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ABSTRACT

Background Although long working hours have

been shown to be associated with the onset of
cardiometabolic diseases, the clinical risk factor profile
associated with long working hours remains unclear. We
compared the clinical risk profile between people who
worked long hours and those who reported being never
exposed to long hours.

Methods A cross-sectional study in 22 health screening
centres in France was based on a random population-
based sample of 75 709 participants aged 18—69

at study inception in 20122016 (the CONSTANCES
study). The data included survey responses on working
hours (never, former or current exposure to long
working hours), covariates and standardised biomedical
examinations including anthropometry, lung function,
blood pressure and standard blood-based biomarkers.
Results Among men, long working hours were
associated with higher anthropometric markers (Body
Mass Index, waist circumference and waist:hip ratio),
adverse lipid levels, higher glucose, creatinine, white
blood cells and higher alanine transaminase (adjusted
mean differences in the standardised scale between

the exposed and unexposed 0.02—0.12). The largest
differences were found for Body Mass Index and

waist circumference. A dose—response pattern with
increasing years of working long hours was found for
anthropometric markers, total cholesterol, glucose and
gamma-glutamyltransferase. Among women, long
working hours were associated with Body Mass Index
and white blood cells.

Conclusion In this study, men who worked long hours
had slightly worse cardiometabolic and inflammatory
profile than those who did not work long hours,
especially with regard to anthropometric markers. In
women, the corresponding associations were weak or
absent.

INTRODUCTION

Current guidelines for the prevention of chronic
diseases such as myocardial infarction, stroke and
diabetes emphasise the importance of maintaining
healthy levels of cardiometabolic risk factors such
as body weight, blood pressure, cholesterol and
glucose.! # These guidelines also acknowledge
psychosocial factors as potential contributors to
cardiometabolic diseases.! > One of these, working
long hours, is common in the USA, Europe and
Asia.*”

Large collaborative meta-analyses of individual
participant data from observational cohort studies
have found long working hours to be associated
with an increased risk of cardiovascular disease,
particularly stroke, and type 2 diabetes (the
latter among employees with low socioeconomic
position (SEP)).°® Studies have also confirmed
behavioural risk factors as potential pathways,
showing associations between long working hours
and smoking,® risky alcohol use” and physical inac-
tivity.® 1° In contrast, evidence on the clinical risk
profile of people who work long hours is scarce
and inconsistent. The Whitehall II study of British
civil servants observed no consistent associations
between long working hours and cardiometa-
bolic factors such as blood pressure, lipid levels or
systemic inflammation.® Some studies have found
an association with self-reported hypertension'®"2
while others have reported no association," and
some further studies have found the risk of hyper-
tension to be lower among individuals who work
long hours than among those who work standard
40hours work weeks.'* ' The evidence is also
mixed with regard to metabolic syndrome (an indi-
cation of multiple cardiometabolic risk factors) and
includes both positive and null findings.'® ' Simi-
larly, studies focusing on overweight and Body Mass
Index (BMI) have shown positive associations,® '*=*
no association'’' and a lower risk of weight gain
among individuals who work long hours.”® One
limitation in many of these studies is that they rely
on self-reported data or data on treated diseases,
and many of them have limited statistical power
due to small sample sizes, which may lead to impre-
cise effect estimates, a high likelihood of observing
an association by chance and a reduced opportunity
to reliably detect small and moderate associations.

To obtain more robust evidence, we examined
the association between long working hours and
clinically assessed risk markers for chronic diseases,
using a large dataset of more than 75 000 French
men and women. By carefully assessing exposure,
its frequency and duration, we were able to differ-
entiate those never exposed from those formerly
or currently exposed and examine potential dose—
response patterns in the association. In addition,
we assessed associations with several risk factors
that have not been examined in relation to long
working hours, such as lung function, indicators of
liver and kidney function, white and red cell count,
and blood clotting (platelets). We also examined
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whether the association between long working hours and risk
markers is similar among men and women and among different
socioeconomic groups.

METHODS

Participants and procedure

The French CONSTANCES is a population-based cohort study
that serves as an open epidemiological research infrastruc-
ture.”> The cohort is made up of French adults affiliated with
the General Health Insurance Fund in France. This fund covers
about 85% of the French population and includes salaried
workers (professionally active or retired) aged 18-69 at study
inception in 2012-2016. All confidentiality, safety and secu-
rity procedures were approved by the French legal authorities.
The study was carried out in 22 health screening centres across
principal regions of France. Of the randomly invited population
in the selected catchment areas with stratification according to
unequal response probabilities, 7% agreed to participate in the
survey and undergo a clinical health examination. Of the 99
924 participants in 2012-2016, 90 607 (91%) provided data on
working hours, and of them, 88 009 (97%) also provided data
on SEP. A total of 76 486 (87% of those) had data on all other
covariates (smoking, alcohol use, physical activity, depressive
symptoms and chronic disease), and of those, a maximum of 75
709 (96%) provided data on clinical measurements.

The CONSTANCES Cohort project has been approved by the
authorisation of the National Data Protection Authority (Commis-
sion nationale de I'informatique et des libertés—CNIL). CNIL
verified that before inclusion, clear information is provided to the
eligible subjects (presentation of CONSTANCES, type of data to
be collected, ability to refuse to participate, informed consent, etc).

Measures

Long working hours were elicited by the following survey
question: “Do you have or have you had a daily working time
(excluding travel) of more than 10 hours on at least 50 days per
year?” with yes/no response options. Of those responding yes,
the timing of exposure was requested (starting and ending years
of participant’s exposure). We were able to record up to three
episodes, and from this information, we determined a total dose
of exposure (in years) and whether the participant was formerly
(yes/no) or currently (yes/no) exposed.

Risk markers were assessed during a health examination,
which was standardised according to standard operating proce-
dures in order to guarantee high-quality physiological data
despite unequal conditions (see details®®). We calculated BMI
from weight and height measurements (weight kg/height m?). We
measured waist circumference and hip circumference and calcu-
lated waist:hip ratio. Systolic and diastolic blood pressure was
measured after 5 min rest with a 2min break between measure-
ments. The highest value was used for analyses. We calculated
pulse pressure as systolic minus diastolic blood pressure. Lung
function was assessed by spirometry, which was performed with
three measures each of FVC and FEV. For both of these, we used
the highest of the three measurements.**

Participants were instructed to fast for 12hours before the
blood test, which was taken between 8:00 and 10:00. Valid lipid
and glucose values require a minimum of 8hours of fasting,
which 71 375 (94%) participants with clinical data adhered to.
Laboratory tests included blood glucose, lipids (total cholesterol
(TC), high-density lipoprotein (HDL) and triglycerides (TG)).
Low-density lipoprotein (LDL) was derived from TC, HDL
and TG as follows: TC—HDL—(TG/2.2). Gamma-glutamyl-
transferase (gamma GT) and alanine transaminase (ALT) were

indicators of liver function, and blood creatinine was an indi-
cator of kidney function. Other indicators were counts of white
blood cells, haemoglobin and platelets.

Covariates included sociodemographic characteristics: self-re-
ported sex, age and SEP. SEP was based on occupational grade,
which was further classified into high, intermediate and low;
and other/not specified, according to the national socioeco-
nomic nomenclature (‘Professions et catégories sociales’) of
the French national statistics office.”” High SEP included exec-
utive managers and professionals; intermediate SEP included
intermediate professions in education, health, civil service and
administration, technicians, foremen and supervisors. Low SEP
inlcuded employees (eg, office or commercial employee, child
minder, duty officer), farmers, craftsmen and manual workers.
The following risk factors were based on survey responses:
smoking (never, former, current), physical activity (regular
sports activity for 2 hours or more per week vs less) and alcohol
consumption, which was based on the 10-item Alcohol Use
Disorders Identification Test (AUDIT) survey.”® %" Alcohol use
was further categorised into four groups: abstinence; no alcohol
abuse or dependence; alcohol abuse (AUDIT score 8-12 for
men, 7-11 for women); alcohol dependence (AUDIT score >12
for men, >11 for women). We used the Center for Epidemio-
logical Studies Depression Scale to assess the presence of depres-
sive symptoms.?® Information on chronic somatic disease (yes/
no) was based on participants’ self-reported doctor-diagnosed
diseases (angina pectoris, myocardial infarction, stroke, lower
limb arteritis, other cardiovascular disease, thyroid disease,
diabetes, hypercholesterolemia, hypertriglyceridemia, other
endocrine disorder, chronic bronchitis, asthma, inflammatory
arthritis, other osteoarticular disorder and cancer).

Statistical analyses

We found a skewed distribution of triglycerides, glucose, creat-
inine, gamma GT, ALT and white blood cell count, and thus
logarithmically transformed the values. All values were then
standardised (mean 0, SD 1) to allow comparison between the
strength of association with long working hours.

We performed multivariable-adjusted analyses, comparing the
mean value of each outcome for participants who were formerly
or currently exposed to long working hours, setting ‘never
exposed’ as the reference group. We further examined the length
of exposure among those currently in full-time jobs, exposed to
long working hours and aged >335 years (to allow a long expo-
sure to all), again comparing the mean values of each outcome
with those among participants never exposed to long working
hours. Mean differences and their 95% CIs were computed
using the SAS V.9.4 general linear model (genmod) procedure.

We analysed men and women separately and adjusted the
models for age, socioeconomic position, smoking, alcohol use,
physical activity, depressive symptoms and chronic disease. We
performed analyses of spirometry both with and without adjust-
ment for smoking, and analyses of ALT and gamma GT both
with and without adjustment for alcohol use. In other sensitivity
analyses, we excluded participants with chronic disease and
stratified the data by socioeconomic group.

RESULTS

As shown in table 1, participants currently exposed to long
working hours were younger, whereas those formerly exposed
were older. Both exposure groups included more men and people
with a high socioeconomic position. The currently exposed were
more often current smokers while the formerly exposed were
more often former smokers. The currently exposed also had a
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Table 1 Characteristics of the CONSTANCES study participants
stratified by exposure to long working hours

Exposure to long working hours

All (n=90 Never (n=66 Former (n=13 Current
607) 996) 359) (n=10 252)
Age (mean, SD) 48.2 (13.4) 48.3 (13.5) 52.4 (12.8) 42.1(10.9)
Sex (n, %)
Male 42 358 (47) 28 054 (42) 8089 (61) 6215 (61)
Female 48249 (53) 38942 (58) 5270 (39) 4037 (39)
Socioeconomic position (n, %)
Low 32527 (37) 26 032 (40) 4260 (33) 2235 (22)
Intermediate 25296 (29)  19705(30) 3461 (27) 2130 (21)
High 25539 (29) 15 768 (24) 4598 (35) 5173 (51)
Other/not 4647 (5) 3470 (5) 654 (5) 523 (5)
specified
Smoking (n, %)
Never 40188 (45) 30991 (47) 4813 (37) 4384 (43)
Former 27278 (31) 19 445 (30) 5020 (38) 2813 (28)
Current 21 471 (24) 15 247 (23) 3318 (25) 2906 (29)
Alcohol use (n, %)
Abstinence 3940 (5) 3174 (5) 469 (4) 297 (3)
No abuse or 62216 (74)  46635(75 8970 (72) 6611 (68)
dependence
Abuse 13995 (17) 9579 (15) 2234 (18) 2182 (22)
Dependence 4267 (5) 2841 (5) 768 (6) 658 (7)
Physical activity (sports)
Less than 58359 (66) 42 967(65) 8497 (65) 6895 (68)
2 hours/week
2hours or more/ 30611 (34) 22792 (35) 4598 (35) 3221 (32)
week
Depressive symptoms
No 65 743 (77) 48572 (78) 9409 (75) 7762 (79)
Yes 19132 (23) 14026 (22) 3062 (25) 2044 (21)
Chronic somatic disease
No 55099 (61) 40 848 (61) 7143 (53) 7108 (69)
Yes 35508 (39) 26 148 (39) 6216 (47) 3144 (31)

higher prevalence of both alcohol abuse and dependence than
the other groups, and were more often physically inactive. The
formerly exposed had a higher prevalence of chronic somatic
disease and depressive symptoms than the never and currently
exposed whereas participants who currently worked long hours
were less likely to report chronic disease. We conducted a multi-
variable adjusted binary logistic regression analysis with current
versus never exposed to long hours as the outcome and found
that the following covariates remained significant after mutual
adjustment; younger age, male sex, higher SEP, former and
current smoking, alcohol abuse and dependence, lower physical
activity, depressive symptoms and lower prevalence of self-re-
ported chronic somatic disease (online supplementary table 1).
The multivariable adjusted mean differences in the clinical
factors of men and women are presented in figure 1 and online
supplementary tables 2 and 3. Men who currently worked long
hours had higher BMI, larger waist circumference and waist:hip
ratio, higher total and LDL cholesterol, lower HDL cholesterol,
higher glucose, creatinine, ALT and white blood cell count levels
than the never exposed (also illustrated in figure 1A). The stron-
gest association was found for BMI, with a standardised mean
difference of 0.12, followed by waist circumference (0.09),

whereas all other significant mean differences ranged between
0.02 and 0.04. Among women (online supplementary table 3
and figure 1B), the only significant differences between currently
and never exposed were in BMI (mean difference 0.05), white
blood cells (mean difference 0.04), and smaller waist:hip ratio
(mean difference 0.04). When the analyses were conducted with
adjustment for age, sex and SEP only, the estimates were largely
similar. The results for spirometry, ALT and gamma GT were
almost similar both with and without adjustment for smoking
and alcohol use, correspondingly. When we adjusted ALT for
BMI among men, the association attenuated to non-significant
(p=0.25). Similarly, the associations between current exposure
to long working hours and glucose attenuated to non-significant
after adjustment for BMI (p=0.40).

Compared with the never-exposed men, results among the
formerly exposed men were to a great extent similar to those
obtained among currently exposed men, except for total choles-
terol, LDL and creatinine, which were not associated with former
long working hours, and triglycerides, which was associated with
former but not current long working hours (online supplemen-
tary table 2). Among women, former exposure to long hours was
associated with higher BMI, waist circumference, waist:hip ratio
and triglycerides, lower systolic and diastolic blood pressure,
and lower HDL cholesterol when compared with never-exposed
women (online supplementary table 3).

We further analysed the potential dose-response patterns for
the number of years exposed to long working hours among those
men who currently worked long hours compared with those never
exposed, and found a significant dose-response pattern for BMI,
waist circumference, waist:hip ratio, total cholesterol, glucose and
gamma GT (p values for linear trend 0.013 to <0.0001). These
findings are illustrated in figure 2. Among women, no dose—
response patterns were found for BMI and white blood cells.

We conducted a sensitivity analysis among men and women
free of chronic somatic disease (online supplementary figure 1).
The findings are largely similar to those in the original analyses.
Another sensitivity analysis was carried out among men and
women with low, intermediate and high SEP (online supplemen-
tary figures 2 and 3). Given the relatively large Cls, the findings
can be considered to a large degree similar in all SEP groups.

DISCUSSION
In this cross-sectional study of a wide range of clinically rele-
vant biomarkers among over 75 000 men and women, current
exposure to long working hours was associated with more unfa-
vourable levels in several risk markers among men, in partic-
ular in anthropometric risk markers, such as higher BMI, waist
circumference and waist:hip ratio, as well as higher glucose
and creatinine levels, and poorer scores in lipid parameters. In
addition among men, working long hours was associated with
higher levels of ALT—an indicator of poorer liver health, and a
higher white blood cell count—an indicator of inflammation or
infection. Among women, we found associations between long
working hours and higher BMI and white blood cell counts. We
found no associations between current exposure to long working
hours and blood pressure, spirometry, haemoglobin or platelets.
The findings regarding anthropometric markers are in accor-
dance with previous studies on adiposity.® *° However, the
Whitehall IT study detected no association between long working
hours and lipid levels or systemic inflammation.® In the present
study, we observed some indication of a dose-response pattern
(a linear trend) for all anthropometric markers, total cholesterol,
glucose and gamma GT among men, which may be consid-
ered strengthening the evidence of an association between long
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A Mean difference (95% Cl)

-0.1 0.0 0.1 0.2
ANTHROPOMETRY
Body mass index (BMI) —a—
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Waist-hip ratio —a—
SPIROMETRY
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Systolic blood pressure ——
Diastolic blood pressure —a—
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Total cholesterol —s—

Triglycerides —a—

High-density lipoprotein (HDL) ]
Low-density lipoprotein (LDL) —a—
Glucose —e—
Creatinine —a—
Gamma-glutamyltransferase (Gamma GT) —a—i
Alanine transaminase (ALT) —a—
White blood cells —a—
Hemoglobin —a—
Platelets ——

Figure 1

B Mean difference (95% Cl)
-0.1 0.0 0.1 0.2
ANTHROPOMETRY
Body mass index (BMI) |
Waist circumference ——
Waist-hip ratio —a—
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Forced expiratory volume (FEV) —a
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Low-density lipoprotein (LDL) —a—
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Alanine transaminase (ALT) ——
White blood cells e
Hemoglobin —a
Platelets ——

Mean difference in clinical risk markers (standardised values) comparing participants currently exposed with those never exposed to long

working hours, adjusted for age, socioeconomic position, smoking, alcohol use, physical activity, depressive symptoms and chronic disease: (A) men;

(B) women.

working hours and these outcomes. However, as the Cls were
wide, these findings could be considered suggestive.

A recent meta-analysis including individual participant data
reported a prospective association between long working hours
and the incidence of hospital-treated diabetes, but only among
employees with a low SER” We add to this evidence by an obser-
vation of higher clinically measured glucose levels among men
who worked long hours, irrespective of socioeconomic position.
We also found that the association between long working hours
and glucose among men was attenuated after adjustment for
BMI, which suggests that increased BMI might be a mechanism
that explains the link between long working hours and diabetes.
However, previous studies have not found support for the causal
link between perceived work stress and obesity,” *° thus, the
missing link—why people who work long hours have higher
adiposity—needs to be explored in future studies.

Elevated ALT and gamma GT levels indicate poorer liver
health. It is often thought that an adverse changes in ALT is
exclusively caused by heavy alcohol use. However, increased
ALT may also involve non-alcoholic fatty liver disease, which has
emerged as a major liver disease worldwide due to the epidemic
of overweight and obesity.’! Although the study participants
who worked long hours were more often heavy alcohol users
than the other participants, adjustment for alcohol use did not
affect the association between long working hours and ALT. In
contrast, the association between long working hours and ALT
was attenuated after adjustment for BMI. This is consistent with
the idea that this working pattern is related to multiple adverse
metabolic changes that affect liver health. Furthermore, we
may hypothesise that adverse metabolic processes and deterio-
rating liver health are part of the pathway from long working

hours to an increased risk of cardiovascular events found in
previous studies.’* A recent study indeed suggested that non-al-
coholic fatty liver disease increases coronary artery calcification,
independent of traditional risk factors.** However, as we also
observed increased gamma GT among men who had a long
history of working overtime, our findings may reflect poorer
liver health attributed to risky alcohol use among them.

Our findings also support the idea of systemic inflammation
(higher levels of white cell count) as a pathway between long
working hours and cardiometabolic diseases. Systemic inflam-
mation is a known risk factor for cardiometabolic diseases and
is part of the stress-related pathological changes that contribute
to the triggering of cardiovascular and cerebrovascular events.>*
Indeed, the peripheral physiological stress response includes the
autonomic nervous system response, hypothalamus—pituitary—
adrenal (HPA) responses and elevated the levels of inflammatory
proteins in the absence of pathogens (known as sterile inflamma-
tion).>* However, we adjusted the models for depressive symp-
toms, a correlate of stress-related HPA activation.

We found no consistent association between working hours
and blood pressure outcomes. Many previous studies have relied
on self-reported data on hypertension and have reported mixed
findings."' ™ Studies that have used clinically measured blood
pressure have reported a lower risk of hypertension among those
who work long hours.' ** Thus, it seems that elevated blood
pressure or hypertension is not the link between long working
hours and cardiovascular events, although this hypothesis needs
further confirmation with longitudinal data.

Our sensitivity analysis restricted the sample to healthy partic-
ipants, that is, those who reported no doctor-diagnosed chronic
somatic disease, including cardiovascular disease, thyroid disease,
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Mean difference (95% Cl)

-0.1 0.0 0.1 0.2
Body mass index (BMI)
Never exposed .
0-5 years e |
6-14 years ——
215 years —a—
P for trend<0.0001
Waist circumference
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Figure 2 Mean difference in clinical risk markers (standardised values)
among men, comparing participants currently exposed with those never
exposed to long working hours, according to the length of exposure and
adjusted for age, socioeconomic position, smoking, alcohol use, physical
activity, depressive symptoms and chronic disease.

diabetes, dyslipidemia, chronic bronchitis, asthma, inflammatory
arthritis, other osteoarticular disorder or cancer. In this way, we
were able to characterise the clinical profile among relatively
healthy participants, although some of them might have been
in a preclinical phase or their disease may have been undetected
or undiagnosed. The findings were to a great degree similar to
those obtained from the total population (when the models were
adjusted for chronic disease).

Working hours were not associated with lung function, haemo-
globin or blood platelet concentration. Although participants
who worked long hours were more often smokers, adjustment
for smoking status did not affect these associations. However,
as this was the first study to examine these associations, further
research is needed to confirm these results.

Ours is one of the few studies to include an assessment of the
duration of exposure to long working hours. With the reference
group of ‘never exposed’, we were able to separate the formerly
and currently exposed, and control for the misclassification of
the formerly to be placed in the ‘not exposed’ group. Indeed,
the formerly exposed men had a very similar risk factor profile
to that of the currently exposed, which leads us to recommend
separating this group from the non-exposed in the future. Inter-
estingly, formerly exposed women had a more adverse risk profile
than currently exposed women among whom we found little

evidence for the association between long working hours and risk
markers. Reasons behind these findings and discrepancies between
men and women are unclear but might relate to different selec-
tion processes in increasing or decreasing working hours, more
excessive working hours among men, as well as women’s resilience
towards cardiometabolic risk factors during working age.

A major strength of our study is the large population-based
sample, which allowed a precise estimation of the timing of
exposure to long working hours, which in turn enabled the
assessment of current versus former exposure and dose-response
relationships. Such a large study with wide-ranging clinical data
has not been carried out in this research field before. The study
population included people from across the country, and men
and women were equally represented, with a broad range of
socioeconomic positions, which supports the generalisability
of our findings, although only to the population studied. An
important limitation is the low response rate, which raises the
question of selection bias. The CONSTANCES participants have
been shown to represent a healthier part of the French popula-
tion. In studies with low participation rates, selection can bias
inferences about population prevalence figures of diseases and
conditions. However, population prevalence was not the focus
of our study; we examined the association between exposures
and outcomes and those relationships are less likely to differ
between participants and non-participants.®® In addition, people
who work long hours may be less likely than people with shorter
hours to participate in clinical studies due to lack of time. If
the proportionally healthier overtime workers participated,
our findings may represent an underestimate of the association
between long working hours and risk markers. In addition,
statistical robustness does not always mean clinical significance.
For example, the adjusted mean in the original BMI scale among
never and currently exposed men was 25.3 and 25.8 kg/m?,
respectively. The corresponding values among women were 24.1
and 24.3 kg/m”. Neither of these differences are clinically signif-
icant. This was a cross-sectional study, which precludes us from
making conclusions about the direction of causality but enables
an assessment of clinical risk profile. In addition, as former and
current exposures to long working hours were differentiated, we
were able to evaluate selection effects based on our observations.
Even more specific questions on working hours would have been
desirable, to capture more detailed hour-based measurements of
long working hours. In addition, future studies could examine
financial stress as a potential effect modifier in the association
between long working hours and health.

In conclusion, our study sheds light on the clinical profile and
health of people who work long hours through its large number
of anthropometric, functional and blood-based measures. Our
findings suggest statistically robust, although modest, asso-
ciations between exposure to long working hours and greater
adiposity, more adverse lipid, glucose, liver and kidney values,
and elevated inflammation among men and only few weak asso-
ciations among women. Future studies should examine long-
term effects of overtime work on pathophysiological changes
and cardiometabolic diseases.

What is already known on this subject

» Long working hours have been associated with
cardiovascular diseases and diabetes, but less is known about
the cardiometabolic risk factors associated with long working
hours.
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Work and health

What this study adds

» In a large-scale study of working-age population in France, a
wide range of cardiometabolic risk factors were examined.

» Among men, long working hours were associated with
higher body mass index, waist circumference, waist:hip
ratio, white blood cell count, glucose, creatinine and alanine
transaminase, as well as poorer lipid levels.
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