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Abstract Studies on the association between shift-work

and cardiovascular disease (CVD), in particular coronary

heart disease (CHD), have given conflicting results. In

this prospective population-based study we assessed the

association of shift-work with three endpoints: CHD

mortality, disability retirement due to CVD, and incident

hypertension. A cohort of 20,142 adults (the Finnish Twin

Cohort) was followed from 1982 to 2003. Type of

working time (daytime/nighttime/shift-work) was assessed

by questionnaires in 1975 (response rate 89%) and in

1981 (84%). Causes of death, information on disability

retirement and hypertension medication were obtained

from nationwide official registers. Cox proportional haz-

ard models were used to obtain hazard ratios (HR) for

each endpoint by type of working time. Adjustments were

made for 14 socio-demographic and lifestyle covariates.

76.9% were daytime workers and 9.5% shift-workers both

in 1975 and in 1981. During the follow-up, 857 deaths

due to CHD, 721 disability retirements due to CVD, and

2,642 new cases of medicated hypertension were

observed. However, HRs for shift-work were not signifi-

cant (mortality HR men 1.09 and women 1.22; retirement

1.15 and 0.96; hypertension 1.15 and 0.98, respectively).

The results were essentially similar after full adjustments

for all covariates. Within twin pairs, no association

between shift work and outcome was observed. Our

results do not support an association between shift-work

and cardiovascular morbidity.

Keywords Shift-work � Coronary heart disease �
Cardiovascular disease � Mortality � Disability retirement �
Genetic effect

Introduction

Many work-related psychosocial factors, including work

schedules, have been associated with the risk of cardio-

vascular disease (CVD) [1]. Despite evidence put forth for
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a modest excess risk for CVD among shift-workers com-

pared with daytime workers [2] the heterogeneous nature

of the studies (17 up to the year 2000) meant that no valid

meta-analytic risk estimate could be computed [3]. In a

very recent systematic review Frost et al. [4] concluded

that the epidemiological evidence for a causal relation

between shift-work and ischemic heart disease (or CHD) is

limited. The review is based on 14 studies published before

end of March 2008. Seven analyzed fatal events, six

combined fatal and non-fatal events, and one study repor-

ted separately both types of events. Relative risks ranged

from 0.6 to 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 but studies that combined

fatal and non-fatal events showed modest positive associ-

ations. In a majority of studies negative or positive bias due

to the quality of outcome or exposure information, or

confounder control could not reasonably be ruled out [4].

Interestingly, there are only two studies [5, 6] assessing the

risk in women.

Several hypotheses on the possible causal mechanisms

between shift work and CVD or CHD have been presented.

These include mismatch of circadian rhythm (affecting

nutrition and causing stress related to sleep deprivation,

leading to metabolic syndrome), social stress (due to iso-

lation), unfavourable behavioral factors (increased smok-

ing, sedentariness, poor diet), and lower socioeconomic

status [2, 4].

There are few studies on the association between shift-

work and retirement. In a prospective Danish study with

15 years follow-up shift-work was not associated with

disability pension in men, but the risk was increased in

women even after adjustments for several possible con-

founders {hazard ratio (HR) = 1.34, 95% confidence

interval (CI) 1.02, 1.75 [7]}. Several Japanese studies have

shown an approximately 1.2-fold risk in up to 30%

increases both in systolic and diastolic blood pressure [8]

and significantly increased risks (1.1–3.6 fold) [9–11] for

hypertension have also been reported. Large prospective

studies of hypertension risk in shift-workers are lacking in

European and US populations.

In this study we assessed the association between type of

working time (especially shift-work) in both genders and

the risk of mortality due to CHD, disability retirement due

to CVD, and incident hypertension in a large, prospective,

population-based cohort of Finnish adults with 22-year

follow-up data and detailed information on potential

confounding or effect-modifying factors. Differences in

shift-work history among twin pairs discordant for car-

diovascular outcome would support a causal hypothesis

between this common exposure and these major public

health problems.

Methods

The Finnish Twin Cohort

The Older Finnish Twin Cohort consists of all Finnish twin

pairs of the same gender born before 1958 with both

co-twins alive in 1975. These pairs were selected from the

Central Population Registry of Finland in 1974 [12]. The

first questionnaire was mailed in 1975 (response rate 89%)

and the second in 1981 (response rate 84%). The question-

naires included questions on socio-demographics, health

status, lifestyle and psychosocial factors including work

patterns. The present analyses include those responding to

the both questionnaires with information on working

time, and resident in Finland in 1981 (N = 20,142; 51.2%

women; mean age in 1981 40.2 years).

The study has been approved by the ethical committee

of the Department of Public Health, University of Helsinki.

Informed consent was obtained from all respondents.

Questionnaire data

Information on working time was asked (both in 1975 and

1981): ‘‘Is your present work or the work you last were

doing: (1) mainly daytime work, (2) mainly nighttime

work, (3) mainly shift- work, or (4) I have never been

working’’. Physical work load was enquired about by

asking (in 1981): ‘‘What type is/was your work: (1) mainly

sitting, (2) standing and walking without other physical

activity, (3) in addition to standing and walking also lifting

and carrying, or (4) heavy physical work’’. Working pace

was asked (in 1981): ‘‘How much can you influence your

working pace: (1) I can relatively freely regulate it, (2). I

can to some extent regulate it, (3) I can not regulate it, or

(4) I am not working’’.

We assessed the following socio-demographic and life-

style covariates (asked both in 1975 and 1981; see

Table 1): married or cohabiting, social class (upper or

lower white collar, skilled or unskilled workers, farmers,

others), education (nine categories by years of school, high

school equals to 12 years), smoking status (never, occa-

sional, ex-, or current smoker), binge drinking [13, 14],

grams of alcohol consumed daily (based on self-reported

average quantities of beer, wine and spirits consumed)

[15], self-report of hypertension (physician-made diagnosis

or medication) [16], BMI (body mass index, kg/m2), con-

ditioning physical activity (sedentary, intermediate, vigor-

ous physical activity) [17], life satisfaction [18], diurnal

type [19], insufficient sleep [20], and sleep length and use

of hypnotics and/or tranquillizers [21]. Life satisfaction

correlates highly (r = -0.63) with depression as assessed

concurrently by the Beck Depression Inventory [22].
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Additionally, we used information of working time

(mainly daytime, nighttime, two-shift without night shift,

two-shift with night shift, three-shift, never been working)

from the 1990 questionnaire in a subgroup (N = 10,957,

54.4%) to assess the stability of working time type.

Follow-up data

Vital status (alive in Finland on December 31, 2003, date

of death or date of migration from Finland) was obtained

from the Population Register Centre of Finland. The fol-

low-up for mortality was from the exact date of response

(date 1981 questionnaire returned) to December 31, 2003.

Cause-of-death statistics of the underlying cause [due to

CHD; ICD-10 codes I20–I25, and corresponding sections

of ICD-8 and ICD-9 (codes 410–414)] were obtained from

Statistics Finland. Information on disability retirement due

to CVD [ICD-10 codes I00-I99, and corresponding sections

of ICD-8 and ICD-9 (codes 390–459)] was obtained from

the Finnish Social Insurance Institution (FSII) and the

Finnish Centre for Pensions. Information of incident

hypertension was obtained by record linkage of the Cohort

data with the register of FSII on new cases of reimburse-

ment of cost for medical treatment of hypertension.

Reimbursement is granted after submission of a medical

certificate by the treating physician, reviewed by the

medical experts of the FSII. These registers cover all

Finnish citizens. Our analyses are based on 402,266 per-

son-years, and 857 deaths due to CHD, 721 disability

retirements caused by CVD, and 2,642 new cases of

hypertension during the follow-up.

Data analysis and statistical methods

The study population was grouped according to the type of

working time (each subject belonging to one group) as fol-

lows (Table 1): group 1. daytime work both in 1975 and

1981, group 2. night-time work either in 1975 or 1981, group

3. shift-work in 1975 and daytime work in 1981, group 4.

daytime work in 1975 and shift-work in 1981, and group 5.

shift-work both in 1975 and 1981. These categories were

used as our main interest was to compare the risks associated

with constant shift work (group 5) to that with constant

daytime work (group 1). Those ever working night-time

formed a separate group as their number was small and they

differed in many characteristics from the other groups

(Table 1). Those not working or with missing data on

working status were excluded (N = 1,096) from the analy-

ses. Subjects on disability pension or retired prior to 1981

were excluded from the analyses of risk of disability

retirement, and similarly those with baseline hypertension

from the analysis of incident hypertension during the follow-

up 1982–2003. Significance of differences in the prevalence

of each covariate between the types of working time was

assessed by computing likelihood-ratio tests from logistic

regressions models including age with and without the shift-

work categories. As there are well known gender differences

in CHD and CVD, the results are given separately for men

and for women.

Cox proportional hazard models were used to obtain HR

and their 95% CI for mortality due to CHD and disability

retirement caused by CVD by type of working time. As the

reference group we used those daytime working both in

1975 and 1981. The proportional-hazard assumptions were

tested and confirmed using Schoenfeld residuals by

examining that the log hazard-ratio function is constant

over time for the shift-work variables, using the phtest

option in Stata, which was used in all statistical analyses

(version 9.2, Stata Corporation, College Station, Texas,

USA). Also, plots of the -ln(-ln(survival) vs. ln(age) were

used to visually inspect the proportional hazards assump-

tion. Because the study sample included twin pairs, stan-

dard errors and CIs were adjusted for possible within-pair

correlations using robust estimators of variance [23].

Additionally, as the follow-up time is long, we also

computed HRs for the mortality risk due to CHD up to

1990 to exclude the possibility that the risk might accu-

mulate non-uniformly.

The risk of mortality and disability retirement was also

calculated for the healthy-subgroup of the total study

sample (N = 15,314). This includes the subjects without

chronic diseases such as angina pectoris, cancer, myocar-

dial infarction, stroke, diabetes mellitus or chronic

obstructive pulmonary disease in 1981 based on the ques-

tionnaire and information from multiple medical registers

[24, 25]. The subjects with hypertension only were not

excluded.

In the fully adjusted models, adjustments were made for

the socio-demographic and lifestyle covariates (measured

in 1981) that are potential confounders associated both

with shift-work and risk of death (see above). The subjects

with missing data on any of the covariates were excluded

from the fully adjusted models.

Additionally, our twin data permitted us to compute

polychoric correlations, which assess pairwise similarity of

those shift-working both in 1975 and 1981 and those day-

time working both in 1975 and 1981. The analysis was based

on 916 male and 1,081 female monozygotic (MZ) pairs, and

1950 male and 2006 female dizygotic (DZ) pairs. Discordant

pair analysis permits assessment of the possible causal

relationship between shift-work and disease. This was per-

formed in those pairs with one twin dying due to CHD during

the follow-up (218 MZ and 568 DZ pairs), to see if these

twin-pairs differed in shift-work pattern while adjusting for

latent familial factors shared by the twins, including par-

tially (DZ pairs) or completely for genes (MZ).
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Results

Demographic characteristics are given in Table 1. Both in

1975 and 1981, 76.9% were daytime working, 9.5% shift-

working, and 1.7% had night-time work at either point. In

1975, the most common job categories among men were

metalworker, worker in process industry and working in

transportation, and in women nursing, factory worker and

assistant jobs in nursing/health care. In the subgroup with

information of the working time type in 1990, of those with

daytime work both in 1975 and 1981, 90.8% were still

daytime working, and of those shift-working both in 1975

and 1981, 68.8% were still shift-working (of them 59.4%

had night shifts).

When comparing the characteristics between different

types of working time, there were significant differences

among both genders in marital status, social class, educa-

tion, work load and pace, smoking, diurnal type, short

sleep, and insufficient sleep. Significant differences were

found in physical activity and in life satisfaction among

males, and in BMI and in long sleep among females.

Between daytime working and shift-working, there were

some notable differences. The proportions of low social

class and low level of education were higher among shift-

workers. Among daytime workers there were less of those

unable to regulate working pace and more of those with

high physical work load. There were more short sleepers

and evening-type persons among shift-workers, but these

proportions were even higher among night-time workers.

The proportion of those with higher income level was

highest among shift-workers. Low life satisfaction was

most prevalent among night-time workers and least pre-

valent among permanent shift-workers. The proportion of

those frequently using hypnotics and/or tranquillizers was

on the same level in all groups.

Initiating smoking between 1975 and 1981 (i.e. became

current smokers) was significantly associated with work-

ing-time types only in women. Those women who had

started shift-work after 1975 had a 1.5–fold greater risk

(HR = 1.49, 95% CI 1.03, 2.16) of smoking initiation

compared to consistent daytime workers. However, when

former smokers were excluded from the analysis, the

association attenuated and became non-significant, sug-

gesting that initiating shift-work may be associated with a

relapse to smoking among former smoking women.

The associations of type of working time with the risk of

CHD mortality and with the risk of disability retirement

due to CVD are shown in Table 2. The age-adjusted HRs

for CHD mortality were highest but non-significant in

night-time workers. No significant increase in the risk of

CHD mortality was found among permanent shift-workers.

In the full model the HRs were similar in the total popu-

lation (with the exception of night-time working women),

and in the healthy-subpopulation the risk was even lower.

Expectedly an elevated risk of CHD mortality was found

for current smokers, for those with hypertension and for

those men with obesity (BMI [ 25 kg/m2). Thus, there

was no significantly increased risk of CHD mortality

among shift- and night workers as compared to permanent

daytime workers. Also the estimates for mortality up to

1990 were essentially similar.

Age-adjusted risk of disability retirement due to CVD

was significantly increased only in women starting shift-

work (HR = 1.88; 95% CI 1.10, 3.20). In the full model,

both in the total population and in the healthy-subpopula-

tion, the HRs were generally decreased, with the statisti-

cally non-significant exceptions of healthy men stopping

shift-work and healthy women starting shift-work. Low

social class, hypertension and obesity (BMI [ 25 kg/m2)

were associated with a higher risk of disability retirement

due to CVD. In addition, current smoking and use of

hypnotics/tranquillizers increased the risk of disability

retirement in men (data not shown in Tables).

There were no significant increase in the risk of incident

hypertension either in age-adjusted or in the fully adjusted

model.

We carried out subgroup analyses. The CHD mortality

risk by age-groups was analyzed separately for the both

genders showing several increased HRs in a non-consistent

pattern. No significantly increased risks were found except

for middle-aged men who had started shift-work in 1981

(HR = 2.09, 95% CI 1.14–3.86). After full adjustment, the

HR decreased and became non-significant.

In pairs discordant for CHD, the odds ratios for shift-

work were non-significant, indicating no difference in

shift-working patterns between twins in pairs where one

consequently died from CHD.

Discussion

The present results do not support a direct association

between shift-work and cardiovascular (CVD), especially

coronary heart disease (CHD) risk, neither in men or

women. There was no increase in the risk of mortality due

to CHD, disability retirement due to CVD, or incident

hypertension among shift-workers compared to daytime

workers during the 22-year follow-up. The results were

similar also in the healthy subpopulation free of chronic

disease. In twin pairs discordant for CHD, there was also

no evidence for a shift-work effect.

Our study has several strengths: the large study sample

(totally about 400,000 person-years) is representative of the

general population with very high response rates, the

number of cases was substantial (857 deaths and 721

retirements), the type of working time was measured twice,
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the information on potential confounding or effect-modi-

fying factors was detailed, and the statistics on causes of

deaths and retirement are comprehensive and reliable.

Additionally, in our study information also on women was

provided. There are no indications that rates of CHD and

blood pressure levels would differ between singletons and

twins [26, 27], and there is no reason why the association

between shift work and outcome should be different in

adult twin individuals and singletons doing similar work.

The recent systematic review [4] assessed 14 studies

reporting on the risk of ischemic heart disease (or CHD) in

relation to shift-work. Eight of these reported mortality

data. In six studies the relative risks were 0.64–1.11, based

on 163–8,767 cases. An increased risk was found only in

one study [5] with female American nurses (relative risk

1.19, 95% CI 0.63–2.23, N = 79,109) and in another study

[28] with male Japanese workers (HR = 2.32, 95% CI

1.37, 3.95, N = 17,649) but the number of cases were low

(44 and 86, respectively). Two studies used employed

males from general populations [28, 29] and five studies

included male workers from industrial settings. The follow-

up period was [15 years in four studies, and confounder

control was limited in three studies [4]. In two studies

[5, 28] the information on working hours was based on

self-report. In seven studies the source of outcome has been

based on death certificates. Methodologically, the present

study is comparable, in some respects superior to the pre-

viously published mortality studies.

There is a striking difference in our results compared to

those of Fujino et al. [28], despite methodological simi-

larities: large population-based prospective study with long

follow-up, self-report of working hours, adequate adjust-

ment for possible confounders, and similar amount of

person-years (233,869 vs. in the present study 193,061

male person-years). However, there may be variation in the

CHD/CVD patterns between populations, explaining at

least partly this difference. Also the socioeconomic status

of shift-workers and exposure to other risk work-related

and other factors may differ between countries: tradition-

ally in Finland a typical male shift-worker is a well-earning

paper-mill worker, whereas a typical female shift-worker

works in low-income jobs in healthcare and social work

sectors. Especially, there was a large difference in the

number of CHD deaths (in Fujino et al. 86 CHD-deaths in

the whole cohort and of them 18 in shift-workers, in our

study 536 and 53, respectively). Serum levels of choles-

terol and the prevalence and incidence of CHD are con-

siderably lower in Japan compared to Western counterparts

[30], which might affect the results.

Hypertension, dyslipidemia and smoking are the major

acknowledged risk factors of CHD and CVD. However, it

has been suggested that adjustment for these is not appro-

priate as they should not be considered confounders but

rather steps in the causal chain [2, 31, 32]. Doing so would

make it difficult to compare results in shift-work with other

studies. There is evidence that smoking is more prevalent

among shift-workers than daytime workers [2, 4, 33]. Our

results suggest that initiating shift-work may be associated

with a relapse to smoking among former smokers (espe-

cially in women), which is in accordance with the fact that

smoking is generally initiated in adolescence before enter-

ing the work-life. As the relationships are complex, giving

both adjusted and unadjusted results is advisable [34]. In the

present study adjustment did not essentially change the

results, not supporting a risk of over-adjustment. We found

no association of shift-work with hypertension, suggesting

it cannot be a step in the putative chain from shift-work to

cardiovascular outcomes, while adjustment for smoking did

not affect the estimates related to shift-work. Lipid mea-

sures were not available in our study.

Regarding other outcomes our results differed from the

findings of previous studies. Overall, we found no signifi-

cantly increased risk of disability pensions in women as

reported in the Danish study [7], although age-adjusted risk

was increased in women starting shift-work. We did not

either found increased risk of hypertension as in Japanese

studies [9–11].

Some limitations in our study need to be considered. First,

the question in 1975 and 1981 on the type of working time

did not specify the presence of night shifts. More detailed

information of the details of the shift system would have

been desirable as different systems may not be associated

with similar effects, and a broad definition of shift-work

could attenuate the association to CVD. Methodologically, a

detailed assessment of the working schedules would be

challenging in a study population derived from general

population, as there is a multitude of different shift systems.

However, studies assessing effects of shift work with and

without night work, have not found clear indications for

stronger effects among shift workers mainly working during

nights compared to those who did not work at night [4]. In

Finland in 1984, 44% of men and 35% of women shift-

working were working in three shifts [35]. It is also unclear

what relation is between the risk and the amount of years of

shift-work [4]. In the present study shift-working seemed to

be long-lasting as in a subgroup with information of working

time in 1990 about 2/3 were still working in shifts of those

who were shift-working both in 1975 and 1981. Secondly, it

may be argued that disability retirement due to CVD is not a

reliable outcome as it is possible that at least a part of the

workers with CVD change to daytime work rather than

become disability retired, which might dilute our result.

However, this is not supported by a Finnish study among

nurses showing that the possibility of employees with car-

diovascular problems leaving their workplace was inde-

pendent of work schedule [36]. Third, we did not study a

Shift-work and cardiovascular disease 321

123



cohort of shift workers but a sample of general population

with subjects with different types of working hours. There-

fore, this study is free from risks which may be associated

with a single line of business, and our results may be

applicable to the population in general. However, both

approaches have their relevant aspects.

In conclusion, our results do not support an association

between shift-work and increased risk of CVD, CHD, or

hypertension either in men or in women. More prospective

studies with large representative populations, long follow-

ups, reliable measure of exposure to shift-work, and ade-

quate control of confounders are needed.
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