
Article

Objective Food Intake in Night and Day Shift
Workers: A Laboratory Study

Yichi Chen 1, Shaza Lauren 1, Bernard P. Chang 2 and Ari Shechter 3,*
1 Institute of Human Nutrition, Columbia University Irving Medical Center, New York, NY 10032, USA;

yc3399@cumc.columbia.edu (Y.C.); sl4334@cumc.columbia.edu (S.L.)
2 Department of Emergency Medicine, Columbia University Irving Medical Center,

New York, NY 10032, USA; bpc2103@cumc.columbia.edu
3 Center for Behavioral Cardiovascular Health, Columbia University Irving Medical Center,

New York, NY 10032, USA
* Correspondence: as4874@cumc.columbia.edu; Tel.: +1-212-342-4487

Received: 18 September 2018; Accepted: 11 October 2018; Published: 14 October 2018
����������
�������

Abstract: Night shift work is associated with risk of overweight and obesity. In night shift workers,
short sleep duration combined with circadian misalignment may contribute to altered food intake
regulation, favoring positive energy balance and weight gain. Prior work investigating food intake
in shift workers has suffered methodologically due to reliance on subjective self-report for dietary
assessment. No study has yet been done to examine the impact of night shift work on food intake
in real-life shift workers using objective measures. Female day (n = 12) and night (n = 12) shift
workers from a hospital setting participated in a laboratory-based objective food intake assessment.
Participants entered the laboratory in the fasted state after awakening from the sleep episode
following a final work shift, and underwent an ad libitum 14-item test meal buffet to objectively
quantify food choice/intake. Sleep duration (measured via wrist-accelerometry) during the sleep
episode before laboratory assessment was significantly longer in day vs. night workers (373.9 ± 127.5
vs. 260.6 ± 102.9 min, p = 0.03). No significant group difference was observed in calories consumed
during the test meal (943.08 ± 469.55 vs. 878.58 ± 442.68 kcal, p = 0.74). When expressed as percent of
energy consumed, day workers had higher protein consumption vs. night workers (16.03 ± 5.69 vs.
11.82 ± 4.05%; p = 0.05). To our knowledge, this is the first laboratory-based behavioral assessment of
food choice/intake in actual night and day shift workers. Although not studied here, work by others
has linked protein intake to satiety. This may be a potential pathway placing shift workers at risk for
overweight and obesity.
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1. Introduction

Obesity is a leading health concern in the United States, where the prevalence is over one in three
adults in the population [1]. This problem may be exacerbated by shift work: Recent meta-analyses
demonstrate that shift work [2], and in particular, night shift work [3], is associated with a significantly
increased risk of overweight and obesity. This increased obesity risk is critical, since up to 29% of the
U.S. workforce engages in “alternative” shift schedules, encompassing evening, night, and rotating
shifts [4].

Various factors may contribute to alterations in energy balance regulation and subsequent weight
gain within night shift workers. Chief among these is short sleep duration. Based on observational
studies as well as mechanistic laboratory-based experiments, short sleep duration and/or sleep
restriction is found to be associated with increased food intake [5]. Short sleep duration is prevalent in
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shift workers [6]. The effects of short sleep duration may be exacerbated in shift workers since both the
sleep-wake and feeding-fasting cycles are displaced, leading to a misalignment of circadian physiology
and behavior. Together, these may lead to a dysregulation of hunger/satiety hormones. A decrease in
the satiety hormone leptin is seen in night shift work simulation [7], and a decrease in leptin and an
increase in the hunger hormone ghrelin are seen under conditions of experimental sleep restriction
combined with circadian misalignment [8]. These observations are consistent with a hormonal profile
that would be expected to induce high energy intake.

Studies comparing food intake between shift and standard day workers have not consistently
found differences in total daily energy or macronutrient intake [9]. However, in all cases, food
intake was assessed subjectively via Food Frequency Questionnaire (FFQ), self-reported food diary,
or dietary recall. There are considerable limitations in quantifying food intake with FFQ and similar
self-reports. It has been suggested that these subjective tools may lead to inaccurate conclusions
and, accordingly, their use should be abandoned [10]. It is therefore important to conduct further
systematic investigations of food intake in shift workers using objective measures under real-life and
laboratory conditions.

To date, only one study, by Cain and colleagues, assessed food intake using objective measures
in participants undergoing simulated night shift work [11]. In the counter-balanced cross-over trial,
significant increases in high-fat food consumption, with no differences in total energy intake, were
observed in a test meal following a night shift simulation compared to control condition [11]. To our
knowledge, no study has yet been done to examine the impact of night shift work on food intake in
real-life shift workers using objective measures. We therefore conducted a laboratory-based behavioral
assessment of food intake in actual night and day shift workers, to test the hypothesis that compared to
day work, night shift work would be associated with increased intake of energy and fat in a test meal.

2. Results

Day and night shift workers did not differ significantly in age (day: 32.5 ± 7.4 y, range: 24–53 y;
night: 37.0 ± 7.5 y, range: 25–47 y; p = 0.15), body mass index (BMI; day: 28.2 ± 3.1 kg/m2, night:
30.6 ± 4.0 kg/m2, p = 0.11), systolic blood pressure (day: 114.0 ± 9.7 mmHg, night: 117.4 ± 9.9 mmHg,
p = 0.40) or diastolic blood pressure (day: 72.0 ± 8.0 mmHg, night: 73.8 ± 5.2 mmHg, p = 0.53).

Mean bedtimes and wake-times were 23:26 ± 1:44 and 6:25 ± 1:29 for day workers, and were
09:52 ± 1:01 and 14:59 ± 1:52 for night workers. Total sleep time on the night preceding laboratory
assessment was significantly longer in day workers compared to night workers (373.9 ± 127.5 min
vs. 260.6 ± 102.9 min, p = 0.03). Although participants were asked to enter the laboratory 1 h after
awakening, based on sleep log and actigraphy, participants actually entered the lab about 2.3 h after
awakening (day: 2:17 ± 1:05 h, night: 2:16 ± 1:08 h, p = 0.94).

The test meal was consumed at 09:19 ± 1:29 in day workers and at 17:59 ± 1:53 in the night workers
(p < 0.01). No significant difference between day and night shift groups was observed in total energy
consumed during the ad libitum test meal (943.08 ± 469.55 kcal vs. 878.58 ± 442.68 kcal, p = 0.74;
Figure 1A). No statistically significant differences between day and night shift groups were observed
in total carbohydrates (526.33 ± 284.68 g vs. 503.00 ± 242.85 g, p = 0.84), fat (282.75 ± 175.88 g vs.
269.25 ± 174.19 g, p = 0.86), or protein (134.00 ± 50.69 g vs. 106.33 ± 56.86 g, p = 0.24) consumed
in the test meal. When expressed as percent of energy consumed in the meal, the day shift
workers had a higher protein consumption compared to the night shift workers (16.03 ± 5.69% vs.
11.82 ± 4.05%; p = 0.05; Figure 1B). There were no differences observed in carbohydrate (55.96 ± 9.98%
vs. 59.22 ± 13.02%, p = 0.50) or fat (28.01 ± 9.95% vs. 28.96 ± 10.70%, p = 0.82) consumption in the test
meal between day and night shift groups (Figure 1B). A correlation analysis between total sleep time
and protein intake revealed a positive relationship that did not reach statistical significance (r = 0.36,
p = 0.08).
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Figure 1. Energy and macronutrient intake from the ad libitum test meal in day (grey bars) and night 
(whiter bars) shift workers. Data are expressed as mean ± standard error of the mean. (A) Total energy 
intake (kcal). (B) Macronutrient intake expressed as a percentage of total energy consumed. * indicates 
p ≤ 0.05. 

3. Discussion 

This study aimed to investigate the effects of night shift work on food choice and intake using 
objective assessment methods in actual shift workers. In a laboratory-based ad libitum test meal 
paradigm, we observed no difference in total energy intake between groups but that night shift 
workers consumed significantly less protein than day shift workers. As expected, we also observed 
that night shift workers had significantly shorter sleep duration than their day working counterparts. 

Most observational studies in shift workers which used self-report measures of food intake do 
not show consistent effects of shift work type on energy or macronutrient intakes [9,12]. However, 
focusing on studies showing an effect on protein, an observational study using 7-day food diaries 
found increased protein consumption (as a percent of total energy intake) in night vs. day workers 
[13]. In contrast, a study using FFQs reported decreased protein intake (grams) in rotating shift 
workers compared to day workers [14]. In terms of sleep duration per se (in non-shift workers), short 
sleep duration was found to be associated with reduced protein intake, albeit when assessed with 
FFQ [15] or 24-h guided recall [16]. As described above, a limitation in these prior investigations is 
the subjective monitoring of food intake. Specifically, the FFQ has been criticized as an inaccurate 
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Figure 1. Energy and macronutrient intake from the ad libitum test meal in day (grey bars) and night
(whiter bars) shift workers. Data are expressed as mean ± standard error of the mean. (A) Total energy
intake (kcal). (B) Macronutrient intake expressed as a percentage of total energy consumed. * indicates
p ≤ 0.05.

3. Discussion

This study aimed to investigate the effects of night shift work on food choice and intake using
objective assessment methods in actual shift workers. In a laboratory-based ad libitum test meal
paradigm, we observed no difference in total energy intake between groups but that night shift
workers consumed significantly less protein than day shift workers. As expected, we also observed
that night shift workers had significantly shorter sleep duration than their day working counterparts.

Most observational studies in shift workers which used self-report measures of food intake do
not show consistent effects of shift work type on energy or macronutrient intakes [9,12]. However,
focusing on studies showing an effect on protein, an observational study using 7-day food diaries found
increased protein consumption (as a percent of total energy intake) in night vs. day workers [13]. In
contrast, a study using FFQs reported decreased protein intake (grams) in rotating shift workers
compared to day workers [14]. In terms of sleep duration per se (in non-shift workers), short
sleep duration was found to be associated with reduced protein intake, albeit when assessed with
FFQ [15] or 24-h guided recall [16]. As described above, a limitation in these prior investigations is the
subjective monitoring of food intake. Specifically, the FFQ has been criticized as an inaccurate measure,
characterized by a systematic underestimation of actual energy intake [10]. Similar under-reporting of
actual food intake based on 2-week self-reported food records [17] and diet-diary techniques [18] have
also been reported.
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The laboratory-based ad libitum food intake protocol is considered ideal to objectively and
accurately evaluate eating behavior [19]. Current methods to assess eating behaviors under
free-living conditions are seen as less valid and reliable than the controlled conditions afforded
by the laboratory [20]. It is true that this laboratory-based approach sacrifices some degree of external
validity and ecological relevance of a naturalistic, free-living study, albeit in favor of precision, accuracy,
and internal validity. However, the strictly controlled conditions of the laboratory-based test meal are
considered the ideal approach for identifying the effects of different conditions (in this case, shift type)
on food intake, and are considered a good approximation of free-living conditions [20,21].

Although already commonly used to investigate the effects of experimental sleep restriction on
food intake [22–27], to our knowledge, the current study is the first laboratory-based behavioral
assessment of food intake in actual night and day shift workers. A prior study by Cain et al.
utilized a similar ad libitum buffet approach to compare food intake under simulated night shift
and control conditions [11]. In that study, a greater amount of high-fat foods, with no differences in
the amount of calories or protein, was consumed following the simulated night shift compared to the
control condition [11]. Several methodological differences between the two experimental protocols
may account for discrepant results. As stated, their study was conducted under simulated night
shift conditions in non-shift working participants. Participants in that study all had BMI between
20–25 kg/m2, whereas BMI ≥ 25 kg/m2 was an inclusion criterion in the current study. Our study
focused exclusively on females, whereas the prior study had 50% female participants. Another
difference between our study and the prior work by Cain et al., which may account for the increase
in high-fat food consumption observed there but not here, is the composition of the test meal. In
the prior study, 8 food items presented in the test meal had a high fat content (percentage of total
energy of the food item ≥42%). Our test meal had 2 items with fat content >40% and another 2 items
with fat content ≥29%, which we also considered to be high-fat foods. A final important protocol
difference stems from the timing of the test meal relative to the work schedule and the sleep/wake
episode. Specifically, in the Cain et al. study, in both the control and night conditions, the test meal
was presented at 08:00. This is important, since, in the control condition, participants were eating
after awakening from the nocturnal sleep episode, whereas in the night shift condition, participants
were eating after an extended period of nocturnal wakefulness, including the simulated work shift.
We attempted to account for this in our design by having participants arrive at the laboratory for
their test meal in the fasted state after awakening from their respective day or night sleep episode.
Accordingly, in our investigation, day workers and night workers were consuming the test meal at
~09:00 and ~18:00, respectively. This large difference in time introduces a potential confound. A
circadian variation in hunger, with a peak in the evening and a nadir in the night/early morning,
has been reported [28,29]. However, in a forced desynchrony study, the variation in hunger ratings
as a function of time since last meal was relatively larger than the variation in hunger as a function
of circadian phase [28]. Furthermore, without a characterization of the (altered) circadian system in
night shift workers, it is difficult to determine how the differential timing of food intake relative to the
endogenous circadian variation in hunger is affecting current recorded measures.

Despite the similarity in calories consumed during the test meal, the relative reduction in protein
intake in night vs. day workers in the test meal observed in our study may potentially help explain the
increased body weight generally noted in shift workers. Protein is considered to be the most satiating
of the macronutrients [30], and a diet characterized by high relative protein intake is associated with
low hunger, low food intake, and weight loss [31]. It should be emphasized that we only assessed
macronutrient intake at a single test meal, and are therefore uncertain whether this pattern of relative
macronutrient intake persists over the course of the 24-h day. The alterations in protein intake in the
current test meal were not associated with overall differences in energy intake. This indicates that
although the effect of shift type on food choice in the laboratory test meal can be considered valid,
it remains speculative as to whether such a pattern can be extrapolated to fully explain the risk of
overweight and obesity in night shift workers. Future work should be done to obtain objective 24-h
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food intake measures in shift workers who enter the laboratory for an extended period of time, or
under simulated conditions. Moreover, while not studied here, a shift in the timing of food intake,
as necessarily occurs in shift workers, regardless of energy or macronutrient intake, is also related to
obesity [32].

This study contained several important limitations. The sample size was small. The focus on
studying exclusively women who are overweight may also limit some generalizability of findings.
We chose to include only overweight women to reduce variability within the small sample, to study
individuals who may be at a higher risk of developing metabolic disorders, and because there is an
increased prevalence of overweight and obesity in shift workers. There was some heterogeneity in
the duration of shifts. Although the proportion of individuals working 8- or 12-h shifts in the day
and night groups did not differ statistically, it is possible that the shift duration also impacts food
intake regulation. We did not measure the palatability and desirability of the food items before or after
presentation. Inter-individual differences in food preferences could therefore affect measured intakes.
The buffet test meal would also benefit from a wider range of food choices. We attempted to avoid
“time sensitive” foods such as traditional breakfast and lunch/dinner items in the test meal buffet, to
account for group differences in the timing of the first post-sleep meal. Another potential limitation
is the request that participants enter the laboratory in the fasted state for their test meal. We asked
participants to refrain from ingesting any food or liquid before lab entry, however, we were unable to
objectively confirm adherence to this request. Having participants undergo their sleep episode in the
laboratory would be a potential solution to this limitation.

Future work on this topic should explore how the timing of food intake relates to body
weight outcomes in shift workers. Other relevant energy balance-related parameters, such as
hormones regulating hunger and satiety (e.g., leptin and ghrelin), energy metabolism, and physical
activity-related energy expenditure should be assessed in shift workers. Such work may provide key
insight into optimizing shift/sleep scheduling in healthcare providers and other shift workers at risk
for disrupted sleep.

Our current findings of altered food preference and macronutrient intake in night shift workers,
combined with additional well-developed and objective assessments, will help us understand the
mechanisms by which sleep-wake and circadian disruption in shift work contributes to excess body
weight, and can lead to the identification and optimization of preventative approaches to body weight
management in this population.

4. Materials and Methods

A total of 24 female day (n = 12) and night (n = 12) shift workers were recruited and completed
participation in this study. Participants were day and night shift working nurses and/or medical
staff from New York-Presbyterian Hospital/Columbia University Medical Center, an urban tertiary
academic medical center, and worked on a schedule that was either a series of day-oriented work shifts
or night-oriented work shifts. Shift durations were either 8 or 12 h. The proportion of individuals
working either 8-h shifts (day: 50% vs. night: 33.3%) or 12-h shifts (day: 50% vs. night: 66.6%) did not
differ between day and night groups (p = 0.41). Participants worked 2 or 3 consecutive shifts before the
laboratory visit. Inclusion criteria included female sex, age ≥ 18 y, BMI ≥ 25 kg/m2, and consistently
working on either a day or night shift schedule. Exclusion criteria included rotating shift schedules,
major psychiatric or medical problems (by self-reported health history), travel across time zones within
4 weeks of study, currently being pregnant, currently breastfeeding, or having a child less than 1 year
old at home.

After the completion of their respective series of work shifts (i.e., on their first day off), participants
attended a laboratory visit to objectively assess food intake. Participants were asked to come
to the laboratory within 1 h of awakening from the sleep period following their final work shift.
Participants were asked to refrain from consuming any food prior to the laboratory visit.
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Body weight, height, and blood pressure were measured upon laboratory entry. Participants
then underwent the ad libitum test meal. The test meal consisted of a uniform presentation of foods
offered as a buffet. At screening, participants completed a food allergy form to ensure that they could
consume all foods that were presented. During the test meal, participants were seated alone and
were instructed to eat as much or as little as they want. Participants were given a 30-min eating
opportunity, although all participants completed their meal before the maximum time allotment.
A range of items, macronutrient and food types, as well as perceived palatability and healthfulness,
were presented. The 14-item test meal consisted of 6 major food categories: high fats, high protein,
high carbohydrates, sweets/high sugar, fruits, and beverages (Table 1). All food items were weighed
before and after the test meal, using a top-loading balance accurate to 0.1 g. Food consumed in the test
meal was analyzed using MyFitnessPal, a commercially available web-based nutrition tracking service.
Although MyFitnessPal is not a research-grade software, it has been shown to have high agreement
with the gold standard Nutrition Data System for Research (NDSR) for assessing energy (r = 0.93)
and macronutrient content (carbohydrate and protein: r = 0.93; fat: 0.73) [33]. Dietary analyses were
conducted by individuals with a Masters in Human Nutrition (YC, SL).

Table 1. Serving size, energy and macronutrient content of food items presented in the ad libitum test
meal buffet.

Food Item Serving Size (g) Energy (kcal) Fat (%) Protein (%) Carbohydrate (%)

High fat

Soft cheese 156 483 73 27 0
Peanut butter 188 1190 71 13 16
Oreo cookies 130 668 38 2 60

Chocolate kisses 47 268 29 28 43

High protein

Greek yogurt 320 298 18 31 51
Protein bar 140 583 29 28 43

High carbohydrate

Strawberry jam 44 116 0 0 100
Grape jam 41 139 0 0 100
White bread 118 325 9 11 80

Fruits

Apples 391 203 0 0 100
Bananas 362 301 3 4 93
Raisins 62 204 0 4 96

Beverages

Apple juice 436 221 0 0 100
Orange juice 441 252 0 2 98

Macronutrient compositions are expressed as percentage of total energy of food item presented.

The sleep episode preceding the laboratory visit was monitored objectively with the use of
wrist-mounted accelerometers (wGT3X-BT Actigraph monitor, ActiGraph LLC, Pensacola, FL, USA).
ActiLife 6 data analysis software was used to obtain measures of sleep duration based on Cole-Kripke
criteria [34].

The Institutional Review Board of Columbia University Medical Center approved the study
procedures, and all participants provided written informed consent.

Primary outcomes were total energy, and macronutrients (fat, protein, and carbohydrate as a
percentage of total energy), consumed during the ad libitum test meal. Unpaired samples t-tests were
used to compare values between day and night shift groups. Based on these planned comparisons of
primary outcomes, we did not apply corrections for multiple comparisons of macronutrient intakes.
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P-values are based on two-tailed tests. Data are expressed ± standard deviation, unless otherwise
indicated. Analyses were conducted using SPSS Statistics for Windows, Version 24.0 (IBM Corp.,
Armonk, NY, USA).

Author Contributions: Conceptualization, A.S.; Methodology, A.S.; Validation, Y.C., S.L. and A.S.; Formal
Analysis, Y.C., S.L., B.P.C. and A.S.; Investigation, Y.C., S.L. and A.S.; Writing—Original Draft Preparation, Y.C.,
S.L., B.P.C. and A.S.; Writing—Review & Editing, Y.C., S.L., B.P.C. and A.S.; Visualization, Y.C., S.L. and A.S.;
Supervision, A.S.; Funding Acquisition, A.S.; Approval of Submitted Manuscript, Y.C., S.L., B.P.C. and A.S.

Funding: This publication was supported by the National Center for Advancing Translational Sciences, National
Institutes of Health, through Grant Number UL1TR000040. The content is solely the responsibility of the authors
and does not necessarily represent the official views of the NIH.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results

References

1. Hales, C.M.; Carroll, M.D.; Fryar, C.D.; Ogden, C.L. Prevalence of Obesity among Adults and Youth: United States,
2015–2016; US Department of Health and Human Services, Centers for Disease Control and Prevention,
National Center for Health Statistics: Atlanta, GA, USA, 2017.

2. Liu, Q.; Shi, J.; Duan, P.; Liu, B.; Li, T.; Wang, C.; Li, H.; Yang, T.; Gan, Y.; Wang, X.; et al. Is shift work
associated with a higher risk of overweight or obesity? A systematic review of observational studies with
meta-analysis. Int. J. Epidemiol. 2018. [CrossRef] [PubMed]

3. Sun, M.; Feng, W.; Wang, F.; Li, P.; Li, Z.; Li, M.; Tse, G.; Vlaanderen, J.; Vermeulen, R.; Tse, L.A. Meta-analysis
on shift work and risks of specific obesity types. Obes. Rev. 2018, 19, 28–40. [CrossRef] [PubMed]

4. Alterman, T.; Luckhaupt, S.E.; Dahlhamer, J.M.; Ward, B.W.; Calvert, G.M. Prevalence rates of work
organization characteristics among workers in the U.S.: Data from the 2010 National Health Interview
Survey. Am. J. Ind. Med. 2013, 56, 647–659. [CrossRef] [PubMed]

5. Shechter, A.; Grandner, M.A.; St-Onge, M.-P. The role of sleep in the control of food intake. Am. J. Lifestyle Med.
2014, 8, 371–374. [CrossRef] [PubMed]

6. Åkerstedt, T.; Wright, K.P. Sleep loss and fatigue in shift work and shift work disorder. Sleep Med. Clin. 2009,
4, 257–271. [CrossRef] [PubMed]

7. McHill, A.W.; Melanson, E.L.; Higgins, J.; Connick, E.; Moehlman, T.M.; Stothard, E.R.; Wright, K.P. Impact of
circadian misalignment on energy metabolism during simulated nightshift work. Proc. Natl. Acad. Sci. USA
2014, 111, 17302–17307. [CrossRef] [PubMed]

8. Buxton, O.M.; Cain, S.W.; O’connor, S.P.; Porter, J.H.; Duffy, J.F.; Wang, W.; Czeisler, C.A.; Shea, S.A. Adverse
metabolic consequences in humans of prolonged sleep restriction combined with circadian disruption.
Sci. Transl. Med. 2012, 4, 129ra43. [CrossRef] [PubMed]

9. 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. [CrossRef] [PubMed]

10. Dhurandhar, N.V.; Schoeller, D.; Brown, A.W.; Heymsfield, S.B.; Thomas, D.; Sørensen, T.I.; Speakman, J.R.;
Jeansonne, M.; Allison, D.B. Energy Balance Measurement Working Group. Energy balance measurement:
When something is not better than nothing. Int. J. Obes. (Lond.) 2015, 39, 1109–1113. [CrossRef] [PubMed]

11. Cain, S.W.; Filtness, A.J.; Phillips, C.L.; Anderson, C. Enhanced preference for high-fat foods following a
simulated night shift. Scand. J. Work Environ. Health 2015, 41, 288–293. [CrossRef] [PubMed]

12. Lowden, A.; Moreno, C.; Holmbäck, U.; Lennernäs, M.; Tucker, P. Eating and shift work—Effects on habits,
metabolism, and performance. Scand. J. Work Environ. Health 2010, 36, 150–162. [CrossRef] [PubMed]

13. Padilha, H.G.; Crispim, C.A.; Zimberg, I.Z.; Folkard, S.; Tufik, S.; de Mello, M.T. Metabolic responses on the
early shift. Chronobiol. Int. 2010, 27, 1080–1092. [CrossRef] [PubMed]

14. Tada, Y.; Kawano, Y.; Maeda, I.; Yoshizaki, T.; Sunami, A.; Yokoyama, Y.; Matsumoto, H.; Hida, A.;
Komatsu, T.; Togo, F. Association of body mass index with lifestyle and rotating shift work in J apanese
female nurses. Obesity 2014, 22, 2489–2493. [PubMed]

15. Grandner, M.A.; Kripke, D.F.; Naidoo, N.; Langer, R.D. Relationships among dietary nutrients and subjective
sleep, objective sleep, and napping in women. Sleep Med. 2010, 11, 180–184. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/ije/dyy079
http://www.ncbi.nlm.nih.gov/pubmed/29850840
http://dx.doi.org/10.1111/obr.12621
http://www.ncbi.nlm.nih.gov/pubmed/28975706
http://dx.doi.org/10.1002/ajim.22108
http://www.ncbi.nlm.nih.gov/pubmed/22911666
http://dx.doi.org/10.1177/1559827614545315
http://www.ncbi.nlm.nih.gov/pubmed/27065757
http://dx.doi.org/10.1016/j.jsmc.2009.03.001
http://www.ncbi.nlm.nih.gov/pubmed/20640236
http://dx.doi.org/10.1073/pnas.1412021111
http://www.ncbi.nlm.nih.gov/pubmed/25404342
http://dx.doi.org/10.1126/scitranslmed.3003200
http://www.ncbi.nlm.nih.gov/pubmed/22496545
http://dx.doi.org/10.1080/07420528.2016.1192188
http://www.ncbi.nlm.nih.gov/pubmed/27303804
http://dx.doi.org/10.1038/ijo.2014.199
http://www.ncbi.nlm.nih.gov/pubmed/25394308
http://dx.doi.org/10.5271/sjweh.3486
http://www.ncbi.nlm.nih.gov/pubmed/25699635
http://dx.doi.org/10.5271/sjweh.2898
http://www.ncbi.nlm.nih.gov/pubmed/20143038
http://dx.doi.org/10.3109/07420528.2010.489883
http://www.ncbi.nlm.nih.gov/pubmed/20636217
http://www.ncbi.nlm.nih.gov/pubmed/25251576
http://dx.doi.org/10.1016/j.sleep.2009.07.014
http://www.ncbi.nlm.nih.gov/pubmed/20005774


Clocks&Sleep 2019, 1 49

16. 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. [CrossRef] [PubMed]

17. Muhlheim, L.S.; Allison, D.B.; Heshka, S.; Heymsfield, S.B. Do unsuccessful dieters intentionally underreport
food intake? Int. J. Eat. Disord. 1998, 24, 259–266. [CrossRef]

18. De Castro, J.M. Eating behavior: Lessons from the real world of humans. Nutrition 2000, 16, 800–813.
[CrossRef]

19. Venti, C.A.; Votruba, S.B.; Franks, P.W.; Krakoff, J.; Salbe, A.D. Reproducibility of ad libitum energy intake
with the use of a computerized vending machine system. Am. J. Clin. Nutr. 2010, 91, 343–348. [CrossRef]
[PubMed]

20. Gibbons, C.; Finlayson, G.; Dalton, M.; Caudwell, P.; Blundell, J.E. Metabolic Phenotyping Guidelines:
Studying eating behaviour in humans. J. Endocrinol. 2014, 222, G1–G12. [CrossRef] [PubMed]

21. Hetherington, M.M.; Rolls, B.J. Favouring more rigour when investigating human eating behaviour is like
supporting motherhood and apple pie: A response to Robinson, Bevelander, Field, and Jones (2018). Appetite
2018, 130, 330–333. [CrossRef] [PubMed]

22. Benedict, C.; Hallschmid, M.; Lassen, A.; Mahnke, C.; Schultes, B.; Schiöth, H.B.; Born, J.; Lange, T. Acute
sleep deprivation reduces energy expenditure in healthy men. Am. J. Clin. Nutr. 2011, 93, 1229–1236.
[CrossRef] [PubMed]

23. Brondel, L.; Romer, M.A.; Nougues, P.M.; Touyarou, P.; Davenne, D. Acute partial sleep deprivation increases
food intake in healthy men. Am. J. Clin. Nutr. 2010, 91, 1550–1559. [CrossRef] [PubMed]

24. Markwald, R.R.; Melanson, E.L.; Smith, M.R.; Higgins, J.; Perreault, L.; Eckel, R.H.; Wright, K.P. Impact of
insufficient sleep on total daily energy expenditure, food intake, and weight gain. Proc. Natl. Acad. Sci. USA
2013, 110, 5695–5700. [CrossRef] [PubMed]

25. Nedeltcheva, A.V.; Kilkus, J.M.; Imperial, J.; Kasza, K.; Schoeller, D.A.; Penev, P.D. Sleep curtailment is
accompanied by increased intake of calories from snacks. Am. J. Clin. Nutr. 2009, 89, 126–133. [CrossRef]
[PubMed]

26. Schmid, S.M.; Hallschmid, M.; Jauch-Chara, K.; Wilms, B.; Benedict, C.; Lehnert, H.; Born, J.; Schultes, B.
Short-term sleep loss decreases physical activity under free-living conditions but does not increase food
intake under time-deprived laboratory conditions in healthy men. Am. J. Clin. Nutr. 2009, 90, 1476–1482.
[CrossRef] [PubMed]

27. St-Onge, M.P.; Roberts, A.L.; Chen, J.; Kelleman, M.; O’Keeffe, M.; RoyChoudhury, A.; Jones, P.J. Short sleep
duration increases energy intakes but does not change energy expenditure in normal-weight individuals.
Am. J. Clin. Nutr. 2011, 94, 410–416. [CrossRef] [PubMed]

28. Sargent, C.; Zhou, X.; Matthews, R.W.; Darwent, D.; Roach, G.D. Daily rhythms of hunger and satiety
in healthy men during one week of sleep restriction and circadian misalignment. Int. J. Environ. Res.
Public Health 2016, 13, 170. [CrossRef] [PubMed]

29. Scheer, F.A.; Morris, C.J.; Shea, S.A. The internal circadian clock increases hunger and appetite in the evening
independent of food intake and other behaviors. Obesity 2013, 21, 421–423. [CrossRef] [PubMed]

30. Simpson, S.J.; Raubenheimer, D. Obesity: The protein leverage hypothesis. Obes. Rev. 2005, 6, 133–142.
[CrossRef] [PubMed]

31. Weigle, D.S.; Breen, P.A.; Matthys, C.C.; Callahan, H.S.; Meeuws, K.E.; Burden, V.R.; Purnell, J.Q.
A high-protein diet induces sustained reductions in appetite, ad libitum caloric intake, and body weight
despite compensatory changes in diurnal plasma leptin and ghrelin concentrations. Am. J. Clin. Nutr. 2005,
82, 41–48. [CrossRef] [PubMed]

32. Garaulet, M.; Gómez-Abellán, P. Timing of food intake and obesity: A novel association. Physiol. Behav. 2014,
134, 44–50. [CrossRef] [PubMed]

33. Griffiths, C.; Harnack, L.; Pereira, M.A. Assessment of the accuracy of nutrient calculations of five popular
nutrition tracking applications. Public Health Nutr. 2018, 21, 1495–1502. [CrossRef] [PubMed]

34. Cole, R.J.; Kripke, D.F.; Gruen, W.; Mullaney, D.J.; Gillin, J.C. Automatic sleep/wake identification from
wrist activity. Sleep 1992, 15, 461–469. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.appet.2013.01.004
http://www.ncbi.nlm.nih.gov/pubmed/23339991
http://dx.doi.org/10.1002/(SICI)1098-108X(199811)24:3&lt;259::AID-EAT3&gt;3.0.CO;2-L
http://dx.doi.org/10.1016/S0899-9007(00)00414-7
http://dx.doi.org/10.3945/ajcn.2009.28315
http://www.ncbi.nlm.nih.gov/pubmed/19923376
http://dx.doi.org/10.1530/JOE-14-0020
http://www.ncbi.nlm.nih.gov/pubmed/25052364
http://dx.doi.org/10.1016/j.appet.2018.05.013
http://www.ncbi.nlm.nih.gov/pubmed/29859776
http://dx.doi.org/10.3945/ajcn.110.006460
http://www.ncbi.nlm.nih.gov/pubmed/21471283
http://dx.doi.org/10.3945/ajcn.2009.28523
http://www.ncbi.nlm.nih.gov/pubmed/20357041
http://dx.doi.org/10.1073/pnas.1216951110
http://www.ncbi.nlm.nih.gov/pubmed/23479616
http://dx.doi.org/10.3945/ajcn.2008.26574
http://www.ncbi.nlm.nih.gov/pubmed/19056602
http://dx.doi.org/10.3945/ajcn.2009.27984
http://www.ncbi.nlm.nih.gov/pubmed/19846546
http://dx.doi.org/10.3945/ajcn.111.013904
http://www.ncbi.nlm.nih.gov/pubmed/21715510
http://dx.doi.org/10.3390/ijerph13020170
http://www.ncbi.nlm.nih.gov/pubmed/26840322
http://dx.doi.org/10.1002/oby.20351
http://www.ncbi.nlm.nih.gov/pubmed/23456944
http://dx.doi.org/10.1111/j.1467-789X.2005.00178.x
http://www.ncbi.nlm.nih.gov/pubmed/15836464
http://dx.doi.org/10.1093/ajcn/82.1.41
http://www.ncbi.nlm.nih.gov/pubmed/16002798
http://dx.doi.org/10.1016/j.physbeh.2014.01.001
http://www.ncbi.nlm.nih.gov/pubmed/24467926
http://dx.doi.org/10.1017/S1368980018000393
http://www.ncbi.nlm.nih.gov/pubmed/29534771
http://dx.doi.org/10.1093/sleep/15.5.461
http://www.ncbi.nlm.nih.gov/pubmed/1455130
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	References

