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Introduction: Patients with depressive disorder demonstrate rest–activity rhythm disturbances and cognitive function impairment. This study examined the association of individual rest–activity rhythm changes over time with mood symptoms and attention.

Methods: We recruited 15 adult outpatients with a diagnosis of major depressive disorder from a single medical center and observed them for 12 months. Weekly rest–activity parameters, including rhythm characteristics generated from nonparametric circadian rhythm analysis, were retrieved from actigraphy data. Attention was evaluated weekly with a smartphone-based psychomotor vigilance test upon awakening. Depressive symptom severity was evaluated using the Beck Depression Inventory (BDI) fortnightly. The association of rest–activity parameters with BDI score and attention was examined using generalized linear mixed regression. A fixed-effects analysis was used to examine the association between rest–activity parameters and depressive episodes.

Results: An advanced bedtime and most active continuous 10 h starting time were associated with depressive symptom severity but also associated with higher vigilance test performance. A longer sleep duration, mainly due to an earlier bedtime, was associated with depressive symptom severity. Compared to remission, sleep duration was 27.8 min longer during depressive episodes, and bed time was 24 min earlier. A shorter sleep duration and increased activity during sleep were associated with poorer attention.

Discussion: Rest–activity rhythms change with mood symptoms among patients with depressive disorder. The circadian rhythms of rest–activity among patients with depressive disorder should be distinguished during various mood states in future studies.
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1. Introduction

Nearly all patients with depressive disorder have significant circadian rhythm disturbance and sleep disruptions, and several physiological mechanisms (e.g., monoamine transmission, HPA axis function, and immune function) have been proposed (1). The relationship between circadian rhythm disturbance and major depressive disorder is bidirectional (2), meaning that circadian rhythm disruptions may be either a risk factor or a result of mental health problems. Additionally, interventions that are based on circadian rhythms have shown encouraging clinical results for improving mood symptoms (3, 4).

The central regulator of circadian rhythm that drives REM sleep, temperature, melatonin, and cortisol is hypothesized to be abnormally advanced in time among patients with depression (5). Studies have reported that biological markers of circadian rhythm, as measured by core temperature, indicated more advanced rhythms (6) and lower variability (7) during depression compared with during remission (6), but the biological markers did not differ from those of healthy people (8, 9). These findings suggest that circadian rhythm change may be a state rather than a trait of depressive episodes (2).

Rest–activity patterns may reflect the central rhythm of biological markers while also provide feedback and modify central circadian rhythms (10). Measuring circadian rhythms, such as through core body temperature, dim-light melatonin onset (DLMO), or cortisol level, is costly, and continually observing human patients is difficult (11). Actigraphy is used to continually monitor physical activities and has been used to characterize rest–activity rhythms (12). Actigraphy has been used to monitor activity levels and sleep patterns among patients with depressive disorders (13–15). Studies using actigraphy have observed that patients with depressive disorder engaged in less daytime activity compared with healthy individuals (16). However, few studies examined differences in rest–activity rhythms between patients with depressive disorder and healthy people. A study using a 1-week actigraphy reported lower mean activity and dampened amplitude among patients with depressive disorder compared with healthy individuals (17, 18). Advanced phase estimated by actigraphy was associated with depression in adolescent boys (19). By conducting a nonparametric analysis of 1 week of actigraphy data, a population-based study observed that a reduction in relative amplitude was associated with an increased risk of lifetime major depressive disorder and lifetime bipolar disorder (20). In these studies, rest–activity patterns were measured once and the episodic nature of mood disorders was not accounted for. Studies examining changes in the rest-activity rhythm across different mood states among patients with mood disorders have been limited. One study indicated an advanced circadian phase during manic episodes, which returned to normal with treatment (21).

Cognitive impairment is one of the major symptoms of depression, and sleep disturbance exacerbates cognitive dysfunction through serotonergic signaling (22). Additionally, chronic sleep deprivation can lead to depression that is characterized by impaired brain-derived neurotrophic factor expression and low diurnal variability in the brain. Furthermore, sleep deprivation was associated with impaired memory and cognitive functions (23). However, these observations have been restricted to animal studies, and the association of rest–activity rhythm with depression and cognitive function have rarely been studied.

Other studies investigating the association between rest–activity rhythm and depressive symptoms monitored sleep and activities for less than 1 month (16) and assumed a fixed rest–activity pattern over time. However, the episodic course of major depressive disorder limits the validity of short-term actigraphy monitoring for determining rest–activity rhythms. Therefore, whether rest–activity patterns persist throughout the disease course or change with mood symptoms is unclear due to a lack of longitudinal studies (24). In this study, we examined the intra-individual association of rest–activity rhythm with mood symptoms and attention over time among patients with depressive disorder. We hypothesized that the severity of mood symptoms is associated with an advanced rest-activity rhythm.



2. Materials and methods


2.1. Study participants

We recruited 15 adult outpatients with a diagnosis of major depressive disorder (ICD-10: F32-F33) from a single medical center. The participants were interviewed by board-certified psychiatrists who confirmed their diagnoses according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. The participants were referred to the research team and provided informed consents. Age, sex, past disease history, habitual sleep time, and working time were interviewed by the research team and also retrieved from medical charts. The exclusion criteria were having (1) comorbidities of schizophrenia or schizoaffective disorder or substance use disorder, except for tobacco use disorder; (2) a confirmed diagnosis of narcolepsy, hypersomnia, or severe obstructive sleep apnea; and (3) nonstandard working hours (i.e., working more than 3 h beyond 06:00 to 18:00). This study was approved by the Institutional Review Board of China Medical University Hospital [CMUH 109-REC1-186].



2.2. Study design

Each patient was observed for up to 1 year after being recruited to the study between February and December 2021. Mood symptoms, sleep quality ratings, and rest–activity parameters retrieved from wrist actigraphy were collected during the following 12 months (Supplementary Figure 1). The patients were instructed to wear an actigraphy (MotionWatch 8; CamNTech, Cambridge, United Kingdom) on their non-dominant wrists continuously after recruitment, and electronic data were collected monthly by research assistants. The participants were contacted by the research team every 2 weeks after recruitment (baseline), and were considered lost to follow-up if they refused further assessments or could not be contacted for more than 4 weeks. During the one-year follow-up period, patients were required to maintain their psychiatric medications, including antidepressants, antipsychotics, or sedatives, and dosages could not be adjusted by more than 50%. The follow-up would terminate if a significant change in medication treatment was decided to be the best course of action by the patient’s psychiatrist after clinical assessment.



2.3. Measurements for rest–activity pattern and sleep quality

Actigraphy data were recorded in 60-s epochs and analyzed in 1-week intervals. A button on the actigraphy was pressed by the participants to assist sleep scoring, which signified bedtime, get-up time, take off and put on actigraphy. We retrieved weekly averaged bedtime, fall-asleep time, wake-up time, get-up time, sleep duration, sleep onset latency, and duration of wake after sleep onset. The rhythm parameters by week were interdaily stability, least active continuous 5 h (L5) activity counts and onset time, most active continuous 10 h (M10) activity counts and onset time, relative amplitude, and fitted peak time of activity (25). Data were generated using a nonparametric circadian rhythm analysis and cosinor analysis in MotionWare 1.2.28 (CamNTech, Cambridge, United Kingdom). Interdaily stability ranged from 0 to 1, with higher values indicating higher invariability of the 24-h rhythm. Relative amplitude is the difference between M10 and L5 divided by the sum of M10 and L5 activity. Relative amplitude ranged from 0 to 1, with higher values indicating a clearer distinction between activity levels during the most and least active periods of the day. Subjective sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) (26) once every week.



2.4. Measurements for mood symptoms and attention

The primary outcome was depressive symptom severity, which was assessed using the self-administered Beck Depression Inventory (BDI-II) fortnightly. A BDI score ≥ 19 was used to identify a depressive episode (27). Attention was evaluated weekly by using a smartphone-based 5-min psychomotor vigilance test (PVT) upon awakening (28). The participants received written instructions in Mandarin, guiding them on how to use the test in Japanese, and they underwent one test trial during the study introduction to ensure appropriate usage before the formal test. The original settings were retained, with a random interstimulus interval ranging from 2 to 10 s. The number of lapses (i.e., a response of longer than 0.5 s), reaction time (in seconds), and error number were counted during each 5-min test.



2.5. Measurements for circadian rhythm marker

Salivary assessment of DLMO has been used to identify circadian rhythms and has demonstrated high accuracy outside of laboratory settings (29). The patients provided saliva samples once at home during remission (determined according to BDI score < 19). Saliva samples were collected in sterile 50-mL Salivette tubes every 30 min between 5 h before and 1 h after the usual bedtime. Instructions were given regarding dim light condition, mouth cleaning and diet control (30, 31). All saliva samples were frozen at −20°C until being assayed. After thawing, a centrifugation at 2,000× g for 10 min at room temperature was performed to remove particulate material before employing Melatonin Direct Saliva ELISA (LDN Labor Diagnostika, Nordhorn, Germany) to obtain the melatonin levels according to the manufacturer’s instructions. The melatonin levels were examined in duplicate, and the mean values of the duplicates were used for calculations. The limit of quantitation (LoQ) of the kit was 0.854 pg/mL. DLMO was determined according to the two standard deviation (SD) threshold method, which uses the average of the first three melatonin data points plus two SDs of the same three points (32). Six patients failed to collect adequate saliva samples due to mouth dryness or being unable to comply with the saliva collection schedule. The DLMO was calculated for the other nine patients.



2.6. Statistical analysis

We examined the association of rest–activity parameters with BDI score and attention performance in PVT tests by using a generalized linear mixed regression. Age, sex, and DLMO were between-subject variables, and rest–activity parameters were within-subject variables. In the regression models, DLMO was dichotomized into early and late groups by median, and a dummy variable was created for missing data. L5 and M10 activity were log-transformed in the regression models because the distributions of both were skewed. A fixed-effects analysis was used to examine the association between rest–activity parameters and depressive episodes (defined by a BDI score ≥ 19). The differences in rest–activity parameters between depressive episodes and remission were calculated. SAS 9.4 (SAS Institute, Cary, NC, United States) was used for all analyses.




3. Results

Table 1 presents the baseline characteristics of the patients. Seven of the 15 patients completed 52 weeks of follow-up, eight patients were lost of follow-up prematurely. None of the patients dropped out due to medication adjustments. The average follow-up period was 42.1 weeks (SD = 13.8). The patients exhibited a moderate degree of depressive symptoms at baseline (BDI = 24.9) and had an average PSQI score of 11.2 (SD = 3.5). The average DLMO for the nine patients who completed the sample collection was at 21:47. Baseline rest–activity parameters indicated an average bedtime of 23:36 and get-up time of 07:48. The average total sleep time was 6.5 h.



TABLE 1 Baseline characteristics of patients (N = 15).
[image: Table1]

In the generalized linear mixed regression, we observed that bedtime (β = −1.89, p < 0.001) and M10 starting time (β = −0.58, p = 0.02) were negatively associated with depressive symptom score (Table 2). Hence, an earlier bedtime and earlier starting hour of daytime activity were associated with worse depressive symptoms. Figure 1 shows an example of a sleep pattern for one study participant during the follow-up period. By contrast, a later bedtime and M10 starting time were associated with more lapses in PVT. Subjective poor sleep quality (β = 1.61, p < 0.001) and longer duration of being wake after sleep onset (β = 0.08, p = 0.001) were both associated with depressive symptoms. A shorter total sleep time, lower relative amplitude, and higher L5 activity were associated with worse PVT performance. We further added the BDI score in the regression models to examine the association between the rest–wake parameters and PVT performance, and the results were similar to those of the nonadjusted models (Supplementary Table 1).



TABLE 2 Association between actigraphy-derived rest–activity parameters, mood symptoms, and psychomotor vigilance test results (N = 15).
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FIGURE 1
 This figure presents a sample sleep pattern (where dark bars represent sleep) derived from actigraphy recordings for a study participant who was monitored for a duration of 47 weeks. The participant’s Beck Depression Inventory (BDI) score, assessed fortnightly, are depicted through a heatmap, with darker colors indicating higher score. This particular participant demonstrated BDI score ranging between 12 and 37 throughout the course of the study.


A total of nine patients had depressive episodes according to their BDI score during follow-up. Compared with during remission, the patients went to bed 24 min earlier and had a slightly longer total sleep time (28.6 min) during depressive episodes (Table 3). The M10 starting time was 12 min earlier during depressive episodes. Subjective sleep quality (i.e., the PSQI score) was worse, and wake after sleep onset was 10 min longer during depressive episodes. The average L5 activity was lower during depressive episodes compared with during remission.



TABLE 3 Mean and standard deviation (SD) in rest–activity parameters and attention performance between depressive episodes and remission.
[image: Table3]



4. Discussion

In this longitudinal study, we observed a differential association of rest–activity rhythm with the severity of depressive symptoms and attention. An advanced rest–activity rhythm was associated with more severe depressive symptoms but better attention performance. A longer sleep time, mainly due to an earlier bedtime, was associated with depressive symptom severity, whereas a shorter sleep time and more activity during sleep were associated with worse attention.

Our finding that patients slept earlier during periods of worsened depressive symptoms may reflect advanced biological circadian rhythms. The DLMO among patients during nondepressive episodes was 21:47, which is slightly earlier than that in patients with bipolar disorder or healthy adults (30, 33) and similar to patients with depressive disorder (8). When the patients slept earlier at 23:34 during depressive episodes compared with 23:58 during remission, the DLMO–bedtime phase angle decreased. However, we did not measure the DLMO during depressive episodes, and the actual phase angle change cannot be determined. Clinical trials have indicated that chronotherapy that advances the sleep schedule among patients with major depressive disorder and evening chronotypes increased the remission rate (34–36). A study that treated a group of younger patients with unipolar depression indicated that an earlier sleep onset and shortened phase angle were associated with symptom improvement (36). Based on our observations, we suggest that a decreased phase angle was probably a result of advanced circadian rhythm during depressive episodes. In other words, patients with depressive disorders may tend to sleep earlier as a form of self-treatment.

In this study, the increased total sleep time during heightened depressive symptoms was mainly due to an earlier bedtime. A longer duration of being wake after sleep onset during heightened depressive symptoms led to worse sleep quality, as subjectively assessed using the PSQI. However, we observed a reduction in L5 activities during depressive episodes compared with during remission; this observation is inconsistent with findings from a longitudinal study that nighttime activity decreased after treatment for depressive disorder (16). The increase in L5 activity is likely a result of irregular rest–activity rhythms. Because L5 activity was generated by averaging 7 days of data in 24-h periods, the increase in L5 activity may not reflect activity during sleep time but instead activity during non-sleep period at night. Therefore, L5 and M10 activity should be interpreted in individuals with high interdaily stability in their activities. In our study, the interdaily stability was 0.49, which suggests low rest–activity regularity.

A short total sleep time, low relative amplitude, and increased L5 activity were associated with poorer attention. Sleep deprivation can worsen vigilant attention (37). In the present study, a delayed rest–activity rhythm (bedtime, midsleep time, M10 starting time, and cosine-fitted peak time) was associated with worse PVT performance, even after controlling for BDI score and DLMO. Studies have consistently shown that attention has circadian variations (38), and cognitive performance is maintained throughout the day due to opposing circadian and homeostatic processes (39). Because the PVT in the present study was performed when patients woke up, we speculate that on the weeks when patients experienced a delayed rest–activity rhythm, the optimal time for attention performance was delayed. Because the get-up time did not change during the follow-up period, the patients may have performed suboptimally upon awakening. To date, the synchrony effect that results from the interaction between chronotype and time-of-day has been inconsistently reported (40–42). More studies are necessary to understand the effects of the time of sleep, biological circadian rhythm, and homeostatic process on cognitive function among depressive patients.

This study has some strength. We used actigraphy to monitor rest–activity patterns over a long period, and an intra-individual comparison was applied so that biases originating from unobserved individual time-invariant characteristics (e.g., personality and genetic vulnerability) were eliminated. However, this study has some limitations. First, we did not follow up on the circadian rhythms of biological markers over time. DLMO may change with mood symptoms, and we were unable to determine the effect of DLMO and rest–activity rhythm on mood and attention. Furthermore, the home DLMO saliva test may be confounded by inadequate light exposure control. Second, the sample size was small. However, a long follow-up period was used, and data collected from multiple time-points provided adequate statistical power. Third, the patients were not drug-naïve, and their rest–activity patterns may have been influenced by medication. Nevertheless, an intra-individual comparison could minimize the effect of medication. Fourth, mood episodes were defined by BDI score, which was self-evaluated. The lack of clinical objective assessment may have led to bias in mood episode identification.

In conclusion, the rest–activity patterns of patients with depressive disorder are related with mood symptoms. An advanced rest–activity rhythm during depressive episodes is probably associated with an advanced circadian rhythm of biological markers, which is observed in other studies. Therefore, we suggest that future studies distinguish the rest–activity rhythms during depressive episodes and remission. Additionally, a delayed rest–activity rhythm is associated with poorer attention performance, regardless of the severity of depressive symptoms. To achieve optimal function, we suggest patients with depressive disorder avoid delayed bedtime.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Institutional Review Board of China Medical University Hospital. The patients/participants provided their written informed consent to participate in this study.



Author contributions

W-JC contributed to the conception and design of the study and drafted the manuscript. S-CH collected patient data. H-JY and W-SL performed the analysis of data and interpretation of results. TK provided critical technique support for vigilance test design and result interpretation. M-CH performed the saliva ELISA tests. L-WH provided critical comments on study design and result interpretation. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Science and Technology Council, Taiwan grant number MOST 110-2314-B-039-022 to W-JC. The funders have no role in study design; in the collection, analysis and interpretation of data; in the writing of the report; and in the decision to submit the article for publication.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1214143/full#supplementary-material



References

 1. McClung, CA. How might circadian rhythms control mood? Let me count the ways. Biol Psychiatry. (2013) 74:242–9. doi: 10.1016/j.biopsych.2013.02.019 

 2. Hong, W, and Zhang, Q. Biological rhythms advance in depressive disorder. Adv Exp Med Biol. (2019) 1180:117–33. doi: 10.1007/978-981-32-9271-0_6

 3. D'Agostino, A, Ferrara, P, Terzoni, S, Ostinelli, EG, Carrara, C, Prunas, C , et al. Efficacy of triple chronotherapy in unipolar and bipolar depression: a systematic review of the available evidence. J Affect Disord. (2020) 276:297–304. doi: 10.1016/j.jad.2020.07.026 

 4. Humpston, C, Benedetti, F, Serfaty, M, Markham, S, Hodsoll, J, Young, AH , et al. Chronotherapy for the rapid treatment of depression: a meta-analysis. J Affect Disord. (2020) 261:91–102. doi: 10.1016/j.jad.2019.09.078 

 5. Wehr, TA, Wirz-Justice, A, Goodwin, FK, Duncan, W, and Gillin, JC. Phase advance of the circadian sleep-wake cycle as an antidepressant. Science. (1979) 206:710–3. doi: 10.1126/science.227056 

 6. Avery, DH, Wildschiodtz, G, and Rafaelsen, OJ. Nocturnal temperature in affective disorder. J Affect Disord. (1982) 4:61–71. doi: 10.1016/0165-0327(82)90020-9 

 7. Tsujimoto, T, Yamada, N, Shimoda, K, Hanada, K, and Takahashi, S. Circadian rhythms in depression. Part II: circadian rhythms in inpatients with various mental disorders. J Affect Disord. (1990) 18:199–210. doi: 10.1016/0165-0327(90)90037-9 

 8. Gordijn, MC, Beersma, DG, Korte, HJ, and Van den Hoofdakker, RH. Testing the hypothesis of a circadian phase disturbance underlying depressive mood in nonseasonal depression. J Biol Rhythm. (1998) 13:132–47. doi: 10.1177/074873098128999989 

 9. Hasler, BP, Buysse, DJ, Kupfer, DJ, and Germain, A. Phase relationships between core body temperature, melatonin, and sleep are associated with depression severity: further evidence for circadian misalignment in non-seasonal depression. Psychiatry Res. (2010) 178:205–7. doi: 10.1016/j.psychres.2010.04.027 

 10. Bonmati-Carrion, MA, Arguelles-Prieto, R, Martinez-Madrid, MJ, Reiter, R, Hardeland, R, Rol, MA , et al. Protecting the melatonin rhythm through circadian healthy light exposure. Int J Mol Sci. (2014) 15:23448–500. doi: 10.3390/ijms151223448 

 11. Hofstra, WA, and de Weerd, AW. How to assess circadian rhythm in humans: a review of literature. Epilepsy Behav. (2008) 13:438–44. doi: 10.1016/j.yebeh.2008.06.002 

 12. Morgenthaler, T, Alessi, C, Friedman, L, Owens, J, Kapur, V, Boehlecke, B , et al. Practice parameters for the use of actigraphy in the assessment of sleep and sleep disorders: an update for 2007. Sleep. (2007) 30:519–29. doi: 10.1093/sleep/30.4.519 

 13. Coffield, TG, and Tryon, WW. Construct validation of actigraphic sleep measures in hospitalized depressed patients. Behav Sleep Med. (2004) 2:24–40. doi: 10.1207/s15402010bsm0201_3 

 14. Korszun, A, Young, EA, Engleberg, NC, Brucksch, CB, Greden, JF, and Crofford, LA. Use of actigraphy for monitoring sleep and activity levels in patients with fibromyalgia and depression. J Psychosom Res. (2002) 52:439–43. doi: 10.1016/S0022-3999(01)00237-9 

 15. Winkler, D, Pjrek, E, Praschak-Rieder, N, Willeit, M, Pezawas, L, Konstantinidis, A , et al. Actigraphy in patients with seasonal affective disorder and healthy control subjects treated with light therapy. Biol Psychiatry. (2005) 58:331–6. doi: 10.1016/j.biopsych.2005.01.031 

 16. Burton, C, McKinstry, B, Szentagotai Tatar, A, Serrano-Blanco, A, Pagliari, C, and Wolters, M. Activity monitoring in patients with depression: a systematic review. J Affect Disord. (2013) 145:21–8. doi: 10.1016/j.jad.2012.07.001 

 17. Hori, H, Koga, N, Hidese, S, Nagashima, A, Kim, Y, Higuchi, T , et al. 24-h activity rhythm and sleep in depressed outpatients. J Psychiatr Res. (2016) 77:27–34. doi: 10.1016/j.jpsychires.2016.02.022 

 18. Pye, J, Phillips, AJ, Cain, SW, Montazerolghaem, M, Mowszowski, L, Duffy, S , et al. Irregular sleep-wake patterns in older adults with current or remitted depression. J Affect Disord. (2021) 281:431–7. doi: 10.1016/j.jad.2020.12.034 

 19. Merikanto, I, Partonen, T, Paunio, T, Castaneda, AE, Marttunen, M, and Urrila, AS. Advanced phases and reduced amplitudes are suggested to characterize the daily rest-activity cycles in depressed adolescent boys. Chronobiol Int. (2017) 34:967–76. doi: 10.1080/07420528.2017.1332072 

 20. Lyall, LM, Wyse, CA, Graham, N, Ferguson, A, Lyall, DM, Cullen, B , et al. Association of disrupted circadian rhythmicity with mood disorders, subjective wellbeing, and cognitive function: a cross-sectional study of 91 105 participants from the UK biobank. Lancet Psychiatry. (2018) 5:507–14. doi: 10.1016/S2215-0366(18)30139-1 

 21. Moon, JH, Cho, CH, Son, GH, Geum, D, Chung, S, Kim, H , et al. Advanced circadian phase in mania and delayed circadian phase in mixed mania and depression returned to Normal after treatment of bipolar disorder. EBioMedicine. (2016) 11:285–95. doi: 10.1016/j.ebiom.2016.08.019 

 22. Vaseghi, S, Arjmandi-Rad, S, Eskandari, M, Ebrahimnejad, M, Kholghi, G, and Zarrindast, MR. Modulating role of serotonergic signaling in sleep and memory. Pharmacol Rep. (2022) 74:1–26. doi: 10.1007/s43440-021-00339-8 

 23. Rahmani, M, Rahmani, F, and Rezaei, N. The brain-derived neurotrophic factor: missing link between sleep deprivation, insomnia, and depression. Neurochem Res. (2020) 45:221–31. doi: 10.1007/s11064-019-02914-1 

 24. Au, J, and Reece, J. The relationship between chronotype and depressive symptoms: a meta-analysis. J Affect Disord. (2017) 218:93–104. doi: 10.1016/j.jad.2017.04.021 

 25. van Someren, EJ, Hagebeuk, EE, Lijzenga, C, Scheltens, P, de Rooij, SE, Jonker, C , et al. Circadian rest-activity rhythm disturbances in Alzheimer's disease. Biol Psychiatry. (1996) 40:259–70. doi: 10.1016/0006-3223(95)00370-3 

 26. Buysse, DJ, Reynolds, CF 3rd, Monk, TH, Berman, SR, and Kupfer, DJ. The Pittsburgh sleep quality index: a new instrument for psychiatric practice and research. Psychiatry Res. (1989) 28:193–213. doi: 10.1016/0165-1781(89)90047-4 

 27. von Glischinski, M, von Brachel, R, and Hirschfeld, G. How depressed is "depressed"? A systematic review and diagnostic meta-analysis of optimal cut points for the Beck depression inventory revised (BDI-II). Qual Life Res. (2019) 28:1111–8. doi: 10.1007/s11136-018-2050-x 

 28. Kubo, T, Izawa, S, Tsuchiya, M, Ikeda, H, Miki, K, and Takahashi, M. Day-to-day variations in daily rest periods between working days and recovery from fatigue among information technology workers: one-month observational study using a fatigue app. J Occup Health. (2018) 60:394–403. doi: 10.1539/joh.2018-0073-OA 

 29. Burgess, HJ, Wyatt, JK, Park, M, and Fogg, LF. Home circadian phase assessments with measures of compliance yield accurate dim light melatonin onsets. Sleep. (2015) 38:889–97. doi: 10.5665/sleep.4734 

 30. Leibenluft, E, Feldman-Naim, S, Turner, EH, Schwartz, PJ, and Wehr, TA. Salivary and plasma measures of dim light melatonin onset (DLMO) in patients with rapid cycling bipolar disorder. Biol Psychiatry. (1996) 40:731–5. doi: 10.1016/0006-3223(95)00488-2 

 31. Pandi-Perumal, SR, Smits, M, Spence, W, Srinivasan, V, Cardinali, DP, Lowe, AD , et al. Dim light melatonin onset (DLMO): a tool for the analysis of circadian phase in human sleep and chronobiological disorders. Prog Neuro-Psychopharmacol Biol Psychiatry. (2007) 31:1–11. doi: 10.1016/j.pnpbp.2006.06.020

 32. Voultsios, A, Kennaway, DJ, and Dawson, D. Salivary melatonin as a circadian phase marker: validation and comparison to plasma melatonin. J Biol Rhythm. (1997) 12:457–66. doi: 10.1177/074873049701200507 

 33. Culnan, E, Reid, KJ, Zee, PC, Crowley, SJ, and Baron, KG. Meal timing relative to DLMO: associations with BMI and body fat. Sleep Health. (2021) 7:339–44. doi: 10.1016/j.sleh.2021.01.001 

 34. Chan, JW, Lam, SP, Li, SX, Chau, SW, Chan, SY, Chan, NY , et al. Adjunctive bright light treatment with gradual advance in unipolar major depressive disorder with evening chronotype—a randomized controlled trial. Psychol Med. (2022) 52:1448–57. doi: 10.1017/S0033291720003232 

 35. Chan, JWY, Chan, NY, Li, SX, Lam, SP, Chau, SWH, Liu, Y , et al. Change in circadian preference predicts sustained treatment outcomes in patients with unipolar depression and evening preference. J Clin Sleep Med. (2022) 18:523–31. doi: 10.5664/jcsm.9648 

 36. Robillard, R, Carpenter, JS, Feilds, KL, Hermens, DF, White, D, Naismith, SL , et al. Parallel changes in mood and melatonin rhythm following an adjunctive multimodal Chronobiological intervention with Agomelatine in people with depression: a proof of concept open label study. Front Psych. (2018) 9:624. doi: 10.3389/fpsyt.2018.00624

 37. Hudson, AN, Van Dongen, HPA, and Honn, KA. Sleep deprivation, vigilant attention, and brain function: a review. Neuropsychopharmacology. (2020) 45:21–30. doi: 10.1038/s41386-019-0432-6 

 38. Valdez, P. Circadian rhythms in attention. Yale J Biol Med. (2019) 92:81–92.

 39. Dijk, DJ, Duffy, JF, and Czeisler, CA. Circadian and sleep/wake dependent aspects of subjective alertness and cognitive performance. J Sleep Res. (1992) 1:112–7. doi: 10.1111/j.1365-2869.1992.tb00021.x 

 40. Lara, T, Madrid, JA, and Correa, A. The vigilance decrement in executive function is attenuated when individual chronotypes perform at their optimal time of day. PLoS One. (2014) 9:e88820. doi: 10.1371/journal.pone.0088820 

 41. Mongrain, V, Noujaim, J, Blais, H, and Dumont, M. Daytime vigilance in chronotypes: diurnal variations and effects of behavioral sleep fragmentation. Behav Brain Res. (2008) 190:105–11. doi: 10.1016/j.bbr.2008.02.007 

 42. Taillard, J, Philip, P, Claustrat, B, Capelli, A, Coste, O, Chaumet, G , et al. Time course of neurobehavioral alertness during extended wakefulness in morning-and evening-type healthy sleepers. Chronobiol Int. (2011) 28:520–7. doi: 10.3109/07420528.2011.590623 



OPS/images/fpsyt-14-1214143-t002.jpg
BDI score Psychomotor vigilance test

Reaction time (ms) Lapse number Error number
Estimate (p) Estimate (p) P Estimate () P Estimate () P
Bedtime 189 <0.001 2965 030 115 <0.001 012 069
Fall-asleep time 200 <0001 3719 019 115 <0.001 013 0.8
Wake-up time 014 075 ~45.10 008 -007 078 037 017
Get-up time 021 065 ~45.16 008 ~004 087 033 022
Midsleep time 095 009 ~1130 071 062 0.04 035 029
Total sleep time 002 001 -153 0.003 -0.02 <0.001 0.003 056
Sleep onset latency -002 065 365 015 002 053 002 042
Wake after sleep onset 008 0.001 -1.03 033 -002 012 001 041
Interdaily stabil ~081 083 -66.28 077 060 078 138 056
Cosine ftted peak time 055 007 -300 010 081 <0.001 030 012
Least 5h starting time ~021 055 022 025 018 019 035
Least 5h activity counts -2.06 006 1584 001 141 001 ~014 082
Most 10h starting time 058 002 -134 092 058 <0.001 012 042
Most 10h activity counts ~188 023 5522 056 -032 073 ~099 034
Relative amplitude 240 068 6682 004 -9.29 0.003 -226 051
PSQI score 161 <0.001 693 053 ~006 057 003 077

PSQI, Pittsburgh sleep quality index.
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Depressive episodes Remission Odds ratio (95% Cl) p-value

Mean SD Mean

Rest-activity parameters

Bedtime 2334 2358 1:18 0,59 (037, 0.94) 003
Fall-asleep time 2347 056 0:14 112 0.56 (035, 0.89) 002
Wake-up time 7:59 1:46 1.01(0.67.1.52) 098
Get-up time 816 809 1:41 0.97 (064, 1.49) 091
Midsleep time 357 0:49 407 123 0.71 (044, 1.16) 018
Total sleep time (mins) 4106 830 3828 780 101 (100, 1.02) 0.04
Sleep onset latency (mins) 125 n2 155 149 0.98 (094, 1.02) 033
‘Wake after sleep onset (mins) 913 48.7 813 4L 1.03 (1,00, 1.05) 003
Interdaily stability 0.49 o 053 0.09 0.97 (094, 1.01) 013
Fitted cosine peak 15:53 022 15:53 127 0.82 (064, 1.06) 013
Least 5h starting time 101 1:08 108 139 0.86 (063, 1.16) 038
Least 5h activity counts (h™") 197.5 109.7 2338 1224 0.28 (009, 0.84) 0.047
Most 10h starting time 10:47 0:53 1059 200 0.81 (065, 1.00) 0.06
Most 10h activity counts (h~") 15635 986.3 1655.0 8729 0.30 (006, 1.53) 013
Relative amplitude 085 0.08 086 0.07 1,02 (096, 1.09) 067

PSQ score 19 48 85 29 1.58(1.27,1.97) <0.001

Psychomotor vigilance test
Reaction time (ms) 8254 7404 6054 2322 120 (0.34,4.25) 045
Lapse number 157 124 158 12 0.96 (091, 1.02) 027
Error number 72 163 100 27 0.90 (079, 1.04) 023

Right column shows odds ratio and 95% confidence interval (CI) for depressive episodes in fixed-effects analysis (N =9). PSQI, Pittsburgh sleep quality index
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Mean or N Standard

deviation or %

Age a1 157
Sex (female N, %) 3 83.3%
Depressive disorder history (years) 59 48
Follow-up weeks a1 138
Medications (N and %)
Antidepressants 14 93.3%
Antipsychotics 7 46.7%
Benzodiazepines and Z-drugs 10 60%

Symptom severity

BDI score 249 134
PSQI score n2 35
Dim light melatonin onset (N=9) 2147 02:49

Psychomotor vigilance test

Reaction time (ms) 7143 3300
Lapse number 130 130
Error number 13 20

Rest-activity parameters

Bedtime 2336 118
Fall-asleep time 0:18 1:25
Wake-up time 746 152
Get-up time 7:48 1:54
Midsleep time 3:58 1:23
Total sleep time (mins) 915 926
Sleep onset latency (mins) 152 159
‘Wake after sleep onset (mins) 74.0 189
Interdaily stability 049 012
Fitted cosine peak 136
Least 5h starting time 442 5:00
Least 5h activity counts (h™') 2662 1724
Most 10h starting time 200
Most 10} activity counts (h™") 15333 7938
Relative amplitude 082 011

BDI, Beck depression inventory; PSQI, Pittsburgh sleep quality index.
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