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The purpose of the study was to investigate whether the reported
increased cardiovascular disease risk in shift workers could be explained
by changes in cardiovascular risk factors. In a cohort of 239 shift and
157 daytime workers, 1-year changes in biological and lifestyle cardio-
vascular risk factors were monitored between the start of a new job and
1 year later. Both body mass index and low-density lipoprotein/high-
density lipoprotein cholesterol ratio decreased significantly in shift
workers compared with daytime workers (body mass index change:
�0.31 and �0.13 kg/m2; low-density lipoprotein/high-density lipopro-
tein ratio change: �0.33 and �0.13 respectively). Cigarettes smoked
per day increased significantly in shift compared with daytime workers
(�1.42 and �1.03, respectively). Therefore, only for smoking, an
unfavorable change was observed. This may explain, at most, only a
part of the excess cardiovascular disease risk reported in shift workers.
(J Occup Environ Med. 2004;46:699–706)

E vidence available so far seems to
indicate an elevated cardiovascular
disease risk in shift workers. In their
review Bøggild and Knutsson1 pre-
sented a relative risk of 1.4 as the
most reasonable risk estimate. A
proper meta-analysis in the 17 stud-
ies on cardiovascular disease end-
points is not considered appropriate
because of the diversity of the iden-
tified studies in outcome as well as
exposure (type of shift schedule, du-
ration of shift work). Whereas most
studies so far have been conducted in
males, the four studies addressing
females suggest that shift-working
women have a relative risk similar to
men. Several explanations for the
elevated risk have been proposed,
including disturbance of physiologi-
cal rhythms, changes in behavior,
and disturbed sociotemporal activi-
ties.2 Until now, information favor-
ing the involvement of one or more
of these mechanisms was not suffi-
cient to favor one or more of these
explanations. In a review on possible
mechanisms for cardiovascular dis-
ease in shift workers, Knutsson and
Bøggild3 concluded that social fac-
tors, stress, and behavioral variables
may play a role, but the disturbance
of circadian physiological rhythms
as a consequence of night work also
was regarded as probably relevant.
Monitoring changes in cardiovascu-
lar disease risk factors in shift work-
ers could provide evidence confirm-
ing or refuting some of the
explanations. This information might
contribute to effective strategies for
cardiovascular disease prevention.

Most studies that addressed car-
diovascular disease risk factors in
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shift workers, reviewed in the article
of Bøggild and Knutsson,1 until now
have been cross-sectional. Cross-
sectional studies are susceptible to
bias, especially because of selective
dropout (healthy worker effort).
Only two longitudinal studies were
found comparing changes of cardio-
vascular disease risk factors between
shift workers and daytime workers.
The study of Knutsson et al4 did not
show significant different changes in
cardiovascular disease risk factors
between the 12 shift workers and 13
daytime workers during a 6-month
period. This might be a consequence
of the relatively small sample size.
The study of Morikawa et al5 dis-
played an increased 5-year hyperten-
sion risk in younger shift workers but
not for the older shift workers. No
other cardiovascular risk factors
were included in this study. To sum-
marize, the information available is
not sufficient to confirm or reject the
involvement of unfavorable changes
in one or more cardiovascular risk
factors in the elevated cardiovascular
disease risk.

Therefore a 1-year cohort study
among 239 shift workers and 157
daytime workers was conducted. The
aim of this cohort study was to com-
pare changes in cardiovascular risk
factors during a 1-year period be-
tween shift and daytime workers to
identify possible factors that might
explain the elevated cardiovascular
disease risk among shift workers. To
avoid selection bias, much effort was
put in follow up of dropouts and
participants who changed jobs.

Subjects and Methods

Study Population
Potential participants were ap-

proached during an 18-month period
using three strategies to sample from
different shift work schedules: (1)
persons undergoing a pre-employ-
ment medical examination in two
occupational health services; (2) all
workers in a newly built waste incin-
erator plant; and (3) nurses, starting
with their practical in hospital train-

ing. The following inclusion criteria
were used: (1) starting in a new job;
(2) working at least 32 hours a week;
(3) expecting to work next year in
the same job; (4) no use of medica-
tion or previous hospitalization for a
cardiovascular disease; (5) no insur-
mountable objections against shift
work (see data collection); and (6)
aged between 18 and 55 years of age.

A total of 707 people were ap-
proached for participation in the
study; 98 were not eligible (13.8%,)
because they did not match the cri-
teria mentioned above, 30 because
they worked less than 32 hours a
week, 32 because they expected to
quit their job within 1 year, 11 be-
cause they had a history of cardio-
vascular disease, 18 because they
had “insurmountable objections to
shift work” (all day workers), and 7
because they did not match the age
criteria. Of the 609 eligible respon-
dents, 213 refused to participate
(35%). The major determinant of the
nonresponse rate was the time in-
volved in traveling to the research
location. For the respondents who
were measured close to their work-
place (n � 518), the response rate
was 75%, whereas the response rate
for workers who had to travel to
participate in the study (n � 91) was
8%. The calculated response rates for
shift workers and daytime workers
were 65% and 63%, respectively. A

total of 396 people participated in the
baseline measurement. In Table 1 a
summary is given of the number of
respondents included for the re-
peated measurement. In total, 364
people were measured for the second
measurement. We excluded three re-
spondents because of a pregnancy
within the follow-up period. Nine-
teen observations were excluded
from the analysis because of missing
values. This study was approved by
the ethical committee of the
Wageningen Agricultural University.

Data Collection
Measurements were performed be-

tween 1 week and 2 months after the
start of a new job in day or shift work
and were repeated after 1 year. All
participants received a questionnaire
and were asked to return it by mail
after completion. Unclear or missing
answers were verified by telephone.
Most questions were closed-ended
and came from standardized ques-
tionnaires.

Current Job Title and Job History.
We asked for the current job, includ-
ing company, department, and shift
work schedule. According to social
status and job content, all jobs were
coded. In total nine different job
titles were used. In this study, we
defined shift work as working in an
alternating work schedule, including
nights. Information on all previous

TABLE 1
Number of Subjects During Follow-up

Status

Baseline Work Schedule

Day Work Shift Work

Total number of participants included at baseline 150 227
Excluded

Missing data 6 13
Became pregnant during follow-up 0 3

Lost to follow-up
Discharged & refused further cooperation 9 20
Refused second measurement 1 2

Included
Remained in same job 105 159
Changed work schedule 32 34
Unemployed 2 4
Sick leave (WAO)* 1 5

* WAO, receiving a benefit according to the Dutch disablement insurance act.
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jobs, including job title, employer,
starting and ending date, and shift
work status, was collected. Shift
schedules were coded as backward
rotating (nights-afternoons-morn-
ings, advancing schedule) or forward
rotating (mornings-afternoon-nights,
delaying schedule). We coded rota-
tion as fast when at most three con-
secutive night shifts were worked. At
most, five consecutive night shifts on
a row were coded as medium rota-
tion. Irregular shift schedules, often
scheduled once per month, were
coded as “irregular.” These sched-
ules did not display a marked direc-
tion of rotation. In total, 32% of the
shift workers was coded as working
in a fast forward-rotating schedule,
17% in a fast backward-rotating
schedule, 35% in a medium back-
ward-rotating schedule, and 15% in a
irregular schedule. None of the
workers worked fixed nights.

Objections Against Shift Work. To
improve comparability between shift
workers and daytime workers, only
workers with no insurmountable ob-
jections against working in shifts
were included. The following ques-
tion was used to assess this: “Would
you keep working in your current job
if the department would switch to
shift work jobs? (1) Yes, without any
objections; (2) Yes, but only if there
is a financial reward; (3) Only if
there are no other jobs available; and
(4) On no account.” We excluded
people who gave answer (4) to this
question.

Personal Characteristics. In the
questionnaire, educational level was
divided in seven categories, from
elementary school to university edu-
cation. In the final analysis, these
were categorized in junior education,
senior education, and higher educa-
tion. The physical activity indexes
for work, sport, and leisure time
were assessed as described by
Baecke et al.6 The ranges of the
indexes were 1.1 to 4.3, 1.0 to 5.2,
and 1.3 to 4.5 respectively. Current
(type, quantity) and past smoking
habits (type, years, and quantity)
were asked.

Anthropometric Measurements.
Measurements were conducted be-
tween 1 week and 2 months after the
beginning of a new job. Weight,
height, and waist and hip circumfer-
ences were measured in a standing
position. The waist circumference
was measured at the level of the
umbilicus, and the hip circumference
at the widest part over the buttocks.
Body mass index (BMI), that is,
weight/height2 (kg/m2), and the
waist-to-hip ratio (WHR), that is,
ratio between the waist and hip cir-
cumferences, were calculated.

Plasma Cholesterol Measure-
ments. Serum of nonfasting blood
samples was obtained by centrifuga-
tion and stored at �80°C. The sera
were analyzed enzymatically for
high-density lipoprotein (HDL) and
total.7 Low-density lipoprotein
(LDL) cholesterol was calculated us-
ing the Friedewald formula.

Dietary Assessment. A self-admin-
istered food-frequency questionnaire
that measured the intake of energy,
total fat, saturated fat, monounsatu-
rated fat, polyunsaturated fat, and
cholesterol was filled out by the re-
spondents.8

Blood Pressure. Blood pressure
measurements were performed using
a tensoplus OSZ2 oscillometric
sphygmomanometer. A trained tech-
nician read the blood pressure with a
stethoscope placed on the brachial
artery. All measurements were per-
formed in triplicate, all at least 5
minutes apart. An average of the
three readings was used in the data
analysis.

Job Strain. Job strain, separated in
psychological demands and decision
latitude, was assessed using a vali-
dated Dutch version of the self-
administered Job Content Question-
naire.9,10

Data Analysis
Only subjects without missing

data were included in the data anal-
ysis. Data are presented as mean
values or absolute change between
the first and second measurement.
Chi-square and unpaired t test were

used to test baseline differences be-
tween the day and shift workers. A
paired t test was used to test different
changes within the shift and day
workers for the continuous variables.
For the class variables, a chi-square
test on the status of change (no
change, favorable change, unfavor-
able change) was used. For the test of
a different change between the shift
and day workers, the mean individ-
ual differences between baseline and
1 year of follow-up were tested with
the unpaired t test or chi-square test.
Linear regression and logistic regres-
sion was used to evaluate effect
modification, to evaluate possible re-
gression to the mean, and to adjust
for potential confounders (educa-
tional level, gender, age and job
strain variables, and the variable un-
der study at baseline). All analyses
were performed using the Statistical
Analysis System (SAS; Cary, NC).11

Results
In Table 2 the mean baseline val-

ues are presented. As can be seen
from the table, at baseline the shift
workers had a slightly higher age and
a significantly less favorable cardio-
vascular risk profile (smoking habits,
BMI, WHR, LDL/HDL ratio, and
leisure time physical activity, al-
though for the latter two the differ-
ence was not significant between the
shift and day workers.). Also signif-
icantly more shift workers were cur-
rent or former smokers. They also
reported significantly lower psycho-
logical job demands and lower deci-
sion latitude. Also significantly more
of the shift workers were males.

In Table 3 the changes in cardio-
vascular risk factors from baseline to
1-year follow-up are presented.
Compared with baseline, the percent-
age of smokers and the number of
cigarettes smoked per day (in smoker
only) increased more in shift workers
compared with daytime workers.
BMI and WHR decreased signifi-
cantly in the shift workers compared
with their own baseline values. For
BMI, this change also was signifi-
cant when compared with the in-
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crease in the employees working in
daytime. No different change was
found between the shift and daytime
workers in diastolic and systolic
blood pressure. Comparing the
1-year change in energy intake be-
tween the shift and daytime workers,
both groups displayed a decrease but
the decrease in the daytime workers
was significantly higher. Also, the
amount of energy from fat and the
cholesterol intake were reduced in
both the daytime as well as shift
workers, but this decrease only

reached statistical significance in the
daytime workers, whereas the differ-
ence between the shift and daytime
workers was not significant. Psycho-
logical job demands were signifi-
cantly increased in both shift work-
ers and the daytime workers, but the
difference was not significant. Sig-
nificant decreases in total and LDL
cholesterol and an increase in HDL
level were found in shift workers, but
compared with the 1-year change for
daytime workers, this decrease was
not significant. The LDL/HDL ratio

was significantly decreased in both
shift and daytime workers, but the
decrease was almost 50% higher in
the shift workers compared with the
daytime workers (P � 0.01). A sep-
arate analysis in males and females
revealed similar results as presented
before (data not shown). Only in
males, a significantly decreased level
of social support was found in shift
workers compared with daytime
(shift workers: �0.13, daytime
workers: �0.12, P value difference:
0.001). Analysis of the results with

TABLE 2
Baseline Characteristics According to Work Schedule

Day Workers Shift Workers

P value
Difference
Shift—Day

Background and job related factors
N 150 227
Gender (% male) 41.0 55.4 0.005*
Age (years) 24.1 (23.2–25.1) 26.8 (26.0–27.7) 0.0001
Education

Lower (%) 16.6 38.9 0.001*
Intermediate (%) 54.9 52.3
Higher (%) 28.5 8.8

Work time physical activity index 3.00 (2.88–3.13) 3.12 (3.05–3.19) 0.11
Demands 2.30 (2.24–2.36) 2.14 (2.09–2.20) 0.0003
Control 2.20 (1.75–1.85) 1.57 (1.52–1.62) 0.0001
Support 1.82 (1.77–1.88) 1.77 (1.72–1.83) 0.23

Diet
Energy intake (MJ/day) 11.5 (10.9–12.2) 12.2 (11.6–12.7) 0.16
Energy from fat (% of total energy intake) 38.1 (37.0–39.2) 40.3 (39.4–41.2) 0.002
Alcohol intake (g/day) 6.1 (4.8–7.4) 8.5 (6.5–10.5) 0.05
Cholesterol intake (mg/day) 281 (262–301) 306 (286–324) 0.09

Anthropometry
Weight (kg) 71.5 (69.6–73.4) 73.8 (72.1–75.6) 0.09
BMI (kg/m2) 23.1 (22.6–23.5) 24.0 (23.5–24.4) 0.006
Waist-to-hip ratio 0.836 (0.825–0.847) 0.863 (0.854–0.872) 0.0002
Diastolic blood pressure (mm Hg) 76.5 (75.4–78.1) 76.4 (75.3–77.6) 0.9
Systolic blood pressure (mm Hg) 127.7 (125.6–130.0) 126.1 (124.5–128.1) 0.3

Blood lipids
Total serum cholesterol (mmol/L) 4.85 (4.68–5.02) 4.87 (4.74–5.01) 0.8
HDL cholesterol (mmol/L) 1.34 (1.28–1.34) 1.30 (1.25–1.35) 0.3
LDL cholesterol (mmol/L) 2.86 (2.71–3.00) 2.95 (2.82–3.07) 0.3
LDL/HDL ratio 2.28 (2.11–2.45) 2.44 (2.29–2.59) 0.2

Lifestyle
Smoking

Never (%) 68.2 51.6 0.006*
Former (%) 9.3 12.9
Current (%) 22.5 35.5

Cigarettes smoked per day (in current smokers) 10.7 (8.5–12.9) 11.7 (10.3–13.1) 0.4
Physical activity during sport (score) 2.66 (2.51–2.81) 2.61 (2.48–1.74) 0.6
Leisure time physical activity (outside sport, score) 2.78 (2.68–2.88) 2.68 (2.60–2.79) 0.15

Difference between day workers and shift workers:
* Chi-square test, P value for all categories together.
n.a., not applicable.
95% confidence intervals between parentheses.
HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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exclusion of respondents with a shift
work job before their new job did not
yield significant changes in the re-
sults. The possibility of different ef-
fects for different shift schedules
(fast forward, fast backward, slow
backward, and irregular shift sched-
ules) was tested by including an in-
teraction term in the model. A signif-
icant effect in modification by shift
type was not found for any of the
outcome parameters. To evaluate
possible regression to the mean, re-
gression analysis on level of change
(difference between baseline and 1
year of follow-up) was performed
with the inclusion of baseline values
of BMI or smoking as independent
variables. This analysis did not yield
a substantial change in the reported
results.

Analysis of the respondents
changing from a daytime job to a
shift work job between baseline and
the 1 year of follow-up (n � 32)
revealed a significantly higher de-
crease in BMI compared with day-
time workers (�0.36 kg/m2 and �
0.13 kg/m2, respectively, P � 0.05)
and an higher increase in number of
cigarettes smoked per day in smok-
ers (�2.54 and �1.03 cigarettes per
day, respectively, P � 0.02), but no
considerable difference was found
for any of the other cardiovascular
risk factors. For the respondents
changing from a shift work to a
daytime job (n � 34) a higher de-
crease of physical activity during
sport (�0.40 vs. �0.09, P � 0.04),
and higher decrease in amount of
cigarettes smoked per day in smok-

ers (�1.17 vs. � 1.42 cigarettes per
day, P � 0.1) and higher increase in
waist to hip ratio (�0.0051 vs.
�0.009, P � 0.04) was found com-
pared with workers who stayed in
their shift work job, but no consider-
able change in any of the other fac-
tors was found. As expected, the
workers changing from a shift work
and daytime job to unemployment
(n � 6) or long time sick leave
(receiving a benefit according to the
Dutch disablement insurance act:
W.A.O.) (n � 6) did report a signif-
icantly decreased physical activity
compared with workers who re-
mained in their job. No other signif-
icant changes were found for this
group. Shift workers had a higher
risk of being on sick leave (W.A.O.)
after 1 year of work compared with

TABLE 3
One-Year Changes in CVD Risk Factors According to Work Schedule

Day Workers Shift Workers

P Value
Difference
Shift—Day

Job-related factors
Work time physical activity index 0.024 0.084* 0.3
Demands 0.11** 0.17*** 0.2
Control 0.003 �0.016 0.6
Support 0.015 �0.071* 0.10

Diet
Energy intake (kJ/day) �1306*** �481 0.04
Energy from fat (% of total energy intake) �0.78 �0.52 0.8
Alcohol intake (g/day) 0.04 �0.03 0.4
Cholesterol intake (mg/day) �22.4* �13.8 0.5

Anthropometry
Weight (kg) 0.43 �0.98** 0.003
BMI (kg/m2) 0.13 �0.31** 0.004
Waist-to-hip ratio �0.0052 �0.0093*** 0.3
Diastolic blood pressure (mm Hg) 1.07 0.16 0.3
Systolic blood pressure (mm Hg) �1.26 �1.33 0.9

Blood lipids
Total serum cholesterol (mmol/L) 0.00 �0.04 0.6
HDL cholesterol (mmol/L) 0.080*** 0.11*** 0.2
LDL cholesterol (mmol/L) �0.04 �0.15** 0.15
LDL/HDL ratio �0.13* �0.33*** 0.004

Lifestyle
Smoking

Stopped last year (%) 2.9 2.5 0.5†
No change (%) 93.2 89.9
Started last year (%) 3.9 7.5

Cigarettes smoked per day (in current smokers on both time points) �1.03 1.42 0.03
Physical activity during sport (score) 0.007 �0.09 0.3
Leisure time physical activity (outside sport, score) �0.05 �0.06 0.9

Only the data from workers not changing work schedule is presented (105 daytime and 159 shift workers).
Significance level 1 year change not equal to 0: * P � 0.05; ** P � 0.01; *** P � 0.001.
† Chi-square test, P value for all categories together.
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daytime workers (relative risk 2.46;
95% confidence interval 0.57–10.6).

We further conducted an analysis
of the 1-year changes according to
shift work status at baseline (in anal-
ogy to the analysis for intention to
treat). This analysis did not reveal
considerable changes in the reported
changes compared with the results in
the respondents who remained in
their job.

Discussion
At baseline, significantly more

shift workers were smoking, and
they had a higher BMI, WHR, and
percentage energy intake from fat
compared with daytime workers. The
change from baseline to 1-year fol-
low-up displayed a significantly
larger decrease in BMI and LDL/
HDL cholesterol level in shift work-
ers compared with daytime workers.
The number of cigarettes smoked per
day (in smokers only) increased sig-
nificantly in shift workers compared
with daytime workers. None of the
other cardiovascular risk factors dis-
played a significantly different
change between the day and shift
workers. Because the reported results
may have been biased, we will first
discuss the validity of the reported
results.

One of the most important sources
of bias when investigating shift work
related health effects is the selection
of people starting in shift work. Peo-
ple who assume that they are not
capable of working in shifts are less
likely to apply for a shift work job.
This self-selection might be influ-
enced by job availability in a specific
region. Also, companies may use
different criteria when employing
shift workers compared with daytime
workers. By using a cohort design,
where each respondent serves as his
or her own control, one might expect
that the effect of existing pre-job
differences between shift and day-
time workers because selection is
removed. Moreover, in this study,
daytime workers who indicated that
they would never work in shifts were
excluded from the study (n � 18).

Also, as indicated in the results sec-
tion, we conducted a separate analysis,
excluding those workers with previous
shift work experience. This did not
lead to different results. Nevertheless,
differences in sensitivity to the effects
of shift work might still be present
between the shift and daytime workers
because self-selection into the job
might have occurred. The size of this
effect cannot be estimated, but we
consider it to have probably led to an
underestimation of the relation be-
tween shift work and change in cardio-
vascular risk factors. We assume peo-
ple who are more sensitive to the
effects of shift work are the ones less
likely to start working in shifts. When
translating the reported results to other
populations, one has to consider the
possibility of differences in self-
selection between different areas be-
cause job possibilities might be differ-
ent between different regions. This
might lead to differences in the group
of shift workers with regards to their
health status before the start of the job
and might possibly also have implica-
tions for their sensitivity to shift work.

Secondary selection, where shift
workers move out of their job, will
be a source of bias if the change of
job is related with a change in car-
diovascular disease risk factors.
Analysis of the people moving out of
their shift work job, however, did not
reveal unfavorable changes in any of
the cardiovascular disease risk fac-
tors compared with the shift workers.
For BMI and smoking, the change in
the respondents swapping from a
shift-work job to a daytime job re-
sembled the changes encountered in
the people working in a daytime job.
It is therefore concluded that second-
ary selection did not bias the re-
ported results. This was further sup-
ported by the results of an analysis of
the 1-year changes according to
shift-work status at baseline (in anal-
ogy to the analysis for intention to
treat). This analysis did not reveal
considerable changes in the reported
changes compared to the results in
the respondents who remained in
their job.

Measurement errors and within
person biological variation in the
measured cardiovascular risk factors
might differ between the shift and
daytime workers and cause biased
results. If, for example, measure-
ments are performed after a night
shift, the levels might be changed not
because of shift work but because the
measurement was taken in a different
phase of the circadian rhythm. Be-
cause for most respondents the base-
line and repeated measurement were
performed on the same time and day
of the shift rotation schedule, we
assume that the amount of systematic
error is comparable between the first
and second measurement. When cal-
culating the change between the first
and second measurements, this sys-
tematic error will level out. A dilu-
tion of possible effects of shift work
as a result of random errors and
biological variation will remain.
However, because only within per-
son variation has to be considered,
the size of this effect is considered to
be small. The random error between
the first and second measurement
could have been larger as compared
to the day workers as the circadian
rhythm in day workers is expected to
be more robust.

As we conducted the baseline
measurements between 1 and 8
weeks (average, 2 weeks) after the
start of a new job the possibility
exists that changes very early (within
2 weeks) after the start of a new job
are missed. For most of the cardio-
vascular disease risk factor, how-
ever, we assume that the duration of
this period was too small to have a
noticeable effect. Most lifestyle risk
factors were assessed using a ques-
tionnaire concerning the preceding
3-month period. Therefore, the 2
weeks of exposure to shift work
would probably not have a large
impact on the questionnaire scores.
Also, for the BMI and WHR, a short-
term effect within 2 weeks is not
very likely. For the blood lipids and
blood pressure, a short-term effect of
shift work cannot be excluded, al-
though the effect is considered to be
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low. However, it might explain a part
of the baseline differences in choles-
terol levels between the shift and day
workers. Another issue of concern is
that the duration of 1 year of fol-
low-up might be not long enough to
show significant changes in cardio-
vascular disease risk factors. How-
ever, the results from other studies
conducted so far do not support a
long time window without effects.
The study of Knutsson et al,12 for
example, already showed a relative
risk of 1.5 in subjects working 2 to 5
years in shift work.

Differences in work conditions be-
tween the shift and daytime workers
may confound the relationship be-
tween shift work and the change in
cardiovascular risk factors. We as-
sume that this confounding caused
an overestimation of the relation be-
tween the change in cardiovascular
risk factors and shift work and could
therefore not explain the reported
results. In addition, we performed a
correction for the most important
work related confounders, workplace
noise, job strain and physical activity
at work, which did not yield different
results. Therefore, work conditions
are not considered to be important
confounders in this study.

Because the shift workers dis-
played significantly elevated BMI
and smoking levels compared with
the daytime workers, regression to
the mean might have been responsi-
ble for the reported change in BMI
and smoking. However, an analysis
with the inclusion of baseline values
of BMI or smoking as independent
variables did not show different re-
sults. It is therefore concluded that
regression to the mean could not
explain the reported results. Overall,
although the total amount of bias
cannot be estimated precisely, bias of
the reported results is considered to
be low and nondifferential and lead
to a small underestimation of the
relation between shift work and
change in cardiovascular risk factors.

Comparison of our data with the
few cohort studies is difficult be-
cause of the difference in number of

respondents included in most of
these studies. Of the cohort studies
on cardiovascular risk factors, the
study of Morikawa et al5 on hyper-
tension risk among shift workers is
the largest so far. In this study, a
higher 5-year relative risk for hyper-
tension in younger shift workers
(ages 18 to 29) but not for the older
shift workers was reported. In our
data, where most respondents be-
longed to the 18- to 29-year age
group, no changes in blood pressure
were found. The shorter time of fol-
low-up in our study might be an
explanation for the differences with
the study of Morikawa. But another
possible explanation might be that
the decrease of BMI as found in our
data has prevented a possible in-
crease in blood pressure.

Four studies reported a positive
relationship between BMI and dura-
tion of shift work.13–16 This is in
contrast with the decrease of BMI in
shift workers as found in this study.
One might hypothesize that the de-
crease of BMI found in shift workers
as compared with the day workers
might partially be explained by in-
creased smoking by the shift work-
ers. As in other studies,17,18 signifi-
cantly lower BMI levels were found
in smokers. However, this relation
was not sufficient to explain the total
reported effect. Another possible
mechanism involved might be a
change in the neuro-endocrine secre-
tion of hormones, which can be dis-
turbed by sleep problems19 and shift
work.20,21 However the discrepancy
between the reported increase of
BMI with number of years worked in
shifts found in several studies and
the decrease of BMI found in this
study remains puzzling. One might
hypothesize that the disturbance of
the metabolic system after the start in
a shift work job causes a decrease of
BMI, which in the long term is com-
pensated by an increased energy in-
take, leading to a increase in BMI
after several years of working in
shifts. Another explanation might be
a change of behavior of the partici-
pants, caused by the inevitable atten-

tion on cardiovascular health be-
cause of the realization of the study
itself. Although this is likely to have
occurred in both the shift and day
workers, the shift workers might
have been more susceptible because
a relation between shift work and
cardiovascular risk factors might
have occurred by entering the study,
making the shift workers more health
conscious. The decreased levels of
energy intake as reported in the shift
as well as the daytime workers might
be an indication for the latter effect.

Except for the study of Knutsson
et al,4 no cohort studies were found
reporting on changes in smoking
habits and other lifestyle risk factors
in shift workers. In contrast to our
data, in this study no different
change in smoking habits between
the day and shift workers was found.
Contrary to our findings regarding
the longitudinal changes in blood
lipids, Knutsson et al reported a
slightly less favorable shift in blood
lipid profile in the shift workers as
compared with the day workers, al-
though the differences were small
and insignificant. This difference can
be attributed to the small number of
respondents in the study of Knutsson
et al as compared with our study
population. Results from the cross-
sectional studies, reviewed as by
Bøggild and Knutsson,1 revealed 12
studies that reported higher smoking
rates among shift workers compared
with daytime workers (only one re-
ported a significant difference), one
study reported no difference, and one
study reported more smokers in the
daytime group. Most authors ex-
plained this by differences in socio-
economic status between the shift
workers and daytime workers. But
the results from this study, with an
increased change smoking rate in the
shift workers, which remained sig-
nificant even after correcting for ed-
ucational level, might indicate that
other factors might be important in
the elevated smoking rate among
shift workers. It might be that a shift
work-related decreased social support
is involved in the increase in smoking
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because we found a significant nega-
tive correlation between staring to
smoke and social support at baseline
within the shift workers (specific data
not shown).

Using the data on the cardiovascu-
lar disease risk from the Framingham
study22 a crude estimate of the risk of
the increased cigarette smoking in
shift workers can be calculated. As-
suming that the increase of 2.4 ciga-
rettes per year remains constant over
a 20-year working life in the 36% of
smoking shift workers, an average
excess of 17 pack-years can be cal-
culated. The relative cardiovascular
disease risk in the shift workers due
to an increased smoking rate is than
estimated to be 1.1.

The study of Knutsson et al4 is the
only cohort study published so far
reporting on changes in blood lipids
in shift workers. As in our study,
Knutsson et al reported no signifi-
cant different changes in cholesterol
between 13 day workers and 12 shift
workers from the start of employ-
ment compared with 6 months at
work. Also, most of the cross-
sectional studies on biomarkers of
cardiovascular disease among shift
workers reported no or small differ-
ences between shift workers and
daytime workers.13 Another ap-
proach regarding the effects of shift
work in relation to cardiovascular
disease risk factors was taken by
Bøggild and Jeppesen.23 In a quasi-
experimental controlled intervention
among 101 nurses, they found that
when ergonomic shift criteria were
applied, favorable changes in blood
lipids and lipoproteins occurred. In
our study, we did not found signifi-
cant differences between the differ-
ent shift schedules included. How-
ever, this might be the result of the
low numbers in some of the included
shift schedules in our study.

To conclude, our results combined
with the results from other studies
provide no evidence for the hypoth-
esis that working in shifts leads to a
substantial unfavorable change in the
cardiovascular risk profile. The only

factor found in our study that could
explain a part of the elevated cardio-
vascular disease risk for shift work-
ers is smoking. One may speculate
that shift workers increase their
smoking to compensate for a de-
creased social support or because of
the stress related to working in a shift
schedule. Taking the results from our
study together with all other avail-
able data on the cardiovascular risk
factors in shift workers it seems un-
likely that lifestyle habits or changes
in one or more of the conventional
biological risk factors can explain
the elevated cardiovascular disease
risk in shift workers.

References
1. Bøggild H, Knutsson A. Shift work, risk

factors and cardiovascular disease. Scand
J Work Environ Health. 1999;25:85–99.

2. Knutsson A. Shift work and coronary
disease. Scand J Soc Med. 1989:1–36.

3. Knutsson A, Boggild H. Shiftwork and
cardiovascular disease: review of disease
mechanisms. Rev Environ Health. 2000;
15:359–372.

4. Knutsson A, Andersson H, Berglund U.
Serum lipoproteins in day and shift work-
ers: a prospective study. Br J Ind Med.
1990;47:132–134.

5. Morikawa Y, Nakagawa H, Miura K, et
al. Relationship between shift work and
onset of hypertension in a cohort of
manual workers. Scand J Work Environ
Health. 1999;25:100–104.

6. Baecke JAH, Burema J, Frijters JER. A
short questionnaire for the measurement
of habitual physical activity in epidemi-
ological studies. Am J Clin Nutr. 1982;
36:936–942.

7. Siedel J, Hagele EO, Ziegenhorn J,
Wahlefeld AW. Reagent for the enzymic
determination of serum total cholesterol
with improved lipolytic efficiency. Clin
Chem. 1982;28:1379–1388.

8. Feunekes IJ, Staveren WA, van, Grav-
eland J, Vos JD, Burema J. Reproducibil-
ity of a semiquantitative food frequency
questionnaire to assess the intake of fats
and cholesterol in The Netherlands. Int J
Food Sci Nutr. 1995;46:117–123.

9. Karasek RA. Job Content Questionnaire
and User’s Guide. Los Angeles, CA:
Department of Industrial and Systems
Engineering, University of Southern Cal-
ifornia; 1985.

10. Houtman I. Reliability and validity of the
Dutch version of the Karasek Job content

questionnaire. In: APA/NIOSH Confer-
ence on Work, Stress and Health; 1995;
Washington DC: APA; 1995.

11. SAS Institute Inc. SAS/STAT User’s
Guide, volume 1, version 6. Cary, NC:
SAS Institute Inc; 1989.

12. Knutsson A, Åkerstedt T, Jonsson BG,
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