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Objective   Unfavorable eating patterns might contribute to the adverse health effects of shift work. Our objective 
was to examine differences in meal and snack frequency, as well as the quality of snacks, between shift and day 
workers and between different types of shifts.
Methods   Cross-sectional data from 485 healthcare workers aged 18–65 years of the Klokwerk+ cohort study 
was used. Dietary intake was assessed using 3-day food diaries, and meals and snacks were classified by the 
food-based classification of eating episodes method. Using multivariable-adjusted regression analyses, we esti-
mated differences in meal and snack frequency and the quality of snacks between shift and day workers. Within 
the shift working group, eating frequency on day, evening, and night shifts were compared to work-free days.
Results   Meal and snack frequency as well as the quality of snacks showed no significant differences between 
shift and day workers (P≥0.05). Shift workers had a higher frequency of high-quality snacks [β 0.29, 95% con-
fidence interval (CI) 0.12–0.46] and a lower frequency of low-quality snacks (β -0.29, 95% CI -0.49– -0.09) 
on evening shifts compared to their work-free days. Compared to work-free days, shift workers had a higher 
frequency of high-quality snacks on days shifts (β 0.24, 95% CI 0.10–0.38), and only those aged ≤40 years had 
a higher frequency of snacks on night shifts (β 0.53, 95% CI 0.06–1.00) (interaction by age P<0.05).
Conclusion   This study observed no differences between day and shift workers either in meal and snack frequency 
or in the quality of snacks. However, snacking patterns differed across shifts. Future research should investigate 
whether these snacking patterns contribute to the adverse health effects of shift work.
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Our 24/7 society is going hand-in-hand with the growing 
necessity of working around the clock. This has resulted 
in a rapid increase in the number of shift workers in 
the last decades. Nowadays, approximately 20% of all 
workers in industrialized nations are shift workers or 
work during the night (1, 2). However, the chronic dis-
ruption of circadian rhythms due to shift work has been 
associated with detrimental effects on health, such as an 
increased risk of overweight, gastrointestinal disorders, 
and cardiovascular diseases (3–6).

Food intake has been suggested as a possible cause 
of the adverse health effects of shift work (7–10). Most 
earlier studies focused on the relation between shift 
work and specific nutrients, such as fat intake and total 

energy intake (10, 11). However, this approach resulted 
in conflicting findings (10, 11). An important reason for 
this may be that people consume combinations of foods 
as meals and snacks rather than as specific nutrients. 
In general, people eat three large meals per day that 
consist of a combination of animal proteins, starch, 
and/or vegetable/fruit. This regular frequency of meals 
has been associated with lower risk of overweight and 
cardiometabolic risk factors compared to less regular 
meal patterns (eg, skipping breakfast) (12). Between the 
three large meals, people often consume snacks in the 
form of fruits, cookies, sugar‐sweetened beverages, or 
other refreshments. The quality of these snacks differs 
substantially, and has an impact on health. High-quality 
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snacks, such as fruits or vegetables, are beneficial for 
health (13), whereas low-quality snacks, typically high 
in sugar, fat and salt, are detrimental for health (14–16). 
Understanding the relation between shift work and 
meal and snack patterns, here defined by frequency of 
meals and snacks, and quality of snacks, might help to 
elucidate the contribution of diet to the adverse health 
effects of shift work.

The few previous studies that examined the link 
between shift work and eating frequency reported mixed 
findings (10). Shift workers seem to consume more 
sugar‐sweetened beverages and snacks than day workers 
(17–19). One study also showed that shift workers tend 
to consume smaller meals more frequently and at more 
irregular times, but with an equal total energy intake 
(20). A study of Geliebter et al (21) showed late-shift 
workers (evening and night shifts) consumed less meals 
than day workers. Sudo & Ohtsuka (22) also reported 
a lower meal frequency and poorer meal quality among 
shift workers. Finally, another study observed no differ-
ences in meal and snack frequency between morning, 
evening, and night workers (23). Most of these studies 
(i) had a rather small study population (N=7−137) (19, 
20, 22, 23), (ii) used retrospective questionnaires prone 
to recall bias (18, 20, 21, 24), (iii) did not take relevant 
confounders into account (8, 17, 20, 23), (iv) focused on 
single nutrients or foods (8, 17, 20), and/or (v) did not 
use a valid and reliable method to categorize meals and 
snacks (17–22). Another gap in the current literature is 
that most studies only took overall differences between 
shift and day workers into account. Yet, studying differ-
ences across different types of shifts (eg, evening and 
night shift) among shift workers helps to understand the 
sources of potential nutritional problems in shift work-
ers. We hypothesize shift workers to have, in particular 
during night shifts, a higher meal and snack frequency 
and a lower snack quality than day workers because of 
increased hunger due to sleep restrictions and the fact 
they are longer awake during night shifts (25–27).

The first aim of this study was to evaluate differ-
ences between shift and day workers in meal and snack 
frequency and quality of snacks. The second aim was to 
investigate differences in these dietary outcomes within 
shift workers, across day, evening, and night shifts 
compared to their work-free days. As previous studies 
showed the association between shift work and dietary 
intake to differ between older and younger workers 
and between men and women (28–31), we also aimed 
to investigate whether age and gender are effect modi-
fiers in the association between shift work and eating 
frequency

Methods

Study design

Klokwerk+ is a cohort study of healthcare workers aged 
18-65 years, who were recruited from six hospitals in 
The Netherlands in the fall of 2016. Details of the study 
protocol have been described elsewhere (32). Of the 
18 000 invited healthcare workers, 611 participated in 
the baseline measurement. For the current study, cross-
sectional data from food diaries and a questionnaire 
were used. Exclusion criteria included participants 
with incomplete (ie, no information on drinks, unread-
able data or missing data from ≥1 days) or missing 
food diaries, missing information on covariates, and 
those who stopped working in shifts within 6 months 
before baseline. All healthcare workers provided written 
informed consent, and the institutional review board of 
the University Medical Center Utrecht in The Nether-
lands approved the study.

Meal and snack frequency

Participants were asked to keep a food diary for three 
consecutive days, including ≥1 work day and 1 work-
free day. A day was defined from the end of a main 
sleep period to the end of the next main sleep period. 
In these diaries, participants reported the amount and 
type of consumed foods and drinks, together with the 
time of eating and their working times of that day. The 
eating episodes were categorized using the validated 
food-based classification of eating episodes (FBCE) to 
compare dietary patterns between shift and day workers 
(33). Eating episodes were defined as any occasion when 
food or calorie-containing drinks were consumed. All 
eating episodes within 30 minutes were considered one 
eating episode (34).

Based on the combination of foods (animal protein, 
starch, vegetables/fruits, fats, sugars) eaten at one point 
in time, eating episodes were classified as either a meal 
or a snack. Categorization of meals and snacks is not 
based on portion size but on the combination of types 
of food eaten at one point in time. Meals had to consist 
of a combination of animal proteins (eg, meats, dairy or 
eggs) together with a starch (eg, bread, beans or rice) 
and a vegetable or fruit to be labelled a complete meal. 
If one of these three components were missing, then the 
meal was classified as either an incomplete (without a 
vegetable or fruit), less-balanced (without a starch) or 
vegetarian meal (without an animal protein). Snacks 
were categorized as high-quality, mixed-quality, or low-
quality snacks. Snacks were considered a high-quality 
snack if they contained only one product from the 
animal protein, starch or fruit/vegetable category, such 
as yoghurt, bread or an apple. Snacks were considered 
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of mixed-quality if they consisted of a combination of 
a high-quality product (eg, yoghurt, bread or an apple) 
with a low-quality product, ie, high in fat or sugar (eg, 
fatty sauces or cookies). If the snack only consisted of 
a low-quality product, then it was labelled a low-quality 
snack. More detailed information about the meal and 
snack categories are described in supplemental tables 
S1-2 (www.sjweh.fi/show_abstract.php?abstract_
id=3829) and elsewhere (33).

Shift work

In the baseline questionnaire, questions based on the 
domains of Stevens et al (35) international consensus 
report by were used to determine shift work exposure. 
Information about participants’ working schedule, shift 
types, and shift work history was obtained, including the 
number of shifts per month, and the start and stop times 
of the different shift types. Information about the total 
years worked in night shifts (shifts between 24:00–06.00 
hours) and rotating shifts (rotating between day, night, 
evening and/or sleep shifts) was collected. Participants 
were allocated to two groups: day workers who only 
worked during the day (mostly between 08:00–16:30 
hours or 08:30–17:00 hours) and rotating shift workers 
who rotated between day (mostly between 07:30–16:00 
hours), evening (mostly between 15:00–23:00 hours) 
and night shifts (mostly between 23:00–07:30 hours). 
Work-free days were defined as any day in which the 
participant did not have to work. Within the shift worker 
group, the food diaries were used to distinguish between 
work-free days and different shift types (ie, day, evening, 
and night shift) during the 3-day period of completion 
of the food diary.

Covariates

Covariates were measured using standardized question-
naires. We measured the socio-demographic factors age 
(years), gender (male or female), marital status (married/
living together or married/living together), educational 
level (low: intermediate vocational education/higher 
secondary education or high: higher vocational educa-
tion/university), occupation (nurse or other health care 
worker), and working hours/week (continuous). We also 
measured the lifestyle factors smoking (current smoker 
or non-smoker) and physical activity level (minutes of 
moderate to vigorous activity per week) using the Short 
Questionnaire to Assess Health-Enhancing Physical 
Activity (36).

Statistical analysis

Linear regression analyses were performed to determine 
the differences in the number of meals and snacks and 

quality of snacks between shift and day workers. Pos-
sible dose–response relations for duration and frequency 
of night shift work were also studied. Shift workers were 
categorized by duration of night shift work (no night 
shifts, <10, 10–19 and ≥20 years) and by frequency of 
night shifts (0, 1–4, and ≥5 night shifts per month), and 
compared to day workers as a reference category. These 
analyzes were adjusted for age, gender, marital status, 
educational level, occupation, smoking, physical activity 
level, and working hours.

To gain more insight into the potential differences in 
meal and snack frequency and quality of snacks between 
shift types, we separately described eating frequencies 
in shift workers for each type of shift (ie, work-free 
day, and day, evening, and night shift). Within-person 
comparisons across these types of shifts were analyzed 
using linear mixed models. Work-free days were used as 
a reference category because most shift workers had at 
least one work-free day within the three food diary days 
due to choices in the design of our study. In sensitivity 
analyses, we adjusted the within-person comparisons 
for weekday (weekday versus weekend day) because 
diet habits have been found to differ across days of the 
week (37–39).

For all analyzes, we tested for differences by gen-
der and age as continuous variables using interaction 
terms. In case of a significant interaction (P<0.05), 
stratified analyses by gender (male and female) and age 
were performed. For the stratified analyses, age was 
dichotomized by the median age of the shift workers (40 
years). All analyses were carried out using IBM SPSS 
Statistics version 24.0 (IBM Corp, Armonk, NY, USA) 
and two-sided P-values <0.05 were considered statisti-
cally significant.

Results

Participants

Of the 594 participating healthcare workers with avail-
able food diaries, we excluded 98 due to incomplete 
food diaries, 7 who recently stopped working in shifts, 
and 4 with missing values on covariates (figure 1). This 
led to a study population of 78 day workers and 407 shift 
workers. Of the 407 shift workers, 328 completed their 
diary on ≥1 work-free day, 212 on ≥1 day shift, 104 on 
≥1 evening shift, and 83 on ≥1 night shifts.

Shift workers were on average 40.8 [standard devia-
tion (SD) 11.9] years of age and day workers 47.3 
(SD 10.8) years (table 1). Most shift (89.7%) and day 
(83.3%) workers were women. Shift workers were more 
often low educated than day workers (44.5% versus 
28.2%). Compared to day workers, shift workers were 
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more often smokers (12.3% versus 3.8%) and reported 
to have a higher weekly physical activity level (1401 
minutes versus 1072 minutes).

Differences between shift and day workers

The median frequency of total eating episodes (ie, meals 
and snacks combined) was 6.0 [interquartile range (IQR) 
5.0–6.7] in shift workers and 5.7 (IQR 4.9–6.7) in day 
workers. Shift workers had a median total frequency of 
meals of 2.7 (IQR 2.0–3.0) and day workers of 2.3 (IQR 
2.0–3.0). The median frequency of total snack consump-
tion was 3.3 (IQR 2.3–4.3) in shift workers and 3.0 (IQR 
2.2–4.0) in day workers (table 1).

The multivariable-adjusted models showed no statis-
tically significant differences in meal or snack frequency 
between shift and day workers (P≥0.05) (table 2). This 
was the case for all different types of meals and for the 
number of low, mixed, and high-quality snacks. Only for 
the frequency of total eating episodes was there effect 
modification by gender (P<0.05). We found a statisti-
cally significant difference in frequency of total eating 
episodes in women [β 0.39, 95% confidence interval 
(CI) 0.02–0.75] but not in men (β -0.35, 95% CI -1.36–
0.67). There was no effect modification by age in any of 

these analyses. For both duration and frequency of night 
shift work, no dose–response relation was observed for 
the frequency of meals and snacks (data not shown).

Differences among shift workers by types of shifts

Median frequency of meal and snack frequency by 
type of shift is presented in supplementary table S3 
(www.sjweh.fi/show_abstract.php?abstract_id=3829). 
Shift workers had a higher total meal (β 0.27, 95% CI 
0.15–0.38) and high-quality snack frequency (β 0.24, 
95% CI 0.10–0.38) on day shifts compared to their 
work-free days (table 3). Especially in those aged ≤40 
years, a higher total eating and high-quality snack fre-
quency was observed on day shifts compared to work-
free days (interaction for age P<0.05) (supplementary 
table S4, www.sjweh.fi/show_abstract.php?abstract_
id=3829). Also, during night shifts, their frequency 
of total snacks (β 0.53, 95% CI 0.06–1.00), mostly 
mixed-quality snacks (β 0.28, 95% CI 0.01–0.54) was 
higher than on their work-free days (interaction for 
age P<0.05) (supplemental table S4). Among all shift 
workers, irrespective of age, total snack frequency (β 
0.05, 95%CI– -0.22–0.33) did not differ during evening 
shifts compared to work-free days. However, they had 
a healthier snack pattern, with a higher frequency of 
high-quality snacks (β 0.29, 95% CI 0.12–0.46) and a 
lower frequency of low-quality snacks (β -0.29, 95% CI 
-0.49– -0.09) during evening shifts.

Sensitivity analysis showed virtually the same results 
for the presented within-subject analyses compared to 
the analyses additionally adjusted for weekday (data 
not shown).

Discussion

In the present study among healthcare workers, the 
meal and snack frequencies and the quality of snacks 
of shift workers did not differ from those of day work-
ers. Thus, these results do not confirm our hypothesis 
that shift workers have, in general, a higher meal and 
snack frequency and eat snacks of poorer quality than 
day workers. However, among the younger, but not the 
older shift workers, the eating frequency of total and 
mixed-quality snacks was higher during night shifts 
than during their work-free days. During evening shifts, 
total snack frequency of shift workers did not differ 
compared to work-free days, but the snacking pattern 
was of higher quality.

The potential link between shift work and dietary 
intake has been studied widely but mostly with mixed 
conclusions (17–24). In line with the present findings, 
one study among Brazil garbage collectors, which used 
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Figure 1. Flow chart leading to the study population.
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the same food-based classification tool as the present 
study (ie, FCBE), found no differences in the frequency 
of meals and snacks between day workers, evening 
workers and night workers (23). Additionally to that 
previous study, we found no differences between men 
and women and no dose–response relation for both 
duration and frequency of night shifts with meal and 
snack frequency. In contrast, some studies observed 
shift workers to have a lower meal frequency than day 
workers (21, 22, 24), and higher snack frequency (19). 
From the latter study, it was unclear whether shift work-
ers ate more low or high-quality snacks, but two studies 
(17, 19), which did not adjust for confounders, showed 
shift workers to consume more sugar-sweetened bever-
ages than day workers. These differences in outcomes 
with the present study results might be explained by the 
lack of validated measurement tools, the differences in 
study populations, and the fact that most studies did not 
take relevant confounders, such as age and gender, into 
account (17, 19, 20, 23, 24). Moreover, the effect of 
shift work on lifestyles and dietary patterns may differ 
across occupational sectors, availability of food at the 

Table 1. Baseline characteristics of day workers (N=78) and shift workers (N=407). [NA=not applicable; IQR=interquartile range; SD=standard deviation].

Day workers Shift workers

Mean (SD) Median (IQR) N (%) Mean (SD) Median (IQR) N (%)

Demographics
Age (years) 47.3 (10.8) 40.8 (11.9)
Female 65 (83.3) 365 (89.7)
Low educational level 22 (28.2) 181 (44.5)
Married, living together 61 (78.2) 301 (74.0)

Occupational
Number of night shifts/month

0 78 (100) 30 (7.4)
1−4 NA 240 (58.8)
≥5 NA 137 (33.6)

Duration of night shift work
No night-shifts NA 30 (7.4)
Short (<10 years) NA 136 (33.4)
Intermediate (10−19 years) NA 95 (23.3)
Long (≥20 years) NA 146 (35.9)

Type of job
Nurse 25 (32.1) 339 (83.3)
Others 53 (67.9) 68 (16.7)

Working hours/week 29.3 (9.2) 31.5 (7.0)

Lifestyle
Current smoker 3 (3.8) 50 (12.3)
Moderate-to-vigorous physical activity (min/week) 1072 (951) 1401 (802)
Body mass index (kg/m2) 25.2 (4.2) 25.0 (4.0)

Food-based classification of eating episodes
Total eating episodes 5.7 (4.9–6.7) 6.0 (5.0–6.7)
Meals per day

Total 2.3 (2.0–3.0) 2.7 (2.0–3.0)
Complete 1.0 (0.7–1.7) 1.0 (0.7–1.3)
Incomplete 1.0 (0.7–1.3) 1.0 (0.7–1.3)
Less-balanced 0.0 (0.0–0.3) 0.0 (0.0–0.3)
Vegetarian 0.0 (0.0–0.3) 0.0 (0.0–0.3)

Snacks per day
Total 3.0 (2.2–4.1) 3.3 (2.3–4.3)
High-quality 1.0 (0.3–1.7) 1.0 (0.3–1.7)
Mixed-quality 0.7 (0.3–1.0) 0.7 (0.3–1.3)
Low-quality 1.3 (0.7–1.7) 1.3 (0.7–2.0)

workplace (eg, vending machines), and shift schedules 
(eg, rotating versus fixed shifts). For example, the 
healthcare workers in the present study might be more 
conscious about their food intake than the factory work-
ers in two studies with contrasting results (22, 24). Thus, 
in contrast to our hypothesis, there seems to be no large 
differences in frequency of meals and snacks or quality 
of snacks between day and shift workers in healthcare, 
but there might be some differences in certain occupa-
tional sectors, shift types, or subgroups.

We observed that younger shift workers (aged ≤40 
years) consumed more snacks, mainly those of mixed-
quality, during night shifts than during work-free days. 
A possible explanation is that shift workers sleep less 
during night shifts than on work-free days (26), and 
sleep restriction has been associated with increased 
hunger (27). Another possible explanation is that night 
workers are awake longer due to their later shifts (25), 
and therefore have more opportunity to eat. In addi-
tion, differences in work demands and opportunities for 
snacking and meal times may differ across shifts and 
between types of jobs, which may have influenced eat-
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ing frequency. Compared to day workers, shift workers 
were more often nurses, who may have different work 
demands and opportunities for work breaks than other 
healthcare workers. Although we adjusted for occupa-
tion, we were unable to adjust for other potential con-
founders, including work demands and work breaks. A 
possible reason for a higher snack frequency on night 
shifts among younger, but not older, shift workers might 
be that younger shift workers have, in general, a higher 
energy expenditure and higher energy needs than older 
shift workers (26, 40). Another explanation might be 
that the older shift workers are more adapted to their 
rotating shifts and therefore have healthier snacking 
habits during night shifts than younger shift workers. 
During day shifts, we found a higher frequency of high-
quality snacks among younger shift workers. Although 
the snacks were of different quality during day and 
night shifts, this indicates that the younger shift work-
ers might be snacking more during work days than on 
work-free days. We also found shift workers consumed 
more high- and less low-quality snacks during evening 
shifts compared to their work-free days. The reasons for 
these healthier snacking patterns on evening shifts are 
unclear, but it might be that there is more temptation to 
eat and drink low-quality snacks at home than at work 
during evening shifts. In addition, shift workers may 
better plan their food intake particularly during evening 
shifts than on work-free days, for example by bringing 
fruit to work. This type of planned behavior is a strong 
predictor of actual behavior (41). Overall, snacking 
behavior differed across different shifts, with a higher 
snacking frequency during night shifts among younger 
shift workers and a healthier snacking pattern during 
evening shifts among all shift workers.

We observed no difference in meal and snack fre-
quency or in quality of snacks between day and shift 
workers, indicating that meal and snack patterns prob-
ably do not explain the adverse health effects of shift 
work. In a subsample of our study population (N=300), 
we also did not observe differences in total energy and 
macronutrient intake between shift and day workers 
(data not shown). However, eating the same number of 
meals and snacks during the night and day – even with-
out a change in total energy intake – might still be asso-
ciated with poorer health outcomes. Research has shown 
shift workers to have a greater incidence of gastrointes-
tinal disorders, overweight, and cardiovascular disease 
(42), possibly due to changes in digestion, absorption 
and storage of foods caused by their rotating shifts 
(43). The food absorption processes can show an altered 
function due to various causes: (i) meals consumed in 
the evening result in a more decreased gastric PH than 
those in the morning (7), (ii) a decreased food satiety 
in the evening (40), (iii) a greater insulin resistance at 
night, and (iv) a decreased gastrointestinal response at 
night (44). It is known that eating large meals during 
night shifts can lead to heartburn or constipation, and 
food absorption processes, such as glucose tolerance 
and gastric emptying, are found to be disturbed at night 
(45). Therefore, it is important to modulate meal pat-
terns of shift workers during the night to best match 
their daily rhythms of nutrient metabolism and glucose 
tolerance, which may mitigate adverse health effects 
(46). Replacing large meals by smaller meals or snacks, 
especially high-quality snacks, during night shifts might 
be advantageous (45). However, before detailed rec-
ommendations on meal patterns can be made, future 
research should determine the optimal meal patterns, 

Table 3. Regression coefficients (β) of differences in number of meals 
and snacks between day shifts (N=334), evening shifts (N=177) and 
night shifts (N=154) compared to work-free days (N=556) (reference) 
among shift workers, according to food-based classification of eating 
episodes. [CI=confidence interval.] Significant associations (P<0.05) 
are printed in bold.

Dietary 
variables

β (95% CI) β (95% CI) β (95% CI)

Day shifts versus 
work free days

Evening shifts versus 
work free days

Night shifts versus 
work free days

Total eating 
episodes

0.49 (0.26–0.72) 0.07 (-0.21–0.36) 0.17 (-0.16–0.50)

Meals
Total 0.27 (0.15–0.38) -0.01 (-0.16–0.14) 0.14 (-0.03–0.31)
Complete 0.18 (0.08–0.27) 0.01 (-0.11–0.13) 0.05 (-0.08–0.18)
Incomplete 0.10 (-0.01–0.21) 0.06 (-0.08–0.20) 0.06 (-0.10–0.22)
Less-balanced 0.05 (-0.01–0.10) -0.04 (-0.11–0.03) 0.04 (-0.04–0.12)
Vegetarian -0.03 (-0.09–0.02) -0.03 (-0.10–0.03) 0.00 (-0.07–0.08)

Snacks
Total 0.22 (-0.01–0.44) 0.05 (-0.22–0.33) 0.03 (-0.28–0.35)
High-quality 0.24 (0.10–0.38) 0.29 (0.12–0.46) 0.08 (-0.12–0.28)
Mixed-quality 0.02 (-0.10–0.15) 0.06 (-0.10–0.22) -0.01 (-0.19–0.17)
Low-quality -0.03 (-0.20–0.13) -0.29 (-0.49– -0.09) -0.03 (-0.27–0.20)

Table 2. Regression coefficients (β) of differences in number of meals 
and snacks between shift workers (N=407) and day workers (N=78) 
(reference) according to food-based classification of eating episodes. 
[CI=confidence interval.] 

Dietary  
variables

β (95% CI) β (95% CI)

Crude Adjusted a

Total eating episodes 0.18 (-0.14–0.50) b 0.19 (-0.15–0.53) b
Meals

Tota -0.01 (-0.15–0.15) 0.02 (-0.13–0.18)
Complete -0.05 (-0.16–0.07) -0.06 (-0.18–0.07)
Incomplete 0.06 (-0.09–0.21) 0.09 (-0.06–0.25)
Less-balanced -0.02 (-0.10–0.05) -0.02 (-0.10–0.06)
Vegetarian 0.01 (-0.06–0.07) 0.004 (-0.06–0.07)

Snacks
Total 0.18 (-0.14–0.50) 0.17 (-0.17–0.51)
High-quality 0.04 (-0.17–0.24) -0.07 (-0.14–0.28)
Mixed-quality 0.13 (-0.04–0.30) 0.15 (-0.23–0.33)
Low-quality 0.02 (-0.22–0.25) -0.06 (-0.30–0.18)

a Linear regression analyses adjusted for age, gender, education, marital sta-
tus, occupation, smoking status, physical activity, and working hours.

b Significant interaction for gender: β: 0.39, 95% CI 0.02–0.75 for females and 
β: -0.35, 95% CI -1.36–0.67 for males.
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including timing of meals, during irregular shifts for 
overall health.

A strength of the present study is that we used a 
larger sample size than previous studies investigating 
shift work and diet (19, 22, 23, 47). Moreover, we 
used validated measurement tools to measure meal and 
snack frequency based on well-filled food diaries. In 
contrast to other studies (18, 20, 22), we were able to 
investigate differences within shift workers across dif-
ferent shifts and assess differences between age groups. 
However, there were also some limitations, including 
the relatively low response rate of the study. Individu-
als who participate in studies are generally healthier 
and better educated than non-responders. Although 
we expect differences in characteristics of responders 
and non-responders not to differ between shift workers 
and day workers, generalization of the results might be 
limited. In addition, no conclusions can be drawn about 
differences in quantity of diet between shift and day 
workers. As total energy and macronutrient intake did 
not differ between shift and day workers in a subsample 
of the study population, it is unlikely that energy and 
macronutrient intake influenced the results of the present 
study. Three-day diaries have been shown to accurately 
measure eating frequency (48), but due to the limited 
number of measurement days we were unable to directly 
compare day, evening, and night shifts. Duration of rest 
time between work shifts and meal breaks may differ 
across shifts and influence meal and snack frequency. 
As we did not have information on duration of rest time 
and break patterns, we were unable to take these factors 
into account as explanation for possible differences in 
meal and snack frequency between shift and day work-
ers, and between different types of shifts among shift 
workers. Furthermore, work-free days could either be 
before or after a workday. This may have influenced 
the food availability at home and possibilities to bring 
food to work. As this is the case for both shift workers 
and day workers, this is unlikely to have a large impact 
on the results. Finally, a large part of the day workers 
in our study had previously worked in irregular shifts. 
As they left shift work on average >10 years ago, the 
effects of shift work on their present diet pattern, is 
probably limited.

In the present study, no differences were observed 
– either in meal and snack frequency or in snack qual-
ity – between shift and day workers, indicating that 
meal and snack patterns probably do not explain the 
increased risk of overweight and cardiovascular disease 
among shift workers. However, meal patterns of shift 
workers should be matched to their circadian rhythms 
(46), and eating less large meals and smaller meals or 
high-quality snacks during night shifts might, therefore, 
be favorable. Future research should investigate which 
meal and snack patterns across different shifts are most 

beneficial for health to improve dietary recommenda-
tions for shift workers.
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