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Objectives Shift work may contribute to unhealthy eating behaviors. However, the evidence is built mainly on
comparisons of eating behaviors between shift and non-shift workers. Growing research has suggested daily
experiences and exposures may contribute to daily fluctuations in people’s food consumption. The purpose of
this study was to examine within-person associations between shift work and same- and subsequent-day empty
calorie food/beverage consumption.

Methods This was a 14-day intensive longitudinal study using ecological momentary assessment. A convenience

sample of 80 hospital registered nurses working a rotating shift in Taiwan completed a 21-item food checklist
assessing their empty food/beverage consumption (ie, fast/fried food, sweet and salty snacks, sugar-sweetened
beverages) four times at random daily. Daily shift work (ie, day, evening, or night shift) was derived from the
registry-based work schedule. Three-level mixed-effects regression models were employed for hypothesis testing.

Results A total of 77 participants with 2444 momentary assessments were included in the final analysis. The
results suggested that participants on night compared to day shifts had higher likelihoods of fast/fried food intake
[adjusted odds ratio (ORadj) 1.7, 95% CI 1.2–2.6] and sugar-sweetened beverage consumption (ORadj 1.5, 95% CI
1.0–2.1). However, there were no significant associations between shift work and subsequent-day empty calorie
food/beverage consumption.

Conclusions Night shift work is associated with same-day increased empty calorie food/beverage consumption
among workers. Strategies that help to prevent unhealthy eating behaviors on night shifts may help to reduce
rotating shift workers’ empty calorie food/beverage consumption and ultimately improve their health.

Key terms circadian rhythm; eating behavior; food consumption; ecological momentary assessment; shift worker.

To provide around-the-clock services, many industries
(eg, healthcare) utilize shift work to extend their operational hours “24/7” (1). In general, shift work refers
to work that requires workers to be on duty between
18:00–06:00 hours (2). Globally, shift workers account
for approximately 20–25% of the workforce (3, 4).
Moreover, in the US, two thirds of shift workers engage
in rotating shift work (4), defined as periodically working different shifts (2).
Previous studies have found shift work, particularly
rotating shift work, to be associated with increased risk
1
2
3
4
5
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of chronic diseases (eg, type 2 diabetes) (5, 6). Exposure
to artificial light at night and changed sleep–wake cycle
due to shift work may disrupt workers’ circadian rhythm
and adversely affect shift workers’ health. Disrupted
circadian rhythm has been linked to desynchronized
appetite hormones (eg, decreased leptin) (7), which may
increase appetite and food consumption (8). In addition,
it has been documented that shift work may contribute
to reduced insulin sensitivity (9) and decreased glucose
tolerance (10), and in turn increased risk of type 2 diabetes (11, 12).
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Empty calorie food/beverage consumption (ie, foods
and beverages high in solid fats or added sugars and low
in nutrients) (13) has also been linked to an increased
likelihood of the aforementioned chronic diseases (14,
15). Shift work may play a role in between-person differences in empty calorie food/beverage consumption (16,
17). Relative to working on regular day shifts, research
has found working on non-day shifts (ie, evening or
night shifts) was related to higher intake of sweetened
foods (17, 18) and sweetened beverages (18, 19). Thus,
empty calorie food/beverage consumption, may be one
of the pathways by which evening and night shift work
increases chronic disease risk (20). Furthermore, research
suggested that there may be a joint association of rotating
shift work and unhealthy lifestyle (eg, low dietary quality)
with increased type 2 diabetes risk (21).
Recent studies have shown that empty calorie food/
beverage consumption can vary day-to-day or momentby-moment based on experiences or environmental
context (eg, stress, shift work), suggesting that empty
calorie food/beverage consumption may vary not only
between but also within persons (22, 23). Additionally,
people’s experiences and exposures on a given day may
influence their behaviors on the subsequent day (23, 24).
Cain et al (2015) observed that participants consumed
more high-fat foods on the morning after being exposed
to a simulated night shift (24). This indicates that a
person’s empty calorie food/beverage consumption
may differ depending on their shift work that day or the
previous. Yet, no study has examined how changes in
work schedule timing relate to within-person daily fluctuations in empty calorie food/beverage consumption.
Building on prior research, the purpose of this study
was to examine contributions of shift work to withinperson variations in daily empty calorie food/beverage
consumption using an intensive longitudinal study design
(25) and ecological momentary assessment (EMA). Two
hypotheses on within-person associations were tested:
(i) on days when working evening or night shifts, empty
calorie food/beverage consumption will be higher compared to days when working day shifts, and (ii) on days
when working evening or night shifts, empty calorie food/
beverage consumption will be higher on the subsequent
day compared to days when working day shifts.

Methods
Sample
Our target population was rotating shift (ie, a monthly
work schedule including at least two shifts timings such
as day and night shifts) workers. A convenience sample
of registered nurses working in the Taiwan accredited
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hospitals (26) was recruited using electronic flyers
shared on social media platforms (eg, Facebook). Inclusion criteria were as follows: (i) Taiwanese registered
nurse working full-time (ie, 40 hours per week), (ii)
20–65 years old, (iii) working on rotating shifts in the
hospital for ≥6 months and in the next 30 days, and (iv)
no intention to leave the nursing profession in the next
month. Exclusion criteria were: (i) having no smartphone or having a smartphone but no access to internet
services, (ii) unwilling or unable to provide registrybased work schedule, (iii) working in an administrative
position such as Dean or Head Nurse, and (iv) pregnant.
We recruited 80 registered nurses working in hospitals in Taiwan between October 2018 and January
2019; 1 dropped out of the study before the first EMA
survey was sent. Our goal was to preserve as much
of the sample as possible, but we recognized some
people really did not participate. Thus, we excluded
those whose participation was effectively zero. Our
main interest was within-person associations between
shift work and empty calorie food/beverage consumption. Therefore, we excluded participants with an EMA
response rate <10% (ie, <6 completed EMA surveys) or
<10% of possible valid EMA survey days (ie, a valid
day was considered those in which ≥2 daily EMA surveys were completed) (N=2). As a result, the analytic
sample comprised 77 participants. Only EMA surveys
with complete data were included in the analysis. The
detailed information related to data collection and exclusion is displayed in figure 1.
Study design and procedure
This was an intensive 14-day longitudinal study (25)
using EMA (ie, a research approach that assesses participants’ behaviors or experiences in the natural environment in real-time) (27) with three phases: baseline
visit, consecutive 14-day EMA data collection period,
and post visit (approximately two weeks after the baseline survey). During the baseline survey visit, we (i)
obtained written informed consent; (ii) administered
a questionnaire, (iii) provided instructions for EMA
surveys, including how and when to answer an online
survey in the REDCap system on the smartphones and
what to do when there was downtime in this system;
and (iv) collected the published work schedule during
the past 30 days and the prospective work schedule for
the next 30 days.
During the 14-day EMA data collection period,
empty calorie food/beverage intake, work schedule, and
potential confounders were collected using the EMA surveys. The EMA sampling method can be roughly divided
into two categories: event-based sampling (ie, collecting
data when an event occurs) and time-based sampling
(ie, collecting data over time) (27). In this study, the
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Figure 1. Process of data
collection and exclusion.

Recruitment: 80 participants
Dropped before the 1st EMA
survey was delivered (n=1)
Response rate of EMA surveys:
2,491/(14*4*79)= 56.3%

Level 3 = 79 (person)
Level 2 = 971 (person-day)
Level1 = 2,491 (EMA surveys: 4 times per day)

1.
2.

Participants with: (n=2)
< 6 EMA surveys
< 2 survey days

Level 3 = 77 (person)
Level 2 = 967 (person-day)
Level1 = 2,486 (EMA surveys)

Missing data in
• Empty calories food/
beverages
• Emotion (positive and
negative)
• Stress

Response rate of complete EMA
surveys:

2,444/(14*4*77)= 56.7%

Number of days with EMA surveys:
12.5 (SD=2.3)
Number of completed surveys per
person-day: 2.5 (SD=1.0)

Level 3 = 77 (person)
Level 2 = 961 (person-day)
Level1 = 2,444 (EMA surveys)

Figure 1. Process of data collection and exclusion

EMA sampling method was time-based. Participants
were signaled to complete the EMA survey using a
provided survey link by either text message or e-mail
four times per day at random during the following time
blocks: 03:00–09:00, 09:00–15:00, 15:00–21:00, and
21:00–03:00 hours. Based on a participant’s anticipated
shift schedule and wake–sleep pattern, these four time
blocks were adjusted as required. Most survey signals
were sent via text message, with a text reminder every
15 minutes if there was no response from the participant.
The survey was available for an hour after the initial text
message was sent. If the participant did not complete
the survey within an hour, the survey was closed and
recorded as missing. Due to an unforeseen technical
problem in which the messaging system had regular
maintenance downtime each day (ie, 13:00–16:00 hours
local time), an email survey signal was sent during that
period using the Qualtrics system.
During the post visit, we administered a survey
related to changes in shift schedules over the prior two
weeks and provided compensation for participation of

up to approximately US$30 in cash. The Institutional
Review Boards (IRB) at the University of Illinois at Chicago (No. 2018-0950) and National Taiwan University
Hospital (No. 201712216RIND) approved this study.

Measures
Shift work
Shift work was a day-level measure. It was assessed based
on the time when a participant started their work shift (ie,
day, evening, night) (28), documented on the published
work schedule. We operationally defined night shifts as
shifts with working hours covering 24:00–08:00 hours.
Empty calorie food/beverage consumption
Consumption of empty calorie foods/beverages was a
moment-level variable. It was assessed four times per
Scand J Work Environ Health 2020, no 46, vol 6
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day with a 21-item checklist based on the following
question: “Since the last signal, have you consumed or
used any of the following items? (Please check all that
apply).” The 21-item food checklist was created based
on the top sources of empty calorie foods/beverages
reported in the 2003–2006 National Health and Nutrition
Examination Survey (NHANES) (29), the 1993–1996
Nutrition and Health Survey in Taiwan (NAHSIT), and
the 2005–2008 NAHSIT (30).
Based on the food/beverage items listed in the food
frequency questionnaire employed in the NAHSIT
(31), the aforementioned 21 food/beverage items were
grouped into the following categories: fried/fast food,
sweet snack foods (ie, candy, chocolate, cookies, brownies, doughnuts, cakes, pastries, pies, jelly, puddings,
sweetened shaved ice desserts or ice cream, popcorn),
salty snacks (eg, chips), and sugar-sweetened beverages (ie, carbonated beverages, sugar-added processed
juice, lactic acid drinks, sports drinks, instant powered
drinks, chocolate beverages, and tea with added-sugar
and/or toppings). Each category was analyzed as a
separate outcome variable. Because of the right skewed
distributions of empty calorie food/beverage consumption variables, we dichotomized these as “none” and “at
least one”. Namely, reporting at least one item in a food/
beverage category was considered consumption of that
food/beverage category during the a given time block.
Because salty snack consumption was reported in <5%
of the surveys, sweet snack and salty snack consumption
were combined as sweet and salty snack food consumption in the analysis.
Covariates
Time-varying covariates. The time-varying covariates in
this study included emotions, stress, daily working
hours, number of completed EMA surveys per day
(range 1–4), and the sequence of EMA survey day (ie,
the 1st, the 2nd, …, or the 14th day).
Emotions were assessed four times per day using
the ten-item International Positive and Negative Affect
Schedule Short Form (I-PANAS-SF) (32) and four
items from the affect subscale of the University of
Wales Institute of Science and Technology (UWIST)
mood scale (33, 34). In response to the question, “How
have you been feeling since the last time you completed
a survey?”, items from the I-PANAS-SF (32) were
assessed on a five-point Likert scale (ie, never, seldom,
sometimes, often, always), while items on the UWIST
(33, 34) were assessed on a four-point Likert scale (ie,
definitely not, slightly not, slightly, definitely). Measures
of positive emotions and negative emotions were constructed by summing scores of the seven positive affect
items (range 7–33) and the seven negative affect items
(range 7–33), respectively.
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Stress was assessed with a single item in the tense
arousal UWIST subscale: “stressed” (33, 34). As
described above, this item was assessed on a four-point
Likert scale from “definitely not” to “definitely”. Daily
working hours were assessed based on the record in the
published work schedule.
Time-invariant covariates. Assessed as part of the baseline
survey, time-invariant covariates were person-level
measures that included the following: age (in years),
gender, educational attainment, marital status, family
responsibility (ie, being as a main caregiver for kids or
disabled persons in their family), and per capita household income. Other person-level covariates included
body mass index (BMI) derived from self-reported
height (cm) and weight (kg), health conditions (eg,
medical history), smoking and tobacco use, occupational
history such as year(s) of working as a registered nurse
and history of rotating shift work (in years), and work
unit (eg, surgical, medical ward, or intensive care unit).
Analysis
Descriptive statistics. STATA 15 (Statacorp, College
Station, TX, USA) was employed for data analysis.
Descriptive statistics were employed to describe participants’ characteristics (eg, demographics), daily shift
work, momentary empty calorie food/beverage intake
(ie, fried/fast food, sweet and salty snacks, and sugarsweetened beverages), and other time-varying covariates. In addition, momentary empty calorie food/beverage consumption was presented by shift timing: day,
evening, or night shift.
Inferential statistics. Three-level mixed-effects logistic
regression models were employed to test associations
between shift work and three categories of empty calorie
food/beverage consumption: fried/fast food, sweet and
salty snack foods, and sugar-sweetened beverages. We
employed backward selection methods based on results
of a likelihood ratio test (significance level: 0.05) to
select the most parsimonious model for each outcome. If
a variable met the criterion for inclusion as a covariate in
any model, it was included in models for all outcomes.
As a result, the identified moment-level covariates were
emotions and stress level; the day-level covariates were
the number of complete EMA surveys and the sequence
of EMA survey days. The identified person-level covariates were age, BMI, educational attainment, family
responsibility, and health conditions.
To test our first hypothesis, we regressed empty
calorie food/beverage consumption on same-day shift
work (ie, predictor) and the identified time-varying and
time-invariant covariates. To test our second hypothesis,
we regressed empty calorie food/beverage consumption
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on prior-day shift timing, same-day shift timing, and the
identified covariates.
Mixed-effects regression models are comprised of
two components: fixed and random effects. For time
varying variables, the effects can be divided into two
components: within- and between-person effects (35).
In this study, given a sample size of 77, we focused on
the within-person effects that captured how changes in
a time-varying independent variable in a person (ie,
the deviance of person i at time t from the mean level/
proportion of person i across time) contributed to that
person’s variations in a dependent variable, accounting
for that person’s mean level/proportion of that variable
across time (35).
Sensitivity analysis
Our primary strategy involved matching intake in a
24-hour calendar day to shift timing that same calendar
day. This approach can capture intake prior to the start of
a shift, particularly on evening shifts. However, it is possible that shift work affects subsequent day intake only.
As a result, for working days, we tested the sensitivity
of results by matching the start of a 24-hour consumption window to the start of a shift. After limiting to those
observations that met this criterion, 2031 momentary
observations were included in the sensitivity analysis.
It is possible that the effects of shift work on salty
snacks differ from its influences on sweet snacks. Therefore, we also tested the sensitivity of results of snack
food consumption by removing salty snack consumption from “sweet and salty snack consumption”. The
influences of shift work on sweet and salty snacks were
analyzed in separate models.

Results

Inferential statistics
Table 3 shows crude and adjusted associations between
shift work and same-day empty calorie food/beverage
consumption. After adjusting for covariates and accounting for a person’s usual conditions of shift work, working night shifts was associated with a 70% increase in
the likelihood of fried/fast food consumption [adjusted

Table 1. Participants’ characteristics (N=77). [N=number of participants; Nd=number of day-level observations; Nm=number of momentary observations; SD=standard deviation; RN=registered nurse.]
Variables
Mean (SD)
Demographic data
Age (in years)
27.9 (4.5)
Female
Married
Bachelor’s degree or higher
Taking care of kids/disabled people
Per capita household income a (N=75)
Low (<US$4955)
Middle (US$4955–7433)
Above middle (>US$7433)
Body mass index (kg/m2)
23.1 (5.0)
Having ≥1 chronic condition b
Current smoker
Occupational history (in years)
Working as an RN
5.7 (4.2)
Working in rotating shift work
5.4 (4.2)
Work characteristics
Working in intensive care units
Moment level covariates (Nm= 2444)
Emotions
Positive affect
18.9 (6.2)
Negative affect
11.2 (4.5)
Experienced stress

Range
22.5–41.9

17.2–39.1

N (%)
73 (94.8)
9 (11.7)
65 (84.4)
12 (15.6)
23 (29.9)
17 (22.1)
35 (45.5)
18 (23.4)
2 (2.6)

0.5–20
0.5–20
40 (52.0)
7–33
7–32

827 (37.9)

Two participants refused to report their annual household income. Per capita
income was grouped based on the announcement from the Department of
Social Assistance and Social Work, Ministry of Health and Welfare (2019).
b
Chronic conditions included diabetes (type 1 or type 2) or high blood sugar,
heart diseases (eg, coronary artery disease, angina, congestive heart failure),
hypertension, stroke, high cholesterol/hyperlipidemia, thyroid problems
(eg, hyperthyroidism, hypothyroidism), kidney diseases (eg, chronic renal
failure), cancer or a malignant tumor (excluding minor skin cancer), digestive
problems (such as ulcer, colitis, or gallbladder disease), mental illnesses (eg,
depression, anxiety), and sleep problems (eg, insomnia).
a

Descriptive statistics
After excluding observations with incomplete data, a
total of 2444 EMA surveys nested within 961 person-day
observations and 77 participants were included. Overall,
each participant was followed for 12.5, standard deviation (SD) 2.3 days. The average number of EMA surveys
per person-day was 2.5 (SD 1.0). Sample characteristics
are presented in table 1. Out of the 961 person-day observations, 23.8% were day shifts, 22.0% were evening
shifts, 22.3% were night shifts, and 32.0% were off-duty
days. The average hours per working day were 8.2 (SD
0.4) hours. As shown in table 2, participants reported
consuming fried/fast food at 16.1% of the signals, sweet
and salty snack foods at 32.2% of signals, and sugarsweetened beverages at 34.8% of signals.

Table 2. Empty calorie food/beverage consumption by shift work at the
momentary level (N=77, number of momentary observations=2444) a.
Overall
N=2444
N (%)

Shift work schedule
Day
N=584
N (%)

Evening
N=494
N (%)

Night
N=528
N (%)

Empty calorie food/beverage
consumption (any versus none)
Fried food or fast food
394 (16.1) 67 (11.5) 82 (16.6) 95 (18.0)
Sweet and salty snacks
788 (32.2) 149 (25.5) 159 (32.2) 194 (36.7)
Sugar-sweetened beverages b 850 (34.8) 187 (32.0) 163 (33.0) 182 (34.5)
77 participants completed 2444 ecological momentary assessment (EMA)
surveys during the 14-day data collection period. Of 2444 observations, 838
were reported on off-duty days, which are not shown.
b When further examining the proportion of caffeinated drinks (eg, cola, tea),
we observed that 79.5% (676 out of 850) of sugar-sweetened beverage consumption were caffeinated.
a
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odds ratio (ORadj) 1.7, 95% confidence interval (CI)
1.2–2.6] and a 50% increase in the likelihood of sugarsweetened beverage consumption (ORadj 1.5, 95% CI
1.0–2.1).
Table 4 shows crude and adjusted associations
between shift timing and subsequent-day empty calorie
food/beverage consumption. In the crude and adjusted
models, shift work was not significantly associated
with the likelihood of subsequent-day empty calorie
food/beverage consumption.
Sensitivity analysis
Results in the sensitivity analysis were consistent with
those presented in table 3 and table 4 (see supplementary
material, www.sjweh.fi/show_abstract.php?abstract_
id=3903, table S1). Compared to day shifts, the likelihood of fried/fast food consumption and sugar-sweetened beverages intake were higher on night shifts. In
terms of sweet and salty snack consumption, the results
were similar when salty snacks were removed from the
snack food measures (supplementary table S2).

Discussion
This is the first study to examine dynamic within-person
associations between shift work and workers’ empty
calorie food/beverage consumption. We found that
working night shift versus day shift was associated with
higher likelihoods of reporting same-day fried/fast food
consumption and sugar-sweetened beverage consumption. No associations were found between empty calorie
food/beverage consumption and prior-day shift work.
Consistent with de Assis et al’s findings (17), we did
not find significant influences of evening shifts on empty
calorie food/beverage consumption. Our findings suggested that, on night-shift-working days, the likelihood
of fried/fast food consumption and sugar-sweetened
beverage intake were higher than on day-shift-working
days. There are multiple possible explanations for this
finding. First, working night shift is often contrary to a
person’s biological clock, which may result in increased
risk of circadian disruption (7) and further contribute
to imbalanced secretion of appetite-hormones, such as
decreased leptin (7, 36) or increased ghrelin (7, 37).
Decreased leptin and increased ghrelin have been linked
to increased appetite and food consumption (38). This
may also explain why we did not observe increased
empty calorie food/beverage consumption on evening
shift compared to days working on day shift because
circadian disruption is less likely.
Second, the food environment (eg, food availability)
has been linked to a person’s snack food consumption
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Table 3. Associations between shift work and same day empty calorie
food/beverage consumption a using mixed-effects regression models
(N=77, number of momentary observations=2444). [OR=odds ratio
from 3-level mixed-effects logistic regression models; CI=confidence
interval.]
Variables

Crude models
Shift work b
Day (reference)
Evening
Night
Adjusted models d
Shift work
Day (reference)
Evening
Night

Fried/
fast food
OR
95% CI

Sweet and
salty snacks
OR 95% CI

Sugar-sweetened
beverages
OR
95% CI

1.4
1.7

0.9–2.0 1.4 1.0–1.9 c
1.1–2.5 c 1.3 1.0–1.8

1.2
1.3

0.9–1.7
0.9–1.9

1.3
1.7

0.9–1.9 1.3
1.2–2.6 e 1.3

1.1
1.5

0.8–1.6
1.0–2.1 c

1.0–1.8
1.0–1.8

The results on the off-duty days were not present in the table.
Only within-person effects were presented in the table. The within-person effect captured how changes in shift timing given a person contributed to that
person’s variations in same-day empty calorie food/beverage consumption.
c P< 0.05.
d The time-varying covariates [ie, emotions, experienced stress, the number
of complete ecological momentary assessment (EMA) surveys per day, the sequence of the EMA survey days] and time-invariant covariates (ie, age, body
mass index, educational attainment, family responsibility, health conditions)
were controlled in the respective models.
e P< 0.01.
a

b

(22). Bonnell et al (16) reported that rotating shift workers consumed a greater proportion of discretionary snack
foods on night compared to day shifts. When examining
workers’ food choices, accessibility of food was one of
the major themes of increased discretionary snack food
consumption (16). However, it was noteworthy that there
were no significant associations between shift timing and
sweet and salty snack consumption in this study. With the
exception of fast food restaurants and convenience stores,
most food outlets in Taiwan are closed when people are
working at night. It is possible that fast/fried food and
sugar-sweetened beverages were more accessible on night
shifts, relative to sweet and salty snacks. As a result, associations between shift timing and sweet and salty snack
consumption were masked. Additional studies considering the food environment may help to understand if the
environment may influence the relationships of shift work
and daily empty calorie food/beverage consumption.
Third, night shift workers may consume unhealthy
foods (eg, sweetened snacks) to stay awake during their
night shifts (39, 40). A qualitative study of 12 registered
nurses observed that some nurses consumed high sugar
foods and sugar-sweetened beverages to prevent or to
cope with their fatigue (41). In this study, we observed
that 79.5% (676 out of 850) of participants’ sugarsweetened beverage consumption were caffeinated (eg,
cola, tea). It is possible that the increased likelihood of
sugar-sweetened beverage consumption in this study
was related to participants’ coping strategies for fatigue
from night shifts.
Additionally, shift work may reduce workers’ time
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Table 4. Associations between shift work and subsequent-day empty
calorie food/beverage consumption a Using mixed-effects regression models (N=77, number of momentary observations=2444).
[OR=odds ratio from 3-level mixed-effects logistic regression models;
CI=confidence interval.]
Variables

Fried/
fast food

OR
Crude models
Shift work on the previous day b
Day (reference)
Evening
1.2
Night
1.0
Adjusted models
Model 1 c
Shift work on the previous day
Day (reference)
Evening
1.2
Night
1.1
Model 2 d
Shift work on the previous day
Day (reference)
Evening
1.0
Night
0.8

95% CI

Sugarsweetened
beverages
OR 95% CI

0.8–1.7 1.1
0.7–1.5 1.3

0.8–1.6
1.0–1.8

0.9 0.7–1.3
1.1 0.8–1.5

0.8–1.7 1.1
0.7–1.6 1.3

0.8–1.5
1.0–1.8

0.9 0.6–1.3
1.1 0.8–1.6

0.6–1.5 0.9
0.5–1.2 1.2

0.7–1.3
0.9–1.7

0.7 0.5–1.1
0.9 0.6–1.4

95% CI

Sweet and
salty snacks
OR

The results on the off-duty days were not present in the table.
Only within-person effects were presented in the table. The within-person
effect examined whether changes in shift timing given a person contributed
to that person’s variations in subsequent-day empty calorie food/beverage
consumption.
c The identified time-varying [ie, emotions, experienced stress, the number
of complete ecological momentary assessment (EMA) surveys per day, the sequence of the EMA survey days] and time-invariant covariates (ie, age, body
mass index, educational attainment, family reponsibility, health conditions)
were controlled in the respective models.
d In addition to the variables controlled in the Model 1, same-day shift timing
was controlled in the respective final models.
a

b

available for food preparation (16) or consumption (39).
Shift workers tend to purchase and consume something
that is easy and quick to prepare (16). Therefore, it
is also possible that increased consumption of empty
calorie foods/beverages on night shifts is related to
decreased time availability for food preparation or consumption on night compared to day shifts.
We found no associations between shift work and
subsequent day empty calorie food/beverage consumption. To our knowledge, no study has investigated the
dynamic effects of shift work on workers’ next-day empty
calorie food/beverage consumption. Shift work may disrupt workers’ circadian alignment (7), which may further
imbalance the appetite hormones (eg, ghrelin). Previous
studies suggested increased pre-prandial levels of ghrelin
were associated with greater appetite or food consumption
during that meal (38). These findings are consistent with
the possibility that the effect of appetite hormones on food
intake is transient instead of long-term.
Implications for interventions
To improve workers’ health behaviors, multi-level interventions (eg, organizational, individual) are recommended (42, 43). At the organizational level, the food

environment has been noted as one of the main reasons
for unhealthy food consumption among night shift workers (16). Since most food outlets that offer healthier foods
at the workplace are closed at night, creating an environment where all workers have greater access to healthier
nutrient-dense foods (ie, salad, fruit, non-fat milk) and
less access to unhealthy foods or beverages (44) may help
to decrease shift workers’ empty calorie food/beverage
consumption on days working night shifts.
Because previous studies have suggested that
unhealthy food consumption (ie, discretionary snacks,
sugar-sweetened beverages) may be a coping strategy
for fatigue on night shifts (39–41), reducing fatigue
from shift work may be beneficial for shift workers’
dietary quality. At the organizational level, providing
workers a proper break during night shifts, adequate
staffing, and workload balance are recommended for
the management of fatigue (45). At the individual level,
programs that help people develop better coping mechanisms for fatigue (eg, regular exercise, combination of
sleep hygiene and light exposure education) (46) may
reduce shift workers’ fatigue. In addition, shift workers
tend to consume caffeine (eg, cola, coffee, tea) to promote alertness on night shifts (45). Therefore, replacing
the source of caffeine intake (eg, from cola to nonsweetened tea or coffee) and educating workers about
healthier snack foods (eg, nuts, seeds) as an alternative
to promote alertness may reduce the possibility of sugarsweetened beverage consumption on night shifts.
Strengths and limitations
This study has several strengths. First, this is the first
study to examine within-person associations between
shift work and empty calorie food/beverage intake. Second, the prospective intensive longitudinal design using
EMA methodology helped to assess participants’ empty
calorie food/beverage consumption in real-time, which
reduced the chance of recall bias and increased ecological validity. Momentary assessments also allowed
testing of short-term effects of shift work. For instance,
we could examine whether shift work influenced sameor subsequent-day behavior. In addition, records from
published work schedules were employed to assess
participants’ exposure to shift work, which reduced
participants’ recall bias of work schedules.
This study’s limitations should also be considered.
First, the findings of this study may not be generalizable
to all rotating shift workers due to the use of a convenience sample of nurses. Participants in this study were
relatively young. The healthy work effect (ie, workers
who cannot adjust to shift work may choose not to work
on rotating shifts) (47) might also introduce selection
bias and affect the generalizability of the findings.
Second, a food checklist was employed to assess
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participants’ empty calorie food/beverage consumption
instead of using 24-hour dietary recalls or food records,
which may also contribute to misleading findings. For
instance, people may report the same number of empty
calorie food/beverage items; however, the portion size
or number of servings they consumed may differ.
Third, to capture each participant’s shift work pattern,
each participant was requested to respond to the EMA
survey for 14 days, which may increase their burden and
result in overall low response rates. The EMA survey
response rate was 56.3%, which is lower than preferred
(48) and might hinder the validity of study findings,
especially when those observations were not missing
randomly. Future studies investigating the feasibility and
acceptability of an EMA study among shift workers may
contribute to the application of EMA methodologies in
this population. In addition, it is possible that workers
were unable to respond to an EMA survey due to high
work demands (49, 50). Workers often eat when they
have time during work. Incorporating event-based EMA
surveys during working hours and signal-based EMA surveys during non-working hours or off-duty days may help
to better capture shift workers’ food intakes and prevent
missing surveys during working hours.
However, in this study, completed EMA surveys from
participants were relatively evenly distributed across different shift timings (day: 229, evening: 211, night: 214,
off-duty: 307), reducing concern that responses were
mainly collected during certain types of shift timings.
By asking participants’ empty calorie food/beverage
consumption since the last time they completed an EMA
survey, it may also help to capture participants’ intake if
they had missed any EMA surveys.
Concluding remarks
Findings in this study revealed that shift work might
influence same-day empty calorie food/beverage consumption. Shift work is unavoidable for certain types
of industries (eg, healthcare, protective services). Thus,
interventions that help to prevent unhealthy eating while
working night shifts may be beneficial for rotating shift
workers’ health.
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