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High Sitting Time Is a Behavioral Risk Factor for Blunted Improvement in Depression Across 8 Weeks of the COVID-19 Pandemic in April–May 2020












	
	ORIGINAL RESEARCH
published: 01 October 2021
doi: 10.3389/fpsyt.2021.741433






[image: image2]

High Sitting Time Is a Behavioral Risk Factor for Blunted Improvement in Depression Across 8 Weeks of the COVID-19 Pandemic in April–May 2020

Jacob D. Meyer1*, John O'Connor2, Cillian P. McDowell2, Jeni E. Lansing1, Cassandra S. Brower1 and Matthew P. Herring3


1Department of Kinesiology, Iowa State University, Ames, IA, United States

2The Irish Longitudinal Study of Ageing (TILDA), Trinity College Dublin, The University of Dublin, Dublin, Ireland

3Physical Activity for Health Research Cluster, Health Research Institute, Department of Physical Education and Sport Sciences, University of Limerick, Limerick, Ireland

Edited by:
Chung-Ying Lin, National Cheng Kung University, Taiwan

Reviewed by:
Yi Ching Lin, National Taipei University of Education, Taiwan
 Chia-Wei Fan, AdventHealth University, United States

*Correspondence: Jacob D. Meyer, jdmeyer3@iastate.edu

Specialty section: This article was submitted to Public Mental Health, a section of the journal Frontiers in Psychiatry

Received: 14 July 2021
 Accepted: 02 September 2021
 Published: 01 October 2021

Citation: Meyer JD, O'Connor J, McDowell CP, Lansing JE, Brower CS and Herring MP (2021) High Sitting Time Is a Behavioral Risk Factor for Blunted Improvement in Depression Across 8 Weeks of the COVID-19 Pandemic in April–May 2020. Front. Psychiatry 12:741433. doi: 10.3389/fpsyt.2021.741433



The COVID-19 pandemic has elicited increased sedentary behaviors, decreased moderate-to-vigorous physical activity (MVPA), and worsened mental health, yet the longitudinal impact of these changes and their inter-relations remains unknown. Our purpose was to examine associations between changes in self-reported activity behaviors and mental health over an 8-week period following the COVID-19 outbreak. Participants from all 50 states and the District of Colombia were recruited through convenience and snowball sampling at baseline April 3–10, 2020. Prospective data from 2,327 US adults with ≥2 responses (63.8% female; 74.3% response rate) were collected weekly via online survey for eight consecutive weeks (April 3–June 3, 2020). Primary exposures were self-reported time spent sitting, viewing screens and in MVPA, with primary outcomes being depressive symptoms, anxiety symptoms, and positive mental health (PMH). A significant sitting-by-time interaction (p < 0.05) showed slightly higher marginal effects for depressive symptoms for the 90th-percentile of sitting time than the 10th-percentile at baseline (5.8 [95% confidence interval = 5.5–6.2] vs. 5.7 [5.4–6.1]), with the difference magnifying over time (week 8: 3.5 [3.2–3.9] vs. 2.7 [2.4–2.9]). No other interactions over time were significant. Screen time was negatively associated with PMH and positively associated with depressive and anxiety symptoms (p < 0.05). Sitting time was negatively associated with PMH (p < 0.05). Rapid changes in sitting patterns (e.g., due to a pandemic) may have lasting effects on depressive symptoms. Strategies targeting those most affected (i.e., young adults, females) and/or focused on reducing sitting time may be critical for preventing long-term mental health effects resulting from COVID-19 or other large-scale behavior changes in the general population.

Keywords: COVID-19, exercise, sedentary, screen time, depression, anxiety, positive mental health, longitudinal


INTRODUCTION

The outbreak of the novel coronavirus, SARS-CoV-2, and associated disease (COVID-19) led to drastic changes in the US in March 2020. To reduce disease transmission, various mitigation strategies were employed with citizens instructed to self-isolate, quarantine, shelter in place and/or socially distance from others (1–3). Implementation of these COVID-19-related public health guidelines led to changes in how, when, and if, social, work, and health-related activities were performed.

Regular physical activity and low sedentary behaviors (sitting and screen time) are associated with better mental health (4–7); however, decreased physical activity and increased sedentary behaviors have been adverse by-products of adherence to COVID-19 related public health guidelines (8, 9). The majority of past research in this area has examined associations between movement behaviors and mental health over long time-periods with little-to-no data available for evaluating rapid alterations in behavior as occurred in response to the global pandemic. From our past research and that of others, cross-sectional or retrospective assessments of COVID-19-related decreased physical activity and increased sitting and screen time have been associated with higher anxiety symptoms, depressive symptoms, loneliness and stress, as well as lower positive mental health (PMH; a broad concept of mental well-being focused on positive constructs) (10–14). However, given the cross-sectional and/or retrospective recall designs of previous research, there is a need for prospective and longitudinal studies to determine the effects of pandemic-related changes in behavior on mental health over time.

Longitudinal data obtained during local COVID-19 outbreaks across the world show worsened mental health in those who contract the virus (15) and in the general population (16–19), and identifying modifiable factors that can play a preventive role is essential. A recent systematic review identified some demographic characteristics associated with higher cross-sectional psychological distress during the pandemic (being female, younger, living in a rural area, having a lower socioeconomic status) (20). Currently there is limited evidence regarding how pandemic-associated mental health changes are influenced by concurrent changes in physical activity and sedentary behaviors, particularly over time. Assessing these longitudinal associations is essential as many changes occurred rapidly, and recovery or improvement of participation in health-related behaviors over the ensuing weeks may critically influence the timing or extent of mental health improvements. The scant longitudinal evidence has significant limitations, including small samples, short follow-up, and/or data collected from narrow populations (21, 22).

Better understanding which changes in activity behaviors improve or mitigate deleterious changes in mental health over time may critically inform public health guidelines and policies should subsequent waves of COVID-19 or future pandemics occur. Associations between large-scale behavioral changes and mental health are not normally witnessed on such abbreviated time-scales, providing a unique opportunity to understand their interrelations if within-person data are also able to be collected on this rapid timeline. Thus, the present manuscript details a longitudinal examination of relationships between changes in self-reported physical activity, sitting time, and screen time with changes in depressive and anxiety symptoms and PMH in a robust sample of US adults from repeated measurements across 8 weeks, beginning shortly after the declaration of a national emergency (March 13th) regarding the COVID-19 outbreak in the US. This longitudinal data adds to previously identified associations between immediate changes in behavior and mental health (10) by prospectively assessing behavior across time in a large sample of US adults. As in previous research evaluating the longitudinal associations of physical activity and screen time with psychological functioning (23, 24), the present analysis employed Poisson generalized linear regression models to evaluate hypothesized associations between co-occurring changes in activity behaviors (primary independent variables) and in mental health (dependent variables) across time.



MATERIALS AND METHODS


Procedure

This longitudinal study includes follow-up data from the COVID-19 and Wellbeing Study collected at Iowa State University, following approval as an exempt study by the University Institutional Review Board (IRB# 20-144-00). The aim of the present study was to evaluate the associations between changes in behavior and changes in mental health across time during the early phase of the initial wave of the pandemic in the United States in April and May, 2020. The full description of recruitment and the initial survey methods is provided elsewhere (10). Briefly, recruitment methods for the initial survey included: mass emails to Iowa State University students, faculty, staff, and alumni; snowball sampling; and posts to social media pages. Mass emails and posts included a link to an anonymous electronic survey for interested participants to read and consent to enrollment in the study and verify inclusion criteria of being ≥18 years of age and a current US resident.

The initial survey took 20–30 min and was completed by 3,133 adults from April 3rd−10th, 2020 who indicated interest in continued participation. Participants reported demographic information, health history, COVID-19-related public health guidelines being followed, health behaviors (i.e., amount of physical activity, sitting and screen time, smoking status, and alcohol consumption) prior and after making COVID-related behavioral changes, and mental health outcomes, including loneliness, social engagement, stress, distress, anxiety and depressive symptoms, and PMH. Participants had the opportunity to provide consent to be re-contacted to complete eight weekly abbreviated follow-up surveys, excluding demographic information and health history. Follow-up surveys were sent every 7 days from initial survey completion for 8 weeks.



Study Sample

Participants in the analytic sample (n = 2,327; 74.3% participation rate of providing at least 2 complete sets of data across the 9 time points; 63.8% female) were fairly evenly dispersed across age categories from 18 to 74, with 234 participants aged ≥75 years, and were generally well-educated (85.0% college graduates or above), and overweight (body mass index = 26.9 ± 6.3 kg/m2; Table 1). All responses were used from each participant who provided data at least two times, resulting in 1,013–2,118 responses in the analysis at each of the 9 time points (baseline and weeks 1–8) with the mean number of responses provided per participant at 5.5 (median = 5). At baseline, mean ± SD activity times were: sitting time, 511 ± 203 min/day; screen time, 442 ± 218 min/day; and percent in MVPA categories, 0 min/week = 12%, 300 + min/week = 70%. Compared to the US adult population from 2019 Census Bureau data, the present sample had more females (63.8 vs. 50.8%), and a higher education level (college graduates 88.5 vs. 31.5%) (25), and, generally, were older, higher income, non-smoking, not quarantining, and had better mental health at baseline than those who did not complete any follow-ups (Supplementary Table 1).


Table 1. Participant demographics.
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Measures

Baseline demographic information was self-reported, including age, gender, sex, race, education, marital and occupational status, height, weight, and current chronic health conditions. As public health guidelines and adherence to guidelines varied across cities and states, participants also reported current public health guidelines that they were following at each time-point, selecting zero or more from: quarantined, self-isolating, under shelter-in-place or stay-at-home order, and/or social distancing with Centers for Disease Control definitions provided for each guideline.


Exposures

After being provided with standard definitions, participants reported current average daily minutes of screen and sitting time, and minutes engaged in moderate and vigorous physical activity (reported separately) by responding to the following questions: “In the past week, how much time have you spent sitting daily?/What was your average daily screen-time per day this week?/How much time on an average day have you spent in [moderate/vigorous] activity this week?” Minutes of MVPA toward meeting physical activity guidelines were calculated as the sum of reported minutes of moderate activity and twice the reported number of minutes of vigorous activity consistent with the US Physical Activity Guidelines (26) and multiplied by 7 to get a weekly total. Participants were categorized based on MVPA level as inactive (0 min/week), low active (i.e., 1–149 min/week), active (i.e., 150–299 min/week), or high active (i.e., >300 min/week). As no threshold values for minutes of screen time or sitting time are available in the United States, sitting and screen time were modeled as continuous variables (minutes/day).



Outcomes

The 21-item Beck Anxiety Inventory (BAI) (27) assessed anxiety symptoms. Scores range from 0 to 63; higher scores indicate greater anxiety symptoms. Well-established psychometric properties include high internal consistency (α = 0.91 using all measurements in the present sample) and test-retest reliability (r = 0.75) (27) (r = 0.84 from baseline to week 1 in the present sample).

The 21-item Beck Depression Inventory-II (BDI-II) (28, 29), excluding the suicidality item, assessed depressive symptoms. Scores were divided by 20 and multiplied by 21 to calculate estimated total scores. Strong internal consistency (α = 0.93 in the present sample) and good test-retest reliability have previously been reported (r = 0.87 in the present sample).

The seven-item Short Warwick-Edinburgh Mental Well-being Scale (SWEMWBS-7) (14) was used to assess PMH. Total scores ranged from 7 to 35; higher scores indicate more positive mental health (30). Strong internal consistency (α = 0.91 in the present sample) and high test-retest reliability has previously been reported (r = 0.83) (30) (r = 0.82 in the present sample).




Analysis

Analyses were performed using R (version 4.0.2) and R Studio (version 1.3). Participant characteristics were described by means and standard deviations for continuous variables and proportions for categorical variables. Case-wise deletion occurred if participants reported: >960 min/day of sitting or screen time, >10,080 min/week of MVPA (threshold equivalent to 8 h/day of vigorous and 8 h/day of moderate). Scores of <10 on SWEMWBS-7 were infrequent (0.56% of the responses) and were excluded in order to meet the normality of residuals assumption for the analytic models. Following removal of responses <10, visual inspection of a QQ plot confirmed improved agreement with the assumption of normality.

Data for BAI and BDI-II were non-normal (i.e., positively-skewed), so Poisson generalized linear mixed models were used to examine the trajectory of changes in activity-related behaviors with changes in depression (Model 1) and anxiety symptoms (Model 2). As PMH data were normally distributed, a standard linear mixed model was used (Model 3). In each model, physical activity, screen time, and sitting time (at each time point) and their interactions with time were used as primary factors of interest for each outcome. All models included fixed effects for age and sex, public health guidelines, time point (9 time points; weeks 0–8), and the interaction of time with each factor (excluding public heath restrictions as it did not improve any model). Random effects included an intercept and slope for each individual. Results are presented as estimates from the model: incidence rate ratio (IRR) for Models 1 and 2 and beta coefficient for Model 3. Mixed effects models were fitted using the lme4 package (31), marginal effects were produced using sjplot (32), and R-squared values were calculated using the MuMin package (33). Hypotheses were 2-sided, with level of significance for each model parameter set at 0.05.




RESULTS


Associations Between Changes in Mental Health and Changes in Activity Behaviors

Full model results of linear mixed models for depressive and anxiety symptoms and PMH are presented in Table 2 (and Supplementary Tables 2–7). Predicted outcome scores at each time-point, while holding all covariates at their mean, for the 10th and 90th percentiles of sitting (i.e., 3 and 12 h) and screen time (i.e., 4 and 13 h), and for inactive (0 min/week) vs. high active (≥300 min/week) for physical activity, are presented in Figure 1. Marginal effects from the models, adjusted for age and sex, showed improvements in outcomes across all groups over time; however, there was some variation based on exposures.


Table 2. Full model results for depressive symptoms (BDI-II), anxiety symptoms (BAI), and positive mental health (SWEMWBS-7).
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FIGURE 1. Association between changes in mental health over time by sitting time, screen time, and MVPA. Marginal effects plot showing trajectories in depressive symptoms (A–C), anxiety symptoms (D–F) and positive mental health (G–I) over time by each exposure (sitting time, screen time, and MVPA), holding covariates at their mean (for continuous variables) or proportions (for factor variables). BAI, Beck Anxiety Inventory; BDI-II, Beck Depression Inventory II; MVPA, moderate-to-vigorous physical activity; SWEMWBS-7, Short Warwick-Edinburgh Mental Well-being Scale-7.


There was a significant sitting-by-time interaction for depressive symptoms. At baseline, there was no difference in predicted depressive symptoms between sitting for 3 and 12 h (3 h: 5.7 [5.4–6.1]; 12 h: 5.8 [5.5–6.2]); however, by week four, there was a significant difference depending on sitting time (3 h: 3.9 [3.7–4.2]; 12 h: 4.5 [4.2–4.8]; Figure 1A). This difference became more pronounced by week 8 (3 h: 2.7 [2.4–2.9]; 12 h: 3.5 [3.2–3.9]). Predicted anxiety symptoms (Figure 1D) did not differ by sitting time at baseline or across time. Across all time points, predicted PMH was lower/worse when sitting for 12 h compared to 3 h, but did not change differentially across time (Figure 1G).

At baseline, predicted depressive symptoms were higher in those viewing screens for 13 h compared to 4 h (4 h: 5.4 [5.1–5.8]; 13 h: 6.2 [5.9–6.6]); however, this difference was no longer apparent by week 3 (4 h: 4.3 [4.0–4.6]; 13 h: 4.8 [4.5–5.1]; Figure 1B), though the interaction between screen time and time was not significant. Predicted anxiety symptoms (Figure 1E) and PMH (Figure 1H) did not differ by screen time at baseline or across time. Similarly, predicted depressive (Figure 1C) and anxiety symptoms (Figure 1F) and PMH (Figure 1I) did not differ at baseline or across time by physical activity.



Associations Between Changes in Mental Health and Age and Sex

Predicted outcomes at each time point, while holding all covariates at their mean, for males and females and each age category are presented in Figure 2. Marginal effects from the models adjusting for sitting and screen time and physical activity showed improvements in outcomes across all groups over time. However, there was some variation based on sex and age.


[image: Figure 2]
FIGURE 2. Association between changes in mental health over time by age, and sex. Marginal effects plot showing trajectories in depressive symptoms (A,B), anxiety symptoms (C,D) and positive mental health (E,F) over time by age and gender, holding covariates at their mean (for continuous variables) or proportions (for factor variables). BAI, Beck Anxiety Inventory, BDI-II, Beck Depression Inventory II, SWEMWBS-7, Short Warwick-Edinburgh Mental Well-being Scale-7.


Predicted depressive symptoms at baseline decreased with age, although changes across time did not vary by age (Figure 2A). Similar baseline results were observed for anxiety symptoms and age (Figure 2C). The relative decrease in anxiety was largest in the youngest age group (70.7%) and smallest in the oldest age group (48.0%). Predicted PMH at baseline increased with age (Figure 2E), although there was again no interaction with time.

Across all time points, females had higher predicted depressive (Figure 2B) and anxiety symptoms (Figure 2D) and lower predicted PMH (Figure 2F) than males; however, change in predicted depressive symptoms differed between males and females. Between baseline (males: 4.9 [4.6–5.3]; females: 6.8 [6.4–7.2]) and week 8 (males: 2.4 [2.1–2.7]; females: 3.9 [3.5–4.3]) the decrease relative to baseline scores was larger for males (males: 52.1%; females: 42.3%).




DISCUSSION

This study investigated how dynamic changes in physical activity, sitting time, and screen time in response to the COVID-19 pandemic were associated with changes in mental health across time. While the stringency of restrictions across the US was relatively consistent during this period (34), each mental health outcome improved over time showing a decay of the immediate response to the pandemic. However, key findings include that (1) sitting more was associated with a slower and limited improvement in depressive symptoms; (2) younger and/or female adults experienced worse mental health than other groups; and, (3) screen time and MVPA had limited impacts on mental health improvements. Implementation of COVID-19 public health restrictions resulted in abrupt changes in health-related behaviors that impacted mental health (10). The influence of changes in health-related behaviors over time, however, do not appear to be equal. Previous findings suggested that maintaining beneficial levels of health-related behaviors, including MVPA and screen time, may mitigate the immediate psychological impact of the pandemic. Though the present study showed that mental health generally improved in April and May after the acute implementation of mitigation strategies, high levels of sitting during this period were associated with blunted depressive symptom improvement which warrants further research.

Sedentary time substantially increased after implementation of COVID-19 public health restrictions (8). Moreover, associations between higher sedentary time and elevated depressive symptoms have been reported pre-(35) and post-COVID-19 (12). Yet, dynamic changes in sedentary behaviors across time are understudied, and longitudinal associations between changes in depressive symptoms and sedentary behaviors are largely unknown. Previous investigations have suggested that replacing sedentary time (total or prolonged) with higher intensity activity or sleep is associated with better mental health, including stress, depressive and anxiety symptoms (36, 37). Prospective cohort studies have also shown that sedentary activities, particularly mentally-passive sedentary activities, are associated with higher rates of major depression (38). Here, high sitting time during the period restrictions began to ease was associated with a blunted improvement in depressive symptoms, and the difference in depressive symptoms between low and high sitting at the beginning of June was larger than at the beginning of April. The magnitude of the difference between high (90th percentile) and low (10th percentile) sitting was small, yet indicative of potentially lasting effects of the pandemic that has seen large increases in depressive and anxiety symptoms (17, 18, 39). High levels of sitting may have limited the improvement in depressive symptoms that occurred across time, and continued high sitting time may be a key behavioral risk factor for lasting depressive symptoms. Data beyond 8 weeks is needed to confirm the present findings and determine the duration of relationships between high sitting and higher depressive symptoms. Future research should investigate if pandemic-associated increased sitting time attenuates over time, identify the longer-term mental and physical effects of pandemic-associated sitting time increases, examine whether the active or passive nature of sedentary time moderates these associations (38), and explore whether fractionating (i.e., breaking up) sitting time can improve depressive symptoms (40).

Consistent with previous evidence (17, 41–43), being female and/or younger were significantly and consistently associated with worse mental health outcomes across time, which did not completely return to comparator levels even after 8 weeks. Evidence from pandemic-related cross-sectional reports support associations between mental health and sex after COVID-19-related public health restrictions (22, 43–45) as well as poorer mental health in younger age groups (41–43). The lasting impact the pandemic may have on mental health in these populations is concerning. Though the present findings showed improved mental health over time in all groups (Figures 1, 2), understanding which factors contribute to initial impaired mental health among younger adults and/or females (e.g., changes to living situations or employment, limited social gatherings, larger access/time on media platforms) will be important for developing initiatives to curb acute and lasting mental health effects resulting from broad societal changes.

The present longitudinal findings suggest that screen time and MVPA may be less important than other health-behaviors for improved mental health during the easing of public health restrictions in the US. Yet, low screen time and high MVPA are associated with better mental health (7, 38), and these behaviors may have been helpful in blunting initial changes (10). Here, baseline mental health differences (depressive symptoms and PMH) were observed between those who engaged in large vs. small amounts of screen time. This is consistent with previous findings showing greater screen-time and social media exposure about COVID-19 were associated with higher anxiety and depressive symptoms (46, 47). Nonetheless, the magnitude of associations between screen-time and mental health diminished across time, which may reflect changes in the viewing of COVID-19-related information or a general beneficial effect of the passage of time on mental health. Strategies to limit pandemic-related media exposure could be useful for mental health overall, especially for young adults (or other vulnerable populations) who reported greater screen-time (47) and were most affected by the pandemic in the present study. While high MVPA (300+ min of MVPA/week) was associated with better mental health, there did not appear to be a large difference between high and no MVPA across time. The relatively low number of participants self-reporting being inactive (11.9% reported 0 baseline min, Table 1) may have limited statistical power to detect differences between MVPA groups. The overarching mental health response to the pandemic and easing of restrictions may have been greater than the beneficial effect of regular MVPA or low screen time.



LIMITATIONS

There are potential limitations, including the convenience sample and follow-up rate. Participants in this study were not representative of the US population, in that they were predominantly white, with relatively high income and educational attainment, all of which are expected to be associated with better mental health. Therefore, the present results likely underestimated dynamic associations between activity behaviors and mental health that may be of an even greater magnitude in a more-vulnerable sample. The ~74% completion rate and robust sample completing ≥2 surveys (n = 2,327) reduces but does not eliminate the limitations associated with convenience sampling and attrition. Further, self-reported exposures and outcomes without secondary verification is a limitation, somewhat allayed by longitudinal analyses. Due to the variability in local policies (e.g., school closures, mask wearing), the present measure of currently-followed public health guidelines is unlikely to have captured the extent of the impact of the pandemic potentially introducing uncontrolled variability and leading to an underestimation of the present associations. Finally, the study design precludes causal inference, and reverse causation of pandemic-induced depressive symptoms resulting in higher sitting should also be considered.



CONCLUSION

This longitudinal study of US adults showed generally improved mental health after initial implementation COVID-19 public health measures. However, high sitting time during this period was associated with a blunted recovery from elevated depressive symptoms and is of public health concern. With high rates of stress, anxiety, and depressive symptoms during this pandemic (15), modifiable factors associated with better mental health could be promising intervention targets. Strategies that target limiting overall sitting time may be important for preventing long-term mental health effects of lockdown periods or other periods of major workplace and societal shifts. Further, determining how long behavior changes in response to the pandemic last will be key to supporting long-term population physical and mental health.



DATA AVAILABILITY STATEMENT

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



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Iowa State University Institutional Review Board. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

JM, JL, and CB conceived of and participated in the design and coordination of the study, and prepared the data. JO'C, CM, and MH performed analyses. All authors were involved in the drafting of the manuscript, read and approved the final version and agree with the order of presentation of the authors.



FUNDING

JO'C was employed by TILDA which was funded by the Health Research Board Ireland, Atlantic Philanthropies, the Irish Department of Health, Irish Life and Science Foundation Ireland. CM was funded by the Irish Research Council under the Government of Ireland Postdoctoral Programme. No funding bodies had any role in the design of the study, collection, analysis or interpretation of the data, or in the writing of the manuscript.



ACKNOWLEDGMENTS

The authors would like to acknowledge the Iowa State University Foundation for assistance in recruitment and to acknowledge and thank the participants for sharing their time.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2021.741433/full#supplementary-material



REFERENCES

 1. Gostin LO, Wiley LF. Governmental public health powers during the COVID-19 pandemic: stay-at-home orders, business closures, and travel restrictions. JAMA. (2020) 323:2137–8. doi: 10.1001/jama.2020.5460

 2. Schuchat A, CDC COVID-19 Response Team. Public health response to the initiation and spread of pandemic COVID-19 in the United States, February 24-April 21, 2020. MMWR Morb Mortal Wkly Rep. (2020) 69:551–6. doi: 10.15585/mmwr.mm6918e2

 3. KFF.org. State Actions to Mitigate the Spread of COVID-19. State Actions to Mitigate the Spread of COVID-19. (2020). Available online at: https://www.kff.org/other/state-indicator/state-actions-to-mitigate-the-spread-of-covid-19/ (accessed Sep 23, 2020).

 4. Huang Y, Li L, Gan Y, Wang C, Jiang H, Cao S, et al. Sedentary behaviors and risk of depression: a meta-analysis of prospective studies. Transl Psychiatry. (2020) 10:26. doi: 10.1038/s41398-020-0715-z

 5. McDowell CP, Dishman RK, Gordon BR, Herring MP. Physical activity and anxiety: a systematic review and meta-analysis of prospective cohort studies. Am J Prev Med. (2019) 57:545–56. doi: 10.1016/j.amepre.2019.05.012

 6. Schuch FB, Vancampfort D, Firth J, Rosenbaum S, Ward PB, Silva ES, et al. Physical activity and incident depression: a meta-analysis of prospective cohort studies. Am J Psychiatry. (2018) 175:631–48. doi: 10.1176/appi.ajp.2018.17111194

 7. Firth J, Solmi M, Wootton RE, Vancampfort D, Schuch FB, Hoare E, et al. A meta-review of “lifestyle psychiatry”: the role of exercise, smoking, diet and sleep in the prevention and treatment of mental disorders. World Psychiatry. (2020) 19:360–80. doi: 10.1002/wps.20773

 8. Meyer J, Herring M, McDowell C, Lansing J, Brower C, Schuch F, et al. Joint prevalence of physical activity and sitting time during COVID-19 among US adults in april 2020. Prev Med Rep. (2020) 27:101256. doi: 10.1016/j.pmedr.2020.101256

 9. Stockwell S, Trott M, Tully M, Shin J, Barnett Y, Butler L, et al. Changes in physical activity and sedentary behaviours from before to during the COVID-19 pandemic lockdown: a systematic review. BMJ Open Sport Exerc Med. (2021) 7:e000960. doi: 10.1136/bmjsem-2020-000960

 10. Meyer J, McDowell C, Lansing J, Brower C, Smith L, Tully M, et al. Changes in physical activity and sedentary behavior in response to COVID-19 and their associations with mental health in 3052 US adults. Int J Environ Res Public Health. (2020) 17:6469. doi: 10.3390/ijerph17186469

 11. Smith L, Jacob L, Butler L, Schuch F, Barnett Y, Grabovac I, et al. Prevalence and correlates of physical activity in a sample of UK adults observing social distancing during the COVID-19 pandemic. BMJ Open Sport Exerc Med. (2020) 6:e000850. doi: 10.1136/bmjsem-2020-000850

 12. Schuch FB, Bulzing RA, Meyer J, Vancampfort D, Firth J, Stubbs B, et al. Associations of moderate to vigorous physical activity and sedentary behavior with depressive and anxiety symptoms in self-isolating people during the COVID-19 pandemic: a cross-sectional survey in Brazil. Psychiatry Res. (2020) 292:113339. doi: 10.1590/SciELOPreprints.526

 13. Wolf S, Seiffer B, Zeibig J-M, Welkerling J, Brokmeier L, Atrott B, et al. Is physical activity associated with less depression and anxiety during the COVID-19 pandemic? A rapid systematic review. Sports Med. (2021) 51:1771–83. doi: 10.21203/rs.3.rs-81150/v1

 14. Stewart-Brown SL, Platt S, Tennant A, Maheswaran H, Parkinson J, Weich S, et al. The Warwick-Edinburgh Mental Well-being Scale (WEMWBS): a valid and reliable tool for measuring mental well-being in diverse populations and projects. J Epidemiol Commun Health. (2011) 65:A38–9. doi: 10.1136/jech.2011.143586.86

 15. Rogers JP, Chesney E, Oliver D, Pollak TA, McGuire P, Fusar-Poli P, et al. Psychiatric and neuropsychiatric presentations associated with severe coronavirus infections: a systematic review and meta-analysis with comparison to the COVID-19 pandemic. Lancet Psychiatry. (2020) 7:611–27. doi: 10.1016/S2215-0366(20)30203-0

 16. Wang C, Pan R, Wan X, Tan Y, Xu L, Ho CS, et al. Immediate psychological responses and associated factors during the initial stage of the 2019. Coronavirus disease (COVID-19) epidemic among the general population in China. Int J Environ Res Public Health. (2020) 17:1729. doi: 10.3390/ijerph17051729

 17. Pierce M, Hope H, Ford T, Hatch S, Hotopf M, John A, et al. Mental health before and during the COVID-19 pandemic: a longitudinal probability sample survey of the UK population. Lancet Psychiatry. (2020) 7:883–92. doi: 10.1016/S2215-0366(20)30308-4

 18. Wu T, Jia X, Shi H, Niu J, Yin X, Xie J, et al. Prevalence of mental health problems during the COVID-19 pandemic: a systematic review and meta-analysis. J Affect Disord. (2021) 281:91–8. doi: 10.1016/j.jad.2020.11.117

 19. Zhang J, Lu H, Zeng H, Zhang S, Du Q, Jiang T, et al. The differential psychological distress of populations affected by the COVID-19 pandemic. Brain Behav Immun. (2020) 87:49–50. doi: 10.1016/j.bbi.2020.04.031

 20. Wang Y, Kala MP, Jafar TH. Factors associated with psychological distress during the coronavirus disease 2019 (COVID-19) pandemic on the predominantly general population: a systematic review and meta-analysis. PLoS ONE. (2020) 15:e0244630. doi: 10.1371/journal.pone.0244630

 21. Huckins JF, DaSilva AW, Wang W, Hedlund E, Rogers C, Nepal SK, et al. Mental health and behavior of college students during the early phases of the COVID-19 pandemic: longitudinal smartphone and ecological momentary assessment study. J Med Internet Res. (2020) 22:e20185. doi: 10.31234/osf.io/4enzm

 22. Zhang SX, Wang Y, Rauch A, Wei F. Unprecedented disruption of lives and work: health, distress and life satisfaction of working adults in China one month into the COVID-19 outbreak. Psychiatry Res. (2020) 288:112958. doi: 10.1016/j.psychres.2020.112958

 23. Sheikh MA, Vancampfort D, Stubbs B. Leisure time physical activity and future psychological distress: a thirteen year longitudinal population-based study. J Psychiatr Res. (2018) 101:50–6. doi: 10.1016/j.jpsychires.2018.02.025

 24. Straatmann VS, Oliveira AJ, Rostila M, Lopes CS. Changes in physical activity and screen time related to psychological well-being in early adolescence: findings from longitudinal study ELANA. BMC Public Health. (2016) 16:977. doi: 10.1186/s12889-016-3606-8

 25. U.S. Census Bureau. U.S. Census Bureau (2019). QuickFacts: United States. Available online at: https://www.census.gov/quickfacts/fact/table/US/PST045219 (accessed Oct 2, 2020).

 26. US Department of Health and Human Services. Physical Activity Guidelines for Americans, 2nd Edn. Washington, DC, US: US Department of Health and Human Services (2018).

 27. Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical anxiety: psychometric properties. J Consult Clin Psychol. (1988) 56:893–7. doi: 10.1037/0022-006X.56.6.893

 28. Dozois D, Dobson K, Ahnberg J. A psychometric evaluation of the Beck Depression Inventory–II. Psychol Assess. (1998) 10:83–9. doi: 10.1037/1040-3590.10.2.83

 29. Wang Y-P, Gorenstein C. Psychometric properties of the beck depression inventory-II: a comprehensive review. Braz J Psychiatry. (2013) 35:416–31. doi: 10.1590/1516-4446-2012-1048

 30. Haver A, Akerjordet K, Caputi P, Furunes T, Magee C. Measuring mental well-being: a validation of the Short Warwick-Edinburgh Mental Well-Being Scale in Norwegian and Swedish. Scand J Public Health. (2015) 43:721–7. doi: 10.1177/1403494815588862

 31. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using lme4. J Stat Softw. (2015) 67:1–48. doi: 10.18637/jss.v067.i01

 32. Lüdecke D. sjPlot: Data Visualization for Statistics in Social Science. (2017). Available online at: https://www.cran.r-project.org/package=sjPlot

 33. Barton K. MuMIn: Multi-Model Inference. (2016). Available online at: https://cran.r-project.org/package=MuMIn

 34. Hallas L, Hatibie A, Majumdar S, Pyarali M, Hale T. Variation in US States' Responses to COVID-19 2.0. Available online at: www.bsg.ox.ac.uk/covidtracker

 35. Teychenne M, Ball K, Salmon J. Sedentary behavior and depression among adults: a review. Int J Behav Med. (2010) 17:246–54. doi: 10.1007/s12529-010-9075-z

 36. Ellingson LD, Meyer JD, Shook RP, Dixon PM, Hand GA, Wirth MD, et al. Changes in sedentary time are associated with changes in mental well-being over 1 year in young adults. Prev Med Rep. (2018) 11:274–81. doi: 10.1016/j.pmedr.2018.07.013

 37. Meyer JD, Ellingson LD, Buman MP, Shook RP, Hand GA, Blair SN. Current and 1-year psychological and physical effects of replacing sedentary time with time in other behaviors. Am J Prev Med. (2020) 59:12–20. doi: 10.1016/j.amepre.2020.02.018

 38. Hallgren M, Nguyen TT, Owen N, Stubbs B, Vancampfort D, Lundin A, et al. Cross-sectional and prospective relationships of passive and mentally active sedentary behaviours and physical activity with depression. Br J Psychiatry. (2019) 217:413–9. doi: 10.1192/bjp.2019.60

 39. Panchal N, Kamal R. The Implications of COVID-19 for Mental Health and Substance Use. KFF (2021). Available online at: https://www.kff.org/coronavirus-covid-19/issue-brief/the-implications-of-covid-19-for-mental-health-and-substance-use/ (accessed Jul 14, 2021).

 40. Hallgren M, Nguyen TT, Owen N, Vancampfort D, Smith L, Dunstan DW, et al. Associations of interruptions to leisure-time sedentary behaviour with symptoms of depression and anxiety. Transl Psychiatry. (2020) 10:128. doi: 10.1038/s41398-020-0810-1

 41. Bruine de Bruin W. Age differences in COVID-19 risk perceptions and mental health: evidence from a national US survey conducted in March 2020. J Gerontol B Psychol Sci Soc Sci. (2020) 76:e24–9. doi: 10.1093/geronb/gbaa074

 42. Holingue C, Badillo-Goicoechea E, Riehm KE, Veldhuis CB, Thrul J, Johnson RM, et al. Mental distress during the COVID-19 pandemic among US adults without a pre-existing mental health condition: findings from American trend panel survey. Prev Med. (2020) 139:106231. doi: 10.1016/j.ypmed.2020.106231

 43. Breslau J, Finucane ML, Locker AR, Baird MD, Roth EA, Collins RL. A longitudinal study of psychological distress in the United States before and during the COVID-19 pandemic. Prev Med. (2021) 143:106362. doi: 10.1016/j.ypmed.2020.106362

 44. Qiu J, Shen B, Zhao M, Wang Z, Xie B, Xu Y. A nationwide survey of psychological distress among Chinese people in the COVID-19 epidemic: implications and policy recommendations. Gen Psychiatry. (2020) 33:e100213. doi: 10.1136/gpsych-2020-100213

 45. Jenkins EK, McAuliffe C, Hirani S, Richardson C, Thomson KC, McGuinness L, et al. A portrait of the early and differential mental health impacts of the COVID-19 pandemic in Canada: findings from the first wave of a nationally representative cross-sectional survey. Prev Med. (2021) 145:106333. doi: 10.1016/j.ypmed.2020.106333

 46. Gao J, Zheng P, Jia Y, Chen H, Mao Y, Chen S, et al. Mental health problems and social media exposure during COVID-19 outbreak. Hashimoto K, editor. PLoS ONE. (2020) 15:e0231924. doi: 10.1371/journal.pone.0231924

 47. Smith L, Jacob L, Trott M, Yakkundi A, Butler L, Barnett Y, et al. The association between screen time and mental health during COVID-19: a cross sectional study. Psychiatry Res. (2020) 292:113333. doi: 10.1016/j.psychres.2020.113333

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

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

Copyright © 2021 Meyer, O'Connor, McDowell, Lansing, Brower and Herring. 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/fpsyt-12-741433-t001.jpg
Age (years)
18-24
25-34
35-44
45-54
56-64
65-74
75+
Sex
Male
Fermale
Body mass index (kg/m?)
Education
High school graduate
Some college
College graduate
Graduate degree
Income
<$25,000
$25,000-834,999
$35,000-549,999
$50,000-874,999
>$75,000
Not sure
Decline
Smoker
Yes
No
Drinker
Yes
No
Screen time (min/day)
Sitting time (min/day)
MVPA (min/week)
0
1-149
150-299
300+
Beck depression inventory-II
Beck anxiety inventory
SWEMWBS-7
Quarantine
Yes
No
Stay at home
Yes
No
Social distancing
Yes
No

Analytical sample (n = 2,327)
No. (%) or mean  SD

304 (18.0%)
349 (15.0%)
312 (18.4%)
297 (12.8%)
392 (16.8%)
439 (18.8%)
234 (10.0%)

842 (36.2%)
1,485 (63.8%)
26963

32(1.4%)
236 (10.1%)
966 (41.5%)

1,003 (47.0%)

175 (7.5%)
82(3.5%)
130 (5.6%)

342 (14.7%)

1,439 (61.9%)
59 (2.5%)
98 (4.2%)

48(2.4%)
2,279 (97.9%)

1,623 (69.8%)
702 (30.2%)
441.9 2183
5112:£2025

258 (11.9%)
153 (7.0%)

245 (11.3%)

1,521 (69.9%)
9.1+83
70£7.7
245+ 46

221 (95%)
2,106 (90.5%)

1,198 (51.5%)
1,129 (48.5%)

1,790 (76.9%)
537 (28.1%)

ka/m?, kilograms/meter®; MVPA, moderate-to-vigorous physical activity; SD, standard
deviation; SWEMWBS-7, Short Warwick-Edinburgh Mental Well-being Scale-7.





OPS/images/fpsyt-12-741433-t002.jpg
BDI-II IRR (95% Cl) BAIIRR (95% Cl) SWEMWBS-7  (95% CI)

Fixed effects
Intercept 2.97 (2.57,3.43) 1.79 (150, 2.12) 27.21 (26.62, 27.80)
Time 0.92(0.89, 0.94) 0.91(0.88, 0.94) 0.25(0.15, 0.34)
Age (base = 75+y)
18-24y 3.50 (2.93, 4.17) 2.37 (1.92,2.92) —4.98 (~5.68, —4.28)
2534y 2.37 (2.00, 2.82) 1.71 (1.39, 2.10) —3.26 (~3.93, ~2.58)
35-44y 216 (1.81,2.57) 152 (124, 1.88) —2.89(-3.57, —2.21)
45-54y 1.75 (1.47, 2.09) 1.29 (1.04, 1.59) ~2.10 (-2.79, —1.41)
55-64y 122 (1.03, 1.44) 097 (0.79, 1.18) —0.86 (—1.50, —0.21)
65-74y 1.06(0.90, 1.25) 096(0.79, 1.17) ~0.17 (-0.79, 0.45)
Sex (Female) 1.38(1.26, 1.51) 2.10 (1.88, 2.33) —1.09 (—1.43, —0.74)
MVPA (base = 0 min/week)
1-149 (min/week) 1.01(0.95, 1.08) 099091, 1.07) 0.05 (~0.34,0.43)
150-299 (min/week) 097 (0.92,1.03) 1.00(0.93, 1.08) 0.14/(-0.20,0.48)
300+ (min/week) 0.94(0.90, 0.99) 0.95 (090, 1.01) 0.50 (0.22, 0.79)
Sitting time 1.01(0.99,1.03) 1.02(0.99, 1.08) —0.30 (~0.41, —0.18)
Screen time 1.05(1.03, 1.08) 1.03 (1.00, 1.06) —0.15 (=0.27, -0.03)
Quarantine 1.00(0.97,1.03) 0.99 (096, 1.03) 0.14(-001,0.28)
Shelter-in-place or stay at home order 1.00(0.98, 1.02) 1.03 (1.00, 1.05) ~0.12 (0.22, —0.02)
Social distancing 0.99(0.97,1.01) 0.96 (0.94, 0.99) ~0.06 (~0.17,0.06)
Time: Age 18-24y 0.98(0.95, 1.01) 0.93 (0.90, 0.97) 0.11(0.01,0.22)
Time: Age 25-34y 1.02(0.99, 1.05) 0.95 (0.91,0.98) —0.10 (=0.21, =0.00)
ime: Age 3544y 1.01(0.98, 1.04) 0.94 (0.91,0.98) ~0.04(~0.13, 0.06)
Time: Age 45-54y 1.00(0.97, 1.03) 0.97 (093, 1.00) -0.02 (-0.11,0.08)
Time: Age 55-64y 0.96 (0.94, 0.99) 0.94 (0.91,0.98) 0.00(~0.09, 0.09)
Time: Age 65-74y 0.97 (0.95, 1.00) 0.95 (0.92, 0.98) 0.00(~0.08,0.09)
Time: Fernale 1.02 (1.01,1.04) 1.01(0.99, 1.03) 0.08(~0.02,0.08)
Time: MVPA
1-149 (min/week) 1.01(0.99,1.03) 1.02 (1.0, 1.05) ~0.02(~0.11,0.07)
150-299 (min/week) 1.00(0.99, 1.02) 099097, 1.01) 0.01(-0.07,0.09)
300+ (min/week) 1.00(0.99, 1.01) 1.01(0.99, 1.02) —0.02 (~0.08, 0.05)
Time: Sitting time 1.01 (1.01,1.02) 1.00(0.99, 1.01) ~0.00(~0.03, 0.03)
Time: Soreen time 1.00(0.99, 1.00) 1.00(1.00, 1.01) —0.01(~0.04,0.02)
Random effects
ID-intercept SD 092 108 359
ID-Time SD 0.12 0.14 0.37
(o] 0.46 054 078
Pseudo R? (Fixed) 0.21 017 0.20
Pseudo R? (Total) 096 094 0.85

Bolded values indicate statistical significance of the individual term in the full model at p < 0.05.
BAI, Beck Anxiety Inventory, BDI-HI, Beck Depression Inventory ll; MVPA, moderate-to-vigorous physical activity; SWEMWBS-7, Short Warwick-Edinburgh Mental Well-being Scale-7;
y, years.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		High Sitting Time Is a Behavioral Risk Factor for Blunted Improvement in Depression Across 8 Weeks of the COVID-19 Pandemic in April–May 2020



		Introduction



		Materials and Methods



		Procedure



		Study Sample



		Measures



		Exposures



		Outcomes









		Analysis







		Results



		Associations Between Changes in Mental Health and Changes in Activity Behaviors



		Associations Between Changes in Mental Health and Age and Sex







		Discussion



		Limitations



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Psychiatry

High Sitting Time Is a Behavioral Risk
Factor for Blunted Improvement in
Depression Across 8 Weeks of the
COVID-19 Pandemic in April-May

2020





OPS/images/fpsyt-12-741433-g001.gif





OPS/images/fpsyt-12-741433-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychiatry





