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Objective: To investigate the circadian rhythms of patients with major depressive disorder (MDD) pre-treatment and post-treatment
to analyse possible influencing factors.

Methods: In this study, we recruited 154 patients in the acute phase of MDD from 10 psychiatric centers in the province. The patients
were divided into a morning chronotype group (1641 points), an intermediate chronotype group (42-58 points) and an evening
chronotype group (59-86 points), according to the total scores obtained from the morningness—eveningness questionnaire (MEQ). They
were treated randomly with antidepressants, either selective serotonin reuptake inhibitors or agomelatine, for 12 weeks and were evaluated
using the MEQ, the 17-item Hamilton Depression Rating Scale (HAMD-17), the Hamilton anxiety scale, the Snaith—Hamilton pleasure
scale (SHAPS), the multidimensional fatigue inventory (MFI-20) and the Pittsburgh sleep quality index at the baseline and then at 2, 4, 8
and 12 weeks. The results were analysed by Logistic regression analysis and repeated-measures analysis of variance.

Results: The baseline detection rates for the evening, intermediate and morning types were 14.93%, 56.5% and 28.57%, respectively.
HAMD-17 scores were significantly lower at weeks 2, 4, 8, and 12 after treatment in patients with different concurrent phenotypes
compared with those before treatment (P<0.05). There were significant differences in gender, age, body mass index, whether
depression was first-episode, type of medication, baseline-MEQ and baseline-SHAPS in the chronotype change group compared
with the post-treatment chronotype unchanged group (p<0.05). Logistic regression analysis showed that medication type (P=0.047),
baseline MEQ (P=0.001) and baseline SHAPS (P=0.001) were risk factors for improvement in circadian rthythm after treatment for
depression.

Conclusion: Circadian rhythm disturbances can be adjusted to a normal pattern with effective antidepressant therapy. The medication
type, baseline MEQ and baseline SHAPS scores were the influencing factors for the recovery of circadian rhythm disorders.
Keywords: major depressive disorder, morningness—eveningness questionnaire, circadian rhythm, chronotype, antidepressant

Background

Depression is one of the most common psychiatric disorders and the leading cause of disability worldwide. The clinical
features of depression mainly manifest as a significant and lasting loss of interest or emotional depression, accompanied
by cognitive, behavioural, biological and somatic disorders.! Depression prevalence rates have ranged from 10-77%.>
Although many researchers have shown that the pathogenesis is related to genetic, physiological or biological, it is
difficult for antidepressants to be fully effective, and there is little progress in drug research.’ In addition, there are
several studies that focus on psychological factors in the pathogenesis of depression.* The primary drugs used in the
treatment of depression are tricyclic antidepressants, monoamine oxidase inhibitors and selective serotonin reuptake
inhibitors (SSRIs).’
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Sleep problems and depression are highly comorbid conditions. A large number of studies have shown that there are
obvious sleep disturbances and abnormal circadian rhythms during major depressive episodes.® Circadian rhythm refers
to physical, mental and behavioural changes throughout a 24-hour cycle, and it plays a central role in both mental and
physical health.” It has been reported that disturbances in circadian rhythms could be a unique clinical manifestation of
mood disorders, and phase shift of circadian rhythms can serve as a marker for mood disorders.® In recent years, there
have been many hypotheses about the relationship between major depressive disorders and circadian rhythms. These
hypotheses focus on the elaboration of the sleep process (slow-wave deficiency and slow-wave activity), the study of
neurotransmitter systems (cholinergic and aminergic imbalance) or environmental behaviour factors (irregular work and
rest patterns that lead to the disruption of the biological rhythm).” Moreover, many studies have monitored the circadian
rhythms of patients with major depressive episodes by measuring melatonin secretions at night and during intermediate
sleep times. The results show that the sleep phase of patients with major depressive episodes was significantly delayed
proving that circadian rhythms are closely related to major depressive episodes.'® Furthermore, many drugs used for the
treatment of depression shift or stabilize circadian rhythms, which may be important for their therapeutic efficacy.''
A Dbetter understanding of the circadian rhythmicity of depression will help to identify the relationship between
depression treatment and altered circadian rhythms, which can ultimately guide more accurate treatment decisions.

Although the link between the circadian rhythm system and depression has been well established, the basic biology of
the interaction is far from being understood, and until now, the specific factors that affect circadian rhythm changes have
not been clear. Our study analyzed the changes and influencing factors of circadian rhythms in patients with depression
before and after treatment, aiming to provide new evidence and insights for clinical treatment strategies for depression.

Materials and Methods

General Information
A total of 154 patients with depression in 10 psychiatric hospitals of Zhejiang Province from March 1, 2019 to June 30,
2019 were selected as subjects, with an average age of 44.3 £12.2, 45 males and 109 females. Inclusion criteria: (1) the
diagnostic criteria for the major depressive episodes were in line with the International Classification of Diseases, Tenth
Revision; patients were diagnosed with major depressive disorder (MDD) according to the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition; (2) the Chinese version of the Mini International Neuropsychiatric Interview
was used for diagnosis and screening; (3) patients with acute depressive episodes; both an initial episode and a recurrence
were acceptable, and patients with recurrences had not been taking antidepressant medication and had not experienced
convulsions, electrical spasms, or received physical therapy within two weeks prior to enrolment; (4) patients of Han
ethnicity, with no gender restrictions, and between the ages of 18 and 65 years old; (5) patients that had signed the
informed consent form. Exclusion criteria: (1) patients with other psychiatric disorders, such as schizoaffective psycho-
sis, schizotypal (personality) disorder or bipolar depression; those with any other anxiety disorder as a main diagnosis
within one year; patients with substance dependence or personality disorders; (2) patients with or carriers of hepatitis
B or hepatitis C; patients with abnormal liver function, cirrhosis or active liver disease; (3) patients with severe heart,
brain, kidney or endocrine organ diseases or other serious physical diseases; (4) previous standard treatment of
agomelatine had failed, or the use of two or more antidepressants during the current episode had been ineffective
following an appropriate course of treatment; (5) current major depressive episode had lasted more than two years; (6)
patients with obvious suicide attempts or behaviours with a Hamilton Depression Rating Scale article 3 (for suicide)
score >3; (7) women who were breastfeeding or pregnant; women who had fertility requirements during the study or
could not take safe and effective contraceptive measures.

This study was approved by the ethics committee of the Third People’s Hospital of Huzhou City (ethics number: 2019
Ethics Review No. 028). All patients signed informed consent.

Study Design
This study was an observational study. The basic information and clinical data of the 154 patients included in the study
were collected, including age, gender, body mass index, and whether it was the first episode of depression. On admission,
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the patients were assessed with MEQ scale, the 17-item Hamilton Depression Rating Scale (HAMD-17), Hamilton
anxiety scale (HAMA), Snaith-Hamilton Pleasure Scale (SHAPS), multidimensional fatigue inventory-20 (MFI-20) and
Pittsburgh sleep quality index (PSQI). According to the MEQ score, the circadian thythms of all patients were divided
into three phases, including morning type (early sleep and early awakening type), intermediate type (ordinary type) and
evening type (late sleep and late awakening type). The circadian rhythm disorders of patients with depression were
evaluated by comparing the baseline data of patients with three phases. According to the random number table method,
all patients were given antidepressant therapy with agomelatine or SSRI for a period of 12 weeks. Administration time of
different groups is related to chronotype. All patients were evaluated by the HAMD-17, HAMA, SHAPS, MFI-20, PSQI
and MEQ scale at 2, 4, 8, and 12 weeks after treatment. Changes in circadian rhythms in depressed patients were
assessed by comparing pre- and post-treatment HAMD-17 and MEQ scores. After 12 weeks of treatment, according to
whether the circadian rhythm of patients changed at the end of the study, the patients were divided into chronotypes
change group and non-change group. The differences of various indexes between the two groups were analyzed to
explore the potential factors affecting the improvement of circadian rhythm in patients with depression before and after
treatment. Potential factors with differences were selected as independent variables, and changes in the temporal phase of
circadian rhythms were used as dichotomous variables, and we performed a Binary logistic regression analysis to explore
the risk factors for circadian rhythm improvement.

Research Methods

The psychological scale was assessed by two physicians, mid-level or above, in the psychiatric department in each
centre. Without knowing their grouping, patients were evaluated by a cross-blind method. The consistency test Kappa
value was 0.89.

Morning and Evening Questionnaire (MEQ)

MEQ is often used to evaluate circadian rhythm.'? This questionnaire contains a total of 19 items. Each item is scored
from 0 to 6 points, and the total score ranges from 16 to 86 points. Based on these scores, individuals were categorised as
being a morning type (score of 59-86), an intermediate type (score of 42—58) or an evening type (score 16—41).

Snaith-Hamilton Pleasure Scale (SHAPS)

The Snaith-Hamilton-Pleasure-Scale (SHAPS) is a self-reported scale evaluating anhedonia for neuropsychiatric
disorders.!> The SHAPS contains a total of 14 items, including interest/entertainment, social interaction, sensory
experience and diet. Participants were required to score between 1 and 4 points according to the degree of their
agreement with the happiness responses to different pleasant situations. The total score of the scale is between 14 and
56 points. The higher the total score, the more severe the anhedonia.

Multidimensional Fatigue Inventory-20 (MFI-20)

The MFI-20'* evaluated the fatigue status of the subjects from multiple perspectives. The scale is moderate in length and
easy to understand. It includes 20 items in five dimensions: general fatigue, physical fatigue, reduced activity, reduced
motivation and mental fatigue, generating a total score of 20—100 points. The higher the score, the higher the degree of
fatigue.

Pittsburgh Sleep Quality Index (PSQI)

The PSQI' was used to assess the sleep quality of the subjects during the previous month. It includes 19 self-evaluation
and five other evaluation items, which are combined into seven factors: subjective sleep quality, time taken to fall asleep,
sleep time, sleep efficiency, sleep disorder, hypnotic drugs and daytime function. Each factor is scored on a scale of 0 to
3, and the total score ranges from 0 to 21, with 7 being the boundary value of sleep quality. The higher the score, the
worse the quality of sleep.

Hamilton Anxiety Scale (HAMA)
The HAMA'® was compiled by Max Hamilton in 1959 and is particularly suitable for the determining the severity of
anxiety symptoms. The HAMA has 14 items, using a five-level scoring method of 0 to 4 points: (0) asymptomatic, (1)
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mild, (2) moderate, (3) severe, (4) extremely severe. No anxiety is present when the total score is less than or equal to 7,
possible anxiety is present when the total score is between 8 and 14, positive anxiety is present when the total score is
between 15 and 21, obvious anxiety is present when the total score is between 22 and 29 and serious anxiety is present
when the total score is more than 29.

The 17-ltem Hamilton Depression Rating Scale (HAMD-17)

The HAMD-17'7 is an alternative scale that includes 17 items. Each item is scored with 0—2 points or 0—4 points, with
a total score of 0—52 points. The higher the total score, the more severe the depression. A score of 0—7 indicates no
depression, a score of 817 indicates mild depression, a score of 18-24 indicates moderate depression and a score of 25—
52 indicates severe depression.

Statistical Analysis

SPSS 22.0 statistical software was used to process data. Continuous variables were described by means + standard
deviation (range) if they were normally distributed. Categorical variables are expressed as counts (percentage).
Continuous variables were compared using the Student’s z-test or the Mann—Whitney U-test, depending on their
distribution. Categorical variables were compared using the chi-squared (y%) test or Fisher’s exact test. Binary logistic
regression analysis was used to analyse the possible influencing factors of the circadian rhythm of patients with baseline
depression; the baseline MEQ score was used as the dependent variable, and other baseline measurement results and
demographic data were used as independent variables. The repeated-measures analysis of variance was performed to
evaluate the changes in HAMD-17 and MEQ scores over time. When significance was indicated, a post hoc test with
pairwise comparisons was applied. Bonferroni corrections were made to account for multiple comparisons. The test level
a was 0.05. P<0.05 indicated a statistically significant difference.

Results

Circadian Rhythm (Time Pattern) of Patients with Depression
A total of 154 patients with depression were enrolled in this study. The baseline measure shows that the detection rates of
evening, intermediate and morning types were 14.93% (n=23), 56.5% (n=87) and 28.57% (n=44), respectively. The
baseline demographic data and clinical evaluation of patients with various types of depression are shown in Table 1.
Morning type subjects were older than the intermediate and evening type subjects (F»,0y=7.987,P =0.019; F(, ;y=6.354, P =
0.009). The intermediate group had the lowest SHAPS and MFI-20 scores, and the morning group had the highest scores (P <
0.05). However, there were no statistically significant differences between the three groups of subjects in terms of demographic
data, such as gender, body mass index and recurrence, or in terms of PSQI, HAMA and HAMD-17 scores (P > 0.05).

Changes of Circadian Rhythm in Patients with Depression Before and After Treatment
During the 12-week antidepressant treatment, the HAMD-17 scores of the three groups of subjects of different
chronotypes decreased with the prolongation of treatment time (Table 2).

During the 12-week antidepressant treatment, the MEQ scores of the three groups of subjects of different chronotypes
also showed different changes with the prolongation of treatment time. The analysis of the variance of repeated
measurements showed that there were statistically significant changes in MEQ scores within each group and between
the three groups at five time points (Fr = 13.888, P < 0.001; F; =9.669, P < 0.001), and there was interaction between the
time and different chronotypes (Fr+ = 43.828, P < 0.001; see Table 2).

Data Differences Between Chronotypes Change Group and Non-Change Group
Patients were divided into change and non-change groups according to whether there was a shift in circadian rhythm
pattern at the end of the study. Among the 154 patients, the number of patients with changes in chronotype after treatment
was 75, and the number of patients with no changes was 79. Compared with the non-change group, the change group had
significant differences in gender, age, body mass index, first-episode, Type of medication, baseline-MEQ and baseline-
SHAPS. The difference was statistically significant (P<0.05) (Table 3).
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Table | Demographic Data and Clinical Evaluation of Patients with Depression of Different Time Types at Baseline: N (%)

Late Type (23) | Intermediate Type (87) | Early Type (44) | F value or y* value | P
Gender
Male(45) 6 (13.33%) 27 (60.00%) 12 (26.67%) 0.328 0.849
Female(109) 17 (15.69%) 60 (55.05%) 32 (29.36%)
Age 40.22+14.65 41.85£14.23 48.20+9.18* 4.273 0.016
BMI 22.19+2.54 21.31£2.97 22.10%3.09 1.487 0.229
First episode/relapse
First episode (87) | 12 (52.17%) 46 (52.88%) 29 (65.91%) 2.226 0.329
Relapse (67) 11 (47.83%) 41 (61.19%) 15 (34.09%)
HAMD-17 21.61x8.16 23.02+5.66 22.07+3.92 0.774 0.463
HAMA 19.61+£9.44 21.16+9.36 21.30+5.09 0.359 0.699
MEQ 37.96+2.87 50.02+4.51 64.91+3.85%¢ 327.362 <0.001
PSQI 14.91£2.21 14.23+3.54 14.55+3.59 0.410 0.664
SHAPS 44.87+4.35 43.57+2.19 46.64+6.92* 4.576 0.012
MFI-20 81.82+8.4I 75.47+12.50 85.34£10.13* 11.718 <0.001
Notes: *Means P<0.05; ¥P<0.01. The BMI was calculated as weight (kg)/height? (m?).
Table 2 MEq Score Trend of Three Groups of Subjects with Different Time Types
Item Group Number of | Visit Point F value and
Cases P value
0Wk 2Wk 4Wk 8Wk 12Wk
MEQ Late type 23 37.96+2.87 42.39+6.60 50.70+7.24 52.96+7.80 55.00+8.20 FT=13.888,
P<0.001
Intermediate | 87 50.02+4.51 52.11+6.24 52.99+8.09 53.5549.15 53.6£10.05 FI=9.669,
type P<0.001
Early type 44 64.91+3.85 60.43+6.49 60.93+8.96 60.89+9.55 60.86+9.42 FT*1=43.828,
P<0.001
HAMD-17 | Late type 23 21.61x8.16 13.57£10.30 | 7.35+7.91 4.83+4.93 2.52+2.75 FT=479.759,
P<0.001
Intermediate | 87 23.02+5.66 14.014£7.33 7.72+6.17 5.43+5.84 4.09+4.15 FI=0.619,
type P=0.706
Early type 44 22.07+3.92 1341453 8.05+3.61 5.89+2.66 4.27+2.68 FT*=0.352,
P=0.407

Influencing Factors for the Recovery of Circadian Rhythm Disorders in Patients with
Depression

Binary logistic regression analysis was conducted. Whether the time pattern of circadian rhythm changes or not is taken as
a binary variable (0 for those who have not changed their chronotypes, 1 for those who have changed their chronotypes), and
gender, age, first episode determination (0 for the first episode and 1 for recurrence), body mass index, HAMD-17, HAMA scores
and so on were used as the independent variables. The stepwise method was used when the independent variables were entered
into the regression analysis. After excluding the influence of confounding factors and other ineffective factors, the final type of
medication, a low baseline MEQ score and a high baseline SHAPS score were statistically significant. The results of the
parameter estimation and hypothesis testing are shown in Table 4. After testing, the established logistic regression model was
statistically significant (F = 26.405, P < 0.001).

The results showed that after three months of antidepressant treatment, for depressive patients with changes in
circadian rhythm, type of medication, a low baseline MEQ score and a high baseline SHAPS score were all statistically
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Table 3 Data Differences Between Chronotypes Change Group and Non-Change Group

Change Group (75) Non-Change Group (79) F value or y* value P value

Gender

Male 18 (40.00%) 27 (60.00%) 3.899 0.048

Female 57 (52.29%) 52 (47.71%)
Age 41.13£12.79 45.65+13.81 2.104 0.037
BMI 21.81+2.91 20.83+3.01 2.052 0.042
First episode/relapse

First episode 49 (55.68%) 39 (44.32%) 4.005 0.045

Relapse 26 (39.39%) 40 (60.61%)
Type of medication

Agomelatine 34 (45.33%) 23 (29.11%) 4.341 0.037

SSRI 41 (54.67%) 56 (70.89%)
Baseline-HAMD-17 22.43+6.67 22.65+4.57 0.238 0.812
Baseline-HAMA 21.19+£9.54 20.76+7.09 0.316 0.752
Baseline-MEQ 49.47+9.68 54.77+8.52 3616 <0.001
Baseline-PSQI 14.75+3.35 14.11£3.40 1.163 0.247
Baseline-SHAPS 43.00+5.20 40.56+5.27 2.890 0.004
Baseline-MFI-20 77.89+12.15 80.50+12.04 1.333 0.185

Note: The BMI was calculated as weight (kg)/height® (m?).

Table 4 Logistic Regression Model of Influencing Factors in Depressive Patients’ Circadian Rhythm Returning to Early Type

B value Standard Error Wald OR value P value 95% Confidence Interval
Lower Limit Upper Limit
(constant) —1.607 1.868 0.741 0.200 0.389
Type of medication 0.714 0.434 2.706 0.689 0.047 1.209 1.947
Baseline MEQ —0.084 0.026 10516 0.919 0.001 0.874 0.967
Baseline SHAPS 0.107 0.033 10.616 I.113 0.001 1.043 1.186

associated with this return (B values were 0.714, —0.084 and —0.107; OR values were 0.689, 0.919 and 1.113; 95% CI
values were 1.209-1.947, 0.874-0.967 and 1.043—1.186, respectively).

Discussion

There is a complex relationship between biological rhythms and emotions. Studies have shown that there is a correlation
between changes in an individual’s inherent biological rhythms and the appearance of depressive symptoms.®’ As an
important clinical feature and pathophysiological mechanism of depression, biological rhythm disorders are closely
related to the onset, clinical manifestation, social function, prognosis and recurrence of depression. With the relief of
depressive symptoms, the sleep—wake cycle and biological rhythm disorders will also be gradually improved. This study
is a multicentre study focusing on the Chinese population and it therefore provides further race-specific evidence on the
relationship between antidepression therapy and circadian rhythm.

Research indicated that individuals show circadian rhythm differences depending on their chronotype or circadian
typology (morning-, neither-, and evening-type).'® Previous surveys showed that in the general population aged 30 to 50,
the detection rates of the late type, intermediate type and early type were 5.6%, 44.6% and 49.8%, respectively.'” In our
study, the detection rates of the above-mentioned chronotypes were 14.93%, 56.5%, and 28.57% at baseline in the
patients with depression included in the analysis, indicating that compared with the normal population, the patients with
depression in the acute phase have obvious symptoms of abnormal circadian rhythm. Our baseline data showed that there
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was no statistical difference in HAMD-17 score and HAMA total score among the three groups of patients with different
chronotypes, but in terms of SHAPS total score and MFI-20 total score, the early type group > late group Temporal group
> Intermediate temporal group. This suggests that early formers have less pleasure and more fatigue. This circadian
rhythm disorder characterized by early awakening may be greatly affected by factors such as light. Research shows that
light in the morning hours will produce a phase advance in the circadian rhythm.?® Previous studies have suggested that
the ability of an individual’s biological rhythms to synchronise with natural rhythms is related to age.”' In this study, the
comparison of average age of patients with depression at the baseline during the onset period indicated the individuals
who were the morning type were older than those who were the intermediate type who, in turn, were older than
individuals who were the evening type. The older the patients, the more likely they were to wake up earlier, suggesting
that age is also an important factor driving circadian phase changes.

According to existing research results, the chronotypes that is more likely to have depressive symptoms is still
uncertain. Most scholars believe that individuals who are the evening type are more prone to impetuosity, anger,
depression, anxiety, nightmares and other behavioural and emotional abnormalities.”?>2* However, some researchers
believed that those who are intermediate or morning types are more prone to having depressive symptoms because
individuals who are evening types are more likely to express their feelings than individuals who are morning types.” In
fact, some studies have proved that circadian orientation is closely related to personality traits.?® The morning type is
related to stability, which includes the domains of emotion (neuroticism), sociality (agreeableness) and motivation
(conscientiousness). Compared with the morning type, the evening type is more inclined to the domains of behaviour
(extraversion) and cognition (openness).”” Therefore, paying close attention to the circadian rhythm of patients plays an
important role in the treatment and prevention of depression.

During the 12-week antidepressant treatment of this study, while the subjects’ depressive symptoms tended to be
alleviated, changes in patients’ MEQ scores and corresponding shifts in circadian rhythm patterns, indicating that the
close relationship between depression and circadian rhythm. Our results were similar to those of Pail et al, who
demonstrated that people with circadian rhythm disorders, especially those who get less sleep at night, are prone to
depression.”® When an individual’s inherent biological rhythm is disrupted, the original dynamic balance of the internal
environment, such as neurological, immune, and endocrine functions, is also altered, which may lead to mental
symptoms such as depression and anxiety, as well as hypertension, diabetes, and other physical diseases.?’
Conversely, effective treatment of depressive symptoms and psychiatric disorders in patients with depression can have
a positive effect on the patient’s biological rhythm. Our results showed that after drug treatment, the patients’ depressive
symptoms were relieved, and the MEQ scores of the morning and intermediate types also tended to be stable, while the
MEQ scores of the night type maintained an upward trend. It can be seen that there is definitely a correlation between
changes in an individual’s internal biological rhythm and the appearance of depressive symptoms.

To investigate the risk factors affecting the recovery of circadian rhythm in depressed patients after treatment, we
performed a univariate analysis of the baseline data of two groups of patients with and without a shift in circadian rhythm
after treatment. Our results showed that there were significant differences between the two groups with respect to these
aspects: age, whether or not first-episode depression, medication regimen, baseline MEQ and baseline SHAPS. This
implies that age, whether first-episode depression, medication type, baseline MEQ and baseline SHAPS may be potential
influencing factors for circadian rhythm improvement after treatment in depressed patients. Disturbances of biological
rhythms can cause major depressive episodes or recurrences in patients. Repeated major depressive episodes will further

30,31 and

affect hypothalamus regulation on circadian rhythms, making patients more prone to circadian rhythm disorders
leading to sleep-wake cycle disruption and mood changes.*® We analyzed potential possible influences through a binary
logistic regression model, and the potential factors that eventually entered the model were medication type, baseline
MEQ, and baseline SHAPS. Interestingly, medication type was a risk factor for circadian rhythm recovery after treatment
for depression. Different drugs have different mechanisms of action in the treatment of depression, which may lead to
different effects on the improvement of circadian rhythm in patients with depression.

Furthermore, as the use of social media increases, the risk of depression grows. The changes in modern human
lifestyles and the widespread use of electronic devices have led to increasing “social jet lag”, which has caused circadian

rhythm disorders, incidences of depression and other emotional behavioural abnormalities.*® This may help explain the
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increasing prevalence of depression over the last 10 years. Therefore, strengthening biological rhythm adjustments in the
normal population and managing biological rhythms of patients with depression may be important for the prevention and
treatment of depression.

There are some limitations of this study. First, more relevant factors should be included for analysis, including the
presence of night shifts, the use of electronic devices at night, and the presence of comorbid underlying physical
illnesses. Secondly, although the MEQ scores of the early and intermediate hour types were stable at the end of the 12th
week, the MEQ scores of the late hour type showed a continuous improvement, suggesting that this group of patients
should be followed up for a longer period of time. Thirdly, the individuals at high risk of obstructive sleep apnea in PSQI
were not excluded from the study. They did not respond well to the treatment plan of this study, and this part of patients
would cause bias in the results. Finally, lack of medication information for patients, some drugs, such as glucocorticoids,
may cause depression and sleep disorders at home.

Conclusions

Circadian rhythm disturbances are common in patients with major depressive disorder and can be adjusted to a normal
pattern with effective antidepressant therapy. Type of medicine, baseline MEQ and baseline SHAPS scores were the
influencing factors for the recovery of circadian rhythm disorders.
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