
	 Scand J Work Environ Health 2012, vol 38, no 4	 343

Original article
Scand J Work Environ Health. 2012;38(4):343–348. doi:10.5271/sjweh.3267

The relationship between current and former shift work and the metabolic 
syndrome
by Sampsa Puttonen, PhD,1, 2 Katriina Viitasalo, MD,3 Mikko Härmä, PhD 1

Puttonen S, Viitasalo K, Härmä M. The relationship between current and former shift work and the metabolic 
syndrome. Scand J Work Environ Health. 2012;38(4):343–348. doi:10.5271/sjweh.3267

Objective   The occurrence of possible health hazards among former shift workers is not well-known. We studied 
associations of former and current shift work with the metabolic syndrome (MetS).
Methods   Participants were 1811 full-time employees of a large airline company (1009 men). Working times 
were categorized into five groups: day worker [N=297 (the reference group)], former shift worker (N=341), 
2-shift worker (N=418), night-shift worker (N=283), and in-flight worker (N=472). MetS was measured by the 
International Diabetes Federation (IDF) criteria and the National Institute of Health Adult Treatment Panel III 
(NCEP) guideline. The prevalence of the syndrome in the study population was 28.5% and 20.8%, respectively.
Results   Among male former shift workers, MetS was more prevalent compared to male day workers [IDF: 
age-adjusted odds ratio (OR) 2.13, 95% confidence interval (95% CI) 1.35–3.37; NCEP: OR 1.83, 95% CI 
1.13–2.96]. Associations did not change after additional adjustments for education, smoking, physical activity, 
alcohol consumption, and insomnia symptoms (IDF: OR 2.00, 95% CI 1.26–3.19; NCEP: OR 1.67, 95% CI 
1.02–2.72). Male 2-shift workers also had an elevated risk of IDF-defined MetS (OR 1.64, 95% CI 1.06–2.55) 
but the association weakened in the fully adjusted analyses (OR 1.48, 95% CI 0.93–2.24). Prevalence of the 
MetS was marginally significantly higher among night-shift work (IDF: OR 1.51, 95% CI 0.95–2.34) and was 
attenuated further with additional adjustments (OR 1.37, 95% CI 0.84–2.22). Among women, no significant dif-
ferences in prevalence of the MetS between day and shift work were observed. 
Conclusion   Findings of the cross-sectional study suggest that MetS diagnosed by standardized criteria is more 
prevalent among former male shift workers than current day workers who have never worked in shifts.
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Shift work has become common in our 24/7 society 
and around 20% of the European employees work in 
shifts, the corresponding number being, for example 
in China, as high as 36% (1). Epidemiological studies 
have repeatedly pointed to an increased risk of major 
diseases including cardiovascular diseases (CVD) in 
shift work (2). However, the pathways of the associa-
tion and the specific groups of workers at risk are not 
fully understood. Shift work disturbs sleep and our 
natural biological body rhythms, and it may increase 
psychosocial stress and predispose to physiological 
disturbances related to metabolic syndrome (MetS) 
and CVD (3).

MetS is a clustering of risk factors for CVD such as 

insulin resistance, hypertension, lipid abnormalities, and 
central obesity (4). Karlsson and co-workers (5) found 
that several risk factors of MetS – including obesity, 
elevated triglycerides, and low levels of high-density 
lipoprotein (HDL) cholesterol – clustered together more 
often among shift than day workers. Other studies sug-
gest that the occurrence of MetS as defined by the Inter-
national National Cholesterol Education Program-Adult 
Treatment Panel III  (NCEP) criteria is higher in rotating 
shift work (6, 7). However, in the study by Sookoian 
et al (7), shift work was unrelated to the International 
Diabetes Federation (IDF)-defined MetS. Recent follow-
up studies have added to our knowledge by showing that 
rotating shift workers have an elevated risk for develop-
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ing MetS when IDF or NECP MetS criteria is used as 
the outcome measure (8–10). 

Despite previous reports suggesting that former shift 
workers and 2-shift workers may have an increased CVD 
risk (11, 12), previous MetS studies have concentrated on 
rotating shift work and therefore there is need to assess 
the risk in diverse shift schedules. In the present study, we 
separated former shift workers from current day workers 
and designated in-flight workers, whose work schedules 
are highly irregular, as a separate study group. Our aims 
were to study whether (i) the risk of MetS is increased 
among ex-shift workers, (ii) the previously reported rela-
tion between night-shift work and MetS can be repeated 
among employees of a large airline company (ie, Finnair), 
(iii) the occurrence of MetS is increased in types of shift 
work other than night shift, and (iv) there are gender dif-
ferences in relation between working hours and MetS. We 
used two established MetS criteria in our study (IDF and 
NCEP) to evaluate the robustness of the associations and 
enhance comparability of results between studies.

Methods

Participants

During the years 2006–2008, one fifth of Finnair employ-
ees (N=4140) were invited for a check-up each year, 
altogether 2320 men and women attended. The check-up 
included physical examinations, laboratory tests, and 
questionnaires on working hours, sleeping habits, and 
lifestyles, in addition to counseling of an occupational 
health nurse or a doctor. Those 1811 participants, who 
were full-time workers and had complete data on all 
study variables, formed the final study group. They were 
24–65 years old [mean age 44.3, standard deviation (SD) 
8.9] and 1009 were male. The participation rates by age 
categories for men and women, respectively, were 40% 
and 60% (<35 years), 50% and 60% (35–44 years), 57% 
and 68% (45–54 years), and 56% and 62% (>55 years). 
Of all participants, 40% were regular day workers, 39% 
non-flight shift workers, and 26% in-flight workers; in 
the target group, these percents were 33%, 39%, and 
28%, respectively. The  Ethics Committee of the Hospital 
District of Helsinki and Uusimaa approved the study and 
all subjects gave a written informed consent. 

Measures

The participants were asked to indicate their current 
work schedule and whether they had previously worked 
in shifts. Working times were categorized into 5 groups: 
(i) day work (work done between 06.00–18.00 hours) 
(ii) former shift work (currently in day shift), (iii) 2-shift 

work (morning and evening shifts), (iv) night-shift work 
(3-shift work including night work ≥3 hours between 
23.00–06.00 hours), (v) in-flight work (irregular shift 
work with night work ≥3 hours between 23.00–06.00 
hours and/or time-lag ≥4 hours). The two most frequent 
job types in the working time groups were as follows: (i) 
office work, planning, marketing (62%), and aircraft ser-
vice work (15%); (ii) office work, planning, marketing 
(58%), and managerial work (16%); (iii) maintenance, 
storing work (30%), and customer service (16%); (iv) 
aircraft service work (51%) and customer service (12%); 
and (v) cabin crew (86%) and pilots (11%). Of the for-
mer shift workers, 65.0% had experience of night-shift 
work (≥1 night shift per month); 48.2% of the 2-shift 
workers were working regular morning and evening 
shifts and 30.5% reported working shifts that started 
before 06.00 hours ≥1 per week. In night-shift work, 
the reported shift system was regular among 42.0% 
of employees and 53.2% on the regular shift system 
worked in a forward-rotating system. The majority of 
night-shift workers had either one (30.8%) or three 
(57.5%) consecutive night shifts. Work schedules in 
in-flight work were irregular (98.6%) and 82.4% had 
trans-meridian flights (time-lag >4 hours).

The participant’s educational level was measured 
by the highest education achieved categorized as 1=low 
(comprehensive school), 2=intermediate (secondary 
education) or 3=high (polytechnic or university). Physi-
cal activity was measured using a 4-choice question 
on weekly physical activity during leisure time (1=lit-
tle/hardly any to 4=several times /competitive type). 
Alcohol consumption was measured as the number of 
12 g units consumed per week. Smoking was coded as 
1=smoker or 2=non-smoker. 

Insomnia symptoms during the past three months 
were self-rated using a Likert-type scale (1=never or <1 
a month to 5=daily or almost daily) and the mean value 
of three questions (“How often have you had difficul-
ties in initiating sleep?”; “How often do you wake up 
during the night?”; “How often do you feel tired during 
the day time?”) was used as a continuous indicator of 
insomnia severity.

Physiological measures and the MetS

An occupational nurse or a physician carried out the 
check-up, which included measurements of blood pres-
sure, height, weight, and waist circumference, and blood 
tests for lipids that were taken between 07:30–10:00 
after a fasting period of 12 hours. In the invitation let-
ter, the participants were urged not to come to the tests 
after a night shift. MetS according to the IDF criteria 
(13) was defined as central obesity (waist circumference 
>80 cm and >94 cm for women and men, respectively) 
plus any two of the following: (i) raised triglycerides 
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>1.7 mmol/L, specific treatment for this lipid abnor-
mality, (ii) reduced HDL-cholesterol (1.03 mmol/L and 
1.29 mmol/L among men and women, respectively), 
specific treatment for this lipid abnormality, (iii) raised 
systolic blood pressure (>130 mm Hg), diastolic blood 
pressure (>85 mm Hg), or treatment of previously 
diagnosed hypertension, and (iv) raised fasting plasma 
glucose (>5.6 mmol/L), or previously diagnosed type-2 
diabetes. MetS according to the NCEP guideline (14) 
was defined as the occurrence of ≥3 of the following 
conditions: waist >102 cm and >88 cm among men and 
women, respectively; serum triglycerides >1.7 mmol/L 
or treated; HDL-cholesterol <1.03 mmol/L and <1.3 
mmol/L among men and women, respectively, or treated, 
systolic and diastolic blood pressure >130 or >85 mm 
Hg, respectively, or treated; and plasma glucose >5.6 
mmol/L or treated. 

Statistical analysis

Analyses were done using SPSS version 17.0 (SPSS Inc, 
Chicago, IL, USA). The day worker group was set as the 
reference group, against which each of the other groups 
was contrasted. We used analysis of variance for the 
continuous variables and chi2 tests for discrete variables 
to test differences in control variables (age, sex, educa-
tion, physical activity, alcohol consumption, smoking 
status, and insomnia) between the working time groups. 
Due to non-normal distribution, alcohol consumption 
was log-transformed prior to analyses. Next, we per-
formed multiple logistic regression analysis to test the 
relationship between each control variable and the MetS. 
Finally, we calculated odds ratios (OR) and 95% confi-
dence intervals (95% CI) for the risk of MetS in working 
time groups, with day work as the reference separately 
for men and women. The seven tested models were: (i) 
age-adjusted; (ii–vi) adjusted for age, and additionally for 
one of the other variables including education, physical 
activity, alcohol use, smoking, and insomnia; and (vii) 
fully-adjusted for all above covariates.

Results

The prevalence rates of the MetS were 28.5% for the IDF 
and 20.8% for the NCEP formulations. The mean age of 
day workers was 2.4 to 5.2 years higher than in other 
working time groups (P-values <0.001) and day workers 
reported less frequent insomnia compared to night-shift 
workers (P-value <0.05) (table 1). The gender distribution 
was even in the day workers, but former-, 2-, and night-
shift workers had more male than female participants, 
and, in the in-flight group, the majority of participants 
were female. The control variables were systematically 

associated with both formulations of the MetS (P-values 
<0.001) excluding insomnia, which was unrelated to 
MetS in the sample (P-values >0.056). The risk of MetS 
increased with age (6% per year) and the risk was 2.4 
(IDF) to 2.6 (NCEP) times higher among men compared 
to women. The risk of MetS among current smokers was 
40% (IDF) to 60% (NCEP) higher than non-smokers. In 
addition, participants with low education level had a 1.8- 
(IDF) to 2.1- (NCEP) fold risk for the prevalence of MetS 
compared to participants with high education.

Table 2 gives the results of comparisons between 
working time groups for the IDF-defined MetS, separately 
for men and women. Among men, former shift workers 
had a 2.13-fold (95% CI 1.35–3.37) age-adjusted risk 
of IDF MetS. Further adjustments for other covariates, 
including education, smoking, physical activity, alcohol 
consumption, and insomnia symptoms, did not influence 
the results (full model: OR 2.00, 95% CI 1.26–3.19). A 
similar, but slightly weaker association was observed 
for NCEP-defined MetS and former shift work among 
men (age-adjusted: OR 1.83, 95% CI 1.13–2.96; fully-
adjusted: OR 1.67, 95% CI 1.02–2.72) (data not shown). 
The results also showed an association between 2-shift 
work and MetS (IDF: OR 1.64, 95% CI 1.06–2.55) which 
attenuated still with further adjustments (full model: 
OR 1.48, 95% CI 0.93–2.24) (table 2). However, the 
association for NCEP-defined MetS among male 2-shift 
workers was not significant (age-adjusted: OR 1.40, 95% 
CI 0.89–2.22). Prevalence of the IDF-defined MetS was 
marginally significantly higher among night-shift work 
(age-adjusted: OR 1.51, 95% CI 0.95–2.34) and the 
association attenuated further with additional adjustments 
(full model: OR 1.37, 95% CI 0.84–2.22). Again, results 
of NCEP-defined MetS were weaker and non-significant 
(age-adjusted: OR 1.20, 95% CI 0.73–1.96. In additional 
analyses, we compared the risk of former night-shift 
workers and other types of former shift workers with day 
workers and found that the risk in these two groups was 
of similar magnitude (age-adjusted associations among 
men: IDF, former night shift: OR 2.05, 95% CI 1.24–3.36 
and other type of former shift work: OR 2.32, 95% CI 
1.26–4.30; NCEP, former night shift: OR 1.66, 95% CI 
0.98–2.82 and other type of former shift work: OR 1.99 
95% CI 1.04–3.81). Among women, we did not observe 
significant differences in prevalence of the MetS between 
day work and shift work. 

Discussion

Our study showed that among men, former shift worker 
is associated with the increased occurrence of IDF- and 
NCEP-defined MetS, a finding that needs to be con-
firmed in future studies. Also 2-shift working men had 
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a tendency for an increased prevalence of MetS, but the 
association disappeared with adjustment for insomnia, 
education, and health habits including smoking, drink-
ing, and physical activity. Unlike some previous studies, 
MetS was not found to be more common among night-
shift compared to day workers in the present sample of 
employees. We did not observe an increased prevalence 
of MetS among former female shift workers. 

We had no data on individual reasons for moving 
into day work. Most of the former shift workers in the 
current sample (65%) reported having done night-shift 
work earlier. However, we cannot estimate to what 
extent the higher prevalence of MetS in former shift 
workers can be attributed to possible direct effects of 
former night-shift work or to other work-related and 

non-work factors. However, health selection to day work 
is a plausible mechanism. Finnair systematically screens 
the health of its employees using its own occupational 
health services. As supported also by Finnish law, it is 
common that employees with health problems can move 
to less burdensome shifts. According to the occupational 
health physicians, the possibilities to move from shift 
to less strenuous work schedules have been rather good 
except for in-flight workers in the company. The costs 
to the employee usually are limited to reduced salary.

The possible health risks of 2-shift work are not 
well known. We found limited evidence for an elevated 
occurrence of MetS among male 2-shift workers. Most 
workers start shifts at 06.00 hours or later but very early 
shift starting times have become more common in the 

Table 1. Characteristics of the study sample (N=1811). [SD=standard deviation.]

Working time group 

Day work  
(N=297)

Former shift work 
(N=431)

2-shift work 
(N=418)

Night-shift work 
(N=283)

In-flight work 
(N=472)

Mean SD % Mean SD % Mean SD % Mean SD % Mean SD %

Age 47.7 8.9 45.3 8.7 a 45.0 8.7 a 42.5 8.5 a 42.9 8.7 a
Sex (male)  50.5 63.6 a 68.2 a 82.3 a 26.3 a
Education (high) b 55.6 44.3 21.8 a 23.0 a 74.4 a
Physical activity (low) 18.2 17.6 18.9 21.6 7.6 a
Alcohol use 5.4 5.4 6.4 7.8 6.1 a 6.1 5.7 5.5 4.3 4.0 c
Smoking (yes) 22.2 20.5 26.8 25.1 13.1 c
Insomnia 2.47 0.83 2.58 0.85 2.56 0.83 2.63 0.89 c 2.45 0.83

a Differs from day work group, P≤0.001.
b Polytechnic or university degree.
c Differs from day work group, P<0.05.

Table 2. Working times and prevalence of International Diabetes Federation (IDF) metabolic syndrome (MetS). [OR=odds ratio; 95% 
CI= 95% confidence interval.]

Variables Day work versus  
former shift work

Day work versus  
2-shift work

Day work versus  
night-shift work

Day work versus  
in-flight work

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Men
Age 2.13 1.35–3.37 1.64 1.06–2.55 1.51 0.95–2.34 1.21 0.70–2.01
Age and education 2.11 1.33–3.33 1.57 0.99–2.48 1.45 0.90–2.35 1.23 0.71–2.13
Age and physical activity 1.87 1.20–2.93 1.43 0.93–2.19 1.11 0.71–1.74 1.05 0.62–1.79
Age and alcohol use 2.05 1.29–3.24 1.60 1.03–2.48 1.52 0.95–2.41 1.21 0.70–2.09
Age and smoking 2.12 1.34–3.34 1.60 1.03–2.49 1.47 0.93–2.34 1.20 0.70–2.08
Age and insomnia 2.13 1.35–3.36 1.64 1.06–2.54 1.50 0.94–2.39 1.21 0.70–2.09
Full model a 2.00 1.26–3.19 1.48 0.93–2.24 1.37 0.84–2.22 1.33 0.76–2.33

Women
Age 1.31 0.74–2.32 1.36 0.77–2.39 1.12 0.48–2.60 0.64 0.39–1.07
Age and education 1.32 0.74–2.36 1.29 0.72–2.31 1.18 0.50–2.77 0.70 0.41–1.19
Age and physical activity 1.14 0.65–2.01 1.10 0.63–1.92 0.75 0.33–1.73 0.57 0.34–0.94
Age and alcohol use 1.37 0.77–2.44 1.40 0.79–2.47 1.16 0.50–2.71 0.65 0.39–1.09
Age and smoking 1.34 0.75–2.37 1.35 0.77–2.38 1.14 0.49–2.67 0.68 0.41–1.13
Age and insomnia 1.28 0.72–2.27 1.32 0.74–2.33 1.07 0.46–2.51 0.64 0.38–1.06
Full model a 1.51 0.83–2.77 1.42 0.78–2.59 1.31 0.54–3.17 0.84 0.48–1.46

a Adjusted for age, education, physical activity, alcohol use, smoking, and insomnia symptoms.
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aviation business. Whether 2-shift work is associated 
with MetS and whether strenuous 2-shifts underlie the 
association remains to be explored in further studies. In 
addition, we tested if previous exposure to night shifts 
could explain the risk in 2-shift work but the results did 
not support this line of thought. Occurrence of the MetS 
was similar among participants with earlier experience 
of night shifts and those with no earlier night work (IDF 
among men: OR 1.64 and 1.65, respectively).

The current study did not find a significant asso-
ciation between former shift work and MetS among 
women. The reason for this gender difference in occur-
rence of the MetS is not evident, however. The OR 
among women were in the same direction, but systemati-
cally lower compared to men. Thus, the association of 
former female shift workers and MetS reflects a general 
gender difference of the study. In addition, working 
conditions may vary between men and women, which 
can influence the observed differences. Male and female 
former shift workers may have moved to day work for 
different reasons and from different types of shifts mak-
ing male and female groups different.  

Unlike some previous studies (eg, 6, 7), we did not 
find a significant correlation between night-shift work 
and having MetS. The majority of the night-shift work-
ers were aircraft maintenance workers, an occupational 
group which has adopted ergonomic shift systems in the 
company. An intervention study of the same employee 
group showed that the level of cardiovascular risk fac-
tors decreased and sleep, alertness, general health, well-
being at work increased in this occupational group (15, 
16). Thus it may be possible that both the systematic 
health screening of shift workers, as well as the imple-
mentation of ergonomic and flexible shift systems have 
influenced the risk in the present sample of night-shift 
workers. In addition, if we compare the observed OR for 
an increased risk in night work in our study with previ-
ously reported results, we see that the risk ratio is not 
exceptionally low. In the present sample, the number of 
participants in the night-shift group men was relatively 
small, which is reflected in the rather large confidence 
intervals.

In-flight workers showed no sign for an increased 
risk of MetS compared to day workers. They stood 
out from the other non-day work groups with respect 
to higher education level, better health behavior, and 
less insomnia symptoms. Also the strict aero-medical 
regulations influence their health, and their health is 
followed with frequent regular check-ups. Other stud-
ies show that despite their irregular working hours and 
jet-lag, flight attendants do not have a higher CVD or 
work-related cancer risk (17, 18). Our results are in line 
with this observation.

Using IDF criteria gave higher prevalence rates of 
MetS and also somewhat stronger associations with 

work schedules. Also, the risk ratio among former shift 
workers was somewhat higher for the IDF- compared to 
the NCEP-defined MetS, but in general findings for both 
international formulations were highly similar. Previ-
ous shift work studies have used either IDF or NCEP 
criteria to define MetS, with relatively similar findings 
for both. However, Sookoian and colleagues (7) found 
a significant association between rotating shift work 
and MetS defined by the IDF but not by NCEP criteria. 
Although both definitions appear to yield similar results, 
it is advisable to include more than one standard crite-
rion to allow optimal comparisons between studies of 
shift work.

In our study, some limitations need to be raised. 
The study setting was cross-sectional, which does not 
allow conclusions about any time-dependent effects. 
This limitation concerns also our main result of former 
shift-workers. Although it is plausible that moving to 
day work and changes in the MetS status may both have 
been influenced by strenuous shift work, it is not pos-
sible to judge the association between former shift work 
and present signs of metabolic disturbances, largely due 
to non-accounted selection bias. Health selection into 
working time groups may have influenced present asso-
ciations in general. In addition, the healthy worker effect 
may have influenced our results. The healthy worker 
effect states that those who stay in shift work are sur-
vivors who can withstand the strenuous shift work and 
that those who move into day work are likely to have a 
worse health status. Thus, the healthy worker effect may 
have resulted in an under- rather than overestimation 
of the effects of shift work. Kivimäki and co-workers 
(19) reported that employees with cardiovascular risk 
factors were more likely to leave an organization regard-
less of the type of work schedule. They concluded that 
health-related selection out of shift work is not a major 
source of bias in shift work and CVD studies. This is 
probably the case when employees do not have possi-
bilities to move to day work in the same organization. 
Our results suggest that selection out of shift work can 
bias the results of shift work and cardiovascular risk 
factors when a high number of former shift workers are 
included in a group of day workers.

This is the first study to explore how various non-day 
work schedules and previous exposure to shift work are 
associated with MetS. Our results suggest that MetS is 
more prevalent among male former shift workers. 
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