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ABSTRACT
Objectives To examine the effects of work schedules on 
metabolic syndrome and its components in active middle- 
to- older- aged workers.
Methods A cross- sectional analysis including middle- 
to- older- aged active workers from the population- based 
CoLaus|PsyCoLaus study (Lausanne, Switzerland) 
was performed. Work schedule was self- reported and 
defined as follows: permanent day, day shift, night shift 
and permanent night work. Associations between work 
schedule and the risk of metabolic syndrome and its 
components were analysed using multivariable- adjusted 
logistic regressions.
Results A total of 2301 active workers (median age (IQR): 
55.4 (50.8 to 60.4), 50.1% women) were included. Of 
these, 1905 were permanent day workers, 220 were day- 
shift workers, 134 were night- shift workers and 42 were 
permanent night- shift workers. There were significant 
interactions between sex and work schedule for metabolic 
syndrome, high triglycerides and visceral obesity. Men 
but not women permanent night workers had a higher 
prevalence of metabolic syndrome than permanent day 
workers in multivariable- adjusted analyses (OR 4.45 
(95% CI 1.36 to 14.56)). Analysis of metabolic syndrome 
subcomponents showed that the association between 
work schedule and metabolic syndrome in men was 
mainly driven by visceral obesity (OR 3.35 (95% CI 1.04 to 
10.76)). Conversely, women but not men working in night 
shift were at increased risk of having high triglycerides 
compared with permanent day workers (OR 2.92 (95% CI 
1.03 to 8.27)).
Conclusions The risk of metabolic syndrome is higher 
in men working in permanent night shift compared with 
permanent day work, and this association could be 
mediated by visceral obesity.

INTRODUCTION
Due to economic constraints, efficiency needs 
or performance objectives, night and shift 
work (3×8) has become highly prevalent in 
modern societies. Approximately, 18% of all 

European workers work in shifts, and this rate 
is as high as 35% in some countries.1 Non- 
standard working schedules (eg, shift work, 
night work) are no longer limited to health 
and safety workers but are spread across all 
industries and services, from manufacturing, 
to transport, telecommunications and more.

Night and shift work interfere with the 
physiological circadian rhythm, desynchron-
ising the biological clock, which can favour 
systemic inflammation.2 Night and shift works 
are also associated with reduced and disturbed 
sleep.3 Hence, both circadian disruption 
and short or poor sleep could be mediators 
explaining the relationship between night 
or shift work and chronic health conditions, 
including increased risk of cardiovascular 
and metabolic disorders.4 Moreover, several 
laboratory- controlled studies showed that 
circadian rhythm desynchronisation and 

Strengths and limitations of this study

 ► This study evaluated the effects of work schedules 
on metabolic syndrome and its subcomponent in 
a middle- to- older- aged general population setting 
with a precise and extensive assessment of car-
diometabolic phenotypes.

 ► The association between different shift work sched-
ules and metabolic syndrome was assessed after 
adjustment for multiple cofounders.

 ► Because the primary aim of the cohort was not to 
evaluate the impact of shift work, no precise charac-
terisation of workstations and work rhythms (hourly 
amplitude, direction of rotation, duration of rotations 
and duration of exposition) was performed.

 ► A ‘healthy worker effect’ with a selection of ‘night 
shift tolerant’ workers cannot be ruled out given the 
older age of our sample.
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sleep restriction have detrimental effects on neuroendo-
crine, inflammatory and immune functions.5

The health- related impact of atypical work schedules 
has, thus, been a topic of interest for some time.6 Sleep 
disturbances, decreased vigilance and increased risk of 
accidents are among the recognised short- term negative 
effects of night and shift work.7 Longer term health effects 
have also been described and include increased risk of 
cardiovascular and metabolic disorders.8 9 However, the 
impact of shift work on metabolic syndrome is not yet 
completely understood, particularly in the middle- to- 
older- aged population of workers though it is well estab-
lished that the cardiometabolic risk gradually increases 
with advancing age.

Metabolic syndrome combines several interrelated 
metabolic risk factors associated with all- cause mortality.10 
Subjects with metabolic syndrome have a higher risk 
of cardiovascular disease mortality and morbidity.11 
Metabolic syndrome definition is based on five compo-
nents: high blood pressure (BP), hyperglycaemic, high 
triglycerides, low–high- density lipoprotein (HDL) choles-
terol and visceral obesity. A higher prevalence of meta-
bolic syndrome and its components among night and 
shift workers has previously been suggested in some 
studies.12 13 However, the specific effect of shift work and 
permanent night work remains largely unknown. More-
over, a recent systematic review concluded that there was 
insufficient evidence regarding the association between 
shift work and metabolic syndrome when confounding 
variables are taken into account.14

Thus, using data of active middle- to- older- aged workers 
from a population- based study, the aim of the present 
paper was to assess the cross- sectional association between 
metabolic syndrome and its components according to 
four types of work schedules (permanent day, day shift, 
night shift and permanent night- shift work).

METHODS
Study design
Cross- sectional analysis of a population- based cohort 
study.

Population
CoLaus|PsyCoLaus is a population- based cohort exploring 
the biological, genetic and environmental determinants 
of cardiovascular risk factors, cardiovascular diseases and 
mental disorders in the middle- to- older- aged population 
of Lausanne, Switzerland. The methodological aspects 
(participant recruitment and follow- up) have been previ-
ously reported.15 Briefly, a simple, non- stratified, random 
sample of 6734 subjects from the Lausanne population 
aged 35–75 years was recruited between 2003 and 2006. 
The baseline and three follow- up evaluations included 
physical and psychiatric examinations, blood sampling 
and self- completed questionnaires. All data analysed in 
the present paper were obtained from the second physical 

follow- up evaluation (n=4881), which took place between 
2014 and 2017.

Patient and public involvement
No patients or public were involved in this study design, 
conduct or analysis.

Exposure and eligibility criteria
Professional activity and working hours were self- reported 
using the following questions: ‘Are you currently engaged 
in a professional activity?’; ‘What is your usual work 
schedule?’ (day exclusively, rotation with no night work, 
rotation with night work, night work only). The number 
of work hours per week was also recorded. Participants 
not currently engaged in a professional activity were 
excluded from the present analysis. No other exclusion 
criteria were applied.

Outcome assessment
Metabolic syndrome was defined according to the Joint 
Interim Statement16 as the presence of at least three of the 
following five conditions: high BP (systolic BP ≥130 mm 
Hg or diastolic BP ≥85 mm Hg or use of antihypertensive 
medication); visceral obesity (waist circumference ≥88 cm 
in women or ≥102 cm in men); high triglycerides 
(≥1.7 mmol/L, or use of fibrates or nicotinic acid); 
low HDL–cholesterol levels (<1.30 mmol/L in women 
or <1.03 mmol/L in men or use of fibrates or nicotinic 
acid) and high fasting plasma glucose (≥5.6 mmol/L or 
use of antidiabetic medication). BP was measured three 
times on the left arm using an Omron HEM- 907 (Matsu-
saka, Japan) automated oscillometric sphygmomanom-
eter after at least a 10 min rest in the seated position. The 
mean of the last two measures was used. Venous blood 
samples were drawn after an overnight fast to measure the 
levels of glucose, HDL cholesterol, low HDL–cholesterol 
and triglycerides. Biological assays were performed at the 
clinical laboratory of the Lausanne university hospital 
within 2 hours of blood collection. Index of insulin resis-
tance during fasting was assessed by the homeostatic 
model assessment of insulin resistance, calculated as the 
fasting insulin level (in milliunits per millilitre) times the 
fasting glucose level (in milligrams per litre) divided by 
405. Waist circumference was measured two times with 
a non- stretchable tape over the unclothed abdomen at 
the mid- point between the lowest rib and the iliac crest. 
Hip circumference was also measured two times at the 
greater trochanters. For waist and hip, the mean of the 
two measurements was used and the waist- to- hip ratio was 
calculated.

Covariates
The current socioprofessional category was self- 
reported by participants. Sociodemographic (age, sex) 
and lifestyle (smoking habit, alcohol intake, coffee 
consumption) data were collected by self- administered 
questionnaires. Educational level was categorised as low 
(primary), middle (apprenticeship or secondary school) 
or high (university). Smoking status was categorised as 
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never, former or current. Body weight and height were 
measured with participants standing without shoes 
in light indoor clothing. Body weight was measured 
in kilograms to the nearest 0.1 kg using a Seca scale 
(Seca, Hamburg, Germany). Height was measured 
to the nearest 5 mm using a Seca height gauge (Seca, 
Hamburg, Germany). Body mass index (BMI) was 
defined as weight (kg)/height2 (m2). Obesity was 
defined as BMI ≥30 kg/m2.

Medication use was coded according to the WHO 
Anatomical Therapeutic Chemical Classification System 
(http://www.whocc.no/atcddd). Drugs influencing 
sleep included hypnotics or sedatives (N05C), anxiolytics 
(N05B) and antipsychotics (N05A). Diabetes was defined 
as fasting plasma glucose levels ≥7.0 mmol/L or use of 
antidiabetic medication.17 Hypertension was defined as 
systolic BP ≥140 mm Hg and/or diastolic BP ≥90 mm Hg, 
and/or current use of antihypertensive medication.

The presence of a current major depressive disorder 
was retrospectively assigned according to Diagnostic 
and Statistical Manual of Mental Disorders, Fourth 
Edition criteria with information collected at the 
second and third psychiatric follow- up evaluation using 
the French translation of the semistructured Diag-
nostic Interview for Genetic Studies. Cardiovascular 
disease was defined as previous stroke, heart attack, 
coronary artery bypass grafting or percutaneous coro-
nary intervention.

Subjective sleep characteristics were determined 
using the Pittsburgh Sleep Quality Index (PSQI),18 
the Epworth Sleepiness Scale (ESS)19 and the Berlin 
questionnaire for sleep- disordered breathing (SDB).20 
Sleep quality was assessed with the PSQI and dichot-
omised into good/poor sleep quality (score ≤5/>5), 
and excessive daytime sleepiness was defined as an ESS 
score >10). A Berlin score ≥2 was defined as indicating 
a high risk of SDB.

Dietary intake was evaluated using a validated Food 
Frequency Questionnaire querying the consumption 
of 97 different food items, including portion size over 
the previous 4 weeks. The daily total energy intake was 
obtained as well as the proportion of macronutrients, 
alcohol and fibres.

Physical activity was evaluated with the physical activity 
frequency questionnaire (PAFQ).21 The questionnaire 
lists 70 types of physical activity from various domains 
(eg, occupational, housework, leisure time, sports, etc) 
and participants indicated the number of days in the 
past week (0–7) and the duration per day (0–10 hour, 
in 15 min increments) for each activity. Energy expen-
diture corresponds to the sum of all the energy expen-
diture over 1 week divided by 7 to obtain a mean energy 
expenditure over a 24- hour period. Sedentary status was 
defined as spending more than 90% of daily energy in 
activities below moderate and high intensity (defined as 
requiring at least 4 times the basal metabolic rate. The 
percentage of total energy >4 metabolic equivalents was 

also calculated to quantify moderate and high- intensity 
physical activity.

Statistical analysis
Data distribution was graphically assessed using a normal 
Q- Q plot. Data were presented as number of participants 
(%) for categorical variables, mean±SD for normal distri-
bution or median and IQR for non- normally distributed 
continuous variables. Univariate analyses of continuous 
data were performed using one- way Analyis of Variance 
(ANOVA) or Kruskal Wallis test follow by Bonferroni’s 
post hoc or Tamhane’s T2 as appropriate. Categorical 
variables were analysed using χ2 test or Fisher’s exact test 
as appropriate. The associations between working sched-
ules (permanent day, day- shift work, night- shift work and 
permanent night work) and metabolic syndrome (and its 
subcomponents) were determined using logistic regres-
sion analysis. Prior to this, the interaction of sex with 
the metabolic syndrome and each of its subcomponents 
was tested. In case of significant interaction, results were 
presented for both men and women, otherwise results 
were shown for the whole sample. Each cardiometabolic 
risk factor was first tested in univariate analysis (crude) 
then in two models with serial adjustment for potential 
confounders. Model one was adjusted for age (contin-
uous), educational level (low, middle, high) and sex 
(except in case of significant sex×outcome interaction). 
Model 2: model 1 plus weekly alcohol consumption 
(continuous), smoking status (never, former, current) 
and BMI (normal weight, overweight, obese; except for 
visceral obesity). Model 3: model 2 plus daily total energy 
expenditure (continuous). Box- Tidwell tests were used 
to check the assumption of linearity for the logit of each 
covariate. If the assumption was violated, the square of 
the covariate was used or the covariate was transformed 
into categorical variable. To assess collinearity between 
covariates, a linear regression analysis including all 
covariates was performed, and the variance inflation 
factor (VIF) was calculated. A VIF ≤5 was considered as 
absence of multicollinearity. Results from logistic regres-
sion are presented as OR values with 95% CI. Permanent 
day workers were considered as the reference group.

All statistical analyses were performed using IBM SPSS 
Statistics V.26.0 for Macintosh (IBM Corp). Significant 
results were considered for a two- sided test with p<0.05.

RESULTS
Population characteristics
A total of 2301 participants were engaged in a professional 
activity at the second follow- up of the CoLaus|PsyCoLaus 
study. Among them, 1905 worked exclusively during the 
daytime (permanent day workers), 220 were rotation 
workers with no night work (day- shift workers), 134 were 
rotation workers with night work (night- shift workers) 
and 42 worked exclusively during the night (permanent 
night workers) (online supplemental figure 1).

http://www.whocc.no/atcddd
https://dx.doi.org/10.1136/bmjopen-2021-053591
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Tables 1 and 2 show the baseline characteristics of the 
sample according to the four different work schedules. 
The mean age of the participants was 56.2±6.9 years and 
half of the sample (50.1%) were women. The proportions 
of men/women differed significantly according to work 
schedule: women were more likely to work in day shift 
and permanent night shift roles, while men were more 
likely to do night shift work. Mean BMI and waist circum-
ference were significantly higher in night shift workers 
and permanent night workers compared with permanent 
day workers and day shift workers (p<0.001). Permanent 
night shift workers were more likely to smoke than other 
groups, whereas night- shift workers were less sedentary 
than their counterparts. Lipid levels and blood glucose 
analysis and sleep parameters in the different work 
schedule groups are also shown in tables 1 and 2.

Prevalence of metabolic syndrome and its components 
according to work schedules
There were significant interactions between sex and 
work schedule for metabolic syndrome (p=0.009), high 
triglycerides (p=0.043) and visceral obesity (p=0.047), but 
not for high BP, high glucose and low HDL–cholesterol.

The prevalence of the metabolic syndrome was almost 
three times higher in men permanent night workers 
compared with men permanent- day workers; a similar 
trend was found for the prevalence of visceral obesity and 
low HDL- cholesterol (table 3). The prevalence of high 
glucose level in night shift workers and permanent night 
workers was nearly double that in permanent day workers 
(table 3).

Association between metabolic syndrome and work schedules 
by patient sex
Compared with men permanent day workers, perma-
nent night workers showed a higher risk of metabolic 
syndrome in univariate analysis (OR 6.48 (95% CI 2.40 
to 17.46); online supplemental table 1). This significant 
association persisted after adjustment for age, educa-
tional level, alcohol consumption, smoking status and 
daily total energy expenditure (OR 4.45 (95% CI 1.36 
to 14.56)) (figure 1). Conversely, the risk of metabolic 
syndrome in day shift- workers was lower than that in 
permanent day workers in crude analysis (OR 0.36 (95% 
CI 0.18 to 0.74)), and after adjustment in models 1 and 2 
and 3 (online supplemental table 1). No significant asso-
ciation between work schedule and metabolic syndrome 
was found for women.

Association of each component of metabolic syndrome with 
work schedule
In men, the risk of visceral obesity in permanent night 
workers was significantly higher than that in permanent 
day workers, including after adjustment for covariates 
(table 4). Moreover, the risk of elevated triglyceride levels 
in permanent night workers was increased in the crude 
analysis and after adjustment for age, educational level, 
alcohol consumption, smoking status and BMI (model 2) 

but was no longer significant in the fully adjusted model 
3 (table 4).

In women, night- shift workers showed a higher risk of 
elevated triglyceride levels, which persisted after multiple 
adjustments (table 4).

DISCUSSION
In our middle- to- older- aged active general population 
sample, we found differential associations between perma-
nent night work and the risk of metabolic syndrome for 
men and women. Indeed, permanent night work was 
only associated with a higher risk of metabolic syndrome 
in men but not in women. This association could be 
mediated by a higher risk of visceral obesity in men. 
The increased risk of metabolic syndrome is in line with 
previous studies.22 Some studies even showed that the risk 
for the development of metabolic syndrome and each 
of its components gradually and independently increase 
with accumulated years of shift work.23 Contrary to other 
studies, we found no association between permanent 
night work or night- shift work and metabolic syndrome in 
women.24 25 In contrast to the findings on the metabolic 
syndrome as a whole, for the triglycerides component, we 
found an increased risk of elevated concentrations among 
shift workers in women but not in men. This supports 
previous evidence from Karlsson et al who also reported 
an elevated triglyceride level among shift workers in 
60- year- old women.26

While the mechanisms underlying the observed 
increased risk of metabolic syndrome in shift or night 
workers have not been fully elucidated, several explan-
atory hypotheses can be proposed. First, sleep duration 
has been suggested to play a key role in the development 
of metabolic syndrome. A previous meta- analysis found 
that short sleep duration was significantly associated with 
a 27% increase in risk of metabolic syndrome, whereas 
long sleep duration was not.27 Similar results were found 
in both men and women. In our study, self- reported sleep 
duration did not differ between the different groups of 
workers and, therefore, does not explain the increased 
risk of metabolic syndrome observed in permanent night 
workers among men. However, we cannot rule out that 
our findings might have been different if objective sleep 
duration measures were used because objective and 
subjective sleep duration can differ significantly. Unfortu-
nately, objective sleep assessment could not be included 
in our analysis. Moreover, sleep fragmentation or an alter-
ation of sleep structure due to irregular sleep schedule or 
circadian rhythm misalignment in night workers cannot 
be excluded and could be a possible explanation for the 
increased risk of metabolic syndrome.28 29

Second, dietary habits could contribute to develop-
ment of the metabolic syndrome in night or shift workers, 
but available studies on this subject are scarce. A cross- 
sectional study comparing 98 rotating shift workers to 
100 regular day workers demonstrated that total energy 
intake and contributions of macronutrients did not 

https://dx.doi.org/10.1136/bmjopen-2021-053591
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differ between the two groups, except for saturated lipids 
(+10% in shift workers).30 However, meal distribution was 
different in the two groups. Similar to other studies,31 32 
we failed to demonstrate a difference in food intake and 
macronutrients components between night shift workers 
or permanent night workers compared with permanent 
day workers. Available data from our study mean that, 
unfortunately, we cannot rule out the possibility that 
night shift workers may have had a different circadian 
distribution of food intake rather than an increase in 
total daily intake.33

Third, circadian rhythm desynchronisation could be 
a major contributor to the increased risk of metabolic 
syndrome among night and shift workers. Still, the 
underlying pathophysiological mechanisms of this asso-
ciation remain poorly understood. Some animal studies 
suggested that reduced melatonin production, due to 
circadian rhythm disruption, could be associated with 
a higher rate of metabolic syndrome.34 Furthermore, 
Fonken et al hypothesised that exposure to light at night 
altered circadian organisation and affected metabolic 

parameters in mice.35 Their results emphasised that even 
weak night lighting (5 lux) is sufficient to desynchronise 
food consumption and physical activity rhythms, which 
could explain the observed metabolic disorders.34 In 
humans, Corbalan- Tutau et al reported a reduced daily 
amplitude in melatonin and cortisol circadian patterns 
associated with metabolic disturbances in women.36 
Unfortunately, we did not measure melatonin and cortisol 
to confirm these findings in our sample.

With regards to physical activity, we surprisingly found 
that night shift workers were more active than day shift 
workers and permanent day workers. This may be due 
to greater opportunities to perform a physical activity 
compared with other diurnal workers or to more physi-
cally active work among night shift workers, although this 
should be interpreted with caution due to limited agree-
ment between estimates of activity obtained by PAFQ and 
those obtained from accelerometers.37

Finally, the higher risk of metabolic syndrome we 
observed in night shift workers may be explained by a 
vitamin D deficiency.38 It has been shown that high levels 

Table 2 Working and sleep characteristics according to work schedules

Permanent day 
workers (n=1905)

Day shift 
workers
(n=220)

Night shift 
workers
(n=134)

Permanent night 
workers (n=42) p- value N total

Working characteristics

Number of working 
hours/week

38.0±14.7 38.7±15.2 43.1±18.1 38.0±15.2 0.260 2285

Work time, n (%) 0.397 2258

  Full- time 1569 (83.8) 181 (84.6) 111 (86.0) 39 (92.9)

  <50% 304 (16.2) 33 (15.4) 18 (14.0) 3 (7.1)

Example of physical intensity at work, n (%) <0.001 2135

  Sedentary (sitting/
driving)

1409 (79.5) 105 (51.2) 66 (55.0) 14 (37.8)

  Pushing 
wheelbarrow

283 (16.0) 81 (39.5) 40 (33.3) 16 (43.2)

  Unloading a truck 
without assist.

81 (4.6) 19 (9.3) 14 (11.7) 7 (18.9)

Sleep and vigilance

Epworth Sleepiness 
Scale score

6 (4–8) 5 (3–8) 6 (4–9) 5 (3–8) 0.623 1786

Excessive daytime 
sleepiness, n (%)*

182 (12.1) 20 (12.6) 14 (14.0) 3 (11.1) 0.950 1786

Poor sleep quality, 
n (%)†

415 (31.5) 46 (37.4) 27 (32.1) 7 (35.0) 0.600 1542

High risk of SDB, n 
(%)‡

321 (21.3) 34 (21.0) 29 (28.4) 8 (27.6) 0.323 1800

Self- reported total 
sleep time (hour)

6.9±1.0 6.8±0.9 6.9±1.0 7.1±1.3 0.507 1542

Data are presented as mean±SD or median and IQR for continuous variables and number of participants (%) for categorical variables. 
P- value<0.05 are shown in bold.
*Excessive daytime sleepiness was defined by an Epworth Sleepiness Scale score >10.
†Poor sleep quality was defined by a Pittsburgh Sleep Quality Index score >5.
‡High risk of SDB was defined by a Berlin score >2.
SDB, sleep- disordered breathing.
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of vitamin D among middle- aged and elderly populations 
are associated with a substantial decrease in cardiovas-
cular disease, type 2 diabetes and metabolic syndrome.39 
Although we did not measure the vitamin D levels in 
our different groups of workers, we can hypothesise 
that permanent night workers have lower exposure to 
sunlight and may, therefore, be at higher risk of vitamin 
D deficiency.40

In our study, among the components of the metabolic 
syndrome, an elevated risk of visceral obesity was found 
in men permanent night workers. This finding is consis-
tent with a recent meta- analysis, which found that shift 
workers had a higher frequency of abdominal obesity 
than other obesity types and permanent night workers 

demonstrated a 29% higher risk of central obesity than 
rotating shift workers.41

The main strength of the present study is its large 
population- based sample of middle- to- older- aged workers 
with a precise and extensive assessment of cardiometa-
bolic phenotypes. Indeed, previous studies were mainly 
performed in younger specific populations of workers 
or, in particular, sectors of activity, such as public health 
and emergency, which limit the generalisability to other 
types of shift or night work. In addition, most studies have 
assessed the risk of metabolic syndrome in shift workers 
compared with day workers, but few studies have differ-
entiated between shift workers, permanent night workers 
and shift workers with and without night work.

There are also some limitations that need to be 
mentioned. First, this study had a cross- sectional design, 
which did not allow to assess causality but only cross- 
sectional associations that remain to be confirmed in 
prospective studies. Because the primary aim of the 
CoLaus|PsyCoLaus study was not to evaluate the impact 
of shift work, the questions related to shift work were 
only asked at the follow- up 2 (2014–2017), preventing 
us to investigate longitudinal associations. Moreover, no 
precise characterisation of workstations and work rhythms 
(hourly amplitude, direction of rotation, duration of 
rotations and duration of exposition) were performed. 
Likewise, it would have been interesting to have any 
information regarding food intakes or other habits in 
the workplaces. Second, a ‘healthy worker effect’ with a 
selection of ‘night shift tolerant’ workers cannot be ruled 
out given the older age of our sample. Third, our sample 
of permanent night workers is rather small but we may 
assume that workers move away from night shift work with 
advancing age due to poorer tolerability and less family 

Table 3 Prevalence of metabolic syndrome and its subcomponents according to work schedule

Permanent day workers
(n=1905)

Day shift workers
(n=220)

Night shift workers
(n=134)

Permanent night workers 
(n=42) p- value

Metabolic syndrome

  Men 226 (23.6) 9 (10.1) 17 (19.3) 12 (66.7) <0.001

  Women 101 (10.7) 16 (12.2) 8 (17.4) 5 (20.8) 0.225

High BP 826 (43.4) 91 (41.4) 64 (47.8) 23 (54.8) 0.313

High glucose 472 (24.8) 50 (22.7) 47 (35.1) 16 (38.1) 0.010

High triglycerides

  Men 243 (26.2) 25 (29.1) 18 (21.2) 11 (61.1) 0.006

  Women 86 (9.5) 16 (12.3) 9 (19.6) 3 (12.5) 0.183

Low HDL- 
cholesterol

201 (10.9) 19 (8.8) 10 (7.6) 9 (21.4) 0.064

Visceral obesity

  Men 220 (23.7) 16 (18.6) 23 (26.7) 11 (61.1) 0.002

  Women 302 (33.3) 55 (42.3) 21 (45.7) 11 (45.8) 0.051

Data are presented as n (%).
Where there was an interaction of outcome*sex, results are presented separately for men and women, otherwise for the whole cohort.
BP, blood pressure; HDL, high- density lipoprotein.

Figure 1 Multivariable- adjusted risk of metabolic syndrome 
according to work schedule and sex. Data are presented on 
a logarithmic scale and were analysed using multivariable 
logistic regression with adjustment for age, educational level, 
weekly alcohol consumption, smoking status and daily total 
energy expenditure (model 3).
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constraints. Fourth, there were some missing data on self- 
reported sleep habits and diet parameters and, despite the 
use of validated questionnaires, declaration bias remains 
possible. Similarly, only self- reported physical activity was 
assessed in this study and it would have been interesting 
to have objective measures of physical activity and sleep to 
more accurately investigate their influence.

CONCLUSION
Only men permanent night workers were at increased risk 
of metabolic syndrome compared with permanent day 
workers, and this association persisted after adjustment 
for sociodemographic confounders and daily total energy 
expenditure. From a clinical point of view, we advise 
monitor of not only BMI but also visceral obesity, particu-
larly in men permanent night workers. Further prospec-
tive studies are needed to confirm theses cross- sectional 
results and elucidate the underline mechanisms.
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