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Abstract

:

(1) Background: The aim of this study was to evaluate the effectiveness of a three-component nutrition, sleep, and physical activity (PA) program on cardiorespiratory fitness, body composition, and health behaviors in overweight airline pilots. (2) Methods: A parallel group study was conducted amongst 125 airline pilots. The intervention group participated in a 16-week personalized healthy eating, sleep hygiene, and PA program. Outcome measures of objective health (maximal oxygen consumption (VO2max), body mass, skinfolds, girths, blood pressure, resting heart rate, push-ups, plank hold) and self-reported health (weekly PA, sleep quality and duration, fruit and vegetable intake, and self-rated health) were collected at baseline and post-intervention. The wait-list control completed the same assessments. (3) Results: Significant group main effects in favor of the intervention group were found for all outcome measures (p < 0.001) except for weekly walking (p = 0.163). All objective health measures significantly improved in the intervention group when compared to the control group (p < 0.001, d = 0.41–1.04). Self-report measures (moderate-to-vigorous PA, sleep quality and duration, fruit and vegetable intake, and self-rated health) significantly increased in the intervention group when compared to the control group (p < 0.001, d = 1.00–2.69). (4) Conclusion: Our findings demonstrate that a personalized 16-week healthy eating, PA, and sleep hygiene intervention can elicit significant short-term improvements in physical and mental health outcomes among overweight airline pilots. Further research is required to examine whether the observed effects are maintained longitudinally.
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1. Introduction


Adverse health outcomes promoted by occupational demands of airline pilots including shift and irregular work schedules, circadian disruption, sedentary activity, and high fatigue [1] may be mitigated through attainment of health guidelines for lifestyle behaviors: healthy diet, physical activity (PA), and sleep [2,3]. Non-communicable diseases (NCDs) including cardiovascular disease (CVD), stroke, type 2 diabetes, and their major risk factors are among leading causes of mortality and morbidity worldwide [4]. The presence of modifiable behavioral NCD risk factors including obesity, hypertension, physical inactivity, low cardiorespiratory fitness, unhealthy dietary patterns, short sleep, depression, high perceived stress levels, and high fatigue are each associated with adverse outcomes to acute and chronic health [4,5,6]. Obesity is a complex, widespread, yet modifiable NCD risk factor that poses a significant public health threat [7]. The obesity prevalence worldwide was estimated as 13% in 2015, which is nearly double the prevalence from 1980 [7]. In 2020, 67% of male airline pilots in New Zealand were classified as overweight or obese with hypertension affecting 27% of the population [8]. Moreover, this study reported the prevalence of insufficient fruit and vegetable intake, physical inactivity, and <7 h sleep per night among airline pilots as 68%, 48%, 33.5%, respectively [8].



The global economic burden associated with NCDs is estimated as $47 trillion between 2010 and 2030 [4]. Previous research has demonstrated evidence of significantly reduced longitudinal health care cost utilization following diet and exercise lifestyle interventions [9]. Relevantly, airline pilots undergo annual or biannual medical examinations, results of which influence flight certification status [10]. Ongoing health care costs associated with the presence of NCDs and their risk factors present economic implications for aviation medical care [4,10].



Better health status is generally associated with enhanced productivity and work performance [11]. In the context of commercial aviation, pilot work performance is imperative to flight operation safety. As established in the International Civil Aviation Organization’s Annex 1, aviation medicine providers are required to implement appropriate health promotion for license holders (pilots) to reduce future medical risks to flight safety [10]. Thus, interventions that promote positive health of pilots, mitigate health risk factors for NCDs, and reduce longitudinal health care costs of employees are of importance to aviation medicine, health practices, and policies.



Limited studies have investigated the efficacy of health promotion interventions among airline pilots, and no studies to date have reported on cardiorespiratory fitness or body fat percentage among this occupational group [1]. Based on the findings of our recent preliminary research [2,12], we found a personalized three-component healthy eating, sleep hygiene, and PA intervention produced favorable outcomes in subjective health and reductions in body mass and blood pressure among airline pilots. Utilizing a different sample of pilots, the aim of the present study was to evaluate the effects of a three-component healthy eating, sleep hygiene, and PA program on cardiorespiratory fitness, body composition, and health behaviors in overweight airline pilots. It was hypothesized that the intervention group would have significantly greater improvements in physical fitness, body composition and health behaviors compared to the wait-list control group at four months.




2. Materials and Methods


2.1. Design


A parallel controlled study (intervention and control) with pre- and post-testing was conducted to evaluate the effectiveness of a personalized three-component, 16-week lifestyle intervention for enhancing subjective and objective health indices in airline pilots. This study was approved by the Human Research Ethics Committee of the University of Waikato in New Zealand; reference number 2020#07. The trial protocol is registered at The Australian New Zealand Clinical Trials Registry (ACTRN12622000233729).




2.2. Participants


The participants comprised of self-selected airline pilots who were recruited from a large international airline in New Zealand. Invitations to participate in the study were distributed to all airline pilots within the company through internal communication networks. Group allocation was determined by a first in, first serve basis due to intervention implementation capacity. Accordingly, pilots who expressed interest to participate in the study early and satisfied the eligibility criteria were allocated to the intervention group (n = 86) and subsequent enrolments that exceeded initial capacity were allocated to the wait-list control (n = 80). Participants involved pilots from short-haul (regional flights) and long-haul (international flights) rosters. The participants allocated to the wait-list control group received no intervention and were invited to participate in the intervention after the study period.



Potentially eligible pilots who volunteered to participate were screened according to the following eligibility criteria: (a) aged >18 years, (b) pilots with a valid commercial flying license, (c) working on a full-time basis, (d) having a body mass index (BMI) of ≥25 (overweight), and (e) a resting blood pressure of >120/80 (systolic/diastolic). Pilots were excluded if medical clearance was deemed necessary prior to engagement in a PA program after completion of the 2020 Physical Activity Readiness Questionnaire for Everyone (PAR-Q+) [13].



Informed consent was obtained from participants prior to commencement of participation in the study and participants were notified that they were permitted to withdraw at any time during the study if they wish to do so. To encourage data blinding and anonymity during data analysis, participants were allocated a unique identifier code on their informed consent form and were instructed to input this into their online health survey in lieu of their name.




2.3. Intervention


At baseline the intervention group completed an individual face-to-face 60-min consultation session with an experienced health coach practitioner located at the airline occupational health facility, followed by provision of a personalized health program. Participants also received weekly educational content emails throughout the intervention and a mid-intervention follow-up phone call with a health coach to discuss progress and support adherence. Health coaching advice delivered to pilots was evidence-based and derived from experts in the fields of dietetics, physical activity, and sleep science.



For extended details of the procedures associated with the three-component intervention, readers are referred to the study of Wilson and colleagues [12]. In brief, the intervention incorporated seven behavior change techniques (BCT) including collaborative goal setting, action planning, problem solving, information about health consequences, self-monitoring, feedback on behaviors, and reviewing of outcomes. The intervention utilized 35 participant interactions: including two face-to-face consultations (baseline and post-intervention), one mid-intervention telephone call, 16 weekly emails, and 16 weekly self-monitoring surveys.



Between the participant and health coach, personalized collaborative outcome, process, and performance goals [12] were established at baseline for (a) sleep hygiene, (b) healthy eating, and (c) PA. Healthy eating goals were defined based on a healthy eating resource (see Appendix A, adapted from Beeken and colleagues [14] with amendments derived from Cena and Calder [15]). Sleep goals were set based on a Sleep Hygiene Checklist (see Appendix B) which was derived from previous sleep hygiene and stimulus control studies [12]. Physical activity prescription goals were established based on assessment of individual barriers and facilitators to physical activity, implementation of the frequency, intensity, time, and type principles [16], and progression to fulfillment of sufficient moderate-to-vigorous-intensity physical activity (MVPA) to meet World Health Organization health guidelines [17] according to individual capabilities. Sufficient physical activity was defined as ≥150 min moderate-intensity, or ≥75 min vigorous-intensity, or an equivalent combination MVPA per week [17].




2.4. Outcome Measures


Objective measures of health (maximal oxygen consumption (VO2max), body mass, skinfolds, girths, blood pressure, resting heart rate, pushups, plank hold) and self-report measures (weekly PA, sleep quality and duration, fruit and vegetable intake, and self-rated health) were collected at baseline and 4 months (post-intervention). Self-report measures (weekly MVPA, sleep duration, fruit, and vegetable intake) were also collected weekly to monitor intervention adherence via an online survey delivered through Qualtrics software (Qualtrics, Provo, UT, USA).



Participants were instructed to avoid large quantities of food, stimulants such as caffeine, and strenuous exercise 4 h prior to measurement of physiological outcome measures. Outcome measurement protocols for body mass, blood pressure, and subjective health have been previously described in detail [2,12]. In brief, at the start of the consultation session, participants completed an electronic questionnaire via an iPad (Apple, California, CA, USA) to provide data for self-report measures. Using standardized methods previously described [2], resting heart rate was measured utilizing a Rossmax pulse oximeter SB220 (Rossmax Taipei, Taiwan, China), height was recorded with SECA 206 height measures, body mass was measured with SECA 813 electronic scales (SECA, Hamburg, Germany), and blood pressure was measured with an OMRON HEM-757 device (Omron Corporation, Kyoto, Japan).



Skinfold measurements were collected following standardized procedures of the International Society for the Advancement of Kinanthropometry (ISAK) [18]. The skinfold sum was determined by measurements obtained for eight locations: biceps, triceps, subscapular, abdominal, supraspinale, iliac crest, mid-thigh, and medial calf. All skinfold measurements were taken from the right side of the body twice, with a third measurement taken if the difference between recordings were greater than 4%. The anthropometrical technical errors were under the recommended limits [18] for all final recorded measurements. Skinfold measurements were conducted by an accredited ISAK anthropometrist, using Harpenden calipers (British Indicators, Hertfordshire, UK) which were sufficiently calibrated as per the manufacturers’ guidelines. Body fat percentage was derived from skinfold assessments and was calculated using updated sex and ethnicity specific equations reported elsewhere [19]. Girth measurements for the waist and hip locations were measured with a thin-line metric tape measure (Lufkin; Apex Tool Group, Sparks, MD, USA) congruent with standardized technique [20].



Push-ups and the plank isometric hold were utilized as assessments of musculoskeletal fitness, using previously reported standardized methods [21,22]. For push-ups, the hand release technique was utilized, where participants were instructed to keep their torso tight so that the shoulders, hips, knees, and ankles were aligned throughout the range of motion. At the bottom position, the hands were lifted from the floor between each push-up. Push-up cadence was coordinated by a metronome and participants completed maximum full range of motion repetitions until the onset of failure to maintain correct form [21]. The basic plank isometric hold technique was utilized, consisting of the participant holding a prone bridge position supported by their feet and forearms. Elbows were below the shoulders with the forearms and fingers extending forward. The neck was maintained in a neutral position so that the body remained straight from the head to the heels. Time was recorded from initiation of the position until the loss of the plank position [22].



For quantification of aerobic fitness, estimated VO2max was obtained by participants performing a previously validated [23,24] 3-min aerobic test (3mAT) on a Wattbike (Woodway USA, Waukesha, WI, USA) electro-magnetically and air-braked cycle ergometer. Participants were given a full explanation of the protocol, safety procedures, the Wattbike seat and handle were fitted appropriately for the participant, who was also fitted with a Polar H10 heart rate strap (Polar Electro, Kempele, Finland). Full details on the procedure have been detailed elsewhere [23]. Participants completed a 10-min warmup consisting of self-paced cycling at 70–90 rpm with two 6-s sprints within that timeframe, as suggested by the manufacturer. The goal of the 3mAT was to maintain the highest power output possible for 3 full minutes. Verbal encouragement was provided, and participants were allowed to adjust the resistance and pedal cadence as needed throughout the test. Each participant’s customized setup was noted, and the same procedures were carried out for the retest at 4 months.



Prior to baseline testing, the Wattbike was calibrated by the manufacturer, and a between session reliability assessment was conducted with the Wattbike utilizing a convenience sample of seven untrained airline pilots (aged = 42 ± 12 years, body mass = 80 ± 11 kg, height = 173 ± 4 cm, mean ± standard deviation (SD), 5 males, 2 females). Following standardized procedures [23,24], participants of the reliability trial performed the 3mAT twice separated by >48 h between assessments. For measurement of estimated VO2max, the reliability trial produced a coefficient of variation (CV) of 4.3% and an intraclass correlation coefficient (ICC) of 0.98 (0.90–0.99), denoting acceptable CV [25] and excellent ICC reliability [26].



Self-report measures (PA, sleep quality and duration, fruit and vegetable intake, and self-rated health) have been previously described in detail [12]. In brief, self-rated health (physical and mental) were measured utilizing the Short Health Form 12v2 (SF-12v2) [27]. The International Physical Activity Questionnaire Short Form (IPAQ) was utilized to quantify self-report MVPA [28]. Self-report subjective sleep quality and duration were measured with the Pittsburgh Sleep Quality Index (PSQI) [29]. Daily fruit and vegetable intake were measured using dietary recall questions derived from the New Zealand Health Survey [28].




2.5. Statistical Analyses


G-Power software was utilized to calculate sample size required to detect a clinically significant change in primary outcome measures of ≥5% weight loss and a change of 3.5 mL/kg/min for VO2max [30]. Our sample size power calculation suggested 65 pilots were required in each group to achieve 90% power and a 5% significance criterion to detect relevant differences between the intervention and wait-list control groups. To account for 20% dropout observed in a similar study [2], our target sample size was 156.



Statistical Package for the Social Sciences (SPSS, version 28; IBM Corp., Armonk, NY, USA) was utilized for all analyses. Listwise deletion (i.e., entire case record removal) was applied if individual datasets had missing values or for participants who did not complete post-tests. Stem and leaf plots were inspected to ascertain whether there were any outliers in the data for each variable. A Shapiro–Wilk test (p > 0.05) and its histograms, Q–Q plots, and box plots were analyzed for the normality of data distribution for all variables. Levene’s test was used to test homogeneity of variance.



Independent t-tests were utilized to calculate whether any significant differences existed between groups at baseline. For categorical variables (long haul and short haul) the Chi square test was used. Between group analysis of pre-test and post-test were assessed using paired t-tests and analysis of covariance (ANCOVA) (respectively). To control for baseline differences between groups, baseline data were included as a covariate in the ANCOVA [31], in addition to inclusion of age and sex. Effect sizes were calculated using Cohen’s d to quantify between-group effects from pre-test to post-test. Effect size thresholds were set at >1.2, >0.6, >0.2, and <0.2, which were classified as large, moderate, small, and trivial, respectively [32]. The α level was set at a p value of less than 0.05.





3. Results


3.1. Characteristics of the Study Population


Two-hundred twelve airline pilots were considered for eligibility and 148 were recruited to participate (Figure 1). Of them, 84% (n = 125) of recruits provided data for both timepoints, which comprised a combination of short-haul and long-haul rosters (n = 60 and 65, respectively). The dropout rates from baseline to post-intervention were 12% (time commitment n = 5; ceased employment n = 3; testing not fully completed n = 1) and 19% (time commitment n = 8; ceased employment n = 4) for the intervention and wait-list control groups, respectively. As displayed in Table 1, at baseline both groups demonstrated similar characteristics for most health parameters, yet the wait-list control group had lower SBP (t(123) = 1.191, p = 0.03, d = 0.39) and lower MAP (t(123) = 2.113, p = 0.03, d = 0.38). No significant differences were observed between groups for sex and fleet type.




3.2. Intervention Adherence


For the intervention group, compliance was measured mid-intervention for health behaviors, including self-report weekly MVPA, daily fruit and vegetable intake and average sleep duration per night. Sixty-four (97%) were achieving ≥5 serves of fruit and vegetables per day, 94% reported sleeping ≥7 h sleep per night, and 97% were obtaining ≥150 MVPA (min) per week. Comparatively, 36% of the wait-list control group were achieving ≥5 serves of fruit and vegetables per day, 71% were sleeping ≥7 h per night, and 53% were obtaining ≥150 MVPA (min) per week.




3.3. Body Mass, Skinfolds, Waist Girth, Bodyfat Percentage, Blood Pressure and Pulse


Significant group main effects (p < 0.001) in favor of the intervention group were found for all variables. Small to large effect size differences were observed from baseline to post-intervention (Table 2). The within-group analysis revealed that the intervention elicited significant improvements (p < 0.001) in all measures at post-intervention associated with moderate to large effect sizes (Table 2; Figure 2). The wait-list control group reported a significantly lower body mass (t(57) = 2.538, p = 0.014, d = 0.33) and reduced waist girth (t(57) = 2.358, p = 0.022, d = 0.31), yet no significant changes were observed in other measures.




3.4. VO2max, Pushups and Plank Hold


Significant group main effects were found for all measures (p < 0.001) in favor of the intervention group. The within-group analysis reported significantly greater improved changes from baseline to post-intervention for all physical performance measures in the intervention group (p < 0.001), associated with large effect sizes (Table 2; Figure 2). In contrast, the wait-list control group significantly increased push-ups (t(57) = 5.323, p < 0.001, d = 0.69) and plank hold (t(57) = 3.365, p = 0.001, d = 0.44), yet no significant change was observed for VO2max.




3.5. Health Behaviors and Self-Rated Health


Significant group main effects in favor of the intervention group were found for all self-report health measures (p < 0.001) except for weekly walking minutes (p = 0.163). The within-group analysis reported significantly greater improved health changes from baseline to post-intervention for all self-report health measures in the intervention group (p < 0.001), associated with moderate to large effect sizes (see Table 2; Figure 2). Further, the wait-list control group significantly improved weekly walking, weekly MVPA, global PSQI score, and Short Health Form 12v2 physical component summary scale score (PCS-12, p < 0.001), enhanced fruit and vegetable intake (p = 0.008), and increased sleep hours (p = 0.020). The significant changes observed within the wait-list control group from baseline to post-intervention were associated with trivial to small effect sizes (see Table 2).





4. Discussion


To our knowledge, this study is the first clinical trial that has explored the effects of a lifestyle intervention on physical fitness and body composition measures among airline pilots. This study aimed to promote enhancement in cardiorespiratory and musculoskeletal fitness, body composition, and health behaviors through a personalized intervention on healthy eating, sleep hygiene, and PA.



For most outcome measures, in support of our initial hypothesis the controlled trial revealed significantly higher improvements in the intervention group compared to the wait-list control group. Our findings suggest that a face-to-face health assessment alone with no provision of an intervention may promote small short-term effects for improvements in health behaviors and weight management among airline pilots. Furthermore, the provision of a personalized multicomponent lifestyle intervention may facilitate moderate to large short-term effects for promoting healthy changes in physical fitness, body composition, and health behaviors among airline pilots.



These findings are important for health care professionals and researchers to provide insight regarding the efficacy of lifestyle interventions for promoting health, and to inform practices relating to disease prevention, health promotion, and public health policymaking. Furthermore, in relation to the limited literature base pertaining to three-component sleep, nutrition, and PA interventions and the insufficient depth of health behavior intervention research among airline pilots, our findings provide novel contributions to this field.



Excessive adiposity is evidently associated with higher all-cause mortality and elevated risk of cardiometabolic NCDs [33]. Counteractively, clinically significant improvements in NCD risk factors have been reported with as little as 2–3% of weight loss among those with high BMI [34]. A meta-analysis of 59 lifestyle weight loss interventions reported a pooled mean weight loss range of 5–8.5 kg (5–9% body mass) within the initial six months, and among studies exceeding 48 months a mean weight loss range of 3–6 kg (3–6% body mass) [35]. Comparatively, in our intervention group we observed 6% weight loss and 1.6 reduction in BMI at four months. Weight loss and BMI alone as assessments of body composition change are inherently limited due to their inability to precisely measure central adiposity, fat distribution, bone density, and lean mass [36].



In the present study we assessed additional body composition metrics with girth and skinfold measures. Waist circumference has been reported as being strongly associated with all-cause and cardiovascular mortality, with or without adjustment for BMI [36]. Further, skinfold thickness has been reported as a better predictor of body fatness compared to BMI [37]. We found the intervention elicited a decrease of 6 cm waist circumference and 28 mm skinfold thickness sum reduction, which were associated with an overall 3.7% reduction in predicted body fat percentage and a decrease of 8.1 mmHg for systolic blood pressure (SBP). These findings are consistent, yet of higher magnitude than a previous meta-analysis which reported exercise training programs were associated with pooled mean reductions of 5.1 mmHg SBP and 2.2 cm waist girth [38]. This study also reported that reductions in blood pressure (BP) and waist circumference were associated with reduced high-density lipoprotein (HDL) cholesterol and metabolic syndrome risk reduction [38]. Thus, interventions which induce these adaptations are of importance for risk reduction of these well-established NCD risk factors [4].



To our knowledge, our study is the first to report on objective measures of cardiorespiratory capacity among airline pilots. Prospective cohort research suggests exercise capacity is an authoritative predictor of mortality among adults, and an increase of 1 MET (3.5 mL/kg/min) is associated with a 12% CVD risk reduction [30]. A meta-analysis of aerobic exercise training interventions among adults (aged 41 ± 5 y) reported a pooled mean increase in VO2max of 3.5 mL/kg/min (1.9–5.2, 95% confidence interval (CI)), associated with a moderate effect size of 0.6 [39]. In comparison, we observed an increase of 4.5 mL/kg/min within our intervention group, associated with a large effect size which exceeds previously suggested thresholds for clinical relevance [26]. However, future research is required to determine whether these acute adaptations are longitudinally maintained after the brief 16-week intervention.



The intervention promoted significant positive health outcomes for health behaviors and self-rated health, associated with moderate to large effect sizes. Sleep duration increased by 0.6 h in the intervention group, which is a lower magnitude compared with a recent meta-analysis of behavioral interventions to extend sleep length, which reported a pooled increase of 0.8 h per night (0.28–1.31, 95% CI) [40]. In part, this variance may be related to the different nature of interventions, where the present intervention targeted multiple-behavior modification for nutrition, sleep, and PA simultaneously, compared with the individual component focus in other studies (i.e., targeting sleep modification alone) [40].



For weekly MVPA we found the intervention elicited an increase of 72 min/week, which is notably higher than a previous meta-analysis which reported a mean increase of 24 min/week from PA interventions implemented in primary care settings [41]. Similarly, a meta-analysis of behavior interventions to increase fruit and vegetable intake reported a pooled mean increase of 1.1 servings per day [42], which was a lower magnitude of change compared to the increase of 3.6 servings following the present intervention. Notably, a meta-analysis of effective BCTs for promoting PA and healthy eating in overweight and obese adults highlighted the use of goal setting and self-monitoring of behavior as strong predictors of positive short and long-term health behavior change [43]. Congruently, our intervention implemented these components in addition to five other BCTs, which may have contributed to the observed effect sizes of change.



Strengths and Limitations


A strength of this study is our findings add valuable contribution to a small global literature base pertaining to interventions that include components for each healthy eating, PA, and sleep hygiene. The magnitude of effect sizes for positive health change observed in the intervention may be at least partly attributable to; (a) the implementation of seven BCTs including collaborative goal setting, (b) the personalized multiple-component nutrition, PA and sleep approach, (c) the multimodal intra-intervention communication administered via face-to-face consultations, a telephone call, and regular educational emails, and (d) the potential underlying motivation of airline pilots to improve their health to maintain their aviation medical license.



Potential limitations of this study need to be considered in the interpretation of our findings. Firstly, pilots voluntarily participated in the study via self-selection. Thus, those who enrolled may have exhibited higher readiness and motivation for health behavior change than the general population, which may limit the generalizability of our findings. Secondly, for feasibility of implementation and to minimize participant burden, self-report measures for health behaviors were utilized which inherently possess inferior validity to more invasive objective methods. Accordingly, future research, including measures such as a food frequency questionnaire or photo meal logging for dietary behaviors and actigraphy coupled with heart rate monitoring (e.g., smart watches) for PA and sleep monitoring, would be valuable contributions to increase the validity of findings. Third, although the sex characteristics of our sample are congruent with the general airline pilot population [8], the lack of female participants limits the generalizability of our findings to female populations. Thus, future research should evaluate the effects of the intervention among an ample sample size of females. Finally, the intervention was delivered by an experienced health coach, which presents a barrier to intervention adoption at scale. Future research should evaluate the delivery of interventions using similar procedures via cost-effective and scalable methods, such as online modes of delivery (i.e., smartphone application).





5. Conclusions


The personalized 16-week healthy eating, sleep hygiene, and PA intervention implemented in this study elicited significant positive changes associated with moderate to large effects sizes in all main outcome measures at four months follow-up, relative to the wait-list control group. Our findings suggest that the achievement of these three guidelines promotes physical and mental health among overweight airline pilots and these outcomes may be transferrable to other populations. However, there is a need for future research to examine whether the observed effects are longitudinally maintained following the intervention.
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Appendix A


TOP TEN TIPS FOR HEALTHY EATING



A system of habits to support a healthier you.



	1.

	
Emphasize whole foods







Choose unprocessed natural foods.



As food processing increases, nutrient density decreases. The more ingredients that are listed on a food, the more processed the food will likely be.



	2.

	
Reduce sugar where possible







Limit foods with added sugar (cookies, cakes, sugar sweetened beverages etc.) where you can. Read labels to avoid hidden sugars (sauces, cereals, dairy products etc.). Aim for less than 10% of daily energy from sugar or under 5% for better health.



	3.

	
Eat a rainbow of foods







Eat a variety of fruit and vegetables each day. Try those with rich colors of red, blue, green and orange. The more color in your day the more antioxidant, vitamins and minerals you will be getting.



	4.

	
Reduce white







Try to avoid the energy dense white foods like pasta, rice, bread, and potato. Use MyFitnessPal to understand other options. For example, 2 cups of broccoli with a curry is a healthier meal and some would say tastier than 2 cups of rice, and far fewer calories! Also consider having more vegetables that grow above the ground than those that grow below the ground.



	5.

	
Eat lean protein with each meal







Protein foods such as lean meat, chicken, fish, eggs, low fat dairy foods, bean, nuts, seeds, legumes and lentils aid in muscle repair and support lean body mass.



	6.

	
Caution with your portions







Do not heap food on your plate (except vegetables). Use the hand portion sizing guide to make good meal size decisions. Think twice before having second helpings.



	7.

	
Eat slowly and mindfully







Set aside adequate time for your meal so you’re not rushed and chew your food well. While eating try to avoid watching TV or eating on the go. Pay attention to your food. Eat until you feel 80% full.



	8.

	
Think about your drinks







Drink 2 L of fluids a day. Choose mainly water. Unsweetened fruit juice contains natural sugar so limit to one glass a day (200 mL/one third pint). Alcohol is high in calories; limit to one unit a day for women and two for men.



	9.

	
Choose good fats







Choose fats that enhance your recovery and immune system not those that break it down. Some good sources of are nuts and seeds, nut butters, avocado, fatty fish, olive oil, and flaxseed oils.



	10.

	
Setup your healthy environment







If a food is in your house or possession, either you or someone you love, will eat it. If you remove the temptation of unhealthy foods from your surroundings and add more healthy options, you will set yourself up for success.
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	Sleep Hygiene Strategies for Enhancing Sleep
	YES Achieving
	NOT Achieving





	1. Sleep at least 7 h
	
	



	2. Sleep routine or depower hour
	
	



	3. Regular sleep and wake time
	
	



	4. Dim lights near bedtime and turn off electronics >30 min before bed
	
	



	5. Avoid sleep disruptors 4–6 h before bed e.g., caffeine, large meals, alcohol
	
	



	6. Have a dark, cool, quiet sleep environment
	
	



	7. Exercise every day, not too close to bedtime
	
	



	8. Use the bedroom only for sleeping and intimacy
	
	



	9. Do a brain dump on paper before bed
	
	



	10. Early morning light exposure
	
	










References


	



Wilson, D.; Driller, M.; Johnston, B.; Gill, N. The Prevalence of Cardiometabolic Health Risk Factors among Airline Pilots: A Systematic Review. Int. J. Environ. Res. Public Health 2022, 19, 4848. [Google Scholar] [CrossRef] [PubMed]

	



Wilson, D.; Driller, M.; Winwood, P.; Johnston, B.; Gill, N. The Effects of a Brief Lifestyle Intervention on the Health of Overweight Airline Pilots during COVID-19: A 12-Month Follow-Up Study. Nutrients 2021, 13, 4288. [Google Scholar] [CrossRef] [PubMed]

	



Van Drongelen, A.; Boot, C.R.; Hlobil, H.; Twisk, J.W.; Smid, T.; van der Beek, A.J. Evaluation of an mHealth intervention aiming to improve health-related behavior and sleep and reduce fatigue among airline pilots. Scand. J. Work. Environ. Health 2014, 40, 557–568. [Google Scholar] [CrossRef] [PubMed]

	



Miranda, J.J.; Barrientos-Gutiérrez, T.; Corvalan, C.; Hyder, A.A.; Lazo-Porras, M.; Oni, T.; Wells, J.C.K. Understanding the rise of cardiometabolic diseases in low- and middle-income countries. Nat. Med. 2019, 25, 1667–1679. [Google Scholar] [CrossRef] [PubMed]

	



Marmot, M.; Bell, R. Social determinants and non-communicable diseases: Time for integrated action. BMJ 2019, 364, l251. [Google Scholar] [CrossRef] [PubMed]

	



Lasserre, A.M.; Strippoli, M.P.; Glaus, J.; Gholam-Rezaee, M.; Vandeleur, C.L.; Castelao, E.; Marques-Vidal, P.; Waeber, G.; Vollenweider, P.; Preisig, M. Prospective associations of depression subtypes with cardio-metabolic risk factors in the general population. Mol. Psychiatry 2017, 22, 1026–1034. [Google Scholar] [CrossRef]

	



Chooi, Y.C.; Ding, C.; Magkos, F. The epidemiology of obesity. Metab.—Clin. Exp. 2019, 92, 6–10. [Google Scholar] [CrossRef] [PubMed]

	



Wilson, D.; Driller, M.; Johnston, B.; Gill, N. The prevalence and distribution of health risk factors in airline pilots: A cross-sectional comparison with the general population. Aust. N. Z. J. Public Health 2022. [Google Scholar] [CrossRef]

	



Klatt, M.D.; Sieck, C.; Gascon, G.; Malarkey, W.; Huerta, T. A healthcare utilization cost comparison between employees receiving a worksite mindfulness or a diet/exercise lifestyle intervention to matched controls 5 years post intervention. Complementary Ther. Med. 2016, 27, 139–144. [Google Scholar] [CrossRef]

	



International Civil Aviation Authority. Manual of Civil Aviation Medicine, 3rd ed.; International Civil Aviation Authority: Montreal, QC, Canada, 2012; p. 580. [Google Scholar]

	



Keyes, C.L.M.; Grzywacz, J.G. Health as a Complete State: The Added Value in Work Performance and Healthcare Costs. J. Occup. Environ. Med. 2005, 47, 523–532. [Google Scholar] [CrossRef]

	



Wilson, D.; Driller, M.; Johnston, B.; Gill, N. The effectiveness of a 17-week lifestyle intervention on health behaviors among airline pilots during COVID-19. J. Sport Health Sci. 2021, 10, 333–340. [Google Scholar] [CrossRef] [PubMed]

	



Warburton, D.E.R.; Jamnik, V.; Bredin, S.S.; Shephard, R.J.; Gledhill, N. The 2020 Physical Activity Readiness Questionnaire for Everyone (PAR-Q+) and electronic Physical Activity Readiness Medical Examination (ePARmed-X+): 2020 PAR-Q+. Health Fit. J. Can. 2019, 12, 58–61. [Google Scholar]

	



Beeken, R.J.; Croker, H.; Morris, S.; Leurent, B.; Omar, R.; Nazareth, I.; Wardle, J. Study protocol for the 10 Top Tips (10TT) Trial: Randomised controlled trial of habit-based advice for weight control in general practice. BMC Public Health 2012, 12, 667. [Google Scholar] [CrossRef]

	



Cena, H.; Calder, P.C. Defining a Healthy Diet: Evidence for the Role of Contemporary Dietary Patterns in Health and Disease. Nutrients 2020, 12, 334. [Google Scholar] [CrossRef] [PubMed]

	



Barisic, A.; Leatherdale, S.T.; Kreiger, N. Importance of Frequency, Intensity, Time and Type (FITT) in physical activity assessment for epidemiological research. Can. J. Public Health 2011, 102, 174–175. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. Global Recommendations on Physical Activity for Health; World Health Organization: Geneva, Switzerland, 2010. [Google Scholar]

	



Esparza-Ros, F.; Vaquero-Cristobal, R.; Marfell-Jones, M. International Standards for Anthropometric Assessment (2019); The International Society for the Advancement of Kinanthropometry: Murcia, Spain, 2019. [Google Scholar]

	



Davidson, L.E.; Wang, J.; Thornton, J.C.; Kaleem, Z.; Silva-Palacios, F.; Pierson, R.N.; Heymsfield, S.B.; Gallagher, D. Predicting Fat Percent by Skinfolds in Racial Groups: Durnin and Womersley Revisited. Med. Sci. Sports Exerc. 2011, 43, 542. [Google Scholar] [CrossRef]

	



World Health Organization. Waist Circumference and Waist-Hip Ratio: Report of a WHO Expert Consultation; World Health Organization: Geneva, Switzerland, 2008. [Google Scholar]

	



Clemons, J. Construct Validity of Two Different Methods of Scoring and Performing Push-ups. J. Strength Cond. Res. 2019, 33, 2971–2980. [Google Scholar] [CrossRef]

	



Tong, T.K.; Wu, S.; Nie, J. Sport-specific endurance plank test for evaluation of global core muscle function. Phys. Ther. Sport 2014, 15, 58–63. [Google Scholar] [CrossRef]

	



Hanson, N.J.; Scheadler, C.M.; Katsavelis, D.; Miller, M.G. Validity of the Wattbike 3-Minute Aerobic Test: Measurement and Estimation of VO2max. J. Strength Cond. Res. 2022, 36, 400–404. [Google Scholar] [CrossRef]

	



Storer, T.W.; Davis, J.A.; Caiozzo, V.J. Accurate prediction of VO2max in cycle ergometry. Med. Sci. Sports Exerc. 1990, 22, 704–712. [Google Scholar] [CrossRef]

	



Atkinson, G.; Nevill, A.M. Statistical methods for assessing measurement error (reliability) in variables relevant to sports medicine. Sports Med. 1998, 26, 217–238. [Google Scholar] [CrossRef] [PubMed]

	



Koo, T.K.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr. Med. 2016, 15, 155–163. [Google Scholar] [CrossRef] [PubMed]

	



Ware, J.E.; Keller, S.D.; Kosinski, M. SF-12: How to Score the SF-12 Physical and Mental Health Summary Scales; Health Institute, New England Medical Center: Boston, MA, USA, 1995. [Google Scholar]

	



Ministry of Health. Methodology Report 2017/18: New Zealand Health Survey. 2019. Available online: https://www.health.govt.nz/publication/methodology-report-2017-18-new-zealand-health-survey (accessed on 1 January 2020).

	



Buysse, D.J.; Reynolds, C.F., III; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index: A new instrument for psychiatric practice and research. Psychiatry Res. 1989, 28, 193–213. [Google Scholar] [CrossRef]

	



Myers, J.; Prakash, M.; Froelicher, V.; Do, D.; Partington, S.; Atwood, J.E. Exercise Capacity and Mortality among Men Referred for Exercise Testing. N. Engl. J. Med. 2002, 346, 793–801. [Google Scholar] [CrossRef] [PubMed]

	



Egbewale, B.E.; Lewis, M.; Sim, J. Bias, precision and statistical power of analysis of covariance in the analysis of randomized trials with baseline imbalance: A simulation study. BMC Med. Res. Methodol. 2014, 14, 49. [Google Scholar] [CrossRef]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Taylor & Francis Group: Florence, Italy, 1988. [Google Scholar]

	



Di Angelantonio, E.; Bhupathiraju, S.N.; Wormser, D.; Gao, P.; Kaptoge, S.; de Gonzalez, A.B.; Cairns, B.J.; Huxley, R.; Jackson, C.L.; Joshy, G.; et al. Body-mass index and all-cause mortality: Individual-participant-data meta-analysis of 239 prospective studies in four continents. Lancet 2016, 388, 776–786. [Google Scholar] [CrossRef]

	



Donnelly, J.E.; Blair, S.N.; Jakicic, J.M.; Manore, M.M.; Rankin, J.W.; Smith, B.K. Appropriate Physical Activity Intervention Strategies for Weight Loss and Prevention of Weight Regain for Adults. Med. Sci. Sports Exerc. 2009, 41, 459–471. [Google Scholar] [CrossRef]

	



Franz, M.J.; VanWormer, J.J.; Crain, A.L.; Boucher, J.L.; Histon, T.; Caplan, W.; Bowman, J.D.; Pronk, N.P. Weight-Loss Outcomes: A Systematic Review and Meta-Analysis of Weight-Loss Clinical Trials with a Minimum 1-Year Follow-Up. J. Am. Diet. Assoc. 2007, 107, 1755–1767. [Google Scholar] [CrossRef]

	



Ross, R.; Neeland, I.J.; Yamashita, S.; Shai, I.; Seidell, J.; Magni, P.; Santos, R.D.; Arsenault, B.; Cuevas, A.; Hu, F.B.; et al. Waist circumference as a vital sign in clinical practice: A Consensus Statement from the IAS and ICCR Working Group on Visceral Obesity. Nat. Rev. Endocrinol. 2020, 16, 177–189. [Google Scholar] [CrossRef]

	



Nooyens, A.C.J.; Koppes, L.L.; Visscher, T.L.; Twisk, J.W.; Kemper, H.C.; Schuit, A.J.; van Mechelen, W.; Seidell, J.C. Adolescent skinfold thickness is a better predictor of high body fatness in adults than is body mass index: The Amsterdam Growth and Health Longitudinal Study. Am. J. Clin. Nutr. 2007, 85, 1533–1539. [Google Scholar] [CrossRef]

	



Lemes, Í.R.; Turi-Lynch, B.C.; Cavero-Redondo, I.; Linares, S.N.; Monteiro, H.L. Aerobic training reduces blood pressure and waist circumference and increases HDL-c in metabolic syndrome: A systematic review and meta-analysis of randomized controlled trials. J. Am. Soc. Hypertens. 2018, 12, 580–588. [Google Scholar] [CrossRef] [PubMed]

	



Huang, G.; Gibson, C.A.; Tran, Z.V.; Osness, W.H. Controlled Endurance Exercise Training and VO2max Changes in Older Adults: A Meta-Analysis. Prev. Cardiol. 2005, 8, 217–225. [Google Scholar] [CrossRef] [PubMed]

	



Baron, K.G.; Duffecy, J.; Reutrakul, S.; Levenson, J.C.; McFarland, M.M.; Lee, S.; Qeadan, F. Behavioral interventions to extend sleep duration: A systematic review and meta-analysis. Sleep Med. Rev. 2021, 60, 101532. [Google Scholar] [CrossRef] [PubMed]

	



Kettle, V.E.; Madigan, C.D.; Coombe, A.; Graham, H.; Thomas, J.J.C.; Chalkley, A.E.; Daley, A.J. Effectiveness of physical activity interventions delivered or prompted by health professionals in primary care settings: Systematic review and meta-analysis of randomised controlled trials. BMJ 2022, 376, e068465. [Google Scholar] [CrossRef] [PubMed]

	



Thomson, C.A.; Ravia, J. A Systematic Review of Behavioral Interventions to Promote Intake of Fruit and Vegetables. J. Am. Diet. Assoc. 2011, 111, 1523–1535. [Google Scholar] [CrossRef]

	



Samdal, G.B.; Eide, G.E.; Barth, T.; Williams, G.; Meland, E. Effective behaviour change techniques for physical activity and healthy eating in overweight and obese adults; systematic review and meta-regression analyses. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 42. [Google Scholar] [CrossRef]








[image: Nutrients 14 01988 g001 550] 





Figure 1. Flow diagram of participant recruitment and data collection. 
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Figure 2. Mean values for health outcomes across time (baseline and 4-months), showing 95% confidence intervals ((a), bodyweight; (b), VO2max; (c), Mean Arterial Pressure; (d), Skinfolds; (e), Fruit and Vegetable Intake; (f), Weekly MVPA Minutes; (g), Sleep Hours; (h), MCS-12). Abbreviations: VO2max = maximal oxygen consumption; MVPA = moderate-to-vigorous physical activity; MCS-12 = Short Health Form 12v2 mental component summary score. Notes: * indicates moderate within group effect size from baseline to 4-months. ** indicates large within group effect size from baseline to 4-months. 
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Table 1. Baseline characteristics of participants.
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	Parameters
	All subjects (n = 125)
	Intervention (n = 67)
	Control (n = 58)





	Sex (female/male)
	12/113
	6/61
	6/52



	Age (years)
	44.5 ± 10.7
	43.7 ± 10.0
	45.6 ± 11.4



	Short haul (n)
	60
	34
	26



	Long haul (n)
	65
	33
	32



	Height (cm)
	178.4 ± 7.4
	179.2 ± 6.9
	177.4 ± 7.8



	Systolic BP (mmHg)
	132.3 ± 5.6
	133.3 ± 6.0
	131.1 ± 4.9 *



	Diastolic BP (mmHg)
	85.6 ± 3.8
	86.0 ± 3.9
	85.0 ± 3.6



	MAP (mmHg)
	101.1 ± 3.8
	101.8 ± 3.8
	100.4 ± 3.6 *



	Pulse (bpm)
	66.9 ± 6.6
	67.4 ± 6.1
	66.4 ± 7.2



	Body mass (kg)
	90.5 ± 9.2
	91.1 ± 8.0
	89.8 ± 10.5



	BMI (kg/m2)
	28.4 ± 2.0
	28.3 ± 1.7
	28.5 ± 3.4



	Skinfold sum × 8 sites (mm)
	136.5 ± 24.1
	138.3 ± 17.7
	134.4 ± 29.9



	Bodyfat (%)
	24.3 ± 3.6
	24.7 ± 3.2
	23.9 ± 4.0



	Waist girth (cm)
	96.6 ± 7.6
	97.8 ± 8.1
	95.2 ± 6.8



	Waist to hip ratio
	0.93 ± 0.07
	0.94 ± 0.07
	0.93 ± 0.08



	VO2max (mL/kg/min)
	36.3 ± 5.4
	35.6 ± 5.8
	37.0 ± 4.8



	Push-ups (repetitions)
	17.2 ± 7.3
	16.4 ± 6.8
	18.1 ± 7.7



	Plank hold (s)
	79.7 ± 24.7
	77.2 ± 25.5
	82.5 ± 23.7



	Walking per week (min)
	73.8 ± 42.5
	70.5 ± 32.2
	77.7 ± 52.0



	MVPA per week (min)
	141.8 ± 41.1
	138.0 ± 41.6
	146.2 ± 40.3



	Fruit intake (serve/day)
	1.3 ± 0.7
	1.5 ± 0.8
	1.0 ± 0.6



	Vegetable intake (serve/day)
	2.0 ± 0.7
	1.8 ± 0.7
	2.4 ± 0.5



	F&V intake (serve/day)
	3.3 ± 0.7
	3.3 ± 0.7
	3.4 ± 0.7



	Sleep per day (h)
	7.0 ± 0.5
	7.0 ± 0.4
	7.0 ± 0.6



	Global PSQI (score)
	6.3 ± 2.1
	6.4 ± 2.2
	6.1 ± 1.9



	MCS-12 (score)
	48.9 ± 4.6
	48.6 ± 5.8
	49.3 ± 2.8



	PCS-12 (score)
	46.7 ± 3.4
	46.3 ± 3.8
	47.2 ± 2.8







Note: Mean ± SD reported for all subjects, intervention and control. Abbreviations: SD = Standard deviation; BMI = body mass index; VO2max = maximal oxygen consumption; BP = blood pressure; MAP = mean arterial pressure; MVPA = moderate-to-vigorous physical activity; F&V = fruit and vegetable intake; MCS-12 = Short Health Form 12v2 mental component summary scale; PCS-12 = Short Health Form 12v2 physical health component summary scale; PSQI = Pittsburgh Sleep Quality Index. * Indicates statistical significance (p < 0.05).
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Table 2. Changes in objective and self-report health measures from baseline to post-intervention at 4-months.
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Intervention

	
Control

	
ANCOVA (Group Main Effects)

	
Between Group ES




	

	

	
(n = 67)

	
(n = 58)




	

	
Time (Months)

	
M

	
SD

	
Follow Up Change (95% CI)

	
M

	
SD

	
Follow Up Change (95% CI)

	
p

	
d






	
Body mass (kg)

	
0

	
91.1

	
8.0

	

	
89.8

	
10.5

	

	

	
0.14, Trivial




	
4

	
85.6

	
7.7

	
5.5 (4.8–6.1)

	
89.4

	
85.6

	
0.4 (0.1–0.7)

	
<0.001

	
−0.41, Small




	
BMI (kg/m2)

	
0

	
28.3

	
1.7

	

	
28.5

	
3.4

	

	

	
0.08, Trivial




	
4

	
26.7

	
1.6

	
1.7 (1.5–1.9)

	
28.4

	
2.4

	
0.1 (0.0–0.2)

	
<0.001

	
−0.86, Moderate




	
Systolic BP (mmHg)

	
0

	
133.3

	
6.0

	

	
131.1

	
4.9

	

	

	
0.39, Small




	
4

	
125.2

	
5.8

	
8.1 (7.3–8.9)

	
132.5

	
5.9

	
1.3 (0.1–2.8)

	
<0.001

	
−1.25, Large




	
Diastolic BP (mmHg)

	
0

	
86.0

	
3.9

	

	
85.0

	
3.6

	

	

	
0.27, Small




	
4

	
80.8

	
5.4

	
5.2 (4.2–6.2)

	
84.8

	
4.7

	
0.2 (0.9–1.4)

	
<0.001

	
−0.77, Moderate




	
MAP (mmHg)

	
0

	
101.8

	
3.8

	

	
100.4

	
3.6

	

	

	
0.38, Small




	
4

	
95.6

	
5.0

	
6.2 (5.4–6.9)

	
100.7

	
4.7

	
0.3 (0.8–1.4)

	
<0.001

	
−1.04, Moderate




	
Pulse (bpm)

	
0

	
67.4

	
6.1

	

	
66.4

	
7.2

	

	

	
0.15, Trivial




	
4

	
61.0

	
6.5

	
6.3 (4.8–7.8)

	
67.0

	
8.8

	
0.6 (1.0–2.2)

	
<0.001

	
−0.78, Moderate




	
Skinfold sum (mm)

	
0

	
138.3

	
17.7

	

	
134.4

	
29.9

	

	

	
0.16, Trivial




	
4

	
110.1

	
14.5

	
28.2 (26–30.5)

	
133.0

	
29.8

	
1.5 (0.5–3.4)

	
<0.001

	
−1.00, Moderate




	
Bodyfat (%)

	
0

	
24.7

	
3.2

	

	
23.9

	
4.0

	

	

	
0.21, Small




	
4

	
21.0

	
2.8

	
3.6 (3.3–4.0)

	
23.7

	
4.1

	
0.2 (0.1–0.4)

	
<0.001

	
−0.79, Moderate




	
Waist (cm)

	
0

	
97.8

	
8.1

	

	
95.2

	
6.8

	

	

	
0.35, Small




	
4

	
91.8

	
7.9

	
6.0 (5.3–6.8)

	
94.3

	
6.9

	
1.0 (0.1–1.8)

	
<0.001

	
−0.34, Small




	
Waist to hip ratio

	
0

	
0.94

	
0.07

	

	
0.93

	
0.08

	

	

	
0.09, Trivial




	
4

	
0.90

	
0.07

	
0.03 (0.02–0.04)

	
0.92

	
0.07

	
0.1 (0.0–0.2)

	
<0.001

	
−0.22, Small




	
VO2max (mL/kg/min)

	
0

	
35.6

	
5.8

	

	
37.0

	
4.8

	

	

	
−0.26, Small




	
4

	
40.2

	
5.9

	
4.5 (4.0–5.0)

	
37.3

	
5.1

	
0.2 (0.1–0.6)

	
<0.001

	
0.52, Small




	
Push-ups (repetitions)

	
0

	
16.4

	
6.8

	

	
18.1

	
7.7

	

	

	
−0.22, Small




	
4

	
24.3

	
7.1

	
7.8 (6.5–9.1)

	
19.9

	
8.1

	
1.9 (1.2–2.6)

	
<0.001

	
0.57, Small




	
Plank hold (s)

	
0

	
77.2

	
25.5

	

	
82.5

	
23.7

	

	

	
−0.21, Small




	
4

	
120.0

	
39.6

	
42.8 (34.4–51.3)

	
92.1

	
32.1

	
9.5 (3.8–15.1)

	
<0.001

	
0.77, Moderate




	
Hours slept (h/day)

	
0

	
7.0

	
0.4

	

	
7.0

	
0.6

	

	

	
−0.17, Trivial




	
4

	
7.6

	
0.5

	
0.7 (0.6–0.8)

	
7.1

	
0.5

	
0.1 (0.0–0.2)

	
<0.001

	
1.00, Moderate




	
PSQI Global (score)

	
0

	
6.4

	
2.2

	

	
6.1

	
1.9

	

	

	
0.14, Trivial




	
4

	
4.0

	
1.3

	
2.4 (2.0–2.8)

	
5.8

	
1.8

	
0.3 (0.1–0.5)

	
<0.001

	
−1.16, Moderate




	
IPAQ-walk (min)

	
0

	
70.5

	
32.2

	

	
77.7

	
52.0

	

	

	
−0.17, Trivial




	
4

	
97.0

	
30.0

	
26.5 (18.1–34.9)

	
95.4

	
49.0

	
17.8 (8.0–27.6)

	
0.163

	
0.04, Trivial




	
IPAQ-MVPA (min)

	
0

	
138.0

	
41.6

	

	
146.2

	
40.3

	

	

	
−0.20, Small




	
4

	
210.3

	
44.3

	
72.4 (60.0–84.8)

	
156.9

	
46.4

	
10.8 (5.0–16.5)

	
<0.001

	
1.18, Moderate




	
F&V Intake (serve/day)

	
0

	
3.3

	
0.7

	

	
3.4

	
0.7

	

	

	
−0.17, Trivial




	
4

	
6.9

	
1.3

	
3.6 (3.3–4.0)

	
3.8

	
0.9

	
0.4 (0.1–0.7)

	
<0.001

	
2.69, Large




	
PCS-12 (score)

	
0

	
46.3

	
3.8

	

	
47.2

	
2.8

	

	

	
−0.28, Small




	
4

	
51.5

	
3.4

	
5.2 (4.4–5.9)

	
47.9

	
2.8

	
0.7 (0.3–1.1)

	
<0.001

	
1.14, Moderate




	
MCS-12 (score)

	
0

	
48.6

	
5.8

	

	
49.3

	
2.8

	

	

	
−0.15, Trivial




	
4

	
53.3

	
3.6

	
4.7 (3.7–5.8)

	
49.5

	
2.9

	
0.2 (0.2–0.7)

	
<0.001

	
1.15, Moderate








Note: Mean ± SD reported for all participants, intervention and control. Abbreviations: M = mean; SD = standard deviation; CI = Confidence interval; ES = effect size; BMI = body mass index. BP = blood pressure. MAP = mean arterial pressure. MVPA = moderate-to-vigorous physical activity. PSQI = Pittsburgh Sleep Quality Index. IPAQ = International Physical Activity Questionnaire. F&V = fruit and vegetable intake. PCS-12 = Short Health Form 12v2 physical component summary score. MCS-12 = Short Health Form 12v2 mental component summary score.
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