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Background

Major depressive disorder and anxiety disorders are associated with less productivity, earlier retirement, and more sick-days at the workplace. These associations also exist for patients with metabolic syndrome. For both, exercise is a generally recommended part of multimodal treatments. However, for individuals with metabolic syndrome, in which depression and anxiety is more prevalent and severe, evidence for the efficacy of exercise interventions is limited.



Methods

Company employees with diagnosed metabolic syndrome (n=314, age: 48 ± 8 yrs) were randomized to a 6-month exercise intervention (150 min per week) or wait-list control. Participants received individual recommendations for exercise activities by personal meetings, telephone, or via a smartphone app. Physical activities were supervised and adapted using activity monitor data transferred to a central database. Work ability (work ability index), depression severity and anxiety severity [hospital anxiety and depression scale (HADS)], and health-related quality of live [short form 36 (SF-36)] were assessed.



Results

We included 314 subjects from which 287 finished the intervention. Total work ability, depression- and anxiety severity, and the mental component score of the SF-36 improved after 6 months exercise compared to controls. After baseline stratification for normal (HADS scores 0–7) and increased depression- and anxiety scores (HADS scores 8–21) individuals with increased severity scores had similar age, body composition, blood lipids, and cardiorespiratory fitness compared to those with normal scores, but lower total work ability and component sum scores of health-related quality of life. After 6 months total work ability increased in the exercise group compared to controls with the magnitude of the observed increase being significantly greater for subjects with increased depression- and anxiety severity at baseline compared to those with normal severity scores.



Conclusions

A 6-month exercise intervention for company employees with metabolic syndrome showed strongest effects on self-perceived work ability in individuals with mild to severe depression- and anxiety severity. This suggests exercise programs offered to workers with metabolic syndrome not only reduces individual disease risk but may also reduce healthcare and employers costs arising from metabolic syndrome and mental disease conditions.



Clinical Trial Registration

ClinicalTrials.gov, identifier NCT03293264.
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Introduction

According to the Global Burden of Disease Study, major depressive disorder and anxiety disorders belong to the most frequent and burdensome disorders worldwide leading to premature mortality (1, 2). A recent representative community survey in Germany revealed 12-month prevalence rates as high as 15.3% for anxiety disorders and 7.7% for major depressive disorder (3). Major depressive disorder represents a significant economic burden estimated at 210 billion dollar, with presenteeism and absenteeism accounting for almost half of these costs (4). Current guidelines recommend psychopharmacological drugs and/or psychotherapy for the first line treatment of major depressive disorder and anxiety disorders (5).

A non-pharmacological intervention to ameliorate the severity of depression and anxiety is structured and regular exercise (6). Benefits of physical activity for the treatment and prevention of mental health have been shown for certain (7–9) but not for all subjects or interventions (10–12). Of note, several studies point to an association between major depressive disorder and metabolic syndrome (13, 14). However, for individuals with metabolic syndrome, in which depression and anxiety is more prevalent and severe (15, 16), evidence for the efficacy of exercise interventions is scarce. Metabolic syndrome, a cluster of different cardio-metabolic abnormalities affects about one third of today’s population worldwide (17), with highest and still increasing numbers in the USA (18) and increased prevalence in older populations (19). Both, mental disorders and metabolic syndrome have socioeconomic relevance by affecting workers absenteeism and productivity (20), thereby increasing costs for employers and healthcare systems (13, 14, 21). Physical activity programs improve several cardio-metabolic outcomes in metabolic syndrome patients (22). For depressive patients we observed benefits for abdominal- and cardiac adipose tissues, skeletal muscle mass, aerobic capacity, and brain derived neurotrophic factor following structured exercise interventions (23–26). Recently, we also reported that self-perceived work ability and quality of life improved after a 6-month exercise-focused occupational health program in workers with metabolic syndrome which may be, at least partly, attributable to the effects of exercise on depression and anxiety severity (27). However, to date it is unclear to which extent individuals with higher anxiety and/or depressive symptom load take profit from exercise programs, particularly concerning indicators of work ability. Therefore, we re-analyzed questionnaires and cardio-metabolic data from the 6-month, telemonitoring-supported and exercise-focused lifestyle intervention in employees diagnosed with metabolic syndrome.



Materials and Methods


Study Design and Participants

The present study is a secondary analysis of a recently published trial reporting the primary outcome metabolic syndrome severity after exercise training (27). This was a prospective, randomized, and single-blind (assessor blind) trial conducted as a collaborative project between Volkswagen AG and Hannover Medical School (ClinicalTrials.gov Identifier: NCT03293264). The study was carried out in accordance with the Declaration of Helsinki and current guidelines of good clinical practice. The institutional review board of Hannover Medical School approved the study (No. 7531) and written informed consent was obtained prior to inclusion of study participants.

Recruitment of volunteers was conducted at the main Volkswagen factory in Wolfsburg (Lower Saxony, Germany) by local information events during working hours as well as distribution of advertisements via email and intranet to employees. According to pre-study defined inclusion and exclusion criteria, we included female and male subjects over the age of 18 who fulfilled at least three of the five metabolic syndrome components according to the American Heart Association (AHA)/The National Heart, Lung, and Blood Institute (NHLBI) criteria, (28) and who were not participating in an ongoing occupational health program. Exclusion criteria were acute or chronic infections, oncological diseases, joint replacements or any surgery within the last 6 weeks, pregnant or breastfeeding women, and any condition that precluded participation in an exercise intervention.

Volunteers were randomized 1:1 to 6-months exercise (EG) or a waiting-control group (CG) using a computer-based list of random numbers generated by an external collaborator. Variable block length was used, to avoid selection bias due to predictability. Study nurses and physicians screening volunteers and assessing the primary outcome at baseline and after 6 months were blinded for the randomization sequence.



Anthropometric and Cardio-Metabolic Assessments

After a general medical examination by a physician (including ECG, case history, and physical examination), body weight, waist circumference, and height were measured in a standardized fashion. Fat-free and fat mass as markers of body composition were estimated by segmental, multi-frequency bio-impedance analysis (InBody720, Biospace, Seoul, Korea). After an overnight fast, venous blood samples were obtained to determine blood lipids, fasting glucose, and a safety blood profile using standard methods in a certified clinical chemistry laboratory. Office blood pressure was measured after 5 min rest with an appropriate-sized automatic blood pressure cuff (Critikon, Dynamap, Tampa, USA) as a mean of two consecutive records. To test exercise capacity (measured as peak power output in watt), participants performed an incremental exercise test on a bicycle ergometer (Schiller 911 BPplus, Feldkirchen, Germany). The test started with a work load of 50 watts (W) for males and 20 W for females and was increased in 10 W steps each minute until the subjects could not maintain the requested 60 rpm pedal frequency (voluntary exhaustion) or the test was prematurely stopped by the physician due to predefined stopping criteria (29). All assessments were repeated after the 6-month exercise intervention and control period, respectively.



Questionnaires

We distributed questionnaires for the estimation of anxiety severity and depression severity (HADS) (30), health-related quality of life [short form 36 (SF-36)] (31), as well as for daily physical activity (Freiburger Physical Activity questionnaire) and work ability [work ability index (WAI)] (32). The HADS consists of fourteen items pertaining to the two subscales for anxiety and depression. Scores for the anxiety and depression subscale range from 0 to 21, with higher score indicating more severe anxiety or depression. Values can be interpreted as normal from 0–7 points, mild (8–10 points), moderate (11–14 points), and severe (15–21 points). The SF-36 questionnaire measures health-related quality of life with eight subscales resulting in two sum scales, the mental- and physical component score. For both scales, a score of 0 points represents a minimum and a score of 100 points a maximum quality of life. The Freiburger activity questionnaire determines the total and exercise-related physical activity of adults, both of which are specified as metabolic equivalents of task (MET)-hours per week. The Work Ability Index (WAI) questionnaire contains seven questions concerning work, work ability, and health, resulting in a total score ranging from seven to 49, with higher values representing greater work ability.



Study Intervention

The study intervention was described in detail elsewhere (27). In brief, participants performing the 6-month exercise intervention received a personal counselling with recommendations aiming to perform 150 min of moderate-intense physical activity per week. For typical physical activities, an individual heart rate with a target range between 65 to 75% relative to measured maximum heart rate was advised, based on data from initial exercise tests, activity questionnaires, and medical history. The exercise scientist provided information on potential exercise training facilities in the vicinity of the participant’s home and at the workplace (e.g. gyms, sport classes, rehabilitation courses) and gave tips to attain a high level of physical activity in daily routine.

The exercise group was equipped with an activity monitor (Forerunner 35, Garmin, Garching, Germany) and asked to wear the monitor throughout the intervention period. Wearing time, steps and preset or self-defined activities (e.g. cycling, cardio-training, walking outdoors and walking indoors) were recorded. Activity data were saved and directly forwarded via an interface (API) from the Garmin server to a server at Hannover Medical School with the aim of a regular feedback and activity adaptation from the supervisor. Participants were free to contact their supervisor per telephone or e-mail at any time in case of questions.

All participants of the exercise group received nutritional counseling, which provided background information on healthy food choices based on general recommendations issued by the German Society for Nutrition (https://www.dge.de/ernaehrungspraxis/vollwertige-ernaehrung/10-regeln-der-dge/10-guidelines-of-the-german-nutrition-society).



Statistical Analysis

The primary outcome of our study was the change in the metabolic syndrome severity following a 6-month exercise intervention compared to controls. Based on an earlier study using a similar intervention (33) a sample size of 264 participants was calculated to achieve a significant between-group difference for the primary outcome with 90% power and significance level of 0.05 (MedCalc Statistical Software version 17.6, Ostend, Belgium). With an anticipated dropout rate of 18% we calculated a final sample size of 312 subjects for inclusion in the study. For the analysis of the primary and all secondary outcomes, an analysis of covariance model (ANCOVA) was used with the change in the parameter of interest (6 months-baseline) as the response variable. Explanatory variables were gender, the respective parameter at baseline, and the study group (exercise- vs. control). Normality distribution was tested using the Kolmogorov-Smirnov-Test. For all outcomes the analysis was carried out according to the intention-to-treat (ITT) principle, including all randomized subjects. Missing values were replaced by the baseline observation carried-forward method. For descriptive analysis absolute frequencies were calculated for categorical variables and mean and standard deviation (SD) for continuous variables. To test for within-group differences from baseline to end of intervention, a two-sided Students T-Test for paired samples was used. Univariate associations between parameters were tested using Pearson’s correlation coefficient.

For the current secondary analysis, participants were stratified according to subgroups of normal versus mild to severe depression- or anxiety severity. Stratification was based on results from the baseline HADS questionnaire with scores from 0–7 points set as normal and scores from 8–21 as mild to severe. To analyze whether exercise versus control group changes over time were different for depression and anxiety subgroups, we used the interaction term: time (baseline-6 months) × study group (exercise or control) × subgroup (normal scores or mild to moderate scores) as calculated with the ANCOVA model. The type-I-error was set to 5% (two-sided). All statistical analyses were performed with IBM SPSS 25 Statistics (IBM Corporation, NY, US).




Results

Of 314 randomized subjects, 274 (87%) completed the intervention, with 28 subjects in the exercise group and 12 in the control dropped out during the 6-month period. We documented no serious adverse event during the intervention in both groups. Subjects in the exercise and control group did not differ for gender distribution, age, body composition, daily physical activity, exercise capacity, and mental health at baseline (Table 1).


Table 1 | Subject characteristics at baseline.




Adherence to Physical Activity, Exercise Training Characteristics, and Exercise Capacity

Questionnaire-estimated exercise activities increased more for subjects in the exercise group during the 6-month intervention (EG pre: 6.5 ± 13.7; post 15.9 ± 20.1 MET-hours/wk; CG pre: 6.4 ± 9.0, post: 10.5 ± 15.6 MET-hours/wk) (p < 0.01 compared to baseline for both groups, p < 0.01 between groups over time). As assessed by the activity monitor worn by the EG subjects, adherence to the scheduled target of 150 min of physical activities per week was 147 ± 46 min/wk. Average steps during the intervention was 9612 ± 2498 steps/day. The maximum power output during incremental exercise testing increased for the exercise- (pre: 1.66 ± 0.38, post: 1.89 ± 0.46 W/kg BW, p < 0.01) and the control group (pre: 1.69 ± 0.40, post: 1.77 ± 0.44 W/kg BW, p < 0.01) with a significant difference between groups of 0.16 W/kg BW [CI95%: 0.10; 0.21] (p < 0.01).



Health-Related Quality of Life and Mental Health

Seven from eight subscales of health-related quality of life (SF-36 questionnaire) increased in the EG and four subscales in the CG from baseline to 6 months (see Figure 1A), with significant differences between study groups over time for the subscales 1 (physical functioning), 4 (general health perceptions), 5 (vitality), and 8 (mental health), favoring exercise training. The physical- and mental component sum scores of the SF-36 increased after exercise training, with a significantly greater increase compared to CG for the mental component score (see Figure 1B).




Figure 1 | Health-related quality of life as assessed with the SF-36 questionnaire before and after the 6-month intervention. (A): Physical and psychosocial subscales: PF, physical functioning; RP, role physical; BP, bodily pain; GHP, general health perception; VITA, vitality; SF, social functioning; RE, role emotional; MH, mental health. (B): Changes of the physical and mental component sum scores with the 6-month intervention. Data are mean ± SEM, * or ** = significant with p < 0.05 or p < 0.01 respectively from pre to post assessments as analyzed with T-tests for paired samples.



Depression severity based on the HADS questionnaire decreased for the EG (–2.0 ± 2.4 points) and the CG (–0.6 ± 2.2 points) (both p<0.01), with a greater decrease over time for subjects in the EG (mean difference –1.4 points [CI95% –1.9; –0.9]; p < 0.01). Anxiety severity decreased for the EG (–1.5 ± 2.4 points) and the CG (–0.7 ± 2.0 points) (both p < 0.01), with a greater decrease over time for subjects in the EG (mean difference –0.9 points [CI95% –1.5; –0.3]; p < 0.01).



Subgroups of Normal Versus Increased Depression and Anxiety Severity

When stratified for the presence of mild to severe (HADS: 8–21 points) and normal scores (HADS: 0–7 points) of depression and anxiety, the majority of our subjects presented with mental conditions within the normal range of depression and anxiety severity scores (78 and 73%, respectively), and the remaining subjects with mild or moderate severity scores (8–14 points, 22 and 27% for depression and anxiety scores respectively).

Before starting the intervention, similar values between subgroups were observed for age, body composition, blood lipids, glucose homeostasis, daily physical activity, and cardiorespiratory fitness (Tables 2 and 3). In contrast, the total work ability score (Figure 2) and sub-items from the work ability index questionnaire (Tables 2 and 3), were always lower in the subgroups with increased depression and anxiety severity at baseline (except for item 5 of anxiety, see Table 3). For the sub-scales and component sum scores (physical and mental component score) of the SF-36 questionnaire we observed the same pattern at baseline, with lower health-related quality of life for those individuals with increased depression and anxiety severity (Tables 2 and 3).


Table 2 | Measurements before and after the intervention for subjects with normal versus mild to moderate depression scores.





Table 3 | Measurements before and after the intervention for subjects with normal versus mild to moderate anxiety scores.







Figure 2 | Work ability (total score) as assessed with the work ability questionnaire before and after 6-month exercise training or control. Subjects are stratified according to baseline depression and anxiety severity derived from the HADS questionnaire in subgroups of normal scores (0–7 points, triangles) or mild to moderate scores (8–14 points, circles). Data are mean ± SEM. The framed p-values are given for between-group differences (exercise- versus control group) over time as analyzed with an ANCOVA model. The p-value behind the bracket is given for the interaction of time (baseline-6 months) × study group (exercise or control) × subgroup (normal scores or mild to moderate scores) as analyzed with an ANCOVA model, indicating the 6-month exercise versus control group change in the mild to moderate HADS subgroup is greater than the change in the normal HADS subgroup.



After the 6-month intervention, body mass index decreased and exercise capacity increased, irrespective of normal or increased baseline depression and anxiety severity (Tables 2 and 3). The total work ability score increased in the EG compared to the CG over time, in both the normal and mild to moderate baseline depression and anxiety subgroups (Figure 2, framed p-values). However, this increase in total work ability was significantly greater after exercise training for subjects with increased depression or anxiety scores at baseline compared to those with normal depression or anxiety severity (Figure 2, unframed p-value). For the physical component sum score of the SF-36 we observed no improvement of exercise training in neither depression nor anxiety subgroup (Tables 2 and 3). In contrast, the mental component sum score improved for subgroups with increased depression and anxiety severity and for the subgroup with normal depression severity at baseline (Tables 2 and 3).




Discussion

We observed that individuals with increased depression or anxiety severity had a lower self-perceived work ability and health-related quality of life, despite comparable age, body mass index, and other traditional cardio-metabolic risk factors. Six-month telemonitoring-supported and individually guided exercise training improved work ability and health-related quality of life in employees with metabolic syndrome, and this effect was strongest for individuals with higher baseline depression severity or anxiety severity scores.

It is well known that patients with major depressive disorders have a more sedentary lifestyle and engage less in physical activity and healthy lifestyle (34–36). This effect is also observed in anxiety, although to a lesser extent (37). Exercise interventions have been effective in reducing symptoms of anxiety and depression, and in preventing anxiety disorder and major depressive disorders (35, 38, 39). A recent meta-analysis from the European Psychiatric Association regarding exercise in severe mental illness came to the conclusions that exercise as a treatment should be integral part of multimodal treatment for these disorders (40). However, studies concerning the effects of exercise interventions on work ability in psychologically burdened, non-clinical samples are scarce. Depression and anxiety are associated with more sick-days at the workplace, earlier retirement, and less productivity compared to individuals without diagnosed depression and anxiety (41–44). Some studies have been published highlighting psychotherapeutic approaches to improve return-to-work in patients with depression and anxiety, either using face-to-face psychotherapy or internet based devices (45, 46). In our study, a preventive exercise approach was used in non-clinical, but psychologically burdened subjects who were diagnosed with metabolic syndrome. In these individuals who are prone to develop apparent cardiovascular and metabolic diseases, evidence is limited concerning the effects of exercise interventions.

Before starting the intervention, we observed no distinct differences in known cardiovascular and metabolic risk factors like age, body composition, blood lipids, fasting glucose, or exercise capacity between subgroups of normal versus mild to moderate depression or anxiety severity. Notwithstanding these similarities, subjects with increased depression and anxiety manifestation at baseline demonstrated lower work ability and health-related quality of life, highlighting the independent contribution of depression and anxiety on productivity-related outcomes in company workers with metabolic syndrome. These results also reveal that evaluating classical disease risk factors does not uncover limitations in an employee’s ability to work. Measuring and relying on cardiovascular and metabolic parameters may therefore underestimate the impact of mental health on productivity at the workplace and associated costs for the employer and the healthcare system.

After the 6-month guided and telemonitoring-supported physical activity promotion, participants improved several anthropometric and cardio-metabolic outcomes, including body weight, blood pressure, fasting glucose, and blood lipids (27). As observed by the current analysis, the total work ability index increased for employees with both normal and increased depression and anxiety severity after exercise training. Noteworthy, the improvement in subgroups with mild to moderate severity scores was greater compared to that observed in subgroups with normal severity scores. This suggests that employees with metabolic syndrome and elevated depression and anxiety scores could most benefit from such interventions, and may be of particular interest for programs aiming at indicated prevention. Since these individuals (presenting both metabolic syndrome and mental disease severity) are at enlarged risk for disease progression, but also productivity-related limitations at the workplace, our study suggests to establish structured and guided lifestyle interventions especially for these employees.

Our study has strengths and limitations. Strengths include the randomized-controlled design with a large number of participants. The use of the HADS questionnaire is a limitation as it presents a rather rough estimation of anxiety and depression symptoms. Our observed results should be tested in further studies using a structured interview to confirm the diagnosis of major depressive disorders or anxiety disorders. Furthermore, we cannot discriminate whether the improvements in quality of life are due to the exercise intervention itself or secondary to the increased social support of participants. We observed weak correlations between changes in exercise capacity and changes in health-related quality of life subscales, but because we did not assess social support, we could not test the influence of this factor.

In conclusion, the present analysis of a randomized-controlled physical activity program for company employees with diagnosed metabolic syndrome reports strongest effects on work ability and overall quality of life for individuals with mild to moderate depression- and anxiety disorders. Of importance, the observed effects were most pronounced for participants with higher depression severity or anxiety severity scores at baseline. Our findings also indicate that a telemonitoring-supported physical activity intervention is feasible to guide and supervise lifestyle changes for a large number of individuals, irrespective of their residence or workplace Our results implicate to offer similar interventions to a broader workplace population, not only to reduce individual disease risk but also to possibly ease the burden in healthcare and employers costs arising from metabolic syndrome and mental disease conditions.



Data Availability Statement

The datasets generated for this study are available on request to the corresponding author.



Ethics Statement

The studies involving human participants were reviewed and approved by Ethics Committee of Hannover Medical School. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

SH, DB, CT, MS, DH-K, AH, and UT planned and designed the study. RE, LN, and DL recruited participants. AK, GP, PB, HS, SR, TS, JE, AAH, KK-V, and RE collected the data. AK, GP, PB, HS, SR, TS, JE, CT, AAH, KK-V, and MK processed the exercise test, anthropometric, body composition, metabolic data, and supervised the intervention. MK processed the dietary intake data. SH and DB calculated the sample size and were responsible for the statistical analyses. SH and KK wrote the first draft of the manuscript. LN, DH-K, AH, MS, and UT contributed to the discussion and reviewed/edited the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was supported and funded by grants from Audi BKK health insurance and the German Research Foundation through the Cluster of Excellence “REBIRTH”. The funder Audi BKK health insurance was not involved in the study design, collection, analysis, interpretation of data, the writing of this article or the decision to submit it for publication.



Acknowledgments

We thank Ina Wichmann-Behrendt for help with participant recruitment and Joachim Adam from Five Topics AG for expert technical help in building the Smartphone application, and Nina McGuinness for proof-reading the manuscript. We acknowledge the support of the volunteers. We thank Mark Dittmann, Cora Schulze, Nele Ruben, Lale Sander and Marion Pauly for their extensive help with data documentation and storage. We thank the nurses and technicians at Volkswagen occupational healthcare centers for collecting the anthropometric, body composition, and metabolic data, and collecting and analyzing blood samples.



References

1. Whiteford HA, Degenhardt L, Rehm J, Baxter AJ, Ferrari AJ, Erskine HE, et al. Global burden of disease attributable to mental and substance use disorders: findings from the Global Burden of Disease Study 2010. Lancet (2013) 382:1575–86. doi: 10.1016/S0140-6736(13)61611-6

2. Disease GBD, Injury I, Prevalence C. Global, regional, and national incidence, prevalence, and years lived with disability for 328 diseases and injuries for 195 countries, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet (2017) 390:1211–59. doi: 10.1016/S0140-6736(17)32154-2 

3. Jacobi F, Hofler M, Siegert J, Mack S, Gerschler A, Scholl L, et al. Twelve-month prevalence, comorbidity and correlates of mental disorders in Germany: the Mental Health Module of the German Health Interview and Examination Survey for Adults (DEGS1-MH). Int J Methods Psychiatr Res (2014) 23:304–19. doi: 10.1002/mpr.1439

4. Greenberg PE, Fournier AA, Sisitsky T, Pike CT, Kessler RC. The economic burden of adults with major depressive disorder in the United States (2005 and 2010). J Clin Psychiatry (2015) 76:155–62. doi: 10.4088/JCP.14m09298

5. Harter M, Klesse C, Bermejo I, Schneider F, Berger M. Unipolar depression: diagnostic and therapeutic recommendations from the current S3/National Clinical Practice Guideline. Dtsch Arztebl Int (2010) 107:700–8. doi: 10.3238/arztebl.2010.0700

6. Gartlehner G, Gaynes BN, Amick HR, Asher GN, Morgan LC, Coker-Schwimmer E, et al. Comparative Benefits and Harms of Antidepressant, Psychological, Complementary, and Exercise Treatments for Major Depression: An Evidence Report for a Clinical Practice Guideline From the American College of Physicians. Ann Internal Med (2016) 164:331–41. doi: 10.7326/M15-1813

7. Blumenthal JA, Babyak MA, O’Connor C, Keteyian S, Landzberg J, Howlett J, et al. Effects of exercise training on depressive symptoms in patients with chronic heart failure: the HF-ACTION randomized trial. Jama (2012) 308:465–74. doi: 10.1001/jama.2012.8720

8. Dillon CB, McMahon E, O’Regan G, Perry IJ. Associations between physical behaviour patterns and levels of depressive symptoms, anxiety and well-being in middle-aged adults: a cross-sectional study using isotemporal substitution models. BMJ Open (2018) 8:e018978. doi: 10.1136/bmjopen-2017-018978

9. Blumenthal JA, Babyak MA, Moore KA, Craighead WE, Herman S, Khatri P, et al. Effects of exercise training on older patients with major depression. Arch Internal Med (1999) 159:2349–56. doi: 10.1001/archinte.159.19.2349

10. Underwood M, Lamb SE, Eldridge S, Sheehan B, Slowther AM, Spencer A, et al. Exercise for depression in elderly residents of care homes: a cluster-randomised controlled trial. Lancet (2013) 382:41–9. doi: 10.1016/S0140-6736(13)60649-2

11. Chekroud SR, Gueorguieva R, Zheutlin AB, Paulus M, Krumholz HM, Krystal JH, et al. Association between physical exercise and mental health in 1.2 million individuals in the USA between 2011 and 2015: a cross-sectional study. Lancet Psychiatry (2018) 5:739–46. doi: 10.1016/S2215-0366(18)30227-X

12. Toseeb U, Brage S, Corder K, Dunn VJ, Jones PB, Owens M, et al. Exercise and depressive symptoms in adolescents: a longitudinal cohort study. JAMA Pediatr (2014) 168:1093–100. doi: 10.1001/jamapediatrics.2014.1794

13. Vancampfort D, Stubbs B, Mitchell AJ, De Hert M, Wampers M, Ward PB, et al. Risk of metabolic syndrome and its components in people with schizophrenia and related psychotic disorders, bipolar disorder and major depressive disorder: a systematic review and meta-analysis. World Psychiatry (2015) 14:339–47. doi: 10.1002/wps.20252

14. Kahl KG, Greggersen W, Schweiger U, Cordes J, Balijepalli C, Losch C, et al. Prevalence of the metabolic syndrome in unipolar major depression. Eur Arch Psychiatry Clin Neurosci (2012) 262:313–20. doi: 10.1007/s00406-011-0277-4

15. Repousi N, Masana MF, Sanchez-Niubo A, Haro JM, Tyrovolas S. Depression and metabolic syndrome in the older population: A review of evidence. J Affect Disord (2018) 237:56–64. doi: 10.1016/j.jad.2018.04.102

16. Skilton MR, Moulin P, Terra JL, Bonnet F. Associations between anxiety, depression, and the metabolic syndrome. Biol Psychiatry (2007) 62:1251–7. doi: 10.1016/j.biopsych.2007.01.012

17. O’Neill S, O’Driscoll L. Metabolic syndrome: a closer look at the growing epidemic and its associated pathologies. Obesity Rev (2015) 16:1–12. doi: 10.1111/obr.12229

18. Mozumdar A, Liguori G. Persistent increase of prevalence of metabolic syndrome among U.S. adults: NHANES III to NHANES 1999-2006. Diabetes Care (2011) 34:216–9. doi: 10.2337/dc10-0879

19. Nolan PB, Carrick-Ranson G, Stinear JW, Reading SA, Dalleck LC. Prevalence of metabolic syndrome and metabolic syndrome components in young adults: A pooled analysis. Preventive Med Rep (2017) 7:211–5. doi: 10.1016/j.pmedr.2017.07.004

20. Burton WN, Chen CY, Schultz AB, Edington DW. The prevalence of metabolic syndrome in an employed population and the impact on health and productivity. J Occup Environ Med (2008) 50:1139–48. doi: 10.1097/JOM.0b013e318188b8eb

21. Schultz AB, Edington DW. Metabolic syndrome in a workplace: prevalence, co-morbidities, and economic impact. Metab Syndrome Relat Disord (2009) 7:459–68. doi: 10.1089/met.2009.0008

22. Ostman C, Smart NA, Morcos D, Duller A, Ridley W, Jewiss D. The effect of exercise training on clinical outcomes in patients with the metabolic syndrome: a systematic review and meta-analysis. Cardiovasc Diabetol (2017) 16:110. doi: 10.1186/s12933-017-0590-y

23. Kahl KG, Kerling A, Tegtbur U, Gutzlaff E, Herrmann J, Borchert L, et al. Effects of additional exercise training on epicardial, intra-abdominal and subcutaneous adipose tissue in major depressive disorder: A randomized pilot study. J Affect Disord (2016) 192:91–7. doi: 10.1016/j.jad.2015.12.015

24. Kerling A, Hartung D, Stubbs B, Kuck M, Tegtbur U, Grams L, et al. Impact of aerobic exercise on muscle mass in patients with major depressive disorder: a randomized controlled trial. Neuropsychiatr Dis Treat (2018) 14:1969–74. doi: 10.2147/NDT.S167786

25. Kerling A, Kuck M, Tegtbur U, Grams L, Weber-Spickschen S, Hanke A, et al. Exercise increases serum brain-derived neurotrophic factor in patients with major depressive disorder. J Affect Disord (2017) 215:152–5. doi: 10.1016/j.jad.2017.03.034

26. Kerling A, von Bohlen A, Kuck M, Tegtbur U, Grams L, Haufe S, et al. Exercise therapy improves aerobic capacity of inpatients with major depressive disorder. Brain Behav (2016) 6:e00469. doi: 10.1002/brb3.469

27. Haufe S, Kerling A, Protte G, Bayerle P, Stenner HT, Rolff S, et al. Telemonitoring-supported exercise training, metabolic syndrome severity, and work ability in company employees: a randomised controlled trial. Lancet Public Health (2019) 4:e243–352. doi: 10.1016/S2468-2667(19)30075-1

28. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. Diagnosis and management of the metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood Institute Scientific Statement. Circulation (2005) 112:2735–52. doi: 10.1161/CIRCULATIONAHA.105.169404

29. Trappe HJ, Lollgen H. [Guidelines for ergometry. German Society of Cardiology–Heart and Cardiovascular Research]. Z fur Kardiologie. (2000) 89:821–31. doi: 10.1007/s003920070190

30. Snaith RP. The Hospital Anxiety And Depression Scale. Health Qual Life outcomes. (2003) 1:29. doi: 10.1186/1477-7525-1-29

31. Bullinger M. [Assessment of health related quality of life with the SF-36 Health Survey]. Rehabil (Stuttg) (1996) 35:XVII–XXVII.


32. van den Berg TI, Elders LA, de Zwart BC, Burdorf A. The effects of work-related and individual factors on the Work Ability Index: a systematic review. Occup Environ Med (2009) 66:211–20. doi: 10.1136/oem.2008.039883

33. Jeejeebhoy K, Dhaliwal R, Heyland DK, Leung R, Day AG, Brauer P, et al. Family physician-led, team-based, lifestyle intervention in patients with metabolic syndrome: results of a multicentre feasibility project. CMAJ Open (2017) 5:E229–e236. doi: 10.9778/cmajo.20160101

34. Stubbs B, Vancampfort D, Firth J, Schuch FB, Hallgren M, Smith L, et al. Relationship between sedentary behavior and depression: A mediation analysis of influential factors across the lifespan among 42,469 people in low- and middle-income countries. J Affect Disord (2018) 229:231–8. doi: 10.1016/j.jad.2017.12.104

35. 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

36. Vancampfort D, Stubbs B, Firth J, Hallgren M, Schuch F, Lahti J, et al. Physical activity correlates among 24,230 people with depression across 46 low- and middle-income countries. J Affect Disord (2017) 221:81–8. doi: 10.1016/j.jad.2017.06.012

37. Stanczykiewicz B, Banik A, Knoll N, Keller J, Hohl DH, Rosinczuk J, et al. Sedentary behaviors and anxiety among children, adolescents and adults: a systematic review and meta-analysis. BMC Public Health (2019) 19:459. doi: 10.1186/s12889-019-6715-3

38. Schuch FB, Stubbs B, Meyer J, Heissel A, Zech P, Vancampfort D, et al. Physical activity protects from incident anxiety: A meta-analysis of prospective cohort studies. Depression Anxiety (2019) 36:846–58. doi: 10.1002/da.22915

39. Rebar AL, Stanton R, Geard D, Short C, Duncan MJ, Vandelanotte C. A meta-meta-analysis of the effect of physical activity on depression and anxiety in non-clinical adult populations. Health Psychol Rev (2015) 9:366–78. doi: 10.1080/17437199.2015.1022901

40. Stubbs B, Vancampfort D, Hallgren M, Firth J, Veronese N, Solmi M, et al. 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 (2018) 54:124–44. doi: 10.1016/j.eurpsy.2018.07.004

41. Elinson L, Houck P, Marcus SC, Pincus HA. Depression and the ability to work. Psychiatr Serv (2004) 55:29–34. doi: 10.1176/appi.ps.55.1.29

42. Lee SA, Ju YJ, Han KT, Choi JW, Yoon HJ, Park EC. The association between loss of work ability and depression: a focus on employment status. Int Arch Occup Environ Health (2017) 90:109–16. doi: 10.1007/s00420-016-1178-7

43. Pranjic N, Males-Bilic L. Work ability index, absenteeism and depression among patients with burnout syndrome. Mater Socio-med (2014) 26:249–52. doi: 10.5455/msm.2014.249-252

44. Winter L, Kraft J, Boss K, Kahl KG. [Return to Work: A Workplace Focused Module to be Integrated in Cognitive Behavioral Therapy]. Psychother Psychosom Medi Psychol (2015) 65:321–6. doi: 10.1055/s-0035-1545312

45. Lagerveld SE, Blonk RW, Brenninkmeijer V, Wijngaards-de Meij L, Schaufeli WB. Work-focused treatment of common mental disorders and return to work: a comparative outcome study. J Occup Health Psychol (2012) 17:220–34. doi: 10.1037/a0027049

46. Hange D, Ariai N, Kivi M, Eriksson MC, Nejati S, Petersson EL. The impact of internet-based cognitive behavior therapy on work ability in patients with depression - a randomized controlled study. Int J Gen Med (2017) 10:151–9. doi: 10.2147/IJGM.S129710



Conflict of Interest: RN and LN were employed by company Volkswagen AG, and DL was employed by Audi BKK health insurance.

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.

Copyright © 2020 Haufe, Kahl, Kerling, Protte, Bayerle, Stenner, Rolff, Sundermeier, Eigendorf, Kück, Hanke, Keller-Varady, Ensslen, Nachbar, Lauenstein, Böthig, Terkamp, Stiesch, Hilfiker-Kleiner, Haverich and Tegtbur. 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.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Employers With Metabolic Syndrome and Increased Depression/Anxiety Severity Profit Most From Structured Exercise Intervention for Work Ability and Quality of Life.

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Clinical Trial Registration

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Design and Participants

          



          		

            Anthropometric and Cardio-Metabolic Assessments

          



          		

            Questionnaires

          



          		

            Study Intervention

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Adherence to Physical Activity, Exercise Training Characteristics, and Exercise Capacity

          



          		

            Health-Related Quality of Life and Mental Health

          



          		

            Subgroups of Normal Versus Increased Depression and Anxiety Severity

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpsyt-11-00562-g001.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
oo st
o
ooy

v 2629600)
o o wores
ocorweita 1087+

ey s by 562155
2

ey ) s a8
cubea s b0 7144120
e 61211

ity s6.08
Tiyomes ety 23120
A T
) p)
Gursnocny 075121
NET k)

s ooy 1104+
vy a7
oSis 0805083
ey )

ok bty o)
Curec Yk Aoty 7625159
T T
Ao To D

o oot 3415192
Wk irpss O 5411077

Sk gy e Yoy 5822100
O Pogoss Ol 661 1107

s Rearcos 3001085
et cusy o o s
e Py | 8431150
e 8191267
oy Pon a2
Govin 74163
poasiors

vy P—

Subjocts without depression

ErcnExvrcnn

wioine
00w

9583

e ares

@oass

aiaes

Priv

raia

87110

2111

Pra)

sz t0zsmz

Tas1%1 187:200°

os08 0ms0ar

7665148 0291127

a2z 03tsrin

9ma208 urssae

amarer ozmatee

s omaire

205000 0ms06

a0 3.1

suriza ez

65163 9.0

i s 100 teEe

Conros Convos  botweon W s
ot bassine chamgolrom Groupsowe  ronp

ey
3w

wr3sen

el -10saz
PYRVEN
Msses  02:00
2,193 06147
G010 00108
55.08 01104
21113 00108
2n3si0 10:210
67:03  sasr
osm0 19:210%
oms0m  -o0ss0m
505150 omari
B8 oi2iion
178 1zsa00"
ama00 005100
Serite omsim
05100 omsore
s6a23 1485
soixe  20.m3
21168 20i13
rrarer ara o

e

<0
o
o0
ow
<0
ow
o0s
an

o0
on

o

ox
o

oor

oo

pr

.

[oney

s
@0vas
PYa

YR
e
e
9114
23116
2621
w7

03

ez
P

27200

nasm2
Garua

P

Subjocts with mid to modrats depression

urcas Exerc

ey
B

09501

PR

)

592124

3511

38110

22110

21502370

ws9sme 9s29

Bes1s0 0721129

iz axis

2are1es omian

amaree 010s120

it ofesie

2meass oms00

Tasime  asen

Galas ness

pritr o

s 150 1ean

wan
e

w361 0016
sia60  0ri60
;0.6 03xs0
3:10 01100
0118 03100
23:13 01107
2isoaise 4zi22
w9531 361108
1072085 0092041
it 012
Tmiie omaii
smsin omsazm
amart6 00tstn
Swiim omaw
2.0 omsom
n9.20  32:160
rrsee e
@iiis  saiae
o s mea e

P
s
o
056
om
oz
om
o

a0
o

on

o7z
on

0%

o
0%
o7

o





OEBPS/Images/table3b.jpg
SiSco 0971060 OU7:082 004" 07108 005:03 00 007 K06 021042 0W:0% 080N 016

CamWos 7612158 764418 0M41Z T041@ 0064185 00 SRt Wil 051120 G818t 0Batn  0OF

ooty 21102 6201125 010" 825112 056210 0N ZWAAW TZaLR  OMal0 TMatM 0Mi00 0@

WrbwoiCaet 3405190 0405207 LIBADET OMBx1T T2 066 2xUM 260107 00:30 IWMal@ 0Ma3: 0@

Vst 445070 5432070

120 SAA0TS AS5110F 0 50108 40K 2WilR" 612:08 2L 0%
SklowegUet 3781099 3751103 020110 3911090 OV:0% O  IEle IWLO 0055106 AWl 0:100T 02
GwPooisOf 6651105 6621102 018x1S 6051105 003:005 0N STt SHA16i OR41S5 S 0l 0

iR 3001065 2031085 0Xi06" 3051089 OMa0T0 02 240a08 20061 0R:05% 26:07 080 00D

et BANIS @8i164 G1iNT GA1:10 04283 001 M2aWI T3 S4:N00 a1 TAsir 0m

ueiie 91267 B7i20S  97:22  BS:S  4S:03 080  T2alA S8:R4 0400 02T 10:8 05t
odyPan  E1i23 7901201 081184  R0S:200 261182 020  GsaM2 MAZ2 00:ia6 G2.26 128 0%
G 81105 (901107 BAsEn GSi62 27ANA 001 5913 813 8Sx105T WaiM1 24178 OO

wzius sews  on
w2imz samr o

vy 9M168 503111 WIiiAT SIi108 44sZ 001 23aeae w5122
ocsich 091187 W17 211122 W9:162 273164 08 @9z #5i23

Ay
crooafon 08223 8824254
wewivem 791113 7811108
— iarz wsarz

W20 23:00 09 s7ais2 599145
Wai7s 0750 0m  wmoaes rsss

sl 2ana 0w
Gries eees o

o coert $22168 522163 asn

e om masma wmsiwz Wrane 2207 0

VET s o . s ki T2 4 e .75 P T S ) <0005 P S T O N <005 0 <01
oo 7o T A et ooy Tt 9 e DA e a0 T O 7 5 AR S
R Ty s





OEBPS/Images/fpsyt.2020.00562_cover.jpg
, frontiers
in Psychiatry

Employers With Metabolic Syndrome
and Increased Depression/Anxiety
Severity Profit Most From Structured
Exercise Intervention for Work Ability
and Quality of Life.





OEBPS/Images/table3.jpg
‘Subjects wihout ansity. ‘Sublects with i to moderate ansity

Gro  Eiwcse  Eawci  Conis  Comiol  beween  Gow  Buocise  Browcko  Coos  Contmis between
boioe  biaine  chomefiom  bassine  chowgefom graupowr  buaine  boielne  changefom  baine  changefom 1o over

[ e et n
T 0w 2mee e o e

oreay 414285 Prove)

Goowirtial 10691190 10711185 42:5”" 1062:195  09:51 001 10701196 WGS9 42:47 1089:23 05ed0 001
oo mesew  WILSI Wi52 15135 WOis3  03ats o0 We.e0 WOsss A3iie mries  0zsiz  om
some)

o) | ©5:82 0182 29:37 20183 04135 00 W0:79 m2ear @ouro  orast oot
evwmasod TiAi722 710102 02237 TI3aWO 06163 0% 7181102 710:04 Teatos  08a47 0@
umgguia. 61112 61113  04s08 61:10 01208 <0  61:10  a1ats B0i0r  ori06 oo
-

ey 58108 57.10  02:05  85:07  01:08 00 58213 s7a12 seats 0200 0%
Tywses 38116 32.15  03.16~  21:13 0mi0m oo 2628 20:16 202 Giles  om
iy

Tomcxscd | 2001456 63:474 85:250° X929 04120 0N  N6TaNZ A0S 66aS ZaMo T01BI OB
i

Gwswocsty 64298 $5:101  WI.Z2' 78296 47aVE" 00 T0av7 01aZ3  28aB6  28a87 3386 00

ey





OEBPS/Images/logo.jpg
, frontiers
in Psychiatry





OEBPS/Images/table2b.jpg
el SRR mEsRe s SRe e mesame mRenn mie o RREREmS S miesns e e aeeed
Arciong

rtarafs 8050 $57:200 T3:4T WO:RI  48a185T 07 S8:e0 06:0 WA 00:09 K924 QM
ewivew  TIIANS 7691120 481101 73117 18s8¢ O SADii8d $90.140 W06.l $53.187 561169 03
icgeren 00172 495373 20163 107373 07356 02 407104 w78s87 11187 3188 17262 0%
owcmoat | §18:72 $17:70 30168 S18277  13.53 003 W4sid $72:05  102:08 002125 0.0 005

VT s . 5 b 5 e 3705 P T S ) <0055 P S T NS 2005 0 <011
oo 7 O 1t o i i o 30Tt 9t R, DA 8 T 7 5 N S
S





OEBPS/Images/fpsyt-11-00562-g002.jpg





OEBPS/Images/table1.jpg
Subjects nomen/men)

Age (ears)

Body weight (kg

Body mass ndox kg/m2)
Body at (%)

Fa Freo Mass (kg

Systoic blood pressure (mmHg)
Distoic blood pressure (mk)
HoATG 56)

Total choesterl (/)

LDL cholesterd! (mg/e)

Total physical activy (MET-huk)
Exerose actvty (MET-hirk)
Exercse capacy (posk wall)
Depression severty (pons)
Aevity sevety (pors)

ST Mtk S AE O ol diascan DeSEeat OrOtos e Sl vkt Buiicts T- Teatiir cocabodl Savois or b0 Cit-cuire Iotk 2o s iiooa = 1.

Exercise group

160 24/136)
483279
10762 183
36253
330284
7102114
138213
819
57210
215246
138239
2592208
652137
174235
53232
46226

Control group

154 21139
478185
10612203
30254
21280
7132128
w7214
819
56209
214246
197240
2182165
64290
176237
50233
46231

pualue

=073
p=0624
p=0.425
p=0281
p=0317
P=0961
p=0715
pe0341
P=0301
=089
p=0885

p=0081
P=0905
p-0.55
p-0215





