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ABSTRACT

Objectives Shift work is associated with adverse effects
on the health and lifestyle behaviours of employees. This
study aimed to examine factors associated with adherence
among shift workers to selected indicators of dietary and
physical activity guidelines.

Methods A cross-sectional study was conducted on
1300 shift workers. Data were collected using a 15 minute
telephone-administered questionnaire. Logistic regression
methods were used for data analysis.

Results Male shift workers (p<0.001, 0R=0.55,

95% Cl 0.40 to 0.74) and those of lower socioeconomic
status (p=0.046, 0R=0.75, 95% Cl 0.57 to 0.99) were
significantly less likely to consume five or more daily
servings of fruits and vegetables. Shift workers with
access to workplace vending machines were significantly
more likely to consume soft drinks at least weekly
(p=0.003, 0R=1.64, 95%Cl 1.18 to 2.27). Middle-

aged shift workers (p=0.012, 0R=0.65, 95% Cl 0.46

t0 0.91) and those reporting insufficient break times at
work (p=0.026, 0R=0.69, 95% Cl 0.49 to 0.96) were
significantly less likely to be sufficiently active.
Conclusions Individual, work schedule and workplace
environment related factors were independently
associated with selected indicators of adherence to dietary
and physical activity guidelines in this cohort of shift
workers.

INTRODUCTION

Shift work is defined by the Council of the
European Union' as ‘any method of organising
work in shifts whereby workers succeed each other
at the same work stations according to a certain
pattern’. Traditionally, only a limited propor-
tion of the workforce was engaged in shift
work—however, many employment sectors
have now adopted shift work schedules.” In
2010, 17% of the workforce in the European
Union was employed in shift work,” a propor-
tion which had increased to 21% by 2015.* In
Ireland, approximately 15% of the working
population are employed in shift and/or
night work.”

Key messages

What this paper adds?

» This study has identified factors pertaining to the
individual, shift work exposure and the workplace
environment that were independently associated
with adherence among a large cohort of shift work-
ers employed on the island of Ireland to selected
indicators of population dietary and physical activity
guidelines.

» Overall, adherence among shift workers in this study
to these guidelines was sub-optimal - less than half
of the participants were adherent to each of the
guideline indicators of interest.

» The optimisation of dietary intake and physical ac-
tivity levels among shift workers should be a priority
for occupational and public health medicine - in-
sights provided by this study may inform the de-
velopment of interventions to address this for shift
workers, tailored according to individual and work-
related factors.

Shift work has been associated with adverse
effects on the physical and mental health of
those engaged in it—in particular, increased
risks of being overweight or obese, the meta-
bolic syndrome and other non-communicable
diseases (NCDs) including type 2 diabetes
mellitus, cardiovascular disease, gastroin-
testinal and mental health disorders.” ® In
2019, the International Agency for Research
on Cancer categorised ‘night shift work’ as a
Group 2A Caurcinogen.7 The disruptive and
irregular nature of shift work schedules may
also adversely affect the worker’s ability and
motivation to maintain health-promoting
lifestyle behaviours.® Many such behaviours,
including an unhealthy diet, physical inac-
tivity, smoking, excess alcohol consumption,
being overweight and having insufficient
sleep are considered to be risk factors for
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NCDs and have been more frequently reported among
shift workers.” ? Shift work has been shown to adversely
affect the quality and quantity of dietary intake as well as
meal frequency, with greater meal skipping and uncon-
ventional meal timing reported among shift workers
compared with non-shift workers.'” Shift workers may also
have difficulty engaging in regular exercise due to factors
such as time constraints, sleep disruption, fatigue, lack of
availability of leisure facilities and opportunities to exer-
cise outside of working hours, and internal factors such as
individual motivation to exercise.""

The limited published data on the experience of Irish
shift workers have demonstrated that shift work may
negatively affect their health behaviours and psychosocial
well-being."® Factors relating to the work environment
have been identified which may act as barriers or facili-
tators in their effect on the ability of Irish shift workers
to maintain healthy lifestyle behaviours both at work and
at home. Further evidence-based insights of this nature
are required to inform the development of public and
occupational health measures to optimise the health and
health behaviours of shift workers. The aim of this study
was to examine individual and work-related factors associ-
ated with adherence among shift workers to selected indi-
cators of national dietary and physical activity guidelines.

METHODS

Study design and participants

This cross-sectional study was conducted on a population
of 1300 shift workers from the Republic of Ireland (Rol)
(n=850) and Northern Ireland (NI) (n=450), which was
demographically, geographically and occupationally
representative of the estimated 270000 shift workers on
the island of Ireland. The study population was derived
from a previous larger study commissioned by safefood
entitled ‘Managing Food on Shift Work’, comprised of
quantitative and qualitative components.'” The data for
the original safefood study were collected by the market
research company Millward Brown Ulster (MBU) using
a 1bminute telephone-administered questionnaire,
developed by the research team for the safefood study.
The content of this study questionnaire was informed
by the qualitative component of the safefood study, the
published shift work literature and national dietary intake
data. A random digit dial sample of telephone numbers
in the Rol and NI was generated using a mathematical
formula by MBU, then pulsed to ensure they were ‘live’
numbers. Random real numbers were then selected from
the database via specialised telephone software. Eligi-
bility criteria for this study included being aged 18 years
or older and working in a shift work pattern at the time
of contact. During the 15minute telephone interview,
participants were asked a series of questions (referring
to the previous 1 month period of their lives) to obtain
information on their demographic characteristics, shift
work pattern, typical dietary intake, physical activity levels
and workplace environment. The questionnaire used to

collect data for the safefood study was reviewed prior to
the commencement of this study, and variables relevant
to the research question and the questions pertaining to
those variables were chosen. The original questionnaire
is available as online supplementary appendix 1 with the
questions considered relevant for the current study indi-
cated (highlighted in yellow).

Data management

On receipt of the raw data from the original safefood
study variables not intended for use were removed and
missing values were coded (these data were not included
in the analysis of data for the current study). Selected
variables were recoded into categorical variables. Age was
recoded into three categories; 18-34 years, 35-54 years
and bb+years, in order to examine age profiles of shift
workers in relation to outcomes of interest. Body mass
index (BMI), calculated based on self-reported height
and weight measures, was recoded into four categories
based on the WHO BMI classification system;'* under-
weight (<18.50kg/m?%), normal weight (18.50-24.99kg/
m?), overweight (25.00-29.99 kg/m?) and obese (>30kg/
m?). Socioeconomic status (SES) was derived in the orig-
inal safefood study from the occupation of the head of
the household, categorised according to the National
Readership Survey (2015) classification system' into
classes ABCI and C2DE. ABCI included those in the
upper middle, middle and lower middle classes, while
C2DE included those in the skilled working, working
and non-working classes. Duration of exposure to shift
work measured in years and the average length of shift
measured in hours were recoded, respectively, into ‘less
than 8 years' and ‘8 years or more’, and ‘less than 8 hours’,
‘8—11 hours’ and ‘12 or more hours’. The predominant shift
pattern of participants was recoded into ‘days’, ‘nights’,
‘rotating’ and ‘other (which included split, inconsistent
and equal day/afternoon/night rotating shifts)—online
supplementary table 1, available as online-only supple-
mentary material, provides further information on this
categorisation.

Consumption of fruits, vegetables, wholegrains and soft
drinks were selected as dietary outcomes of interest for
this study, representing markers of adherence to Irish
dietary guidelines. These were chosen following review of
the shift work literature, and of dietary intake data and
guidelines for the Irish adult population. These guide-
lines advise consumption of a minimum of five to seven
daily servings of fruits and vegetables (unsweetened fruit
juice, smoothies, tinned fruit and dried fruit are also
counted) and three to five daily servings of foods from the
‘wholemeal cereal and breads, potatoes (cooked any way), pasta
and rice’ group of the Irish food pyramid,'® as these are
highly nutrient-dense foods associated with reductions in
risk of several chronic diseases and overall mortality.'” '®
The suboptimal compliance of the adult population of
the Rol and NI with these specific dietary guidelines is
well described,lg’21 while lower intakes of fruit, vegeta-
bles, dietary fibre and various micronutrients have been
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observed among shift workers compared with non-shift
day workers.****

Consumption of fruits and vegetables was recoded in
a binary manner into those who consumed five or more
daily servings of these foods and those who consumed
them less frequently than this. Consumption of
wholegrains (a food category which included ‘brown pasta,
brown rice, wholegrain bread, wholegrain cereals, and porridge
in the study questionnaire) was also recoded in a binary
manner into those who consumed one or more daily serv-
ings of these foods and those who consumed them less
frequently than this.

The frequency of consumption of soft drinks was
recoded into those who consumed one or more servings
of these beverages per week and those who consumed
them less frequently than this, as Irish adults are advised
to avoid daily consumption of soft drinks and to limit
overall intake to a maximum of one or two servings per
week.'?

National and international physical activity guidelines
advise adults to undertake a minimum 150 minutes of
moderate-intensity aerobic physical activity per week.? *°
In this study, physical activity was recorded in minutes per
week per participant based on self-reported frequency
of episodes of moderate-to-vigorous physical activity
performed per week and the average length of each.
The total time engaged in physical activity per week was
then calculated and categorised according to whether the
participant was meeting the above guideline or not.

Data analysis

SPSS (IBM V.24) was used for data management and
statistical analysis. A descriptive analysis of the study
population was initially conducted. Pearson’s y* tests
were used to compare categorical variables and examine
associations between these. Logistic regression methods
were chosen for the analysis of this study as the selected
outcomes were binary in nature, that is, meeting the rele-
vant guideline or not. Univariable binary logistic regres-
sion analyses were then performed for the four (three
dietary and one physical activity) outcomes of interest
using the same independent variables for each outcome.
Independent variables pertained to the individual
(gender, age category, SES and BMI), shift work exposure
(occupational sector, duration of shift work exposure,
average shift length and predominant shift pattern) and
the workplace environment (availability of food prepara-
tion, food storage and leisure facilities, vending machines
and adequate break times, whether participants were
satisfied with healthy food options at work and whether
they felt their workplace helped them lead a healthy life-
style). Health and social work was chosen as the reference
occupational sector for the analysis as it is acknowledged
that these shift workers may have achieved greater levels
of health literacy and education compared with those
working in other sectors.”” Independent variables signifi-
cantly associated with the four outcomes in the univariable
regression analyses were added to separate multivariable

Table 1 Demographic and health-related characteristics of
shift workers (n=1300)
Variables N %
Country of residence
Ireland 850 65.4
Northern Ireland 450 34.6
Gender
Male 672 51.7
Female 628 48.3
Age category*
18-34 years 490 38.2
35-54 years 606 47.2
55-65 years 187 146
Marital status
Single never married 528 40.6
Married and living with spouse 637 49.0
Civil partnership 27 2.1
Married and separated from spouse 47 3.6
Divorced 45 3.5
Widowed 16 1.2
Socioeconomic statusti
ABC1 599 48.2
C2DE 644 51.8
Calculated BMI§Y|
Underweight 30 2.7
Normal weight 504 45.4
Overweight 397 35.8
Obese 179 16.1

*Valid denominator=1283

TBased on the occupation of the head of household. ABC1
denotes upper middle class, middle class and lower middle class.
C2DE denotes skilled working class, working class and non-
workers'®

}Some participants declined to respond (n=57)

§Calculated based on self-reported height and weight and
categorised according to the WHO BMI classification™

{Valid denominator=1110

BMI, body mass index.

logistic regression models for the four outcomes. All inde-
pendent variables were mutually adjusted for in the multi-
variable models for each of the four outcomes of interest.
Significant results were determined by a value of p<0.05.

RESULTS

Demographic characteristics

Table 1 provides information on the shift workers’ demo-
graphic characteristics. There was a similar proportion of
men and women, and of those in both categories of SES.
Middle-aged (35-54 years old) shift workers comprised
the largest proportion of participants.
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Shift work schedule and work environment characteristics
Table 2 provides information on the characteristics of
the shift workers’ work schedule and work environment.
The most common average shift length reported was
8—11hours. In terms of the predominant pattern of shifts
worked, those in the ‘other category and those working
predominantly day shifts comprised the largest groups.
Over half of participants had access to food preparation
and storage facilities at work. Less than one-third had
access to vending machines. Most participants reported
receiving adequate work break times. The majority did
not have access to leisure facilities at work.

Dietary and physical activity characteristics

Table 3 provides information on the shift workers’ dietary
behaviours and physical activity levels. Approximately
40% reported consuming five or more daily servings
of fruits and vegetables, while 61% did not consume
wholegrains on a daily basis. Over one-third consumed
soft drinks at least once per week. Thirty-nine per cent
adhered to national aerobic physical activity guidelines,
while 59% were engaged in minimal physical effort at
work and approximately one-fifth reported mostly seden-
tary occupational behaviour.

Multivariable regression analysis

The univariable regression analyses which informed the
multivariable regression models are available as (online-
only) online supplementary tables 2-5. Tables 4 and
5 combined present the four multivariable regression
models with all independent variables listed.

Fruit and vegetable intake

Male shift workers (relative to women) and those in the
lower C2DE social class (relative to those in the upper
ABClI class) were 45% (p<0.001, OR=0.55, 95% CI 0.40 to
0.74) and 25% (p=0.046, OR=0.75, 95% CI 0.57 to 0.99)
less likely to consume five or more daily portions of fruits
and vegetables, respectively.

Wholegrain intake

Those exposed to shift work for 8years or more
(compared with those exposed for less) were 38% more
likely (p=0.02, OR=1.38, 95% CI 1.05 to 1.82) to consume
wholegrains at least daily, while compared with those
working mostly day shifts, participants working predom-
inantly nights, rotating or other shift patterns were
each over a third less likely to do so (p=0.011, OR=0.61,
95% CI 0.41 to 0.89, p=0.026, OR=0.65, 95% CI 0.45 to
0.95 and p=0.002, OR=0.65, 95% CI 0.50 to 0.86, respec-
tively). Retail shift workers were 35% less likely (p=0.022,
OR=0.65, 95% CI 0.44 to 0.94) to consume wholegrains
on a daily basis compared with those working in health
and social work services.

Soft drinks intake

Middle-aged shift workers (35-b4years old) were half
as likely (p<0.001, OR=0.50, 95% CI 0.34 to 0.73) to
consume soft drinks at least weekly relative to the

BMJ Nutrition, Prevention & Health

Table 2 Shift schedule and work environment
characteristics of shift workers (n=1300)

Variables N %
Occupational sector
Accommodation and food services 218 16.8
Health and social work 355 27.3
Retail 229 17.6
Manufacturing 110 8.5
Other* 388 29.8
Pattern of SW
Predominantly days 460 35.4
Predominantly nights 164 12.6
Predominantly rotating 168 12.9
Other 508 39.1
Duration of exposure to SW
<8 years 622 47.8
>8 years 678 52.2
Average length of shift
<8hours 379 29.2
8-11hours 622 47.8
>12hours 299 23.0
Availability and use of food preparation
facilities
Yes 685 52.7
No 327 25.2
Not available 288 221
Availability and use of food storage
facilities
Yes 784 60.3
No 267 20.5
Not available 249 19.2
Availability and use of vending
machines
Yes 355 27.3
No 408 31.4
Not available 537 41.3
Receiving adequate break timest
Agree 776 69.7
Disagree 337 30.3
Satisfied with healthy meal/snack
availabilityf
Agree 551 59.3
Disagree 378 40.7
Availability of leisure facilities
Yes 142 10.9
No 1158 89.1

*Denotes those employed in sectors of transport/communications,
agriculture/animals, construction, call centre/telesales, computer-
related activity, distribution and logistics and finance/banking/
insurance

tValid denominator=1113

FValid denominator=929

SW, shift work.
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Table 3 Dietary behaviours and physical activity levels of
shift workers (n=1300)

Variables N %
Fruit and vegetable consumption*

>5 servings/day 522 40.2

<5 servings/day 778 59.8
Wholegrain consumption*

>1 serving per day 512 39.4

<1 serving per dayt 788 60.6
Soft drink consumption*®

>1 serving per week 487 37.5

<1 serving per weekt 813 62.5
Type of occupational PA

Mostly sitting 262 20.2

Minimal physical effort 762 58.6

Moderate physical effort 212 16.3

Vigorous physical effort 64 4.9
Time spent in MVPA per week§1|

>150min 509 39.2

<150min 789 60.8

*Denotes frequency of consumption according to the Food Safety
Authority of Ireland dietary guidelines'®

TDenotes consumption multiple times per week, less than weekly
or not at all

fDenotes consumption less than weekly or not at all

§Based on national and international physical activity
guidelines® 2®

{Valid denominator=1298

MVPA, moderate-vigorous physical activity; PA, physical activity.

youngest participants (18-34years old), while the oldest
age group of shift workers were 67% less likely to consume
soft drinks at least weekly relative to the youngest group
(p<0.001, OR=0.33,95% CI 0.18 to 0.59). When compared
with those working in health and social work, manufac-
turing employees were just over twice as likely (p=0.019,
OR=2.03, 95% CI 1.12 to 3.68) to consume soft drinks at
least once per week. Shift workers with access to vending
machines at work (compared with those without) were
64% (p=0.003, OR=1.64, 95% CI 1.18 to 2.27) more likely
to consume soft drinks at least once per week.

Physical activity

Middle-aged shift workers were 35% (p=0.012, OR=0.65,
95% CI 0.46 to 0.91) less likely to adhere to national phys-
ical activity guidelines relative to the youngest partici-
pants, while those who did not receive adequate break
times at work (relative to those who did) were 31%
(p=0.026, OR=0.69, 95% CI 0.49 to 0.96) less likely to do

SO.

DISCUSSION
This study identified factors pertaining to the individual,
shift work exposure and the workplace environment that

were independently associated with adherence among a
large cohort of shift workers employed on the island of
Ireland to selected indicators of population dietary and
physical activity guidelines. Overall, adherence among
participants to these guidelines was suboptimal—Iess than
half were adherent to each of the indicators of interest.
With respect to dietary intake, this supports previous
studies which have demonstrated lower intakes of fruits,
vegetables and dietary fibre”*" among shift workers
compared with day workers, as well as lower than recom-
mended intakes of carbohydrates.”® Consistent observa-
tions of higher intakes of soft drinks, and of poorer dietary
quality and quantity, have also been reported among
shift workers compared with nonshift workers."” In
contrast, previous research has yielded conflicting results
regarding the leisure physical activity of shift workers,’
making comparison with our findings challenging. The
low level of occupational activity, however, among partic-
ipants is consistent with some previous data® although
others have reported greater levels of the same compared
with day workers.”™ Such differences may be explained by
variable methodological approaches to measuring phys-
ical activity levels across these studies—nonetheless, there
are significant risks to physical and mental health associ-
ated with physical inactivity and sedentary lifestyles.”’

We found that men and those of lower SES were signifi-
cantly less likely to consume the recommended daily
servings of fruits and vegetables. Social class and gender
differences in intake of these foods have been described
previously in the general Irish adult population' **—
however, to the authors’ knowledge, this is the first time
this finding has been confirmed specifically in a range
of shift workers. One study conducted on airline shift
workers found lower fruit and vegetable intake among
men without in-flight work compared with day and
in-flight workers.”

Differences in dietary quality according to age among
shift workers have been reported previously.™ Age cate-
gory also emerged as a significant factor in our analysis.
Younger shift workers, compared with those who were
middle-aged and older, were more likely to consume soft
drinks at least weekly. In the general Irish population,
young adults aged 15-34 years have been shown to have
the highest intakes of sugarsweetened beverages, many
of which are soft drinks."” In contrast, middle-aged shift
workers, compared with the youngest group, were less
likely to adhere to aerobic physical activity guidelines.
Declining levels of awareness of and adherence to these
guidelines with age have been reported in the Irish adult
population which may in part explain this finding.**

We examined several factors pertaining to shift work
exposure—duration of exposure, occupational sector,
average shift length, and predominant shift pattern. We
found, relative to those working in health and social work,
retail sector shift workers were less likely to consume
wholegrain foods daily, while manufacturing workers
were more likely to consume soft drinks at least weekly—
the latter supports prior research demonstrating greater
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energy intake and poorer dietary quality in the manu-
facturing occupational subgroup.? Participants working
predominantly non-day shifts were less likely to consume
wholegrain foods daily, which is somewhat consistent with
previous findings of poorer dietary quality among night
and rotating shift workers compared with day workers.” **
However, we did not observe any significant differences in
consumption of fruits and vegetables or soft drinks across
shift pattern. Cumulative years employed in shift work
also emerged as a significant factor in relation to daily
wholegrain intake even when adjusted for age category,
which may suggest improvements in health and nutri-
tional knowledge among those with greater experience
working in shift systems.

With regard to the work environment of participants,
we observed two main findings. Those with access to
vending machines at work, compared with those without,
were more likely to consume soft drinks at least weekly—
an important finding given improvements in availability
(and price) of healthier choices in vending machines
have been shown to improve sales of healthier prod-
ucts.”® *7 In addition, those who reported that they did
not receive adequate break times at work were less likely
to be sufficiently active compared with those who did,
supporting previous Irish research which identified a
perceived lack of time to be a barrier to physical activity
among shift workers.™

Implications of findings

The gender, age and social class differences we observed
across specific dietary behaviours highlight that nutri-
tional aspects of health education and interventions for
shift workers which seek to improve their adherence to
population dietary guidelines should be developed with
these characteristics in mind. Our findings also highlight
the need to target middle-aged shift workers with work-
place interventions which aim to improve their adher-
ence to population physical activity guidelines.

Our findings regarding the shift work schedule and
occupation of participants in relation to their adher-
ence to selected indicators of dietary and physical activity
guidelines may help employers to devise and adapt work-
place policy and interventions which aim to improve
adherence among employees to such guidelines. The
workplace is a social context within which shift workers
may spend a large amount of time and should support
health-promoting lifestyle behaviours.” This study has
highlighted that provision for shift workers of healthy
vending machines, food preparation and storage facili-
ties, and adequate break times should be a priority for
employers.

Strengths and limitations

The study population was large in size, and was demo-
graphically, geographically and occupationally repre-
sentative of the Irish shift work population, about whom
little is known from a research perspective to date.
Factors independently associated with adherence among

participants to selected indicators of dietary and physical
activity guidelines were identified, the optimisation of
which is of importance from a public and occupational
health perspective. Although a non-shift worker control
group was not available to us against which the adherence
of participants could be compared, nationally representa-
tive data for the general adult populations of Rol and NI
were included, where appropriate, for comparison and
context.

The cross-sectional design of this study precludes the
potential to draw causal inferences from findings. Data
were collected using a questionnaire, raising the possi-
bility of recall and self-report bias pertaining to potential
misreporting of weight, height, dietary behaviours and
physical activity. Minor differences between the dietary
and physical activity guidelines used and the corre-
sponding questions in the questionnaire may have led
to a slight underestimation or overestimation of adher-
ence to the selected indicators of the guidelines among
participants. The study questionnaire did not capture
all domains of shift work—further research is needed to
examine dietary and physical activity behaviours across
different shift schedules and systems. Occupational phys-
ical activity, although not examined as an outcome in our
study, remains an important consideration in relation
to the health of shift workers. The possibility of residual
confounding due to factors not included or measured in
our analysis cannot be excluded. Finally, multicollinearity
was not examined—as such the possibility of correlation
between independent variables remains, which may have
affected the validity of our findings.

CONCLUSIONS

Individual, work schedule and workplace environment-
related factors were independently associated with
selected indicators of adherence to dietary and physical
activity guidelines in this cohort of shift workers. Shift
workers face unique challenges to their health at the
biological, psychological and social level. Tailored occu-
pational health measures are required which address
these challenges and provide solutions for them. This
study has provided insights which may contribute to the
development of such measures, targeting individual and
organisational factors to protect the health of this vulner-
able subpopulation of the global workforce.
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