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Purpose: Diurnal mood variation is one of the prominent symptoms in depression. However, little is known about this phenomenon.
This study examined diurnal variation in adolescents with comorbid depression and anxiety symptoms, and assessed the incidence,
correlates, and related factors.

Patients and Methods: The study comprised a sample of 557 outpatients who were adolescents suffering from anxiety and
depression. Symptom severity was assessed using the Zung Self-Rating Depression Scale, Anxiety Scale, and 24-item Hamilton
Rating Scale for Depression.

Results: Majority of the participants (69.83%) reported diurnal mood variation throughout the day. Higher score on the Zung Self-
Rating Depression Scale, specifically somatic, cognitive impairment, retardation, sleep disturbance, and feelings of despair, were noted
in individuals with diurnal variation compared to those without. Additionally, there was a significant correlation between feelings of
despair and diurnal mood variation, which was able to predict diurnal variation in adolescent aged 10 to 13 years or those whose
depressive symptoms were mild.

Conclusion: Diurnal mood variation is common in adolescents with major depressive disorder and anxiety. The pattern is associated
with more severe depressive symptoms. Feelings of despair are a potential associated factor for diurnal changes in mood, although the
discriminatory capacity of this variable is limited.
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Introduction

Depression is a prevalent issue in adolescence. Various physical, psychological, and social characteristic changes of this
developmental period can make adolescents more vulnerable to depression compared with adults.' In recent years, the
prevalence of self-reported depressive symptoms has been high in outpatient clinical settings,” with an upsurge in
depressive symptoms among adolescents.® This trend has been further exacerbated by the impact of the Covid-19
pandemic on adolescent symptomatology.*

Diurnal mood variation, which refers to the fluctuation of mood throughout the day, is one of the defining features of
depression.®” Such recurrent mood instability is a consistent and independent predictor of suicidal ideation®” and may
contribute to premature mortality. A study focused on diurnal variation suggested that the pattern of mood change
throughout the day could be understood from the perspective of circadian function, which may have implications for the
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phenomenology and pathogenesis of depression. - While diurnal mood variation has been well studied in adults, studies

show that only 20-30% of depressed adult patients exhibit such symptoms.'' In contrast, relatively little research has
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focused on this phenomenon in adolescents, despite the distinct developmental and environmental factors that may
influence mood regulation during this period. Research on adolescents with small sample sizes suggest that greater mood
variability is correlated with comorbid depressive and externalizing disorders, such as conduct and substance use
disorders.'> Despite this findings, limited attention has been devoted to the specific exploration of diurnal mood
variations among adolescent patients.

In the present study, the association between diurnal variation and other core symptoms of depression disorder was
examined as well as the associated factors associated with diurnal variation in adolescents displaying depression
comorbid anxiety symptoms.

Materials and Methods

The present study was reviewed and approved by the Shanghai Pudong New Areas Mental Health Ethics Committee and
complied with the Helsinki Declaration of 1975, revised in 2013. Recruitment of participants took place between
March 2021 and June 2023 from the outpatient clinical Mental Health Center of Tongji University Psychological
Assessment Research Center at Shanghai. Written informed consents were obtained from participants or their guardians.
The diagnostic criteria for the subjects were based on the DSM-5. Eligible participants met the following stringent
inclusion criteria: (1) age between 10 and 19 years; (2) Zung Self-Rating Depression Scale (SDS) score > 53; (3) Zung
Self-Rating Anxiety Scale (SAS) score > 50; (4) 24-item Hamilton Rating scale for Depression (HAMD-24) score > 8;
(5) no previous history of other mental disorders.

Participant underwent interviews conducted by psychiatrists at the health center. The severity of anxiety symptom
was assessed using the SAS scales. Depression severity was specifically evaluated using the SDS, with SDS scores < 50
classified as mild depression, scores between 51 and 58 considered as moderate depression, and scores > 58 classified as
severe depression. The evaluation of depressive symptoms was conducted using the formally translated and standardized
Chinese version of HADM-24."3 Ttem 18 of the Chinese version of the HAMD-24, which assesses day-night changes (if
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symptoms worsen in the morning or evening, and scores based on the degree of change), was included in the grouping
criteria for identifying participants with significant diurnal mood variation. The collected data from the questionnaires
were compiled and stored without differentiating between specific diurnal variation patterns (eg, morning-worse vs
evening-worse). Therefore, we did not further analyze the data based on these patterns, which may introduce potential
confounders and limit the diversity of the sample.

The statistical analyses were performed utilizing the SPSS software. (version 27; IBM Corp., Armonk, NY, USA).
Chi-square tests were applied to categorical variables, while ANOVA was used for continuous variables to assess
differences between groups. In order to examine factor associated with diurnal mood variation in adolescent patients
with depression and comorbid anxiety symptoms, a univariate analysis was first applied and conducted to identify
significant variables between diurnal mood variation and non-diurnal mood variation patients. Subsequently, logistic
regression was performed using the Backward: Wald method, which sequentially removes non-significant variables to
refine the model, focusing on variables that demonstrated statistical significance. The discriminatory capacity of the
model was evaluated using the area under the receiver operating characteristics (AUCROC), with an AUC value between
0.7 and 0.8 considered generally acceptable for model performance.' The p values were set to be two-tailed with
a significance level of 0=0.05.

Results
Clinical characteristics of diurnal versus non-diurnal mood variation in adolescents with depression and comorbid
anxiety symptoms: In the study population, the percentage of comorbid depression and anxiety symptoms exhibiting
diurnal variation in adolescents stood at 69.83% (389 out of 557). As delineated in Table 1, significant differences were
found between the depressed adolescents who experienced diurnal variation and those who did not, specifically in
relation to certain factors measured by the HAMD scale. More precisely, the adolescents who experienced diurnal
variation exhibited higher SDS scores, including somatic symptoms, cognitive impairment, retardation, sleep disturbance,
and feelings of despair (*P < 0.05).

Factors associated with variation in adolescents with depression and comorbid anxiety symptoms: The subsequent
focus centered on identifying the associated factors related to diurnal variation in adolescents with symptoms of

Table | HAMD Scale Scores According to the Presence or Absence of Diurnal Variation in
Adolescents with Depression and Anxiety

Variable Adolescents with Depression and Anxiety | T/x2 P
Without Diurnal With Diurnal
Variation (N = 168) | Variation (N = 389)

Female, n (%) 127 (75.6) 309 (79.4) 0.80 0.37
Age, years 1524 + 2.21 15.24 + 2.08 0.0l 0.99
Age group, n (%) 1.15 0.56

10-13 42 (25.0) 87 (22.4)

14-17 92 (54.8) 232 (59.6)

18-19 34 (20.2) 70 (18.0)
SAS score 63.42 £ 10.08 64.81 + 9.97 —-1.51 0.13
SDS score 73.23 £ 10.26 75.22 + 8.71 -2.19 0.02
Somatic score 548 = 2.01 6.53 £ 24| —5.34 | <0.001
Cognitive impairment score 551 £275 691 + 298 —5.36 | <0.001
Diurnal variation score 0.45 + 0.75 0.57 + 0.79 -1.70 0.09
Retardation score 4.38 £ 1.63 5.06 = 1.73 —4.50 | <0.001
Sleep disturbances score 3.08 £ 1.93 3.49 = 1.81 -2.33 0.02
Feelings of despair score 4.02 +2.26 534 +222 —6.39 | <0.001

Abbreviations: SAS, Zung Self-Rating Anxiety Scale; SDS, Zung Self-Rating Depression Scale.
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Table 2 Factors Associated with Diurnal Variation in Adolescents with
Depression and Anxiety

B Wald %2 P OR 95% CI
Somatic score 0.07 1.84 0.18 | 1.08 | 1.08 (0.97-1.20)
Cognitive impairment score | 0.04 0.85 0.36 | 1.04 | 1.04 (0.95-1.14)
Diurnal variation score 0.08 0.39 0.53 | 1.09 | 1.09 (0.84-1.41)
Retardation score 0.08 1.55 0.21 1.09 | 1.09 (0.95-1.24)
Sleep disturbances score —0.01 0.02 0.88 | 0.99 | 0.99 (0.88-I.11)
Feelings of despair score 0.18 10.24 0.001 | 1.20 | 1.20 (1.07-1.34)

depression and anxiety, as displayed in Table 2. According to the statistical analysis, only feelings of despair were
deemed a significant related factor for diurnal variation in the study population (B = 0.18, **P = 0.001, OR = 1.20, 95%
CI = 1.07-1.34). Furthermore, the feelings of despair score had an AUC value of 0.66 in distinguishing adolescents who
showed depression and anxiety symptoms with diurnal variation from those without diurnal variation (Figure 1A).

Subgroup analysis — We then focused on the discriminatory capacity of potential associated factors for diurnal mood
variation in adolescent patients, considering sex, age, and depression severity. The adolescent patients were classified
based on gender, age group, and SDS score. A binary sex categorization was applied, based on physical and physiolo-
gical attributes assigned at birth. The AUCROC values for feelings of despair in different groups were as follows: 0.67
for males (Figure 1B), 0.64 for females (Figure 1C), 0.70 for adolescents aged 10 to 13 years (Figure 1D), 0.67 for those
aged 14 to 17 years (Figure 1E), and 0.58 for those aged 18 to 19 years (Figure 1F). Regarding depression severity, the
AUC-ROC values were 0.74 for mild SDS severity (Figure 1G), 0.63 for moderate SDS severity (Figure 1H), and 0.64
for severe SDS severity (Figure 1I). Among these, we found that adolescents aged 10 to 13 years (*P < 0.05, 95% CI =
0.61-0.79) or those diagnosed with mild depression severity based on the SDS questionnaire (*P < 0.05, 95% CI =
0.62—-0.86) exhibited higher AUC values to distinguish diurnal mood variation from those without.

Discussion

This is the first report to investigate the prevalence of diurnal variation and related factors in a large sample of
adolescents exhibiting symptoms of depression and anxiety. The primary findings of this study can be summarized as
follows: (1) diurnal variation is prevalent among adolescents struggling with depression and anxiety symptoms; (2)
adolescents experiencing diurnal variation report more pronounced depressive symptoms; (3) feelings of despair have
moderate discriminatory potential in predicting diurnal variation among individuals aged 10 to 13 or with mild
depressive symptoms.

In this study, 69.83% of the adolescent participants with comorbid depression and anxiety reported instances of
diurnal variation. This finding contrasts with prior research involving adults, where diurnal mood variation was identified
in only 20% to 30% of depressed adult patients.'""'> The findings imply that the diurnal mood variation is more prevalent
among contemporary adolescents. This phenomenon may be attributed to maladjustment in daily routines, particularly
represented by a delayed onset-wakeup time, a pattern more pronounced in young subjects during Covid-19 lockdown
period.'®!'” Changes in sleep schedules, as well as alterations in the quantity and quality of nighttime sleep, have been
found to be associated with elevated rates of emotional symptoms and supports an important role in adolescent brain
function and behavior.'®'? Considering documented disparities in depressive symptomatology between adolescents and
adults in previous studies,”® the findings might contribute to the understanding of these variations and highlight
a noteworthy symptom among depressed adolescents during Covid-19 pandemic.

Measures of mood variability are often deliberated concerning their connection to the severity of depression, and
divergent viewpoints exist regarding this association. In the study, adolescent patients with diurnal variation reported
significantly more severe depressive symptoms, including heightened somatic complaints, cognitive impairment, retarda-

tion, sleep disturbance, and a sense of despair. Research involving adults has also shown similar findings, indicating that
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Figure | The discriminatory capacity of feelings of despair for distinguishing individuals with versus without diurnal variation among adolescents with depression and anxiety,
grouped by sex, age, and depression severity. (A) Discriminatory capacity of feelings of despair for distinguishing diurnal mood variation in general with AUC equal to 0.66,
(B and C), Discriminatory capacity of feelings of despair for distinguishing diurnal mood variation by sex: in female (B) with AUC equal to 0.67 and in male (C) with AUC
equal to 0.64. (D-F) Discriminatory capacity of feelings of despair for distinguishing diurnal mood variation by age: 0—13 years old (D) with AUC was 0.70, 14-17 years old
(E) with AUC was 0.67, 18—19 years old (F) with AUC was 0.58. Discriminatory capacity of feelings of despair for distinguishing diurnal mood variation by SDS severity
score: reflecting mild (G) with AUC was 0.74, moderate (H) with AUC was 0.63, severe (I) with AUC curve was 0.64. All p values are <0.05.

Abbreviation: AUC, area under the curve.

diurnal mood variation is linked to a higher risk of severe depression and may potentially predict how individuals
respond to treatment.'>*' However, contrasting findings emerged in older psychiatric literature, where mood variability
failed to correlate with increasing depression severity,”” and the return of diurnal mood variation symptom has been
construed as a sign of symptomatic improvement.”® Given the inconsistencies among these findings and the emerging
body of evidence supporting the potential of treatments targeting circadian rhythms for patients with diurnal
variation,'>?! additional investigation of this relationship is warranted.

In this study, only one clinical characteristic—feelings of despair—merits consideration as an associated factor for
diurnal variation, holding the capacity to distinguish diurnal variation in adolescent patients. The subgroup analysis

revealed that feelings of despair may help differentiate between adolescents aged 10 to 13 who experience diurnal
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variation and those who do not. Furthermore, this association was greater in cases of mild depression severity. The term
“feelings of despair” is applied in the context of depression as a synonym of helplessness and hopelessness. A recent
study has reported its utility as a scale for evaluate suicide risk and associated with more severe problems on several
dimensions related to suicide risk.>**> Nevertheless, there exists a conspicuous paucity of extensive scientific literature
concerning the examination of feelings of despair within the context of depression. Subsequent research is needed to
elucidate the discriminatory capacity of “feelings of despair” in the context of diurnal variation in depression.

Several limitations in the study warrant acknowledgment. First, the study did not differentiate adolescents into
morning-worse and evening-worse diurnal patterns of mood, which could introduce confounding factors. Second, other
variables that may influence diurnal mood variation, such as sleep pattern, external stressors (eg, academic pressures,
family issues), and difficulties in adapting to social or interpersonal relationships, were not considered, and their absence
in the analysis may limit the generalizability of the findings. Finally, the representativeness of the sample is limited as
participants in this study were all Han Chinese adolescents. This limitation arose from the location where the sample was
collected. Future studies may consider multi-site research with larger and more diverse populations to enhance the
generalizability of this findings. Including participants from different geographical regions and with varied demographic
characteristic, such as ethnicity and socioeconomic status, will not only help enhance the generalizability of the findings
but also control for potential confounders. Additionally, future research should consider differentiating diurnal mood
pattern to better understand the nuanced effects of diurnal variation on adolescent mood disorders.

Conclusion

The study illustrated that diurnal mood variation is highly prevalent among adolescents with major depressive disorder
and comorbid anxiety symptoms, compared with previous data from adult patients. Furthermore, diurnal changes were
correlated with more severe symptoms of depression and anxiety. The data indicated that feelings of despair might act as
an associated factor for diurnal variation in certain conditions. The findings may serve as a foundation for additional
studies on the relationship between diurnal mood changes in adolescents with comorbid depression and anxiety.
Replicated research and further studies with appropriate refinements are needed to confirm the current findings and
look for potential therapeutic target.

Acknowledgment
The authors would like to express their gratitude to all the patients who volunteered to participate in this study.

Funding

This study was supported by the Medical Discipline Construction Program of Shanghai Pudong New Area Health
Commission (the Specialty Program) (No.: PWZzb2022-09) and the Shanghai Health System Key Discipline
Construction Project (No. 2024ZDXKO0011).

Disclosure
The authors report no conflicts of interest in this work.

References

1. Hauenstein EJ. Depression in adolescence. J Obstet. 2003;32(2):239-248.

2. Lou X, Ke X, Li H, et al. Prevalence and risk factors for depression in outpatient departments of three general hospitals in China: a cross-sectional
study. J Psychiatry Clin Pract. 2020;24(1):88-95. doi:10.1080/13651501.2019.1687723

3. Twenge JM, Joiner TE, Rogers ML, Martin GN. Increases in depressive symptoms, suicide-related outcomes, and suicide rates among US
adolescents after 2010 and links to increased new media screen time. Clin Psychol Sci. 2018;6(1):3—17. doi:10.1177/2167702617723376

4. Racine N, McArthur BA, Cooke JE, Eirich R, Zhu J, Madigan S. Global prevalence of depressive and anxiety symptoms in children and adolescents
during COVID-19: a meta-analysis. JAMA Pediatrics. 2021;175(11):1142—1150. doi:10.1001/jamapediatrics.2021.2482

5. Barclay NL, Burkard T, Burn E, et al. The impact of the COVID-19 pandemic on incidence and short-term survival for common solid tumours in the
United Kingdom: a cohort analysis. Clin Epidemiol. 2024;16:417-429. doi:10.2147/CLEP.S463160

6. Peeters F, Berkhof J, Delespaul P, Rottenberg J, Nicolson NA. Diurnal mood variation in major depressive disorder. Emo. 2006;6(3):383-391.

7. Wirz-Justice A. Diurnal variation of depressive symptoms. Dialogues Clin Neurosci. 2008;10(3):337-343. doi:10.31887/DCNS.2008.10.3/awjustice

352 htps: Neuropsychiatric Disease and Treatment 2025:21


https://doi.org/10.1080/13651501.2019.1687723
https://doi.org/10.1177/2167702617723376
https://doi.org/10.1001/jamapediatrics.2021.2482
https://doi.org/10.2147/CLEP.S463160
https://doi.org/10.31887/DCNS.2008.10.3/awjustice

Duan et al

1

1

1

1
1

1

1

1

1

2

2
2

2

2

2

8. Peters EM, Balbuena L, Marwaha S, et al. Mood instability and impulsivity as trait predictors of suicidal thoughts. Psychol Psychother. 2016;89
(4):435-444. doi:10.1111/papt.12088
9. Chen Z, Zhao S, Tian S, et al. Diurnal mood variation symptoms in major depressive disorder associated with evening chronotype: evidence from
a neuroimaging study. J Affect Disord. 2022;298(1):151-159. doi:10.1016/j.jad.2021.10.087
0. Murray G. Diurnal mood variation in depression: a signal of disturbed circadian function? J Affect Disord. 2007;102(1):47-53. doi:10.1016/j.
jad.2006.12.001
. Morris DW, Rush AJ, Jain S, et al. Diurnal mood variation in outpatients with major depressive disorder: implications for dsm-v from an analysis of
the sequenced treatment alternatives to relieve depression study data. J Clin Psychiatry. 2007;68(9):1339—1347. doi:10.4088/JCP.v68n0903
2. Costello EJ, Benjamin R, Angold A, Siler D. Mood variability in adolescents: a study of depressed, nondepressed and comorbid patients. J Affect
Disord. 1991;23(4):199-212. doi:10.1016/0165-0327(91)90101-W
3. Zheng Y, Zhao J, Phillips M, et al. Validity and reliability of the Chinese Hamilton depression rating scale. Br J Psychiatry. 1988;152(5):660-664.
doi:10.1192/bjp.152.5.660
4. Hosmer DW, Lemeshow S, Sturdivant RX. Applied Logistic Regression. 3rd ed. New Jersey: Wiley; 2013.
5. Gordijn M, Beersma D, Bouhuys A, Reinink E, Van den Hoofdakker R. A longitudinal study of diurnal mood variation in depression;
characteristics and significance. J Affect Disord. 1994;31(4):261-273. doi:10.1016/0165-0327(94)90102-3
6. Sinha M, Pande B, Sinha R. Impact of covid-19 lockdown on sleep-wake schedule and associated lifestyle related behavior: a national survey.
J Public Health Res. 2020;9(3):1826. doi:10.4081/jphr.2020.1826
7. LiuJ, Zhou T, Yuan M, Ren H, Bian X, Coplan R. Daily routines, parent-child conflict, and psychological maladjustment among Chinese children
and adolescents during the covid-19 pandemic. J Fam Psychol. 2021;35(8):1077-1085. doi:10.1037/fam0000914
8. Tarokh L, Saletin JM, Carskadon MA. Sleep in adolescence: physiology, cognition and mental health. Neurosci Biobehav Rev. 2016;70:182—188.
doi:10.1016/j.neubiorev.2016.08.008
9. Gupta R, Grover S, Basu A, et al. Changes in sleep pattern and sleep quality during covid-19 lockdown. Indian J Psychiatry. 2020;62(4):370-378.
doi:10.4103/psychiatry.IndianJPsychiatry 523 20
0. Rice F, Riglin L, Lomax T, et al. Adolescent and adult differences in major depression symptom profiles. J Affect Disord. 2019;243:175-181.
doi:10.1016/j.jad.2018.09.015
1. Courtet P, Oli¢ E. Circadian dimension and severity of depression. Eur Neuropsychopharmacol. 2012;22:S476-S481.
2. Haug HJ, Féhndrich E. Diurnal variations of mood in depressed patients in relation to severity of depression. J Affect Disord. 1990;19(1):37-41.
doi:10.1016/0165-0327(90)90007-U
. Middelhoff HD. Tagesrhythmische Schwankungen bei endogen Depressiven im symptomfreien Intervall und wéhrend der Phase. Archiv fiir
Psychiatrie und Nervenkrankheiten. 1967;209(4):315-339. German. doi:10.1007/BF00341971
4. Overholser JC, Fisher L, Braden A, Peak N, Robillard R. Despair beyond repair? Severity of hopelessness in depressed psychiatric inpatients.
J Depression Ther. 2015;1(1):1-10. doi:10.14302/issn.2476-1710.jdt-14-567
5. Ruengorn C, Sanichwankul K, Niwatananun W, Mahatnirunkul S, Pumpaisalchai W, Patumanond J. Incidence and risk factors of suicide reattempts
within 1 year after psychiatric hospital discharge in mood disorder patients. Clin Epidemiol. 2011;3:305-313. doi:10.2147/CLEP.S25444

—_

W

Dovepress

Neuropsychiatric Disease and Treatment
Taylor & Francis Group

Publish your work in this journal

Neuropsychiatric Disease and Treatment is an international, peer-reviewed journal of clinical therapeutics and pharmacology focusing on
concise rapid reporting of clinical or pre-clinical studies on a range of neuropsychiatric and neurological disorders. This journal is indexed on
PubMed Central, the ‘PsycINFO’ database and CAS, and is the official journal of The International Neuropsychiatric Association (INA). The
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal

Neuropsychiatric Disease and Treatment 2025:21 Ei X in a 353


https://doi.org/10.1111/papt.12088
https://doi.org/10.1016/j.jad.2021.10.087
https://doi.org/10.1016/j.jad.2006.12.001
https://doi.org/10.1016/j.jad.2006.12.001
https://doi.org/10.4088/JCP.v68n0903
https://doi.org/10.1016/0165-0327(91)90101-W
https://doi.org/10.1192/bjp.152.5.660
https://doi.org/10.1016/0165-0327(94)90102-3
https://doi.org/10.4081/jphr.2020.1826
https://doi.org/10.1037/fam0000914
https://doi.org/10.1016/j.neubiorev.2016.08.008
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_523_20
https://doi.org/10.1016/j.jad.2018.09.015
https://doi.org/10.1016/0165-0327(90)90007-U
https://doi.org/10.1007/BF00341971
https://doi.org/10.14302/issn.2476-1710.jdt-14-567
https://doi.org/10.2147/CLEP.S25444
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgment
	Funding
	Disclosure

