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Abstract

Objective: To explore the association between behavioural characteristics with the
prevalence of abdominal obesity (AO) among a population of Southern Brazilian
shift working women.

Design: A cross-sectional study was conducted. AO was estimated using waist cir-
cumference (WC), and it was used to classify women as having AO (WC > 88 cm).
Prevalence ratios were estimated using Poisson regression with robust variance.
Setting: A large plastic utensils company in Southern Brazil.

Participants: 450 female shift workers.

Results: The prevalence of the AO in the women shift workers was 44-5 % (95 % CI
40-0, 49-2 %). In night shift workers, the prevalence of AO was 56-1 % compared
with 40-9 % among hybrid shift workers. After adjustments for covariates, women
who were current smokers had a decrease in the prevalence of AO compared with
those who never smoked. Women who had three or fewer meals per day had a
46 % increase in the AO prevalence compared with those eating more frequent
meals. Night shift work was associated with increase in AO prevalence compared
with hybrid shift (PR 1-33; 95 % CI: 108, 1-64).

Conclusions: Our findings indicate that behavioural characteristics are associated
with a high prevalence of AO in female shift workers, thus suggesting that behav-
ioural modifications among women working shifts, such as increase in meal fre-
quency and physical activity, may reduce AO.

Keywords

Shift work

Night shift work
Sleep

Woman health
Cross-sectional study

https://doi.org/|

The number of employees in shift work is increasing. Shift
work is defined as, ‘any method of organizing shift work,
whereby workers succeed each other on the same work-
stations according to a given pattern™?. Globally, approxi-
mately 20 % of the overall workforce is engaged in a shift
work pattern®?.

Shift work affects circadian rhythm and metabolic func-
tions, including melatonin and cortisol levels*™, and as
expected, studies have identified a higher prevalence of
obesity, metabolic syndrome and other chronic diseases
among populations of shift workers®'D. In addition, cer-
tain work-related risk behaviours such as irregular food
consumption, low level of physical activity, lack of sleep
routines, smoking and excessive consumption of alcoholic
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beverages may further aggravate the health damage caused
by this life routine™?1?,

Women appear to be more affected by shift work with
increased abdominal obesity (AO) compared with men. In
female shift workers, a dose-response relationship was
observed in one study that estimated that for every
10 years in shift work, there is a 10 % increase in elevated
waist circumference (WC) (OR 1-10; 95 % CI 1-01, 1-20)®.
A meta-analysis showed that among shift workers, women
were more likely to be obese than men (OR 1-25; 95 % CI
1-17, 1:349)19,

The extent of the problems experienced by Brazilian
female shift workers has been poorly studied, and shift
work may be a susceptible factor to unfavourable behaviour.
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Hence, the aim of this study was to explore the association
between behavioural characteristics with the prevalence of
AO among female shift workers in Southern Brazil.

Methods

A cross-sectional study was conducted among female shift
workers of a large plastic utensils manufacturing facility
located in Southern Brazil. Female employees working in
the factory’s production line, in the same occupation, were
eligible to be studied if they were over 18 years old, were
permanent employees and had been working fixed shifts
for more than 3 months on the production line. Pregnant
women were excluded from the study.

Data on socio-economic, demographic, work schedule
and behavioural characteristics were collected using stand-
ardised, pre-coded, pre-tested questionnaires used by
trained interviewers. All interviews were conducted on the
factory during work hours between June and August 2017.

The socio-demographic characteristics included age
(18-30, 31-40 or 41-61 years), self-reported skin colour
in these categories (white, black, yellow, brown, indige-
nous or other), after categorised (white or no white), mari-
tal status (having a partner or not) and educational level
(<8, 9-11 or >12 full years of formal schooling).

The work schedule was provided by the company and
confirmed by the workers during the interview. Shift work-
ers were classified as hybrid shift workers (shifts between
morning/afternoon 07.00 and 14.00 hours or afternoon/
evening 14.00 to 22.00 hours) or night shift workers
(22.00 to 07.00 hours). The period of time (in months) that
the employee worked in the current shift was categorised
<3, 4-6 or >6 years.

Behavioural factors included self-reported smoking
status (current smoker, former smoker or non-smoker).
Women were asked about which meals (breakfast, snack,
lunch, snack, dinner, supper, snack during the sleep or
another) they had during a normal day; the order of the
meals since waking up, the usual number of meals per
day (categorised <3 or >3); use of sleep medication (yes
or no); self-reported usual hours of sleep (categorised
<5 or >5h) and physical activity (when commuting
and/or leisure time; yes or no); we used a questionnaire
that was validated by Craig and collaborators?.

Anthropometric measures were obtained by trained
study coordinators and supervisors. AO was estimated
using WC, measured in cm at the midpoint between the
iliac crest and lowest rib using a non-stretching measuring
tape, with readings performed on exhalation'®. The aver-
age of two consecutive measures was obtained in duplicate
by the same researcher, and the average was calculated
between both measures. WC was used to classify women
as having AO (WC > 88 cm) or no AO (WC < 88 cm).

Data quality (questionnaire) was assessed via phone
interviews using a simplified version of the original
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questionnaire, including items that could not have
changed in the time elapsed since the original interviews,
in a random sub-sample corresponding to 10 % of the
study participants.

Data were double entered (EPI-DATA version 3.1).
Bivariate and multivariate analyses were performed using
STATA version 12.0 (StataCorp). y* tests were used to assess
the statistical significance of the associations between the
outcome and exposures of interest. Prevalence ratios and
their respective 95 % CI were estimated using Poisson
regression with robust error variance.

The multivariate analysis included only those variables
which were associated with AO on bivariate analysis with
P-value <0-20. A conceptual multivariable analysis
model™® was used for variables adjusted among them-
selves at each level: distal at the first level (demographic
and socio-economic variables), intermediate at the second
level (work variables) and proximal at the third level
(behavioural variables). Associations were considered sig-
nificant when the probability level was <5 % (P < 0-05).

Results

The company employed 480 female workers, but thirty of
them were considered as losses because they were not in
the company on the day of data collection three times or
refused to participate in the survey. The final sample con-
sisted of 450 female shift workers with average age 36+ 9
years, 18-01 years.

Characteristics of the participants are shown in Table 1.
Most women in the sample were older than 30 years, did
not engage in physical activity for leisure, slept more than
5h/d, were non-smoker, had more than three meals per
day (60-9 %) and worked in hybrid shift work. The preva-
lence of sleep privation (hours of sleep <5) was higher
among night shift workers (54-0 %). A larger number of
women (42-0 %) working night shifts had three or less
meals a day.

The prevalence of the AO in the women shift workers
was 445 % (95 % CI 40-0-49-2 %), 56-1 % comparing to
40-9 %, respectively, in night shift workers and hybrid shift
workers (P=0-006). AO prevalence was higher with the
increase of age, having a partner, lower schooling, former
smoking, less active, fewer (three or less) meals per day,
working night shift, longer employment time and sleeping
<5h/d (Table 1.

Table 2 shows the crude and adjusted prevalence ratios
of AO. After adjustments for covariates, the prevalence of
AO was greater among women with more than 30 years
comparing with those aged 30 years or less. Women who
were current smoker had a 46 % less prevalence of AO
(95 % CI 0-32, 0:90) compared with those who never
smoked. Physical activity was associated with a 29 % less
prevalence of AO (95 % CI 0-54, 0-95) compared with sed-
entary. Women who had three or fewer meals per day had
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Table 1 Sample characteristics and the prevalence of abdominal obesity according to sociodemographic, behavioural characteristics among

women workers in Southern Brazil (n 450)

Hybrid shift Night shift Abdominal
All sample workers (343) workers (107) obesity
Variable n* % n % n % P value n % P value
Age (years) 0-081 <0-001%
18-30 142 316 119 838 23 16-2 29-5
31-40 156 34.7 110 705 46 29-5 50-0
41-61 152 338 114 75-0 38 25.0 52-6
Age (years) 36-1 92 357 94 375 81 0-06% 38-2 86 <0-001%
Skin colour 0-35§ 0-25§
White 311 69-3 233 74-9 78 251 42-9
No white 138 307 109 79:0 29 21.0 48-6
Marital status 0-47§ 0-004§
Not having a partner 205 45.6 153 746 52 254 371
Having a partner 245 54.4 190 776 55 224 50-6
Education level (years) 0-66 0-03t
<8 69 154 54 78-3 15 21.7 55-1
9-11 345 76-8 258 74-8 87 25.2 43-4
>12 35 7-8 30 85.7 5 14.3 34.3
Education level (years) 10-5 1.7 10-4 1.8 10-5 1.2 0-79% 10-3 1.7 0-03%
Working time (years) 0.27 0-001t
<3 168 373 135 80-4 33 19-6 36-5
4-6 126 28-0 92 73-0 34 27.0 416
>6 156 34.7 116 74-4 40 256 55-5
Working time (years) 6-6 6-1 6-3 5.9 74 67 0-12% 7-8 6-8 <0-001%
Medication to sleep 0-06§ 0-28§
No 408 907 316 775 92 22.5 43.7
Yes 42 9-3 27 64-3 15 35.7 52.4
Hours of sleep <0-001§ 0-02§
>5 361 80-6 302 837 59 16-3 41.8
<5 87 194 40 46-0 47 54.0 55-8
Hours of sleep 6-8 1.7 7-0 1.5 6-0 2.3 <0-001% 6-6 1.8 0-007%
Smoking status 0-02t 0-01
Non-smoker 332 73-8 261 786 71 214 43-9
Former smoker 80 17.8 58 725 22 275 55.7
Current smoker 38 84 24 63-2 14 36-8 26-3
Physical activity for commuting 0-19§ 0-20§
No 165 36-7 120 72.7 45 27-3 40-6
Yes 285 63-3 223 78-2 62 21-8 46-8
Physical activity for leisure 0-10§ 0-006§
No 350 77-8 237 78-0 77 22-0 48-0
Yes 100 22:2 70 70-0 30 30-0 32-3
Number of meals per day <0-001§ <0-001§
>3 274 60-9 241 880 33 12.0 371
<3 176 391 102 580 74 42.0 56-0
Numbers of meals per day 3-8 1.0 4.0 0. 31 0-9 <0-001% 3-6 0-9 <0-001%
Work shift 0-006§
Hybrid 343 76-2 - - 40-9
Night 107 238 - - 56-1

*Column percentage.

1P value from linear by linear association.

1P value from ttest.
§P value from 4 test.
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a 46 % more prevalence of AO (95 % CI 1-17, 1-82) com-
pared with those eating more frequent meals. In the
adjusted model, education level, working time and hours
of sleep have lost their association with AO. Night shift
work was associated with increase in AO prevalence com-
pared with hybrid shift (PR 1-33; 95 % CI 1-08, 1-64).
Figure 1 shows the adjusted association between hours
of sleep and number of meals, and AO, stratified by shift
work. The prevalence of AO was 45 % higher among night
workers who had five or fewer hours of sleep per day than
those had five or more hours of sleep. AO was higher
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among night shift workers who had fewer meals per day
(three or less) compared with those eating more frequently,
with statistical significance.

Discussion

Our findings showed high prevalence of AO in Brazilian
shift working women. In the adjusted analysis, the preva-
lence was associated with increased age, having a partner,
being less active, having fewer (three or less) meals per day
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Table 2 Crude and adjusted prevalence ratios (PR) of abdominal obesity according to socio-demographic and
behavioural variables in a sample of women shift workers in Southern Brazil (n 450)

Crude analysis

Adjusted analysis*

Variable PR

95 % CI

P value PR 95 % ClI P value

First level
Age (years)
18-30
31-40
41-61
Skin colour
White
Not white
Marital status
Not having a partner
Having a partner
Education level (years)
<8 1
9-11
>12
Second level
Work shift
Hybrid
Night
Working time (years)
<3

N
NN
® o
o
[ARN)

< 1
3-6 1.
>6 1
Third level
Medication to sleep
No
Yes
Hours of sleep
>5 1
<5 1.34
Smoking status
Non-smoker 1
Former smoker
Current smoker
Physical activity when commuting
No
Yes
Physical activity for leisure
No 1
Yes
Number of meals per day
>3 1
<3 1.50

5, 2:29
2, 2:40

1.09, 1.70

0-62, 1-00
0-38, 1-03

(SN
=
o)
Lo
-
&)
V)
Ao

0-47, 0-91

1.23,1.85

<0-001 0-002
-20, 2-:20

-23,2:25

0-26 -

—_
[e 2>}
o W
-

0-91, 1-40 -

0-005 0-01
1.07, 1.66
0-08 0-14
0-66, 1-08
0-38, 1-04
0-003 0-008
1-08, 1-64

0-001 0.07

(A=
N
S
®O
-
o

0-25 -

0-01 0-15
0-94, 1-52
0-02 0-03
0-90, 1-43
0-32, 0-90
0-21 -

0-92, 1-44 -

0-01 0.02

0-54, 0-95

<0-001 0-001

1.17,1.82

*First level: demographic variables; second level: first level + shift work and working time; third level: second + behavioural variables.

and working night shift. The prevalence of AO was lower
among smokers compared with non-smokers. When we
stratified the analysis for shift work, behavioural character-
istics (number of meals and hours of sleep) were more
associated with AO in night workers.

The prevalence of AO found in our study was lower than
that found in an earlier study in Southern Brazil 59-9 %
(95 % CI 56-4-63-3)" and in a study in Canada with
female hospital employees, 70-3 % of the night workers
and 64-3 % of the hybrid workers had AO“®. However,
the prevalence of AO in the present study was higher than
that observed in Poland, 31 % of nurses in a rotating shift
with AO and 32 % in daytime workers had AO“?. In addi-
tion, there are still few studies that evaluate AO in working
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women in shift. Our findings suggest that night shift work
can modify women’s lifestyles, making it a worse standard
for health, with less physical activity, number of meals and
hours of sleep. In a previous meta-analysis of twenty-eight
studies, an association of night shift work with obesity/
overweight and particularly AO was estimated (OR 1-23,
95 % CI 1-17-1-29), demonstrating similarities to the present
study( 14

Light is considered to be the most potent circadian syn-
chroniser for humans. Exposure to artificial light at night
may lead to a deregulation of the circadian system, through
reductions in the melatonin secretion. Exposure to artificial
light between midnight and 04.00 hours results in complete
inhibition of melatonin secretion during what is known to
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Fig. 1 Prevalence ratios (PR) of abdominal obesity stratified by
shift work according to hours of sleep and number of meals in a
sample of women workers in Southern Brazil (n 450). Model
adjusted between hours of sleep and number of meals per
day plus demographic, socio-economic and behavioural varia-
bles. @, Night workers; [, day workers

be the peak of production in humans; this fact contributed
to the development of obesity®”. In addition, the exposure
of the workers to artificial light at night decreases the time
spent sleeping, and it disrupts the circadian structure, the
sleep cycle, social life and meal times. These facts result
in a perturbation of the functioning of the biological clock
that is often called ‘social jet lag’ because of the misalign-
ment between the biological clock and social time. As a
result of this metabolic change, there is a tendency to
increase weight and fat in the abdominal region?V.

Changes in the timing of meals are also an important
regulator of circadian rhythm and metabolic functions.
Changes in the time of food intake are especially problem-
atic when meal time does not coincide with the light—-dark
cycle®?. This study showed a higher prevalence of AO
was associated with having three or fewer meals per
day. After the adjustment for potential confounding fac-
tors, AO prevalence was 33 % higher (95 % CI 1-02,
1:73) in day workers and 130 % (95 % CI 1-30, 4-12) in
night workers who had three or fewer meals per day, with
the lower bound of the CI suggesting at least 30 % increase
in prevalence. The mechanism by which few meals, shift
work and AO interact is likely linked to alterations in the
secretion of hormones regulating appetite such as leptin
and ghrelin, two peripheral signals that contribute to
the central regulation of food intake. Leptin is usually
below normal levels among night shift workers. The circu-
lating leptin concentrations are responsive to acute
changes in energy balance resulting from increased or
decreased energetic intake. In contrast to the anorexi-
genic effects of leptin, ghrelin is a hormone that is associ-
ated with increases in food intake via appetite regulation,
promoting body weight gain, both can be altered by
circadian rhythm changes®?.

Eating more frequent meals is associated with increased
appetite control, eating smaller portions and better quality
of food®. About the quality of food consumed, a system-
atic review with thirty-three studies showed an association
between night shift worker and higher consumption of
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saturated fats and soft drinks when compared with hybrid
shift workers. Likewise, night shift workers skip more
meals. Regarding energy intake and micronutrient con-
sumption, results are inconsistent and most studies found
no associations?. In the present study, we did not assess
the quality of the diet, but it is suggested that longitudinal
studies assess these characteristics of food consumption to
verify the relationship with AO.

Leisure physical activity was associated with lower
prevalence of AO among female shift workers, but physical
activity is known to be associated with diet quality and
energetic intake which in turn are associated with body
composition as well. Physical activity also helps regulate
circadian rhythms, and a review of experimental studies
indicates that voluntary physical activity is associated with
lower weight gain independently of changes to the circa-
dian rhythm caused by light exposure at night*®.

In our study, current smokers presented lower preva-
lence of AO than non-smoker women; however, this phe-
nomenon can be called ‘fake benefit , and it was conflicting
in the literature. In the ‘fake benefit, it is believed that
smoking can control weight. This mechanism is explained
by the influence of nicotine on the increase in the RMR and
decreased appetite. Smoking twenty-four cigarettes per day
increases energy expenditure by 10 %?>?%. On the other
hand, the increase of the AO showed in some studies can
be explained by the influence of nicotine on insulin resis-
tance, predisposing to obesity and endocrine dysfunction
among smokers. Moreover, visceral adipose tissue is sensi-
tive to cortisol, which is elevated in the serum of smokers
because of an increased sympathetic nervous system activ-
ity. Furthermore, women who smoke have lower levels of
bioavailable oestrogen®®. The substances found in tobacco
smoke also damage the granulosa cells of ovaries, causing a
decrease in oestrogen and an increase in testosterone, result-
ing in AO%?729,

In our study, when we stratified by shift work, the asso-
ciation of 5 h or fewer of sleep on night shift workers with
AO was perceptible (RP 1-45; 95 % CI 1-05, 2-02). Our find-
ings go in the same direction as other studies, which show
an association between fewer hours of sleep and increase
in AO®#-32_ Studies have suggested possible hypotheses
for this association: short sleep duration may be associated
with irregular eating habits, such as having a greater pre-
dominance of snacks rather than full meals, increased fat
and sweets intake, and increased energy intake; on the
other hand, decreased dietary intake of fruits and vegeta-
bles, and lower level of physical activity!32*333% Qur find-
ings went in the same direction: behavioural characteristics
such as few meals per day and lower physical activities
were associated with higher AO prevalence.

A limitation of a cross-sectional study is that exposures
and outcomes or illnesses are measured at the same time
which can lead to a bias, which we call reserve causation;
therefore, we cannot distinguish whether the exposure pre-
ceded the development of the disease or whether the
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presence of the disease affected the individual’s levels of
exposure. In addition, we suggest future studies to evaluate
the population of workers on fixed shifts because our find-
ings can be extrapolated to a population with the similar
characteristics, fixed shift workers from the same manufac-
turing facility.

Our findings indicate that behavioural characteristics are
associated with a higher prevalence of AO in female shift
workers, thus, suggesting that behavioural modifications
among women working shifts, such as increase meal fre-
quency and increase physical activity, may reduce AO.
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