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Background: Workplace health promotion (WHP) in the healthcare industry is an important yet challenging issue to address, given the high workload, heterogeneity of work activities, and long work hours of healthcare workers (HCWs). This study aimed to investigate the effectiveness and response differences of a multidisciplinary WHP program conducted in HCWs.

Methods: This retrospective cohort study included HCWs participating in a multidisciplinary WHP program in five healthcare facilities. The 20-week intervention included multiple easy-to-access 90-min exercise classes, one 15-min nutrition consultation, and behavioral education. Pre- and post-interventional anthropometrics, body composition, and physical fitness (PF) were compared with paired sample t-tests. Response differences across sex, age, weight status, and shiftwork status were analyzed with a generalized estimating equation.

Results: A total of 302 HCWs were analyzed. The intervention effectively improved all anthropometric (body mass index, waist circumference, waist-hip ratio, and waist-to-height ratio), body composition (body fat percentage, muscle weight, visceral fat area), and PF (grip strength, high jump, sit-up, sit-and-reach, step test) parameters in all participants (all p < 0.05). Subgroup analyses revealed shift workers had a more significant mean reduction in body mass index than non-shift workers (adjusted p = 0.045). However, there was no significant response difference across sex, age, and weight subgroups.

Conclusion: This study suggested that a multidisciplinary WHP program can improve anthropometric and PF profiles regardless of sex, age, and weight status for HCWs, and shifter workers might benefit more from the intervention.
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Introduction

While focusing on preserving people’s health as their work duties, healthcare workers (HCWs) themselves are also in need of health promotion (1, 2). The literature has indicated that unfavorable working conditions, such as night shifts, long work hours, psychosocial job strain, and job insecurity, can lead to negative health outcomes, including obesity (3), metabolic syndrome (4), muscular-skeletal discomforts (5), mental disorders (6, 7), and certain cancers (8–13). It is not uncommon that HCWs have to work under stressful conditions with long hours and irregular shifts, which may have negative impacts on their health (14, 15). HCWs have been reported to have higher levels of sickness absence, work dissatisfaction, distress and burnout than workers in other industries (16).

The importance of workplace health promotion (WHP) is well recognized (17). Previous studies have suggested that WHP can lead to lower disease prevalence, reduced medical costs, and higher productivity (18–22). However, the high workload, heterogeneity of work activities, and long work hours can make hospitals a difficult setting to address WHP (23). Moberg et al. found significant associations between physical activity, physical capacity (defined with maximal oxygen uptake (VO2max) and handgrip strength), and levels of musculoskeletal pain among HCWs (24). The same association was not observed in construction workers, suggesting that HCWs might be a population more likely to benefit from exercise-based WHPs (24).

Moreover, effectiveness of and predictors for the responses to WHP are not yet well understood (25–27). A systematic review conducted in 2012 showed positive effects of WHP on physical activity, diet, and body mass index (BMI) but insufficient evidence on absenteeism and mental health (28). According to a randomized clinical trial conducted by Reif et al., a significantly higher proportion of employees reported having a primary care physician and showed improvements in a set health belief in the treatment group of a 24-month WHP; however, no significant differences were observed in biometrics, medical diagnoses, or medical use (29). After an 18-month WHP in a clustered randomized trial, Song and Baicker found some positive self-reported health behaviors among the employees exposed but no significant improvement in health measures, healthcare spending and utilization, or employment outcomes (29). Another randomized controlled trial conducted by Patti and colleagues demonstrated that, subjects participating in different exercise programs differed in their improvements of physical performance (30). Mixed evidence indicates that WHP interventions can be somewhat effective (31), but it is still inconclusive and needs more research to confirm the benefit.

The global pandemic of COVID-19 has caused an unprecedented impact on healthcare systems worldwide, and research interests in the safety and health of HCWs have been growing ever since (32, 33); however, most focused on the infection of COVID-19 (34), vaccination against COVID-19 (35, 36), or mental health issues (37, 38). The latest review on HCWs health promotion was conducted by Brand et al., which included only 11 studies with system approaches (16). Data on effectiveness and response differences of WHP among HCWs remain insufficient. Validating WHP programs designed for use in hospitals and exploring the factors that influence intervention outcomes would benefit future design and implementation. This study examined the effectiveness of a multidisciplinary 20-week WHP program in northern Taiwan and analyzed response differences by sex, age, weight, and shiftwork statuses.



Materials and methods


Study design

This study was a retrospective case series to assess the effectiveness and response differences of a multi-site and multidisciplinary WHP program regarding anthropometrics, body composition (BC), and physical fitness (PF) of hospital employees. The original study was approved by the Institutional Review Board of the Chang Gung Memorial Foundation (No. 102-4004B). Informed consent was obtained from each subject. This study followed the guidelines of the World Medical Association Declaration of Helsinki (39) and the template for intervention description and replication (TIDieR) (40).



Participants

Participants were recruited to the WHP program via posters, emails, and e-bulletin systems between February 23rd to March 22nd, 2015, from three hospitals and two nursing centers of Chang Gung Medical Foundation in northern Taiwan. The participants had to primarily meet the following criteria: (1) employees of the aforementioned five healthcare facilities of Chang Gung Medical Foundation, (2) aged between 18 and 64 years, and (3) voluntary participation in the program. Participants with the following condition were excluded: self-reported history of stroke, coronary artery disease, or other major vascular diseases.

Basic information, anthropometrics, BC, and PF were assessed before and after the single-arm intervention program. Participants who did not complete the intervention or had no available pre- and post-interventional data of BC and PF were not eligible for statistical analysis. Unless the above conditions, all cases that met the inclusion criteria would be included.



Intervention – multidisciplinary program

The program was conducted by a multidisciplinary team, including family physicians, rehabilitation physicians, sport science experts, PF trainers, clinical dietitians, and research assistants. A diagrammatic overview of the intervention is presented in Figure 1.
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FIGURE 1
Flow chart of the multidisciplinary. BC, body composition; PF, physical fitness.


The intervention was workplace-based, 20 weeks long, and multi-faceted, comprising three parts:


Exercise classes

Up to 24 group exercise classes per week (including 5 in the morning and 19 in the evening) were held during the intervention period. Styles of the classes included aerobic dance, kickboxing, cycling, and Yogalates. Each class had a limit on the number of participants, depending on the characteristic of the exercise style and the size of the venue. The sizes of venues ranged from 73 to 165 square meters. The limit number of classes ranged from 15 to 40 participants. Each participant was requested and allowed to register for one class per week in a first-come, first-served manner. A class would be closed for registration once the limit number of participants was reached.

All sessions were held either in or nearby the study hospitals and instructed by certified trainers. Every exercise class was 80 min, including stretching and warming up for the first 20 min, main exercise for 50 min, and cool down for the last 10 min. The intensities of classes varied. All courses were gender-neutral. Best efforts were made to ensure the accessibility of the exercise program by offering multiple choices of time, location, style, and intensities of the classes so that participants could easily find ones fitted into their schedule and preference.

In aerobic dance classes, the PF trainer leads the participants to dance to lively music. In kickboxing classes, participants boxed under a PF trainer’s instruction, and the speed of boxing was emphasized to increase instantaneous velocity. Participants in cycling classes rode on spinning bikes under the guidance of the trainer. Yogalates was performed with participants doing yoga with a yogic instructor. The sustaining posture in yoga focused on the participants’ muscle endurance and respiration.



Nutrition consultation

A 15-min one-on-one nutrition consultation session by professional clinical dietitians was provided to participants with overweight or obesity, excessive body fat percentage (BF%), or metabolic syndrome. Overweight was defined as BMI > 24 according to the Ministry of Health and Welfare in Taiwan (41). Excessive body fat percentage was defined as BF% > 20% in males and BF% > 30% in females, according to the Sports Administration, Ministry of Education in Taiwan (42, 43). Metabolic syndrome was defined as the presence of three or more of the following five risk factors: (1) Abdominal obesity: (waist circumference: male ≥ 90 cm, female ≥ 80 cm). (2) Hypertension: systolic blood pressure (SBP) ≥ 130 mmHg/diastolic blood pressure (DBP) ≥ 85 mmHg. (3) Hyperglycemia: fasting blood glucose ≥ 100 mg/dl. (4) High-density lipoprotein cholesterol: male < 40 mg/dl, female < 50 mg/dl. (5) High triglyceride ≥ 150 mg/dl. The criteria were determined by the Ministry of Health and Welfare in Taiwan (41).

Nutrition consultation sessions were arranged in the fourth and fifth weeks of the intervention. The anthropometrics and BC of the individuals were provided to dietitians before the consultation by the assistants. During a consultation, the dietitian would ask the participant what he or she typically ate for breakfast, lunch, dinner, and late-night supper. After a dietitian learned about the participant’s nutritional status and daily lifestyle routine, the dietitian would make personalized suggestions according to each participant’s weight status, BC and personal concerns. For instance, instructions for participants with overweight or obesity would be focused on a healthy diet with a negative caloric balance. Participants with an unbalanced diet would learn about macronutrients. Individuals with low MW or high VFA would be given suggestions on the ratio of macronutrients and types of exercise.



Behavioral education

Multiple campaign activities were done to promote the WHP based on essential principles of the theory of planned behavior, namely behavioral beliefs, normative beliefs, and control beliefs (self-efficacy) (44). To increase behavioral beliefs, educational materials on exercise, PF, and weight management were delivered through emails, website bulletin boards, and posters in the workplace (Supplementary Figures 1–4). The educational materials were all designed by the multidisciplinary team. Messages encouraging HCWs to exercise were sent intensively by assistants and PF trainers during the intervention to enhance normative beliefs. For example, PF trainers were requested to publicize the benefits of exercise during the classes to increase their exposure to information on healthy behaviors. Moreover, by having a big ceremony to celebrate the success of the program and publicly reward participants with high attendance rates and considerable physical improvements, the intervention was also able to increase the self-efficacy of participants in terms of performance attainment (mastery experience), vicarious experience, and verbal persuasion.




Measurements


General characteristics

Participants’ general characteristics were assessed by completing registration sheets at participants’ entry into the study. The following characteristics were assessed: age, sex, medical history, profession (nurse, medical technician, administration staff, and others), and shift status [day-shift only or night-shift only (i.e., non-shift workers); irregular shift work (shift workers)].



Anthropometrics

Body height, body weight, waist circumference (WC), and hip circumference (HC) were measured and used to calculate body mass index (BMI), waist-hip ratio (WHR), and waist-to-height ratio (WHtR).



Body composition

BC was measured using bioelectrical impedance analysis, which is based on differences in the conductivity of various components of the human body. We used the IOI-353 BC analyzer (Jawon Medical, Yuseong, South Korea) for the analysis, measuring segmental multi-frequency impedance values at 1, 5, 50, 250, 550, and 1,000 kHz with a tetra-polar 8-point tactile electrode system (45). Variables assessed included body fat percentage (BF%), muscle weight (MW), and visceral fat area (VFA).



Physical fitness

PF was tested as follows. The assessments of PF were implemented in accordance with the protocols developed and published by the Sports Department, Ministry of Education in Taiwan (46). All the assessments were completed by board-certificated exercise trainers.

Explosive muscle strength of the upper limbs was assessed with handgrip strength. Participants put their hands by the body side in a standing position. Then they were asked to grasp the handgrip by the dominant hand and gripped it instantaneously with their biggest strength. Two measurements were done to get the best record (47).

Explosive muscle strength of the lower limbs was assessed with vertical jumping. Vertical jumping was measured by participants jumping from the floor with both feet and touching the ruler with a hand as tall as they could. Two measurements were required to get the tallest value (48).

Muscular endurance was assessed with 1-min sit-up. Participants did 1-min sit-up with their upper body lying on the ground and knees had a 90-degree angle. Their feet were flat on the floor and PF trainers would lightly press on the feet to help stabilize. As a preparation position, participants had their forearms crossed to touch the contralateral shoulder and elbows upon the chest. Participants were asked to contract abdominal muscles to get up and touch the knees with elbows. After they returned to the preparation position, it was considered a count. PF trainers recorded the number of completions in 1 min (46, 49).

Flexibility was assessed with sit-and-reach technique. Participants sit on the ground with knees straight and toes faced upward. Their two heels were 30 cm apart and aligned with the 25 cm on the measured ruler. Participants leaned forward their upper body and stretched their hands to touch the ruler. After the folded two middle fingers touched the ruler, participants were asked to hold for 2 s to record. The measurement was conducted twice to get the best value (46, 50).

Cardiorespiratory fitness was assessed by 3-min step test, defined as the time that heart rate returns to normal after exercise. Each participant got on and off the bench for 3 min in continuous while maintaining a consistent pace. The height of the wooden bench was 35 cm, and the consistent pace was 96 beats per minute (46, 51).




Statistical analysis

All study parameters were compared before and after the intervention using paired sample t-tests when dealing with the whole cohort. Using the Shapiro–Wilk test to assess the normality, descriptive statistics were expressed as mean [standard deviation (SD)] for normally distributed continuous variables, median [interquartile range (IQR)] for skewed variables, and number (proportion) for categorical variables. For within-group comparisons, the paired-samples t-test or Wilcoxon signed rank test was used as appropriate. For between-group comparisons, the independent samples t-test or Mann–Whitney U test was used as appropriate.

Generalized estimating equations (GEEs) were used to compare the differences in the changes of these parameters by cohort subgroups, including sex, age, weight status, and shift-work status. Specifically, each subgroup variable was entered into separate GEEs that included main effects of time (post-intervention vs. pre-intervention) and subgroup variable (e.g., male vs. female), a two-way interaction term of time × subgroup variable, and the main effects of baseline characteristics. A significant interaction effect signified a difference in change between subgroups.

All p-values were two-sided and statistical significance was accepted at p < 0.05. The data analyses were carried out using IBM SPSS Statistics 25 (International Business Machines Corp., Armonk, NY, United States) and Graph Pad Prism 9.0 for Windows (Graph Pad Software Inc., San Diego, CA, United States).




Results


Characteristics of study participants

During the recruitment period, 659 HCWs registered for the WHP program, among whom 528 eligible participants completed pre-tests. Each participant was encouraged to attend one exercise class per week for 20 weeks (20 classes in total). To assure the internal validity of investigations on effectiveness and response differences of the intervention, those with a participation rate lower than 40% (8 classes) were excluded (n = 100). Participants who had no complete data of post-interventional assessments were further excluded (n = 126). A total of 302 subjects were enrolled for statistical analysis (Figure 2).
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FIGURE 2
Inclusion flow chart of the study participants. BC, body composition; PF, physical fitness; WHP, workplace health promotion.


Among the 302 participants, median age was 36 years (IQR: 30–45) (Table 1), and most (93.0%) were female. Furthermore, 118 (39.1%) participants were older than 40 years of age. The median BMI was 22.6 kg/m2 (IQR: 20.9–24.7) and 107 (35.4%) of them were overweight (according to a BMI of greater than 24 kg/m2). Administrative staff and others (45.4%) and nurses (39%) were predominant among participants’ professions, and 47 (15.6%) participants served as medical technicians. Approximately one-third (32.8%) of the participants engaged in shiftwork.


TABLE 1    Characteristics of the study participants.
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Females had significantly lower median BMI, proportion of overweight, proportion of administrative staff and others, and non-shift working compared with males.



Changes in outcome parameters for the whole cohort

Notably, we observed statistically significant differences in all parameters between before and after the intervention (Table 2). Specifically, among the anthropometrics, the program led to significant decreases in BMI, WC, WHR, and WHtR (all p < 0.05). Likewise, we observed decreased BF% and VFA and increased MW (p < 0.05). Regarding PF, we observed significantly better performance at post-intervention in four parameters than at pre-intervention (all p < 0.05), except for sit-and-reach (p = 0.359).


TABLE 2    Changes in outcome parameters for whole cohort (n = 302).
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Furthermore, females had significant improvements in anthropometrics, body composition, and three items of physical fitness (high jump, sit-up, step test) after intervention (Supplementary Table 1) (p < 0.05).



Changes in outcome parameters stratified by sex and age

Changes from pre-intervention to post-intervention stratified by sex and age were analyzed with the GEEs (Table 3). After adjustment of the other general characteristics, there was no sex difference in the improvements of anthropometrics (BMI demonstrated in Figure 3A), BC, or PF parameters. No significant differences were observed either between age subgroups (BMI demonstrated in Figure 3B).


TABLE 3    Changes in outcome parameters stratified by sex and age.
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FIGURE 3
Response differences in body mass index of (A) sex subgroups, (B) age subgroups, (C) weight status subgroups, and (D) shift status subgroups. BMI, body mass index. Data are summarized as medians, quartiles, and ranges (violin plots) and compared using generalized estimating equation analyses adjusted for age, profession, and shiftwork status.


Among females, there was no age difference in the improvements of variables of interest after adjustment of the other general characteristics (Supplementary Table 2).



Changes in outcome parameters stratified by weight and shiftwork status

Changes in outcome parameters stratified by weight status and shiftwork status were analyzed with the GEEs (Table 4). We observed no significant difference in the changes of parameters between the non-overweight and overweight subgroups (BMI demonstrated in Figure 3C). Albeit non-significant, we did observe a borderline (p < 0.10) such that participants with overweight showed a slightly greater improvement in step test performance compared to those with non-overweight (3.0 vs. 1.6).


TABLE 4    Changes in outcome parameters stratified by weight status and shiftwork status.
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There was a significant difference in the improvement of one parameter—BMI—between participants who worked in shifts and who did not (p < 0.05), after adjustment for gender, age, BMI at pre-intervention, and profession. Specifically, while the BMI for the shift and non-shift groups both decreased from pre-intervention to post-intervention, the improvement was substantially greater in the shift group than in the non-shift group (−0.35 vs. −0.19 kg/m2) (Figure 3D). No significant difference was observed in the changes of other parameters across shift status. Furthermore, these characteristic differences in the improvements of variables of interest between shift workers and non-shift workers persisted after adjustment of the other general characteristics among females (Supplementary Table 2).




Discussion

The overall outcome suggested that the program was effective for improving various anthropometric, BC, and PF parameters. Specifically, we observed significant reductions in BMI, WC, WHR, WHtR, BF%, and VFA, along with an increase in MW, indicating a more preferable BC and fat distribution. As for PF, we noted significant improvements in the explosive muscle strength of the upper and lower limbs, muscular endurance, flexibility, and cardiorespiratory endurance. All of these results are compatible with those of prior studies on health promotion exercises (52–56).

Among all the parameters, we observed no significant differences in intervention effects by sex or age, suggesting that these characteristics have no impact on the intervention outcome. This finding is congruent with those of other studies (57, 58). However, while it did not reach the level of statistical significance, we did observe an interesting tendency for sex: the female sex appeared to show a greater improvement, especially in weight status and BC. Other studies have shown that women had better responses than did men after an exercise intervention (59, 60). One study in 2015 showed similar results to ours; wherein women showed greater improvements in anthropometrics than did men (61). However, another study in 2007 suggested that men showed greater improvements than did women in terms of anthropometrics and BC. Considering these previous inconsistent findings and the lack of a meta-analysis, it remains unclear whether health promotion exercise programs directed at medical personnel show sex differences in their effects. Moreover, our study cohort comprised mainly women (93.0%). According to national data, the number of female HCWs has been persistently much higher than that of males. This data truly reflected the fact that the male/female ratio ranged between 6.0% and 25.2% (mean = 14.4%) in our WHP program from 2014 to 2021 as a result of a higher proportion of women working in the healthcare industry and their higher engagement in WHPs. Future studies that focus specifically on sex differences in intervention response may help design sex-specific interventions.

In the present study, we categorized our cohort into “age < 40 years” and “age ≥ 40 years.” According to a large prospective cohort study published in 2019, maintaining higher levels of leisure-time physical activity in adults ≥ 40 years old was associated with a comparative low risk for all-cause mortality as it in adults < 40 years old (62). Saint-Maurice et al. have recommended that the age of 40 years is a considerable important timepoint to start physical activity (62). We’ve further analyzed the differences in variables of interest in three age groups: “18–29 years,” “30–39 years,” and “> 40 years” and found no significant differences existed (data not shown). Therefore, our results supported that the multidisciplinary WHP program can provide comparable benefits of anthropometrics, body composition, and physical fitness to participants with ages ≥ 40 years and < 40 years.

Weight status also did not appear to influence the intervention effects. Notably, the subjects with a higher BMI improved to a larger degree than did those with a lower BMI in cardiorespiratory endurance, with a difference almost reaching statistical significance. This somewhat coincides with previous studies, which have indicated that subjects with higher BMIs tend to respond better to exercise interventions in terms of anthropometrics, BC, and cardiorespiratory function (63, 64). Although it is unclear why the response differences existed, possible reasons include individuals with higher BMI having enhanced motivation and compliance with the program, or perhaps an altered physiological response to the intervention co-existing with the obesity itself. Further investigation would be of interest in future studies.

There was a significant difference in BMI improvement between the shiftwork status subgroups. Specifically, the group who engaged in shiftwork showed a more profound weight reduction than did the other subgroup. The association between shiftwork and higher BMI has been robustly demonstrated in the past (65–68). Sleep duration/quality, timing of meals, and timing of light exposure are usually disrupted for shift workers, thereby leading to disruption of circadian rhythms; such a disruption, in turn, can lead to an increased risk of impaired cardio-metabolic function and associated diseases including obesity, diabetes, and cardiovascular disease (69). The underlying pathophysiology of this effect has been suggested to be multifactorial, including inappropriate meal timing (e.g., breakfast skipping or late meals, which can lead to the lower thermic effect of feeding), altered food preferences (e.g., more sugar-sweetened food, which can lead to a higher total calorie intake) (70), and decreased energy expenditure (69). The results of our study imply that while shift workers tend to have higher BMIs, they appear to be able to lower that BMI more efficiently through interventions. We found this effect to be logical, given that the intervention targeted a healthier diet and regular exercise, which can correct the altered eating behavior and decreased energy expenditure caused by the circadian disruption of shift workers. This may be an important finding and suggests that a multidisciplinary WHP program targeting nutrition and exercise is particularly effective and should be prioritized for shift workers.

Overall, this workplace-based intervention appeared to be effective—not only for weight-status outcomes but also for the improvements of BC, fat distribution, and PF. We suggested that the program being multi-faceted, trans-disciplinary, and easy-to-access might have contributed to its success. The literature has suggested that the phases of WHP include: needs assessment, planning, implementation, and evaluation (71). Lack of participation is one of the biggest challenges of WHP, especially in the healthcare industry (72). The authors included participants only above a certain level of participation since the current study aimed to assess the effectiveness and response differences to the multidisciplinary intervention. Including all participants with all-ranged participation levels would mix the issues of participation and intervention effectiveness thus possess a threat to internal validity of the research. Incentives and barriers to participation or methods to improve them were not the focus of this study; however, they are certainly critical to the overall success of a WHP and warrant further research. Moreover, mental health is also vital to the well-being of HCWs, and the inclusion of psychological health promotion such as mindfulness-based programs may further broaden the scope of WHP (73).

The advantage of this study includes its comprehensive assessment of anthropometrics and PF. However, there are some limitations. First, since participants volunteered to participate, rather than being selected randomly or with a stratified method from the correspondent population, the generalizability of this program may be limited. Second, the program was conducted in northern Taiwan and might not be representative of the rest of Taiwan. Third, the intervention did not include psychological programs, which should also be considered in future WHPs. Fourth, the study was an efficacy-based research, which is limited in delineating the effects of intervention designs on outcomes. Future prospective research can be more evaluation-based, so lived experiences, feasibility and acceptability of the intervention, and mechanisms of impact in context can be examined. A larger sample size with a control group and a balanced sex distribution can also contribute to a better understanding on the effectiveness of and response differences in WHP among HCWs.

In conclusion, the workplace-based health promotion exercise program was an effective intervention model for hospitals regardless of unfavorable workplace settings for health promotion. Workers with higher BMIs, who engage in shiftwork, and who are at greater risk yet appear more responsive to interventions than their peers, can be considered a priority group for WHP in case of limited resources. Future investigation of response differences and their underlying mechanisms across sex, age, weight, and shiftwork statuses would be interesting.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author/s.



Ethics statement

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



Author contributions

JJ-CL and H-HC conceived and planned the study. C-TC and JJ-CL enrolled the patients. L-AL and H-HC designed the study, analyzed data, made the statistics, and interpreted results. K-HC, N-KW, C-TC, L-AL, and H-HC participated in manuscript drafting. C-YH, Y-AL, and JJ-CL supervised the study. All authors read and approved the final manuscript.



Funding

This research was funded by the Ministry of Science and Technology, Taiwan (grant number MOST 110-2314-B-182-062) and Chang Gung Medical Foundation, Taiwan (grant numbers CMRPG1H0061-63, CORPG1L0011, CORPG1I0021).



Acknowledgments

We would like to thank Pei-Chi Yang and Yu-Chan Liao (Department of Family Medicine, Chang Gung Memorial Hospital, Taipei and Linkou Main Branches, Taoyuan, Taiwan, ROC) for their administrative assistance.



Conflict of interest

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



Publisher’s note

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



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.930165/full#supplementary-material



References

1. Blake H, Bermingham F, Johnson G, Tabner A. Mitigating the psychological impact of COVID-19 on healthcare workers: a digital learning package. Int J Environ Res Public Health. (2020) 17:2997. doi: 10.3390/ijerph17092997

2. Walton M, Murray E, Christian MD. Mental health care for medical staff and affiliated healthcare workers during the COVID-19 pandemic. Eur Heart J Acute Cardiovasc Care. (2020) 9:241–7.

3. Brum MCB, Dantas Filho FF, Schnorr CC, Bertoletti OA, Bottega GB, da Costa Rodrigues T. Night shift work, short sleep and obesity. Diabetol Metab Syndr. (2020) 12:13.

4. Wang Y, Yu L, Gao Y, Jiang L, Yuan L, Wang P, et al. Association between shift work or long working hours with metabolic syndrome: a systematic review and dose-response meta-analysis of observational studies. Chronobiol Int. (2021) 38:318–33.

5. Lee JG, Kim GH, Jung SW, Kim SW, Lee JH, Lee KJ. The association between long working hours and work-related musculoskeletal symptoms of Korean wage workers: data from the fourth Korean working conditions survey (a cross-sectional study). Ann Occup Environ Med. (2018) 30:67. doi: 10.1186/s40557-018-0278-0

6. Cheng WJ, Cheng Y. Night shift and rotating shift in association with sleep problems, burnout and minor mental disorder in male and female employees. Occup Environ Med. (2017) 74:483–8. doi: 10.1136/oemed-2016-103898

7. Zhao Y, Richardson A, Poyser C, Butterworth P, Strazdins L, Leach LS. Shift work and mental health: a systematic review and meta-analysis. Int Arch Occup Environ Health. (2019) 92:763–93.

8. Silva-Costa A, Rotenberg L, Coeli CM, Nobre AA, Griep RH. Night work is associated with glycemic levels and anthropometric alterations preceding diabetes: baseline results from ELSA-Brasil. Chronobiol Int. (2016) 33:64–72. doi: 10.3109/07420528.2015.1115765

9. Zhao I, Bogossian F, Turner C. A cross-sectional analysis of the association between night-only or rotating shift work and overweight/obesity among female nurses and midwives. J Occup Environ Med. (2012) 54:834–40.

10. Ko SB. Night shift work, sleep quality, and obesity. J Lifestyle Med. (2013) 3:110–6.

11. Kivimäki M, Singh-Manoux A, Nyberg S, Jokela M, Virtanen M. Job strain and risk of obesity: systematic review and meta-analysis of cohort studies. Int J Obes. (2015) 39:1597–600. doi: 10.1038/ijo.2015.103

12. Norrbäck M, De Munter J, Tynelius P, Ahlström G, Rasmussen F. The association of mobility disability, weight status and job strain: a cross-sectional study. Scand J Public Health. (2016) 44:311–9. doi: 10.1177/1403494815618112

13. Muenster E, Rueger H, Ochsmann E, Letzel S, Toschke AM. Association between overweight, obesity and self-perceived job insecurity in German employees. BMC Public Health. (2011) 11:162. doi: 10.1186/1471-2458-11-162

14. D’Ettorre G, Pellicani V, Greco M, Mazzotta M, Vullo A. Assessing and managing the shift work disorder in healthcare workers. Med Lav. (2018) 109:144–50.

15. Salari N, Khazaie H, Hosseinian-Far A, Khaledi-Paveh B, Kazeminia M, Mohammadi M, et al. The prevalence of stress, anxiety and depression within front-line healthcare workers caring for COVID-19 patients: a systematic review and meta-regression. Hum Resour Health. (2020) 18:100. doi: 10.1186/s12960-020-00544-1

16. Brand SL, Thompson Coon J, Fleming LE, Carroll L, Bethel A, Wyatt K. Whole-system approaches to improving the health and wellbeing of healthcare workers: a systematic review. PLoS One. (2017) 12:e0188418. doi: 10.1371/journal.pone.0188418

17. Proper KI, van Oostrom SH. The effectiveness of workplace health promotion interventions on physical and mental health outcomes – a systematic review of reviews. Scand J Work Environ Health. (2019) 45:546–59.

18. Chen L, Hannon PA, Laing SS, Kohn MJ, Clark K, Pritchard S, et al. Perceived workplace health support is associated with employee productivity. Am J Health Promot. (2015) 29:139–46.

19. Eng JY, Moy FM, Bulgiba A. Impact of a workplace health promotion program on employees’ blood pressure in a public university. PLoS One. (2016) 11:e0148307. doi: 10.1371/journal.pone.0148307

20. Fronstin P, Roebuck MC. Financial incentives, workplace wellness program participation, and utilization of health care services and spending. EBRI Issue Brief. (2015) 417:1–23.

21. Nelson CC, Allen JD, McLellan D, Pronk N, Davis KL. Integrating health promotion and occupational safety and health in manufacturing worksites: perspectives of leaders in small-to-medium sized businesses. Work. (2015) 52:169–76. doi: 10.3233/WOR-152038

22. Pereira MJ, Coombes BK, Comans TA, Johnston V. The impact of onsite workplace health-enhancing physical activity interventions on worker productivity: a systematic review. Occup Environ Med. (2015) 72:401–12. doi: 10.1136/oemed-2014-102678

23. Otto AK, Bischoff LL, Wollesen B. Work-related burdens and requirements for health promotion programs for nursing staff in different care settings: a cross-sectional study. Int J Environ Res Public Health. (2019) 16:3586. doi: 10.3390/ijerph16193586

24. Moberg LL, Lunde LK, Koch M, Tveter AT, Veiersted KB. Association between VO2max, handgrip strength, and musculoskeletal pain among construction and health care workers. BMC public health. (2017) 17:272. doi: 10.1186/s12889-017-4173-3

25. Rongen A, Robroek SJW, van Lenthe FJ, Burdorf A. Workplace health promotion: a meta-analysis of effectiveness. Am J Prev Med. (2013) 44:406–15.

26. Malik SH, Blake H, Suggs LS. A systematic review of workplace health promotion interventions for increasing physical activity. Br J Health Psychol. (2014) 19:149–80.

27. Pieper C, Schroer S, Eilerts AL. Evidence of workplace interventions-a systematic review of systematic reviews. Int J Environ Res Public Health. (2019) 16:3553.

28. Osilla KC, Van Busum K, Schnyer C, Larkin JW, Eibner C, Mattke S. Systematic review of the impact of worksite wellness programs. Am J Manag Care. (2012) 18:e68–81.

29. Reif J, Chan D, Jones D, Payne L, Molitor D. Effects of a workplace wellness program on employee health, health beliefs, and medical use: a randomized clinical trial. JAMA Intern Med. (2020) 180:952–60.

30. Patti A, Zangla D, Sahin FN, Cataldi S, Lavanco G, Palma A, et al. Physical exercise and prevention of falls. Effects of a pilates training method compared with a general physical activity program: a randomized controlled trial. Medicine (Baltimore). (2021) 100:e25289. doi: 10.1097/MD.0000000000025289

31. Abdin S, Welch RK, Byron-Daniel J, Meyrick J. The effectiveness of physical activity interventions in improving well-being across office-based workplace settings: a systematic review. Public Health. (2018) 160:70–6. doi: 10.1016/j.puhe.2018.03.029

32. Chew NWS, Lee GKH, Tan BYQ, Jing M, Goh Y, Ngiam NJH, et al. A multinational, multicentre study on the psychological outcomes and associated physical symptoms amongst healthcare workers during COVID-19 outbreak. Brain Behav Immun. (2020) 88:559–65. doi: 10.1016/j.bbi.2020.04.049

33. Pappa S, Ntella V, Giannakas T, Giannakoulis VG, Papoutsi E, Katsaounou P. Prevalence of depression, anxiety, and insomnia among healthcare workers during the COVID-19 pandemic: a systematic review and meta-analysis. Brain Behav Immun. (2020) 88:901–7.

34. Gholami M, Fawad I, Shadan S, Rowaiee R, Ghanem H, Hassan Khamis A, et al. COVID-19 and healthcare workers: a systematic review and meta-analysis. Int J Infect Dis. (2021) 104:335–46.

35. Biswas N, Mustapha T, Khubchandani J, Price JH. The nature and extent of COVID-19 vaccination hesitancy in healthcare workers. J Commun Health. (2021) 46:1244–51. doi: 10.1007/s10900-021-00984-3

36. Lustig Y, Zuckerman N, Nemet I, Atari N, Kliker L, Regev-Yochay G, et al. Neutralising capacity against Delta (B.1.617.2) and other variants of concern following Comirnaty (BNT162b2, BioNTech/Pfizer) vaccination in health care workers, Israel. Euro Surveill. (2021) 26:2100557. doi: 10.2807/1560-7917.ES.2021.26.26.2100557

37. Sahebi A, Nejati-Zarnaqi B, Moayedi S, Yousefi K, Torres M, Golitaleb M. The prevalence of anxiety and depression among healthcare workers during the COVID-19 pandemic: an umbrella review of meta-analyses. Prog Neuropsychopharmacol Biol Psychiatry. (2021) 107:110247.

38. Saragih ID, Tonapa SI, Saragih IS, Advani S, Batubara SO, Suarilah I, et al. Global prevalence of mental health problems among healthcare workers during the Covid-19 pandemic: a systematic review and meta-analysis. Int J Nurs Stud. (2021) 121:104002.

39. World Medical Association. World medical association declaration of helsinki: ethical principles for medical research involving human subjects. JAMA. (2013) 310:2191–4.

40. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. Better reporting of interventions: template for intervention description and replication (TIDieR) checklist and guide. BMJ. (2014) 348:g1687.

41. Health Promotion Administration, Ministry of Health and Welfare.Evidences-based Guideline on Adult Obesity Prevention and Management. Taipei City: Health Promotion Administration, Ministry of Health and Welfare (2018).

42. Chang C-J, Wu C, Chang C, Yao W, Yang Y, Wu J, et al. Low body mass index but high percent body fat in Taiwanese subjects: implications of obesity cutoffs. Int J Obes. (2003) 27:253–9. doi: 10.1038/sj.ijo.802197

43. World Health Organization.The Asia-Pacific perspective: redefining obesity and its treatment. Geneva: World Health Organization (2000).

44. Godin G, Kok G. The theory of planned behavior: a review of its applications to health-related behaviors. Am J Health Promot. (1996) 11:87–98.

45. Zimny M, Starczewska M, Szkup M, Cybulska A, Grochans E. Body composition and biological functioning in polish perimenopausal women with type 2 diabetes. Int J Environ Res Public Health. (2021) 18:11422. doi: 10.3390/ijerph182111422

46. Ministry of Education.Measures for the Implementation of Physical Fitness Testing in Taiwan. (2018). Available online at: https://edu.law.moe.gov.tw/LawContent.aspx?id=GL000769s (accessed April 20, 2022).

47. Chiu LL, Chen TW, Hsieh SS, Hsieh LL. ACE I/D, ACTN3 R577X, PPARD T294C and PPARGC1A Gly482Ser polymorphisms and physical fitness in Taiwanese late adolescent girls. J Physiol Sci. (2012) 62:115–21. doi: 10.1007/s12576-011-0189-0

48. Peng HT, Khuat CT, Kernozek TW, Wallace BJ, Lo SL, Song CY. Optimum drop jump height in division III athletes: under 75% of vertical jump height. Int J Sports Med. (2017) 38:842–6. doi: 10.1055/s-0043-114011

49. Hsu WH, Chen CL, Kuo LT, Fan CH, Lee MS, Hsu RW. The relationship between health-related fitness and quality of life in postmenopausal women from Southern Taiwan. Clin Interv Aging. (2014) 9:1573–9. doi: 10.2147/CIA.S66310

50. Kao FC, Lai PL, Chang CH, Tsai TT, Fu TS, Niu CC, et al. Influence of lumbar curvature and rotation on forward flexibility in idiopathic scoliosis. Biomed J. (2014) 37:78–83. doi: 10.4103/2319-4170.113182

51. Ministry of Education.The 3-Minute Stepping Fitness Test Republic of China (Taiwan). (2013). Available online at: https://www.fitness.org.tw/measure06.php (accessed April 20, 2022).

52. Dobbins M, Husson H, DeCorby K, LaRocca RL. School-based physical activity programs for promoting physical activity and fitness in children and adolescents aged 6 to 18. Cochrane Database Syst Rev. (2013) 2013:Cd007651.

53. Orrow G, Kinmonth AL, Sanderson S, Sutton S. Effectiveness of physical activity promotion based in primary care: systematic review and meta-analysis of randomised controlled trials. BMJ. (2012) 344:e1389.

54. Richards J, Hillsdon M, Thorogood M, Foster C. Face-to-face interventions for promoting physical activity. Cochrane Database Syst Rev. (2013) 9:Cd010392.

55. Vissers D, Hens W, Taeymans J, Baeyens JP, Poortmans J, Van Gaal L. The effect of exercise on visceral adipose tissue in overweight adults: a systematic review and meta-analysis. PLoS One. (2013) 8:e56415. doi: 10.1371/journal.pone.0056415

56. Zeger K-YLSL. Longitudinal data analysis using generalized linear models. Biometrika. (1986) 73:13–22.

57. Disseldorp LM, Mouton LJ, Van der Woude LHV, Van Brussel M, Nieuwenhuis MK. Anthropometry, muscular strength and aerobic capacity up to 5 years after pediatric burns. Burns. (2015) 41:1839–46. doi: 10.1016/j.burns.2015.08.025

58. Herring LY, Wagstaff C, Scott A. The efficacy of 12 weeks supervised exercise in obesity management. Clin Obes. (2014) 4:220–7.

59. Whyte E, Burke A, White E, Moran K. A high-intensity, intermittent exercise protocol and dynamic postural control in men and women. J Athletic Train. (2015) 50:392–9. doi: 10.4085/1062-6050-49.6.08

60. Lane AD, Yan H, Ranadive SM, Kappus RM, Sun P, Cook MD, et al. Sex differences in ventricular-vascular coupling following endurance training. Eur J Appl Physiol. (2014) 114:2597–606. doi: 10.1007/s00421-014-2981-z

61. Schulz AJ, Israel BA, Mentz GB, Bernal C, Caver D, DeMajo R, et al. Effectiveness of a walking group intervention to promote physical activity and cardiovascular health in predominantly non-Hispanic black and Hispanic urban neighborhoods: findings from the walk your heart to health intervention. Health Educ Behav. (2015) 42:380–92. doi: 10.1177/1090198114560015

62. Saint-Maurice PF, Coughlan D, Kelly SP, Keadle SK, Cook MB, Carlson SA, et al. Association of leisure-time physical activity across the adult life course with all-cause and cause-specific mortality. JAMA Netw Open. (2019) 2:e190355. doi: 10.1001/jamanetworkopen.2019.0355

63. Staiano AE, Marker AM, Beyl RA, Hsia DS, Katzmarzyk PT, Newton RL. A randomized controlled trial of dance exergaming for exercise training in overweight and obese adolescent girls. Pediatr Obes. (2017) 12:120–8.

64. Sanal E, Ardic F, Kirac S. Effects of aerobic or combined aerobic resistance exercise on body composition in overweight and obese adults: gender differences. A randomized intervention study. Eur J Phys Rehabil Med. (2013) 49:1–11.

65. Buchvold HV, Pallesen S, Øyane NM, Bjorvatn B. Associations between night work and BMI, alcohol, smoking, caffeine and exercise–a cross-sectional study. BMC Public Health. (2015) 15:1112. doi: 10.1186/s12889-015-2470-2

66. Proper KI, van de Langenberg D, Rodenburg W, Vermeulen RCH, van der Beek AJ, van Steeg H, et al. The relationship between shift work and metabolic risk factors: a systematic review of longitudinal studies. Am J Prev Med. (2016) 50:e147–57.

67. Siqueria K, Griep R, Rotenberg L, Silva-Costa A, Mendes da Fonseca Mde J. Weight gain and body mass index following change from daytime to night shift – a panel study with nursing professionals. Chronobiol Int. (2016) 33:776–9. doi: 10.3109/07420528.2016.1167719

68. Zapka JM, Lemon SC, Magner RP, Hale J. Lifestyle behaviours and weight among hospital-based nurses. J Nurs Manag. (2009) 17:853–60.

69. Reutrakul S, Knutson KL. Consequences of circadian disruption on cardiometabolic health. Sleep Med Clin. (2015) 10:455–68.

70. Tada Y, Kawano Y, Maeda I, Yoshizaki T, Sunami A, Yokoyama Y, et al. Association of body mass index with lifestyle and rotating shift work in Japanese female nurses. Obesity (Silver Spring, Md). (2014) 22:2489–93. doi: 10.1002/oby.20908

71. Rojatz D, Merchant A, Nitsch M. Factors influencing workplace health promotion intervention: a qualitative systematic review. Health Promot Int. (2017) 32:831–9.

72. Ilvig PM, Bredahl TVG, Justesen JB, Jones D, Lundgaard JB, Sogaard K, et al. Attendance barriers experienced by female health care workers voluntarily participating in a multi-component health promotion programme at the workplace. BMC public health. (2018) 18:1340. doi: 10.1186/s12889-018-6254-3

73. Galante J, Friedrich C, Dawson AF, Modrego-Alarcon M, Gebbing P, Delgado-Suarez I, et al. Mindfulness-based programmes for mental health promotion in adults in nonclinical settings: a systematic review and meta-analysis of randomised controlled trials. PLoS Med. (2021) 18:e1003481. doi: 10.1371/journal.pmed.1003481



OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effectiveness and response differences of a multidisciplinary workplace health promotion program for healthcare workers



		Introduction



		Materials and methods



		Study design



		Participants



		Intervention – multidisciplinary program



		Exercise classes



		Nutrition consultation



		Behavioral education







		Measurements



		General characteristics



		Anthropometrics



		Body composition



		Physical fitness







		Statistical analysis







		Results



		Characteristics of study participants



		Changes in outcome parameters for the whole cohort



		Changes in outcome parameters stratified by sex and age



		Changes in outcome parameters stratified by weight and shiftwork status







		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/fmed-09-930165-t001.jpg
Variable Overall Male Female p-value!

N 302 21 281
Age, years 36 (30-45) 32 (29-45) 36 (30-45) 0.428
Age group 0.576
< 40 years 184 (60.9) 14 (66.7) 184 (60.9)
> 40 years 118 (39.1) 7 (22.3) 118 (39.1)
Body mass index, kg/m2 22.6 (20.9-24.7) 25.5(23.8-28.1) 22.4 (20.8-24.5) < 0.001
Weight status < 0.001
< 24kg/m? 195 (64.6) 5(23.8) 195 (64.6)
> 24 kg/m? 107 (35.4) 16 (76.2) 107 (35.4)
Profession < 0.001
Nurse 118 (39.0) 0(0.0) 118 (42.0)
Medical technician 47 (15.6) 3(14.3) 44 (15.7)
Administrative staff and others? 137 (45.4) 18 (85.7) 119 (42.3)
Shift status 0.005
Non-shift worker 203 (67.2) 20 (95.2) 183 (65.1)
Shift worker 99 (32.8) 1(4.8) 98 (34.9)

Data are summarized as n (%) or median (interquartile range, as appropriate. ! For between-group comparisons, the independent samples ¢-test or Mann-Whitney U test is used as appropriate.
2The “others” included mainly staff at payment counters and research assistants and a small number of those who were neither nurses nor medical technicians.
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Variable

Anthropometrics
Body mass index (kg/ m?)
Waist circumference (cm)
Waist-hip ratio
Waist-to-height ratio

Body composition
Body fat percentage (%)
Muscle weight (kg)
Visceral fat area (came)

Physical fitness
Grip strength (kg)

High jump (cm)
Sit-up (count)
Sit-and-reach (cm)

Step test

Non-overweight

—02(—0.6-0.1)
—1(—4-3)
—1.0 (—4.0-2.1)
—09 (—2.6-1.6)

—0.7 (—=14-0.1)
0.2 (—0.3-0.6)
—2.0 (—6.0-0.0)

0.0 (—1.0-2.0)
1.0 (—1.0-4.0)
2(0-4)
0.1(—2.1-2.0)
1.6 (—2.8-6.5)

Overweight

—0.2(—0.7-0.3)
—1(—4-3)
—0.8(—4.0-1.7)
—0.8 (—2.4-1.4)

—0.6 (=1.1-0.2)
0.2 (—0.3-0.7)
—4.0 (—0.8-2.0)

1.0 (—2.0-3.0)
2.0 (—2.0-5.0)
2(0-5)
0.0(—1.5-2.8)
3.0(=1.7-6.1)

p-value!

0915
0.672
0.855
0.691

0.239
0.858
0.197

0.594
0.608
0.471
0.235
0.067

Non-shift worker

—0.1(—0.6-0.2)
—1(—4-3)
—13(—47-2.1)
—0.9 (—2.6-1.6)

—0.7 (=1.3-0.1)
0.2 (—0.3-0.7)
—3.0 (=7.0-0.0)

0.0 (—1.3-2.0)
2.0 (—2.0-5.0)
2(0-4)
—0.1(~1.9-2.2)
2.1(—2.2-6.9)

Shift worker

—0.3(—0.6-0.1)
—1(=3-3)
—0.8(—32-17)
—0.7 (=2.5-1.5)

—0.5(—1.4-0.1)
0.2 (—0.4-0.5)
—2.0(—7.0-1.0)

0.0 (—2.0-2.0)
1.7 (—1.0-4.0)
3(—1-5)
02(—18-22)
25 (—3.0-5.5)

p-value!

0.045
0.658
0.340
0.626

0.290
0.299
0.571

0.902
0.231
0.367
0.999
0.880

Data are summarized as median change (interquartile range). ! The difference in change (post-intervention minus pre-intervention) between weight or shiftwork subgroups obtained from

generalized estimating equation analyses adjusted for sex, age, profession, and/or shiftwork status.
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Variable Pre-intervention Post-intervention Change! p-value?

Anthropometrics
Body mass index (kg/m?) 22.6(20.9-24.7) 22.4(20.6-24.8) ~0.19 (—0.59-0.18) < 0.001
Waist circumference (cm) 75 (69-81) 74 (68-81) —1(—4-3) 0.014
Waist-hip ratio 80.2 (75.9-84.9) 78.9 (74.7-83.8) —1.0 (—4.0-1.9) < 0.001
Waist-to-height ratio 47.1 (43.4-51.0) 46.5 (43.0-50.4) 0.8 (—26-1.6) 0.001
Body composition
Body fat percentage (%) 29.8 (4.7) 29.1 (4.8) —0.65 (1.19) < 0.001
Muscle weight (kg) 36.5 (34.0-39.4) 36.7 (31.2-39.9) 0.2 (—0.3-0.6) < 0.001
Visceral fat area (cm?) 60.5 (41.8-79.3) 56.0 (38.8-78.0) —3.0 (—7.0-1.0) < 0.001
Physical fitness
Grip strength (kg) 27.0 (23.2-31.0) 27.0 (24.0-31.0) 0.0 (—2.0-2.0) 0.035
High jump (cm) 32.0 (28.0-36.5) 33.0 (29.0-38.0) 2.0(=1.5-4.0) < 0.001
Sit-up (count) 26 (20-33) 29 (23-35) 2(0-4) < 0.001
Sit-and-reach (cm) 32.1(26.7-38.5) 32.3 (27.0-38.0) 0.0(=1.9-2.2) 0359
Step test 58.4 (53.9-64.3) 60.8 (56.3-66.7) 2.2 (~2.6-6.4) < 0.001

Data are summarized as mean (standard deviation) or median (interquartile range), as appropriate. ! Post-intervention minus pre-intervention. 2Paired sample ¢-test for normally distributed
continuous variables or Wilcoxon signed rank test.
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Variable Male Female p-value! Age < 40 years Age > 40 years p-value!

Anthropometrics
Body mass index (kg/m?) —0.1 (—0.5-02) —0.2(=0.6-0.2) 0.651 —02 (—0.6-0.2) 0.2 (=0.6-0.1) 0.566
Waist circumference (cm) 1(—4-4) —1(—4-3) 0.733 —1(—4-29) —2(—4-3) 0.829
Waist-hip ratio 0.6 (—2.4-1.9) 1.0 (—4.1-2.0) 0.548 —1.0 (—4.1-1.7) —0.9 (—3.7-2.9) 0.777
Waist-to-height ratio 0.6 (—2.4-1.9) —0.9(—2.6-1.5) 0.675 —05 (—2.5-1.4) —12(=2.7-17) 0.739
Body composition
Body fat percentage (%) —0.3 (—1.6-0.4) —0.6 (—1.3-0.1) 0.969 —0.6 (—1.3-0.2) —0.6 (—1.3-0.1) 0.510
Muscle weight (kg) 0.5 (0.1-1.3) 02 (—0.3-0.6) 0.105 0.2 (—0.3-0.6) 0.3 (—0.2-0.7) 0.158
Visceral fat area (came) —1.0 (—8.0-4.0) —3.0(—7.0-0.0) 0.157 —2.0 (—0.2-0.7) —4.0 (—8.0-1.0) 0.281
Physical fitness
Grip strength (kg) 1.0 (—1.5-4.0) —2.0(=3.0-2.0) 0.642 0.0 (—1.0-2.0) 0.0 (—2.0-2.0) 0.820
High jump (cm) 0.0 (—3.0-8.0) 2.0 (—1.0-4.0) 0.721 2.0 (—1.0-4.0) 1.0 (=2.0-4.0) 0.776
Sit-up (count) 3(=1-5) 2(0-4) 0.484 2(0-4) 2 (0-5) 0.858
Sit-and-reach (cm) —0.8 (—1.2-5.0) 0.1(~1.9-22) 0.345 0.0 (=1.7-2.1) 0.0 (—2.2-3.0) 0.746
Step test 3.7 (=14-7.5) 2.0 (—2.6-6.3) 0.332 22(—2.1-6.2) 2.0 (—3.1-6.6) 0.906

Data are summarized as median change (interquartile range). ! The difference in change (post-intervention minus pre-intervention) between weight or shiftwork subgroups obtained from general-
ized estimating equation analyses adjusted for sex, age, profession, and/or shiftwork status. The difference in change (post-intervention minus pre-intervention) between sex or age subgroups
obtained from generalized estimating equation analyses adjusted for age, BMI at pre-intervention, profession, and shiftwork status.
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