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Abstract: (1) Background: Working night shifts has been associated with altered circadian rhythms,
lifestyle habits, and cardiometabolic risks. No information on the potential association of working
shift and the presence of atherosclerosis is available. The aim of this study was to quantify the
association between different work shifts and the presence of subclinical atherosclerosis objectively
measured by imaging. (2) Methods: Analyses were conducted on the baseline data of the Aragon
Workers Health Study (AWHS) cohort, including information on 2459 middle-aged men. Categories
of shift work included central day shift, rotating morning-evening or morning-evening-night shift,
and night shift. The presence of atherosclerotic plaques was assessed by 2D ultrasound in the
carotid and femoral vascular territories. Multivariable logistic models and mediation analysis
were conducted to characterize and quantify the association between study variables. (3) Results:
Participants working night or rotating shifts presented an overall worse cardiometabolic risk profile,
as well as more detrimental lifestyle habits. Workers in the most intense (morning-evening-night)
rotating shift presented higher odds of subclinical atherosclerosis (odds ratio: 1.6; 95% confidence
interval: 1.12 to 2.27) compared to workers in the central shift, independently of the presence of
lifestyle and metabolic risk factors. A considerable (21%) proportion of this association was found to
be mediated by smoking, indicating that altered sleep-wake cycles have a direct relationship with the
early presence of atherosclerotic lesions. (4) Conclusions: Work shifts should be factored in during
workers health examinations, and when developing effective workplace wellness programs.
Keywords: work shift; lifestyle habits; subclinical atherosclerosis; cardiovascular disease
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1. Introduction
Lifestyle factors, such as unhealthy eating, excess weight, alcohol consumption, smoking, physical inactivity, and increased stress, have been shown to influence the risk of
cardiovascular diseases (CVD) [1]. Other lifestyle factors, such as those related to the
disruption of circadian rhythms, although less studied, have also been proposed to impact
CVD onset [2]. The sleep-wake cycle, for instance, plays a key role in the regulation of a
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number of daily physiological activities [3], including eating behaviors [4], peripheral tissue
metabolism [5], energy expenditure, body weight regulation [6], and glucose and lipid
metabolism [7]. Severe disruption of the sleep-wake cycle, when forcing meal schedules
varying more than 12 hours, has been found to negatively impact CVD risk markers such
as blood pressure, and postprandial glucose and insulin levels [8].
Work-related factors such as night or rotating shifts severely impact the circadian
rhythm [9], resulting in physiological, behavioral, and psychosocial consequences, known
as circadian stress [10]. Shift work can increase the risk of CVD by the influence of the
three inter-related stress factors that conform with circadian stress. Physiological stress
may result in several biological mechanisms related to inflammation or lipid and glucose
metabolism; behavioral stress may impact diet and associated weight gain, smoking, diet
quality and physical activity; and psychosocial stress may be related to decreased work-life
balance or poor recovery following work. The misalignment between the physiological
circadian cycle and working schedules is linked to higher risks of obesity, diabetes, and
CVD, among other risk factors [8,11–14].
Lifestyle-related CVD risk factors, including high BMI, unbalanced diet, smoking,
and physical inactivity, probably increased by the influence of circadian stress, have also
been described to occur with relation to shift work [15–19]. Since altered circadian rhythms
can alter lipid metabolism regulation, shift work may impact the development of early
presence of atherosclerotic lesions, known as subclinical atherosclerosis.
The measure of subclinical atherosclerosis in several body locations, such as carotid,
femoral and coronary arteries, allows one to find evidence of vascular disease before it
causes symptoms [20]. In concrete, the presence of femoral plaques has been demonstrated
as a strong marker of coronary lesions, being the most prevalent subclinical atherosclerotic
alteration with the strongest association with traditional CVD risk factors [20,21].
Although the relationship between the type of shift work and a higher risk of CVD has
been previously described, to our knowledge, no previous study has examined the association between the type of shift work and lifestyle factors with the presence of atherosclerotic
plaque examined in the subclinical stage by imaging techniques. The aim of this study was
to examine this possible association and to understand the influence that lifestyle aspects
and traditional metabolic CVD risk factors may play in modulating this relationship.
2. Materials and Methods
2.1. Study Design, Setting, and Participants
The Aragon Worker’s Health Study (AHWS) is a prospective cohort aiming to investigate the determinants of the development and progression of metabolic abnormalities
and subclinical atherosclerosis in 5678 apparently healthy middle-aged workers recruited
between 2009 and 2012 [22]. From 2011 to 2014, participants aged 39–59 years (95.0% men)
underwent subclinical atherosclerosis imaging and an interview with questionnaires on
diet, behavior and lifestyle factors. The present study was carried out on baseline data
collected from 2702 participants. Because of the small representation in this population,
female workers (n = 132) were excluded from the analysis, along with participants with
missing information on working shift (n = 35) or on the presence of atherosclerosis in bilateral carotid and femoral vascular territories (n = 76). The final sample included complete
data of 2459 participants. The study was approved by the central ethics committee of
Aragón (CEICA), and all study participants provided written informed consent.
2.2. Definition of Working Shifts
The distribution of working shifts at the car assembly factory are designed to allow
for continuous manufacturing, and includes two fixed shifts (central 08:00–16:00, and night
22:00–06:00) and two rotating shifts (morning-evening (M-E) 06:00–14:00 and 14:00–22:00,
and morning-evening-night (M-E-N) 06:00–14:00, 14:00–22:00 and 22:00–06:00). Workers
on rotating shifts usually change shifts weekly.
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2.3. Atherosclerosis Imaging
The technical details of vascular imaging acquisition have been previously described
in detail [22]. In brief, the presence of plaque in the carotid and femoral vascular territories,
was assessed with a Philips IU22 ultrasound system (Philips Healthcare, Bothell, Washington). Ultrasound images were acquired with linear high-frequency two-dimensional
probes (Philips Transducer L9–3; Philips Healthcare) using the Bioimage Study protocol
for the carotid arteries [23] and a specifically designed protocol for the femoral arteries [24].
Inspection sweeps were obtained at right and left sides for the carotid (common, internal
and bulb) and femoral territories. Plaque was defined as a focal structure that protrudes
into the lumen at least 0.5 mm or is >50% thicker than the surrounding intima-media
thickness [21,25]. All measurements were analyzed using electrocardiogram gated frames
corresponding to end-diastole (R-wave) [26]. For this study, the presence of subclinical
atherosclerosis was defined as the detection of at least one plaque in any of the vascular
territories examined.
2.4. Sociodemographic, Clinical, and Biochemical Characteristics
Data on sociodemographic variables were self-reported and included age, educational
level (elementary school, secondary school, college degree, or other higher education
degree), civil status (married, single/divorced, widowed, or other), number of family
members, and type of work (manual labor or sedentary).
Clinical and laboratory data were obtained in the annual medical examination performed in the factory and included BMI, waist circumference, blood pressure, medical
history, and the current use of medication. Blood and urine were collected after at least
8 h of overnight fasting. Glucose, total cholesterol, high-density lipoprotein cholesterol
(HDL-c), and triglyceride concentrations were determined by enzyme analysis using
the ILAB 650 analyzer from Instrumentation Laboratory. Insulin was determined using the Access ultrasensitive chemiluminescence immunoassay from Beckman Coulter.
Glycated hemoglobin (HbA1c) was determined by cation exchange chromatography on
a reverse-phase column using the ADAMS A1c HA-810 analyzer from Arkray Factory.
Low-density lipoprotein cholesterol (LDL-c) concentrations were calculated using the
Friedewald formula when the triglyceride levels were <400 mg/dL [27]. Hypertension was
determined as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg,
or self-reported use of antihypertensive medication [28]. Diabetes was determined as
fasting glucose ≥126 mg/dl or self-reported treatment with hypoglycemic medication [28].
Dyslipidemia was defined as having total cholesterol ≥240 mg/dl, LDL-c ≥160 mg/dl,
HDL-c <40mg/dl, or self-reported use of lipid-lowering drugs [29]. Abdominal obesity was
determined as a waist circumference of ≥102 cm. The estimation of 10-year Framingham
risk score (FRS), which predicts the participant’s risk of presenting with a coronary event
in the next 10 years, was calculated based on sex, age, total cholesterol, HDL-c, systolic
blood pressure, presence of diabetes, and smoking status, classified as FRS ≤ 10 (low risk),
10 < FRS ≤ 20 (intermediate risk), and FRS > 20 (high risk) [29].
2.5. Lifestyle-Related CVD Risk Factors
Information on diet was retrieved by trained interviewers using a 136-item semiquantitative food frequency questionnaire (FFQ) validated in Spain [30]. Dietary quality
was assessed by computing the Alternative MEDiterranean (aMED) score, that considers
the intake of total vegetables excluding potatoes, total fruit, nuts, legumes, fish, whole
grains, MUFA to SFA ratio, alcohol, and red and processed meat [31]. The aMED score
ranged from 0 to 9, respectively, indicating the lowest and highest adherence to a Mediterranean dietary pattern. Information on leisure-time physical activity was self-reported
using questionnaires validated in Spain [32]. The participants were asked about the average
weekly time spent on 17 different types of physical activity, which was later multiplied
by its energy expenditure, expressed in metabolic equivalent transfer (MET) units [33],
and added using all activities reported to yield a value of estimation of the total level of
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physical activity per week (MET-h/week). Sedentary time was defined as the average
number of sitting times, considering both working and leisure time in a typical working
day. Sleep duration was calculated from self-reported hours of sleep during the week.
For participants in the rotational shifts, an average sleep duration was calculated from
the different types of weeks. Smoking habits were categorized as current smoking if the
participant reported having smoked in the last year, former smoking if the participant had
smoked at least 50 cigarettes in his lifetime, but not in the last year, and never smoking.
Ever smoking (current and former) versus never smoking was studied in the main analysis.
Smoking was quantified with a self-reported number of cigarettes per day.
2.6. Statistical Analysis
For descriptive purposes, counts, frequencies, means, and standard deviations were
used. Differences across working shifts were assessed using Chi-square for categorical
variables or ANOVA for continuous variables, and Bonferroni or Fisher post-hoc tests,
respectively. To quantify the association between working shift and the presence of subclinical atherosclerosis, we used multivariable logistic regression models. Associations were
reported as odds ratios (OR) and corresponding 95% confidence intervals from adjusted
models. Progressive model adjustment was informed from descriptive results according
to working shift. We fit an age-adjusted model (model 1) and a multivariable (model 2)
model additionally including socioeconomic (education level) and lifestyle-related variables (smoking status, sleeping hours (in categories), sitting time (in hours), aMED score,
and consumption of coffee) and a final multivariable model (model 3) excluding identified
mediators from variables introduced in model 2. The central shift was used as a reference
group as it was considered a standard working schedule. All analyses were performed
using R version 3.6.2.
2.7. Mediation Analysis
A mediation analysis was conducted to explore the potential metabolic risk factors as
intermediate mechanisms to explain the association between shift work and the presence of
atherosclerosis and confirm whether lifestyle factors act as confounders or mediators in the
association. Mediation was investigated using effect decomposition within a counterfactual
framework [34]. This framework enables one to decompose the total effect into an indirect
effect through the hypothesized intermediate variables (mediators) and the remaining
direct effect. Natural direct effects, natural indirect effects and total effects were estimated
using the R package ‘medflex’ [35] built upon the class of natural effect models (NEM) based
on a counterfactual approach, as introduced by Lange et al. [36] and Vansterlandt et al. [37].
For the counterfactual, we duplicated each observation in the original dataset four times
and created an artificial exposure, i.e., work shift*, which is equal to the original work
shift for the first replication and equal to the other work shifts for the second, third and
fourth replications. In this duplicated dataset, the presence of subclinical atherosclerosis
was imputed using multivariate models fitted to the original dataset, as specified in the
statistical analysis with the additional inclusion of the mediator under study. Subsequently,
the NEM was fitted to the extended data excluding the mediator under study but including
the additional variable work shift*. The work shift coefficient represents the natural indirect
log-odds ratio, and the coefficient of work shift* represents the natural direct log-odds
ratio. Results were expressed as exponentiated coefficients (OR), and 95% and confidence
intervals. Because of multiple comparisons in these mediation analyses, a Bonferroniadjusted p-value < 0.01 was considered to be statistically significant.
3. Results
Participants in the AWHS cohort are factory workers, mostly middle-aged men
(Table 1).
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Table 1. Demographics, lifestyle- and job-related characteristics of the AWHS participants according to work shift.
Total
(n = 2459)

Central
(n = 207)

Rotating M-E
(n = 1493)

Rotating
M-E-N
(n = 499)

Night
(n = 260)

p-Value

Age, years

50.9 ± 3.93

51.4 ± 4.15

50.6 ± 3.94

51.0 ± 3.82

51.8 ± 3.62

<0.001

Time in the company, years

33.2 ± 4.67

31.3 ± 8.84

33.0 ± 4.12

34.0 ± 3.95

34.2 ± 33.2

<0.001

Educational level
Elementary school, n (%)
Secondary school, n (%)
College degree, n (%)
Other, n (%)

1232 (50)
1073 (44)
134 (5)
20 (1)

32 (15)
88 (43)
87 (42)
0 (0)

914 (61)
537 (36)
30 (2)
12 (1)

138 (28)
343 (69)
13 (3)
5 (1)

148 (57)
105 (40)
4 (2)
3 (1)

<0.001

Civil status
Married, n (%)
Single/divorced, n (%)
Widower, n (%)
Other, n (%)

2071 (84)
351 (14)
17 (1)
20 (1)

179 (86)
25 (12)
0 (0)
3 (1)

1235 (83)
236 (16)
11 (1)
11 (1)

429 (86)
62 (12)
4 (1)
4 (1)

228 (88)
28 (11)
2 (1)
2 (1)

Number of family members
1-2, n (%)
3-4, n (%)
5 or more, n (%)
Missing, n (%)

518 (21)
1,831 (74)
108 (4)
2 (0.08)

44 (21)
151 (73)
12 (6)
0 (0)

309 (21)
1,118 (74)
65 (4)
1 (0.07)

115 (23)
361 (72)
22 (4)
1 (0.2)

50 (19)
201 (77)
9 (3)
0 (0)

Type of work
Factory, manual labor; n (%)
Office, sedentary, n (%)

2165 (88)
294 (12)

48 (23)
159 (77)

1437 (96)
56 (4)

430 (86)
69 (14)

250 (96)
10 (4)

0.319

0.657

<0.001

Physical activity
Physical activity,
METS-h/week
Sitting time, h/day
Missing, n (%)
TV time, h/day

32.2 ± 22.9

31.5 ± 20.8

32.0 ± 22.8

33.4 ± 23.9

31.4 ± 23.7

0.560

6.47 ± 1.69
20 (0.8)
3.59 ± 2.36

7.50 ± 1.31
2 (1.0)
3.35 ± 2.32

6.30 ± 1.72
11 (0.7)
3.56 ± 2.35

6.44 ± 1.61
4 (0.8)
3.67 ± 2.42

6.63 ± 1.65
3 (1.2)
3.84 ± 2.39

<0.001

Sleep time
Less or equal to 5 h/day, n (%)
6 h/day, n (%)
7 h/day, n (%)
More or equal to 8 h/day, n (%)
Missing, n (%)

154 (6)
845 (34)
1112 (45)
343 (14)
5 (0.2)

7 (3)
52 (25)
116 (56)
32 (15)
-

95 (6)
508 (34)
679 (45)
211 (14)
-

37 (7)
182 (36)
218 (44)
62 (12)
-

15 (6)
103 (40)
99 (38)
38 (15)
5 (1.9)

Smoking status
Non-smokers, n (%)
Former smokers, n (%)
Active smokers, n (%)

565 (23)
1032 (42)
862 (35)

72 (35)
88 (43)
47 (23)

326 (22)
596 (40)
571 (38)

119 (24)
240 (48)
140 (28)

48 (18)
108 (42)
104 (40)

Diet
Total energy, Kcal/d
aMED score
Missing, n (%)

2910 ± 741
4.07 ± 1.74
5 (0.2)

2590 ± 617
4.56 ± 1.81
-

2960 ± 745
3.93 ±1.73
4 (0.3)

2940 ± 742
4.31 ± 1.73
-

2850 ± 741
3.95 ±1.67
1 (0.4)

0.124
0.010

<0.001

<0.001
<0.001

Data are presented as n (%) or mean ± SD; Central—Central-day shift; M-E—morning/evening rotation shift; M-E-N—
morning/evening/night rotation shift; Night—night shift; METs—Metabolic Equivalent of Tasks; aMED—alternative Mediterranean diet
index; MUFA—mono-unsaturated fatty acids; SFA—saturated fatty acids, p-value obtained using ANOVA for continuous variables and
Chi-square for categorical variables.

Because of the factory continuous-operation mode, the majority of the participants
worked in rotating shifts (81%), with the M-E modality being the most common shift (61%),
and the rest being evenly distributed in the fixed shifts central and night (8.5% and 10%,
respectively). Workers in the AWHS cohort are characterized by high employee retention
with an average time in the company of 33.2 years (Table 1), with slightly higher times
among rotating M-E-N and night shift workers compared to central (p < 0.001), or rotating
M-E (p = 0.001).The central shift included the highest proportion of workers with a college
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degree (42%) and mostly comprised office staff (77%), as this shift represents standard
working hours and administrative operations. These figures contrasted significantly with
the night and rotating shifts where most of the workers had elementary school education
and belonged almost entirely to the manual labor workforce. In line with the nature of the
work type, central shift workers reported spending approximately 1 h more of sitting time,
although the overall level of physical activity and TV hours did not differ between groups.
Sleeping time was generally less among rotating shifts, and particularly among night shift
workers. Active or former smokers were more frequent among the night shift workers.
Dietary habits were notably different among central shift workers, scoring the highest on
aMED and presenting overall lower caloric intakes, and lower consumption of unhealthy
items such as processed red meat, trans fats, sodium, sugary drinks, and coffee (Table S1).
The prevalence of CVD risk factors associated with atherosclerosis varied greatly
between shifts (Table 2). Although there were no notable differences in the prevalence
of hypertension, dyslipidemia or diabetes, there were differences in the mean values of
blood pressure and markers of glucose metabolism unfavorable to both rotating and night
shifts. Similarly, glycemic markers and plasma lipid fractions seem to be worse overall for
the rotating shifts. The most noticeable difference between shifts corresponds to obesity.
Abdominal and BMI-based obesity rates are much larger in the rotating M-E-N and night
shifts, with approximately 85% of the workers with excess weight. Workers on both rotating
and night shifts presented worse Framingham Risk scores (FRS) with larger fractions of
people in the higher levels of risk belonging to rotating M-E (33%), rotating M-E-N (35%)
or night (40%) staff, when compared with the central (28%) shift.
Table 2. Cardiovascular risk factor of AWHS population by working shift.
Total
(n = 2459)

Central
(n = 207)

Rotating M-E
(n = 1493)

Rotating
M-E-N
(n = 499)

Night
(n = 260)

p-Value

Family history CVD

31 (1)

2 (1)

20 (1)

6 (1)

3 (1)

0.968

Hypertension, n (%)
SBP, mmHg
DBP, mmHg

697 (28)
125 ± 14.1
82.6 ± 9.47

56 (27)
123 ± 12.5
81.7 ± 9.01

407 (27)
126 ± 14.3
82.6 ± 9.63

148 (30)
125 ± 14.2
83.2 ± 9.29

86 (33)
127 ± 13.8
82.6 ± 9.21

0.228
0.008
0.282

Diabetes, n (%)
Glucose, mg/dL
Insulin, uU/mL
Missing, n (%)
HbA1c, %
Missing, n (%)

145 (6)
98.0 ± 17.7
7.96 ± 5.89
1101 (44.8)
5.56 ± 0.56
1003 (40.8)

10 (5)
103 ± 15.2
7.34 ± 5.59
80 (38.6)
5.44 ± 0.57
78 (37.7)

87 (6)
98.8 ± 16.0
7.93 ± 5.90
682 (45.7)
5.55 ± 0.46
604 (40.5)

32 (6)
98.1 ± 18.9
8.77 ± 6.17
203 (40.7)
5.61 ± 0.70
189 (37.9)

16 (6)
89.3 ± 22.6
6.87 ± 4.45
136 (52.3)
5.59 ± 0.75
132 (50.8)

0.871
<0.001
0.010

Dyslipidemia, n (%)
Total cholesterol, mg/dL
HDL-c, mg/dL
LDL-c, mg/dL
Triglycerides, mg/dL

404 (16)
220 ± 36.4
52.9 ± 11.4
137 ± 32.9
153 ± 102

40 (19)
216 ± 36.5
53.9 ± 11.5
135 ± 34.5
135 ± 91.6

236 (16)
220 ± 36.5
52.9 ± 11.3
136 ± 33.2
153 ± 105

73 (15)
219 ± 33.2
51.9 ± 11.4
136 ± 29.6
158 ± 92.2

55 (21)
225 ± 41.0
54.1 ± 11.8
140 ± 35.3
152 ± 107

0.069
0.074
0.039
0.282
0.048

Waist circumference (cm)
Missing, n (%)

97.9 ± 9.25
57 (2.3)

96.8 ± 8.76
5 (2.4)

97.3 ± 9.17
36 (2.4)

99.3 ± 9.33
10 (2.0)

100 ± 9.36
6 (2.3)

<0.001

BMI (kg/m2 )
Missing, n (%)

27.9 ± 3.43
6 (0.2)

27.2 ± 3.17
-

27.6 ± 3.42
3 (0.2)

28.5 ± 3.40
2 (0.4)

28.4 ± 3.52
1 (0.4)

<0.001

BMI categories
Normo-weight (BMI < 25), n (%)
Overweight (BMI 25-30), n (%)
Obese (BMI > 30), n (%)
Missing, n (%)

478 (19)
1400 (57)
575 (23)
6 (0.2)

43 (21)
130 (63)
34 (16)
-

330 (22)
849 (57)
311 (21)
3 (0.2)

65 (13)
275 (55)
157 (31)
2 (0.4)

40 (15)
146 (56)
73 (28)
1 (0.4)

Central Obesity, n (%)

778 (32)

57 (28)

421 (28)

195 (39)

105 (40)

<0.001

Framingham Risk Score

0.18 ± 0.10

0.16 ± 0.10

0.18 ± 0.10

0.18 ± 0.11

0.19 ± 0.10

0.004

0.025

<0.001
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Table 2. Cont.

Framingham Risk Score categories
Low (score < 10), n (%)
Intermediate (score 10-20), n (%)
High (score > 20), n (%)

Total
(n = 2459)

Central
(n = 207)

Rotating M-E
(n = 1493)

Rotating
M-E-N
(n = 499)

Night
(n = 260)

555 (23)
1080 (44)
824 (34)

60 (29)
90 (43)
57 (28)

336 (23)
668 (45)
489 (33)

118 (24)
208 (42)
173 (35)

41 (16)
114 (44)
105 (40)

p-Value
0.011

Data are presented as n (%) or mean ± SD; Central—Central-day shift; M-E—morning/evening rotation shift; M-E-N—
morning/evening/night rotation shift; Night—night shift; SBP—systolic blood pressure; DBP—diastolic blood pressure; HbA1c—glycated
hemoglobin; BMI—Body mass index; LDL—Low density lipoprotein; HDL—High density lipoprotein; p-value obtained using ANOVA for
continuous variables and Chi-square for categorical variables.

The prevalence of subclinical atherosclerosis, defined as at least one plaque in either
carotids or femoral territories, was high overall among participants (64%). However, it
was more frequently observed among night shift workers (69%), rotating M-E-N (66%),
and rotating M-E (64%), than central shift workers (56%) (Table 3). In age-adjusted models (model 1), working in any shift other than the central shift was associated with a
higher prevalence of plaque with similar odds across the three groups. However, in the
multivariable-adjusted model correcting for potential confounders identified in the descriptive tables (Model 2), only working in the rotating M-E-N shift remained associated with
higher odds of atherosclerosis (OR 1.46 95%; CI: 1.02, 20.9). Confounding variables were selected based on their association with shift work and their association with atherosclerosis
risk in the present study and not considered as an intermediate in the pathway between
shift work and atherosclerosis risk. However, the latter might be questioned especially
for lifestyle-related factors; therefore, variables thought to potentially be in the causal
pathway of the association between shift work and the presence of atherosclerosis were
tested in mediation analyses. For the rotating M-E-N shift, smoking was observed to lay in
the pathway of the association, explaining almost 23% of the association through indirect
effects (Table 4). Plasma glucose was also observed to behave as a mediator, although the
effect was small. Once mediators were excluded from the model (Model 3), the estimate of
the association between working in the rotating M-E-N and the presence of atherosclerosis
increased significantly (OR 1.60, 95%; CI: 1.12, 2.27).
Table 3. Odds of subclinical atherosclerosis (presence of plaque in the femoral or carotid territories) by work shift in the
AWHS population.
Model b
Atherosclerosis, n (%) a
1
2
3

Central
n = 207 (%)

Rotating M-E
n = 1493 (%)

Rotating M-E-N
n = 499 (%)

Night
n = 260 (%)

117 (56%)
1 (ref)
1 (ref)
1 (ref)

959 (64%)
1.53 ** [1.13,2.07]
1.20 [0.86,1.68]
-

333 (66%)
1.63 ** [1.16,2.29]
1.46 * [1.02,2.09]
1.60 ** [1.12,2.27]

180 (69%)
1.68 ** [1.14,2.48]
1.23 [0.81,1.87]
-

Exponentiated coefficient (Odds Ratios (OR) and 95% confidence intervals in brackets), * p < 0.05, ** p < 0.01; a Defined as the presence of at
least 1 plaque in either femorals or carotids. b Progressive model adjustment consisted of Model 1 adjusted for participant’s age; Model 2
further adjusted for socio-economic confounders, i.e., educational level; and lifestyle-related confounders, i.e., smoking status, sitting time,
sleep duration, adherence to Mediterranean diet and coffee intake; Model 3 removing the adjustment for smoking, as it was identified as
potential mediators in the pathway of rotating M-E-N shift and atherosclerosis (see Table 4, and Supplementary Tables S2 and S3). 2429
observations used (98.8%).

Albeit no association was observed between working in the night shift or the rotating
M-E (Table 3), mediation analyses were also carried out to identify any interaction with
other variables. No other explanatory associations were observed (Tables S2 and S3).
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Table 4. Estimation of the mediation effect of lifestyle and biological risk factors in the association between work shift (Morning-Evening-Night versus central shift) and the presence of
subclinical atherosclerosis.
Mediator
Lifestyle risks
Smoking
Sleep
Sitting
Mediterranean diet
Coffee
Metabolic risks
SBP
HbA1c
BMI
Waist
HDL cholesterol
Triglycerides
Framingham Risk Score

Natural Direct Effect b

Model a

Natural Indirect Effect b

Total Effect b

% Mediated b

OR

95%CI

p-Value

OR

95%CI

p-Value

OR

95%CI

p-Value

2
2
2
2
2

1.43
1.46
1.46
1.46
1.46

[1.01; 2.03]
[1.01; 2.10]
[1.01; 2.10]
[1.01; 2.10]
[1.01; 2.10]

0.042
0.042
0.042
0.042
0.042

1.11
1.03
0.96
1.02
1.00

[1.03; 1.20]
[1.00; 1.06]
[0.90; 1.02]
[0.99; 1.05]
[0.98; 1.02]

0.005
0.076
0.163
0.128
0.951

1.60
1.50
1.40
1.49
1.46

[1.12; 2.28]
[1.04; 2.15]
[0.97; 2.01]
[1.03; 2.14]
[1.01; 2.10]

0.010
0.028
0.069
0.032
0.043

22.9
-

2
3
2
3
2
3
2
3
2
3
2
3
2
3

1.39
1.53
1.33
1.44
1.45
1.60
1.46
1.62
1.42
1.53
1.42
1.54
1.37
1.38

[0.96; 2.00]
[1.07; 2.18]
[0.87; 2.05]
[0.94; 2.21]
[1.00; 2.09]
[1.12; 2.29]
[1.01; 2.12]
[1.12; 2.32]
[0.99; 2.04]
[1.08; 2.19]
[0.99; 2.05]
[1.08; 2.19]
[0.95; 1.96]
[0.97; 1.96]

0.078
0.019
0.192
0.094
0.049
0.010
0.047
0.010
0.060
0.018
0.058
0.018
0.090
0.070

1.05
1.05
1.06
1.07
1.02
1.00
1.03
1.03
1.03
1.04
1.03
1.04
1.07
1.16

[1.00; 1.10]
[1.00; 1.09]
[0.99; 1.13]
[1.00; 1.15]
[0.98; 1.06]
[0.96; 1.04]
[1.00; 1.06]
[0.99; 1.06]
[1.00; 1.06]
[1.00; 1.08]
[1.00; 1.05]
[1.01; 1.08]
[1.01; 1.13]
[1.07; 1.25]

0.036
0.039
0.087
0.046
0.458
0.956
0.076
0.105
0.069
0.036
0.047
0.018
0.021
<0.001

1.46
1.60
1.41
1.55
1.47
1.60
1.50
1.66
1.46
1.60
1.46
1.60
1.46
1.60

[1.01; 2.11]
[1.12; 2.28]
[0.92; 2.16]
[1.02; 2.35]
[1.02; 2.11]
[1.13; 2.29]
[1.04; 2.18]
[1.16; 2.38]
[1.01; 2.10]
[1.12; 2.28]
[1.01; 2.10]
[1.12; 2.28]
[1.01; 2.10]
[1.12; 2.28]

0.043
0.010
0.112
0.042
0.040
0.009
0.032
0.006
0.042
0.010
0.042
0.010
0.042
0.010

9.8
8.5
8.5
-

Exponentiated coefficient (Odds Ratios (OR) and 95% confidence intervals in brackets). Because of multiple comparisons, Bonferroni-adjusted p-values below or equal to 0.01 for lifestyle risks, and below or equal
to 0.003 for metabolic factors, were considered to be statistically significant. a Model 2 adjusted for age, participant’s educational level, and lifestyle-related confounding variables, except the lifestyle-related
variable under study. Model 3 removed the adjustment for smoking, as it was identified as a potential mediator in the pathway of work shift and atherosclerosis. b Estimations of the natural direct, indirect and
total effects for rotating Morning-Evening-Night versus central shift.
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4. Discussion
This is the first study to examine the potential association between working shifts
and the presence of atherosclerotic plaque in asymptomatic individuals. In this sample of
Spanish men workers without prior history of CVD, we observed that an intense rotating
shift (M-E-N) was associated with higher odds of atherosclerosis. This association was
independent of metabolic risk factors but was explained partly by lifestyle-related variables
such as smoking.
Previous analyses by Rizza et al. [14] on a group of 88 rotating-night shift workers,
and 35 former-night shift workers, revealed significantly higher levels of inflammatory,
cardiometabolic risk markers, and carotid intima media thickness (cIMT), in comparison
with a group of 64 day-only workers. In multivariable models, the association between
rotating night-shift and cIMT was also significant [14]. Our results are in agreement with
the association between rotational shifts and markers of atherosclerosis, even adding
evidence of the association with the presence of plaque. Carotid plaque measurement has
been shown to improve significantly the risk prediction of major cardiovascular events [38],
and the accuracy for the diagnosis of coronary artery disease, when compared with the
cIMT measurement [26].
Frequent changes in schedules, and disruption of wake sleep cycles, may also lead
to further neurohormonal and metabolic dysregulations such as inflammation, impaired
glucose tolerance, and elevated mean arterial blood pressure levels [8,14], which in turn is
associated with increased risk of type 2 diabetes, metabolic syndrome, and coronary heart
disease [11,13,39]. Metabolic disturbances could be caused by alterations of melatonin,
leptin, or cortisol secretion. These molecules are regulated by the circadian system, where
their secretion is altered by light in the night, so that a night shift could inhibit or overstimulate their secretion. They are in charge of several processes, such as sleep/wake
rhythm, blood pressure regulation, appetite suppression, speed of metabolism, fat, protein
or carbohydrate metabolism, among others [17,40]. Due to the wide variety of processes in
which these molecules are involved, it is not surprising that several health problems can be
associated with the disruption of these rhythms in humans [12,41].
Our study suggests that a disruption of wake-sleep cycles may also involve altered
lifestyle behaviors. Intense rotating shifts involving frequent schedule adjustments may
hinder the adherence to healthy habits. In our study for instance, smoking was identified
as a mediator in the association. Active or former smokers were more frequent among
night shift workers when compared to rotating M-E-N (p = 0.004), or central shift (p < 0.001)
workers. These results are in concordance with previous studies that describe higher
odds of being a current smoker among ever night shift workers [18]. The dysregulation
of circadian rhythm, which can increase the circadian stress and in turn result in sleep
disorders, digestive problems or decreased function and concentration [42], can be the
cause of maintained smoking use to release stress. Indeed, fixed overnight work has
been described as likely to negatively affect smoking cessation compared to other work
schedules [43].
Our study also highlighted the influence of shift work on dietary habits. Diet quality
was better among central shift workers compared to rotating M-E (p < 0.001), and night
shifts (p = 0.001). Central shift workers had a higher adherence to a Mediterranean diet
and maintained a healthier dietary pattern than rotating and night shifts. Rotating and
night shifts had higher energy intakes and greater intakes of trans fats, salt, and soft drinks,
compared to central shifts. These results are in line with other cross-sectional studies
that associated habitual disruption of the circadian system with higher consumption
of soft drinks and coffee, and lower consumption of vegetables and whole grains, and
lower overall adherence to a healthy diet [18,19,44–47]. Several studies have shown that
work shifts, specifically night shift work, affect eating habits and food choices, leading to
unhealthy eating patterns. These suboptimal dietary patterns could be the cause of above
85% of participants in rotating or night shifts having excess weight, resulting in larger
abdominal and BMI-based obesity rates, as have been previously described [17,18,48].
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In addition to an unhealthier dietary profile, we expected to observe that night and
rotating shifts are associated with other unhealthy lifestyle behaviors such as higher alcohol
intake and physical inactivity, as was previously described [49–51]. However, we did not
observe any significant difference in alcohol intake or physical inactivity between working
shifts in our study. Low levels of physical activity have been previously reported in shift
workers from several countries, suggesting that inactivity among shift workers may not
be related to sociocultural backgrounds but associated to work schedules [52]. Recently,
Cheng and co-workers described that only shift work without night shifts was associated
with physical inactivity among men (OR 1.38, 95%; CI: 1.09–1.74); on the contrary, workers
often working night shifts had a lower risk of physical inactivity [15]. Moreover, Loef
and co-workers have shown that leisure time and occupational physical activity levels are
similar among shift workers and non-shift workers [53]. Notwithstanding, it is widely
accepted that demanding work schedules, circadian rhythm disruption and reduced time
availability for physical activity may explain the possible physical inactivity associated
with shift workers. In our study, and because of the office-type work performed by the
central shift workers, we observed a negative association between working shift and sitting
time with central workers spending more time sitting than workers in the other shifts
(p < 0.001 for all). Rotating and night shift workers were more likely to be involved in the
manual labor work, which required less sitting time. Sleeping time reported by central shift
workers was different (p < 0.001) than sleeping time for rotating or night shift, with central
workers reporting more hours of sleep than workers in the other shifts (p < 0.05 for all).
No differences between rotating shifts (p = 0.501), or night and rotating M-E (p = 0.182) or
night and rotating M-E-N (p = 0.395) were observed indicating a clear distinction between
central and non-central worker’s sleeping time.
The present study examined the mediating role of lifestyle-related factors and biological risk factors in the association between shift work and atherosclerosis risk. The
mediating factors were selected based on their association with exposure and outcome
and supported by literature suggesting that the circadian disruption due to shift work
affects lifestyle and biological risk factors [10]. The lifestyle-related factors were treated
as confounding variables in our most adjusted model. However, they should also be
considered as a mediator. This can be illustrated by the lifestyle variable smoking status,
since having a smoking history is more prevalent among rotating shift workers (confounding) [54], but smoking can also be a way to cope with the feeling of sleepiness and stress
(mediator) [55–57]. Likewise, shift workers may, due to their cultural background, select
different foods than day-time workers (confounding), while the consumption of foods
rich in saturated fats and soft drinks was higher when working in shifts (mediator of an
unhealthy diet) [58–60].
Our study has several strengths and limitations worth mentioning. As far as we
are aware, our study is one of the very few assessing the effect of disturbed wake-sleep
routines, lifestyle risk factors and the presence of subclinical atherosclerosis. A major
strength of our study is the possibility of evaluating its effect in middle-aged asymptomatic
populations using an objective measurement of atherosclerosis. An important limitation
is its cross-sectional design and inability to completely exclude residual confounding,
particularly concerning socioeconomic variables, even though multivariable adjustment
was used in the models. Moreover, it cannot be ruled out that, first, there is a possibility
that participants with awareness regarding their health status might have modified their
lifestyle; second, dietary and physical activity measurement errors could also have taken
place. Lastly, the use of pharmacological therapy might influence variables reflecting levels
of metabolic risk factors in some participants.
5. Conclusions
In conclusion, in our population, distinctively worse lifestyle and cardiometabolic risk
factor profiles can be observed for night and rotating work shifts, when compared to central
shift workers. In particular, rotating shifts are associated with higher odds of prevalent
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atherosclerosis. Work shift should be factored in during workers’ health examinations, and
when developing effective workplace wellness programs.
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shift) and the presence of subclinical atherosclerosis.
Author Contributions: Conceptualization, J.L.P., B.M.-F., M.L.-L. and J.M.O.; methodology, J.L.P.,
and B.M.-F.; formal analysis, J.L.P., E.M. and I.U.; data curation, M.L.-L., B.M.-F. and E.J.; writing—
original draft preparation, J.L.P.; writing—review and editing, E.M., A.M.-C., M.L.-L., E.J., M.L.,
J.M.O., J.A.C., I.U. and B.M.-F.; supervision, J.L.P.; funding acquisition, E.J., B.M.-F., M.L., J.A.C. and
M.L.-L. All authors have read and agreed to the published version of the manuscript.
Funding: This study was supported in part by CIBERCV and grants PI18/01929, PI19/00948,
and PI19/00020 from the Instituto de Salud Carlos III (co-supported by the European Regional
Development Fund ‘Investing in your future’). This study was additionally supported by the
Institute of Tropical Medicine, Antwerp.
Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the central Institutional Review Board of Aragón (CEICA)
(PI07/09).
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not public due to ethical reasons.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

12.

World Health Organization (WHO). Global Action Plan for the Prevention and Control of NCDs 2013–2020. Available online:
https://www.who.int/nmh/events/ncd_action_plan/en (accessed on 12 February 2021).
Morris, C.J.; Yang, J.N.; Scheer, F.A. The impact of the circadian timing system on cardiovascular and metabolic function.
Neuroendocrinol. Pathol. Situat. Dis. 2012, 199, 337–358. [CrossRef]
Laposky, A.D.; Bass, J.; Kohsaka, A.; Turek, F.W. Sleep and circadian rhythms: Key components in the regulation of energy
metabolism. FEBS Lett. 2007, 582, 142–151. [CrossRef] [PubMed]
Bechtold, D.A.; Loudon, A.S. Hypothalamic clocks and rhythms in feeding behaviour. Trends Neurosci. 2013, 36,
74–82. [CrossRef] [PubMed]
Sassone-Corsi, P. When Metabolism and Epigenetics Converge. Science 2013, 339, 148–150. [CrossRef] [PubMed]
Summa, K.C.; Turek, F.W. Chronobiology and Obesity: Interactions between Circadian Rhythms and Energy Regulation. Adv.
Nutr. 2014, 5, S312–S319. [CrossRef] [PubMed]
Kalsbeek, A.; La Fleur, S.; Fliers, E. Circadian control of glucose metabolism. Mol. Metab. 2014, 3, 372–383. [CrossRef] [PubMed]
Scheer, F.A.J.L.; Hilton, M.F.; Mantzoros, C.S.; Shea, S.A. Adverse metabolic and cardiovascular consequences of circadian
misalignment. Proc. Natl. Acad. Sci. USA 2009, 106, 4453–4458. [CrossRef]
Rajaratnam, S.M.W.; Howard, M.E.; Grunstein, R.R. Sleep loss and circadian disruption in shift work: Health burden and
management. Med. J. Aust. 2013, 199, S11–S15. [CrossRef]
Puttonen, S.; Härmä, M.; Hublin, C. Shift work and cardiovascular disease-pathways from circadian stress to morbidity. Scand. J.
Work Environ. Health 2010, 36, 96–108. [CrossRef]
Shan, Z.; Li, Y.; Zong, G.; Guo, Y.; Li, J.E.; Manson, J.; Hu, F.B.; Willett, W.C.; Schernhammer, E.S.; Bhupathiraju, S.N. Rotating
night shift work and adherence to unhealthy lifestyle in predicting risk of type 2 diabetes: Results from two large US cohorts of
female nurses. BMJ 2018, 363, k4641. [CrossRef]
Rizza, S.; Pietroiusti, A.; Farcomeni, A.; Mina, G.G.; Caruso, M.; Virgilio, M.; Magrini, A.; Federici, M.; Coppeta, L. Monthly
fluctuations in 25-hydroxy-vitamin D levels in day and rotating night shift hospital workers. J. Endocrinol. Investig. 2020, 43,
1655–1660. [CrossRef] [PubMed]

Nutrients 2021, 13, 1077

13.
14.

15.
16.

17.

18.
19.
20.

21.

22.
23.
24.

25.

26.
27.
28.

29.
30.
31.

32.

33.

34.
35.

12 of 13

Zoto, E.; Cenko, F.; Doci, P.; Rizza, S. Effect of night shift work on risk of diabetes in healthy nurses in Albania. Acta Diabetol.
2019, 56, 811–813. [CrossRef] [PubMed]
Rizza, S.; Longo, S.; Piciucchi, G.; Romanello, D.; Mavilio, M.; Montagna, M.; Coppeta, L.; Martelli, E.; Magrini, A.; Federici, M.
Carotid intimal medial thickness in rotating night shift is related to IL1beta/IL6 axis. Nutr. Metab. Cardiovasc. Dis. 2020, 30,
1826–1832. [CrossRef] [PubMed]
Cheng, W.-J.; Härmä, M.; Ropponen, A.; Karhula, K.; Koskinen, A.; Oksanen, T. Shift work and physical inactivity: Findings from
the Finnish Public Sector Study with objective working hour data. Scand. J. Work Environ. Health 2019, 46, 293–301. [CrossRef]
Kalmbach, D.A.; Fang, Y.; Arnedt, J.T.; Cochran, A.L.; Deldin, P.J.; Kaplin, A.I.; Sen, S. Effects of Sleep, Physical Activity, and
Shift Work on Daily Mood: A Prospective Mobile Monitoring Study of Medical Interns. J. Gen. Intern. Med. 2018, 33, 914–920.
[CrossRef] [PubMed]
Liu, Q.; Shi, J.; Duan, P.; Liu, B.; Li, T.; Wang, C.; Li, H.; Yang, T.; Gan, Y.; Wang, X.; et al. Is shift work associated with a higher
risk of overweight or obesity? A systematic review of observational studies with meta-analysis. Int. J. Epidemiol. 2018, 47,
1956–1971. [CrossRef]
Ramin, C.E.; Devore, E.; Wang, W.; Pierre-Paul, J.; Wegrzyn, L.R.; Schernhammer, E.S. Night shift work at specific age ranges and
chronic disease risk factors. Occup. Environ. Med. 2015, 72, 100–107. [CrossRef]
Samhat, Z.; Attieh, R.; Sacre, Y. Relationship between night shift work, eating habits and BMI among nurses in Lebanon. BMC
Nurs. 2020, 19, 1–6. [CrossRef]
Laclaustra, M.; Casasnovas, J.A.; Fernandez-Ortiz, A.; Fuster, V.; Leon-Latre, M.; Jimenez-Borreguero, L.J.; Pocovi, M.; HurtadoRoca, Y.; Ordovas, J.M.; Jarauta, E.; et al. Femoral and Carotid Subclinical Atherosclerosis Association with Risk Factors and
Coronary Calcium: The AWHS Study. J. Am. Coll. Cardiol. 2016, 67, 1263–1274. [CrossRef]
Fernández-Friera, L.; Peñalvo, J.L.; Fernández-Ortiz, A.; Ibañez, B.; López-Melgar, B.; Laclaustra, M.; Oliva, B.; Mocoroa,
A.; Mendiguren, J.; Martínez de Vega, V.; et al. Prevalence, Vascular Distribution, and Multiterritorial Extent of Subclinical
Atherosclerosis in a Middle-Aged Cohort: The PESA (Progression of Early Subclinical Atherosclerosis) Study. Circulation 2015,
131, 2104–2113. [CrossRef]
Casasnovas, J.A.; Alcaide, V.; Civeira, F.; Guallar, E.; Ibanez, B.; Borreguero, J.J.; Laclaustra, M.; Leon, M.; Penalvo, J.L.; Ordovas,
J.M.; et al. Aragon worker’s health study-design and cohort description. BMC Cardiovasc. Disord. 2012, 12, 45. [CrossRef]
Muntendam, P.; McCall, C.; Sanz, J.; Falk, E.; Fuster, V. The BioImage Study: Novel approaches to risk assessment in the primary
prevention of atherosclerotic cardiovascular disease—Study design and objectives. Am. Heart J. 2010, 160, 49–57. [CrossRef]
Junyent, M.; Gilabert, R.; Zambon, D.; Pocovi, M.; Mallen, M.; Cofan, M.; Nunez, I.; Civeira, F.; Tejedor, D.; Ros, E. Femoral
atherosclerosis in heterozygous familial hypercholesterolemia. influence of the genetic defect. Atheroscler. Suppl. 2008,
9, 32. [CrossRef]
Baber, U.; Mehran, R.; Sartori, S.; Schoos, M.M.; Sillesen, H.; Muntendam, P.; Garcia, M.J.; Gregson, J.; Pocock, S.; Falk, E.; et al.
Prevalence, Impact and Predictive Value of Detecting Subclinical Coronary and Carotid Atherosclerosis in Asymptomatic Adults:
The BioImage Study. J. Am. Coll. Cardiol. 2015, 65, 1065–1074. [CrossRef]
Inaba, Y.; Chen, J.A.; Bergmann, S.R. Carotid plaque, compared with carotid intima-media thickness, more accurately predicts
coronary artery disease events: A meta-analysis. Atherosclerosis 2012, 220, 128–133. [CrossRef]
Friedewald, W.T.; Levy, R.I.; Fredrickson, D.S. Estimation of the Concentration of Low-Density Lipoprotein Cholesterol in Plasma,
without use of the Preparative Ultracentrifuge. Clin. Chem. 1972, 18, 499–502. [CrossRef] [PubMed]
Pearson, T.A.; Palaniappan, L.P.; Artinian, N.T.; Carnethon, M.R.; Criqui, M.H.; Daniels, S.R.; Fonarow, G.C.; Fortmann, S.P.;
Franklin, B.A.; Galloway, J.M.; et al. American Heart Association Council on E, Prevention, American Heart Association Guide
for Improving Cardiovascular Health at the Community Level, 2013 update: A scientific statement for public health practitioners,
healthcare providers, and health policy makers. Circulation 2013, 127, 1730–1753. [PubMed]
James, I. Executive Summary of the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA 2001, 285, 2486–2497.
Martin-Moreno, J.M.; Boyle, P.; Gorgojo, L.; Maisonneuve, P.; Fernandez-Rodriguez, J.C.; Salvini, S.; Willett, W.C. Development
and Validation of a Food Frequency Questionnaire in Spain. Int. J. Epidemiol. 1993, 22, 512–519. [CrossRef]
Fung, T.T.; McCullough, M.L.; Newby, P.K.; Manson, J.E.; Meigs, J.B.; Rifai, N.; Willett, W.C.; Hu, F.B. Diet-quality scores
and plasma concentrations of markers of inflammation and endothelial dysfunction. Am. J. Clin. Nutr. 2005, 82, 163–173.
[CrossRef] [PubMed]
Martínez-González, M.A.; López-Fontana, C.; Varo, J.J.; Sánchez-Villegas, A.; Martinez, J.A. Validation of the Spanish version of
the physical activity questionnaire used in the Nurses’ Health Study and the Health Professionals’ Follow-up Study. Public Health
Nutr. 2005, 8, 920–927. [CrossRef]
Ainsworth, B.E.; Haskell, W.L.; Whitt, M.C.; Irwin, M.L.; Swartz, A.M.; Strath, S.J.; O’Brien, W.L.; Bassett, D.R.; Schmitz, K.H.;
Emplaincourt, P.O.; et al. Compendium of Physical Activities: An update of activity codes and MET intensities. Med. Sci. Sports
Exerc. 2000, 32 (Suppl. S9), S498–S516. [CrossRef]
Pearl, J. Direct and indirect effects. In Proceedings of the 17th Conference on Uncertainty in Artificial Intelligence, Seattle, WA,
USA, 2–5 August 2001; pp. 411–420.
Steen, J.; Loeys, T.; Moerkerke, B.; Vansteelandt, S. Medflex: An R Package for Flexible Mediation Analysis using Natural Effect
Models. J. Stat. Softw. 2017, 76, 1–46. [CrossRef]

Nutrients 2021, 13, 1077

36.
37.
38.

39.
40.
41.
42.
43.
44.

45.
46.
47.
48.

49.
50.
51.

52.
53.

54.
55.
56.
57.
58.
59.

60.

13 of 13

Lange, T.; Vansteelandt, S.; Bekaert, M. A Simple Unified Approach for Estimating Natural Direct and Indirect Effects. Am. J.
Epidemiol. 2012, 176, 190–195. [CrossRef] [PubMed]
Vansteelandt, S.; Bekaert, M.; Lange, T. Imputation Strategies for the Estimation of Natural Direct and Indirect Effects. Epidemiol.
Methods 2012, 1, 131–158. [CrossRef]
Sillesen, H.; Sartori, S.; Sandholt, B.; Baber, U.; Mehran, R.; Fuster, V. Carotid plaque thickness and carotid plaque burden
predict future cardiovascular events in asymptomatic adult Americans. Eur. Heart J. Cardiovasc. Imaging 2018, 19, 1042–1050.
[CrossRef] [PubMed]
Boivin, D.; Boudreau, P. Impacts of shift work on sleep and circadian rhythms. Pathol. Biol. 2014, 62, 292–301. [CrossRef]
Zisapel, N. New perspectives on the role of melatonin in human sleep, circadian rhythms and their regulation. Br. J. Pharmacol.
2018, 175, 3190–3199. [CrossRef] [PubMed]
Rizza, S.; Neri, A.; Capanna, A.; Grecuccio, C.; Pietroiusti, A.; Magrini, A.; Federici, M.; Coppeta, L. Night Shift Working is
Associated with an Increased Risk of Thyroid Nodules. J. Occup. Environ. Med. 2020, 62, 1–3. [CrossRef]
Touitou, Y.; Reinberg, A.; Touitou, D. Association between light at night, melatonin secretion, sleep deprivation, and the internal
clock: Health impacts and mechanisms of circadian disruption. Life Sci. 2017, 173, 94–106. [CrossRef]
Cho, Y.-M.; Kim, H.-R.; Kang, M.-Y.; Myong, J.-P.; Koo, J.W. Fixed night workers and failed smoking cessation. J. Occup. Med.
Toxicol. 2019, 14, 23. [CrossRef]
Sato-Mito, N.; Shibata, S.; Sasaki, S.; Sato, K. Dietary intake is associated with human chronotype as assessed by both morningnesseveningness score and preferred midpoint of sleep in young Japanese women. Int. J. Food Sci. Nutr. 2011, 62, 525–532.
[CrossRef] [PubMed]
Sato-Mito, N.; Sasaki, S.; Murakami, K.; Okubo, H.; Takahashi, Y.; Shibata, S.; Yamada, K.; Sato, K. The midpoint of sleep is associated with dietary intake and dietary behavior among young Japanese women. Sleep Med. 2011, 12, 289–294. [CrossRef] [PubMed]
Maukonen, M.; Kanerva, N.; Partonen, T.; Kronholm, E.; Konttinen, H.; Wennman, H.; Männistö, S. The associations between
chronotype, a healthy diet and obesity. Chrono Int. 2016, 33, 972–981. [CrossRef] [PubMed]
Kanerva, N.; Kronholm, E.; Partonen, T.; Ovaskainen, M.-L.; Kaartinen, N.E.; Konttinen, H.; Broms, U.; Männistö, S. Tendency
Toward Eveningness is Associated with Unhealthy Dietary Habits. Chrono Int. 2012, 29, 920–927. [CrossRef] [PubMed]
Sweeney, E.; Yu, Z.M.; Dummer, T.J.B.; Cui, Y.; Declercq, V.; Forbes, C.; Grandy, S.A.; Keats, M.; Parker, L.; Adisesh, A. The
relationship between anthropometric measures and cardiometabolic health in shift work: Findings from the Atlantic PATH
Cohort Study. Int. Arch. Occup. Environ. Health 2019, 93, 67–76. [CrossRef]
Urbán, R.; Magyaródi, T.; Rigó, A. Morningness-Eveningness, Chronotypes and Health-Impairing Behaviors in Adolescents.
Chrono Int. 2011, 28, 238–247. [CrossRef]
Nakade, M.; Takeuchi, H.; Kurotani, M.; Harada, T. Effects of meal habits and alcohol/cigarette consumption on morningnesseveningness preference and sleep habits by Japanese female students aged 18–29. J. Physiol. Anthropol. 2009, 28, 83–90. [CrossRef]
Haraszti, R.Á.; Purebl, G.; Salavecz, G.; Poole, L.; Dockray, S.; Steptoe, A. Morningness-eveningness interferes with perceived health, physical activity, diet and stress levels in working women: A cross-sectional study. Chrono Int. 2014, 31,
829–837. [CrossRef]
Flahr, H.; Brown, W.J.; Kolbe-Alexander, T.L. A systematic review of physical activity-based interventions in shift workers. Prev.
Med. Rep. 2018, 10, 323–331. [CrossRef]
Loef, B.; Hulsegge, G.; Wendel-Vos, G.C.W.; Verschuren, W.M.M.; Vermeulen, R.C.H.; Bakker, M.F.; Van Der Beek, A.J.I.; Proper,
K. Non-occupational physical activity levels of shift workers compared with non-shift workers. Occup. Environ. Med. 2017, 74,
328–335. [CrossRef] [PubMed]
Nabe-Nielsen, K.; Garde, A.H.; Tüchsen, F.; Hogh, A.; Diderichsen, F. Cardiovascular risk factors and primary selection into shift
work. Scand. J. Work Environ. Health 2008, 34, 206–212. [CrossRef]
Van Amelsvoort, L.G.P.M.; Jansen, N.W.H.; Kant, I. Smoking among Shift Workers: More Than a Confounding Factor. Chrono Int.
2006, 23, 1105–1113. [CrossRef] [PubMed]
Nabe-Nielsen, K.; Quist, H.G.; Garde, A.H.; Aust, B. Shiftwork and Changes in Health Behaviors. J. Occup. Environ. Med. 2011, 53,
1413–1417. [CrossRef] [PubMed]
Knutsson, A. Methodological Aspects of Shift-Work Research. Chrono Int. 2004, 21, 1037–1047. [CrossRef]
Bonnell, E.K.; Huggins, C.E.; Huggins, C.T.; McCaffrey, T.A.; Palermo, C.; Bonham, M.P. Influences on Dietary Choices during
Day versus Night Shift in Shift Workers: A Mixed Methods Study. Nutrients 2017, 9, 193. [CrossRef]
Van De Langenberg, D.; Vlaanderen, J.J.; Dollé, M.E.T.; Rookus, A.M.; Van Kerkhof, L.W.M.; Vermeulen, R.C.H. Diet, Physical Activity and Daylight Exposure Patterns in Night-Shift Workers and Day Workers. Ann. Work Expo. Health 2018, 63,
9–21. [CrossRef]
Souza, R.V.; Sarmento, R.A.; De Almeida, J.C.; Canuto, R. The effect of shift work on eating habits: A systematic review. Scand. J.
Work Environ. Health 2018, 45, 7–21. [CrossRef]

