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Objective The objective of this review was to evaluate the epidemiologic evidence for a causal relation
between shift work and ischemic heart disease.

Methods We conducted a systematic search until the end of March 2008 for studies providing information on
the relative risk of ischemic heart disease in relation to shift work. The quality of included papers was evaluated
with respect to design, exposure and outcome information, bias, and exposure response assessment.

Results Of the 16 studies examined, relevant information was retrieved from 14. Seven of these analyzed fatal
events, six combined fatal and non-fatal events, while one study reported separately on both types of events.
Relative risks ranged from 0.6—1.4 in 12 papers while two papers reported relative risks around 2.0. Most studies
based on fatal events showed no or weak associations while studies that combined fatal and non-fatal events
showed modest positive associations. In a majority of studies, we could not reasonably rule out negative or
positive bias due to the quality of outcome or exposure information, or confounder control. Five studies used
years in shift work for exposure response analysis and no consistent pattern were seen.

Conclusion There is limited epidemiologic evidence for a causal relation between shift work and ischemic
heart disease.
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Ischemic heart disease refers to a condition with
disturbance of cardiac function due to a relative lack
of oxygen in the myocardium. Most often this is caused
by atherosclerosis in the coronary arteties. Reduction
in myocardial perfusion can be limited by other causes
such as thrombi, vascular spasms and other more rare
conditions (1).

The 10th revision of the International Classification
of Diseases (ICD) classifies ischemic heart disease into
angina, myocardial infarction (or reinfarction) with or
without complications, other acute ischemic heart dis-
eases, and chronic ischemic heart disease.

Mortality by ischemic heart disease is declining
in Buropean countries but still an important cause
of death. Based on the latest data, annually there are
approximately 740 000 deaths from ischemic heart
diseases, 250 000 of which occur among those aged
75 yeats or less (2). Information on morbidity data

covering Buropean Union (EU) countries is not avail-
able. In Nordic countries, national hospital discharge
registers can be used to gather data about the incidence
of hospitalization due to the subgroups of ischemic
heart disease (3). In Denmark, for example, 24 464 per-
sons wete hospitalized for the first time due to ischemic
heart disease during 2002, of which 9736, 8919 and
5809 were due to angina, myocardial infarction, and
other ischemic heart diseases respectively (4).

Socioeconomic status in both adulthood and child-
hood (5, 6), gender, lifestyle factors, including body
mass index (7), and smoking, blood pressure, and
blood cholesterol (7) are well-established risk factors
for ischemic heart disease (8). It is likely that favorable
population-wide changes, especially in smoking habits,
but also in blood lipids and blood pressure, have con-
tributed substantially to the decline in ischemic heart
disease in European countries (9-11).
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Shift work and risk of ischemic heart disease

Shift work has been suggested as a risk factor for
ischemic heart disease (12-15). In EU countties, about
20% of self-employed workers and employees work
outside normal daytime hours (ie, 06.00-18.00). Shift
work is most prevalent in agriculture, hotels, restaurants,
transport, and healthcare (16, 17). A thorough presenta-
tion of possible causal mechanisms was given in a previ-
ous review (12). These included a mismatch of circadian
thythm, social disruption, and behavioral changes. A
mismatch of circadian rhythm may have an influence on
nutritional factors related to the timing of meals, lack of
sleep, and stress related to sleep deprivation that could
lead to unfavorable metabolic disturbances or a meta-
bolic syndrome (18, 19). Working at night and sleeping
during the day may disturb the social temporal pattern,
and lead to social isolation and stress. An unfavorable
distribution of behavioral factors such as smoking, poor
diet, and over-consumption of alcohol could be influ-
enced by shift work and thus be mediators of an effect
of shift work on the risk of ischemic heart disease.

Howevert, it is also possible that shift workers more
often have an adverse health profile, since shift work is
also related to lower socioeconomic status and lifestyle
factors. The review by Boggild & Knutsson (10) found
that in 6 out of 13 cross-sectional studies, shift work-
ers were more likely to be smokers. In one study, shift
workers were smokers less often, while in six studies
no difference in smoking habits was found. The review
found no strong indication that alcohol consumption
or exercise differed.

The distributions of cardiovascular risk factors
amonyg shift workers and day workers were reported in
six of the included studies (20-25), of which two used
pre-employment information (24, 25). The prevalence of
smoking was the same in one study and between 5-12%
higher among shift workers in five studies. In one study,
blood pressure and body mass index was related to shift
work, while these factors wete equally distributed in the
remaining five studies. Socioeconomic status was mea-
sured in different ways in five studies, where lower status
was consistently related to shift work (20, 21, 23-25).

Material and methods

Article selection

We selected candidate articles for the reference docu-
ment first on the basis of title and second on read-
ing of the abstract. All candidate articles were re-
trieved prior to the final selection. The criteria for
a study to be included in the review were: (i) origi-
nal research written in English and published in a
peer-teviewed journal, (ii) explicit information on

164  Scand J Work Environ Health 2009, vol 35, no 3

shift work, (iii) estimates of the risk of ischemic
heart disease, and (iv) use of a prospective design.
In our selection, we did not require complete infor-
mation on distributions of potential confounders or
complete confounder control.

Literature search

The search aimed to identify relevant peetr-reviewed
epidemiological studies written in English providing
information on the risk of ischemic heart disease in
relation to night or shift work.

The review was based on an updated literature
search in Medline (4 April 2008). The search terms
were: “survival rate”, “mortality”, “odds ratio”, “in-
cidence” or “risk”, and “cardiovascular diseases” or
“coronary disease” or “cardiovascular” or “coronary
near disease and “chronobiology disorders” or “circa-
dian rhythm” or “work schedule tolerance” or “night
near work” or “shift near work™ or “shift work”. The
database search was supplemented by a bibliographic
search in previous reviews in the field.

The three authors performed abstract reading to
retrieve relevant articles, minimizing the possibility of
selective selection.

Article review

The following elements were extracted from each of
the selected atticles and tabulated if present: (i) study
design, (i) sample size, (iii) follow-up time and com-
pleteness of participation, (iv) exposure assessment,
exposure level, case definition and source of infot-
mation, (v) confounder control (age, gender, blood
pressure, blood cholesterol, smoking, physical activity,
body mass index, family history of eatly onset coronary
disease, and social class), and (vi) exposure response as-
sessment. The strengths and limitations of each study
wete emphasized. This review described each study by
year of publication, and presented results within stud-
ies grouped by comparable outcome assessment, (ic,
mortality studies only using fatal cases and incidence
studies combining fatal and non-fatal cases into a single
outcome).

Results

The Medline search revealed 916 articles of which
54 abstracts were retrieved for reading. After reading
the abstracts, we selected 14 full articles with relevance
(20-33). We included two further articles (34, 35) identi-
fied from two previous reviews (12, 36). Thus, a total
of 16 articles wete included. Deaths by ischemic heart



disease were analyzed in eight of the included studies
(21, 24, 25, 27-29, 33, 35), of which all except one (27)
were restricted to male populations. One study used
hospitalized cases only (31), and fatal and non-fatal
cases of heart or circulatory disease were combined
into one outcome in six studies (20, 22, 23, 26, 27, 30).
Three of these studies included female populations (23,
27, 32). Two studies included cardiovascular disorders,
other than ischemic heart disease, in their outcome
definitions (32, 34).

The main characteristics of the retrieved studies can
be found in table 1; they are ordered by publication year.
A description of each study, in addition to its strengths
and weaknesses, is provided in the following text.

Description of the individual studies

Taylor & Pocock (29) performed a historical cohort
study with 13 years of follow-up among 8603 full-
time male manual workers identified via pay rolls and
employment records from ten factories in England or
Wales. Inclusion criteria were: (1) at least ten years of
continuous employment between 1946-1968, (ii) born
before 1920, and (iii) alive in 1956. Information on
working hours was obtained from company records.
Day workers totaled 3860 while 4188 worked in three-
shift rotas, alternate day and night, double days, rotating
12-hour shifts, or regular night work. Day workers, who
during follow-up, transferred to shift work, were con-
sidered as shift workers if they completed six months
of shift work.

A total of 1578 deaths were recorded, eight of
which could not be traced in registers. The authors
compared the observed number of deaths by ischemic
heart disease (1ICD-7: 420) obtained from death certifi-
cates among day and shift workers with the number of
expected deaths, controlling for age and calendar time
using mortality rates from England and Wales. Among
shift workers, they observed 209 deaths by cardiovas-
cular heart disease while 202.8 were expected. Cardio-
vascular heart disease resulted in the death of 200 day
workers compared to the 211.9 expected. The results
were reported as being statistically insignificant.

The strengths of this study included its relevant fol-
low-up time, high participation rate, and independent
information on shift work. A limitation of the study
was its inadequate confounder control.

Angershach et al (34) performed a historical cohort
study with 11 years of follow-up among 640 male
(370 shift and 270 day) workers in a chemical plant.
Most shift workers worked alternating day and night
shifts with a daily working time of 12 hours. Outcome
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was defined as hypertension, stenocardia, myocardial in-
farction, arrhythmias, etc., identified via health records
in an occupational health centre or the firm’s health
insurance. During follow-up, 62 (16.8%) shift workers
and 40 (14.8%) day workers fell ill.

The study had several limitations including its small
study size, and inappropriate case criteria and case
ascertainment.

Alfredson et al (26) performed a case-controlled study
among males born between 1911-1935 in the catch-
ment areas of two Swedish hospitals. They included
334 cases with fatal or non-fatal myocardial infarction
(ICD 410.00 and 410.99) between 1974-1976 together
with 882 age-matched controls. Based on a 1977 in-
terview survey, participants were categorized as shift
workers if they worked in occupations where at least
50% of working time was expected to alternate between
day and night work. Individual information on occupa-
tional codes was obtained in 1970. The study did not
provide any information on exposute distributions. In
comparing shift working participants with those from
other occupations, the authors found the age-standard-
ized relative risk to be 1.25 [95% confidence interval
(95% CI) 0.97-1.62].

The study’s limitations included its small study size,
indirect exposure information, and limited confounder
control. In particular, a lack of control for socioeco-
nomic status was a serious limitation in this popula-
tion-based study.

Knutsson et al (22) performed a historical cohort study
with 15 years of follow-up among 504 blue collar work-
ers in the paper and pulp industry. In 1983, they collected
information on shift work from the period 1968 to 1983
that was based on self report or from other soutces if
participants were deceased. Shift workers (78%) worked
three-shift rotas including day, evening, and night work.
Ischemic heart disease was defined if participants, at
follow-up, reported angina (pain or discomfort in the
upper or midsternal region starting during effort and re-
lieved by rest or nitroglycerine) or myocardial infarction.
In most cases, self-reported data were checked against
health records. The authors identified a total of 43 cases
(25 myocardial infarction and 18 angina). It is unclear
whether fatal cases were included.

Relative risk was analyzed in different ways, but the
statistical methods used were not adequately reported.
The authors noted a non-significant relative risk of 1.4.
Relative risks according to years in shift work were: (i) 1.5
(2-5 years, not significant), (i) 2.0 (6—10 years, not signifi-
cant), (iii) 2.2 (11-15 years, P=0.04), (iv) 2.8 (16-20 years,
P=0.03), and (v) 0.4 (21+ years, not significant). The
authors reported a regression coefficient of 0.0774 with
a P-value of 0.001. Controlling for smoking and family
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Table 1. Main characteristics of 16 epidemiological studies of shift work and risk of ischemic heart disease, 1972-2008. (NR = not
reported, BMI = body mass index, ISCO = international standard classification of occupation, WHO = World Health Organization)

Study, year  Coronary Design & study population,  Source of Exposure Source of Covariates Exposure
and location disease study period, # of partici- exposure criteria, outcome controlled for response
pants / cases / controls (% information prevalence in information assessment
included), # of cohort cases study base
Taylor & Fatal cases  Cohort of full time male Employment 10 years of shift Death Age, calendar No
Pocock, (ICD-7: 420)  manual workers, hired records work (3-shift certificates year
1972 (29); between 1946 and 1968, weekly or rapid
United born before 1920 and alive rotating, alternate
Kingdom in 1956, 1956-1968, 8767 days and nights,
(100%), 444 double days,
others): 48%
Angersbach, Hypertension, Cohort of workers in a NR Working in 2-shift  Records from None No
1980 (34);  stenoncardia, chemical plant, systems: NR occupational
Germany myocardial ~ 1966-1977, 640 health centres
infarction, (100%), 62
arrhytmias,
etc
Alfredson,  Fatal and Case-control study among Census data Occupations where Cause of Age No
1982 (26);  non-fatal males born 1911-1935 in collected in atleast50% ina  death register
Sweden cases (ICD  the catchments areas of 1970 or 1975 census reported  and medical
410.00and  Sodertalje and Huddinge continuously day  information
410.99) hospitals, 1974-1976, 334 and night work: system
cases (85%) and 882 NR
controls (91%)
Knutsson Fatal and Cohort of male blue-collar Self-reported or 3-shift rotation: Death Age, smoking, Duration
etal, 1986  non-fatal workers at a paper and from relatives, 78.2% certificates, hypertension, (years) of
(22); cases (angina pulp manufacturing plant, friends, or super- hospital and and marital shift work:
Sweden pectorisor ~ 1968-1983, 504 (96%), visors (if deceased) occupational status 0, 2-5,
myocardial 43 at end of follow up health unit 6-10,
infarction) records 11-15,
assessed by 16-20,
cardiologist 21+
according to
WHO criteria
Tiichsen, Hospitalized  Cohort of employed males ISCO code from Occupational National In- Age No
1993 (31);  cases (ICD-8: aged 20-59 years on 1 administrative groups in which Patient Register
Denmark 410-414) January 1981, 1981-1984,  registers combined at least 20% have
406 969 (100%), 5960 into occupational  abnormal working
groups with known hours: 40%
working hours
based on data from
previous surveys
Kawachi, Non fatal and Cohort of female nurses Self reported by Had worked or Self reported in ~ Age, smoking, Duration
1995 (27);  fatalcases  from the Nurses’ Health questionnaire worked at least 1992 and review blood lipid, hyper- (years) of
United (myocardial ~ Study Cohort, 1988-1992, 3 nights per of medical tension, diabetes, shift work:
States infarction) 79109 (72%), 292 month in records by phy-  BMI, level of 0,1-2,3-5,
addition to sicians (definite physical activity, =~ 6-9, 10-14,
days and and probable use of hormones, 15+
evenings: 59% cases); death alcohol, parental
certificates or history of mental
medical records illness, aspirin
(fatal cases) use, vitamin E
intake
Steenland & Fatal cases  Nested case-control study Company records ~ Second shift NR Age, race, plant No
Fine, 1996  (ICD-9: among male workers at four (evening work-
(28); United 410-414) plants, NR, 163 cases (NR) ers): 22—23%;
States and 815 controls (NR). third shift (night
workers): 5-6%
McNamee  Fatal cases  Nested case-control study Primarily obtained Worked (mainly)  Death Age, pre- Duration
etal, 1996  (ICD-8: among male industrial from pay codes in a 3-shift system  certificates employment: (years)
(24); United  410-414) workers under 50 years of  and supplemented for a period of one systolic and of shift
Kingdom age, who started work be- by information month or more: diastolic blood  work: day
tween January 1950 and 31 from register of 59% pressure, BMI,  workers,
December 1992 at a nuclear ~ dosimeters and height, and 0.1-1.9,
fuel element factory, 1950—  medical notes in smoking 2.0-4.9,
1992, 467 cases (100%) and occupational health 5.0-9.9,
467 controls (100%) records >10.0
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Table 1. Continued.
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Study, year  Coronary Design & study population,  Source of Exposure criteria, Source of Covariates Exposure
and location disease study period, # of partici- exposure prevalence in study outcome controlled for response
pants / cases / controls (% information base information assessment
included), # of cohort cases
Tenkanen Fatal and Cohort study among male Self reported by ~ Worked 2 or 3-shift, Death and Age, smoking, No
etal, non-fatal blue-collar workers from questionnaire irregular work and ~ hospital cholesterol, blood
1997 (30);  cases the Helsinki Heart Study, night work: 37% discharge pressure, BMI,
Finland (ICD-9: 1987/88-1993, 1806 (65%), register physical activity,
410-414) NR and alcohol
consumption
Baggild Fatal and Cohort of male workers in Self reported by~ Worked irregular National Age, tobacco, No
etal, non-fatal different industries between  questionnaire hours, shift work, ~ Health Service weight, height,
1999 (20),  cases 40-59 years old from the and interview often night work: Register social class,
Denmark (ICD-8: Copenhagen male study, 22% fitness value,
410-414) 1971-1993, 5249 (87%), sleep
1006
Knutsson Fatal and Population based case- Self reported by ~ During the most Hospital depart- Age, gen- No
etal, non-fatal referent study among questionnaire recent 5 years ments and dis- der, Smok-
1999 (23);  cases all 40-70 years old of work, worked charge, death  ing, job strain,
Sweden (myocardial citizens in Stockholm and beyond day time certificates, educational
infarction) Vasternorrland counties, (06.00-18.00): and necro- level
1992-1995, 2006 cases (NR) 10-12% or psy findings;
and 2642 controls (NR) between medical records
22.00-06.00: evaluated by
2-3% cardiologists
Virtanen Fatal cases  Cohort of employed males  Job exposure Worked evening National death ~ Age, marital No
etal, (ICD-9: 410)  25-64 years old in 1980 matrix (FINJEM)  or 3-shift night: register status, follow-up
2001 (33); from the Finnish Longitudinal developed by the NR period, profes-
Finland Census Data File, 1981— Finnish Institute sional status,
1994, 507 000 (NR), 8378  of Occupational income, educa-
Health tion and other
occupational
factors
Kalsson et  Fatal cases  Cohort of male workers Company files Job titles engaged ~ National Cause Age, calendar Duration
al, 2005 (ICD-9: in pulp and paper manu- in shift work: 42%  of Death periods (years) of
(35); 410-414) facturing, 1952-2001, Register shift work:
Sweden 5442 (95%), 662 Never, <5,
5-9, 10-19,
20-29, 230
Fujinoetal, Fatal cases  Cohort of employed Self reported by In their working Cause of death  Age, smoking, No
2006 (21);  (ICD-10: men from the Japanese questionnaire life mainly worked  retrieved alcohol intake,
Japan 120-125) Collaborative Cohort Study night: 4.9% or annually from  hypertension/
for the Evaluation of Cancer mainly alternate the Japan diabetes, edu-
Risk, 1988-2003, 17 649 night and day Collaborative  cational level,
(NR), 86 time: 11.4% Cohort stress, hours of
Study forthe  walking, type
Evaluation of  of job
Cancer Risk
Tiichsen Hospitalized  Cohort of males and females  Self reported Not working on National Patient  Smoking, BMI, No
elal, 2006  cases from the Danish Working by interview at permanent day Register passive smok-
(32); (ICD-8: Environment Cohort Survey, baseline duty: 17% ing, psychosocial
Denmark 1390-1458 1991-2002, 5517 (95%), and ergonomic
and ICD-10: 562 work loads, noise,
100-199) monotonous work
Yadegarfar ~ Fatal cases  Nested case-control study Primarily Engaged in non-day Death register  Age, height, Tests for
& McNamee, (ICD: among male industrial obtained from work for at least 30 weight, pre- trend ac-
2008 (25);  410-414) workers at a nuclear fuel pay codes and  days: 53% employment cording to
United company, aged <50 years supplemented blood pressure,  categories
Kingdom old, and hired between by information smoking and of years of
January 1950 and end of from register of social class shift work:
1998, 1950-1998, 635 cases dosimeters and 0,1-4.9,
(100%) and 635 controls medical notes 5-9.9,
(100%) in occupational and >10;
health records; duration
work status was analyzed
imputed for 3.5% asa
continuous
variable
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status did not alter risk estimates, and years in shift work
remained significant after adjusting for age.

This study’s limitations included retrospective self-
reporting of shift work and its small study size. Although
it was a strength that this study used an internal compari-
son group, residual confounding by age seems likely.

Tiichsen (31) performed a historical cohort study
with four years of follow-up among Danish men aged
20-59 years in January 1981. The source population was
identified in central registers. Occupational coding was
obtained from another central register, which again was
based on different administrative registers. The validity
of this information is unknown. Data on working hours
was obtained in 1976 from an interview survey with
5166 participants and from a survey among 1728 bakers
in 1979. The data was allocated to all participants by oc-
cupational group. Sub-cohorts were constructed based
on this information and relative risks were estimated.
Historical information on occupational codes was not
included. First time hospitalization due to ischemic
heart disease (ICD-8: 410-414) during 1981-1984
was identified in the national in-patient register. The
following standardized hospitalization ratios (SHR)
were calculated by dividing the observed numbers by
the expected number among 18 trades with mainly day
work (eg, architects, lecturers, teachers, shop assistants,
skilled, and unskilled workers) and multiplied by 100:
(i) work predominately at night and eatly morning (eg,
self-employed and skilled bakers), SHR=193 (90%
CI 158.3-236.0); (i) work in occupational groups in
which at least 20% work late in the evening (eg, taxi
operators, self-employed in hotels, cooks and waiters),
SHR=215 (90% CI 192.4-240.1); (iii) work covering 24
hour services (eg, fishermen, traffic staff, shipping and
railway staff, bus and road transport staff, and rescue
service/police, SHR=168 (90% CI 151.8-185.5); (iv)
work during irregular hours (eg, drivers and production
workers, SHR=172 (90% CI 166.4-182.1). The study
excluded certain occupational groups within healthcare
due to a suspected problem with referral bias (37).

The limitations of the study included the unknown
validity of occupational job coding, group-based and
only prevalent exposure assessment, and inadequate
confounder control, in particular of socioeconomic
factors and smoking;

Kawachi et al (27) performed a prospective cohort study
with four years of follow-up among 79 109 women, all
nurses aged 42 to 67 years who, in 1988, had answered
a question on shift work. The source population was a
1976 cohort of 121 700 female nurses aged 30-55 years
who completed a baseline questionnaire in a nurses’
health study. This cohort has been followed biannually
with questionnaires to update information on risk factors
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and major illnesses. In 1988, 110 141 eligible participants
were asked about the total number of years during which
they had worked rotating night shifts (at least three
nights per month). The authors categorized responses
into: “never”, “1-2 years”, “3-5 years”, “6-9 years”,
“10-14 years” and “15+ years”, and into “never” versus
“ever”. In total, 40.6% had never done shift work. The
actual status in rotating night work was not requested.
In 1988, those who were deceased, ot previously had re-
ported myocardial infarction, angina, or cerebrovascular
disease were excluded. A comparison of non-respond-
ers and responders revealed that the former more often
wete cutrent smokers, or had hypertension, diabetes, or
hypercholesteroleamia. Among responders, the duration
of shift work was associated with current smoking, body
mass index, hypertension, diabetes, and higher levels of
physical activity.

Cases of non-fatal myocardial infarction were iden-
tified by self report in 1992 and combined with infor-
mation from medical records, if possible, or with an
interview. Fatal cases were traced in death registers and
the cause of death confirmed by medical or autopsy
records, or death certificates when possible. A total of
292 cases, of which 44 were fatal, appeared.

The age-adjusted relative risk of fatal and non-fatal
disorder was increased to 1.38 (95% CI 1.08-1.76), and
1.31 (95% CI 1.02-1.68) in multivariate analyses. The
fully adjusted relative risk estimates tended to increase
after six years of night work to 1.60 (95% CI 1.05-2.42)
but did not increase further with a longer duration of
exposure. A test for a linear trend was reported to show
a P-value of 0.04 when all the women were included,
and a P-value of 0.2 when restricted to shift work-
ers. The age-adjusted relative risk for fatal myocardial
infarction was 1.23 (95% CI 0.66-2.31) while the fully
adjusted relative risk was 1.19 (95% CI 0.63-2.23).

This study was strengthened by its use of a socio-
economic homogeneous cohort and the exclusion of
already sick participants. Several relevant confounders
were considered, but it was unclear how the authors
controlled for smoking, which was quite strongly re-
lated to night shift work. Some important limitations
included partial self reporting of outcome and self-re-
ported retrospective exposure information with incom-
plete information on night work. The analyses of fatal
outcome wete based on only a few cases.

McNamee et al (24) performed a nested case-control
study among male manual workers aged <50 years
and hired between January 1950 and December 1992.
Information on shift work was based on company
records characterizing each work day and complete
for 72% of participants. A worker was considered
exposed if he did shift work for at least one month;
two thirds of employees worked in shift. The authors



calculated the total number of years in shift work and
performed a mean of 23 yeats of observations. They
found that, on average, workers spent 10 years at the
plant. No information on shift work was collected for
employment periods prior to, or following, employ-
ment at the plant.

The United Kingdom Office of Population Censuses
and Surveys notified the company of all deaths and their
causes between 1950-1992. A total of 467 died from
ischemic heart disease before the age of 76 years.

Information on height, blood pressure and weight
was available from pre-employment medical exami-
nation records. Smoking status was known for only
53% of participants. The type of work was extracted
from job titles. Controls were matched by year of
hire and age.

Odds ratios were calculated with conditional logistic
regression analysis and included other risk factors. The
authors performed tests for trends after excluding day
workers.

The adjusted odds ratio for shift work versus day
work was 0.85 (90% CI 0.65-1.12). No increasing trend
in risk was observed when the duration of shift work
was increased.

The strengths of this study included independent
retrospective exposure information and thorough con-
founder control using pre-employment information on
cardiovascular risk factors. The study was limited by its
unclear definition of shift work and the fact that expo-
sute information was not collected for periods worked
outside the company. Motreover, the study lacked data
on smoking for a large proportion of participants.

Steenland & Fine (28) did a nested case-control study
among a cohort of 21 491 male workers at four plants.
All cases were fatal resulting from ischemic heart dis-
ease while working or within one week of work ending.
The study was published as a brief communication and
contained no information on the follow-up petiod,
calendar time, and source of outcome information
or completeness. Adequate personal records of work
type were available for 163 cases and five controls were
selected matched on age, race, plant, and work status.
The authors excluded controls with prior indication of
heart disease. No information was available on smok-
ing, obesity, socioeconomic status, or blood lipids. The
type of fixed shift (day, afternoon, or night) at the
time of death or match date was traced in personal
records. A previous change of shift to the one held at
the time of death or match date was also traced. Odds
ratios were calculated by conditional logistic regression
analyses and the results were as follows: (i) evening shift
versus day shift workers 1.01 (95% CI 0.66-1.52) and
(ii) night shift workers versus day shift workers 0.64
(95% CI 0.28-1.47).

Frost et al

Due to the limited information available on mate-
rial and methods, the strengths and weaknesses of this
study could not be fully assessed.

Tenkanen et al (30) performed a prospective cohort
study with seven years of follow-up among 1806 males
employed in five industrial companies. The study group
was a sub-cohort within the Helsinki Heart Study, a
placebo-controlled coronary prevention program among
males, 40-55 years old at entry. Industry patticipants were
volunteers recruited and screened twice in 1982, with
non high-density lipoprotein cholesterol >= 5.2 mmol/l,
and no evidence of current ischemic heart disease or any
other illness. The authors included a sample of partici-
pants only screened once. The study allowed cases with
previous diagnosis of cardiovascular disease. At the end
of the coronary prevention study (1987-1988), 1806 of
the 2794 eligible participants completed a psychosocial
questionnaire and were followed up in registers until the
end of 1993. Working hours were recorded on a 6—point
scale. Working two or three shifts, irregular and night
work were combined into one category as shift work
and analyzed. Of the total cohort, 71% wete blue collar
workers and 37% performed shift work. Information on
smoking, alcohol consumption, physical activity, body
mass index, blood pressure, and serum lipids was col-
lected in 1982. Psychosocial work loads were assessed by
a questionnaire in 1986—1987, and occupational grouping
(white or blue collat) was based on occupational codes.
Ischemic heart disease (ICD-9: 410-414, number of
cases not reported) was followed up in hospital and death
registers. A previous hospitalization for heart disease was
also noted.

The effects of shift work were assessed by a Cox
proportional hazard analysis. Adjusted hazard ratios
were (1) 1.38 (95% CI 1.01-1.89) for all shift workers
versus all day workers and (i) 1.30 (95% CI 0.91-1.97)
for blue collar shift versus blue collar day workers.
Analysis after the exclusion of previously diagnosed
cardiovascular disease showed similar risk estimates to
those on gemfibozil.

When compared with daytime academic and clerical
wortkers, the increased relative risk for two-shift and
three-shift workers was 1.9 (95% CI 0.98-3.5) and 1.6
(95% CI 0.94-2.7) respectively.

This study was limited by its relatively low participa-
tion rate and lack of analysis of drop outs, the inclusion
of previously diseased persons in the cohort, and a low
precision of risk estimates. A strength was its thorough
confounder control.

Baggild et al (20) performed a 22 year follow-up study
among 5249 male workers, aged 40-59 years, recruited
from different industries. The cohort was established
in 1970-1971 as part of the Copenhagen male study
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with the purpose of studying cardiovascular risk fac-
tors. Information on shift work was obtained by a
questionnaire and confirmed by an interview. Of the
total, 22% did not work solely during daytime hours and
consequently were classified as shift workers. No in-
formation on the duration of shift work was obtained.
At the follow-up in 1985-1986, a change in shift work
was assessed. Information on lifestyle factors, height
and weight, blood pressure, fitness value, and social
class was established at baseline. The study traced 1006
incidents of fatal or non-fatal ischemic heart disease
(ICD-8: 410—414) in national registers on hospitaliza-
tion and death.

Using the Cox proportional hazard method, the
authors estimated an adjusted relative risk of 0.9 (95%
CI 0.7-1.1) among shift workers. There was no increase
in risk among shift workers who changed to daytime
working hours.

The strengths of this study included its high par-
ticipation rate, a long and complete follow-up, thorough
confounder control, and adequate statistical power. Con-
sidering the lack of expected associations, a major limita-
tion was its crude exposure data that may have resulted
in serious misclassification and lowered the chance of
identifying cardiovascular effects related to shift work.

Knutsson et al (23) performed a population-based case
control study including 2006 cases of fatal and non-
fatal myocardial infarction and 2642 controls matched
on gender, geographic region, and age. There was no
information on participation rates. The study used data
from two parallel programs on heart diseases. The source
population comprised all citizens living in one of two
regions in Sweden, aged 45-70 years, with no previous
diagnosed heart disease at the start of the follow-ups in
1992 and 1993. Cases wete traced for two to three years
in death and hospital discharge registers, and at relevant
hospital units in the regions. Shift work was assessed by
questionnaire for the most recent five years of work. The
study did not state how information concerning deceased
cases was collected. If participants indicated they were
working shifts or hours between 18.00-06.00, they were
categorized as shift workers. Participants who reported
working hours between 22.00-06.00 were further catego-
rized as night workers. All others were classified as day
workers. Among male cases and controls, 18% and 12%
reported shift work respectively. Among females, 16% of
cases and 10% of referents reported shift work.

A questionnaire was also used to obtain informa-
tion on smoking, job strain, and educational level. Risk
among shift workers was analyzed for men and women
by logistic regression. Among males, the relative risk
was 1.3 (95% CI 0.9-1.8) adjusted for job strain, edu-
cational level and smoking. Among females, relative risk

was 1.6 (95% CI 0.8-3.1).
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The limitations of the study included its insuffi-
cient reporting of the participation rate, and an expo-
sute assessment that covered only a short time period
and different calendar periods. There was also limited
confounder control, in particular there was a lack of
adjustment for socioeconomic levels although this was
a population-based study.

Virtanen et al (33) used data from the Finnish Lon-
gitudinal Census Data File containing national census
since 1970. A closed cohort was established, restricted
to 50% of employed males aged 25-64 years in 1980,
and holding the same occupation in both 1975 and
1980. About 507 000 participants wetre followed be-
tween 1980 and 1994. Working hours were classified
into: (i) regular day, (ii) two-shift evening, or (iii)
three-shift night categories based on the Finnish Job
Exposure Matrix (FINJEM), allocating the exposure
by occupational codes. Information on age, marital
status, education, and income was taken from regis-
ters. Occupational class and category were coded into
socioeconomic indicators.

A diagnosis of ischemic heart disease was traced in
the national death register and 8378 cases were identi-
fied ICD-9: 410). The relative risks related to work
factors (including shift work) were only given if they
were larger than 1.0, irrespective of statistical signifi-
cance. Thus no result was presented since relative risk
was less than unity.

The study’s strengths included its independent
measures of exposure and outcomes, large study size,
and adequate adjustment for socioeconomic group. A
limitation was its use of aggregated exposure assess-
ment and a strong likelihood of considerable exposure
misclassification.

Karlsson et al (35) performed a historical follow-up
study among 2354 shift and 3088 day workers. The co-
hort included male workers employed in two pulp and
paper plants for at least six months between January
1940 and the end of 1998, and aged <60 years at first
employment. The authors assessed the duration of shift
work using company records containing information on
job title, employment periods, and workplace. Partici-
pants were categorized as either never having worked
shifts (eg, electrical and mechanical maintenance work-
ers, laboratory workers, and cleaners) or having done
shift work (eg, workers in barking, grinding, screening,
boiling, bleaching, and paper manufacturing) for the
following periods: (i) <5 years, (ii) 5-9 years, (iii) 10—
19 years, (iv) 20-29 years, or (v) 30+ years. No censor-
ing by age was used. The authors identified 662 deaths
by ischemic heart disease between 1952-2001 in the
national death register. They estimated relative risks
adjusted for age and calendar year and found the overall



relative risk to be 1.11 (95% CI 0.95-1.30). The relative
risks according to each exposure category were (i) shift
work of <5 years: 0.85 (95% CI 0.30-2.38); (ii) shift
work of 5-9 years: 0.97 (95% CI 0.56-1.67); (iii) shift
work of 10-19 years: 0.83 (95% CI 0.58—1.19); (iv) shift
wotk of 20-29 years: 1.02 (95% CI 0.77-1.36); and
(v) shift work of 30+ years: 1.24 (95% CI 1.04-1.49).
A strength of this study was its use of independent
exposure information. Its limitations were its inad-
equate confounder control and small sample size.

Fujino et al (21) used data from the Japanese Collab-
orative Cohort Study for the Evaluation of Cancer Risk
(JACC study). The study included 17 649 males in full-
time employment, aged 40-59 years between 1988-1990,
and free of myocardial infarction or cerebrovascular
diseases. A questionnaire was used to assess the extent
of shift work at baseline. Of the total participants, 83.7%
were categorized as day workers (mainly worked daytime
hours), 11.4% as rotating shift workers (mainly worked
alternate day and night time), and 4.9% as night workers
(mainly worked night hours). A questionnaire was also
used to obtain information about smoking, alcohol, hy-
pertension, diabetes, educational level, perceived stress,
hours of walking, exercise, and job type.

From data held by JACC study centres until the end
of 2003, the authors traced 86 deaths by ischemic heart
disease (ICD-10: 120-125). Using the Cox proportional
hazard method, adjusted relative risks were estimated
for night workers to be 1.23 (95% CI 0.49-3.10) and
for shift workers 2.32 (95% CI 1.37-3.95).

The study was limited by its low quality of exposure
information and the few cases used.

Tiichsen et al (32) used data from the Danish Working
Environment Cohort Survey. The study included 2853
male and 2664 female respondents, who were aged 20-59
years and gainfully employed in 1991. The study sample
was drawn as a random sample from the general popula-
tion. During the baseline interview, participants who re-
ported that they worked two or three shifts (fluctuating,
permanent evening, night, or early morning), or other
non-day work were categorized as “exposed to working
irregular hours”. This represented 17% of respondents.
Information about a number of work-related psychoso-
cial, physical and chemical exposures, smoking, and body
mass index was also obtained from the interviews.

The authors traced 562 cases of first hospital con-
tact (ICD=8: 1390-1458 or ICD-10: 100-199) in reg-
isters from 1991 to 2002. Estimated by log linear
regression, the adjusted relative risk was 1.31 (95% CI
1.06-1.63) for irregular work hours.

This study was limited by its use of an inadequate
outcome definition, qualitative exposutre measures, and
a lack of control of socioeconomic status.
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Yadegarfar & McNamee (25) performed a nested case
control study in an industrial cohort different from the
one reported previously (24). The cohort included all
men aged <50 years, who began working between Janu-
ary 1950 and December 1998 at a nuclear fuel company.
The authors extracted information on daily working
hours from company records using the same methods
as in a previous study (24). A definition of shift work
was used if workers had been engaged in non-day work
for at least 30 days. The pattern of shift work schedules
included three-shift systems and double day (mornings
and afternoons) shifts. The authors also extracted the
total number of years in shift work together with shift
work status at end of employment.

Records from a pre-employment physical examina-
tion were used to obtain information on height, weight,
blood pressure, and smoking. Social class was inferred
from job codes.

Between 1950 and 1998, 635 deaths before the age
of 75 due to ischemic heart disease (ICD: 410-414)
were traced in death registers. An equal number of
referents were drawn, matched on age, year of hire,
and vital status. The authors performed a mean of
25.5 years of observations and found the average dura-
tion of employment at the factory to be 10.5 years for
cases and 8.3 for referents. No information on shift
work before or after hiring at the plant was collected.

Adjusted relative risk was estimated using conditional
logistic regression. Additional analyses were performed to
evaluate potential health-related selection into shift work.

The adjusted odds ratio for death by ischemic heart
disease was 1.10 (90% CI 0.91-1.32) compared with
day workers without social class in the model. When
social class was included, the adjusted odds ratio was
1.03 (90% CI 0.83-1.28). Compated with day workers,
an exposure response analysis revealed that odds ratios
increased as the duration of shift work increased, but
a test for trend was not significant.

This study had the same strengths and limitations
as the study by McNamee el al (24).

General findings

Overall risk

We found a total of 16 studies on shift work and risk of
ischemic heart disease published between 1972-2008.
Point estimates of relative risks ranged between 0.64
and 1.15 in eight studies (20, 24, 25, 28, 29, 33-35) and
between 1.25 and 1.35 in six (22, 23, 26, 27, 30, 32). The
remaining two studies reported relative risk estimates
around 2.0 (21, 31).

The case definitions varied. One study included
hypertension and arrhythmia (34) while another (32)
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included all circular diseases in its outcome defini-
tion. Both, therefore, were not considered any further.
Among the remaining 14 studies, 11 provided point
estimates and 95% CI of relative risk (figure 1).

The 14 relevant studies used outcome definitions
that fell into two main categories: seven used mortality
data (fatal cases) alone (21, 24, 25, 28, 29, 33, 35) while
six used incidence data by combining data on morbid-
ity and mortality (20, 22, 23, 26, 30, 31). One study
provided separate risk estimates for fatal cases versus
non-fatal cases, and a combination of the two (27).

Mortality studies

Eight studies analyzed the risk of death by ischemic
heart disease (21, 24, 25, 27-29, 33, 35). Table 2 gives
an overview of the populations studies, the numbers of
cases, exposure comparisons, point estimates of relative
risk, and the confounders considered.

Two studies used employed males from the general
populations (21, 33). Five studies included male workers
from industrial settings, of which two were among two
different groups of employees at the same facility (24,
25). Information on working hours was collected from
company records in the five industry-based cohorts (24,
25,28, 29, 35) while two studies used self-reporting (21,
27) or an aggregated measure (33) to collect data. Two
studies included participants over the age of 78 years
(29, 35). The number of cases examined varied widely
from 44 among 110 141 nurses followed for four years
(27) to 8378 cases among 507 000 employed males fol-
lowed for 13 years (33). In the remaining studies, the

Odds ratio &
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Fujino et al 2006 T
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Figure 1. Point estimates of relative risk of ischemic heart disease
among night shift workers obtained from 11 epidemiologic studies.

The size of the square symbol reflects the number of participants in
the studies.
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number of cases ranged from 86 to 662 with follow-up
periods from 15 to 49 years.

Participants were mainly allocated to shift work
categories on the basis of not working during daytime
hours. Most of these were engaged in rotating shifts
including night work. The number of years spent in
shift work was the only measure used in exposure re-
sponse analyses (24, 25, 35). One study analyzed risk in
relation to evening and night work (33), and two stud-
ies looked at risk in relation to working mainly fixed at
night (21, 28).

Three studies performed limited confounder con-
trol (28, 29, 35) while the remaining studies controlled
to some extent for socioeconomic factors, blood pres-
sure, smoking, and body mass index. Two studies with
44 (27) and 86 (21) cases reported increased risk esti-
mates of 1.19 and 2.35 respectively, while risk estimates
ranged from 0.64 to 1.11 in six studies (24, 25, 28, 29,
33, 35) with between 163 and 8767 cases. Two studies
found no positive trend with years in shift work (24,
25), while one study reported a positive trend and a
relative risk of 1.24 among those with at least 30 years
of shift work (35).

Incidence studies

Seven studies used incidence data, combining mortality
and morbidity data. Table 3 provides an overview of the
results of these studies. Two studies provided informa-
tion on the number of fatal and non-fatal cases (22, 27).
Three studies (23, 26, 27) used an outcome definition of
fatal and non-fatal cases of myocardial infarction, while
four studies (22, 30, 31, 20) used outcome definitions
that in principle included angina, other acute or chronic
ischemic heart diseases, as well as myocardial infarction.
Four studies used occupational cohorts (20, 22, 27, 30)
and three studies used general population sampling (23,
206, 31). Information on working hours was based on
self-report in five studies (20, 22, 23, 27, 30), while an ag-
gregated measure allocated on the basis of information
on trade was used in two studies (26, 31). The number
of cases varied from 43 (among 540 workers) followed
for 43 years to 1006 (among 5249 workers) followed for
22 years. Participants were considered “exposed to shift
work™ if they were engaged in different shift systems,
worked at night, had irregular working hours, or were
employed in trades where the likelihood of working
at night was considered high. In most of the studies,
shift work was considered to include work between
24.00-06.00. Two studies performed exposure-response
analyses (22, 27), while risk in relation to type of shift
pattern was analyzed in one study (23). Three studies
performed limited confounder control (22, 20, 31),
while four studies (20, 23, 27, 30) considered potential
confounders more extensively. One study reported a risk
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Table 2. Mortality studies: night shift work and risk of ischemic heart disease. Findings from eight epidemiologic studies in male or female

populations published between 1972 to 2008. (Cl = confidence interval. NR = not reported)

Study, Follow up period, Outcome criteria Exposure Measure Point estimate and P-value Confounders
year, country number, and setting comparisons of risk or confidence intervals considered
Male populations
Taylor & Pocock,  1956-1968, 8603  ICD-7: 420, Shift work versus ~ Standardized ~ 1.03 (P>0.05) Age and calendar
1972 (29); United  manual workersin ~ N=444 general population  mortality ratio period
Kingdom industry
Steenland & Fine,  NR, 21 491 workers 1CD-7: 410414, Night work 0dds ratio 0.64 (95% CI1 0.28-1.47)  Age, race, and plant
1996 (28); in four heavy equip- N=163 versus day work
United States ment plants
McNamee et al, 1950-1992, NR, ICD-8: 410-414, Shift work versus  Odds ratio 0.85(90% CI 0.65-1.12)  Age, pre-
1996 (24); industrial workers ~ N=467 day work employment blood
United Kingdom in a nuclear fuel pressure, height,
production facility weight, smoking,
and job status
Virtanen et al, 1981-1994, ICD-9: 410, N=8378 Two-shift evening Rate ratio The authors found Age, marital status,
2001 (33); 507 000 employed versus regular day; relative risk less then S0cio-economic
Finland males in general three-shift night unity; estimates NR indicators, and
population versus regular day calendar period
Karlsson et al, 1952-2001, ICD-6: 4200-4203,  Shift work versus ~ Standardized ~ 1.11 (95% C10.95-1.30  Age and calendar
2005 (35); 5442 workers in 4209; ICD-7: 4200- day work mortality ratio period
Sweden pulp and paper 4202; 1CD-8 and 9:
manufacturing 411-414; 1CD-10:
120124, N= 662
Fujino et al, 1988-2003, 17 649 1CD-10: 120-125, Mainly rotating Rate ratio 2.35(95% C1 1.37-3.95)  Age, smoking,
2006 (21); employed males N=86 shifts versus mainly o u alcohol, hyper-
Japan day work; mainly 1.23 (35% C10.49-3.10) tension, diabetes,
night work versus stress, physical
mainly day work activity, and job type
Yadegarfar & 1950-1998, NR, ICD-NR: 410-414,  Non-day work 0dds ratio 1.03 (90% C1 0.83-1.28)  Age, pre-
McNamee (25), industrial workers ~ N=635 versus day work employment blood
2008; United in a nuclear fuel pressure, height,
Kingdom production facility weight, smoking,
and social status
Female
populations
Kawachi et al, 1988-1992, Myocardial Rotating night work Rate ratio 1.19 (95% Cl 0.63-2.23)  Age, smoking,
1995 (27); 79109 female infarction, N=44 with at least three hypertension,
United States nurses nights per month diabetes, cholesterol,

versus less night
work or day work

body mass index,
contraceptives /
hormones, alcohol,
parental history, and
physical activity

estimate of 0.9 (20), five reported estimates between
1.25-1.40 (22, 23, 26, 27, 30), while one study reported
risk estimates of around 2.0 (31). In an analysis where
workers with more than 20 years of shift work were ex-
cluded, one study reported a positive trend in risk (22).
When comparing subjects who never work at night with
those who do, one study reported a relative risk of 1.21
among workers with <6 years of rotating night shifts and
1.51 among those with >6 years (27).

Gender effects

Only two studies provided risk estimates among women
exposed to shift work. Kawachi et al (27) reported
relative risks of 1.19 for fatal cases, 1.34 for non-
fatal cases and 1.31 for the combined case definition.

Knutsson et al (23) reported an odds ratio of 1.3, which
was the same size as among males.

Discussion

Shift work, which often includes work at night, may
be linked to ischemic heart disease. Possible causal
mechanisms include unfavorable shifts in metabolic
factors connected to disrupted circadian rhythm, in-
creases in psychosocial stress, or unfavorable changes
in smoking and eating habits. However, the evidence
for these relationships is considered to be limited (12).
This review included 16 studies. Of these, two provided
limited contributions due to their inadequate outcome
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Table 3. Incidence studies: night shift work and risk of ischemic heart disease. Findings from seven epidemiologic studies in male or female
populations using combined outcome measure published between 1980 and 2006. (NR = not reported, 95% Cl = confidence interval)

Study, Follow up period, Outcome criteria Exposure Measure of Point estimate and Confounders
year, country number, and comparisons risk P-value or confidence considered
setting. interval
Male populations
Alfredson et 1974-1976, NR, Fatal or non-fatal, ~ Continuously 0dds ratio 1.25(95% C10.97-1.62)  Age
al, 1982 (26); male general ICD-410, N=334 changing day and
Sweden population night versus no
change
Knutsson et 1968-1983, 504 Angina pectoris, Shift work versus  Rate ratio 1.4 (P-value not Age and otherwise
al, 1986 (22), workers at a paper  myocardial day work significant) unclear
Sweden and pulp plant infarction, or death
by myocardial
infarction, N=43.3
Tiichsen, 1993 1981-1984, Hospital discharge  Night/early Standardized 193 (90% Cl 58-236) Age
(31); Denmark 1293 888 Danish  diagnosis, ICD-8: morning work hospitalization o »
males aged 410-414, N=5966  versus day work ratio 215 (90% C1 192-240)
20-59 years Later evenings 168 (90% Cl 152-186)
versus day work 172 (90% Cl 166-182)
Rosters covering
24-hour services
versus day work
Other irregular
shifts versus day
work
Tenkanen 1987-1993, Fatal or non-fatal,  Blue collar shift Rate ratio 1.35(95% C1 0.94-1.93)  Age, smoking, lipid,
etal, 1997 1806 employees in  1CD-9: 410-414, work versus blue blood pressure,
(30); Finland industry including ~ N=NR collar day work body mass index,
white and blue physical activity,
collar workers and alcohol
Boggild et al, 1971-1993, Fatal or non-fatal, Non-day work Rate ratio 0.9 (95% Cl1 0.7-1.1) Age, smoking,
1999 (20); 5249, employees ICD-8: 410414, versus day work weight, height,
Denmark in different N=1006 social class, fitness
industries value, and sleep
Knutsson 1993-1995, NR, Fatal or non-fatal Shift work versus  Odds ratio 1.3 (95% Cl 1.1-1.6) Smoking, job strain,
etal, 1999 inhabitants in infarction, N=1417  day work and educational
(23); Sweden specified parts of level
Sweden
Female
populations
Kawachi et al, 1988-1992, Fatal or non-fatal Rotating night Rate ratio 1.31(95% C1 1.02-1.68)  Age, smoking,
1995 (27); 79109 female infarction, N=292  work with at least hypertension,
United States nurses three nights per diabetes,
month versus less cholesterol, body
night work mass index, use
of contraceptives /
hormones, alcohol,
parental history, and
physical activity
Knutsson 1993-1995, NR, Fatal or non-fatal Shift work versus ~ Odds ratio 1.3 (95% C10.9-1.8) Smoking, job strain,
etal, 1999 inhabitants in infarction, N=589 day work and educational

(23); Sweden

specified parts of
Sweden

level
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definitions (31, 34). In the remaining studies, relative
risk estimates varied from 0.64 to 2.25 with most esti-
mates around unity. Mortality studies generally showed
lower risk estimates.

Selection bias

Participation rates and the completeness of follow-ups
were high, above 80% in 11 studies and around 65-70%
in two follow-up studies (27, 30), and not reported in
one nested case control study (23). In one study (27),
non-responders tended to expetience more ischemic
heart disease than responders (relative risk of 1.19,
95% CI 0.96-1.48) and were more often current smokers
(29.7% versus 18.5%). In agreement with the authors of
that study, we believe that a major bias due to selection
would be unlikely, but that non-patticipation telated to
exposute could not be ruled out. One case control study
did not report a participation rate but used a retrospec-
tive exposure assessment (23), making it vulnerable to
exposure-related self-selection of cases.

Another issue of selection bias concerns the healthy
worker mechanism, especially when comparing discase
risk in working populations with the risk in general
populations. One study (29) used such external com-
parisons and, as a result, may have underestimated risk
in relation to shift work, since day workers had slightly
reduced risk compared to the external reference group.
Most other studies used cohortts free of disease in their
follow-ups and, in general, health-related selection into
shift work would be unlikely in the included studies.
If having non-fatal ischemic heart disease could cause
night workers to change to day shifts, the risk in relation
to years in shift work could be underestimated, espe-
cially in studies of death by ischemic heart discase. This
was not the case in a study using a cohort of Finnish
nurses where the authors concluded that the possibil-
ity of employees with cardiovascular problems leaving
their workplace was independent of work schedule (38).
However, many subjects give up shift work within a few
years — possibly due to adjustment difficulties — leaving
behind the more robust and pethaps healthier workers.
This could lead to an attenuation of exposure-response
relations when using cumulative exposure measure. Two
related studies (24, 25) addressed the issue of a “healthy
shift worker survivor effect” attenuating exposure re-
sponse relations, noting that the suggestions of such
an effect could not be precluded, although the effect
seemed small.

Information bias

In the studies examined, misclassification of outcome
and/or exposure may have been systematically skewed.
Studies have shown very different associations between
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certain psychosocial factors and subcategories of isch-
emic heart disease. This warrants careful consideration
of the possibility of reporting bias. For this reason,
separate analyses of sub-diagnoses of ischemic heart
disease should be performed (39—-41). It is less likely
that a diagnostic coding of the cause of death would
be systematically related to exposure status, but the
accuracy of the death certificate diagnosis of ischemic
heart disease is modest (42). Misclassification of out-
come in studies based on mortality would thus tend to
underestimate the true effect of shift work. In general,
mortality studies showed lower risk estimates than
incidence studies.

On the other hand, outcome measures that are based,
or partly based, on self report or hospitalization, may
inflate risk estimates due to a referral bias (37, 41, 43). In
Denmark, for example, almost half of those hospitalized
for ischemic heart disease had a sub-diagnosis of angina
(4). Three incidence studies only included myocardial
infarction (23, 26, 27). In these studies, relative risks were
1.3, 1.25, and 1.3 respectively. In four studies (20, 22,
30, 31), all sub-diagnoses of ischemic heart disease were
included, with risk estimates of 0.9, 1.4, 1.4 and around
2.0 respectively. Separate analyses on sub-diagnoses of
ischemic heart disease were not performed. Kawachi et al
(27) showed lower risk estimates for fatal (as opposed to
non-fatal) myocardial infarction, but the number of cases
was low. As mentioned above, risk estimates concerning
ischemic heart diseases in relation to psychosocial loads
may be substantially biased due to differential reporting
of symptoms. Angina possibly contributed a substantial
proportion of cases in some studies (20, 22, 30, 31)
but risk estimates in these were of comparable sizes to
those that accepted only myocardial infarction as the
outcome. This indicates that self-reporting of symptoms
or self-referral to a hospital may not be strongly related
to exposure status.

Considering the hypothesis of disturbed circadian
rhythm, work schedules that include the time period
between midnight and early morning are expected to
have a higher impact than working hours outside of
this period. Many of the studies stated that shift work
most often included work at night. Some studies also
categorized workers with poorly defined working hours,
or work in the afternoon or evening, as shift workers
despite the fact that not all of these were necessarily
exposed to work at night. Such misclassification would
likely not be differential and thus an inaccurate expo-
sure assessment could underestimate the risk. Boggild
et al (20) and Yadegarfar et al (25) classified irregular
and afternoon or evening (non-night shift workers) as
shift work, they reported no increase of relative risks.
They did not supply any information on the distribu-
tion of evening and night shift workers and, thus, the
possibility for misclassification cannot be ruled out.
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Four studies included separate analyses on the type
of shift work (21, 23, 28, 33), with and without night
work, where no clear indications were found for stron-
ger cffects among shift workers mainly working during
nights compared to those who did not work at night.
Five studies obtained information on working hours
from fairly complete company records (24, 25, 28, 29,
35), three studies used aggregated measures (20, 31, 33),
while six used self-reporting (20-23, 27, 30). Indepen-
dent exposure information at the individual level, as
obtained from company records, should provide higher
quality exposure data. In the aforementioned five stud-
ies which should present better quality exposure infor-
mation, relative risk estimates ranged from 0.64 to 1.11,
showing no tendency of increased risk. However, these
studies were also mortality studies, where the accuracy
of diagnosis may be quite low. With the exception of
Boggild et al (20), all the studies based on self-reported
working hours showed increased risk estimates. Two of
these (22, 23) used retrospective exposute assessment,
making them vulnerable to recall bias.

Confounding and effect mediators

Important risk factors for ischemic heart disease include
blood pressure, blood lipids, body mass index, smoking,
and socioeconomic status. The effect of shift work may
be mediated through unfavorable changes in behavioral
factors if these are related to the shift work. This mecha-
nism should be considered when controlling potential
confounders in studies on shift workers’ risk of ischemic
heart disease. Controlling pre-employment smoking,
blood pressure and blood lipids would be adequate and
this was done in two of the studies (24, 25). Smoking was
reported in six studies (20, 22, 23, 25, 27, 30), and was
generally more frequent among shift workers. A modest
attenuation in risk estimates was seen after a multivari-
ate adjustment, although residual confounding due to
an imprecise assessment of smoking and possibly other
lifestyle factors would still be possible (44). Five studies
provided information on crude (or only age-adjusted)
and fully adjusted risk estimates. The adjusted risk esti-
mates were all close to unity and only minor changes in
risk estimates in the expected direction appeared after
adjustment, two showing increases (24, 30), and three
showing decreases (20, 25, 27).

Some papers have reported that starting shift work
is related to gains in body weight (45-48), increased
smoking, and unfavorable changes in blood lipids (19,
49-52). These studies provide some evidence for an ef-
fect of shift work mediated through these factors; thus
controlling such factors in the analyses would tend to
attenuate the effect of shift work. On the other hand,
a recent study among newly educated Danish social
and healthcare workers showed quite a strong relation
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between smoking and later engagement in shift work
(53). Looking at the five studies that provided adjusted
as well as unadjusted risk estimates, there is no indica-
tion that confounder control had a major impact on the
crude risk estimates (20, 24, 25, 27, 30). Modest changes
were seen, indicating that high quality information on
potential confounders and mediators are important
to clarify any true effects of shift work from residual
confounding, especially when estimates of relative risk,
as in most of the included studies, are around or slightly
above unity. As mentioned, a minority of the studies
reported adjusted and unadjusted estimates to guide
interpretation of the results. However, untangling effect
mediation from true confounding would require studies
that included pre-employment and repeated assess-
ments of potential confounding/mediating factors.
Boggild et al (20) and Yadegarfar et al (25) found
that socioeconomic factors confounded risk estimates
even though both studies used industrial cohorts, where
socioeconomic factors are expected to be more compa-
rable than in studies using general population samples.
Most other studies that used industrial cohorts, where
social background could be considered quite homo-
gencous, did not perform further controls of socio-
economic factors, leaving the possibility of residual

confounding (22, 27, 30, 35).

Exposure response

The impact of cumulative exposure to shift work has
not been clearly stated in the theoties about shift work
and ischemic heart disease. It is also often unclear
whether the effects of shift work are expected to cease
or continue after exposure has ended. Virkkunen et al
(54) performed further analyses on subgroups of shift
workers using a longer follow-up; the results indicated
a decreasing risk over time. However, most studies con-
sidered workers “exposed” if they had ever done shift
work even for a minimum period. Follow-up commonly
ended when participants reached a certain age, usually
the mid-seventies. On the basis of this, it seems that
most authors anticipate some gradual development of
the disease, and that the risk will increase according to
cumulative exposure.

Five studies (22, 24, 25, 27, 35) analyzed risk in
relation to years undertaking shift work. Two studies
found an increase in risk according to the number
of years in shift work — one after more than 30 years
(35) and the other after more than ten years, but with
a decrease after more than 20 years (22). Both studies
had important limitations. Two studies of good quality
found no relationship between risk and years in shift
work (24, 25). One study (27) among females showed
an increased risk after six years, but the number of
cases examined was small.



Other relevant data

Boggild et al (20) and Knutsson et al (23) considered
the evidence for an unfavorable relation of shift work
to cardiovascular risk factors, such as cholesterol and
blood pressure, and found mixed results. Although no
firm conclusion could be drawn, some studies indicated
that cholesterol and triglycerides seemed to be raised as
a result of shift work (12). Shift work may also be as-
sociated with hypertension, although this was not sup-
ported by a recent study (54). Based on cross-sectional
data, Katlsson et al (18, 19) suggested that metabolic
disturbances (eg, obesity, unfavorable levels of blood
lipids) may be related to shift work. Two recent lon-
gitudinal studies found that shift work was related to
weight gain (46, 48). One study found an increased
risk of smoking and a decreased risk of not quitting
among shift workers (52). Thus, some evidence exists
that metabolic disturbances and changes in smoking
habits are related to starting shift work and supports
the hypothesis that the risk of ischemic heart discase
could be mediated through such changes.

Concluding remarks

We found 14 studies reporting on the risk of ischemic
heart disease in relation to shift work. Seven reported
mortality data, six were based on incidence data and one
used both types. The range of relative risk estimates
derived from these studies was 0.6-2.3. Two mortality
data studies, both with few cases, reported an increase
in risk. The interpretation of these studies was limited
by the low number of cases used and the unknown
validity of exposure information. Six mortality studies
reported relative risks around unity. Of these, two used
exposure information of high quality and thorough
confounder control. However, inaccurate outcome as-
sessment in mortality studies may tend to underestimate
a true effect of shift work. Seven studies used incidence
data combining non-fatal and fatal cases. Of these,
all but one study reported relative risk slightly above
unity. These associations were statistically significant
in two studies. Interpretation of these results is limited
by methodological problems such as inadequate con-
founder control, differential exposure misclassification,
and an inability to rule out selection bias.

The available evidence concerning the influence of
the type and duration of shift work, as well as gender,
on the risk of ischemic heart disease is too limited to
permit any conclusions on these issues. Other relevant
data on cardiovascular risk factors provide some sup-
portive evidence for an effect of shift work mediated
by unfavorable changes in metabolic mechanisms and
smoking habits. Given the criteria of the Scientific
Committee of the Danish Society of Occupational
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Health for limited evidence (ie, “a casual relationship is
possible [. . ] but it is not unlikely that this relationship
can be explained by chance, bias or confounding”), this
review finds limited evidence of a causal association
between shift work and ischemic heart disease.
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