mean time to complete 100 trials for each condi-
tion. This test measured the disinhibition of subjects.

Trail marking test (TMT)  In the TMT, there are 26 Eng-
lish letters and 10 Arabic numerals. Subjects were asked 
to connect the English letters and Arabic numerals in 
ascending order. The test was used to measure the spa-
tial perception, coordination, and cognitive flexibility of 
subjects.

Digit memory test (DMT)  In the DMT, subjects were 
required to recite numbers one minute after the psycholo-
gist read them once. This test measured the short-term 
memory of subjects.

Digit symbol substitution test (DSST)  The DSST con-
sists of numbers and corresponding symbols. Subjects 
were required to fill the correct symbols into the spaces 
under numbers within 90  s, and the number of correct 
answers was the final score. This test measured the learn-
ing ability and cognitive flexibility of subjects.

Statistical analyses
Statistical software Statistical Product and Service Solu-
tions version 20 (SPSS 20) was used for preliminary 
analysis. Age, clinician- and patient-rated scales, and 
cognitive tests underwent a one-way multivariate analy-
sis of variance to determine whether their distributions 
were different among the four groups. The chi-squared 
(χ2) test was used to identify the differences in gender 
among groups. The Bonferroni method was used for 
post hoc analysis. Patients with BD, MDD, and AD were 
distinguished from HCs using Fisher’s linear discrimi-
nant analysis. The prior probability of each group was 
set as p = 0.5. Leave-one-out cross-validation was used 
for validating models. Patient groups were also distin-
guished from each other using the same method (BD vs. 
MDD, MDD vs. AD, BD vs. AD). Finally, we performed 
a four-group classification with a prior probability of 
p = 0.25 for each group. The classification performances 
were measured by accuracy, specificity, sensitivity, and 
area under the curve (AUC). AUC is the area under the 
Receiver Operating Characteristic curve, which is an 
important index to measure the classification ability of a 
model. The higher the AUC value, the better the ability 
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of the model to distinguish between positive and negative 
samples. AUC is independent of the class distribution of 
samples, and can effectively evaluate model performance 
even if the ratio of positive and negative samples is unbal-
anced. To obtain the best classification model, we used 
two kinds of combined data: The first was using the total 
score of each scale and test, and the second was adding 
the scores of all items in each scale. We report the results 
following the STROBE guidelines [32] which are shown 
in the Supplementary Materials Table S1.

Results
Demographics and clinical characteristics of subjects
Analysis revealed statistically significant differences in 
scales and cognitive tests among the four groups [F(3, 
118) = 10.87, p < 0.001, Wilks’ lambda = 0.06; partial 
η2 = 0.62]. No significant differences were found in gen-
der, age, and education years among the four groups. 
Significant differences were observed in all clinician- and 
patient-rated scales and all cognitive tests except DMT 
(Table  1). Supplementary Materials Tables S2 and S3 
show the post hoc results.

Two-group classification performances
The results of all two-group classifications showed that 
the total scores of scales and cognitive tests exhibited 
better performances than their items.

Figure  2 shows the classification performances (accu-
racy, specificity, sensitivity, and AUC) for BD vs. HC, 
MDD vs. HC, AD vs. HC, BD vs. MDD, BD vs. AD, and 
MDD vs. AD of clinician-rated scales, patient-rated 

scales, and cognitive tests used separately as well as in 
different combinations.

In distinguishing BD patients from HCs, the clinician-
rated scales showed the highest accuracy of 97.43%, with 
96% sensitivity, 100% specificity, and 100% AUC, which 
did not increase when patient-rated scales and cognitive 
tests were added. The key variables in this optimal dis-
crimination were YMRS (β = 1.03) and HAMD (β = 0.97). 
The cognitive tests achieved the lowest classification 
accuracy of 66.70%. Additionally, we used a single cli-
nician-rated scale (HAMD, HAMA, YMRS) to distin-
guish BD patients from HCs and found that the HAMD 
and YMRS achieved the same accuracy of 90% and that 
HAMA achieved an accuracy of 85% (Supplementary 
Materials Table S5).

In distinguishing MDD patients from HCs, patient-
rated scales exhibited a classification accuracy of 95.92%, 
which was higher than that of clinician-rated scales 
(93.94%). The combination of clinician- and patient-
rated scales achieved the highest classification accuracy 
of 98.00%, with 97% sensitivity, 100% specificity, and 
99% AUC, which resulted in three key variables: HAMD 
(β = 0.32), HAMA (β = 0.66), and SDS (β = 0.79). The cog-
nitive tests achieved the lowest classification accuracy of 
55.14%.

In distinguishing AD patients from HCs, patient-rated 
scales exhibited a classification accuracy of 95.51%, which 
was higher than that of clinician-rated scales (93.22%). 
The combination of clinician- and patient-rated scales 
and cognitive tests achieved the highest classification 
accuracy of 98.00%, with 90% sensitivity, 100% specific-
ity, and 99% AUC, which resulted in seven key variables, 

Table 1  Demographics and clinical characteristics of subjects (n = 122, mean ± SD)
Measurements HC

(n = 35)
BD
(n = 24)

MDD
(n = 34)

AD
(n = 29)

F/χ 2 p
(two-tailed)

Partial η2

Gender (M/F) 11/24 9/15 11/23 14/15 3.33 a 0.34 0.18
Age 28.53 ± 9.14 28.17 ± 7.41 29.00 ± 8.12 32.45 ± 8.60 1.53 0.21 0.04
Education(year) 5.76 ± 0.82 6.13 ± 0.35 5.83 ± 0.76 5.71 ± 0.97 4.01 0.07 0.14
HAMD 0.20 ± 0.56 13.79 ± 8.46 18.82 ± 6.69 13.48 ± 6.16 28.02 0.000 0.46
HAMA 0.53 ± 1.13 14.88 ± 8.51 18.32 ± 7.51 22.83 ± 7.75 32.19 0.000 0.50
YMRS 0.20 ± 0.77 12.71 ± 6.52 1.68 ± 2.68 1.10 ± 2.04 60.05 0.000 0.65
SDS 0.27 ± 1.03 15.88 ± 10.25 22.61 ± 9.14 22.21 ± 10.15 24.86 0.000 0.43
AIS 2.00 ± 1.89 9.33 ± 4.78 9.85 ± 4.41 10.41 ± 4.97 13.92 0.000 0.30
PHQ-15 2.27 ± 2.71 11.33 ± 5.96 12.76 ± 5.88 14.03 ± 5.14 17.65 0.000 0.35
GAD-7 0.47 ± 1.06 10.42 ± 6.67 12.50 ± 5.38 11.79 ± 5.31 19.64 0.000 0.38
PHQ-9 1.93 ± 2.76 13.04 ± 7.85 16.91 ± 5.58 14.10 ± 7.05 19.82 0.000 0.38
ST 47.20 ± 12.54 35.75 ± 11.57 41.21 ± 13.71 33.29 ± 11.97 5.13 0.002 0.14
TMT 56.13 ± 23.61 68.92 ± 22.86 76.33 ± 27.33 89.50 ± 48.82 5.25 0.002 0.14
DMT 6.86 ± 1.61 7.00 ± 5.24 6.13 ± 1.88 5.55 ± 1.64 1.35 0.263 0.04
DSST 73.64 ± 13.42 63.29 ± 13.40 62.19 ± 18.83 52.00 ± 17.84 6.12 0.001 0.16
Abbreviations AD = anxiety disorder; AIS = Athens Insomnia Scale; BD = bipolar disorder; DMT = Digit Memory Test; DSST = Digit Symbol Substitution Test; 
GAD-7 = Generalized Anxiety Disorder-7; HAMA = Hamilton Anxiety Scale; HAMD = Hamilton Depression Scale; HC = healthy control; MDD = major depressive 
disorder; PHQ-9 = Patient Health Questionnaire-9; PHQ-15 = Patient Health Questionnaire; SDS = Sheehan Disability Scale; ST = Stroop Test; TMT = Trail Marking Test; 
and YMRS = Young Mania Rating Scale. a Chi-square (χ2) test
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including HAMA (β = 0.93), HAMD (β = 0.40), PHQ-
15 (β = 0.31), and AIS (β = −1.05). The cognitive tests 
achieved the lowest classification accuracy of 65.9%.

In distinguishing BD patients from MDD patients, 
the combination of clinician- and patient-rated scales 
showed the highest accuracy of 88.30%, with 97% sensi-
tivity, 79% specificity, and 94% AUC, and this accuracy 
did not increase when cognitive tests were added. The 
key variable was YMRS (β = 0.22).

In distinguishing BD patients from AD patients, the 
combination of clinician- and patient-rated scales and 
cognitive tests showed the highest accuracy of 92.33%, 
with 100% sensitivity, 83% specificity, and 99% AUC. The 
key variables were HAMD (β = 0.68), HAMA (β = −0.55), 
and YMRS (β = 0.96).

In distinguishing MDD patients from AD patients, the 
combination of clinician- and patient-rated scales and 
cognitive tests showed the highest accuracy of 75.13%, 
with 71% sensitivity, 79% specificity, and 88% AUC. The 
key variables were HAMD (β = 0.73) and HAMA (β = 
−0.87).

Four-group classification performances
In optimal discrimination for four groups, the combina-
tion of clinician- and patient-rated scales and cognitive 
tests achieved the highest total accuracy of 82.4%, and 
the cognitive tests alone achieved the lowest classifica-
tion accuracy of 34.32%. Figure  3 shows the accuracy, 
specificity, sensitivity, and AUC for each group. Three 
Fisher discriminant functions were formulated using 

non-standardized coefficients (Supplementary Materi-
als). The summary and validity test of discriminant func-
tions are shown in Supplementary Materials Tables S6 
and S7. The standardized coefficients of discriminant 
functions show the relative contribution of the predictor 
variables to the composition of the discriminant function 
(Table 2). The larger the absolute value of the coefficient, 
the more important for the discriminant function. YMRS 
is the most important for the first function, the HAMA 
and SDS are the most important for the second function, 
and HAMD (item 1) is the most important for the third 
function.

Figure 4 presents the distribution of four groups in the 
space generated by discriminant functions 1 and 2. The 
four group means evaluated using Fisher discriminant 
functions with non-standardized coefficients are shown 
in Supplementary Materials Table S8.

Discussion
In the present study, we investigated the performances 
of clinician-rated scales, patient-rated scales, and cogni-
tive tests in classifying patients with BD, MDD, and AD. 
The results indicated that clinician-rated scales demon-
strated the highest accuracy in BD patients and HCs in 
the absence of self-rated scales for mania or hypoma-
nia. Meanwhile, patient-rated scales were more accurate 
than clinician-rated scales in distinguishing MDD and 
AD patients from HCs, indicating that subjective expe-
rience might be more important for MDD and AD [33, 
34]. Furthermore, when discriminating patient subgroups 

Fig. 2  Two-group classification performances. Note Accuracy, specificity, sensitivity, and AUC were obtained using leave-one-out cross-validation. Clini-
cian-rated scales included the Hamilton Anxiety Scale (HAMA), Hamilton Depression Scale (HAMD), and Young Mania Rating Scale (YMRS). Patient-rated 
scales included the Patient Health Questionnaire-9 (PHQ-9), Generalized Anxiety Disorder-7 (GAD-7), Patient Health Questionnaire-15 (PHQ-15), Sheehan 
Disability Scale (SDS), and Athens Insomnia Scale (AIS). Cognition tests included the Stroop Test (ST), Trail Marking Test (TMT), Digit Memory Test (DMT), 
and Digit Symbol Substitution Test (DSST). Abbreviations AUC = area under the curve; AD = anxiety disorder; BD = bipolar disorder; HC = healthy control; 
and MDD = major depressive disorder
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from each other, the accuracy of distinguishing BD from 
AD was the highest, while the accuracy of classifying 
MDD from AD was the lowest. This result suggests that 
BD patients might have higher heterogeneity with AD 
patients, while MDD patients might share more com-
mon symptomatic features with AD patients [35]. These 
outcomes highlight the importance of clinical scales and 
cognitive tests in distinguishing patients with BD, MDD, 
and AD in clinical practice and relevant research.

In the two-group classifications, we observed that 
the SDS showed the maximum weight in distinguish-
ing MDD patients from HCs, which implied that MDD 
patients might experience more severe impairment in 
daily life, such as learning, working, housework, and 
childrearing [30, 36, 37]. Meanwhile, the nocturnal 

symptoms (AIS) showed more sensitivity in distinguish-
ing AD patients from HCs, which suggested that AD 
patients might be more prone to poor sleep quality, as 
was reported in previous studies [33, 38]. These results 
suggest that MDD and AD patients experience different 
mood symptoms [35, 39, 40].

In the four-group classification, clinician- and patient-
rated scales and cognitive tests showed contributions 
to the accuracy of classification, which further demon-
strated that subjective experience and cognitive functions 
should not be ignored in screening patients, as suggested 
by a previous study [41]. HAMA and SDS were equally 
important for function 2, which revealed that daily dis-
ability and anxiety symptoms might be the shared symp-
toms among patients with BD, MDD, and AD [42–44]. 

Fig. 3  Four-group classification performances. Note Accuracy, specificity, sensitivity, and AUC were obtained using leave-one-out cross-validation. Clini-
cian-rated scales included the Hamilton Anxiety Scale (HAMA), Hamilton Depression Scale (HAMD), and Young Mania Rating Scale (YMRS). Patient-rated 
scales included the Patient Health Questionnaire-9 (PHQ-9), Generalized Anxiety Disorder-7 (GAD-7), Patient Health Questionnaire-15 (PHQ-15), Sheehan 
Disability Scale (SDS), and Athens Insomnia Scale (AIS). Cognition tests included the Stroop Test (ST), Trail Marking Test (TMT), Digit Memory Test (DMT), 
and Digit Symbol Substitution Test (DSST). Abbreviations AUC = area under the curve; AD = anxiety disorder; BD = bipolar disorder; HC = healthy control; 
and MDD = major depressive disorder
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On the other hand, the high scores of depressive and anx-
ious symptoms in these three disorders observed in the 
current study were consistent with previous studies [42, 
45–48].

Moreover, we noticed that some scales, especially the 
GAD-7 and PHQ-9, showed little contribution to the 
classification of MDD or AD (Supplementary Materials 
Table S4). In previous studies, the GAD-7 is specific to 
anxiety symptoms [8, 49], and the PHQ-9 is more sensi-
tive to MDD [15, 50, 51]. However, they might not be as 
comprehensive as HAMA and HAMD in the measure-
ment of symptoms for patients, and they also might not 
be as sensitive as the PHQ-15 and SDS to somatic symp-
toms [29] and daily life disability [37, 52, 53]. On the 
other hand, the failure of GAD-7 to classify AD might 

be attributed to the heterogeneity of patients as a previ-
ous study, which has demonstrated poor specificity and a 
high false positive rate of GAD-7 for all anxiety disorders 
[54].

In clinical diagnosis, psychiatrists conducted a com-
prehensive assessment and diagnosis for patients accord-
ing to the DSM-IV, ICD-10, and MINI, mainly taking 
the severity and duration of pathological emotion and 
impaired cognitive function into consideration [1, 55–
57]. However, psychiatric symptoms might not be fully 
apparent in a relatively short time frame and might fluc-
tuate over time [58–60]. Moreover, the phenotype of 
psychiatric disorders varies from patient to patient [34, 
61–63]. Furthermore, clinician-rated scales, such as 
HAMD and HAMA, might not cover all symptoms of all 
patients [60, 64, 65]. Thus, more treatment benefits might 
be achieved by recognition of individual experience, as 
suggested by a recent study [35].

The findings of this study suggest that the observed 
symptoms assessed by psychiatrists (HAMD, HAMA, 
and YMRS), the subjective experience rated by patients 
themselves (AIS, PHQ-15, GAD-7, and PHQ-9), and the 
cognitive functionsthat patients experienced, assessed 
under professional guidance (ST, TMT, DMT, and DSST), 
should be considered comprehensively in clinical diagno-
sis [41]. In particular, the self-report scales were used to 
screen mood disorders in patients with psychiatric disor-
ders [10, 16, 66], cancer [17], stroke [18–21], and epilepsy 
[22] in general hospitals, where there might be a shortage 
of psychiatric services.

The present study has several limitations that deserve 
mentioning. First, as the BD patients in this study were 
not in manic episodes, none of the patient-rated mania 
scales was used to rate subjective mania symptoms. How-
ever, the YMRS scores indicated that some BD patitents 
exhibited subthreshold mania or hypomanic symptoms. 
This omission led to a potentially overlooking clinician-
rated scales in classifying BD patients. Future studies 
should take subjective mania symptoms into the analysis. 
Second, there are significant rates of comorbidity among 
MDD, BD, and AD according to previous studies [67–69]. 
This study did not include patients with comorbid MDD 
and AD or BD and AD because its primary focus was to 
assess the classification accuracy of scales and cognitive 
tests commonly used in clinical practice. Future research 
should prioritize examining the classification perfor-
mance of these scales and cognitive tests in the context 
of comorbidity. Third, neither symptom validity testing 
nor performance validity testing was administered in the 
current study. Consequently, this omission could under-
mine the overall credibility of the findings and conclu-
sions in this study. Future works should include symptom 
and performance validity testing to ensure that only valid 
data is included in analyses. Last, the small sample size in 

Table 2  Standardized coefficients of discriminant functions for 
four-group classification
Predictor variables Standardized coefficients (β)

Function 1 Function 2 Function 3
YMRS 1.53 0.23 −0.54
HAMA −0.23 0.86 −0.36
HAMD (item 1) 0.96 −0.35 0.58
TMT −0.88 0.17 −0.34
DMT −0.81 −0.17 0.07
PHQ-15 (item 13) −0.52 −0.05 0.22
SDS (item 3) 0.83 −0.33 0.44
SDS (item 4) −1.15 0.05 −0.44
SDS 0.02 0.86 0.16
Constant 0.89 -0.41 0.90
Abbreviations DMT = Digit Memory Test; HAMA = Hamilton Anxiety Scale; 
HAMD = Hamilton Depression Scale; PHQ-15 = Patient Health Questionnaire; 
SDS = Sheehan Disability Scale; TMT = Trail Marking Test; and YMRS = Young 
Mania Rating Scale

Fig. 4  Scatter plots for four groups. This coordinate system consists 
of functions 1 and 2. The centroid represents the central distribution of 
each group. Abbreviations AD = anxiety disorder; BD = bipolar disorder; 
HC = healthy control; and MDD = major depressive disorder
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this study may lead to an overestimation of accuracy, sen-
sitivity, specificity, and AUC, resulting in inflated perfor-
mance measures due to reduced variability and sampling 
bias. Therefore, conducting further research with a larger 
sample size would be valuable.

In summary, our findings indicate that subjective expe-
rience might be more effective in distinguishing patients 
with MDD and AD from HCs. Furthermore, daily life 
disability is the most sensitive to classify MDD patients, 
while nocturnal symptoms is the most important to AD 
patients. This work highlights the importance of the self-
reported subjective experience in screening patients with 
BD, MDD, and AD.
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