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Aim: To evaluate the longitudinal association of sedentary behavior, light and moderate-to-vigorous physical activity (MVPA) participation with depressive symptoms and whether their possible association changed depending on the pandemic phase.

Methods: This longitudinal study conducted secondary analysis from the Spanish cohort of the Remote Assessment of Disease and Relapse – Major Depressive Disorder (RADAR-MDD) study. Depressive symptoms were assessed by the Patient Health Questionnaire (PHQ-8). Sedentary behavior and physical activity were estimated via wrist-worn devices. Linear mixed models evaluated the longitudinal associations of sedentary behavior and physical activity (light and moderate-to-vigorous intensities) with depressive symptoms.

Results: In total, 95 participants (67.5% women, 53.0 [±10.5] years of age on average) were monitored pre-COVID-19 and included in the analyses. Pre-COVID-19, 73.7% of participants presented depression, and, on average, participated in 13.2 (±1.08) hours/day of sedentary behavior, 2.42 (±0.90) hours/day of light physical activity and 23.6 (±19.80) minutes/day of MVPA. Considering all the observations (from November 2019 to October 2020), an additional hour/day of sedentary behavior was longitudinally associated with higher depressive symptoms [βstd = 0.06, 95% confidence interval (CI) 0.10 to 0.47], whereas an additional hour/day in light physical activity was associated with lower depressive symptoms (βstd = −0.06, 95% CI −0.59 to −0.15). Time in MVPA was not associated with depressive symptomatology. The association of sedentary behavior and light physical activity with depressive symptoms was significant only during pre-COVID-19 and COVID-19 relaxation periods, whereas during the strictest periods of the pandemic with regards to the restrictions (lockdown and de-escalation), the association was not observed.

Conclusion: Sedentary behavior and light physical activity were longitudinally associated with depressive symptoms in participants with a history of MDD. The incorporation of light physical activity should be stimulated in adults with a history of MDD. Neither sedentary behavior nor light physical activity were associated with depressive symptoms during the most restrictive COVID-19 phases, whereas sedentary behavior (positively) and light physical activity (negatively) were associated with depressive symptoms in persons with MDD before and after the COVID-19 pandemic.
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1 Introduction

Depressive disorders are the second leading cause of years lived with disability (GBD 2019 Mental Disorders Collaborators, 2022). A severe form of depression is Major Depressive Disorder (MDD). An MDD episode is diagnosed when low mood and anhedonia occur combined with a range of other symptoms, such as changes in sleep quality, appetite, cognitive function, physical inactivity, asthenia, suicide ideation, and feelings of guilt or worthlessness (American Psychiatric Association, 2013; Beratis et al., 2005; Wagner et al., 2020). MDD has a worldwide prevalence of 2470.5 cases per 100,000 individuals; since the COVID-19 pandemic, its prevalence has increased by 27.6% (COVID-19 Mental Disorders Collaborators, 2021). Approximately, 55% of adults who suffer from MDD will develop chronic depression, characterized by periods of recovery and relapse (Hardeveld et al., 2013; Verduijn et al., 2017).

More recently, growing evidence indicates that physical activity can be a valuable protective factor against depression and a treatment that can mitigate depressive symptoms in persons with MDD (Dishman et al., 2021; Hanssen et al., 2018; Minghetti et al., 2018; Nasstasia et al., 2019; Schuch and Stubbs, 2019; Stubbs et al., 2018), whereas time in sedentary behavior has been associated with a higher risk of developing MDD (Hallgren et al., 2018). Nevertheless, a series of limitations restrict the strength and extension of the evidence.

The number of longitudinal studies, especially with multiple monitoring periods, is scarce (Gianfredi et al., 2021; Hallgren et al., 2018, 2020; Keating et al., 2018). Furthermore, the majority of the current evidence is based on questionnaire-based (indirect) assessment of physical activity and sedentary behavior when evaluating their relationship with depression in persons with MDD (Brondino et al., 2017; de Souza Moura et al., 2015; Krogh et al., 2017; Schuch et al., 2016a; Schuch et al., 2016b). The use of direct assessment, such as accelerometer for the estimation of physical activity level and sedentary behavior, result in more precise and detailed information. Particularly, accelerometers measure the time dedicated to different physical activity intensities (e.g., light and moderate-to-vigorous) during a particular week besides not relying on the memory of the person, avoiding recall bias. Finally, it is also unclear whether the COVID-19 pandemic affected the relationships of sedentary behavior and physical activity with depression in adults with a history of MDD.

Therefore, we evaluated the longitudinal association of sedentary behavior and physical activity with depression in patients with a history of recurrent MDD from the Spanish sample of the Remote Assessment of Disease and Relapse - Major Depressive Disorder (RADAR-MDD) cohort study (Matcham et al., 2019, 2022). Moreover, we evaluated whether the longitudinal association of sedentary behavior and physical activity with depression changed depending on the period of the pandemic (pre-COVID-19, COVID-19 lockdown, de-escalation and relaxation).

The RADAR-MDD study provides a unique opportunity to address the aforementioned objectives (Leightley et al., 2021; Siddi et al., 2022; Sun et al., 2020). First, RADAR-MDD followed participants with MDD since before the COVID-19 outbreak including different phases of the pandemic with multiple monitoring periods (lockdown, de-escalation and relaxation). Second, the study contains direct assessment of physical activity and sedentary behavior, which means higher data quality compared to most of the previous investigations (Currier et al., 2020; Hallgren et al., 2018, 2020; Kaseva et al., 2019; Nasstasia et al., 2019; Stevens et al., 2021). Third, RADAR-MDD monitored participants with MDD in Spain which imposed more restrictive measures than other countries related to outdoors activities and more stringent COVID-19 policies have been associated with poorer mental health (Aknin et al., 2022; Hale et al., 2021; Lavalle et al., 2023). These measures were quantified using the stringency index, with Spain, the Netherlands, and the UK registering indices of 85.2, 78.7, and 79.6, respectively, from February to the first of October 2020, as measured by the COVID-19 government response tracker (Mathieu et al., 2020). Therefore, it is possible to evaluate the effects of this level of restrictions on the relationship of sedentary behavior, physical activity with depression.



2 Materials and methods


2.1 Study design

This is a secondary analysis from the Spanish cohort of the longitudinal RADAR-MDD research project. In summary, RADAR-MDD study is a collaborative research project carried out in Netherlands, United Kingdom, and Spain (Ranjan et al., 2019). This project is part of the Remote Assessment of Disease and Relapse – Central Nervous System (RADAR-CNS) consortium,1 aimed at providing real-time multidimensional indicators of symptoms changes and relapse of individuals with three different health conditions: MDD, multiple sclerosis and epilepsy in order to improve treatment and prevention (Matcham et al., 2019).

The RADAR-MDD dataset allows for detailed monitoring of behavioral and depressive symptoms changes in a sample with a history of MDD (Matcham et al., 2022; Ranjan et al., 2019). RADAR-CNS developed the open-source RADAR-Base platform for data collection and storage from wearables and mobile technologies2 (Ranjan et al., 2019). Radar-base provides both passive and active data collection using active and passive remote measurement technology (Ranjan et al., 2019).

The project was co-designed and conducted in partnership with service users in the Patient Advisory Board of the RADAR-CNS study (Matcham et al., 2022; Simblett et al., 2020). They were involved in the choice of measures, the timing and issues of engagement (Simblett et al., 2019, 2020). The full protocol for RADAR-MDD has been reported previously (Matcham et al., 2022).



2.2 Study population

The current study included participants from the RADAR-MDD study in Spain who were monitored between November 2017 and October 2020 when the COVID-19 wave started (Real Decreto 926/2020, de 25 de octubre, n°286, 2020). Adults diagnosed of recurrent MDD during their life, who were living in Spain were enrolled from a clinical sample of individuals seeking help for a mental health condition (Matcham et al., 2019).

To be eligible for participation in RADAR-MDD, individuals must: (1) have met DSM-5 (Diagnostic and Statistical Manual of Mental Disorders, 5th edition) diagnostic criteria for non-psychotic MDD within the past 2 years; (2) have recurrent MDD (a lifetime history of at least 2 episodes of depression); (3) be willing and be able to complete self-reported assessments via smartphone; (4) be able to give informed consent for participation; (5) Fluent in Spanish or Catalan; (6) existing ownership of Android smartphone or willingness to use an Android smartphone as their only smartphone; (7) aged 18 or older (Matcham et al., 2022).

The exclusion criteria included: (1) have a lifetime history of bipolar disorder, schizophrenia, MDD with psychotic features, or schizoaffective disorders; (2) dementia; (3) history of moderate to severe drug or alcohol dependence within the last 6 months prior to enrolment; (4) history of major medical disease which might impact upon the patient’s ability to participate in normal daily activities for more than 2 weeks (e.g., due to likely hospitalizations or other periods of indisposition); (5) Pregnancy (although once enrolled, becoming pregnant did not result in withdrawal) (Matcham et al., 2022).

No limitations have been applied regarding any treatment they may be receiving, although medication use and other psychological interventions were monitored throughout the course of follow-up. Additionally, participants were eligible to participate regardless of whether they were currently experiencing depression symptoms or not (Matcham et al., 2022).

In Spain, eligible participants were identified through primary and secondary mental health services or through advertisements for the study placed on mental health charity websites, circulars or Twitter notices (Matcham et al., 2022). Informed consent from all potential participants who fulfilled inclusion and exclusion criteria was obtained. The research was conducted in accordance with the Helsinki Declaration of 1975, as revised in 2008.

In total, 155 Spanish participants met the eligibility criteria and were eligible to participate in the RADAR-MDD study (Matcham et al., 2019). All participants provided written consent previous to the enrolment session (Matcham et al., 2019). For enrolment, depression diagnosis was assessed using the Lifetime Depression Assessment – Self-Report (LIDAS) in addition to the review of medical records (Bot et al., 2017; Matcham et al., 2022).

For the current study, the monitoring period was subdivided into four categories as follows (Lavalle et al., 2023; Cataluña. Departament d’ Interior, 2020; Cataluña. Departament de Salut, 2020; España. Jefatura del Estado, 2020; España. Ministerio de la Presidencia, Relaciones con las Cortes y Memoria Democrática, 2020; España. Ministerio de Sanidad, 2020a,b,c):

• Pre-COVID-19 phase: immediately before the first restrictive measure in relation to the COVID-19 pandemic; November 1st, 2019 to March 10th, 2020 (total of 130 days).

• COVID-19 lockdown refers to the period of the national lockdown in Spain from March 11th, 2020 to April 26th, 2020 (total of 46 days). Specifically, on March 11th, 2020, the Government of Catalonia introduced social distancing to fight the spread of COVID-19 (Resolució SLT/704/2020, d’11 de març, n° 8082A, 2020). On March 14, 2020, the Spanish Government established strict lockdown measures after the declaration of the State of Alarm (Real Decreto 463/2020, de 14 de marzo, BOE nª 3,692, 2020).

• COVID-19 de-escalation refers to the period between April 27th, 2020 and June 18th, 2020 (total of 52 days) when restrictions were lifted gradually through four phases implemented by the Spanish government and supplementary measures of the local Catalan government. See the phases below:

During phase 0 non-essential businesses were opened by appointment, and citizens were allowed to do outdoor physical activity by time slot based on age (Orden SND/386/2020, de 3 de mayo, BOE n° 123, 2020).


Phase 1 meetings with a maximum of 10 people were allowed; only outdoor spaces of bars and restaurants opened, as well as some spaces of culture, museums, and gyms; transfers to a second residence were permitted (Orden SND/399/2020, de 9 de mayo, n° 130, 2020).



Phases 2 and 3 time slots were finished and bars and restaurants’ openings were extended even to the indoor areas, with limited capacity; shopping centers opened, public transport restarted working at 100% and the percentage of capacity in cinemas, theatres, museums increased (Orden SND/414/2020, de 16 de mayo, n° 136, 2020).


• COVID-19 relaxation phase: period between June 19th, 2020 and October 16th, 2020 (total of 119 days) when the mots of the restrictions related to COVID-19 pandemic were eased (Resolució INT/1433/2020, 18 de junio, n° 8,160, 2020; Real Decreto 926/2020, de 25 de octubre, n° 286, 2020).



2.3 Assessments


2.3.1 Depressive symptoms

Depressive symptoms were assessed using The Patient Health Questionnaire (PHQ-8) every 2 weeks via the project app (active remote measurement technology) (Matcham et al., 2019). The PHQ-8 is an 8-item self-report questionnaire which measures the frequency of depressive symptoms over the preceding 2-week period (Gómez-Gómez et al., 2023; Kroenke et al., 2009). Each item is rated from 0 = “not at all” to 3 = “nearly every day,” producing a range of total scores from 0 to 24 (increasing severity), which was used for the main analyses (Gómez-Gómez et al., 2023; Kroenke et al., 2009).

For descriptive purposes, participants with a score of ≥10 were classified with depression since it is the most recommended cut-off point for “clinically relevant” depressive symptoms in the previous two weeks (Kroenke et al., 2009).



2.3.2 Physical activity and sedentary behavior

Physical activity and sedentary behavior were estimated through Fitbit devices (Fitbit Charge 2 and 3; Fitbit Inc., San Francisco, CA, USA), which were given to participants (Leightley et al., 2021). Participants were asked to wear the Fitbit devices on the wrist of the non-dominant hand for the duration of the monitoring period. Fitbit 2 or 3 wristband devices are a 3-axis accelerometer-based activity trackers (Matcham et al., 2019). This accelerometer model was chosen by the RADAR-CNS project members together with the volunteers for being commercially available, minimally invasive and easy to use (Polhemus et al., 2020; Simblett et al., 2020).

Fitbit uses a proprietary algorithm which converts raw acceleration data into activity counts in 60-s sampling intervals that define activity intensities classifying each minute as being in sedentary, light, moderate, or vigorous activity (Fitbit Inc, 2018; Hartman et al., 2018; Mikkelsen et al., 2020). We used the daily time spent in sedentary, light and moderate-to-vigorous physical activity (MVPA; moderate + vigorous time) intensities. We only included participants with at least 3 days of physical activity registration and a minimum of 8 valid hours per day in each of the monitoring periods (pre-COVID-19, COVID-19 lockdown, COVID-19 de-escalation and COVID-19 relaxation). For each intensity, we calculated the average time per day dedicated to sedentary behaviour and physical activity considering a day with 16 h (24 h – 8 h of sleep).

Among the 155 participants in the study, 95 fulfilled the required monitoring parameters in the pre-Covid phase, 47 during the lockdown, 46 in the de-escalation phase, and 50 in the COVID-19 relaxation phase.



2.3.3 Confounders

Sociodemographic data (age, sex, marital status [with a partner, single, separated/divorced and widowed]) and comorbidity with other medical illness were collected through a questionnaire at baseline.



2.3.4 Assessments completed by participants per study period

Participants were often monitored (i.e., asked to complete questionnaires and had their physical activity tracked via Fitbit, etc.) multiple times during each of the COVID-19 phases (Pre-COVID-19, COVID-19 lockdown, COVID-19 de-escalation, and COVID-19 relaxation). Table 1 presents the average number of times participants were asked to perform assessments in each COVID-19 phase. For analyses, we included the average of all assessments per participant within each COVID-19 phase, providing a comprehensive representation of their monitoring data during that period.



TABLE 1 Average Monitoring Periods per Subject in Each COVID-19 Phase.
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2.4 Data analysis

Descriptive analyses used frequencies and unweighted percentages for categorical variables, and means and standard deviations for continuous variables.

Linear mixed-model with random effects of participants and estimated with maximum likelihood (ML) method, using library nlme in R were conducted to evaluate the association of sedentary behavior and each physical activity intensity (light and MVPA) with depressive symptoms severity (Pinheiro and Bates, 2000; R Core Team, 2023). We considered the pandemic restrictions and the lockdown as a categorical variable in the model (hereafter COVID-19 phases).

We analyzed the longitudinal relationship of sedentary behavior, physical activity (light physical activity, and MVPA) with depressive symptoms (PHQ-8 scores); results presented in the Table 2 and in section 3.1. All analysis presented in Table 2 included all 1,491 observations from 95 participants who were monitored longitudinally between November 1st, 2019 and October 16th, 2020. As described previously, each participant could have been monitored in multiple opportunities in each COVID-19 phase, but only one observation per phase for each participant was included in the model. In the model 1 of the Table 2, each of the exposures (sedentary behavior, light physical activity, and MVPA) were evaluated in separate models in relation to depressive symptoms. In the model 2 of the Table 2, sedentary behavior and light PA models were adjusted by MVPA, whereas the MVPA model was adjusted by sedentary behavior. Analysis in the models 1 and 2 in the Table 2 were also adjusted by sex, age, comorbidity and monitoring phase. There were no significant differences in sociodemographic variables between participants across different COVID-19 phases.



TABLE 2 Longitudinal associations of sedentary behavior, light physical activity (light PA) and moderate-to-vigorous PA (MVPA) with depressive symptoms (PHQ-8 score) in participants with MDD in Spain.
[image: Table2]

In addition, we ran an linear mixed-model with random effects of participants and adjusted by ML method to evaluate whether the association of sedentary behavior and physical activity intensities (light and MVPA) with depressive symptoms differed depending on the COVID-19 phase; analyses described in the subsection 3.2. Figure 1 presents the association of sedentary behavior and MVPA with depressive symptoms across different COVID-19 phases whereas Figure 2 for light physical activity and MVPA with depressive symptoms across different COVID-19 phases. Both models included an interaction term between the exposures and the COVID-19 phase to estimate the strength of the association within each COVID-19 phase while accounting for the longitudinal structure of the data. All linear mixed-model analyses were adjusted by age, sex and comorbidity of other medical illness (Akhtar-Danesh and Landeen, 2007; Aluoja et al., 2004; Gutiérrez-Rojas et al., 2020). In the first step, we attempted to adjust for education level and marital status, but these variables did not contribute significantly to the model. We applied an ANOVA analysis to confirm that there were no significant differences when these variables were included or excluded.

[image: Figure 1]

FIGURE 1
 Longitudinal association between sedentary behavior and depressive severity across COVID-19 phases. Values are represented as average marginal effects and 95% confidence intervals.


[image: Figure 2]

FIGURE 2
 Longitudinal association between light PA and depressive severity across COVID-19 phases. Values are represented as average marginal effects and 95% confidence intervals.


In all multivariable models, we accepted a type I error of 5%.




3 Results

In total, 95 adults were included in the present study with; mean age of 53.0 (±10.2) years, 69.5% were female, 60.0% were cohabiting or married and 57.9% had comorbidities at baseline. The majority (73.7%) exhibited depression before the COVID-19 pandemic and were regular on antidepressant medications, with a mean PHQ-8 score of 13.7 (±5.98) points (Table 3). The number of participants monitored was 47 in the COVID-19 lockdown, 46 in the COVID-19 de-escalation and 50 in the COVID-19 relaxation phase. We did not observe attrition bias at follow up compared to baseline characteristics.



TABLE 3 Sociodemographic characteristics at baseline.
[image: Table3]

Table 4 presents the average of depression score, time in sedentary behavior and in distinct physical activity intensities in each of the monitoring periods.



TABLE 4 Depressive symptoms (PHQ-8 score), and time spent in sedentary behavior and in different physical activity intensities across COVID-19 phases.
[image: Table4]


3.1 Longitudinal association of sedentary behavior and physical activity (light and MVPA) with depressive symptoms in participants with MDD in Spain

An additional hour/day of sedentary behavior was longitudinally associated with higher depressive symptoms (ß = 0.29 score of PHQ-8, 95% CI 0.10 to 0.47; Table 2, model 1), whereas an additional hour/day in light physical activity was associated with lower depressive symptoms (ß = −0.37 score of PHQ-8, 95% CI −0.59 to −0.15; Table 2, model 1). Time in MVPA was not associated with depressive symptoms. Both sedentary behavior and light physical activity continued to be associated with depressive severity independent of time spent in MVPA (Table 2, model 2). Supplementary Table S1 presents the coefficients from Model 1 of Table 2, including the coefficients for the confounders that adjusted the models.



3.2 Longitudinal association of sedentary behavior and physical activity (light and MVPA) with depressive symptoms across monitoring phases

The association of sedentary behavior and light physical activity with depressive symptoms varied depending on the monitoring period, whereas MVPA was not associated with depressive symptoms in any of the monitoring phases. Particularly, both sedentary behavior (Figure 1) and light physical activity (Figure 2) were associated with depressive symptoms at the pre-COVID-19 phase and during the COVID-19 relaxation periods. Sedentary behavior was associated with increased depression in the pre-COVID-19 phase (β = 0.37, CI 0.12–0.62) and during the COVID-19 relaxation phase (β = 0.47 CI 0.14–0.81). On the other hand, light physical activity was associated with decreased depression in the pre-COVID-19 phase (β = −0.38, CI –0.64 – –0.13) and during the COVID-19 relaxation phase (β = −0.45, CI –0.81 – –0.08) (Table 5).



TABLE 5 The STROBE checklist of the study.
[image: Table5]




4 Discussion

In this study, we investigated the longitudinal association of sedentary behavior as well as different physical activity intensities with depressive symptoms in a cohort of Spanish adults with a recent history of MDD across COVID-19 phases. Sedentary behavior, positively, and light physical activity, negatively, were associated with depressive symptoms in participants with a history of MDD, whereas time in MVPA was not (results presented in Table 2). Furthermore, we observed that an additional hour/day of sedentary behavior is related to higher depressive severity during the pre-COVID-19 and the relaxation phases (results presented in Figure 1). Besides, an extra hour/day of light physical activity is associated with lower depressive symptomatology during the same phases (results presented in Figure 2), whereas MVPA was not associated with depressive symptoms in any COVID-19 phases.

Although sedentary behavior and light physical activity were determinants of depressive symptoms, their importance in relation to depressive symptomatology in adults with MDD was weakened during the strictest periods of the COVID-19 pandemic. Of note, both sedentary behavior and light physical activity returned to be associated with depressive symptoms after easing the COVID-19 restrictions. It is possible that other factors related to the pandemic (worry of being infected, social isolation, unemployment, economic losses, changes in daily routines and social dynamics) were more relevant to their mental health during the most restrictive phases of the pandemic. It is also possible that the restrictions due to the COVID-19 pandemic restricted people from performing physical activities.

Our findings suggest that light physical activity might be more relevant than MVPA in relation to the depressive symptomatology of adults with a history of MDD. Of note, a recent systematic review and network meta-analysis of randomized controlled trials concluded that exercises prescribed in higher intensities showed higher reduction in depressive symptomatology in adults with clinical cut-offs for major depression (Noetel et al., 2024). To date, the state-of-the-art did not reach a consensus on the varying impact of different intensities of physical activity on depressive symptoms.

Experimental studies demonstrate that exercise, whether of lower or higher intensity, positively affects depressive symptoms in adults with depression (Hanssen et al., 2018; Noetel et al., 2024) and those with major depressive disorder (MDD) (Minghetti et al., 2018; Nasstasia et al., 2019; Schuch and Stubbs, 2019; Stubbs et al., 2018). Some studies suggest a more significant impact on depressive symptoms with higher exercise intensities (Hanssen et al., 2018; Noetel et al., 2024). It is speculated that higher intensities may lead to greater reductions in depressive symptoms due to enhanced physiological responses, such as reduced inflammation, oxidative stress, and increased neuronal regeneration (Schuch and Stubbs, 2019; Stubbs et al., 2018; Kandola et al., 2019).

Observational studies using questionnaires to assess physical activity levels report stronger associations between moderate-to-vigorous physical activity (MVPA) and reduced depressive symptoms compared to light physical activity (LPA) (Dishman et al., 2021; Wolf et al., 2021; Schuch et al., 2018). However, a recent study using accelerometry found that LPA was more protective against incident depression than higher intensities (Lima et al., 2024). This divergence may be attributed to the methods of physical activity assessment. Previous research has shown conflicting health associations depending on whether physical activity was assessed via questionnaires or accelerometers (Gill et al., 2023).

Questionnaires, relying on self-reported data, are prone to recall bias and social desirability bias, which can lead to inaccurate estimations of activity levels. Adults with lower physical activity levels might perceive and report low-intensity activities as higher intensity due to their lower fitness levels and subjective experiences, further distorting the data. In contrast, accelerometers provide objective, continuous data, reducing reporting bias and offering a more accurate measure of overall physical activity. However, they often fail to capture specific activity types, such as swimming or cycling, and may miss context-specific nuances of physical activity patterns. These discrepancies in data capture methods can significantly influence the observed associations between physical activity and health outcomes in studies (Gill et al., 2023).

Psychosocial mechanisms might explain the association between LPA and depressive symptoms in adults with MDD (Kandola et al., 2019; Schuch et al., 2018). In particular, a person with MDD might be more likely to perform a physical activity in the company of a partner, a friend or a family member in lower physical activity intensity, strengthening their social support and self-esteem, which might decrease their depressive symptomatology (Kandola et al., 2019; Schuch et al., 2018). Noteworthy, the lack of association between MVPA and depressive symptoms in the current study might be due to the limited number of minutes in MVPA, which could have been too discreet to provide mental health benefits. Nevertheless, participation in MVPA should also be encouraged because of the numerous health benefits and our results do not suggest that participation in MVPA is deleterious to the mental health of patients with MDD (Hallgren et al., 2016; Schuch et al., 2018; Sheikh et al., 2018).

Notwithstanding the strengths of our study, it does have some limitations. First, participant adherence to the study protocol (i.e., questionnaire completion or wearing de wristband device) decreases during the most restrictive periods which contributed to the limited number of participants included in the analyses (n = 95). Nevertheless, our analysis included all the information available on each participant who contributed with data in at least one monitoring period. Importantly, the use of direct assessment of physical activity during different monitoring periods, including the pandemic, overcome a pivotal limitation of previous studies.

Second, participants recruited at different times may use different devices for smartphones and Fitbit depending on the availability and enrolment dates, which might have impacted on the estimation of physical activity and sedentary behavior. Nevertheless, recent meta-analyses observed that Fitbit model is not a significant factor impacting on the device validity (Leung et al., 2022).

Third, while our longitudinal study provides valuable insights into the relationship between physical activity levels and depressive symptoms among adults with major depressive disorders, the potential for reverse causality, selection bias and observation bias should be acknowledged as they may influence the generalizability and accuracy of our findings.



5 Conclusion

Sedentary behavior, positively, and light physical activity, negatively, were associated with depressive symptoms in participants with a history of MDD, whereas time in MVPA was not. The incorporation of light physical activity should be stimulated by mental health professionals, future public health programs and research interventions aiming to decrease depressive symptomatology in adults with a history of MDD, especially by diminishing time in sedentary activities.



Data availability statement

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



Ethics statement

The studies involving humans were approved by the Camberwell St Giles Research Ethics Committee (REC reference: 17/LO/1154), in London, from the CEIC Fundació Sant Joan de Deu (CI: PIC-128-17), in Barcelona, and from the Medische Ethische Toetsingscommissie Vums (METcVumc registratienummer: 2018.012–NL63557.029.17), in the Netherlands. RADAR-CNS was conducted per the Declaration of Helsinki and Good Clinical Practice, adhering to principles outlined in the NHS Research Governance Framework for Health and Social Care (2nd edition). The authors assert that all procedures contributing to this work comply with the ethical standards of the relevant national and institutional committees on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



RADAR CNS consortium


https://www.kcl.ac.uk/research/radarcns




Author contributions

DI: Conceptualization, Writing – original draft, Writing – review & editing. EC: Conceptualization, Data curation, Formal analysis, Methodology, Software, Visualization, Writing – original draft, Writing – review & editing. JH: Conceptualization, Investigation, Validation, Writing – review & editing, Project administration, Resources, Supervision. IV: Writing – review & editing, Software. RADAR-MDD-Spain: Writing – review & editing. RB: Writing – review & editing. EG: Writing – review & editing. SK: Writing – review & editing. MP-M: Writing – review & editing. BA: Writing – review & editing. RL-S: Writing – review & editing. LG: Writing – review & editing. MH: Funding acquisition, Investigation, Project administration, Resources, Supervision, Writing – review & editing. FM: Investigation, Project administration, Resources, Supervision, Writing – review & editing. FL: Investigation, Project administration, Resources, Supervision, Writing – review & editing. BP: Investigation, Project administration, Resources, Writing – review & editing. PA: Investigation, Supervision, Writing – review & editing. AF: Writing – review & editing. VN: Funding acquisition, Writing – review & editing. RL: Conceptualization, Data curation, Formal Analysis, Methodology, Visualization, Writing – original draft, Writing – review & editing. SS: Conceptualization, Investigation, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Group members of RADAR-MDD-Spain

Peñarrubia-Maria Maria Teresa, Consortium for Biomedical Research in Epidemiology and Public Health (CIBERESP), Instituto de Salud Carlos III, Madrid, Spain, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Gardeñes Moron Lluisa, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Jugo Beatriz, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Orive Cristina, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; De Miguel Blanca, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Blanco Elena, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Gallardo Cristina, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Cobo-Guerrero Silvia, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Molero Aida, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Belvis Mariscal Cristina, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Martinez Gemma, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Valdés Raúl, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Torres-Martinez Rebecca, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; López Fran, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Mera-Cordero Francisco, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Soraluce Acebo Ramón, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Sarró Marta, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Moliner-Molina Cristina, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Flores Maria Rosa, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Sostres Susana, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Ait Ben Aissa, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Poch Marta, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Olmos Maria Cristina, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Ortiz Navarrete Sónia, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Martinez Andrea, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Freixas Olga, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Caldón Beatriz, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Cano Maria Isabel, Unitat de Suport a la Recerca Regió Metropolitana Sud, Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain; Lombardini Federica, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Coromina Marta, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Arranz Belen, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Arranz Sara, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Salvador Laia, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Hernandez Carla, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Marqueta-Marqués Cristina, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Calamardo Elisabet, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Ferenc Tamas, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Rubio-Alacid Elena, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Rojas Antonio, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Druetta Mauro, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Marso Esperança, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Hernandez-Fernandez Elisabet, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Cuñat Oriol, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Otero Begoña, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Tronchoni Mónica, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Tessari Diego, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Labarta Eugenia, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Delisau Yaiza, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Angelats Marina, Research, Innovation and Teaching Unit, Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Spain; Vilella Elisabet, FEA Psicología Clínica, HU Institut Pere Mata, Vendrell, Spain; Llaosa-Scholten Raúl, FEA Psicología Clínica, HU Institut Pere Mata, Vendrell, Spain; Adam Noemí, FEA Psicología Clínica, HU Institut Pere Mata, Vendrell, Spain, Reneses Prieto Blanca, Servicio de Psiquiatría. Hospital Clínico San Carlos, Madrid, Spain; and Zamarro Arranz Maria Luisa, Servicio de Psiquiatría. Hospital Clínico San Carlos, Madrid, Spain.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. The RADAR-CNS project received funding from the Innovative Medicines Initiative 2 Joint Undertaking under grant agreement No 115902. This Joint Undertaking receives support from the European Union’s Horizon 2020 research and innovation program and EFPIA (www.imi.europa.eu). This communication reflects the views of the RADAR-CNS consortium and neither IMI nor the European Union and EFPIA are liable for any use that may be made of the information contained herein. RAL received the IHMC22/00003, funded by Instituto de Salud Carlos III and funds Next Generation Eu, which finance the actions of the Recovery and Recovery Mechanism Resilience (MRR). The funding body was not involved in the design, analysis or interpretation of data of this study.



Acknowledgments

Participants in the CIBER site came from the following four clinical communities in Spain: Parc Sanitari Sant Joan de Déu Network services, Institut Catalàde la Salut, InstitutPere Mata, and Hospital Clínico San Carlos. This paper represents independent research partly funded by the National Institute for Health Research NIHR Maudsley Biomedical Research Centre at South London and Maudsley NHS Foundation Trust and King’s College London. We thank all the members of the RADAR-CNS patient advisory board for their contribution to the device selection procedures and their invaluable advice throughout the study protocol design. RADAR-MDD will be conducted per the Declaration of Helsinki and Good Clinical Practice, adhering to principles outlined in the NHS Research Governance Framework for Health and Social Care, 2nd edition.



Conflict of interest

PA was employed by H. Lundbeck A/S.

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.



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.



Author disclaimer

The views expressed are those of the authors and not necessarily those of the NHS, the NIHR or the Department of Health and Social Care.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1436611/full#supplementary-material



Abbreviations


MDD, Major depressive disorder; MVPA, Moderate-to-vigorous physical activity; RADAR-MDD, Remote Assessment of Disease and Relapse – Major Depressive Disorder; RADAR-CNS, Remote Assessment of Disease and Relapse – Central Nervous System; LIDAS, Lifetime Depression Assessment – Self-Report; PHQ-8, The Patient Health Questionnaire-8; MVPA, Moderate to Vigorous Physical Activity; ML, maximum likelihood; SB, sedentary behavior; PA, physical activity.




Footnotes

1   
https://www.kcl.ac.uk/research/radarcns


2   
http://radar-base.org/




References

 Akhtar-Danesh, N., and Landeen, J. (2007). Relation between depression and sociodemographic factor. Int. J. Ment. Health. Syst. 1:4. doi: 10.1186/1752-4458-1-4 

 Aknin, L. B., Andretti, B., Goldszmidt, R., Helliwell, J. F., Petherick, A., De Neve, J. E., et al. (2022). Policy stringency and mental health during the COVID-19 pandemic: a longitudinal analysis of data from 15 countries. Lancet Public Health 7, e417–e426. doi: 10.1016/S2468-2667(22)00060-3 

 Aluoja, A., Leinsalu, M., Shlik, J., Vasar, V., and Luuk, K. (2004). Symptoms of depression in the Estonian population: prevalence, sociodemographic correlates and social adjustment. J. Affect. Disord. 78, 27–35. doi: 10.1016/s0165-0327(02)00179-9


 American Psychiatric Association (2013). Diagnostic and statistical manual of mental disorders. 5th Edn. Arlington, VA: American Psychiatric Association.


 Beratis, S., Katrivanou, A., Georgiou, S., Monastirli, A., Pasmatzi, E., Gourzis, P., et al. (2005). Major depression and risk of depressive symptomatology associated with short-term and low-dose interferon-α treatment. J. Psychosom. Res. 58, 15–18. doi: 10.1016/j.jpsychores.2004.03.010 

 Bot, M., Middeldorp, C. M., de Geus, E. J. C., Lau, H. M., Sinke, M., van Nieuwenhuizen, B., et al. (2017). Validity of LIDAS (LIfetime depression assessment self-report): a self-report online assessment of lifetime major depressive disorder. Psychol. Med. 47, 279–289. doi: 10.1017/S0033291716002312 

 Brondino, N., Rocchetti, M., Fusar-Poli, L., Codrons, E., Correale, L., Vandoni, M., et al. (2017). A systematic review of cognitive effects of exercise in depression. Acta Psychiatr. Scand. 135, 285–295. doi: 10.1111/acps.12690


 Cataluña. Departament d’ Interior. (2020). Resolució INT/1433/2020, 18 de junio, n° 8160, de delegació de determinades facultats derivades de l'incompliment de la normativa reguladora de l'estat d'alarma. Diari Oficial de la Generalitat de Catalunya, num 8160. Available at: https://cido.diba.cat/legislacio/10313804/resolucio-int14332020-de-18-de-juny-de-delegacio-de-determinades-facultats-derivades-de-lincompliment-de-la-normativa-reguladora-de-lestat-dalarma-departament-dinterior. (Accessed February 3, 2023)


 Cataluña. Departament de Salut. (2020). Reslució SLT/704/2020, d’11 de març, per la qual s’adopten mesures de distanciament social en relació amb els esdeveniments multitudinaris per a la prevenció i el control de la infecció pel SARS-CoV-2. Diari Oficial de la Generalitat de Catalunya, num 8082A. Available at: https://dogc.gencat.cat/ca/document-del-dogc/?documentId=870331. (Accessed February 3, 2023)


 COVID-19 Mental Disorders Collaborators (2021). Global prevalence and burden of depressive and anxiety disorders in 204 countries and territories in 2020 due to the COVID-19 pandemic. Lancet 398, 1700–1712. doi: 10.1016/S0140-6736(21)02143-7 

 Currier, D., Lindner, R., Spittal, M. J., Cvetkovski, S., Pirkis, J., and English, D. R. (2020). Physical activity and depression in men: increased activity duration and intensity associated with lower likelihood of current depression. J. Affect. Disord. 260, 426–431. doi: 10.1016/j.jad.2019.09.061 

 de Souza Moura, A. M., Lamego, M. K., Paes, F., Ferreira Rocha, N. B., Simoes-Silva, V., Rocha, S. A., et al. (2015). Comparison among aerobic exercise and other types of interventions to treat depression: a systematic review. CNS Neurol. Disord. Drug Targets 14, 1171–1183. doi: 10.2174/1871527315666151111120714 

 Dishman, R. K., McDowell, C. P., and Herring, M. P. (2021). Customary physical activity and odds of depression: a systematic review and meta-analysis of 111 prospective cohort studies. Br. J. Sports Med. 55, 926–934. doi: 10.1136/bjsports-2020-103140


 España. Jefatura del Estado (2020). Real Decreto 463/2020, de 14 de marzo, por el que se declara el estado de alarma para la gestión de la situación de crisis sanitaria ocasionada por el COVID-19. Boletín Oficial Estado 67, 25390–25400.


 España. Ministerio de la Presidencia, Relaciones con las Cortes y Memoria Democrática (2020). Real Decreto 926/2020, de 25 de octubre, por el que se declara el estado de alarma para contener la propagación de infecciones causadas por el SARS-CoV-2. Boletín Oficial Estado 282, 91912–91919.


 España. Ministerio de Sanidad. (2020a). Orden SND/386/2020, de 3 de mayo, por la que se flexibilizan determinadas restricciones sociales y se determinan las condiciones de desarrollo de la actividad de comercio minorista y de prestación de servicios, así como de las actividades de hostelería y restauración en los territorios menos afectados por la crisis sanitaria ocasionada por el COVID-19. Boletín Oficial del Estado, núm 123, 31103–31112. Available at: https://www.boe.es/eli/es/o/2020/05/03/snd386/con (Accessed March 23, 2023)


 España. Ministerio de Sanidad. (2020b). Orden SND/399/2020, de 9 de mayo, para la flexibilización de determinadas restricciones de ámbito nacional, establecidas tras la declaración del estado de alarma en aplicación de la fase 1 del Plan para la transición hacia una nueva normalidad. Boletín Oficial del Estado, núm 130, 31998 a 32026. Available at: https://www.boe.es/eli/es/o/2020/05/09/snd399 (Accessed March 23, 2023)


 España. Ministerio de Sanidad. (2020c). Orden SND/414/2020, de 16 de mayo, para la flexibilización de determinadas restricciones de ámbito nacional establecidas tras la declaración del estado de alarma en aplicación de la fase 2 del Plan para la transición hacia una nueva normalidad. Boletín Oficial del Estado, núm 136, 33312 a 33344. Available at: https://www.boe.es/eli/es/o/2020/05/16/snd414 (Accessed: 23 March 2023).


 Fitbit Inc. (2018). Fitbit charge 2 user manual. Available at: https://staticcs.fitbit.com/content/assets/help/manuals/manual_charge_2_en_US.pdf (Accessed June 20, 2022)


 GBD 2019 Mental Disorders Collaborators (2022). Global, regional, and national burden of 12 mental disorders in 204 countries and territories, 1990–2019: a systematic analysis for the global burden of disease study 2019. Lancet Psychiatry 9, 137–150. doi: 10.1016/S2215-0366(21)00395-3 

 Gianfredi, V., Koster, A., Eussen, S. J., Odone, A., Amerio, A., Signorelli, C., et al. (2021). The association between cardio-respiratory fitness and incident depression: the Maastricht study. J. Affect. Disord. 279, 484–490. doi: 10.1016/j.jad.2020.09.090 

 Gill, J. M., Chico, T. J., Doherty, A., Dunn, J., Ekelund, U., Katzmarzyk, P. T., et al. (2023). Potential impact of wearables on physical activity guidelines and interventions: opportunities and challenges. Br J Sport. Med Mon. 57, 1223–1225. doi: 10.1136/bjsports-2023-106822 

 Gómez-Gómez, I., Benítez, I., Bellón, J., Moreno-Peral, P., Oliván-Blázquez, B., Clavería, A., et al. (2023). Utility of PHQ-2, PHQ-8 and PHQ-9 for detecting major depression in primary health care: a validation study in Spain. Psychol. Med. 53, 5625–5635. doi: 10.1017/S0033291722002835 

 Gutiérrez-Rojas, L., Porras-Segovia, A., Dunne, H., Andrade-González, N., and Cervilla, J. A. (2020). Prevalence and correlates of major depressive disorder: a systematic review. Braz. J. Psychiatry 42, 657–672. doi: 10.1590/1516-4446-2020-0650


 Hale, T., Angrist, N., Goldszmidt, R., Kira, B., Petherick, A., Phillips, T., et al. (2021). A global panel database of pandemic policies (Oxford COVID-19 government response tracker). Nat. Hum. Behav. 5, 529–538. doi: 10.1038/s41562-021-01079-8 

 Hallgren, M., Helgadóttir, B., Herring, M. P., Zeebari, Z., Lindefors, N., Kaldo, V., et al. (2016). Exercise and internet-based cognitive-behavioural therapy for depression: multicentre randomised controlled trial with 12-month follow-up. Br. J. Psychiatry 209, 414–420. doi: 10.1192/bjp.bp.115.177576 

 Hallgren, M., Owen, N., Stubbs, B., Zeebari, Z., Vancampfort, D., Schuch, F., et al. (2018). Passive and mentally-active sedentary behaviors and incident major depressive disorder: a 13-year cohort study. J. Affect. Disord. 241, 579–585. doi: 10.1016/j.jad.2018.08.020 

 Hallgren, M., Vancampfort, D., Owen, N., Rossell, S., Dunstan, D. W., Bellocco, R., et al. (2020). Prospective relationships of mentally passive sedentary behaviors with depression: mediation by sleep problems. J. Affect. Disord. 265, 538–544. doi: 10.1016/j.jad.2019.11.088 

 Hanssen, H., Minghetti, A., Faude, O., Schmidt-Trucksäss, A., Zahner, L., Beck, J., et al. (2018). Effects of endurance exercise modalities on arterial stiffness in patients suffering from unipolar depression: a randomized controlled trial. Front. Psych. 8:311. doi: 10.3389/fpsyt.2017.00311 

 Hardeveld, F., Spijker, J., De Graaf, R., Hendriks, S. M., Licht, C. M., Nolen, W., et al. (2013). Recurrence of major depressive disorder across different treatment settings: results from the NESDA study. J. Affect. Disord. 147, 225–231. doi: 10.1016/j.jad.2012.11.008


 Hartman, S. J., Nelson, S. H., and Weiner, L. S. (2018). Patterns of Fitbit use and activity levels throughout a physical activity intervention: exploratory analysis from a randomized controlled trial. JMIR Mhealth Uhealth 6:e29. doi: 10.2196/mhealth.8503 

 Kandola, A., Ashdown-Franks, G., Hendrikse, J., Sabiston, C. M., and Stubbs, B. (2019). Physical activity and depression: towards understanding the antidepressant mechanisms of physical activity. Neurosci. Biobehav. Rev. 107, 525–539. doi: 10.1016/j.neubiorev.2019.09.040 

 Kaseva, K., Dobewall, H., Yang, X., Pulkki-Råback, L., Lipsanen, J., Hintsa, T., et al. (2019). Physical activity, sleep, and symptoms of depression in adults-testing for mediation. Med. Sci. Sports Exerc. 51, 1162–1168. doi: 10.1249/MSS.0000000000001896


 Keating, L. E., Becker, S., McCabe, K., Whattam, J., Garrick, L., Sassi, R. B., et al. (2018). Effects of a 12-week running programme in youth and adults with complex mood disorders. BMJ Open Sport Exerc. Med. 4:e000314. doi: 10.1136/bmjsem-2017-000314 

 Kroenke, K., Strine, T. W., Spitzer, R. L., Williams, J. B., Berry, J. T., and Mokdad, A. H. (2009). The PHQ-8 as a measure of current depression in the general population. J. Affect. Disord. 114, 163–173. doi: 10.1016/j.jad.2008.06.026 

 Krogh, J., Hjorthøj, C., Speyer, H., Gluud, C., and Nordentoft, M. (2017). Exercise for patients with major depression: a systematic review with meta-analysis and trial sequential analysis. BMJ Open 7:e014820. doi: 10.1136/bmjopen-2016-014820 

 Lavalle, R., Condominas, E., Haro, J. M., Giné-Vázquez, I., Bailon, R., Laporta, E., et al. (2023). The impact of COVID-19 lockdown on adults with major depressive disorder from Catalonia: a decentralized longitudinal study. Int. J. Environ. Res. Public Health 20:5161. doi: 10.3390/ijerph20065161 

 Leightley, D., Lavelle, G., White, K. M., Sun, S., Matcham, F., Ivan, A., et al. (2021). Investigating the impact of COVID-19 lockdown on adults with a recent history of recurrent major depressive disorder: a multi-Centre study using remote measurement technology. BMC Psychiatry 21:435. doi: 10.1186/s12888-021-03434-5 

 Leung, W., Case, L., Sung, M. C., and Jung, J. (2022). A meta-analysis of Fitbit devices: same company, different models, different validity evidence. J. Med. Eng. Technol. 46, 102–115. doi: 10.1080/03091902.2021.2006350 

 Lima, R. A., Condominas, E., Sanchez-Niubo, A., Olaya, B., Koyanagi, A., de Miquel, C., et al. (2024). Physical activity participation decreases the risk of depression in older adults: the ATHLOS population-based cohort study. Sport. Med. Open. 10, 1–10. doi: 10.1186/S40798-023-00664-7


 Matcham, F., di San, B., Pietro, C., Bulgari, V., de Girolamo, G., Dobson, R., et al. (2019). Remote assessment of disease and relapse in major depressive disorder (RADAR-MDD): a multi-Centre prospective cohort study protocol. BMC Psychiatry 19:72. doi: 10.1186/s12888-019-2049-z 

 Matcham, F., Leightley, D., Siddi, S., Lamers, F., White, K. M., Annas, P., et al. (2022). Remote assessment of disease and relapse in major depressive disorder (RADAR-MDD): recruitment, retention, and data availability in a longitudinal remote measurement study. BMC Psychiatry 22:136. doi: 10.1186/s12888-022-03753-1 

 Mathieu, E., Ritchie, H., Rodés-Guirao, L., Appel, C., Giattino, C., Hasell, J., et al. (2020). COVID-19: Stringency index. Our World in Data. Available at: https://ourworldindata.org/covid-stringency-index#learn-more-about-the-data-source-the-oxford-coronavirus-government-response-tracker


 Mikkelsen, M. K., Berg-Beckhoff, G., Frederiksen, P., Horgan, G., O'Driscoll, R., Palmeira, A. L., et al. (2020). Estimating physical activity and sedentary behaviour in a free-living environment: a comparative study between Fitbit charge 2 and Actigraph GT3X. PLoS One 15:e0234426. doi: 10.1371/journal.pone.0234426 

 Minghetti, A., Faude, O., Hanssen, H., Zahner, L., Gerber, M., and Donath, L. (2018). Sprint interval training (SIT) substantially reduces depressive symptoms in major depressive disorder (MDD): a randomized controlled trial. Psychiatry Res. 265, 292–297. doi: 10.1016/j.psychres.2018.04.053 

 Nasstasia, Y., Baker, A. L., Lewin, T. J., Halpin, S. A., Hides, L., Kelly, B. J., et al. (2019). Differential treatment effects of an integrated motivational interviewing and exercise intervention on depressive symptom profiles and associated factors: a randomised controlled cross-over trial among youth with major depression. J. Affect. Disord. 259, 413–423. doi: 10.1016/j.jad.2019.08.035 

 Noetel, M., Sanders, T., Gallardo-Gómez, D., Taylor, P., Del Pozo Cruz, B., Van Den Hoek, D., et al. (2024). Effect of exercise for depression: systematic review and network meta-analysis of randomised controlled trials. BMJ 384:e075847. doi: 10.1136/BMJ-2023-075847 

 Pinheiro, J. C., and Bates, D. M. (2000). Mixed-effects models in S and S-PLUS. New York: Springer.


 Polhemus, A. M., Novák, J., Ferrao, J., Simblett, S., Radaelli, M., Locatelli, P., et al. (2020). Human-centered design strategies for device selection in mHealth programs: development of a novel framework and Case study. JMIR Mhealth Uhealth 8:e16043. doi: 10.2196/16043 

 R Core Team (2023). R: A language and environment for statistical computing (Versión, 4.3.0) [computer program]. Vienna: R Foundation for Statistical Computing.


 Ranjan, Y., Rashid, Z., Stewart, C., Conde, P., Begale, M., Verbeeck, D., et al. (2019). RADAR-base: open source Mobile health platform for collecting, monitoring, and analyzing data using sensors, wearables, and Mobile devices. JMIR Mhealth Uhealth 7:e11734. doi: 10.2196/11734 

 Schuch, F. B., and Stubbs, B. (2019). The role of exercise in preventing and treating depression. Curr. Sports Med. Rep. 18, 299–304. doi: 10.1249/JSR.0000000000000620


 Schuch, F. B., Vancampfort, D., Firth, J., Rosenbaum, S., Ward, P. B., Silva, E. S., et al. (2018). Physical activity and incident depression: a Meta-analysis of prospective cohort studies. Am. J. Psychiatry 175, 631–648. doi: 10.1176/appi.ajp.2018.17111194 

 Schuch, F. B., Vancampfort, D., Richards, J., Rosenbaum, S., Ward, P. B., and Stubbs, B. (2016a). Exercise as a treatment for depression: a meta-analysis adjusting for publication bias. J. Psychiatr. Res. 77, 42–51. doi: 10.1016/j.jpsychires.2016.02.023 

 Schuch, F. B., Vancampfort, D., Rosenbaum, S., Richards, J., Ward, P. B., Veronese, N., et al. (2016b). Exercise for depression in older adults: a meta-analysis of randomized controlled trials adjusting for publication bias. Braz. J. Psychiatry 38, 247–254. doi: 10.1590/1516-4446-2016-1915 

 Sheikh, M. A., Vancampfort, D., and Stubbs, B. (2018). Leisure time physical activity and future psychological distress: a thirteen year longitudinal population-based study. J. Psychiatr. Res. 101, 50–56. doi: 10.1016/j.jpsychires.2018.02.025


 Siddi, S., Giné-Vázquez, I., Bailon, R., Matcham, F., Lamers, F., Kontaxis, S., et al. (2022). Biopsychosocial response to the COVID-19 lockdown in people with major depressive disorder and multiple sclerosis. J. Clin. Med. 11:7163. doi: 10.3390/jcm11237163 

 Simblett, S., Matcham, F., Curtis, H., Greer, B., Polhemus, A., Novák, J., et al. (2020). Patients’ measurement priorities for remote measurement technologies to aid chronic health conditions: qualitative analysis. JMIR Mhealth Uhealth 8:e15086. doi: 10.2196/15086 

 Simblett, S., Matcham, F., Siddi, S., Bulgari, V., di San, B., Pietro, C., et al. (2019). Barriers to and facilitators of engagement with mHealth Technology for Remote Measurement and Management of depression: qualitative analysis. JMIR Mhealth Uhealth 7:e11325. doi: 10.2196/11325 

 Stevens, M., Lieschke, J., Cruwys, T., Cárdenas, D., Platow, M. J., and Reynolds, K. J. (2021). Better together: how group-based physical activity protects against depression. Soc. Sci. Med. 286:114337. doi: 10.1016/j.socscimed.2021.114337 

 Stubbs, B., Vancampfort, D., Hallgren, M., Firth, J., Veronese, N., Solmi, M., et al. (2018). EPA guidance on physical activity as a treatment for severe mental illness: a meta-review of the evidence and position statement from the European psychiatric association (EPA), supported by the International Organization of Physical Therapists in Mental health (IOPTMH). Eur. Psychiatry 54, 124–144. doi: 10.1016/j.eurpsy.2018.07.004 

 Sun, S., Folarin, A. A., Ranjan, Y., Rashid, Z., Conde, P., Stewart, C., et al. (2020). Using smartphones and wearable devices to monitor behavioral changes during COVID-19. J. Med. Internet Res. 22:e19992. doi: 10.2196/19992 

 Verduijn, J., Verhoeven, J. E., Milaneschi, Y., Schoevers, R. A., van Hemert, A. M., Beekman, A. T. F., et al. (2017). Reconsidering the prognosis of major depressive disorder across diagnostic boundaries: full recovery is the exception rather than the rule. BMC Med. 15:215. doi: 10.1186/s12916-017-0972-8 

 Wagner, S., Wollschläger, D., Dreimüller, N., Engelmann, J., Herzog, D. P., Roll, S. C., et al. (2020). Effects of age on depressive symptomatology and response to antidepressant treatment in patients with major depressive disorder aged 18 to 65 years. Compr. Psychiatry 99:152170. doi: 10.1016/j.comppsych.2020.152170


 Wolf, S., Seiffer, B., Zeibig, J. M., Welkerling, J., Brokmeier, L., Atrott, B., et al. (2021). Is physical activity associated with less depression and anxiety during the COVID-19 pandemic? A Rapid Systematic Review. Sports Med. 51, 1771–1783. doi: 10.1007/S40279-021-01468-Z 


Copyright
 © 2024 Ibáñez, Condominas, Haro, Vázquez, RADAR-MDD-Spain, Bailón, Garcia, Kontaxis, Peñarrubia-Maria, Arranz, Llaosa-Scholten, Gardeñes, Hotopf, Matcham, Lamers, Penninx, Annas, Folarin, Narayan, Lima, Siddi and the RADAR CNS consortium. 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/fpsyg-15-1436611-t003.jpg
Characteristic
Age, in years Mean (SD)
Sexn (%)

Female

Male

Marital status 7 (%)
With a partner

Without a partner (Single/Separated,
Divorced/Widowed)

Comorbidity with other medical illness 7 (%)
Yes

No

Depression n (%)

Yes

No

SD refers to standard deviation, Depression as meas

Pre-COVID-19 (
530 (£10.2)

66 (69.5%)
29(30.5%)

57 (60.0%)
38 (40.0%)

55 (57.9%)
40 (42.1%)

70 (73.7%)
25 (26.3%)

ssured by PHQ-8.






OPS/images/fpsyg-15-1436611-t004.jpg
Ccovi COVID-19 COVID-19 de COVID-19

lockdown escalation relaxation
Depressive symptoms, PHQ-8 score 137 (5.98) 140 (6.80) 139 (671) 126 (6.78)
Sedentary behavior, hours/day 132 (1.08) 140 (0.95) 137 (117) 133 (1.19)
Light PA, hours/day 2.42(0.90) 1.77 (0.80) 192 (1.02) 232(1.07)
Moderate PA, min/day 13.3(13.0) 8.27(12.5) 9.56 (11.9) 11.8(11.5)
Vigorous PA, min/day 103 (9.69) 544 (8.81) 107 (143) 107 (11.0)
Moderate-to-vigorous PA, min/day 23.6(19.8) 13.7 (19.0) 203 (23.1) 225(18.8)

Data presented as means and (standard deviations). PHQ-8 score ranges between 0 and 24 points. PA refers to physical activity.





OPS/images/fpsyg-15-1436611-t001.jpg
COVID-19 phase Mean (std) Persons

Pre-COVID-19 1092 (8.06) 9
COVID-19 lockdown 2.26(1.01) 47
COVID-19 de-escalation 254(1.00) 46

COVID-19 relaxation 4.62(262) 50





OPS/images/fpsyg-15-1436611-t002.jpg
Model 1 Model 2

B (score pstd (95%Cl)  p-value PHQ-8 B (score pstd (95% ClI) p-value

of PHQ-8) of PHQ-8)
Sedentary 029 0.055 (0.10t00.47) 0002 Sedentary 037 0071 (0,150 0.60) 0.001
behavior behavior
Light PA -037 —0059 (<0590 ~0.15) 0001 Light PA- —035 —0059  (<057t0~0.12) 0.003
MVPA —0.003 —0013  (~0.01100.005) 0430 MVPA 001 0026 (~0.004100.017) 0211

PA refers o physical activity; Model 1: each of the exposures were evaluated in separate models; Model 2: Sedentary behavior and Light PA models were further adjusted by MVPA, whereas
the MVPA model was adjusted by sedentary behavior. Models 1 and 2 were adjusted by sex, age, comorbidity and monitoring phases CI refers to confidence interval,





OPS/images/fpsyg-15-1436611-t005.jpg
Item No.

Recommendation

Title and abstract

Introduction
Background/rationale
Objectives

Methods

Study design

Setting

Participants

Variables

Data sources/

measurement
Bias

Study size

(@) Indicate the study’s design with a commonly used term in the titl or the abstract

(b) Provide in the abstract an informative and balanced summary of what was done and what was found

Explain the scientific background and rationale for the investigation being reported

State specific objectives, including any prespecified hypotheses

Present key elements of study design early in the paper

Describe the sctting, locations, and relevant dates, including periods of recruitment, exposure, follow-up,

and data collection

(a) Cohort study—Give the eligibilty criteria, and the sources and methods of selection of participants.
Describe methods of follow-up
Case-control study—Give the elgibility criteria, and the sources and methods of case ascertainment and

control selection. Give the rationale for the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of

participants

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed

Case-control study—For matched studies, give matching criteria and the number of controls per case

Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give

diagnostic criteria,if applicable

For each variable of interest, give sources of data and details of methods of assessment (measurement).

Describe comparability of assessment methods if there is more than one group
Describe any efforts to address potential sources of bias

Explain how the study size was arrived at

4-6





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Pre- and post-COVID 19 outbreak relationship between physical activity and depressive symptoms in Spanish adults with major depressive disorder: a secondary analysis of the RADAR-MDD cohort study



		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Study population



		2.3 Assessments



		2.3.1 Depressive symptoms



		2.3.2 Physical activity and sedentary behavior



		2.3.3 Confounders



		2.3.4 Assessments completed by participants per study period









		2.4 Data analysis









		3 Results



		3.1 Longitudinal association of sedentary behavior and physical activity (light and MVPA) with depressive symptoms in participants with MDD in Spain



		3.2 Longitudinal association of sedentary behavior and physical activity (light and MVPA) with depressive symptoms across monitoring phases









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		RADAR CNS consortium



		Author contributions



		Group members of RADAR-MDD-Spain



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Author disclaimer



		Supplementary material



		Abbreviations



		Footnotes



		References



















OPS/images/fpsyg-15-1436611-g001.jpg
o
B oso
2 os7
5
S o
2 o0 D
202
£ 050

078

o
PeCowd19 Con-19lockion_Cow19 deescamion Cov 19 elaraon

Phases of the pandemic





OPS/images/fpsyg-15-1436611-g002.jpg
100
&£ ors

% o
= 035

2 025 018
2 o G
I .
oy 038 03 045
B
3015 204

e

e e Ty e

Phases of the pandemic





OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

Pre- and post-COVID 19 outbreak
relationship between physical
activity and depressive symptoms
in Spanish adults with major
depressive disorder: a secondary
analysis of the RADAR-MDD
cohort study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Psychology






