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Abstract

:

Night workers tend to eat irregularly, both in terms of meal times and composition. The disruption in energy metabolism caused by inappropriate eating habits can negatively affect the sleep quality of these individuals. The objectives of this study were to determine the interval between the last meal and bedtime and its relationship with both diurnal and nocturnal sleep parameters, as well as to evaluate the association of the adequacy of this meal with sleep parameters. The analyses were carried out for a usual sleep routine on a workday and a day off. This cross-sectional study was part of a controlled, randomized, double-blind, crossover clinical trial. The sample comprised 30 female nursing professionals who worked permanent night shifts of 12 × 36 h. Timing and composition of the last meal were obtained from food diaries, and sleep parameters were collected via actigraphy. On multiple linear regression analysis, every hour decrease in the interval between the last meal and sleep onset there was an increase of 0.39 h on diurnal sleep duration. Regarding food intake, every 1 g of fat and 1 g of carbohydrate consumed was associated with an increase in diurnal sleep onset latency of 0.13 h and 0.02 h, respectively. These findings suggest that both timing and composition of the last meal before bedtime may be potential key factors for good diurnal and nocturnal sleep among night-shift workers.
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1. Introduction


Heterogeneous findings regarding the influence of diet composition on the sleep of night workers may be associated with meal timing [1]. This issue is attracting growing research interest and is especially relevant in the context of dietary patterns of permanent night workers, a group subject to chronic circadian misalignment [2].



Most studies on the subject have failed to compare differences in patterns of daily calorie intake between night workers and permanent day workers. These groups differ in the distribution of meals over a 24-h period, where night workers tend to eat irregularly during their shifts, consuming carbohydrates and high-fat snacks [3,4]. However, the metabolism of carbohydrates and lipids is especially impaired during the night [5], where the intake of these nutrients at biologically inappropriate times has deleterious effects on the proper functioning of the metabolism and quality of sleep [6].



The processes of digestion and absorption of nutrients are regulated by hormones that express circadian rhythms, such as insulin, leptin, and ghrelin. Once secreted, these hormones act as metabolic signals for peripheral tissues and influence peripheral oscillators [4]. Since humans are diurnal animals, food intake at night adversely affects the homeostasis of energy metabolism [5,7]. As these oscillators are closely linked to the sleep-wake cycle, the desynchronization of the feeding-fasting cycle for central and peripheral oscillators can negatively affect sleep by disrupting energy metabolism [8].



Previous findings show that night workers tend to display poorer adherence to nutritional recommendations [9]. However, new evidence has suggested that controlling the timing of food intake represents a potential therapeutic approach in the context of preventing overweight and metabolic disorders [10,11]. Current trends indicate that this relationship, which is potentially mediated by sleep duration since childhood [12], is explained by the hypothesis that both sleep and metabolism share, and are modulated by, the same hypothalamic circuits [13].



A review on nutritional deficits of nursing professionals revealed that the food intake of night workers is governed more by working hours, i.e., opportunities to eat during the shift than by hunger [14]. Torre et al. [11], in a recent evaluation of the eating habits of night workers, found that both the composition and timing of meals varied according to working hours, where the recovery day (after a night shift) proved the most affected. Also, a previous study has shown that meal content had a BMI-mediated effect on sleep, with obese workers the most affected [15].



In addition to nutrients, mealtimes can also affect sleep through circadian changes responsible for hormonal regulation of the central and metabolic nervous system [16]. When food consumption occurs close to bedtime, it leads to a shorter sleep duration and to a change in the time of sleep stages [17]. However, the time interval during which food interferes with sleep, and the nature of this interference, have yet to be elucidated [18]. Given the above, our hypothesis holds that the shorter the time interval between last meal and bedtime, and the more inadequate the content of this meal, the worse the sleep outcomes. Therefore, the objectives of this study were to determine the interval between last meal and bedtime, and its relationship to both diurnal and nocturnal sleep parameters, as well as to evaluate the association of the adequacy of this meal with sleep characteristics in overweight night shift workers.




2. Results


The diurnal sleep sample comprised a total of 30 participants and the nocturnal sleep sample comprised 22 participants (see Methods). The mean age of participants was 39.2 years (SE 1.0 years). Overall, participants were predominantly nurses (52.6%), married (63.2%), and had worked the night shift for more than five years (52.6%). Most participants were educated to postgraduate level (42.1%). The main reasons for choosing this work regimen were to reconcile work with home and childcare (44.7%) and to supplement income (21.1%). Most participants were non-smokers (89.5%) and consumed alcohol only on special occasions (65.8%). Mean body mass index (BMI) was 30 kg/m2 (SE 0.5 kg/m2).



Mean sleep duration was higher on the day-off (nocturnal sleep) than after the night shift (diurnal sleep). There was no significant difference for mean sleep onset latency (SOL) and mean wake-up after sleep onset (WASO) between the two groups (after night work and day-off) (Figure 1).



The last meal after night work occurred 2.6 h (SE 0.3 h) before the participants initiated sleep. On the day-off, this interval was 2 h (SE 0.3 h). There were no significant differences between the intervals for the days evaluated (Paired t-test p = 0.52) (Figure 2).



Results for mean daily intake of macronutrients on workdays and days-off reveal that both were in line with nutritional recommendations: workdays (fat: 31.1%, SE 1.3%; carbohydrate: 49.8%, SE 1.7%; protein: 18.3%, SE 1%); days-off (fat: 29.4%, SE 1.3%; carbohydrate: 51.5%, SE 1.8%, protein: 18%, SE 1.1%). Analysis of the composition of last meal before bedtime showed that mean percentages of macronutrients were adequate: workdays (fat: 26.4%, SE 2.5%; carbohydrate: 60.5%, SE 3.2%; protein: 14.9%, SE 1.8%); days-off (fat: 28.5%, SE 2.7%; carbohydrate: 58.5%, SE 3.7%; protein: 14.7%, SE 2.1%).



There was no statistically significant difference between workday and the day-off for the 24-h period and last meal before bedtime. Although these results suggest macronutrient intake of participants was adequate, most participants had inadequate fat and carbohydrate consumption, both for the 24 h recording period, and last meal before bedtime after the night shift and on the day-off (Figure 3).



There was also no difference in total caloric intake after a night shift in comparison to day-off (1801 kcal vs. 1645.8 kcal, t-test p = 0.38). However, the proportion of calories provided by the last meal before the main episode of sleep was significantly higher on the day-off than after the night shift (25.5% vs. 15.2%, t-test p = 0.01).



2.1. Interval between Last Meal and Bedtime


On the multiple linear regression analysis of sleep duration on the workday, every hour decrease in interval between last meal and sleep onset was associated with an increase of 0.39 h on sleep duration (Table 1). No statistically significant results were found for the day-off.



On the multiple linear regression model of SOL on the day-off, no statistically significant results were found on the day-off. Nevertheless, on the crude linear regression for every one-hour increase in the interval between the last meal and sleep onset, there was an increase of 11.51 min in SOL (Table 2).




2.2. Composition of Last Meal


On the multiple linear regression analysis of SOL on the workday, for every 1 g of fat and 1 g of carbohydrate consumed there was an increase of 0.13 min and 0.02 min (borderline significance) on SOL, respectively (Table 3).



No statistically significant results for WASO were found on the workday or day-off.





3. Discussion


This study found that a shorter interval between the last meal and sleep onset was associated with an increase in the duration of diurnal sleep of overweight night shift workers. Additionally, higher macronutrient (fat and carbohydrate) consumption during the last meal before sleep onset was associated with higher sleep onset latency (SOL) for diurnal sleep. Lastly, a longer interval between the last meal and sleep onset was associated with increased SOL for nocturnal sleep in the crude model.



In a discussion paper by Lowden et al. [9], the authors observed that both meal content and timing are important for the nutritional management of night shift workers. More recently, previous studies have shown that energy metabolism exhibits circadian rhythms and that nutrient intake during the night may disrupt these rhythms [19]. In parallel, it is well established that sleep quality is associated with several hormonal and metabolic changes, including macronutrient modulation [20]. Therefore, it is hypothesized that eating at night affects sleep more than eating the same foods during the day. In this context, the current recommendation is that night shift workers should limit food intake during the night [21]. However, there is little information available in the literature on the impact of this recommendation on daytime sleep after night shifts.



Diurnal sleep is one of the factors promoting misalignment of internal biological clocks with the external environment; when associated with insufficient sleep, this may lead to temporal changes in the rhythm of hormonal and enzymatic activities responsible for metabolic regulation [22]. Moreover, the timing of food intake is a strong zeitgeber for peripheral circadian clocks, as is dietary composition [23]. Thus, these factors give rise to a scenario in which the organism is less able to cope with food, that is, to digest and use it as an energetic substrate [24]. Taking these factors together, the relationship between sleep duration and diet composition may be bidirectional, since sleep debt is associated with a higher intake of both fat and carbohydrate and vice-versa [25,26].



In this regard, the association found in the present study refers to daytime sleep after night work, which proved very short in comparison to the 7–9 h recommended for the adult population [27]. It is known that the sleep of night workers during the day is less restful and shorter compared to night sleep [22]. Therefore, the short duration of diurnal sleep in the present study deserves attention, since sleeping less than needed is associated with cardiometabolic diseases [28] and the diet contributes to the development of the condition [29].



A possible mechanism to explain this dietary influence is that the distribution of macronutrients can affect sleep continuously, promoting changes in neuroendocrine signals related to energy metabolism [28,30]. However, these differences in sleep patterns caused by the last meal highlight, as observed in a systematic review by Souza et al. [31], that night work has a greater influence on the timing of consumption than on total daily intake. Supporting this theory, a recent meta-analysis concluded that night work does not alter energy intake [32].



According to Kogevinas et al. [33], eating 2 h or less before initiating sleep contributes to negative health outcomes. Corroborating these findings, the present study found negative effects on sleep due to inadequate intake of macronutrients less than 2 h before bedtime. Unlike the present investigation, the analysis performed by Kogevinas et al. [33] evaluated only episodes of nocturnal sleep and was not performed exclusively with night workers. In fact, to our knowledge, the present study is the first to evaluate the effects of the last meal, both before diurnal and nocturnal sleep, on night shift workers alone.



The shorter sleep duration when the meal is taken a long time after the diurnal sleep episode might be related to feeling hungry. As Lowden et al. suggested, eating breakfast before going to sleep in the morning is a strategy to prevent awakening due to hunger [9]. Regarding meal content, Jansen et al. [29] found an inverted U-type curve when assessing the association between sleep duration and diet adequacies in adults. Therefore, as demonstrated by the results of the present study, inadequate consumption of nutrients, either below or above recommended values, seems to negatively impact sleep. This result reported by Jansen et al. [29] is consistent with the findings of the present study since the highest percentage of inadequacies in macronutrient intake was observed at the last meal.



The present study has some limitations. Although the participants were instructed to record food intake on typical days, we cannot guarantee that the pattern of distribution of macronutrients observed truly reflects their usual eating behaviors in everyday life. In addition, the adequacy of macronutrient intake at the last meal was calculated based on a recommendation originally intended to assess food intake over a 24-h period. However, it is important to highlight that the decision to adopt this recommendation was due to the absence of nutritional recommendations that take into account the timing of food intake, reiterating the need to establish consensus on this topic [34]. In addition, the physical and cognitive demands of the night work performed before the diurnal sleep episode, but not before nocturnal sleep (after a day-off) may have been a key factor determining sleep quality and should therefore be controlled in future studies. The difference in the diurnal and nocturnal sleep samples, which occurred because the day-off was not included in 10 days of data collected by actigraphy for 6 participants, may also represent a statistical bias for the results obtained. However, assessing sleep and dietary habits of night shift workers in real-life conditions, and evaluating the associations of meal timing and composition with both diurnal and nocturnal sleep, remain the main strengths of the study. Finally, the present study evaluated permanent night workers only, and hence results cannot be generalized to other types of shift workers [11,35,36].



In conclusion, the findings of this study suggest that both timing and the composition of the last meal before bedtime may be potential key factors for good diurnal and nocturnal sleep in night shift workers, and emphasize the need for nutritional guidelines for night shift workers.




4. Materials and Methods


4.1. Study Sample and Design


This cross-sectional study was part of a controlled, randomized, double-blind, crossover clinical trial in a large hospital situated in the city of São Paulo, São Paulo state, Brazil. Detailed information about the study design is provided elsewhere [37]. For the present study, involving nursing professionals (nurses and nursing technicians) who worked permanent night shifts of 12 × 36 h (12 h of night work, from 19:00 to 07:00 h, followed by 36 h of rest, with a day-off every 15 days), only the baseline data were analyzed. A total of 238 professionals were initially invited to participate in the study. Of this group, 152 did not meet the inclusion criteria and a further 40 refused to take part. Of the 46 subjects who met the criteria and agreed to participate in the study, 30 completed the actigraphy monitoring and food diaries at the study baseline.



To calculate the sample size a priori, the comparison test of three means and a significance level of 5% were used as a reference, with a sampling power of 80% for a sample size of 33 individuals. The final sample of the present study had a sampling power of 73% (G*Power®).



The inclusion criteria were: female gender; age 20–50 years; body mass index (BMI) ≥25 and <40 kg/m2; working the current night shift for at least six months; agreeing not to follow diets restricted in calories or food groups and/or change eating habits, as well as not to engage in new physical activities while participating in the study.



The exclusion criteria were: pregnant or lactating women; having infants under one year of age; eating disorders diagnosed by a physician; climacteric or menopause; holding a second nighttime job; regular use of medications or dietary supplements that influence sleep, alertness, or the circadian timing system; abusive use of drugs and alcohol; past and/or current history of neurological, psychiatric, circadian or sleep disorders; metabolic problems (except treated type 2 diabetes mellitus and dyslipidemia); cardiovascular diseases (except treated systemic arterial hypertension), inflammation and/or chronic infections diagnosed by a physician; anemia or >400 mL of blood donated in the three months preceding the study; major surgery in the six months preceding the study.




4.2. Data Collection and Processing


Baseline data collection was carried out from April to November 2018. Sociodemographic characteristics, as well as aspects related to work and health, were obtained using a self-administered questionnaire. The dependent variables were objective sleep data (mean values) obtained via actigraphy (ActTrust, Condor Instruments®) over 10 consecutive days [38]. The night shift and the day-off were not included in the original 10 days of data collection from actigraphy for two and eight participants, respectively, then the study was conducted with a diurnal sleep sample of 28 participants and a nocturnal sleep sample of 22 participants. For the present study, it was decided to use the sleep parameters obtained by actigraphy only on the days that food diaries (described above) were filled out. This approach ensured the sleep episode analyzed reflected the prior food consumption on the workday and day-off.



Concomitantly, participants were instructed to fill in sleep logs to complement the information and assist interpretation of the data obtained by actigraphy. The data were separated into diurnal sleep (after a night of work) and nocturnal sleep (the night following the day-off which occurred every 15 days). The parameters evaluated were sleep duration (hours), sleep onset latency (SOL) (minutes), and wake-up after sleep onset (WASO) (minutes).



The independent variables were timing and percentage distribution of macronutrients from the last meal before initiating sleep. Therefore, the participants were instructed to fill out food diaries on a workday and a day-off they considered typical. In both cases, the period for recording the food data was from 19:00 to 19:00 the next day. Participants were previously instructed to provide as much information as possible on the food and drinks consumed, including brands, ingredients used in homemade preparations, and meal timing. Portion sizes were estimated using household measures and subsequently converted to mass units of measurement (g) and capacity (mL), according to Pinheiro et al. [39]. The diaries were reviewed by a nutritionist to obtain additional clarifications, where necessary, and analyzed using the Nutrition Data System for Research software (NDSR, 2007).



Due to cultural differences between Brazilian and North American eating habits, the composition of typical preparations was manually added to the software database using the Brazilian Food Composition Table [40] and labels of industrialized products. To determine the interval between last meal and sleep onset, data on sleep onset was extracted from actigraphy. After night work, the last meal taken before diurnal sleep was considered for analysis, whereas on the day-off, the last meal before nocturnal sleep was considered.



The composition of the last meal was evaluated using the current Recommended Dietary Allowances (RDA) established by the National Academy of Sciences [41] and adopted by the Brazilian Society of Food and Nutrition [42]. The intake of macronutrients in the last meal before the main sleep episode was then classified as adequate or inadequate. The percentages of calories from each macronutrient classified as suitable were 25–35% for fats, 45–65% for carbohydrates, and 10–35% for proteins. Intakes were deemed inadequate when below the minimum limit or above the maximum limit of the aforementioned ranges. The decision to include both lower and higher-than-recommended intakes (i.e., 30 and 70% of carbohydrates) in the inadequate group was due to previous evidence on the association between sleep and diet in a representative sample of the North American adult population. Jansen et al. [29] observed that both lower and higher-than-recommended macronutrient intakes can negatively impact sleep outcomes. This decision was also based on a previous study on the same population analyzed in the present investigation [39]. The proportion of calories and macronutrients provided by the last meal in relation to daily intake was also calculated. Food diaries were filled in on a typical day of work and day-off, within the period of actigraphy monitoring.




4.3. Statistical Analysis


Data are expressed as mean and ± standard error (SE). Shapiro–Wilk’s test was performed to assess data distribution. Paired t-test was performed to compare sleep duration, as well as total caloric intake, percentage, and timing, for the last meal after the night shift (participants left work at 07:00 h) versus last meal on the day-off (sleep was nocturnal, therefore last evening meal was considered). To compare sleep onset latency (SOL) and the mean of wake-up after sleep onset (WASO) we performed the Wilcoxon test.



Analysis was performed using univariate and multiple linear regressions (general linear model), on which sleep duration, SOL, and WASO (on a workday and day-off), were dependent variables and β coefficients estimated for a 95% confidence interval. The models were constructed adopting timing and composition of the last meal (protein, fat, and carbohydrate) as independent variables, all adjusted for age, chronotype, and time working nights. For sleep duration, we performed a linear regression (general linear model) with normal distribution, and for SOL and WASO we performed a linear regression (general linear model) with Gamma distribution. Independent variables with p < 0.20 on the hypotheses tests were input to the multiple models, in decreasing order of statistical significance (backward stepwise technique). Statistical analyses were performed using Statistica 7 (TIBCO Software Inc., Palo Alto, CA, USA).




4.4. Ethical Aspects


Ethical issues related to research involving humans have been duly respected and informed consent was drafted in accordance with Resolution 466/2012. The study was approved by the Ethics Committees of the School of Public Health of the University of São Paulo (permit no 2.450.682, 20 December 2017) and the participating hospital (permit no 2.489.636, 7 February 2018). The protocol of the clinical trial is registered on the World Health Organization’s International Clinical Trials Registry Platform (UTN no U1111-1238-7395) and the Brazilian Registry of Clinical Trials (ReBEC–RBR-6pncm9).








Author Contributions


Conceptualization, L.F.R.N. and E.C.M.; methodology, L.F.R.N., C.R.C.M. and E.C.M.; formal analysis, L.F.R.N. and E.C.M.; data curation, L.F.R.N., P.P. and E.C.M.; writing—original draft preparation, L.F.R.N., P.P., C.R.C.M. and E.C.M.; writing—review and editing, L.F.R.N., P.P., J.C.-N., C.R.C.M. and E.C.M.; supervision, E.C.M.; project administration, E.C.M.; funding acquisition, J.C.-N. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior-CAPES, under grant numbers 88887.356981/2019-00 and 88887.150178/2017-00”, the Fundação de Amparo à Pesquisa do Estado de São Paulo-FAPESP, under grant numbers 2014/50457-0, 2018/09704-4 and 2019/03624-1, and the Conselho Nacional de Desenvolvimento Científico e Tecnológico–CNPq, under grant number 150781/2017-2.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee of the School of Public Health of the University of São Paulo (permit 2.450.682 and 20 December 2017), and the participating hospital (permit 2.489.636).




Informed Consent Statement


Written informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy concerns.




Acknowledgments


Adriana de Sousa Duarte and Ananda Laís Felix Garrido, undergraduate Nursing students at the Catholic University of Santos, for helping with data collection.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Kosmadopoulos, A.; Kervezee, L.; Boudreau, P.; Gonzales-Aste, F.; Vujovic, N.; Scheer, F.A.J.L.; Boivin, D.B. Effects of shift work on the eating behavior of police officers on patrol. Nutrients 2020, 12, 999. [Google Scholar] [CrossRef] [PubMed]

	



Folkard, S. Do permanent night workers show circadian adjustment? A review based on the endogenous melatonin rhythm. Chronobiol. Int. 2008, 25, 215–224. [Google Scholar] [CrossRef] [PubMed]

	



Flanagan, A.; Lowson, E.; Arber, S.; Griffin, B.A.; Skene, D.J. Dietary patterns of nurses on rotational shifts are marked by redistribution of energy into the nightshift. Nutrients 2020, 12, 1053. [Google Scholar] [CrossRef] [PubMed]

	



Bae, S.; Fang, M.Z.; Rustgi, V.; Zarbl, H.; Androulakis, I. At the interface of lifestyle, behavior, and circadian rhythms: Metabolic implications. Front. Nutr. 2019, 6, 132. [Google Scholar] [CrossRef]

	



Hutchison, A.T.; Wittert, G.A.; Heilbronn, L.K. Matching meals to body clocks—Impact on weight and glucose metabolism. Nutrients 2017, 9, 222. [Google Scholar] [CrossRef]

	



Manoogian, E.N.C.; Panda, S. Circadian rhythms, time-restricted feeding, and healthy aging. Age Res. Rev. 2016, 39, 59–67. [Google Scholar] [CrossRef]

	



Leung, G.K.W.; Huggins, C.E.; Ware, R.S.; Bonham, M.P. Time of day difference in postprandial glucose and insulin responses: Systematic review and meta-analysis of acute postprandial studies. Chronobiol. Int. 2020, 37, 311–326. [Google Scholar] [CrossRef]

	



Amaral, F.G.; Andrade-Silva, J.; Kuwabara, W.M.T.; Cipolla-Neto, J. New insights into the function of melatonin and its role in metabolic disturbances. Expert Rev. Endocrinol. Met. 2019, 14, 293–300. [Google Scholar] [CrossRef]

	



Samhat, Z.; Attieh, R.; Sacre, Y. Relationship between night shift work, eating habits and BMI among nurses in Lebanon. BMC Nurs. 2020, 19, 25. [Google Scholar] [CrossRef]

	



Singh, R.B.; Cornelissen, G.; Mojto, V.; Fatima, G.; Wichansawakun, S.; Singh, M.; Kartikey, K.; Sharma, J.P.; Torshin, V.I.; Chibisov, S.; et al. Effects of circadian restricted feeding on parameters of metabolic syndrome among healthy subjects. Chronobiol. Int. 2019, 37, 395–402. [Google Scholar] [CrossRef]

	



Della Torre, S.B.; Wild, P.; Dorribo, V.; Danuser, B.; Amati, F. Energy, nutrient and food intakes of male shift workers vary according to the schedule type but not the number of nights worked. Nutrients 2020, 12, 919. [Google Scholar] [CrossRef] [PubMed]

	



Kaar, J.L.; Schmiege, S.J.; Vadiveloo, M.; Simon, S.L.; Tovar, A. Sleep duration mediates the relationship between health behavior pattern and obesity. Sleep Health 2018, 4, 442–447. [Google Scholar] [CrossRef] [PubMed]

	



Herrera, C.G.; Ponomarenko, A.; Korotkova, T.; Burdakov, D.; Adamantidis, A. Sleep & Metabolism: The multitasking ability of lateral hypothalamic inhibitory circuitries. Front. Neuroendocrinol. 2016, 44, 27–34. [Google Scholar] [CrossRef] [PubMed]

	



Coelho, M.P.; Pinto, O.O.; Mota, M.C.; Crispim, C.A. Nutritional damages and disturbances in the sleep pattern of nursing workers. Rev. Bras. Enferm. 2014, 67, 832–842. [Google Scholar] [CrossRef] [PubMed]

	



Nehme, P.; Marqueze, E.C.; Ulhôa, M.; Moulatlet, E.; Codarin, M.A.; Moreno, C.R. Effects of a carbohydrate-enriched night meal on sleepiness and sleep duration in night workers: A double-blind intervention. Chronobiol. Int. 2014, 31, 453–460. [Google Scholar] [CrossRef]

	



Peuhkuri, K.; Sihvola, N.; Korpela, R. Diet promotes sleep duration and quality. Nutr. Res. 2012, 32, 309–319. [Google Scholar] [CrossRef]

	



Bandín, C.; Scheer, F.A.; Luque, A.J.; Ávila-Gandía, V.; Zamora, S.; Madrid, J.A.; Gómez-Abellán, P.; Garaulet, M. Meal timing affects glucose tolerance, substrate oxidation and circadian-related variables: A randomized, crossover trial. Int. J. Obes. 2015, 39, 828–833. [Google Scholar] [CrossRef]

	



Frank, S.; Gonzalez, K.; Lee-Ang, L.; Young, M.C.; Tamez, M.; Mattel, J. Diet and sleep physiology: Public Health and clinical implications. Front. Neurol. 2017, 8, 393. [Google Scholar] [CrossRef]

	



Phoi, Y.Y.; Keogh, J.B. Dietary Interventions for Night Shift Workers: A Literature Review. Nutrients 2019, 11, 2276. [Google Scholar] [CrossRef]

	



Lindseth, G.; Lindseth, P.; Thompson, M. Nutritional effects on sleep. West J. Nurs. Res. 2011, 35, 497–513. [Google Scholar] [CrossRef]

	



Gupta, C.C.; Dorrian, J.; Grant, C.L.; Pajcin, M.; Coates, A.M.; Kennaway, D.J.; Wittert, G.A.; Banks, S. It’s not just what you eat but when: The impact of eating a meal during simulated shift work on driving performance. Chronobiol. Int. 2016, 34, 66–77. [Google Scholar] [CrossRef] [PubMed]

	



Moreno, C.R.C.; Marqueze, E.C.; Sargent, C.; Wright, K.P., Jr.; Ferguson, S.A.; Tucker, P. Working Time Society consensus statements: Evidence-based effects of shift work on physical and mental health. Ind. Health 2019, 57, 139–157. [Google Scholar] [CrossRef] [PubMed]

	



Patel, S.A.; Velingkaar, N.; Makwana, K.; Chaudhari, A.; Kondratov, R. Calorie restriction regulates circadian clock gene expression through BMAL1 dependent and independent mechanisms. Sci. Rep. 2016, 6, 25970. [Google Scholar] [CrossRef]

	



Johnston, J.D.; Ordovás, J.M.; Scheer, F.A.; Turek, F.W. Circadian rhythms, metabolism, and chrononutrition in rodents and humans. Adv. Nut. 2016, 7, 399–406. [Google Scholar] [CrossRef]

	



Grandner, M.A.; Jackson, N.; Gerstner, J.R.; Knutson, K.L. Dietary nutrients associated with short and long sleep duration. Data from a nationally representative sample. Appetite 2013, 64, 71–80. [Google Scholar] [CrossRef]

	



Kant, A.K.; Graubard, B.I. Association of self-reported sleep duration with eating behaviors of American adults: NHANES 2005–2010. Am. J. Clin. Nut. 2014, 100, 938–947. [Google Scholar] [CrossRef]

	



Hirshkowitz, M.; Whiton, K.; Albert, S.M.; Alessi, C.; Bruni, O.; DonCarlos, L.; Hillard, A. National Sleep Foundation’s sleep time duration recommendation: Methodology and result summary. Sleep Health 2015, 1, 40–43. [Google Scholar] [CrossRef]

	



St-Onge, M.P.; Mikic, A.; Pietrolungo, C.E. Effects of diet on sleep quality. Adv. Nut. 2016, 7, 938–949. [Google Scholar] [CrossRef]

	



Jansen, E.C.; Prather, A.; Leung, C.W. Associations between sleep duration and dietary quality: Results from a nationally-representative survey of US adults. Appetite 2020, 153, 104748. [Google Scholar] [CrossRef] [PubMed]

	



Melaku, Y.A.; Reynolds, A.C.; Gill, T.K.; Appleton, S.; Adams, R. Association between macronutrient intake and excessive daytime sleepiness: An iso-caloric substitution analysis from the North West Adelaide Health Study. Nutrients 2019, 11, 2374. [Google Scholar] [CrossRef] [PubMed]

	



Souza, R.V.; Sarmento, R.A.; de Almeida, J.C.; Canuto, R. The effect of shift work on eating habits: A systematic review. Scand. J. Work Environ. Health 2019, 45, 7–21. [Google Scholar] [CrossRef]

	



Bonham, M.P.; Bonnell, E.K.; Huggins, C.E. Energy intake of shift workers compared to fixed day workers: A systematic review and meta-analysis. Chronobiol. Int. 2016, 33, 1086–1100. [Google Scholar] [CrossRef]

	



Kogevinas, M.; Espinosa, A.; Castelló, A.; Gómez-Acebo, I.; Guevara, M.; Martin, V.; Romaguera, D. Effect of mistimed eating patterns on breast and prostate cancer risk (MCC-Spain Study). Int. J. Cancer 2018, 143, 2380–2389. [Google Scholar] [CrossRef]

	



Dashti, H.S.; Gómez-Abellán, P.; Qian, J.; Esteban, A.; Morales, E.; Scheer, F.A.J.L.; Garaulet, M. Late eating is associated with cardiometabolic risk traits, obesogenic behaviors, and impaired weight loss. Am. J. Clin. Nut. 2020, 113, nqaa264. [Google Scholar] [CrossRef] [PubMed]

	



Heath, G.; Dorrian, J.; Coates, A. Associations between shift type, sleep, mood, and diet in a group of shift working nurses. Scand. J. Work Environ. Health 2019, 45, 402–412. [Google Scholar] [CrossRef]

	



Lopez-Minguez, J.; Gómez-Abellán, P.; Garaulet, M. Timing of breakfast, lunch, and dinner. Effects on obesity and metabolic risk. Nutrients 2019, 11, 2624. [Google Scholar] [CrossRef] [PubMed]

	



Garrido, A.L.F.; Duarte, A.S.; Santana, P.T.; Rodrigues, G.H.; Pellegrino, P.; Nogueira, L.F.R.; Marqueze, E.C. Eating habits, sleep and a proxy for circadian disruption are correlated with dyslipidemia in overweight night workers. Nutrition 2020, 83, 111084. [Google Scholar] [CrossRef]

	



Littner, M.; Kushida, C.A.; Anderson, W.M.; Bailey, D.; Berry, R.B.; Davila, D.G.; Johnson, S.F. Practice Parameters for the Role of Actigraphy in the Study of Sleep and Circadian Rhythms: An Update for 2002. Sleep 2003, 26, 337–341. [Google Scholar] [CrossRef]

	



Pinheiro, A.B.V.; Lacerda, E.M.A.; Benzecry, E.H.; Gomes, M.C.S.; Costa, V.M. Tabela Para Avaliação de Consumo Alimentar em Medidas Caseiras, 4th ed.; Atheneu: São Paulo, Brazil, 2000. [Google Scholar]

	



NEPA-UNICAMP. Tabela Brasileira de Composição de Alimentos—TACO, 4th ed.; NEPA-UNICAMP: Campinas, Brazil, 2011. [Google Scholar]

	



Otten, J.J.; Hellwig, J.P.; Meyers, L.D. Dietary Reference Intakes: The Essential Guide to Nutrient Requirements; The National Academies Press: Washington, DC, USA, 2006. [Google Scholar]

	



Padovani, R.M.; Amaya-Farfán, J.; Colugnati, F.A.B.; Domene, S.M.A. Dietary reference intakes: Application of tables in nutritional studies. Rev. Nut. 2006, 19, 741–760. [Google Scholar] [CrossRef]








[image: Clockssleep 03 00038 g001 550] 





Figure 1. Sleep parameters obtained by actigraphy after night work (diurnal sleep, n = 22) and on day-off (nocturnal sleep, n = 22): (a) sleep duration (hours) (Paired t-test, p < 0.01) (b) sleep onset latency (minutes) (Wilcoxon p = 0.87) and (c) wake-up after sleep onset (%) (Wilcoxon p = 1.00). White lines represent means, gray boxes represent standard errors, and whiskers represent 95% confidence intervals. 
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Figure 2. Mean times (clock time) of last meal before bedtime, of sleep onset and of getting up after: (a) night shift (n = 22); and (b) day-off (n = 22). 
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Figure 3. Percentage of participants with inadequate daily macronutrient intake for 24 h period and last meal before bed, after night shift (n = 30), and on day-off (n = 22). t-test, p > 0.05. 
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Table 1. Sleep duration after night shift (diurnal sleep) (n = 28).
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	Variables
	Crude

β
	95% CI
	Multiple

β Adj &
	95% CI





	Fat
	−0.01
	−0.02; 0.01
	0.00
	−0.01; 0.02



	Carbohydrate
	0.00
	−0.01; 0.00
	0.00
	−0.01; 0.00



	Protein
	−0.01
	−0.03; 0.00
	−0.01
	−0.02; 0.01



	Interval between last meal and sleep onset
	−0.32
	−0.59; −0.05
	−0.39
	−0.63; −0.16







& Adjusted for age, chronotype and time (years) working nights.
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Table 2. Sleep onset latency (SOL) on day-off (nocturnal sleep) (n = 22).
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	Variables
	Crude

β
	95% CI
	Multiple

β Adj &
	95% CI





	Fat
	−0.10
	−0.36; 0.16
	0.09
	−0.06; 0.24



	Carbohydrate
	−0.03
	−0.16; 0.11
	0.01
	−0.10; 0.12



	Protein
	−0.18
	−0.47; 0.10
	0.11
	−0.03; 0.25



	The interval between last meal and sleep onset
	11.51
	3.25; 19.76
	3.05
	−6.41; 12.50







& Adjusted for age, chronotype, and time working nights.
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Table 3. Sleep onset latency after night shift (diurnal sleep) (n = 28).
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	Variables
	Crude

β
	95% CI
	Multiple

β Adj &
	95% CI





	Fat
	0.08
	−0.07; 0.24
	0.13
	0.06; 0.20



	Carbohydrate
	0.06
	0.01; 0.11
	0.02
	0.00; 0.05



	Protein
	0.03
	−0.10; 0.15
	0.02
	−0.08; 0.12



	Interval between last meal and sleep onset
	−1.32
	−2.99; 0.35
	−0.44
	−1.65; 0.77







& Adjusted for age, chronotype and time working nights.
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