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Irregular light–dark cycles and circadian/sleep disturbances have been suggested as risk or co-occurring factors in depression. Among a set of metrics developed to quantify strain on the circadian system, social jetlag (SJL) has been put forward as a measure of the discrepancy between biological and social clocks. Here, we approached the question on whether light exposure and SJL would also be associated with depressive symptoms in Quilombola communities in Southern Brazil. These rural communities are void of potential confounders of modern lifestyles and show low levels of SJL. 210 Quilombolas (age range 16–92; 56% women) were asked about their sleep times and light exposure using the Munich ChronoType Questionnaire (MCTQ). The Beck Depression Inventory (BDI) was used to assess depressive symptoms. Additionally, we analyzed 7-day actimetry recordings in 124 subjects. BDI scores higher than 10 (having clinically significant depressive symptoms; controlled for age and sex in the multivariate analysis) were positively associated with SJL >1 h and negatively associated with median light exposure during the day, especially in the morning from 8:00 to 10:00. Our results suggest that low light exposure during the day, and higher levels of SJL are associated with depressive symptoms; longitudinal and experimental studies are needed to understand the underlying mechanisms. Nevertheless, we highlight the potential of treatment strategies aimed at decreasing circadian strain and insufficient light exposure, which are suggested as areas of further research in Psychiatry.
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INTRODUCTION
The increasing prevalence of mood disorders and the suboptimal efficacy of antidepressants are related to our limited understanding of risk factors and underlying pathophysiology. Irregular light–dark cycles and circadian/sleep disturbances have been suggested as risk or co-occurring factors in depression (Bedrosian and Nelson, 2017). Studies with large sample sizes suggest negative associations between working outdoors and depressive symptoms (Hahn et al., 2011; Asai et al., 2018); naturalistic studies have shown associations between light exposure profiles (i.e., decreased light exposure during the day and/or increased light exposure at night) and depression or depressive symptoms severity (Haynes et al., 2005; Park et al., 2007; Endo et al., 2014; Paksarian et al., 2020). In addition, there are positive short-term effects of bright light exposure on mood (aan het Rot et al., 2008).
Light–dark cycles are the most important synchronizing signal (zeitgeber) that entrain our clocks to the 24-h day (Minors et al., 1991; Roenneberg and Merrow, 2005). Of note, body clocks orchestrate the daily timing of physiology, from gene expression to behavior. In industrial societies, under weak zeitgebers, most body clocks delay, but work times have not adapted to these changes. As a result, biological and social time drifted apart (Roenneberg and Merrow, 2005).
Mood disorders are also often accompanied by disruption of circadian rhythms, and although causal relationships are still not clear, overlapping phenomena and mechanisms have been documented (Bechtel, 2015). Part of this knowledge was gathered from studying the health of shift workers, who are mostly under conditions of great circadian disruption. A recent meta-analysis of prospective studies showed that the risk of depressive symptoms was 33% higher among them (Torquati et al., 2019).
Even exposure to relatively weaker challenges (i.e., than shift work) may result in significant disruption of the temporal order of the organisms (Beauvalet et al., 2017). Among a set of metrics developed to quantify strain on the circadian system (henceforth referred to as circadian strain), social jetlag (SJL) has been put forward as a measure of the discrepancy between biological and social clocks (Wittmann et al., 2006). SJL, like shift work, is mainly a consequence of occupational schedules, but even more prevalent (Roenneberg et al., 2019). SJL simply quantifies the difference between sleep timing on work and work-free days. Some studies showed an association of SJL with depressive symptoms (Levandovski et al., 2011; Islam et al., 2020), while a study with clinical samples did not (Knapen et al., 2018). Other metrics for circadian strain, such as instability/fragmentation (Luik et al., 2013) or amplitude (Hori et al., 2016) of activity rhythms, as recorded by actimetry, were also associated with depressive symptoms, although no differences in inter-daily stability were seen in depressed patients compared with controls (Berle et al., 2010). Inconsistent findings in the literature might be a consequence of methodological heterogeneity and of the diverse characteristics of each sample, especially with a multifactorial disorder such as depression.
Here, we report results from analyzing the relationships between circadian strain, light exposure, and depressive symptoms in Quilombola communities. Quilombolas often live in settlements (Quilombos) originally founded in remote areas, far from large urban centers. These communities are known as remaining social groups established in the past to escape or resist slavery (and slavery remnants) in Brazil with an established ethnic identity and culture. The sociocultural background is relatively uniform throughout these communities. They are present across Brazil and genetic surveys so far have suggested a pattern of admixture among Africans, Europeans, and Native Americans in different proportions (Scliar et al., 2009; Ribeiro et al., 2011; Kimura et al., 2013; Gontijo et al., 2014; Kimura et al., 2017). Those selected for this study are located in rural areas in the south of Brazil and have different histories of access to electricity (Pilz et al., 2018). In contrast to the industrialized urban 24/7 life-style, work activities in many of these rural Quilombos, are very much tied to “solar time,” resulting in low levels of SJL. Thus, they are a unique population for studying the effects of light on daily behavior and mood without the confounders of modern life-styles (i.e., patterns of light exposure and SJL may also be associated with other risk factors for depression, such as social inequality and household structure). We hypothesized that low light exposure during the day, SJL, and other circadian strain measures (derived from rest-activity patterns) would be associated with depressive symptoms in this population.
MATERIALS AND METHODS
Participants and recruitment process
We included 210 participants (73% of the 287 recruited, with no significant difference in age, sex, or BDI between subjects included vs. excluded; see Supplementary Figure S1 for exclusion criteria) from rural Quilombos, seven of which have been characterized in a previous study (Pilz et al., 2018). These individuals are all Portuguese native speakers, older than 16 years of age, living in 12 different communities across four states in the South of Brazil with similar latitudes and cultural background (Supplementary Figure S2). All data were collected from March 2012 to March 2017 (for sample characterization, see Table 1; for a description of occupations in the sample, see Supplementary Table S2).
TABLE 1 | Sample characteristics.
[image: Table 1]All participants signed a written informed consent. Parents also gave their consent for participants younger than 18. Informed consent for illiterate participants was obtained in the presence of a literate Quilombola witness. Procedures were carried out in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of the Hospital de Clínicas de Porto Alegre (#2011–0502 and #2015–0568). According to ethical recommendations, the research team first contacted the community leaders as is the customs of the Quilombolas. Local meetings were held in the community center of the respective Quilombo. On these occasions, our team would inform the Quilombolas about the study and invite them to participate. Data collection was conducted either at the headquarters or at the homes of the participants.
Materials
Questionnaires
Team members were trained to perform standardized interviews about sleep-wake behavior and average natural light exposure (Munich ChronoType Questionnaire; MCTQ), as well as depressive symptoms (Beck Depression Inventory; BDI). Whenever necessary, questions were adapted to the Quilombolas cultural context (e.g., using synonyms to facilitate comprehension). Demographic characteristics were collected using a standard questionnaire (Carvalho et al., 2014).
Munich ChronoType Questionnaire (MCTQ)
The MCTQ (Roenneberg et al., 2003) is an instrument that probes sleep–wake behavior and natural light exposure separately for workdays and work-free days. From MCTQ data, we computed midpoint of sleep on free days (as a marker of phase of entrainment; MSF), social jetlag (as an estimate of circadian strain; SJL), and the amount of time spent outdoors on free days (as a proxy for natural light exposure). We used data from free days, as those usually reflect circadian states less restricted by work/social constraints. Further information on the calculation of the variables and the full English version of the instrument can be assessed at http://thewep.org/documentations/mctq.
Beck Depression Inventory (BDI)
The BDI assesses symptoms and behaviors related to depressive symptomatology (Beck et al., 1961; Beck et al., 1996). In this study, we used the Beck Depression Inventory-I and chose a cut-off score of more than 10 to describe clinically significant depressive symptoms. This value was chosen according to previously published data for non-clinical populations (Gomes-Oliveira et al., 2012) and is similar to the cut-off suggested by Beck et al. (1988) for clinical samples (≥10). When categories were used for analyses, and the questionnaire was incomplete due to one single item, participants were still included if they could be categorized (scores below 8 or above 10). A Brazilian Portuguese validated version was used (Gorenstein and Andrade, 1996).
Actimetry
Actimeters are wrist-worn devices that measure locomotor activity by accelerometry and, additionally, record light and skin temperature information. From the total sample size (n = 287), 171 participants received wrist actimeters (Actiwatch-2: Philips Respironics, ActTrust: Condor) for continuous activity data collection. The devices used were previously shown not to differ in sleep detection (Pilz et al., 2018). Data from 124 (66 Actiwatch-2, 58 ActTrust) subjects could be used. Actimetry analyses were conducted once inclusion criteria were satisfied: continuous actimeter use for at least 7 (n = 124) or 14 days (n = 100) with no more than 4 h of missing data (per day). Parameters were computed using 7/14 days, in order to have one of each weekday included for every participant.
Data were binned into 10 min for analyses. To make the data from both actimeters comparable, light recordings were normalized using the correlation slope equation from the data collected over 14 days using both actimeters at the same time as previously described (Pilz et al., 2018). Activity data from ActTrust were normalized according to the recommendations of the manufacturers to be comparable with Actiwatch 2. Skin temperature data were only available when ActTrust was used (58 subjects, 7 days; 46 subjects, 14 days). The only significant difference in age/sex/BDI we detected between the participants included in the actimetry analysis (124—light/activity and 58—temperature) vs. those participants recruited but excluded was a lower age in the temperature set. The participants in the temperature dataset also have a lower age as compared with the MCTQ and activity/light datasets.
Missing data (actimeter considered off-wrist) were detected as stretches of zero of at least 10 consecutive 10-min bins and confirmed by visual inspection. When a day had more than 4 h of missing, it was not included. Entire days were only removed from 11 subjects in the 14-day sample (11 out of 1,400 days).
Parameters derived from actimeters (continuous recordings)
The onset of time series was set at 0:00 for all variables. We computed individual profiles using the median activity/temperature/light across time of day of each subject. The median of individual profiles was used to plot the daily profiles of the group according to the presence or not of clinically significant depressive symptoms. The time intervals, at which we compared median light exposure, were chosen based on our visual inspection of grouped profiles and photoperiod in the south of Brazil.
We also computed each subject's activity and skin temperature rhythms': 1) inter-daily stability (IS), indicating how stable the 24 h pattern was throughout the recorded days; 2) intra-daily variability (IV), which gives an estimation of rhythm fragmentation and reflects the frequency and extent of transitions between rest and activity (van Someren et al., 1996); 3) cosinor-based acrophase, a measure of when high values recur in each cycle (Halberg et al., 1967); and 4) cosinor-based amplitude, that reflects the extent of variation within a cycle. Acrophase was computed with linear fitting using the R package “psych” (Revelle, 2019), and amplitude was computed using the R package “cosinor2” (Mutak, 2018).
Data analysis
We used Cronbach’s alpha to test the internal consistency of the BDI in Quilombolas and item-total corrected correlations to see which symptoms were more strongly correlated to the total score. Additionally, we plotted the distributions of each item scores separately by group: BDI ≤10 and BDI >10. Shapiro-Wilk and inspection of histograms were used to test for normality. Initially, we compared MSF and SJL between BDI groups using bivariate tests (Wilcoxon-Mann-Whitney, Chi-square). Then, we tested the association between MCTQ variables (MSF, SJL, and hours spent outdoors on free days) and the presence of clinically significant depressive symptoms (BDI >10), controlling for age and sex using robust (estimator HC0) Poisson regression. Robust estimators were used, since models were under-dispersed (Cummings, 2019). SJL was categorized considering the high prevalence of zeros and the regression assumption of linearity. “Hours spent outdoors on free daysˮ was also tested in the models as a categorical variable (Q1: ≥2 h, <2 h), without substantially changing them (data not shown).
Variables derived from actimeters data (IS, IV, acrophase, amplitude, median light exposure, and activity during the day—from 7:00 to 17:00, in the morning—from 8:00 to 10:00, and at night—from 20:00 to 1:00) were compared between individuals with (BDI >10) and without (BDI scores ≤10) clinically significant depressive symptoms using the Wilcoxon–Mann–Whitney test.
Based on bivariate analyses results and our hypotheses, we selected parameters derived from actimeters continuous recordings to test as factors in a Poisson regression model (with robust estimators) comparable to the one with MCTQ variables: light exposure from 8:00 to 10:00, acrophase (as a phase marker) and activity-IS (as a measurement of stability), which should reflect circadian strain when low values are found. Models were additionally controlled for season of data collection.
Tests were run using R packages: “dplyr” (Wickham et al., 2019), “ggplot2” (Wickham et al., 2016), “jtools” (Long, 2019)], and SPSS 25.
RESULTS
Beck depression inventory in Quilombolas
Cronbach’s alpha of the BDI in our sample was 0.83. Item-total adjusted correlation coefficients are shown in Supplementary Table S2. Except for items “weight loss” and “suicidal thoughts/wishes,” all items had coefficients higher than 0.2. Items “sadness,” “pessimism,” “guilty feelings,” “self-dislike,” “self-criticalness” had the highest coefficients (higher than 0.5). Sum-scores ranked higher in women than in men (Supplementary Table S3). Supplementary Figure S3 shows the distribution of item scores by group (BDI ≤10 vs. BDI >10).
Beck depression inventory scores vs. Munich ChronoType questionnaire variables
Although SJL was not significantly different between groups (Wilcoxon–Mann–Whitney, U = 3,568, p = 0.45), having a SJL of >1 h (third quartile) was significantly associated with clinically relevant symptoms (BDI 0–10: SJL >1 h in 18% of subjects; BDI >10: SJL >1 h in 34% of subjects; χ2 = 4.34, p < 0.05, Figure 1). The same is not true for having a MSF later than 4:00 (third quartile; χ2 = 0.81, p = 0.37). Table 2 shows results from Poisson regressions with having clinically significant symptoms (BDI >10) as the dependent variable. Time spent outdoors on work-free days was not significantly associated with BDI >10, whereas age was only significantly associated with it when other factors were added to the model (Models 3 and 4). MSF was significantly associated with having a BDI >10, provided SJL was not in the model. In the final model, SJL > 1 h, being a woman and older age were associated with clinically significant depressive symptoms. Supplementary Figure S4 shows SJL by BDI-group within age and sex categories.
[image: Figure 1]FIGURE 1 | Association between Beck depression inventory (BDI) scores and social jetlag (SJL)/midpoint of sleep on free days (MSF). (A) Dots are color coded according to MSF: the later the MSF, the lighter the dot. BDI scores higher than 10 are significantly associated with SJL >1 h (B) but not with MSF later than 4:00 (C) Chi-square, *p < 0.05. n = 210. SJL and MSF are expressed in hours.
TABLE 2 | Poisson regression: MCTQ variables associated with BDI >10.
[image: Table 2]Variables derived from actimeters data: 7- vs. 14 day-recordings
Bland–Altman plots show that estimates of IV, IS, acrophase, and amplitude of activity and temperature using 7 and 14 days were similar (Supplementary Figure S5). Correlation between variables (7 days vs. 14 days) is significant, with coefficients higher than 0.85 for all variables (Spearman). The same holds true for median light exposure estimates (Supplementary Figure S6).
Beck depression inventory scores vs. variables computed from actimeters continuous recordings
Figures 2A–C show group median profiles of light exposure, activity, and temperature, respectively, as measured by actimeters in subjects with and without clinically significant depressive symptoms (BDI>10). Profiles using average instead of median and 14 days data can be seen in Supplementary Figures S7, 8, respectively.
[image: Figure 2]FIGURE 2 | Light (A), activity (B), and skin temperature (C) group profiles of subjects with (orange) and without (blue) clinically significant depressive symptoms. Group profiles were computed using individual median profiles of 7 days. Lines represent median group profiles and the shaded area, the interquartile range [Q1-Q3]. The bottom panel (D) shows the same three profiles overlaid. N = 124 (activity/light). N = 58 (temperature).
Only light exposure during the day (from 7:00 to 17:00) was significantly lower (Wilcoxon–Mann–Whitney, U = 1744, p < 0.05) in individuals with BDI scores >10, especially in the morning between 8:00 and 10:00 (see Figure 3A; U = 1,829, p < 0.01) while light exposure in the afternoon, between 13:00 to 15:00, was at the significance threshold (U = 1,708, p = 0.05) and light exposure at night from 20:00 to 1:00 was not significantly different between groups (see Figure 3E; U = 1,273, p = 0.54). BDI scores correlated significantly with light exposure during the day (Figure 3). Similar results were seen using recordings of 14 days (Supplementary Figure S8 for 14 days-profiles and S9 for group comparisons using 14 days light-recordings).
[image: Figure 3]FIGURE 3 | Light exposure in the morning (from 8:00 to 10:00), during the day (from 7:00 to 17:00), and at night (from 20:00 to 1:00) according to BDI scores (7 days recordings/subject). Subjects with clinically significant depressive symptoms are less exposed to light in the morning (A) and during the day (C), but not at night (E). BDI scores are also negatively correlated to median light exposure in the morning (B) and during the day (D), but not at night (F). Wilcoxon–Mann–Whitney test/Spearman’s correlation. N = 124.
No difference was found between groups regarding levels of activity during the day or at night. The associations between BDI scores and light medians were not extended to activity IS/IV either (Supplementary Figure S10). Despite not detecting differences between groups in temperature IS with 7 days of recordings (Wilcoxon–Mann–Whitney, U = 359.5, p = 0.11; Supplementary Figure S10), when using data of 14 days, we found IS of temperature to be significantly lower in the BDI >10 group (U = 255.5, p < 0.05; Supplementary Figure S11E).
Table 3 shows the multivariate analysis results. Considering the smaller sample sizes, we started with the full model (model 1) and removed tested factors that were not significantly associated with the outcome (model 2) for parsimony. Lower median light exposure in the morning was significantly associated with having clinically relevant symptoms (from 8:00 to 10:00, unity represents an increase of 500 lux). Supplementary Figure S12 shows median light exposure in the morning by BDI-group within age and sex categories.
TABLE 3 | Poisson regression—actimetry variables associated with BDI >10.
[image: Table 3]Interestingly, in the model, sex was not significantly associated with having a BDI >10 in this subset of the sample, although the BDI score of women did rank higher than the BDI score of men (Wilcoxon–Mann–Whitney, U = 1,175, p < 0.05, n = 115).
DISCUSSION
Our main results show a relationship between social jetlag (SJL) and depressive symptoms (as subjectively reported in the Beck Depression Inventory, BDI) even in a population experiencing low levels of circadian strain. Furthermore, subjects with clinically significant depressive symptoms are exposed to lower light levels during the day (as objectively measured by actimetry), especially in the morning. The communities we studied have rather similar sociocultural backgrounds.
Depressive symptoms in Quilombolas
One could expect the depression construct to be different in Quilombos, especially taking into account how geographically isolated some of these communities are. Interestingly, the average BDI-I sum-score and item-total correlation coefficients in our Quilombola sample were similar to the ones reported by Wang et al. (2005) in a population of Chinese immigrants/descendants in the Southeast of Brazil. Items 5 and 7 (“guilty feelings” and “self-dislike”) had item-total correlation coefficients higher than 0.5 in both samples.
Our results of item-total correlations are also somewhat similar to the ones reported in psychiatric patients (Beck and Steer, 1984). The main differences seem to be the low item-total correlation of “suicidal thoughts” in Quilombos and a high coefficient for “health/somatic worries.” Similarly, to what we found in our study, “weight loss” had already shown low item-total correlation both in psychiatric and non-clinical samples (Beck and Steer, 1984; Wang et al., 2005). Additionally, “loss of sexual interest” and “suicidal thoughts,” which had weak item-total correlations in Quilombos, were also reported to have weak item-total correlation and the lowest endorsement rate, respectively, in the BDI-II (Wang et al., 2013).
Depression and circadian strain
The clash between social schedules and circadian clocks may result in significant disruption of the temporal order of the organisms. A number of metrics can approximate this strain on the circadian system (i.e., circadian strain). Here, we used SJL, inter-daily stability (IS) and intra-daily variability (IV). Depressive symptoms were previously shown to be associated with SJL in different populations (Levandovski et al., 2011; Islam et al., 2020), although no difference was found when comparing patients with major depressive disorder and healthy controls (Knapen et al., 2018). In our non-clinical sample, SJL associates with severity/prevalence of depressive symptoms reported in the BDI. Phase of entrainment (using MCTQ-MSF and/or activity acrophase as phase markers) was either not associated with the outcome, or lost significance in the models when social jetlag was added. As previously proposed (Levandovski et al., 2011), this result suggests that the clash between being a late-type and living in a society pervaded by early social times, rather than simply being a late-type, is associated with poor health outcomes. Theories and recent findings from animal models (Landgraf et al., 2016) indicate that disturbances of the biological timing are part of the pathogenesis of mood disorders. Nonetheless, further research is needed to substantiate such causal claims (Bechtel, 2015). In line with Tonon et al. (2017), who proposed actigraphy-derived markers (nocturnal activity) to differentiate subtypes of depression, one could conjecture that circadian strain, either as a risk factor or underlying mechanism, acts specifically on different symptoms of depression. Considering the well-established variability in symptoms of depressed patients, that could be another reason why some studies show significant associations of depressive symptoms with SJL, while others do not.
The fact that SJL but not activity IS was associated with depressive symptoms illustrates the complexity of studying the temporal organization of organisms. Notably, SJL and estimates of stability derived from actimetry are quite different metrics, even if both aim to assess circadian strain to some degree. Circadian misalignment between distinct rhythmic functions may be differentially associated with health outcomes (Roenneberg and Merrow, 2016); in our study, only diurnal rhythms of behavior were assessed. Interestingly, in the subsample with 14 days of temperature recordings, the IS of temperature was also significantly lower in the BDI >10 group, supporting the notion of an association between circadian strain and depressive symptoms.
Our actigraphy sample was similar to the larger sample of questionnaires in terms of BDI, age, and sex distribution (Table 1), but comprised of a higher proportion of individuals from communities less urbanized (e.g., Bombas; Supplementary Table S1). This could also be the reason why actimetry-based estimates of circadian strain (i.e., activity IS, activity IV) were not associated with depressive scores in our study.
Depression and light exposure
It is hypothesized that changes in environmental light lead to alterations in circadian organization, that in turn contribute to changes in mood. Nevertheless, light also affects mood independently of the clock function (LeGates et al., 2012; LeGates et al., 2014). Besides SJL being associated with clinically relevant BDI scores, we found daytime light exposure to be negatively associated with depression scores. Corroborating our findings of pronounced differences from 8:00 am to 10:00 am, morning exposure to natural light was shown to reduce depression symptoms in seasonal affective disorder (Wirz-Justice et al., 1996) and length of hospitalization in bipolar and depressed patients (Beauchemin and Hays, 1996; Benedetti et al., 2001).
Light exposure in the evening was low in rural Quilombos and did not associate with depressive symptoms. Light may affect mood not only in a circadian-gated manner (e.g., stronger effects at certain times of day) but also by producing changes in the amplitude of the signal and consequently altering the strength of the light/dark cycle as a zeitgeber. In our study, it was light during the day and zeitgeber strength (measured as the ratio of light exposure in the morning/light exposure in the evening; Supplementary Figure S14) that were negatively associated with BDI scores. These results and those of previous naturalistic studies showing associations either between mood and light exposure during the day (Espiritu et al., 1994; Haynes et al., 2005; Figueiro et al., 2017) or at night (Obayashi et al., 2013; Min and Min, 2018; Obayashi et al., 2018; Paksarian et al., 2020) favor a notion of an integrated light signal (i.e., light history) affecting mood.
Interestingly, in our actigraphy sample, sex was significantly associated with BDI scores in the bivariate analysis, but not in the Poisson regression models, in which light exposure was added as a factor. Women are often responsible for housework and less exposed to light in Quilombos (see Supplementary Figure S13); they also show lower zeitgeber strength. These findings suggest that light exposure is an important factor to consider when differences related to sex show in rural communities.
Study limitations and strengths
The cross-sectional nature of our study does not allow causal inferences. Furthermore, subjects were not medically diagnosed for depression but subjectively queried; with a smaller sample size, results were not as clear regarding circadian strain: no significant association of depressive symptoms was found with activity IS and IV. Yet, our study had a considerably large sample size for the analysis of questionnaires.
We assessed light intensities using actimeters equipped with light sensors worn on the wrist, which most probably do not correspond to those at eye level. Although different actimeters were used in our study, this was unlikely a confounder: 1) we transformed data so that they would correspond (Pilz et al., 2018); 2) sensitivity analyses using data collected with each brand showed similar results. Since there is no well-established method or easy way to develop an algorithm to detect when the light sensor is covered by clothing, there was no way to rule it out as a confounder.
In our study, measurements could not be taken all on the same field trip for every subject. However, less than 14% of the samples had measurements more than 6 months apart from each other (less than 1% for MCTQ-BDI). Considering the previously described stability/reliability of the measurements we used (Beck et al., 1988; Kantermann and Eastman, 2018; Ghotbi et al., 2020), we deem our findings meaningful nonetheless. We also found similar results adjusting our models for season of data collection (March 20–September 22 vs. September 22–March 20).
The BDI was developed in samples of different cultural contexts than Quilombos (Groth-Marnat and Wright, 2016), which required us to adapt the questionnaires in the interviews. Nevertheless, we found Cronbach’s alpha to be well within the range found in other studies described by Beck et al. (1988). This finding suggests that the items of the scale measure a depression construct in Quilombolas; what this construct represents was also characterized in our study (Supplementary Table S2).
Common cause frameworks have been criticized for considering symptoms interchangeable and uncorrelated (Fried, 2015). Yet, sum-scores should still represent a “general psychophysiological load” even if they consider all symptoms as equivalent and do not account for their interactions (Fried and Nesse, 2015). We used a threshold to classify individuals into groups according to having or not clinically significant symptoms, but reckon how conceptually frail this (or any) categorization may be. According to Beck et al. (1988), BDI cut-off scores appropriateness varies according to the characteristics of the samples. We consider the choice of a cut-off of >10 to be adequate for our sample (non-clinical, rural, socio-culturally homogeneous).
The main strength of our study is its “real-life” nature. Even with the difficulties that come with non-controlled conditions of ethological studies, we adjusted our models for variables that could confound the results (e.g., age, sex, season). We did not account for diet, which may affect rest-activity rhythms.
Concluding remarks
Our results highlight the potential of treatment strategies aimed at decreasing circadian strain and insufficient light exposure during the day, which are suggested areas of further research in Psychiatry. Longitudinal and intervention studies might reveal if prevention and treatment actions developed in the framework of circadian medicine are feasible and effective in minimizing depressive symptoms. Likewise, prospective data are needed not only to confirm causal associations, but also to clarify under how much/for how long one needs to be under circadian strain (and which types of it) for consequences to show.
DATA AVAILABILITY STATEMENT
The datasets presented in this article are not readily available because the data in this study cannot at this stage be publicly provided. Participants were not asked for consent to make individual data available. Requests to access the datasets should be directed to labcronoesono@hcpa.edu.br.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the Comite de Ética do Hospital de Clínicas de Porto Alegre. The participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
The study was designed by RL, TR, and MH. LP, NX, RL, MO, AT, DC, and VM collected and organized the data. LP, NX, DC, TR, and MH were involved in data analysis. LP wrote the first draft of the manuscript. All authors read, revised, and approved the final manuscript.
FUNDING
This study was funded by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior—386 Brasil (CAPES) Finance Code 001 (A046/2013–CAPES/PVE—23038.007759/2013–14), Deutscher Akademischer Austauschdienst (CAPES/DAAD–PROBRAL 88887.144,127/2017–00/PPP Brasilien—57391247; PPP Brasilien—57515235), FIPE-HCPA (#15–0568) and Chronsulting. The authors thank CAPES (LP, NX, RL, AT, and DC) and CNPq (MO, MH) for fellowships.
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.
ACKNOWLEDGMENTS
We are especially grateful to all communities and their leaderships, who were willing to participate and make this study possible. We thank all the researchers who helped with data collection, especially Carlos Augusto Ilgenfritz, Caroline Luísa Quiles, Fabiane Dresch, Francine Harb, Maritani Santos, and Katia Ferreira. We also thank Vania Hirakata and Rogério Boff Borges for statistics consulting.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnetp.2021.779136/full#supplementary-material
REFERENCES
 aan het Rot, M., Moskowitz, D. S., and Young, S. N. (2008). Exposure to Bright Light Is Associated with Positive Social Interaction and Good Mood over Short Time Periods: A Naturalistic Study in Mildly Seasonal People. J. Psychiatr. Res. 42, 311–319. doi:10.1016/j.jpsychires.2006.11.010
 Asai, Y., Obayashi, K., Oume, M., Ogura, M., Takeuchi, K., Yamagami, Y., et al. (2018). Farming Habit, Light Exposure, Physical Activity, and Depressive Symptoms. A Cross-Sectional Study of the HEIJO-KYO Cohort. J. Affective Disord. 241, 235–240. doi:10.1016/j.jad.2018.08.003
 Beauchemin, K. M., and Hays, P. (1996). Sunny Hospital Rooms Expedite Recovery from Severe and Refractory Depressions. J. Affective Disord. 40, 49–51. doi:10.1016/0165-0327(96)00040-7
 Bechtel, W. (2015). Circadian Rhythms and Mood Disorders: Are the Phenomena and Mechanisms Causally Related. Front. Psychiatry 6, 118. doi:10.3389/fpsyt.2015.00118
 Beck, A. T., Steer, R. A., Ball, R., and Ranieri, W. F. (1996). Comparison of Beck Depression Inventories-IA And-II in Psychiatric Outpatients. J. Personal. Assess. 67, 588–597. doi:10.1207/s15327752jpa6703_13
 Beck, A. T., Steer, R. A., and Carbin, M. G. (1988). Psychometric Properties of the Beck Depression Inventory: Twenty-Five Years of Evaluation. Clin. Psychol. Rev. 8, 77–100. doi:10.1016/0272-7358(88)90050-5
 Beck, A. T., and Steer, R. A. (1984). Internal Consistencies of the Original and Revised Beck Depression Inventory. J. Clin. Psychol. 40, 1365–1367. doi:10.1002/1097-4679(198411)40:6<1365:aid-jclp2270400615>3.0.co;2-d
 Beck, A. T., Ward, C. H., Mendelson, M., Mock, J., and Erbaugh, J. (1961). An Inventory for Measuring Depression. Arch. Gen. Psychiatry 4, 561–571. doi:10.1001/archpsyc.1961.01710120031004
 Bedrosian, T. A., and Nelson, R. J. (2017). Timing of Light Exposure Affects Mood and Brain Circuits. Transl Psychiatry 7–e1017. e1017. doi:10.1038/tp.2016.262
 Benedetti, F., Colombo, C., Barbini, B., Campori, E., and Smeraldi, E. (2001). Morning Sunlight Reduces Length of Hospitalization in Bipolar Depression. J. Affective Disord. 62, 221–223. doi:10.1016/s0165-0327(00)00149-x
 Berle, J. O., Hauge, E. R., Oedegaard, K. J., Holsten, F., and Fasmer, O. B. (2010). Actigraphic Registration of Motor Activity Reveals a More Structured Behavioural Pattern in Schizophrenia Than in Major Depression. BMC Res. Notes 3, 149. doi:10.1186/1756-0500-3-149
 Beauvalet, J. C., Quiles, C. L., Oliveira, M. A. B., Ilgenfritz, C. A. V., Hidalgo, M. P., and Tonon, A. C. (2017). Social Jetlag in Health and Behavioral Research: a Systematic Review. Cpt Vol. 7, 19–31. doi:10.2147/cpt.s108750
 Carvalho, F. G., Hidalgo, M. P., and Levandovski, R. (2014). Differences in Circadian Patterns between Rural and Urban Populations: an Epidemiological Study in Countryside. Chronobiology Int. 31, 442–449. doi:10.3109/07420528.2013.846350
 Cummings, P. (2019). Analysis of Incidence Rates. Chapman and Hall/CRC. doi:10.1201/9780429055713
 Endo, T., Kripke, D. F., and Ancoli-Israel, S. (2014). Wake up Time, Light, and Mood in a Population Sample Age 40-64 Years. Psychiatry Investig. 12, 177–182. doi:10.4306/pi.2015.12.2.177
 Espiritu, R. C., Kripke, D. F., Ancoli-Israel, S., Mowen, M. A., Mason, W. J., Fell, R. L., et al. (1994). Low Illumination Experienced by San Diego Adults: Association with Atypical Depressive Symptoms. Biol. Psychiatry 35, 403–407. doi:10.1016/0006-3223(94)90007-8
 Figueiro, M. G., Steverson, B., Heerwagen, J., Kampschroer, K., Hunter, C. M., Gonzales, K., et al. (2017). The Impact of Daytime Light Exposures on Sleep and Mood in Office Workers. Sleep Health 3, 204–215. doi:10.1016/j.sleh.2017.03.005
 Fried, E. I., and Nesse, R. M. (2015). Depression Sum-Scores Don't Add up: Why Analyzing Specific Depression Symptoms Is Essential. BMC Med. 13, 72. doi:10.1186/s12916-015-0325-4
 Fried, E. I. (2015). Problematic Assumptions Have Slowed Down Depression Research: Why Symptoms, Not Syndromes Are the Way Forward. Front. Psychol. 6. doi:10.3389/fpsyg.2015.00309
 Ghotbi, N., Pilz, L. K., Winnebeck, E. C., Vetter, C., Zerbini, G., Lenssen, D., et al. (2020). The ΜMCTQ: An Ultra-short Version of the Munich ChronoType Questionnaire. J. Biol. Rhythms 35, 98–110. doi:10.1177/0748730419886986
 Gomes-Oliveira, M. H., Gorenstein, C., Neto, F. L., Andrade, L. H., and Wang, Y. P. (2012). Validation of the Brazilian Portuguese Version of the Beck Depression Inventory-II in a Community Sample. Revista Brasileira de Psiquiatria 34, 389–394. doi:10.1016/j.rbp.2012.03.005
 Gontijo, C. C., Guerra Amorim, C. E., Godinho, N. M. O., Toledo, R. C. P., Nunes, A., Silva, W., et al. (2014). Brazilian Quilombos: A Repository of Amerindian Alleles. Am. J. Hum. Biol. 26, 142–150. doi:10.1002/ajhb.22501
 Gorenstein, C., and Andrade, L. (1996). Validation of a Portuguese Version of the Beck Depression Inventory and the State-Trait Anxiety Inventory in Brazilian Subjects. Braz. J. Med. Biol. Res. 29, 453–457.
 Groth-Marnat, G., and Wright, A. J. (2016). “Chapter 13 Brief Instruments for Treatment Planning, Monitoring, and Outcome Assessment,” in Handbook of Psychological Assessment . 6th Edition. https://www.wiley.com/en-us/Handbook+of+Psychological+Assessment%2C+6th+Edition-p-9781118960646 (accessed 10 May2019). 
 Hahn, I. H., Grynderup, M. B., Dalsgaard, S. B., Thomsen, J. F., Hansen, Å. M., Kærgaard, A., et al. (2011). Does Outdoor Work during the winter Season Protect against Depression and Mood Difficulties. Scand. J. Work Environ. Health 37, 446–449. doi:10.5271/sjweh.3155
 Halberg, F., Tong, Y. L., and Johnson, E. A. (1967). “Circadian System Phase - an Aspect of Temporal Morphology; Procedures and Illustrative Examples,” in The Cellular Aspects of Biorhythms (Berlin, Heidelberg: Springer), 20–48. doi:10.1007/978-3-642-88394-1_2
 Haynes, P. L., Ancoli‐Israel, S., and McQuaid, J. (2005). Illuminating the Impact of Habitual Behaviors in Depression. Chronobiology Int. 22, 279–297. doi:10.1081/cbi-200053546
 Hori, H., Koga, N., Hidese, S., Nagashima, A., Kim, Y., Higuchi, T., et al. (2016). 24-h Activity Rhythm and Sleep in Depressed Outpatients. J. Psychiatr. Res. 77, 27–34. doi:10.1016/j.jpsychires.2016.02.022
 Islam, Z., Hu, H., Akter, S., Kuwahara, K., Kochi, T., Eguchi, M., et al. (2020). Social Jetlag Is Associated with an Increased Likelihood of Having Depressive Symptoms Among the Japanese Working Population: the Furukawa Nutrition and Health Study. Sleep 43. doi:10.1093/sleep/zsz204
 Kantermann, T., and Eastman, C. I. (2018). Circadian Phase, Circadian Period and Chronotype Are Reproducible over Months. Chronobiology Int. 35, 280–288. doi:10.1080/07420528.2017.1400979
 Kimura, L., Nunes, K., Macedo-Souza, L. I., Rocha, J., Meyer, D., and Mingroni-Netto, R. C. (2017). Inferring Paternal History of Rural African-Derived Brazilian Populations from Y Chromosomes. Am. J. Hum. Biol. 29, e22930. doi:10.1002/ajhb.22930
 Kimura, L., Ribeiro-Rodrigues, E. M., De Mello Auricchio, M. T. B., Vicente, J. P., Batista Santos, S. E., and Mingroni-Netto, R. C. (2013). Genomic Ancestry of Rural African-Derived Populations from Southeastern Brazil. Am. J. Hum. Biol. 25, 35–41. doi:10.1002/ajhb.22335
 Knapen, S. E., Riemersma-Van der Lek, R. F., Antypa, N., Meesters, Y., Penninx, B. W. J. H., and Schoevers, R. A. (2018). Social Jetlag and Depression Status: Results Obtained from the Netherlands Study of Depression and Anxiety. Chronobiology Int. 35, 1–7. doi:10.1080/07420528.2017.1374966
 Landgraf, D., Long, J. E., Proulx, C. D., Barandas, R., Malinow, R., and Welsh, D. K. (2016). Genetic Disruption of Circadian Rhythms in the Suprachiasmatic Nucleus Causes Helplessness, Behavioral Despair, and Anxiety-like Behavior in Mice. Biol. Psychiatry 80, 827–835. doi:10.1016/j.biopsych.2016.03.1050
 LeGates, T. A., Altimus, C. M., Wang, H., Lee, H.-K., Yang, S., Zhao, H., et al. (2012). Aberrant Light Directly Impairs Mood and Learning through Melanopsin-Expressing Neurons. Nature 491, 594–598. doi:10.1038/nature11673
 LeGates, T. A., Fernandez, D. C., and Hattar, S. (2014). Light as a central Modulator of Circadian Rhythms, Sleep and Affect. Nat. Rev. Neurosci. 15, 443–454. doi:10.1038/nrn3743
 Levandovski, R., Dantas, G., Fernandes, L. C., Caumo, W., Torres, I., Roenneberg, T., et al. (2011). Depression Scores Associate with Chronotype and Social Jetlag in a Rural Population. Chronobiology Int. 28, 771–778. doi:10.3109/07420528.2011.602445
 Long, J. A. (2019). Jtools: Analysis and Presentation of Social Scientific Data. https://CRAN.R-project.org/package=jtools
 Luik, A. I., Zuurbier, L. A., Hofman, A., Van Someren, E. J. W., and Tiemeier, H. (2013). Stability and Fragmentation of the Activity Rhythm across the Sleep-Wake Cycle: the Importance of Age, Lifestyle, and Mental Health. Chronobiology Int. 30, 1223–1230. doi:10.3109/07420528.2013.813528
 Min, J.-y., and Min, K.-b. (2018). Outdoor Light at Night and the Prevalence of Depressive Symptoms and Suicidal Behaviors: A Cross-Sectional Study in a Nationally Representative Sample of Korean Adults. J. Affective Disord. 227, 199–205. doi:10.1016/j.jad.2017.10.039
 Minors, D. S., Waterhouse, J. M., and Wirz-Justice, A. (1991). A Human Phase-Response Curve to Light. Neurosci. Lett. 133, 36–40. doi:10.1016/0304-3940(91)90051-t
 Mutak, A. (2018). cosinor2: Extended Tools for Cosinor Analysis of Rhythms. https://CRAN.R-project.org/package=cosinor2 (accessed 17 Sep2021)
 Obayashi, K., Saeki, K., Iwamoto, J., Ikada, Y., and Kurumatani, N. (2013). Exposure to Light at Night and Risk of Depression in the Elderly. J. Affective Disord. 151, 331–336. doi:10.1016/j.jad.2013.06.018
 Obayashi, K., Saeki, K., and Kurumatani, N. (2018). Bedroom Light Exposure at Night and the Incidence of Depressive Symptoms: A Longitudinal Study of the HEIJO-KYO Cohort. Am. J. Epidemiol. 187, 427–434. doi:10.1093/aje/kwx290
 Paksarian, D., Rudolph, K. E., Stapp, E. K., Dunster, G. P., He, J., Mennitt, D., et al. (2020). Association of Outdoor Artificial Light at Night with Mental Disorders and Sleep Patterns Among US Adolescents. JAMA Psychiatry 77, 1266. doi:10.1001/jamapsychiatry.2020.1935
 Park, D. H., Kripke, D. F., and Cole, R. J. (2007). More Prominent Reactivity in Mood Than Activity and Sleep Induced by Differential Light Exposure Due to Seasonal and Local Differences. Chronobiology Int. 24, 905–920. doi:10.1080/07420520701669677
 Pilz, L. K., Levandovski, R., Oliveira, M. A. B., Hidalgo, M. P., and Roenneberg, T. (2018). Sleep and Light Exposure across Different Levels of Urbanisation in Brazilian Communities. Sci. Rep. 8, 11389. doi:10.1038/s41598-018-29494-4
 Revelle, W. (2011). Psych: Procedures for Psychological, Psychometric, and Personality Research. https://CRAN.R-project.org/package=psych
 Ribeiro, G. G. B. L., Abe-Sandes, K., Barcelos, R. d. S. S., Klautau-Guimarães, M. d. N., Junior, W. A. d. S., and Oliveira, S. F. d. (2011). Who Were the Male Founders of Rural Brazilian Afro-Derived Communities? A Proposal Based on Three Populations. Ann. Hum. Biol. 38, 237–240. doi:10.3109/03014460.2010.500471
 Roenneberg, T., Pilz, L. K., Zerbini, G., and Winnebeck, E. C. (2019). Chronotype and Social Jetlag: A (Self-) Critical Review. Biology 8, 54. doi:10.3390/biology8030054
 Roenneberg, T., and Merrow, M. (2005). Circadian Clocks - the Fall and Rise of Physiology. Nat. Rev. Mol. Cel Biol 6, 965–971. doi:10.1038/nrm1766
 Roenneberg, T., and Merrow, M. (2016). The Circadian Clock and Human Health. Curr. Biol. 26, R432–R443. doi:10.1016/j.cub.2016.04.011
 Roenneberg, T., Wirz-Justice, A., and Merrow, M. (2003). Life between Clocks: Daily Temporal Patterns of Human Chronotypes. J. Biol. Rhythms 18, 80–90. doi:10.1177/0748730402239679
 Scliar, M. O., Vaintraub, M. T., Vaintraub, P. M. V., and Fonseca, C. G. (2009). Brief Communication: Admixture Analysis with Forensic Microsatellites in Minas Gerais, Brazil: the Ongoing Evolution of the Capital and of an African-Derived Community. Am. J. Phys. Anthropol. 139, 591–595. doi:10.1002/ajpa.21046
 Tonon, A. C., Fuchs, D. F. P., Barbosa Gomes, W., Levandovski, R., Pio de Almeida Fleck, M., Hidalgo, M. P. L., et al. (2017). Nocturnal Motor Activity and Light Exposure: Objective Actigraphy-Based marks of Melancholic and Non-melancholic Depressive Disorder. Brief Report. Psychiatry Res. 258, 587–590. doi:10.1016/j.psychres.2017.08.025
 Torquati, L., Mielke, G. I., Brown, W. J., Burton, N. W., and Kolbe-Alexander, T. L. (2019). Shift Work and Poor Mental Health: A Meta-Analysis of Longitudinal Studies. Am. J. Public Health 109, e13–e20. e13. doi:10.2105/AJPH.2019.305278
 van Someren, E. J. W., Hagebeuk, E. E. O., Lijzenga, C., Scheltens, P., de Rooij, S. E. J. A., Jonker, C., et al. (1996). Circadian Rest-Activity Rhythm Disturbances in Alzheimer's Disease. Biol. Psychiatry 40, 259–270. doi:10.1016/0006-3223(95)00370-3
 Wang, Y.-P., Andrade, L. H., and Gorenstein, C. (2005). Validation of the Beck Depression Inventory for a Portuguese-speaking Chinese Community in Brazil. Braz. J. Med. Biol. Res. 38, 399–408. doi:10.1590/s0100-879x2005000300011
 Wang, Y.-P., Gorenstein, C., Wang, Y-P., and Gorenstein, C. (2013). Psychometric Properties of the Beck Depression Inventory-II: a Comprehensive Review. Rev. Bras. Psiquiatr. 35, 416–431. doi:10.1590/1516-4446-2012-1048
 Wickham, H., Chang, W., and RStudio, (2016). ggplot2: Create Elegant Data Visualisations Using the Grammar of Graphics. https://cran.r-project.org/web/packages/ggplot2/index.html (accessed 31 Jan 2018). 
 Wickham, H., François, R., Henry, L., Müller, K., and RStudio, (2019). Dplyr: A Grammar of Data Manipulation. https://CRAN.R-project.org/package=dplyr. 
 Wirz-Justice, A., Graw, P., Kräuchi, K., Sarrafzadeh, A., English, J., Arendt, J., et al. (1996). 'Natural' Light Treatment of Seasonal Affective Disorder. J. Affective Disord. 37, 109–120. doi:10.1016/0165-0327(95)00081-x
 Wittmann, M., Dinich, J., Merrow, M., and Roenneberg, T. (2006). Social Jetlag: Misalignment of Biological and Social Time. Chronobiology Int. 23, 497–509. doi:10.1080/07420520500545979
Conflict of Interest: TR is the founder and CSO at Chronsulting UG. In 2020, TR consulted for Estee Lauder Company, Vanda Pharmaceuticals, Jetlite, Salzgitter AG, NeuroCare, Vindex Company, KGK Science Ontario, and PricewaterhouseCoopers. None of these consulting activities had any relationship with the current study.
The remaining 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.
The handling editor declared a past co-authorship with one of the authors TR
Copyright © 2022 Pilz, Xavier, Levandovski, Oliveira, Tonon, Constantino, Machado, Roenneberg and Hidalgo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fnetp-01-779136-t002.jpg
(Intercept)
Age (years old)

Sex (female)
Time outdoors FD ()
MSF

Social jetlag >1 h

N

N

AC
BIC
Pseudo R?

Model 1

-2.50 (0.41)"
1.01
(0.99-1.02)
282
(1.36-4.68)

210
10.08"
230.63
240.67

0.07

Model 2

-253 (0.43)"
1.01
(0.99-1.03)
2.46
(1.33-4.59)
099
(0.91-1.06)

210
10.21*
232.51
245.90

0.07

Model 3

-3.17 (0.44)"
1.01*
(1.00-1.03)
233"
(1.25-4.34)
099
(0.91-1.06)
1.19*
(1.04-1.37)

210
13.29*
231.43
248.16

0.09

Model 4

-3.39 (0.48)"
1.02
(1.00-1.03)
253"
(1.37-4.68)
099
(0.92-1.07)
1.09
(0.92-1.29)
219"
(1.28-3.75)

210
17.66"
229.06
249.14

0.12
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< 0.01, *p < 0.05. Time outdoors FD: reported time (in hours) spent outdoors on work-free days (from MCTQ). MSF: midpoint of sleep on free days (sleep timing).
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MCTQ (N = 210) Actimetry (N = 124) Skin temperature (N = 58)

Age: median (Q;—Qs) 47 (31-68) 48 (31-60) 36 (22-50)
Sex, female: n (%) 118 (56%) 72 (68%) 30 (52%)
Reported antidepressants medication usage: n (%) (Fluoxetine/Amitriptyline) 8 (4%) 9 (7%) 4(7%)
Schooling: n (%)

literate 31 (15%) 21 (17%) 6(10%)
Primary School incomplete (1st—4th grade) 87 (41%) 53 (43%) 30 (52%)
Primary School incomplete (5th—7th grade) 32 (15%) 21 (17%) 9 (16%)
Primary School complete 16 (8%) 6 (5%) 1 (2%)
High School incomplete 11(5%) 6 (5%) 5(9%)
High School complete 11 (6%) 7 (65.5%) 3 (5%)
Undergraduate incomplete/graduate degree 4(2%) 2 (1.5%) 2(3%)

Not reported 18 (9%) 8 (6%) 2(3%)
Beck Depression Inventory (BDI) score:

median (Q;—Qa)* 429 5(3-9 5(3-9

BDI >10 (clinically significant symptoms): n (%) 47 (22%) 29 (23%) 12 (21%)
MCTQ variables: median (Q;—Qs)

Midsleep on workdays (MSW; hi:mm) 2:32 (1:50-3:14) 2:19 (1:35-3:06) 1:45 (1:30-2:19)
Midsleep on work-free days (MSF; hh:mm) 3:00 (2:11-4:00) 2:45 (2:00-3:41) 2:30 (1:35-3:15)
Sieep duration on workdays (n) 7.7(68-88) 7.7 (7.0-8.8) 84(7.3-9.0)
Sleep duration on work-free days (h) 83(7.1-9.2) 85 (7.2-9.5) 89 (7.9-10.0)
Time spent outdoors on workdays (n)° 7.0 33-10.0) 7.0 (3.1-9.0 67 (4.0-8.0)
Time spent outdoors on work-free days (h) 5.0(20-8.9 5.0(25-8.0 40 (2.0-7.0
Social jetlag (SUL; h) 025 (0.0-1.00) 00 (0.0-0.89) 02 (0.0-1.0)

Note. Schooling: primary school, “Ensino Fundamental” time from first to eighth grade in Brazil

“In the MCTQ sample, 16 individuals did not complete the questionnaire but could stillbe categorized as having or ot clinically significant symptoms (BDI > 10); nine in the actimetry sample
and two in the temperature. Therefore, BDI, median refers to N = 194/115/56.

“In the MCTQ, sample, 3 individuals could not estimate time spent outdoors on workdays; in the actimetry sample, 14 and 12 (activity/light and temperature).

BDI, Beck depression inventory: MCTQ, Munich ChronoType Questionnaire.
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