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Abstract

Background: Although disturbances in biological rhythms are closely related to the onset of major depressive disor-
der (MDD), they are not commonly assessed in Chinese clinical practice. The Biological Rhythms Interview of Assess-
ment in Neuropsychiatry (BRIAN) has been used to evaluate disturbances in biological rhythms in MDD. We aimed to
assess and confirm the reliability and validity of the Chinese version of the BRIAN (C-BRIAN) in patients with MDD.

Methods: A total of 120 patients with MDD and 40 age- and sex-matched controls were recruited consecutively.
Reliability was estimated using Cronbach’s alpha, the split-half coefficient, and the test-retest coefficient; test-retest
reliability was assessed using Spearman'’s correlation coefficient. A confirmatory factor analysis was used to determine
the construct validity of the scale. The Pittsburgh Sleep Quality Index (PSQI) and the Morningness-Eveningness Ques-
tionnaire (MEQ) were used to check concurrent validity by evaluating the correlation between the C-BRIAN, PSQI, and
MEQ.

Results: The overall Cronbach’s a value was 0.898, indicating good internal consistency. The Guttman split-half
coefficient was 0.792, indicating good split-half reliability. Moreover, the test-retest reliability for both the total and
individual item score was excellent. Confirmatory factor analysis revealed that construct validity was acceptable (x2/
df=2.117, GFI=0.80, AGFI=0.87, CFI=0.848, and RMSEA =0.097). Furthermore, total BRIAN scores were found to
be negatively correlated with MEQ (r=—=0.517, P<0.001) and positively correlated with PSQI (r=0.586, P<0.001). In
addition, patients with MDD had higher BRIAN scores than those in controls.

Conclusions: This study revealed that the C-BRIAN scale has great validity and reliability in evaluating the distur-
bance of biological rhythms in patients with MDD.
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Background
Biological rhythm, also known as the biological clock, is
a behavioral and psychological phenomenon that fluctu-
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biological rhythms impair mood, behavior, and cognition
and may lead to mood disorders [2].

Disturbances in biological rhythms have been widely
observed in patients with major depressive disorder
(MDD) [3] . In addition to low mood, decreased interest,
and energy, MDD is often accompanied by disturbances
in biological rhythms, such as early morning waking,
changes in sleep patterns, daily food intake, and diurnal
mood [4]. Moreover, disturbance of biological rhythms
could lead to the onset and recurrence of MDD, which
is an important clinical feature [5] . Clinical studies have
demonstrated that suicidal ideation and the severity of
depression are associated with the degree of dysregula-
tion of biological rhythms [6, 7]. The most effective treat-
ments for MDD, such as antidepressants (SSRIs, SNRIs,
and agomelatine), bright therapy, and social rhythm ther-
apy, can directly affect biological rhythms [8]. Basic sci-
entific evidence supports a direct link between disturbed
biological rhythms and depressive-like behavior [9, 10] .

There are abundant alterations in circadian gene
expression patterns in the postmortem brains of patients
with MDD, particularly in the canonical clock genes [11].
Furthermore, the knockout of the circadian gene Per2
disturbs corticosterone secretion and leads to depres-
sive-like behaviors [12]. Therefore, the study of circadian
rhythm is crucial not only for exploring the pathogenesis
but also for the treatment of MDD.

Although some tools, such as PSQI and MEQ, have
been used to evaluate biological rhythms in clinical prac-
tice [13, 14], they mainly focus on assessing sleep distur-
bances. They cannot provide a comprehensive evaluation
of biological rhythms, such as social rhythms. The Bio-
logical Rhythms Interview of Assessment in Neuropsy-
chiatry (BRIAN) scale was developed to comprehensively
assess biological rhythms, including sleep, social, activity,
and eating patterns, in bipolar disorder in a clinical set-
ting [15].

Sleep patterns, daily food intake, activity and social
rhythms, as individual endogenous circadian rhythm
patterns, have been reported to influence release of hor-
mones (melatonin) and/or some of the major neuro-
transmitters (Dopamine, noradrenaline and serotonin)
implicated in mood regulation in MDD [16-19]. For
example, dopamine, noradrenaline and serotonin are
known to be modulated by exercise [20]. Thus, it is rea-
sonable to expect the correlation between disturbance of
circadian rhythm displayed by BRIAN scale and patho-
logical mechanisms underlying in MDD.

Many previous studies have used it to assess biological
rhythm dysfunction in patients with bipolar disorder or
MDD [21-27]. However, to the best of our knowledge, no
previous study has investigated the psychometric proper-
ties of the BRIAN scale for MDD. Thus, this study aimed
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to assess the reliability and validity of this method in Chi-
nese patients with MDD.

Methods

Participants

A total of 120 patients with MDD, as defined by a clini-
cal diagnosis made by a specialized attending physician
according to the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5), were recruited
for this study at the Shanghai Mental Health Center
between December 2021 and September 2022. Also,
40 age- and sex-matched healthy controls were con-
secutively recruited from the general population of the
Shanghai Mental Health Center. Healthy controls had no
family history of MDD or other mental disorders in first-
degree relatives. The study was approved by institutional
review board of the Shanghai Mental Health Center and
conducted in accordance with the Declaration of Hel-
sinki. All participants agreed to participate in the study
and provided written informed consent.

Assessments

The BRIAN is an assessment tool designed to be admin-
istered by clinicians. It comprises 18 items that can be
classified into the following four main domains related
to biological rhythm disturbances: sleep, activity, social
rhythms, and eating patterns. All items were evaluated
on a 4-point scale (ranging from 1 to 4 points). The total
BRIAN score ranged from 18 to 72. A higher score sug-
gested a more severe biological rhythm disturbance. The
BRIAN scale has been validated in many different lan-
guages, including English, Portuguese, Spanish, Italian,
and Korean, to assess biological rhythm in patients with
bipolar disorder [28, 29].

The BRIAN scale was translated from English into
Chinese using the standard forward-backward transla-
tion procedure. We obtained approval from the original
author, Dr. Kapczinski, before translation. Dr. Kapczinski
and Dr. Adriane provided expert reviews throughout the
translation process. Patients with MDD were simultane-
ously evaluated using the MEQ and PSQI. These scales
were used to compare the abilities to determine chrono-
types and concurrent validity, similar to previous studies
[15, 29]. A subgroup of 30 patients completed a retest
and was evaluated twice at 1-week intervals, allowing the
exploration of retest reliability.

Statistical analyses

Reliability was evaluated in three aspects (internal con-
sistency, split-half reliability, and test-retest reliability).
Internal consistency was assessed using Cronbach’s
a coefficient. The test-retest reliability was analyzed
using Spearman’s correlation. Split-half reliability was
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determined using the Guttman coefficient. We also
evaluated the construct and criterion validity of the
Chinese version of the BRIAN (C-BRIAN). The MEQ
and PSQI were used to test the criterion validity. Con-
firmatory factor analysis was performed to determine
construct validity using the Statistical Product and Ser-
vice Software Automatically tool (SPSSAU) (retrieved
from https://www.spssau.com), which has also been
used in previous studies [30-32]. All other statisti-
cal analyses were conducted using SPSS version 23.0
(IBM Corp., Armonk, NY, USA). Shapiro-Wilk test was
used to check if a continuous variable follows a nor-
mal distribution. We found that age, MEQ total score,
PSQI total score and CBRIAN total score and the four
domain scores were not normally distributed in either
one group or both groups. Thus, the Mann—Whitney
U test was conducted to compare the data of the two
groups. The receiver operating characteristic (ROC)
curve was used to determine the cutoff point of the test
for identifying MDD. Statistical significance was set at
£ <0.05.

Results

Participant characteristics

A total of 120 patients with MDD and 40 healthy con-
trols were recruited for this study (Table 1). The age of
patients with MDD and controls was 31.10 £ 17.25 and
29.67 £ 6.81years, respectively. There were no signifi-
cant differences in age and sex (p =0.068 and p =0.853,
respectively) between both groups.

Internal consistency and test-retest reliability

Cronbach’s a for the C-BRIAN was 0.898. Cronbach’s a
values for each item are listed in Table 2. Furthermore,
the Guttman split-half coefficient was 0.792. The data
showed good internal consistency. To determine test-
retest reliability, a subgroup of 30 patients completed a
retest of the C-BRIAN within 1 week of the first assess-
ment. The test-retest correlation coefficient for the total
BRIAN score was 0.887 (p <0.001).

Table 1 Characteristics of participants

MDD(n=120) Healthy Pvalue
controls(n=40)
age 31.10£17.25  29.67+6.81 0.068
Sex (male/female)  49/71 17/23 0.853
C-BRIAN total score  39.53+12.02  2643+697 <0.001
MEQ total score 46834+11.88 49.07+£12.17 0222
PSQl total score 10.13£4.50 0.854+0.80 <0.001
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Table 2 Internal Consistency of C-BRIAN Items

BRIAN items  Scale meanif Correcteditem  Cronbach’s

item deleted  total correlation alpha if item
deleted

BRIAN item 1 36.8333 0.370 898

BRIAN item 2 36.9833 603 891

BRIAN item 3 372250 .549 892

BRIAN item 4 36.9833 591 891

BRIAN item 5 36.9917 504 894

BRIAN item 6 37.0083 584 891

BRIAN item 7 37.2833 614 890

BRIAN item 8 37.2000 635 890

BRIAN item 9 37.2250 693 .888

BRIAN item 10 37.7083 428 896

BRIAN item 11 37.4500 639 890

BRIAN item 12 37.8583 225 901

BRIAN item 13 37.2167 653 889

BRIAN item 14 37.4083 535 893

BRIAN item 15 37.5583 578 892

BRIAN item 16 37.3417 634 890

BRIAN item 17~ 37.3917 .548 892

BRIAN item 18 37.9750 309 899

Structural validity

Confirmatory factor analyses were performed for the
four-factor model of the C-BRIAN to access the fit indi-
ces. The acceptability criteria of the model fitness indica-
tors are as follows: AGFI, GFI, and CFI equal to or>0.8.
RMSEA between 0.08 and 0.1 indicated acceptability
[33, 34]. The model fit showed acceptable fit indices (x2/
df=2.117, GFI=0.80, AGFI=0.87, CFI=0.848, and
RMSEA =0.097).

Construct validity

Spearman correlation analysis showed a significant cor-
relation between total BRIAN and MEQ and PSQI scores
(r=-0.517, p<0.001; r=0.586, p<0.001), respectively.
The results showed a statistically significant, moderate
association.

Comparison of C-BRIAN scores between patients with MDD
and healthy controls and cutoff values of C-BRIAN

Total BRIAN scores of patients with MDD and healthy
controls were 39.53 +12.02 and 26.43 £ 6.97, respectively
(Table 1). The Mann—Whitney U test showed that the
total C-BRIAN scores in patients with MDD were signifi-
cantly higher than those in healthy controls (Z=-6.221,
p<0.001). Higher BRIAN scores indicate a more dis-
rupted circadian rhythm. Moreover, all four domains
of the BRIAN scores were higher in patients with MDD
than they were in healthy controls (all p <0.001) (Table 3).
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Table 3 Mean scores on the domains of the C-BRIAN

Domains MDD controls

Sleep 12.53 +4.08 8.23 +3.09
Activity 1112 £ 428 7.00 £1.85
Social rhythms 8.13£3.10 570+ 1.70
Eating pattern 7.77 £3.34 550+ 2.04

Furthermore, ROC analysis showed a good performance
in screening between patients with MDD and healthy
controls (AUC=0.829, 95% CI =0.762-0.895) for BRIAN
(Fig. 1). The cutoff point for BRIAN was >35, with the
best combination of sensitivity and specificity (70.8 and
90.0%, respectively).

Discussion

The BRIAN scale is a simple tool for comprehensively
assessing disturbances in biological rhythms. Patients
with MDD often have altered biological rhythms, includ-
ing changes in the sleep-wake cycle, exercise, diet, and
social interactions [4]. However, the previously com-
monly used scales, such as the MEQ and PSQ], can only
be evaluated in the sleep dimension; therefore, a scale that
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can extensively evaluate biological rhythm is also required
for scientific research or clinical practice in patients with
MDD. The BRIAN scale has been used to assess biological
rhythms in patients with MDD [25-27]. Using this scale,
researchers have observed that biological rhythm disrup-
tion is associated with the severity of depression [6, 35].
However, to date, no research has examined the reliability
and validity of the BRIAN scale in patients with MDD. To
the best of our knowledge, this is the first study to trans-
late the BRIAN scale into the Chinese language and show
that the C-BRIAN is a valid and reliable measure with
good reliability and validity for patients with MDD.

Overall, the results of this study demonstrate that the
C-BRIAN scale has good internal consistency, convergent,
and test-rerest reliability, which is similar to the results of
previous BRIAN studies. The results also showed that the
internal consistency of the C-BRIAN was good and similar
to those of the Korean and Italian versions [23, 24]. Simi-
lar to previous studies, there were significant correlations
between the total BRIAN, MEQ, and PSQI scores, indicat-
ing good convergent validity [15, 28].

Furthermore, we found higher BRIAN scores in
patients with MDD than were found in healthy controls.
Our results indicated that the C-BRIAN scale showed
good discriminant validity in screening for MDD. The

ROC Curve
1.
0.8
= 0.67
x
2
x
(23
c
[}
» 0.47]
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
Fig. 1 Results of the area under the receiver operating characteristic curve analysis for the C-BRIAN
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area under the ROC curve was >0.8. This is a relatively
high value, indicating excellent diagnostic ability for
MDD. In this study, we had a putative cutoff point > 35
because this value showed the best discriminant effects
for diagnosing MDD with a sensitivity of 70.8% and a
specificity of 90%. This may provide a new screening tool
for detecting MDD. It should be emphasized that BRIAN
was not originally designed or tested as a screening tool;
however, it showed acceptable screening features.

This study had some limitations. First, although the
study sample was larger than some previous studies on
the reliability and validity of the BRIAN scale, the sample
size was still relatively small. Second, all participants in this
study were recruited from only one hospital in Shanghai,
which may have led to a selection bias. Therefore, this sam-
ple may not represent all populations in China. In future
studies, the sample size should be increased and patients
from other regions of China should be included to increase
representativeness. Moreover, it is necessary to further
examine the correlation between rhythm disturbance and
severity of depression, anxiety, suicide risk and melatonin
level in Chinese patients with MDD.

Conclusions

We confirmed the validity and reliability of the C-BRIAN
in the Chinese population. Moreover, a significantly
higher C-BRIAN score was found in patients with MDD
than the scores in the healthy controls. In the future, we
hope to promote the clinical application of this scale to
patients with MDD in the Chinese population nationwide.
This will facilitate a more comprehensive assessment of
the clinical symptoms of patients with MDD in China.
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