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Enhanced preference for high-fat foods following a simulated
night shift
by Cain SW, Filtness AJ, Phillips CL, Anderson C
Shortened sleep and circadian misalignment, as seen in shift workers,
has adverse metabolic and behavioral consequences which lead to
obesity and associated comorbidities. This study demonstrates a
simulated night shift enhances preference for high fat foods, which
may be a contributing factor for shift work-related weight gain.
Increasing awareness of changes in food preference may promote
healthier food choices.
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Objectives Shift workers are prone to obesity and associated co-morbidities such as diabetes and cardiovascu-

lar disease. Sleep restriction associated with shift work results in dramatic endocrine and metabolic effects that
predispose shift workers to these adverse health consequences. While sleep restriction has been associated with
increased caloric intake, food preference may also play a key role in weight gain associated with shift work. This
study examined the impact of an overnight simulated night shift on food preference.

Methods Sixteen participants [mean 20.1, standard deviation (SD) 1.4 years; 8 women] underwent a simulated

night shift and control condition in a counterbalanced order. On the following morning, participants were provided
an opportunity for breakfast that included high- and low-fat food options (mean 64.8% and 6.4% fat, respectively).

Results Participants ate significantly more high-fat breakfast items after the simulated night shift than after the
control condition [167.3, standard error of the mean (SEM) 28.7) g versus 211.4 (SEM 35.6) g; P=0.012]. The
preference for high-fat food was apparent among the majority of individuals following the simulated night shift
(81%), but not for the control condition (43%). Shift work and control conditions did not differ, however, in the
total amount of food or calories consumed.
Conclusions A simulated night shift leads to preference for high-fat food during a subsequent breakfast opportu-

nity. These results suggest that food choice may contribute to weight-related chronic health problems commonly
seen among night shift workers.

Key terms diet; dietary intake; eating; food; habit; health; night duty; night work; nutrition; obesity; shift work;
shift worker; sleep loss; weight gain.

Working shifts outside of regular working hours is prevalent in modern industrialized work places (1, 2). While
the immediate risk for shift workers includes heightened
fatigue, disturbed sleep, and increased accident risk (3,
4), prolonged shift work has also been associated with
long-term adverse health issues. Shift workers are prone
to obesity (5–9) and associated co-morbidities such as
diabetes (5, 6, 8), high cholesterol (7–10), cardiovascular disease (5, 6, 11, 12), gastrointestinal problems
(5, 6, 13), and metabolic disturbances (5, 6, 14–16). In
addition, shift workers have an increased risk for coronary heart disease and stroke with mortality rates being
highest among workers with the longest history of shift
work (17–20).
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Both sleep restriction and circadian misalignment
contribute to the dysmetabolism of shift workers.
Insufficient sleep is associated with a higher probability of becoming obese (21), which may be due, in part,
to a reduction in serum leptin (an appetite inhibitor),
and increase in serum ghrelin (a hunger stimulator) (13,
22). Further, shortened sleep leads to insulin resistance
and an impaired clearance of glucose following food
intake (23). In addition to sleep restriction, circadian
disruption also occurs among shift workers, as the timing of sleep and wake becomes desynchronized with
the internal circadian clock. Laboratory studies with
highly-controlled food intake have demonstrated that
when sleep and wake cycles are misaligned with the
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underlying circadian rhythm, circulating leptin levels
are significantly lower than when they are aligned
(24), even without accompanying sleep restriction.
Thus, with a decreased satiety signal, the night shift
worker is likely to consume more food. While both
sleep restriction and circadian misalignment have been
independently shown to affect appetite and metabolism, the most profound effects are seen when these are
combined, as is typically seen in shift work. Chronic
sleep restriction and circadian misalignment results
in significantly decreased resting metabolic rate and
an inadequate pancreatic insulin secretion, leading to
increased post-meal glucose concentrations (25). The
physiological effect of sleep restriction and circadian
misalignment among shift workers therefore promotes
both overeating and a decreased ability of the body to
use the energy consumed, thus predisposing individuals
to metabolic disease.
In support of these observations, working through the
night has been associated with an increase in consuming
snacks (16). Field-based studies have reported that shift
workers consume more calories (26) and more saturated
fats (27), often due to workers opting for snack options
that are convenient and easy to obtain (28). However,
studies evaluating the impact of shift work or shortened
sleep on food preference have utilized self-reporting
techniques, such as food diaries, questionnaires or interviews [eg, (5)]. While informative of food intake among
shift workers, these techniques convey little information
about food choice or macro-nutrient preference when a
variety of options are actually available. Despite this, the
outcomes are corroborated by well-controlled laboratorybased studies. For instance, artificial sleep restriction
has been associated with increased self-reported hunger
and appetite, more specifically for carbohydrates (22,
29) and increased propensity for consuming snacks (30,
31), particularly sweet snacks (31). While preference
for carbohydrate increases with shortened sleep, the
self-reported preference for protein remains unchanged
(22, 28). Despite excess dietary fat being a risk factor
for obesity, the effect of night shift work on the preference for dietary fat remains unclear, with some studies
demonstrating an effect of sleep curtailment on dietary
fat intake (32, 33) and some showing no change (28).
While data exists with respect to snacking and eating on
shift, no study has examined the impact of night shift
work on food preference post-shift. To address this, we
investigated the preference for low- or high-fat ‘breakfast’
foods consumed after a simulated night shift compared
to a control condition among the same individuals. We
hypothesized that the simulated night shift would result
in a greater preference for higher-fat food choices.

Methods
Participants
Sixteen adults [mean 20.1, standard deviation (SD) 1.4
years; 8 women] were studied. Participants were free
from psychiatric or major medical problems, medications affecting the central nervous system and had normal body mass indices (BMI) (20–25). Participants took
<2 daytime naps per week and/or had normal daytime
sleepiness scores [<10 on the Epworth Sleepiness Scale
(34); mean 5.2 (SD 2.9)] and slept 7–9 hours/night. Participants who were current or past night shift workers, or
who reported extreme morning or evening chronotype,
were excluded from the study. Informed consent was
provided. Loughborough University Ethics Committee
approved the study.
Study overview
Participants attended the laboratory on two occasions
(control and simulated night shift) after week-long screening to ensure consistent sleep/wake schedules. Control
and simulated shift conditions were counter-balanced. On
one occasion, participants slept at home, monitored by
actigraphy [7.39 (SD 0.34) hours; range 7.08–8.53 hours].
At 08:00 hours, participants arrived at the laboratory and
were provided with breakfast before undertaking a series
of neurocognitive tests [as part of another study (34)]. On
a separate occasion, separated by ≥1 week, participants
slept at home, monitored by actigraphy [7.40, (SD 0.18)
hours; range 7.10–8.30 hours], woke at 08:00 hours and
continued their normal activities before arriving at the
laboratory at 20:00 hours. Participants were kept awake
overnight to simulate a night shift. During the night,
participants completed neurocognitive test batteries and
interacted as part of a group, simulating a typical night
shift work environment. To minimize increased hunger
before breakfast, participants on the night shift had ad
libitum access to food served between 0:00–03:00 hours.
The food preferences were examined in a breakfast buffet provided at 08:00 hours for the control and simulated
night shift conditions. Available food was identical on
each occasion.
Measurements
After normal sleep and a simulated night shift, a choice
of breakfast foods were presented as a buffet. Food items
were classified into two fat contents: high or low fat (see
table 1). Participants ate alone during a 15-minute window of opportunity. Participants were told to eat as much
or as little as they desired and were unaware that their
food consumption was being quantified. The amount of
each food item eaten was calculated.
Scand J Work Environ Health 2015, vol 41, no 3
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Table 1. Serving size and micronutrient content of food items
presented as part of the breakfast buffet. Serving sizes were 2.5
times the standard serve to allow for over-eating.
Breakfast item
High-fat food choices
Peanut butter
Butter
Boiled egg
Greek yoghurt
High fat soft cheese
Cheddar cheese
Chocolate biscuits
Nutella
Croissant
Average
Low-fat food choices
White bread
Ham
Marmite
Light soft cheese
Fruit salad (mandarin/
grapes/banana)
Strawberry jam
Honey
Average
a

Serving size
(grams)
80
35
125
312.5
37.5
75
70
92.5
142.5
2.5 a
67.5
10
37.5
290
50
50

Nutritional ratio (%)
Carbohydrate

Fat

Protein

15
0
3
12
5
2
53
47
46
20.3

71
99
62
54
88
72
42
49
46
64.8

14
1
35
34
7
26
5
4
8
14.9

78
3
0
28
92

11
22
0
8
4

11
75
100
64
4

99
100
57.2

0
0
6.4

1
0
36.4

Slices

Statistical analysis
Total amount of food consumed (g) was calculated for
each participant, per condition, and compared using
paired sample t-tests. The total amount of food consumed
was calculated for high- and low-fat foods for each condition. These were compared using a two-way repeated
measure analysis of variance (ANOVA) for SHIFT (control versus simulated shift) and FAT (high versus low).
Total amount of protein (g), carbohydrate (g), and calorie
content was calculated. Normality of data was confirmed
using Shapiro-Wilk tests. Mean and standard error of the
mean (SEM) are reported unless otherwise stated.

Results
A paired sample t-test revealed no significant difference
(P=0.73) in the total weight of food consumed for breakfast after the control night [389.9 (SEM 29.1) g], compared to the simulated night shift [377.0 (SEM 34.3) g]. A
two-way repeated measures ANOVA examining SHIFT
(control versus night shift) and FAT (high versus low
fat) revealed a significant interaction between SHIFT
and FAT, such that participants ate more high-fat foods
after the simulated night shift [167.3 (SEM 28.7) g
versus 211.4 (SEM 35.6) g, F=8.127, df. 1,15, P=0.012,
η2=0.35]. There were no significant main effects of
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SHIFT (P=0.73) or FAT (P=0.85). See figure 1.
Following the simulated night shift, the total food consumption increased for only 5/16 participants (31.25%),
however, the majority of individuals (13/16; 81.25%) ate
more of the high-fat food options after the simulated night
shift compared to the control condition (7/16; 43.75%).
There was no significant differences in the amount
of carbohydrate [220.8 (SEM 26.5) g versus 182.9
(SEM 32.9) g, P=0.187], protein [61.4 (SEM 10.1) g
versus 66.3 (SEM 10.4) g, P=0.445] or calories [795.8
(SEM 127.9) calories versus 733.0 (SEM 0.95) calories,
P=0.35] consumed after the simulated night shift compared to the control condition.

Discussion
Our findings demonstrate that sleep restriction during
a simulated night shift increases preference for highfat foods among the same individuals. Participants
undergoing a simulated night shift (constituting one
night without sleep) demonstrated an increased preference for high-fat breakfast food compared to their own
preferences when well-rested. This effect was striking,
with 81% of participants choosing high-fat foods after
the simulated night shift.
The preference for food with a higher calorie content
(higher carbohydrate and fat over higher protein foods)
following sleep restriction has been supported by several
studies (30, 31, 35). In our study, although higher fat
foods were chosen after a simulated night shift, overall
calories consumed and amount of food did not differ.
Our finding of “no increase in calories consumed”
likely reflects the limited time available for eating the
breakfast. In our study, participants had only 15 minutes
to eat which is a potential methodological limitation.
Had the time to eat been unrestricted, differences in the
caloric content and amount of food may have been seen.
In the absence of an increase in energy expenditure, any
increase in caloric intake would result in weight gain. In
this context, a recent study has shown that a simulated
nightshift decreases total daily energy expenditure when
caloric intake is fixed (36). This, alongside our data,
suggests that shift workers who have ad-libitum access
to food will be especially prone to weight gain.
Though our study was designed to simulate a first
night effect of night shift on food choices at breakfast,
it does not address whether similar eating patterns would
persist at subsequent meals when intervening daytime
sleep periods usually occur. It is possible that healthier
food choices may manifest as the acute effects of sleep
deprivation subside during subsequent night shifts.
Longer-term study under naturalistic settings would
be necessary to determine if the choice of higher fat
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Figure 1. Average amount
of high- and low-fat food
consumed across conditions
(control versus night shift).
Lines represent individual
changes in preference for high
and low fat foods across the
two conditions.

food would persist. In addition, because our participant
sample were young individuals without experience of
night shift work, further work should establish whether
these findings remain for individuals who are more representative of shift worker populations.
It has been proposed that readily available unhealthy
foods such as fast food in vending machines promotes
poor nutritional habits amongst shift workers (28).
Whilst some field studies of shift workers diets do suggest that their dietary patterns are altered, the studies
are few and the findings are not consistent. In a recent
systematic review of obesity and nutritional patterns
amongst shift workers, Amani et al (37) found that one
of two cross-sectional studies suggested higher food
intake among shift workers. In addition, two of four
cohort studies showed a higher number of meals and/
or lower nutritional quality among shift workers. These
inconsistent findings may be related to very low sample
sizes and/or poor methods for measuring macronutrient
intake. Overall, they highlight the great need for larger
studies that employ more reliable methods to assess
dietary habits and the impact on obesity and other health
outcomes. Nevertheless, from a mechanistic perspective,
the present findings suggest that sleep restriction and
circadian misalignment during night shift work itself
may enhance the preference for such unhealthy foods.
The increased appetite and decreased satiety signals that
result from sleep restriction and circadian misalignment
seen in shift work may lead to preferences for high
fat foods. An increased intake of such foods, coupled
with weight gain-promoting dysmetabolism (eg, insulin insufficiency, increased post-prandial glucose, and
decreased resting metabolic rate) creates a constellation
of physiological events that promote weight gain and
associated co-morbidities such as diabetes and cardio-

vascular disease among night shift workers. Our findings
suggest that promoting the awareness of the effects of
shift work on poor food choices may improve the health
of shift workers through prevention of weight gain and
associated metabolic consequences.
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