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ABSTRACT
Objective: Night-shift work is associated with ischaemic
cardiovascular disorders. It is not currently known
whether it may be causally linked to metabolic syndrome
(MS), a risk condition for ischaemic cardiovascular
disorders. The syndrome presents with visceral obesity
associated with mild alterations in glucidic and lipidic
homeostasis, and in blood pressure. The aim of this study
was to assess whether a causal relationship exists
between night-shift work and the development of MS.
Methods: Male and female nurses performing night
shifts, free from any component of MS at baseline, were
evaluated annually for the development of the disorder
during a 4-year follow-up. Male and female nurses
performing daytime work only, visited during the same
time period, represented the control group.
Results: The cumulative incidence of MS was 9.0%
(36/402) among night-shift workers, and 1.8% (6/336)
among daytime workers (relative risk (RR) 5.0, 95% CI
2 2.1 to 14.6). The annual rate of incidence of MS was
2.9% in night-shift workers and 0.5% in daytime workers.
Kaplan–Meier survival curves of the two groups were
significantly different (log-rank test; p,0.001). Multiple
Cox regression analysis (forward selection method based
on likelihood ratio) showed that among selected variables
(age, gender, smoking, alcohol intake, familiar history,
physical activity, and work schedule) the only predictors
of occurrence of MS were sedentariness (hazard ratio
(HR) 2.92; 95% CI 1.64 to 5.18; p = 0.017), and night-
shift work (HR 5.10; 95% CI 2.15 to 12.11; p,0.001).
Conclusions: The risk of developing MS is strongly
associated with night-shift work in nurses. Medical
counselling should be promptly instituted in night-shift
workers with the syndrome, and in case of persistence or
progression, a change in work schedule should be
considered.

An association between shift work and coronary
heart disease has been shown.1 In terms of
prevention, however, it is more important to
recognise susceptible individuals than those with
overt disease.

In recent years, it has been suggested that
metabolic syndrome (MS) (the association of even
moderate degrees of visceral obesity, dyslipidaemia,
abnormal blood pressure and serum glucose levels
in the same individual) may sharply increase the
risk of subsequent adverse coronary events; in
particular, MS gives an almost twice increased risk
for coronary heart disease,2 a two- to threefold
increased risk for future ischaemic stroke3 and an
even greater risk for diabetes.4 5

Workers involved in night shifts may be at
increased risk for the development of the syn-
drome, on the basis of unfavourable effects of sleep

deprivation on the main components of the
syndrome such as visceral obesity,6 7 blood pres-
sure,8 and insulin sensitivity.9 However, no pro-
spective study has been performed until now to
evaluate whether night-shift work actually repre-
sents a risk factor for the development of MS. The
aim of the present study was therefore to evaluate
whether the performance of night shifts may
influence the incidence of MS in male and female
nurses.

METHODS
Both male and female nurses were enrolled during
an annual health surveillance programme per-
formed by occupational physicians in three large
hospitals (two teaching hospitals and one general
hospital). The study started on January 2003 and
ended on December 2007. A 4-year follow-up was
planned for each included subject.

For the purpose of the present study, we
considered as night-shift workers those on night
shifts or rotating shifts that included at least an
average of 4 nights per month during the year, and
as daytime workers those regularly working
between 07:00 and 21:00 from at least 1 year. At
baseline, a standard medical history was collected
and a physical examination was performed in all
enrolled subjects. For the diagnosis of MS, appro-
priate measurements were performed during phy-
sical examination (abdominal girth and blood
pressure), and venous blood was drawn for
pertinent laboratory analyses (fasting glucose
levels, serum triglycerides and high-density lipo-
protein (HDL)-cholesterol). In detail, waist circum-
ference was measured at the high point of the iliac
crest at minimal respiration to the nearest 0.1 cm
at the end of normal expiration. Two subsequent
measurements of blood pressure were performed in
all workers, and the mean of the two measure-
ments was considered the actual value. Standard
laboratory methods were used for serum para-
meters. Factors possibly affecting the prevalence of

What this paper adds

c Night-shift work has been associated with
metabolic syndrome, but no prospective study
has been performed until now.

c Our prospective study shows that metabolic
syndrome is causally linked to night shifts in
healthcare workers.

c Changes in work schedule might be considered
in workers showing a progression of the
disorder in spite of dietary and lifestyle advice.
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the syndrome such as smoking, alcohol intake, leisure time
physical activity, and familiar history for any component of the
syndrome or overt cardiovascular disease were obtained through
specific questionnaires. Workers were defined as active smokers
if they had smoked daily during the last 3 months before
enrolment, and reported a daily habit of .10 cigarettes per day
for at least 1 year during the past 10 years; they were considered
as having a positive familiar history, if they reported at least one
first-degree relative with a diagnosis of diabetes, hypertension,
dyslipidaemia, coronary heart disease or ischaemic stroke under
the age of 65 years. Alcohol intake was evaluated considering
110 g of alcohol per 1 l of wine, 44 g of alcohol per 1 l of beer,
and 350 g of alcohol per 1 l of spirit. Leisure time physical was
investigated adapting a validated questionnaire,10 and classifying
subjects’ activity according to a previous report.11 Briefly, we
calculated for each activity the weekly number of minutes spent
in that activity. Total minutes per week spent in performing the
activities were calculated by summing the weekly minutes for
each activity. We divided the total weekly minutes into two
categories: ,50, and >50 minutes/week of moderate to
vigorous physical activity.11 Physical activities of light intensity
were not reported. We defined ‘‘moderate’’ as the physical
activity causing only light sweating or slight to moderate
increase in breathing or heart rate when performed for at least
10 minutes (eg raking leaves, mowing the lawn or heavy
cleaning); and ‘‘vigorous’’ as the activity causing heavy
sweating, or significant increase in breathing or heart rate (eg
running or fast bicycling). Workers spending ,50 minutes/week
in moderate physical activity were classified as sedentary.

Different criteria have been proposed by different institutions
for the definition of MS.12–14 In the present study, we defined the
syndrome according to the updated criteria of the National
Cholesterol Education Program,14 because these criteria are
simple to use in a clinical setting, have the advantage of
avoiding emphasis on a single cause, and have been validated in
a large number of studies. According to these criteria, MS is
identified when >3 of the following conditions are present in
the same subject: waist >102 cm in men and >88 cm in
women, serum triglycerides >1.695 mmol/l21 (150 mg/dl),
HDL-cholesterol ,1.036 mmol/l21 (40 mg/dl) in men and
,1.295 mmol/l21 (50 mg/dl) in women, blood pressure >130
or >85 mmHg or treatment for hypertension, and plasma
glucose >5.6 mmol/l21 (100 mg/dl).

For the purpose of the current study, participants taking
active medications for any component of the syndrome were
considered to be affected by that component of the syndrome.

Workers were included in the study if they had no trait of
MS, no significant chronic disease possibly related with any
component of the syndrome, and no change in work schedule
during the 3 years preceding the inclusion in the study.

The Kaplan–Meier method and the log-rank test (Mantel–
Cox) were used to compare event-free survival among night-
shift workers and daytime workers. With the use of propor-
tional hazards analysis, hazard ratio (HR) and 95% CI were
generated for the unadjusted association between shift work or
other baseline characteristics and the occurrence of MS. HRs
were then adjusted for the confounding effects of other baseline
characteristics, including age, sex, smoking status, alcohol
intake, and familiar history of cardiovascular disease (Cox
regression analysis). In addition, the assumption of the hazard
proportionality of the Cox model was checked and the
appropriate adjustment performed to obtain more robust
estimates of the effects. In particular, Cox regression with
time-dependent covariates was applied.

In the survival analysis, we ‘‘censored’’ all subjects for whom
the duration of the study was limited in time for different
reasons such as change in work or work schedule, the
occurrence of significant diseases or death, the occurrence of
pregnancy in females, and dropout during the follow-up period.
Workers having ,1 year of follow-up were excluded from the
study.

Statistical analysis was performed with SPSS V.3.0. Student’s
t test and x2 test were, respectively, used to compare continuous
or categorical variables.

All the investigations performed in this study were conducted
in accordance with the guidelines of the Declaration of Helsinki.
Written consent from individuals had been granted, in
accordance with the procedures approved by the ethical
committee of our institution.

RESULTS
One thousand four hundred and sixty-four employees were
eligible for baseline evaluation; among these, 1402 were actually
visited (62 workers did not attend the scheduled baseline visit),
and 664 were excluded for the following reasons: presence of at
least one component of MS at baseline (478 workers), presence
of significant chronic disorders possibly related to the syndrome
(44 workers), change in work schedule during the preceding
3 years (82 workers), or work including ,4 night shifts per
month (four workers). Twenty-four eligible workers did not
agree to participate in the study, and 32 additional workers were
excluded because they had a follow-up of ,1 year. Data are
therefore referred to 738 workers. Among these, 402 were
classified as night-shift workers and 336 as daytime workers.

The clinical characteristics of daytime and night-shift workers
are shown in table 1.

There were no significant differences between the two
populations in the frequency of risk factors for atherosclerosis.
Traditional risk factors such as hypertension, diabetes, obesity
and hyperlipidaemia were not included in the evaluation, since,
as stated in the Methods, workers with these disorders were
excluded from the study. However, baseline waist circumfer-
ence data, although below the threshold for MS, are shown,
considering the pivotal role of visceral obesity in the develop-
ment of the syndrome.

The cumulative incidence of MS was 5.7% (42/738), with a
total of 36 cases (9.0%) occurring among the 402 night-shift
workers, and with six cases (1.8%) occurring among the 336
daytime workers (relative risk (RR) 5.0, 95% C.I. 2.1 to 14.6).
One hundred and fourteen subjects were censored: 36 because
they changed their work or work schedule during the follow-up
(24 among shift workers), 54 because they did not perform the

Table 1 Demographic, clinical characteristics of daytime workers and
night-shift workers

Daytime workers
(n = 336)

Night-shift workers
(n = 402)

Mean (SD) age, years 37.9 (8.5) 38.9 (8.4)

Male sex, n (%) 92 (27.5) 124 (30.9)

Current smokers, n (%) 91 (27.1) 119 (29.7)

Alcohol drinkers,* n (%) 67 (20.0) 72 (17.9)

Mean (SD) waist circumference,
cm

79.2 (9.3) 80.4 (9.7)

Positive familiar history,{ n (%) 102 (30.4) 138 (34.3)

Sedentariness, n (%) 255 (77.1) 318 (79.1)

*More than 30 g/day.
{A positive familiar history refers to obesity, hypertension, hyperlipidaemia, diabetes,
overt ischaemic cardiovascular disease, or a combination of the above.
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annual scheduled visit (32 among shift workers), 18 female
nurses because they became pregnant (10 among shift workers),
four because of a diagnosis of malignancy (two among night-
shift workers), and two because they died for accidental reasons.
Adjusting for the different length of follow-up until occurrence
of the event/censoring, persons-year method allowed us to
estimate that the annual rate of incidence of MS was 0.5% in
daytime workers and 2.9% in night-shift workers. Kaplan–Meier
survival curves of the two groups were significantly different
(log-rank test; p,0.001) (fig 1).

The cumulative incidence of the single components of the
syndrome, shown in table 2, was similar for the two groups,
except for visceral obesity, which was detected with increased
frequency in night-shift workers (14.2% vs 7.7%).

The combination of visceral obesity, low serum HDL and
high serum triglycerides was by far the most common among
subjects with MS, being detected in 22 out of 42 subjects
(52.4%).

After verifying the effect of each variable (age, gender,
smoking, alcohol intake, familiar history, physical activity,
and work schedule) separately on the occurrence of MS (table 3
– single-variable model), the first multiple Cox regression
analysis was performed choosing a forward selection method
based on likelihood ratio (table 3 – multi-variable model). This
procedure indicated that the only predictors of occurrence of
MS were sedentariness (HR 2.92; 95% CI 1.64 to 5.18;
p = 0.017), and night-shift work activity (HR 5.10; 95% CI
2.15 to 12.11; p,0.001). No other variables entered the model
(consistently, p.0.20). The interactions of age with sedentari-
ness (p.0.05) and with shift work (p.0.20) tested to be non-
significant. In our multi-variable model, the total number of
events (occurrence of MS) was 42, and the considered variables
were 7: one of interest (shift work) plus six relevant covariates.
However, it has been suggested that the optimal event-per-
variable ratio (EPV) for multi-variable follow-up studies should
be at least 10,15 16 whereas in our model it was 6 (42/7). To
overcome this problem, risk factors were summed in a single
score (ranging between 0 and 5), substituting the five single
factors. The previous finding was confirmed (p,0.001 for shift
work and p = 0.24 for risk factor score).

DISCUSSION
In this study, we show that in a population of relatively young
workers free from any component of MS at baseline, the risk of
developing the syndrome is strongly associated with the
performance of night shifts.

Although several previous studies have suggested an associa-
tion between shift work and MS, their cross-sectional design17–21

or retrospective nature22 23 did not allow to evaluate the possible
cause–effect relationship between these two conditions. To our
knowledge, our study is the first with a prospective design,
which gave us the opportunity to detect a causal association.

Our data confirm the central role of visceral obesity in
determining the development of the syndrome, and the peculiar
association of this component with shift work.17 On the other
hand, obesity may be in turn related to sedentariness, which
was present in a large proportion of our population, and was the
only risk factor, in addition to shift work, predictive for the
development of the syndrome. This finding is in agreement
with recent data, showing an association between decreased
physical activity and MS,24 and supports the recommendation of
exercise training programmes in sedentary workers.

The mechanism by which night-shift work may induce MS
was not investigated in the present study, and remains therefore
speculative. Although lifestyle was similar in the two popula-
tions at baseline, we cannot confidently exclude changes during
the follow-up period. In fact, formal questionnaires regarding,
for example, leisure time physical activity, smoking or alcohol

Figure 1 Cumulative incidence of metabolic syndrome in nightshift
workers and daytime workers.

Table 2 Cumulative incidence of metabolic risk factors among night-
shift workers and daytime workers during the 4-year follow-up

Component
Total population
(N = 738)

Night-shift
workers (n = 402)

Daytime workers
(n = 336)

Visceral obesity, n
(%)

83 (11.2) 57 (14.2) 26 (7.7)

High BP, n (%) 85 (11.5) 45 (11.2) 40 (11.9)

Low HDL-C, n (%) 89 (12.1) 56 (13.9) 33 (9.8)

High TG, n (%) 89 (12.1) 51 (12.7) 38 (11.3)

High glucose, n (%) 33 (4.5) 20 (5.0) 13 (3.9)

Components by National Cholesterol Education Programme definition: visceral obesity:
waist >102 cm in men and >88 cm in women; high BP: BP >130 or >85 mmHg or
treatment for hypertension; low HDL-C: HDL-C ,1.036 mmol/l21 (40 mg/dl) in men
and ,1.295 mmol/l21 (50 mg/dl) in women; high TG: serum triglycerides
>1.695 mmol/l21 (150 mg/dl); high glucose: plasma glucose >5.6 mmol/l21

(100 mg/dl).
BP, blood pressure; HDL-C, high-density lipoprotein-cholesterol; TG, triglyceride.

Table 3 Cox regression analysis for incidence of metabolic syndrome

Single-variable model Multi-variable model

HR (95% CI) p Value HR (95% CI) p Value

Age 0.97 (0.94 to 1.01) 0.14

Male sex 1.16 (0.61 to 2.21) 0.64

Sedentariness 2.96 (1.49 to 4.65) 0.01 2.92 (1.64 to 5.18) 0.02

Alcohol 1.06 (0.49 to 2.30) 0.87

Smoking 0.93 (0.46 to 1.84) 0.83

Family history 0.83 (0.42 to 1.63) 0.60

Shift work 5.19 (2.19 to 12.33) ,0.001 5.10 (2.15 to 12.11) ,0.001

HR, hazard ratio.
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intake have not been administered during the follow-up
examinations.

Independently of lifestyle, the disruption of the circadian
rhythm may ‘‘per se’’ induce metabolic disturbances favouring
the development of the syndrome,6–9 although it has been
recently shown that increasing sleeping hours may also be
associated with the syndrome.24 Thus, more than sleep
deprivation, the irregular sleeping pattern associated with shift
work may be crucial for explaining the observed association.

Furthermore, the stress linked to night-shift work might also
play a role. In fact, an association of the syndrome with high
levels of job stress has been reported,25 26 and job stress is
considered an important component of the association between
shift work and cardiovascular disorders.27

The cumulative incidence of MS reported in the current study
(5.7%) is lower than that found in another study (about 33%
during a 3-year follow up period).28 In that study, however, all
involved workers were of male sex, and therefore at increased
risk for the syndrome,29 and subjects having one or two traits of
the syndrome at baseline were included; furthermore, workers
included in that study were of Asian ethnicity, and might have a
different susceptibility in comparison to Caucasians. Our
population was, however, composed almost exclusively of
Caucasian people.

Our study has some limitations. First of all, our population
was represented by healthcare workers, and therefore the
findings cannot be generalised to other night-shift workers;
furthermore, enrolled subjects were predominantly of female
sex, and therefore the data regarding the male population are
limited. On the other hand, the large participation to the study,
involving almost all eligible workers, the very stringent selection
criteria, allowing the inclusion only of subjects without any
component of the syndrome, and the length of follow-up
support the reliability of the data.

We feel that our findings may have a strong impact on health
policy in shift workers; in fact MS may be present even with
mild alterations of blood pressure, serum glucose and lipids, and
body weight, whose clinical relevance may be easily overlooked
if they are evaluated individually. Medical counselling should be
promptly instituted in night-shift workers with the syndrome,
and in case of persistence or progression, a change in work
schedule should be considered.

CONCLUSIONS
This study adds to previous findings showing an association
between night shifts and MS. It shows in fact for the first time
that, during a 4-year period, the development of the syndrome is
significantly higher in night-shift healthcare workers than in
daytime healthcare workers, and suggests a causal relationship
between the two events. These findings open the way to similar
prospective confirmatory studies in workers involved in other
activities, and suggest that appropriate medical surveillance and,
if necessary, changes in work schedule should be considered in
healthcare workers developing the syndrome.
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