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Abstract

Background: Obesity is associated with increased general mortality and comorbidities, it is multifactorial and some
evidence has shown that sleep duration and shift work may be implicated in its pathogenesis.

Objectives: The aim of this study was to evaluate the association between shift work, quality of life and obesity
among healthcare workers of a Brazilian University Hospital.

Methods: A cross-sectional study was performed from April 2013 to December 2014 with 200 workers of a University
Hospital. Sociodemographic data were evaluated and BREF WHOQOL was used for quality of life. The physical activity
was evaluated using the International Physical Activity Questionnaire (IPAQ), Chronotypes and daily sleep preference
were investigated using Munich Chronotype Questionnaire (MCTQ). Venous blood was collected after 12-h of fasting
for laboratory tests.

Results: In this sample, the night shift workers had higher income and were older compared to day shift work-

ers. Night shift workers sleep less hours, had higher weight, body mass index and abdominal circumference when
compared to the day shift workers. Night shift workers had almost 3 times higher association with abdominal obesity
independent of age and gender, than day shift workers. MCTQ parameters showed that night shift workers had lower
sleep duration during working days and also during free days, associated with a higher level of social jetlag. Social
jetlag had an association with obesity. We found no difference for quality of life between shifts.

Conclusions: Night work was a risk factor for abdominal obesity, social jetlag was higher in night shift workers and it
was associated with presence of obesity.
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Background Night work or shift work presents common

Shift work has been definitively incorporated into society,
and is no longer limited to essential services such as
health, public safety and heavy industry, but also occurs
in other goods and services production branches. Shift
work can be continuous, where workers follow each other
at the workplace, or in rotating shifts [1]. In the USA and
Europe it is estimated that about 18 to 20% of workers are
involved in night work or in shifts [2].
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characteristics which may interfere in the circadian
physiological process causing desynchronization.
Exposure to continuous light during the night, frequent
snacks, little physical activity, nocturnal eating habits
and nocturnal physical activities are among the possible
triggering factors [3].

Several studies have demonstrated that shift work
may induce the development of dyslipidemias, diabetes
mellitus [4, 5] and systemic arterial hypertension (SAH).
The prevalence of obesity has grown gradually over the
last few decades in the USA [6] and is associated with an
increase in overall mortality and comorbidities secondary
to the disease [7]. It is acknowledged that life style
related factors, such as the excessive intake of calories
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and sedentary life are the main factors responsible for
increased obesity. However, other factors, besides genetic
profile, have been implicated in its pathogenesis, such as
duration of sleep and shift work. Some authors observed
a positive relationship between night work or shifts
with the increased body mass index (BMI), and this is
significantly greater compared to the day shift workers
[8, 9]. Knutson et al. found that the reduction of sleep
duration may also increase the risk of cardiovascular
diseases, insulin resistance, diabetes as well as obesity
[10].

Short sleep (defined as <6 h of sleep/day) [11] and sleep
disorders due to shift work, have been associated with
negative effects on the hormone profile and a positive
energy balance [12]. Restricted sleep has metabolic
and endocrine consequences, including reduction of
glucose tolerance and insulin sensitivity, increased serum
concentration of nocturnal cortisol, rise of ghrelin levels,
reduction of leptin levels and an increased feeling of
hunger and appetite [13—-15]. In this sense, it is believed
that the reduction in the number of hours of sleep
may be related to the increased incidence of obesity
and overweight, although the mechanisms of such a
relationship are not yet fully known [7].

The objective of this study was to evaluate the
association between night work and obesity, as well as
quality of life among the workers in the South of Brazil.

Materials and methods
The study was performed during the period from April
2013 to December 2014; participants were recruited
during annual medical exams at a university hospital in the
city of Porto Alegre, southern Brazil. The study included
200 employees from the departments of administration,
support, direct patient care, and maintenance of hospital
machinery and equipment, who worked in the day and night
shifts and accepted to participate in the study. The exclusion
criteria for the study included temporary employees, those
who were off work for more than 15 days, pregnant women
or employees who were in the process of retiring.

Regarding the working hours, the day shift was from
6 to 8 h a day (from 7 A.M. to 1 PM.,, from 8 A.M. to
5 PM. and from 1 PM. to 7 P.M.), on work scales of
5 days/2 days, 6 days/1 day, considering days of work and
days of rest, and on duty periods of 12 h on weekends.
For the night shift, the working hours were from 6 to
12 h (from 6 PM to midnight and from 7 PM to 7 AM)
on work scales of 12/60 h or 12/24 h, or 6 nights/1 day,
5 nights/2 days, or 4 nights/3 days, considering the days
on duty and the days of rest.

The information concerning age (collected as a
continuous variable), race (classified as white or other),
gender, marital status (classified as with or without
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a partner), number of children, level of schooling
(categorized as years of study), professional activity
(categorized as administrative, health professionals,
support and maintenance), time in the company, working
hours, time on shift, work scales, another job, shift at
another job, personal history of hypertension, diabetes,
angina, dyslipidemia and glucose intolerance, smoking
habits (self-reported as a smoker or non-smoker last
month), drinking alcoholic beverages (self-reported
as to which drink, consumption of time and number of
servings per week). In order to evaluate the health status,
a physical examination was performed (weight, height,
blood pressure, heart rate, measurements of abdominal
circumference) and venous blood collected after 12 h of
fasting for laboratory tests.

Glycated hemoglobin levels were measured by high-
performance liquid chromatography (Variant II turbo®)
(reference range 4.7-6.0%), insulin was measured by
the microparticle chemiluminescent immunoassay
method (Architect Ci4100®). Fasting plasma glucose
was measured by the enzymatic UV hexokinase method
(Cobas ¢702®). Serum creatinine was measured by the
kinetic colorimetric Jaffe method (Cobas ¢702®), urea
was measured by the kinetic urease and glutamate
dehydrogenase methods (Cobas c702®). Serum total
cholesterol and triglycerides was measured by the
enzymatic colorimetric methods (Cobas ¢702®), and
HDL (high density lipoprotein) cholesterol by the
homogeneous direct method (Cobas c702A®), LDL (low
density lipoprotein) cholesterol was calculated using
the Friedewald formula. Blood count and platelets were
measured by the light absorbance/impedance/flow
cytometry methods (Sysmex XE 5000%).

A Welmy anthropometric balance, model R/1W-200
with a capacity of 200 kg and precision of 0.100 g was
used to measure weight. A Tonelli stadiometer with a
centimeter decimals scale was used to check heights.
The blood pressure (BP) in both arms was measured
with the patients in a seated position. After 10 min of
rest it was done with a digital apparatus, Welch Ally,
model Vital Signs Monitor 300 series.

The cutoff points adopted for BMI (body mass
index) were those suggested by WHO (World Health
Organization) [16], i.e. eutrophy (18.5-24.99);
overweight (25-29.99) and obesity (>30.00) [16]. The
abdominal circumference (AC) was obtained at the
midpoint between the last arch and the iliac crest and
with a flexible and inelastic measuring tape without
compressing the tissues. Abdominal obesity defined
the abdominal circumference was greater than or equal
102 cm for men and greater than or equal to 88 cm for
women. The interviewers were trained in the technique
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used to check the measurements of weight, height, and
AC.

Physical activity

Physical activity practiced by the individuals participating
in the study was evaluated using the International
Physical Activity Questionnaire (IPAQ), short version,
classifying the level of physical activity as sedentary,
irregularly active, active and very active, based on the
information in meters/minute/week [17].

Quality of life

Quality of life was evaluated using the WHOQOL BREF
questionnaire version 1998 (WHO). For the purpose of
evaluating quality of life, it is understood as a greater
variety of conditions that may affect the individual’s
perception, their feelings, and behavior related to their
daily functioning, including but not limited to their
health status and medical interventions [18].

Chronotype and quality of sleep

The chronotypes and daily sleep preferences were
investigated ~ during the self-evaluation = Munich
Chronotype Questionnaire (MCTQ), elaborated and
validated by Roenneberg et al. [19]. The MCTQ is a
structured questionnaire on the behavior of wakefulness
and sleep, and exposure to sunlight on work days and
days of rest (day off). The interviewees inform how many
days during the week they were involved in a regular work
routine and the times at which they go to bed, are ready
to go to sleep, fall asleep, and after how many minutes
they get up, and how much time they spend outdoors.
The following were calculated based on this information:
sleep duration, midpoint of sleep for days of work and
of rest, and social jetlag, which is the difference between
the individual’s “biological clock’, and their “social clock’
that defines the social commitments of an individual
throughout the day.

The diagnosis of Metabolic Syndrome was defined
according to the updated criteria of the International
Diabetes Federation (IDF) [20].

The criteria used to classify blood pressure was
according to the 6th Brazilian Guidelines on Arterial
Hypertension [21].

Statistical analysis

Descriptive statistics were used to characterize the
sample and the results were presented using central
(median or mean) and variability measures (standard
deviation or percentiles), as well as absolute and
relative frequencies, according to the type of variable.
Normality was verified using the Shapiro—Wilk test.
The sociodemographic variables on health conditions,
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living habits, clinical and laboratory characteristics were
presented and analyzed for all individuals. Statistical
differences between the shifts and according to the sex
of the professionals were evaluated using Pearson’s Chi
Square tests (or Exact Fisher test, when necessary) and
the Student t test (or Mann—Whitney) for the categorical
and continuous variables, respectively.

The association of work shift with the outcomes of
obesity (obese x normal plus overweight), excess weight
(obese plus overweight x normal) and abdominal obesity
(high vs low abdominal circumference) was evaluated
through Logistic regression analyses, including hours
of sleep, sleep duration during the week, social jetlag as
predictors. The Wald test was used to test the significance
of each variable in the model and the estimates of the
odds ratio (OR) were presented with a 95% confidence
interval. All factors were included in the multiple models,
as well as a control for age and gender. The factor with
the highest p-value was removed and this procedure was
repeated until only significant factors were found or until
only the effect of a factor to be controlled by age and sex
remained.

The correlations of the MCTQ variables with the
clinical and laboratory variables and age were evaluated
through the Spearman correlation coefficient. Differences
in the MCTQ score regarding the shift were evaluated
using the Student t test (or Mann—Whitney) and the
same analysis was performed stratifying it according to
sex. As for BMI, ANOVA or Kruskal-Wallis, they were
applied and were also stratified according to sex. Social
jetlag was calculated based on the difference between
the sleep on the work days and the free days, enabling a
quantification of the difference between the biological
and social clocks [19].

The quality of life scores were compared between the
work shifts and between the number of hours of sleep,
which was divided into two categories—more than 6 h
and less or equal to 6 h—using the Student t test for 119
individuals. These comparisons were also performed with
the stratified sample according to gender. All analyses
were performed using the Statistical Package for Social
Sciences (SPSS) software, version 21 and the statistical
significance adopted was 5%.

Results

Two hundred workers were included in the study, 69.5%
(139) women and 30.5% (61) men. Considering the health
conditions and living habits of the workers included in
the sample, it was observed that the day shift workers
had a higher prevalence of alcohol consumption (62.3%;
p=0.017), without a difference in the consumption pro-
file (duration, quantity and type of beverage) between
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Table 1 Sociodemographic, behavioral and occupational characteristics of workers according to work shift in southern
Brazil (n: 200)

Variables Total Day (n=94) Night (n=106) P
Age (years) (n=200) 432493 404+9.2 456486 <0.001*
Age <50 years 140 (70) 75 (80) 65 (61.3) 0.008*
Age > 50 years 60 (30) 19 (20) 41(387)
Gender (n=200) 0.958*
Female 139 (69.5) 66 (70.2) 73 (68.9)
Male 61 (30.5) 28(29.8) 33(31.1)
Race (n=200)
White 155 (77.5) 74(787) 81 (76.4) 0.825%
Non white 45 (22.5) 20(21.3) 25(23.6)
Life partner (n = 200) 0.106"
Yes 89 (45.5) 48 (51.1) 41 (38.6)
No 111 (55.5) 46 (48.9) 65 (61.4)
Children (n=124) 0.318%
Yes 92 (73.6) 39 (68.4) 53(77.9)
No 33(264) 18(31.6) 15 (22.1)
Level of schooling (n = 200), years 0.668*
Up to the age of 8 11(5.5) 5(5.3) 6 (5.6)
From8to 11 123 (61.5) 55(58.5) 68 (64.2)
Above 11 66 (33.0) 34 (36.2) 32(30.2)
Smoking (n=117) 1.000*
Smoker 11(94) 5(10.0) 6(9.0)
Non smoker 106 (90.6) 45 (90.0) 61(91.0)
Alcohol consumption (n=118) 0017%
Yes 58 (49.2) 33(62.3) 25(38.5)
No 60 (50.8) 20(37.7) 40 (61.5)
Treatment for SAH 7(12.5) 14.(20.6) 0.340%
Treatment for diabetes 2(3.6) 6(88) 0.292%
Treatment for dyslipidemia 5(89) 4(5.9) 0.730%
IPAQ (n=112) 0.638*
Sedentary 14(12.5) 5(102) 9(14.3)
Irregularly active 14 (12.5) 7 (14.3) 7(11.1)
Active 61 (54.5) 29(59.2) 32(50.8)
Very active 23(20.5) 8(16.3) 15(23.8)
Function (n=200) <0.001*
Administrative 32(16.1) 22(23.7) 10(94)
Health professionals 125 (62.8) 44 (46.2) 82 (77.4)
Support 32(16.1) 23(24.7)
Maintenance 10 (5.0) 5(54) 5(4.7)
Works elsewhere (n=124) 0.340*
Yes 15(12.1) 9(16.1) 6(8.8)
No 109 (87.9) 47 (83.9) 62(91.2)
Income (n=115), MW 0.001"
Upto4 31(27.0) 23 (44.2) 8(12.7)
From4.1to 5 46 (40.0) 14 (26.9) 32(50.8)
Above 5 38(33.0) 15(28.8) 23 (36.5)
Time at hospital (years) (n=200) 11.1 (4.8-17.5) 6.2 (2.5-12.5) 15.6 (9.3-20.0) <0.001**
Time on shift (years) (n=200) 53(14-13.8) 3.8(13-11.9) 7.2(1.6-15.7) 0.076**

Quantifiable variables with symmetrical distribution described by mean & deviation. Quantitative variables with asymmetrical distribution described by the median
(P25-P75). Categorical variables described by frequencies (percentages)

MW minimum wage

* Student test; ** Mann-Whitney test

# Pearson’s Chi Square test, * Pearson’s Chi Square test with continuity correction
¥ Exact Fisher test
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shifts. Night workers were older than day workers
(Table 1).

As for the classification of physical activity (IPAQ),
only 6.7% of the male workers in the day shift were
classified as very active, while in the night shift this
prevalence was 35.3% (p=0.034).

As for the WHOQOL brief, 60% (119) of the
questionnaires were answered and 78 (65.5%) of the
professionals evaluated their quality of life as being
good. In the evaluation of domains, the physical domain
presented the highest mean of scores (68.6+15.9)
followed by the social relations (66.6+18.7),
psychological (66.5 =+ 14.1) and environmental domains
(59.9+14.5). Considering the work shifts, the day shift
had better performance in all domains, except for the
environment, but the differences were not significant.

The scores of the physical domain were lower in
the sample that reported <6 h of sleep compared to
those who slept >6 h (65.0+14.7 vs. 72.42+16.9,
respectively; p=0.013). Similar behavior was observed
for the psychological domain (63.6 +14.0 vs 70.1 £13.3,
respectively; p=0.013).

The night shift workers as a whole weighed more
(77.9+15.4 vs 72.4+15.5; p=0.011), BMI (28.7 +4.8
vs 26.4+4.6; p<0.001), and AC (96.4+12.1 vs
89.9+12.3; p 0.001) compared to the day shift workers.
The men who worked at night had more abdominal
obesity (100.7+£11.7 vs 92.9+12.7, p-value=0.017),
and higher BMI (29.5+4.3 vs 26.7+£4.7; p=0.018)
compared to the day shift. The women in the night
shift presented similar results, with increased AC
(92.9+12.7 vs 88.7+12.0; p=0.009) and higher BMI
compared to the day shift (28.44+4.9 vs 26.3+4.6;
p=0.014) (Table 2).

The night shift workers presented lower glomerular
filtration rates through CK-EPI [104.5 (93.0-113.0) vs
111.0 (101.0-122.0) p=0.01]. Higher levels of HDL
cholesterol were observed in female workers in the day
shift compared to those in the night shift (55.3+£10.5 vs
50.5+12.2; p-value=0.041 (Table 2).

For night shift workers on their days off, they had a
negative association between systolic BP (r,=—0.275;
p=0.040), diastolic BP (r,=-—0.309; p=0.019) with
duration of sleep. A negative correlation was also
observed between weight and social jetlag (r,=—0.301;
p=0.023) and between age and duration of sleep on work
days (ry=—0.263; p=0.048).

Analysis of the MCTQ parameters showed that the
night shift workers had a midpoint of sleep on work days
[5:30 (4:09-10:30) vs. 3:41 (2:48-4:31) p<0.001], greater
social jetlag [—0:27 (—6:26 to 0:06) vs. 1:03 (0:06—1:56)
p<0.001], and shorter duration of sleep on the work days
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(6:00£2.27 vs. 7:03£1.39 p 0.007) compared to the day
shift workers (Table 3).

In the analysis without adjustment, the odds of
abdominal obesity were 2.5 times higher in the night
shift workers than the day shift ones (OR=2.53 (CI 95%
1.43-4.50); p=0.002). The shift remained significantly
associated with abdominal obesity after controlling for
age and gender, where the odds were almost 3 times
higher [OR=2.93 (CI 95% 1.57-5.46); p<0.001] for the
employees who work at night compared to the day shift
workers (Table 4). Adjustments for jetlag and hours sleep
duration were not significant.

The night shift workers presented 2.8 times higher
odds of developing excess weight than the day shift
[OR=2.81 (CI 95% 1.50-5.25); p=0.001] and for every
increased unit of social jetlag and hour of sleep there
was 14% [OR=0.86 (CI 95% 0.76—0.98); p=0.026] and
25% [OR=0.75 (CI 95% 0.60—0.94); p=0.014] smaller
odds of presenting excess weight, respectively. In the
multiple regression analysis, the odds of excess weight
were reduced by around 13% (OR=0.87 (CI 95% 0.76—
0.99); p=0.040) for every increased unit of social jetlag
(Table 4).

The odds of developing obesity were 2.3 times
higher in night shift workers compared to the day shift
[OR=2.27 (CI 95% 1.20-4.26); p=0.011] and for every
increased unit of social jetlag there was 12% (OR=0.88
(IC 95% 0.80-0.98); p=0.017) of reduction. In the
multiple regression analysis, only the protection effect
of jetlag was maintained (OR=0.88 (IC 95% 0.79-0.98);
p=0.020) (Table 4).

Among the night shift workers, a higher prevalence of
people who sleep a smaller amount of hours (equal to or
less than 6 h/day) was observed, compared to day shift
workers (p=0.003). In the stratified analysis for gender,
it was observed that this behavior was present only in
women night shift workers compared to the day shift
ones, 66% vs. 33% (p =0.006) respectively.

Discussion

This study evaluated the association between night work
and obesity. The results showed that night work was a
determining risk factor for abdominal obesity. Social
jetlag was higher in night shift workers and it was also
associated with obesity.

The night shift workers had less hours of sleep
compared to people who worked in the daytime. They
also presented more obesity, overweight and higher AC.
Night shift workers also had worse associations between
BP and sleep. As well, in the MCTQ questionnaire
they have higher social jetlag and lower sleep. After
adjustments, the social jetlag was an important predictor
of obesity.
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Table 2 Clinical and laboratory characteristics of workers between day and night shifts in Southern Brazil
Variables General Women Men
Day Night p Day Night p Day Night p
Weight (kg) 724+£155 7794154 0.011** 694131 7264128 0.128** 80.5+£180 8984142 0.030%
(n=200)
BMI (n=200) 264446 287448 <0.001* 263446 284449 0.014* 267447 295443 0.018*
AC (n=200) 8944123 9644 12.1 <0.001** 88.7+12.0 9294127 0.009%* 9294127 10074117 0.017*
Presence MS  19(29.2) 32(432) 0.125" 13(289) 21 (40.4) 0.332" 6 (300) 11 (40.0) 0315
SAP-right 116.0(109.3-  120.0(110.0- 0.240% 116.0(1090-  1200(1100-  0591* 1210(111.0-  1200(1125-  0.180**
(n=200) 127.8) 131.0) 127.5) 129.0) 128.0) 138.0)
SAP-left 1170(1080-  119.0(110.0- 0.196** 1150(1080-  1180(109.0-  0424* 1190(111.0-  1250(1125-  0.223**
(n=200) 125.0) 130.0) 123.0) 127.0) 131.0) 139.0)
DAP right 75.5(68.0-84.8) 78.0(70.5-86.0)  0.269** 76.0(68.0-85.5) 77.0(70.0-84.0) 0.790** 757498 81.04£112 0.060%
(n=200)
DAP left 7644111 7754105 0458* 77.0(68.0-84.8) 77.0(69.5-83.0) 0.890** 756489 7914120 0.205*
(n=200)
TC 192.7+£325 200.0+36.0 0.225% 19574334 200.5+324 0474* 18524298 1985+449 0.294*
HDL 49 (44-61.5) 47 (40-55.3) 0.070%* 553+£10.5 5054122 0.041*% 440 (36.8-48.5) 43.0(39.8-47.5) 0.980**
LDL 121.0£289 129.74350 0.155% 12344307 12764271 0522% 11694255 13494502 0.183*
Triglycerides 97 (58.3-133.5) 1000 (74.5- 0.257** 97.0 (58.0- 91.5 (68.5~ 0.534** 100.0 (62.0- 120.0 (82.0- 0.294**
147.0) 125.0) 135.4) 163.0) 172.0)
Glycemia 89.0(81.0-958) 905 (85.0-99.8)  0.124** 89.0(81.0-90.0) 89.0 (84.0-96.0) 0.215** 94.5(80.8-99.0) 96.0 (88.0- 0.267**
108.0)
HbATC 54(5.1-57) 5.5(5.1-6.0) 0271% 54405 55406 0574  54(5.2-55) 55(5.1-6.6) 0.251**
Insulin 11.0(85-158) 105 (7.6-13.9) 0.693* 11.1(86-159) 122(7.7-16.1) 0.789* 106(7.5-152) 9.7 (7.5-10.7)  0.287**
Creatinine 0.7 (06-0.8) 0.7 (0.6-0.8) 0487** 0.6 (0.5-0.7) 0.7 (0.6-0.7) 0.139** 0.9 (0.8-1.0) 0.9(0.7-1.0) 0.657**
CKD-EPI GFR 111.0(101.0-  104.5(93.0- 0.017* 112.1+£144 10374145 0.006* 102.8+13.7 9964195 0.583*%
122.0) 113.0)
Urea 31.0(26.0-37.0) 31.0(27.0-380)  0.745** 29.0(24.8-35.0) 30.0(27.0-34.0) 0.429* 350(29.5-41.0) 35.0(30.0-41.0) 0.925**

Quantitative variables with symmetrical distribution described by mean + deviation. Quantitative variables with asymmetrical distribution described by the median
(P25-P75). Categorical variables described by frequencies and percentages. Lab tests information were available in 180 workers

AC abdominal circumference in cm, BMI body mass index, CK EPI GFR chronic kidney disease epidemiology collaboration estimate glomerular filtrate rate, DAP
diastolic arterial pressure (mmHg), HbATc glycated hemoglobin, HDL high density lipoprotein, LDL low density lipoprotein, MS metabolic syndrome, SAP systolic

arterial pressure (mmHg), TC total cholesterol
* Student’s t test; ** Mann-Whitney test

# Pearson’s Chi Square test; *#Pearson’s Chi Square test with continuity correction

The night shift workers, even though sleeping more on
their days off, did not regain the sleep deficit produced
by the working days. Sleep debt may be due to many rea-
sons, mainly the presence of light during the time for
sleeping, the increased temperature and an altered corti-
sol secretion [22]. Sleeping more than 6 h was associated
with better performance in the physical and psychologi-
cal domains, reinforcing the importance of good sleep
quality.

In this sample, the male night shift workers were more
active than day shift workers. This can be explained
because in our hospital there is a gymnasium for the
employees, facilitating workers” access to regular physi-
cal exercise. Studies that evaluated these aspects among
night shift workers are limited and with diverse results,
possibly related to the study population, the methodol-
ogy used and the definitions of night work [23, 24]. In our

data, the same result for female night shift workers was
not found, we believe that women have a second shift of
work at home, taking care of their family.

In our study, there was no relationship between work
shift and laboratory variables, although other studies
demonstrate a higher prevalence of metabolic disorders
in these workers [24, 25]. The effects of night work on
these variables can be difficult to demonstrate in a cross-
sectional study.

The association between night work or shift work and
increased body weight is present in some studies [25,
26], however, the pathophysiological mechanisms of
this association are not yet clear. A systematic review
performed by Van Drongelen [27] found an association
between shift work and increased body weight, and the
generalization of these findings is limited by the hetero-
geneity of the studies included in the meta-analysis.
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Table 3 Description of sleep variables according to gender and work shift, of workers in southern Brazil (n: 130)
MCTQ General Women Men
Day Night p-value Day Night p-value Day Night p-value
Sleep midpoint 3:41 (2:48 to 5:30 (4:09 to <0.001**  3:45 (2:47 to 4:45 (4:09 to <0.001** 3:38 (247 to 9:25 (5:07 to <0.001**
working days ~ 4:31) 10:30) 4:27) 10:17) 4:38) 12:38)
(hours)
Sleep duration  7.03+£1:39  6:00+227 0007% 711+£148  609£239 0040%  657+£120 5504220 0.080*
working days
(hours)
Sunlight 1:00 (0:18 to 1:00 (0:25 to 0.433** 1:00 (0:30 to 2:00 (0:40 to 0.081**  2:00 (1:00 to 1:00 (0:45 to 0.262**
working days  2:00) 3:00) 2:00) 3:00) 3:30) 3:08)
(hours)
Sleep midpoint 4:47 (4:03to 430 (348 to 0772%% 450(340t0  4:30(4:00to 0650%* 440 (408t0 457 (3:06 to 0.783*
days off 5:42) 5:53) 6:00) 5:40) 5:30) 6:21)
(hours)
Sleep duration  8:10+£ 1:59 7404212 0.046** 8:18+2:21 7544214 0.111% 801+1:45 7:0942:18 0.191%
days off
(hours)
Sunlightdays ~ 3:00 200t0  3:00 (1:09 to 0.168* 245(200t0  2:30(1:00to 0741% 400(3:00t0  3:00(1:11to 0.048*
off (hours) 5:00) 4:09) 4:53) 5:00) 6:30) 4:00)
Social jetlag 1:03 (0:06 to —027 (=626 <0.001** 1:00 0:00 (—547to <0.001** 1:15 —1:30(=7:50 <0.001**
1:56) to 0:06) (0:00—2:17) 0:12) (0:30—1:45) to 0:05)
Does notuse 59 (85.5) 35 (62.5) 0.006" 40 (85.1) 26 (65.0) 0.053" 19(86.4) 9(56.3) 0.088"
alarm clock
on days off
Awakes with 26 (52.0) 7(24.7) 0029 18 (54.5) 4(200) 0029 8(47.1) 3(333) 0.797"
the alarm
clock

* Student t test; ** Mann-Whitney test

# pearson’s Chi Square test with continuity

Table 4 Individual models of raw and adjusted regressions for outcomes of abdominal obesity, excess weight
and obesity of workers in southern Brazil, (n: 200)

Variables n (%) OR,,, (€1 95%) p-value OR,gjusted (C! 95%)* p-value
Abdominal obesity Social jetlag - 0.93 (0.84-1.03) 0.141 0.96 (0.85-1.08) 0.485
Hours of sleep - 0.86 (0.71-1.04) 0.128 1.05 (0.73-1.52) 0.779
Sleep duration WD 0.98 (0.83-1.15) 0.778 1.08 (0.88-1.33) 0462
Shift day 39 (42.4) 1 1
Shift night 69 (65.1) 2.53(1.43-45) 0.002 293 (1.57-5.46) 0.001
Excess weight Social jetlag - 0.86 (0.76-0.98) 0.026 0.87 (0.76-0.99) 0.040
Hours of sleep - 0.75 (0.60— 094) 0014 03 (0.69-1.54) 0.875
Sleep duration WD 0.87(0.72-1.04) 0.129 0.94 (0.76-1.16) 0.563
Shift day 53(57.6) 1 1
Shift night 84(79.2) 2.81(1.50-5.25) 0.001 69 (0.70-4.04) 0.241
Obesity Social jetlag - 0.88 (0.80-0. 98) 0.017 0.88 (0.79-0.98) 0.020
Hours of sleep - 0.89 (0.73-1.09) 0.260 0.92 (0.68-1.25) 0.583
Sleep duration WD 0.93(0.78-1.1 1) 0413 09 (0.78-1.53) 0619
Shift day 20(21.7) 1 1
Shift night 41(38.7) 227 (1.20-4.26) 0.011 1.05 (0.29-3.81) 0.940
WD work day

# Adjustment for sex and age (> 50 vs <50)
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A Brazilian study performed at 18 public hospitals
with 2371 nursing staff [28] identified an association
between years of exposure to night work and BMI for
both genders after adjusting for all covariables. The
effect of night work was greater among the men than
among the women.

A systematic review with a meta-analyze evaluated
28 studies and observed that night work increased
the risk of obesity/overweight by 23% and the risk for
abdominal obesity [29] by 35%, considering the years of
exposure and number of shifts per month.

Leproult et al. concluded that the risk of obesity,
in general, increases for individuals who sleep less
than 6 h, with a significant association between
short duration of sleep and weight gain, incidence
of overweight and obesity throughout the follow up
period [13]. More recently, an American study with
883 individuals [30] demonstrated that the worst
quality and shortest duration of sleep were significantly
associated with the incidence of obesity (OR: 1.10; CI
95% 1.03-1.18).

The desynchronization of rhythmic physiological
functions, that also impairs the duration and quality
of sleep, interferes in the control of food intake,
manifested metabolically by the increased levels of
ghrelin and reduced levels of leptin, and may contribute
to possible pathological mechanisms [31].

Among the possible limitations of our study there is
emphasis on a cross-sectional design which does not
allow establishing the causal relationship between shift
work and obesity, and the absence of an evaluation of
the food profile of the cohort studied, which might
help differentiate shifts regarding eating behavior. The
healthy worker effect is another aspect to be considered
in relation to the selection of the sample. However,
such factors do not compromise the results, given the
scarcity of information and the relevance of the topic
discussed.

In order to support the evidence, cohort studies are
needed to elucidate the contribution of night work
and sleep debt to overweight/obesity and even to
cardiovascular outcomes.

Abbreviations

AC: Abdominal circumference; BP: Blood pressure; BMI: Body mass index;
CK EPI GFR: Estimate glomerular filtrate rate; HDL: High density lipoprotein;
IDF: International Diabetes Federation; IPAQ: International Physical Activity
Questionnaire; LDL: Low density lipoprotein; MCTQ: Munich Chronotype
Questionnaire; OR: Odds ratio; SAH: Systemic arterial hypertension; SPSS:
Statistical Package for Social Sciences; WHO: World Health Organization.

Acknowledgements
Camila Morelatto de Souza (MD, Ph.D.) for her contribution to the data analysis
of the Munich Chronotype Questionnaire (MCTQ).

Page 8 of 9

Authors’ contributions

MCB carried out conceptualization of the work, data curation, investigation,
methodology, writing, review and editing the manuscript, FFDF, GB,

CCS and OAB contributed to the investigation, TCR contributed to the
conceptualization of the work, review and editing the manuscript. All authors
read and approved the final manuscript.

Funding

Financed by the Research and Events Incentive Fund—FIPE from Hospital
de Clinicas de Porto Alegre (Grant AUXPE 1431/2015), Coordenagao de
Aperfeicoamento de Pessoal de Nivel Superior—Brasil (CAPES) and National
Council for Scientific and Technological Development—CNPg.

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available due [reason why the data is not public] but are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The present study was conducted with the approval of the Institution’s Ethics
Committee of Hospital of Clinics-Porto Alegre, under number 12-0258. All the
participants signed the Free and Informed Consent Form.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Division of Occupational Medicine, Hospital de Clinicas de Porto Alegre,
Ramiro Barcelos, Porto Alegre, Rio Grande do Sul 2350, Brazil. 2 Department
of Internal Medicine, Universidade Federal do Rio Grande do Sul-Porto Alegre,
Ramiro Barcelos, Porto Alegre, Rio Grande do Sul 2350, Brazil. > Division

of Endocrinology, Hospital de Clinicas de Porto Alegre, Ramiro Barcelos, Porto
Alegre, Rio Grande do Sul 2350, Brazil.

Received: 12 October 2019 Accepted: 4 February 2020
Published online: 10 February 2020

References

1. Akerstedt T, Wright KP. Sleep loss and fatigue in shift work and shift work
disorder. Sleep Med Clin. 2009;4(2):257-71.

2. McMenamin TM. Time to work: recent trends in shift work and flexible
schedules, A. Mon Lab Rev. 2007;130:3-15.

3. Garaulet M, Ordovés JM, Madrid JA. The chronobiology, etiology and
pathophysiology of obesity. Int J Obes. 2010;34(12):1667-83.

4. Morikawa Y, Nakagawa H, Miura K, SoyamaY, Ishizaki M, Kido T, et al. Shift
work and the risk of diabetes mellitus among Japanese male factory
workers. Scand J Work Environ Health. 2005;31(3):179-83.

5. Copertaro A, Barbaresi M, Bracci M. Shift work and cardiometabolic risk.
Recenti Prog Med. 2009;100(11):502-7.

6. Hill JO, Wyatt HR, Reed GW, Peters JC. Obesity and the environment:
where do we go from here? Science. 2003;299(5608):853-5.

7. Ekmekcioglu C, Touitou Y. Chronobiological aspects of food intake and
metabolism and their relevance on energy balance and weight regula-
tion: chrononobiology and energy balance. Obes Rev. 2011;12(1):14-25.

8. Dilorenzo L, De Pergola G, Zocchetti C, LAbbate N, Basso A, Pan-
nacciulli N, et al. Effect of shift work on body mass index: results of a
study performed in 319 glucose-tolerant men working in a Southern
[talian industry. Int J Obes Relat Metab Disord J Int Assoc Study Obes.
2003;27(11):1353-8.

9. Biggi N, Consonni D, Galluzzo V, Sogliani M, Costa G. Metabolic syndrome in
permanent night workers. Chronobiol Int. 2008;25(2):443-54.

10. Knutson KL, Spiegel K, Penev P, Van Cauter E. The metabolic conse-
quences of sleep deprivation. Sleep Med Rev. 2007;11(3):163-78.



Brum et al. Diabetol Metab Syndr

20.

21.

(2020) 12:13

. Centers for Disease Control and Prevention. Short sleep duration among

workers. MMWR. 2012;61(16):281-5.

Schiavo-Cardozo D, Lima MMO, Pareja JC, Geloneze B. Appetite-regulat-
ing hormones from the upper gut: disrupted control of xenin and ghrelin
in night workers. Clin Endocrinol (Oxf). 2013;79(6):807-11.

Leproult R, Van Cauter E. Role of sleep and sleep loss in hormonal release
and metabolism. In: Loche S, Cappa M, Ghizzoni L, Maghnie M, Savage
MO, editors. Endocrine development. Basel: KARGER; 2009. p. 11-21.
https://doi.org/10.1159/000262524.

Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep duration Is associ-
ated with reduced leptin, elevated ghrelin, and increased body mass
index. PLoS Med. 2004;1(3):e62.

Nedeltcheva AV, Kessler L, Imperial J, Penev PD. Exposure to recurrent
sleep restriction in the setting of high caloric intake and physical inactiv-
ity results in increased insulin resistance and reduced glucose tolerance. J
Clin Endocrinol Metab. 2009;94(9):3242-50.

World Health Organization. Obesity: preventing and managing the global
epidemic Report of a World Health Organization Consultation (WHO
Obesity Technical Report Series, n. 894). Geneva: World Health Organiza-
tion; 2000. p. 253.

Braggion G MS. Questiondrio internacional de atividade fisica (IPAQ):
estudo de validade e reprodutibilidade no Brasil. 2001; 6 (2):5-18.

The Whogol Group. The World Health Organization quality of life assess-
ment (WHOQOL): development and general psychometric properties.
Soc Sci Med. 1998;46(12):1569-85.

Roenneberg T, Wirz-Justice A, Merrow M. Life between clocks: daily tem-
poral patterns of human chronotypes. J Biol Rhythms. 2003;18(1):80-90.
Alberti KGMM, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA,
et al. Harmonizing the metabolic syndrome: a joint interim statement

of the international diabetes federation task force on epidemiology and
prevention; National Heart, Lung, and Blood Institute; American Heart
Association; World Heart Federation; International Atherosclerosis Soci-
ety; and International Association for the Study of Obesity. Circulation.
2009;120(16):1640-5.

de Hipertensdo Departamento, da Sociedade Arterial, de Cardiologia
Brasileira. VI Diretrizes Brasileiras de Hipertensao. Braz J Hypertens.
2010;17(1):01-69.

22.

23.

24.

25.

26.

28.

29.

30.

Page 9 of 9

Niu S-F, Chung M-H, Chen C-H, Hegney D, O'Brien A, Chou K-R. The Effect
of shift rotation on employee cortisol profile, sleep quality, fatigue, and
attention level: a systematic review. J Nurs Res. 2011;19(1):68-81.

Loef B, Hulsegge G, Wendel-Vos GC, Verschuren WMM, Vermeulen RCH,
Bakker MF, et al. Non-occupational physical activity levels of shift workers
compared with non-shift workers. Occup Environ Med. 2016;74:1-8.
Silva-Costa A, Rotenberg L, Coeli CM, Nobre AA, Griep RH. Night work is
associated with glycemic levels and anthropometric alterations preceding
diabetes: baseline results from ELSA-Brasil. Chronobiol Int. 2016;33(1):64-72.
Morikawa Y, Nakagawa H, Miura K, Soyama Y, Ishizaki M, Kido T, et al. Effect
of shift work on body mass index and metabolic parameters. Scand J
Work Environ Health. 2007;33(1):45-50.

Buchvold HV, Pallesen S, @yane NMF, Bjorvatn B. Associations between
night work and BM|, alcohol, smoking, caffeine and exercise—a cross-
sectional study. BMC Public Health. 2015;15 (1). http://www.biomedcent
ral.com/1471-2458/15/1112.

. Van Drongelen A, Boot CRL, Merkus SL, Smid T, van der Beek AJ. The

effects of shift work on body weight change—a systematic review of
longitudinal studies. Scand J Work Environ Health. 2011;37(4):263-75.
Griep RH, Bastos LS, Fonseca MJ, Silva-Costa A, Portela LF, Toivanen S, et al.
Years worked at night and body mass index among registered nurses
from eighteen public hospitals in Rio de Janeiro, Brazil. BMC Health Serv
Res. 2014;14(1):603-10.

Sun M, Feng F, Li P, Li M, Tse G, Vlaanderen J, et al. Meta-analysis on shift
work and risks on specific obesity types. Obes Rev. 2017;1:1. https://doi.
0rg/10.1111/0br.12621/pdf.

Ko SB. Night shift work, sleep quality, and obesity. J Lifestyle Med.
2013;3(2):110.

31. Crispim CA, Zalcman |, Dattilo M, Padilha HG, Tufik S, de Mello MT. Rela-
tion between sleep and obesity: a literature review. Arq Bras Endocrinol
Metabol. 2007;51(7):1041-9.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1159/000262524
http://www.biomedcentral.com/1471-2458/15/1112
http://www.biomedcentral.com/1471-2458/15/1112
https://doi.org/10.1111/obr.12621/pdf
https://doi.org/10.1111/obr.12621/pdf

	Night shift work, short sleep and obesity
	Abstract 
	Background: 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Physical activity
	Quality of life
	Chronotype and quality of sleep
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References




