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(CI) 1.12, 2.38] and 0.56 (95 % CI 0.26, 1.18) for female 
shift workers compared with day workers. Adjustments for 
established cardiovascular risk factors such as diabetes type 
II and socio-economic status did not alter the results.
Conclusion Shift work was associated with increased risk 
of case fatality among male shift workers after the first MI.

Keywords Cardiovascular disease · Case–control ·  
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Introduction

A growing number of studies from several countries have 
shown that shift work is associated with an increased risk 
of coronary heart disease (CHD), especially myocardial 
infarction (MI) (Fujino et al. 2006; Knutsson 1989; Ten-
kanen et al. 1997). Numerous hypotheses have been pre-
sented in order to explain possible causal mechanisms 
between shift work and cardiovascular disease (CVD) or 
CHD. The hypotheses include disruption of the circadian 
rhythm, sleep deprivation, social stress related to isolation 
stemming from the divergent working hours, behavioural 
factors such as smoking, lack of physical activity and poor 
dietary choices, and low socio-economic status (Bøggild 
and Knutsson 1999; Frost et al. 2009). Shift work has also 
been associated with atherosclerosis (Haupt et al. 2008; 
Puttonen et al. 2009), electrocardiographic changes (Mel-
oni et al. 2013), and arrhythmias (Härenstam et al. 1987).

While the majority of studies that analysed the associa-
tion between incidence of CVD and shift work was able to 
confirm such association (Ellingsen et al. 2007; Haupt et al. 
2008; Vyas et al. 2012), most studies analysing the associa-
tion between total mortality of CVD and shift workers have 
not reported any such association (Bøggild and Knutsson 
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1999; Karlsson et al. 2005; Taylor et al. 1972; Vyas et al. 
2012). No studies have been focused on the short-term 
mortality (case fatality) after MI among shift workers. If 
there is an association between case fatality of MI and shift 
work, this could represent an important clue in understand-
ing whether shift work is associated with increased CVD 
mortality. Therefore, the aim of this study was to analyse 
whether shift work is associated with increased case fatal-
ity of MI.

Methods

Setting and study design

Cases were defined as all first episodes of non-fatal and 
fatal events of MI and were collected from a previous case-
referent database that consisted of one study in two differ-
ent geographical areas in Sweden [the Stockholm Heart 
Epidemiology Programme (SHEEP) and the Västernorrland 
Heart Epidemiology Program (VHEEP)]. The geographi-
cal sites had slightly different periods of case identifica-
tion and age span of the participants, as described below. 
The analyses in this study were performed on all available 
data from the study. The combined study base contained all 
Swedish citizens living in the counties of Stockholm and 
Västernorrland, respectively, who were free of previous 
clinically diagnosed MI. In Stockholm County, all male 
cases were identified during a 2-year period (1992–1993) 
and all female cases during a 3-year period (1992–1994). 
During the period from January to October 1992, the age 
span was 45–65 years, but from November 1, 1992 and 
onwards the upper age limit was 70 years. In Västernor-
rland County, the age span was restricted to 45–65 years, 
and cases were identified during the period between March 
1993 and March 1995.

Participants

MI cases were included at the time of disease incidence. 
They were identified from (a) the coronary and intensive 
care units at the internal medicine departments at all the 
emergency hospitals within the counties of Stockholm and 
Västernorrland, (b) the hospital discharge register for the 
same counties, and (c) death certificates from the National 
Register of Causes of Death at Statistics Sweden. The crite-
ria of diagnosis included (a) certain symptoms according to 
information on case history, (b) specified changes in blood 
concentrations of the enzymes creatine kinase and lactate 
dehydrogenase, (c) specified electrocardiographic changes, 
and (d) necropsy findings. The diagnosis of MI required 
two of the criteria a–c to be met, or that necropsy findings 
showed myocardial necrosis of an age compatible with 

the time of onset of the disease. A group of cardiologists 
assessed the medical inclusion and exclusion criteria for 
hospital cases. The same diagnostic criteria were applied 
for all cases.

Statistics Sweden identified patients who died before 
admission to hospitals. Among these cases, 72 % were 
autopsied and had signs of recent MI. For the remaining 
28 % of cases in this group, the physician issued the death 
certificate based on the diagnosis of information on disease 
history and death circumstances.

All cases were checked for previous hospital admissions 
for MI from 1971 in the Stockholm heart epidemiology 
programme and from 1985 in the Västernorrland infarc-
tion programme in the hospital discharge register. If such 
an episode was found, the person was excluded from the 
study base. Participants with previous infarctions [consist-
ent with diagnosis code 412 in international classification 
of diseased ninth revision (ICD-9)], as judged from nec-
ropsy findings only, were not excluded from the study base. 
Non-fatal cases answered a questionnaire as soon as possi-
ble after recovering. For fatal cases, questionnaire informa-
tion was obtained from a close relative 3–6 month after the 
occurrence of MI. The study has previously been described 
in detail (Reuterwall et al. 1999).

The data in the present study consisted of 1,961 cases of 
MI, and 1,542 of these cases had complete working time 
information and were subsequently used in the regression 
analyses. Among male cases, 18.3 % were shift workers 
and 81.7 % were day workers (210/937). Among females, 
the corresponding numbers were 17.5 % and 82.5 % 
(69/326). Case fatality in this study was the proportion 
of cases with the first time MI consistent with the previ-
ously described diagnostic criteria, which was fatal within 
28 days after the event. The participants had a mean age of 
57.11 (SD 5.77, median 58) years.

Exposure information

Shift work

Shift work exposure was assessed through the following 
questions: (1) Did you undertake shift work (during the 
most recent 5 years of work)? If the answer was yes, the 
respondent was asked to add information about the type 
of shift schedule. (2) To reduce the risk of including par-
ticipants that were retired, the age limit for inclusion was 
set to 65 years, and unemployed or retired cases were 
excluded. The second question concerned when during 
the day that the majority of the work hours was scheduled. 
The response alternatives were (a) 06:00–18:00, (b) 18:00–
22:00, (c) 22:00–06:00, (d) a combination of (a) and (b), (e) 
a combination of (b) and (c), (f) a combination of (a) and 
(c), and (g) a combination of (a), (b), and (c). If a person 
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answered yes to question 1 or chose response alternatives 
b–f to question 2, he or she was regarded as being exposed 
to shift work (14.2 %). If the respondent answered no to 
question 1 and did not chose alternatives b–f of question 
2, the respondent was regarded as day worker (85.7 %), 
and only 0.2 % of the respondents were excluded because 
their answers were not possible to categorise. In total, 
270 males and 194 females were excluded based on them 
being 65 years or older at the time of their MI. None of 
the excluded cases were over 70 years of age. Shift workers 
were coded 1, and day workers were coded 0.

Physical inactivity

Respondents that had answered that they never or only 
occasionally were physical active in their spare time were 
considered physical inactive, while those who did not meet 
this criteria were considered physically active and were 
used as reference.

Tobacco smoking

Smoking habits were divided into current smokers and non-
smokers. Current smokers included ex-smokers who had 
stopped smoking within the last 2 years before inclusion, 
and non-smokers included ex-smokers quitting more than 
2 years ago.

Elevated BMI

Height and weight measures were taken at the physical 
examination. For those who failed to attend the physi-
cal examination, but who had answered the questionnaire 
(3.8 % of the population with complete BMI data), the 
reported height and weight were used in order to calculate 
BMI. A BMI equal to or exceeding 28 kg/m2 was consid-
ered high.

Diabetes type II

Diabetes type II was considered present if a participant had 
a level of fasting glucose above 6.7 mmol/L or if the ques-
tion of known diabetes type II was reported in the ques-
tionnaire. It was also considered present if a participant 
required insulin or if a participant regularly medicated for 
disease consistent with ICD 9-code 250 or if a participant 
reported pharmacological treatment against diabetes type II 
in the questionnaire.

Low socio‑economic status

Educational level was used as a proxy variable to estimate 
socio-economic status. Cases with compulsory school 

(9 years) as their highest education were considered to have 
low socio-economic status; participants with higher educa-
tion were used as reference.

Elevated blood pressure

High blood pressure was considered present if a respondent 
had either ≥170 mmHg in systolic or ≥95 mmHg in dias-
tolic blood pressure, or reported pharmacological treatment 
for disease consistent with ICD 9-code 40, or earlier phar-
macological treatment for hypertension that ended <5 years 
before inclusion in the database.

Job strain

Job strain was measured by using a version of the question-
naire in Swedish (Theorell et al. 1988). The questionnaire 
consisted of five questions about psychological demands 
and six questions about decision latitude, each question 
with four response alternatives ranging from 1 = never to 
4 = always or almost always. The work experience dur-
ing the last 5 years before inclusion in the study was con-
sidered. The variable was based on the individual quota 
between demand and control. Job strain was considered 
present for respondents who were in the upper tertile in the 
demand questions and the lower tertile in the decision lati-
tude. Participants with job strain were coded 1, and the oth-
ers were coded 0.

Statistical analysis

All calculations were made separately for men and for 
women. Case fatality rates (the percentage of fatalities 
of MI within 28 days after the event) were calculated for 
shift and day workers. chi-square analyses were used on 
dichotomous variables to analyse differences between shift 
workers and day workers in exposure characteristics, and 
independent samples t test were used to analyse differences 
in average age. A p value of 0.05 or less was considered 
statistically significant.

Unconditional logistic regression was used since con-
ditional logistic regression produced similar results, to 
estimate the odds ratio (OR) and 95 % confidence interval 
(95 % CI), as a measure of shift work’s association on case 
fatality. Logistic regression analyses were conducted for 
each exposure characteristic. Included exposure character-
istics were physical inactivity, tobacco smoking, elevated 
BMI, diabetes type II, low socio-economic status, elevated 
blood pressure, and job strain. Exposure characteristics 
were selected based on their previous inclusion in studies 
analysing case fatality of MI (Wannamethee et al. 1995; 
Yang et al. 2012), and for job strain based on the associa-
tion with incidence of CHD (Kuper and Marmot 2003). In 
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order to justify the inclusion, given that the area of case 
fatality of MI and its association with shift work is not 
well studied, we analysed the relative change in estimated 
effect size after adjustment of the crude OR for each expo-
sure characteristic on its own (Rothman et al. 2008). This 
method is known as change-in-estimate or non-collapsi-
bility, and states that a change in relative estimated effect 
is assessed via the regression coefficient. In our study, 
changes of the regression coefficient exceeding ±10 % 
were selected as the cut-off level (Greenland 1989), such 
change indicates that the exposure characteristics might be 
a confounder (Rothman et al. 2008). Two different multi-
variate logistic regression analyses were performed, one 
with adjustments for biologically related covariates and the 
other one with behaviourally related covariates. Moreover, 
the regression analyses were adjusted for age as a continu-
ous variable. The statistical analyses were carried out using 
SPSS 20.0 for PC.

Results

The case fatality of MI among male shift workers was 
21.2 % of 210 cases, compared with 14.3 % of 937 cases 
among day workers. The case fatality for female shift 
workers was 13 % of 69 cases of compared with 21.2 % of 
326 cases among female day workers.

Of the included MI cases, 80.7 % were from SHEEP and 
19.3 % from VHEEP. Additional analyses comparing case 
fatality among males against females did not show that 
male gender was associated with an increased risk of case 
fatality in general or when comparing male to female shift 
workers (results not shown). Moreover, additional analyses 
showed no difference between males and females in age 
(results not shown).

Table 1 shows that shift workers were more exposed 
to current smoking, BMI equal to or above 28, low socio-
economic status, and job strain for both men and women. 
Physical inactivity and diagnosed diabetes type II were more 
prevalent among male shift workers compared with male day 
workers, but no such difference was seen for women. Female 

day workers were more exposed to job strain compared with 
female shift workers. No other differences were found.

Table 2 shows that the crude OR for case fatality follow-
ing an MI for male shift workers was 1.63 (95 % CI 1.12–
2.38). Adjustments for potential risk factors yielded only 
minor changes in the OR except for low socio-economic 
status. When combining elevated BMI, diabetes type II, and 
elevated blood pressure in a multivariate regression model 
to analyse the associations related to medical risk factors, 
the OR for male shift workers was 2.17 (95 % CI 1.46–
3.23). In the adjustments for elevated blood pressure and 
the first multivariate adjustment, more day workers than 
shift workers were included as cases (results not shown). 
In the multivariate regression model combining risk factors 
more directly associated with behavioural and social fac-
tors, the OR from male shift workers is relatively constant 
compared with previous results reported in Table 2.

The OR for female shift workers was 0.56 (95 % CI 
0.26–1.18). Adjustment for the potential risk factors in both 
univariate and multivariate regression models did not yield 
any changes to the results.

Socio-economic status was also analysed using occu-
pational status as a proxy variable comparing blue-collar 
workers with white-collar workers. The results for both 
male and female shift workers were similar to the results 
using educational level as proxy variable (results not 
shown). Similar regressions as presented here were also 
performed for the entire data set (including participants 
over 65 years). The results were similar to the ones pre-
sented above with the difference that the OR for males 
were in general about 20 % lower (results not shown).

In addition, we performed multivariate regression models 
containing all included covariates and then removing them 
step-by-step. The OR for shift workers ranged from 1.82 to 
1.87 for males and from 0.29 to 0.48 for females. None of 
the results for female shift workers were significant.

In order to test potential confounder effects, we analysed 
the change in the regression coefficient in the regression 
analysis when removing each covariate. No changes over 
±10 % in the regression coefficient were noted for male or 
female shift workers.

Table 1  Characteristics (%) of 
day and shift worker with MI

Results of chi-square analysis. 
A total of 210 male shift 
workers and 937 male day 
workers, and 69 female shift 
workers and 326 female day 
workers were included in the 
analysis

Men Women

Day work Shift work p value Day work Shift work p value

Physical inactivity 36.8 42.1 0.047 44.5 41.1 0.47

Current smoking 39.3 52.2 <0.001 39.4 55.0 <0.001

BMI ≥28 26.1 33.3 0.003 28.3 43.2 <0.001

Diabetes type II 11.5 16.2 0.008 10.8 14.0 0.29

Low socio-economic status 20.5 52.7 <0.001 34.9 72.0 <0.001

Elevated blood pressure 27.0 28.9 0.43 38.2 53.7 0.64

Job strain 23.4 36.3 <0.001 29.6 27.6 <0.001



603Int Arch Occup Environ Health (2015) 88:599–605 

1 3

Discussion

We found an association between increased risks of case 
fatality within 28 days after MI among male shift workers. 
When adjusting for potential confounding variables in dif-
ferent regression models, the OR changed marginally. No 
such association was found for female shift workers. The 
low number of female shift workers in the analysis with 
associated low power issue could partly explain this.

Other studies have identified physical activity as a 
protective factor against all-cause mortality and CVD 
mortality (Andersen et al. 2000) and case fatality of MI 
(Wannamethee et al. 1995). After adjusting for physical 
inactivity, the OR decreased for male shift workers. This 
result may be explained by the fact that the prevalence of 
physical inactivity was higher among male shift workers 
compared with day workers. No changes in OR were found 
among women when adjusting for physical inactivity.

Adjusting for current tobacco smoking, BMI ≥28, or 
diabetes type II did not result in any major change in the 
OR for shift workers. Socio-economic status has been iden-
tified earlier as a risk factor for case fatality (Rosvall et al. 
2008; Salomaa et al. 2001). We found that low socio-eco-
nomic status was more common among male shift workers 
compared with male day workers. In our study, we found 
no greater OR changes when adjusting for socio-economic 
status for increased case fatality for male or female shift 
workers.

Adjusting for elevated blood pressure for male shift 
workers gave a marked increase in the OR for case fatal-
ity in this study. It is likely that the increase in OR relates 
to the higher prevalence of elevated blood pressure among 
fatal day-working cases. Adjusting for job strain did not 

lead to any OR change for male or female shift workers in 
the analyses. This is interesting given that job strain was 
more prevalent among male shift workers and that recent 
findings have associated job strain with not only increased 
risk of incident CHD but also with increased inflammatory 
burden (Emeny et al. 2013). This could have meant that 
shift workers affected by job strain could also be at greater 
risk of case fatality after MI, but the results did not support 
that assumption.

The multivariate regression analyses used to assess the 
effects of combined risk factors, and their association with 
case fatality identified an elevated OR for male shift work-
ers and biological risk factors. This was likely related to 
the higher prevalence of male day workers with the given 
characteristics. This may be explained by the fact that the 
included risk factors are associated with a poorer prognosis 
after an MI.

For further studies of case fatality among shift work-
ers, it would be of interest to study a number of factors 
that could hold part of the explanation behind the results 
from this study. For example, if the arteries of shift work-
ers are more affected by atherosclerosis (Haupt et al. 2008), 
it is likely that this would have weakened the intima of 
the blood vessel and thereby increasing the risk of rup-
ture and thrombosis occurring when the patient is vulner-
able because of the previous MI. Shift work has also been 
associated with arrhythmias (Härenstam et al. 1987), pro-
longed QTc interval, and conduction disorders (Meloni 
et al. 2013), which in term may indicate a poorer prognosis 
after a MI. That may also play a role in the increased asso-
ciation between case fatalities of MI for male shift workers 
reported in this study and would be of interest for further 
studies.

Table 2  OR of association between case fatalities after first event of MI and shift work for men and women and adjusted for possible  
confounding

Results of age-adjusted logistic regression analysis with 95 % CI. A total of 210 male shift workers and 937 male day workers, and 69 female 
shift workers and 326 female day workers were included in the analysis

Men Women

OR 95 % CI OR 95 % CI

Shift work 1.63 1.12, 2.38 0.56 0.26, 1.18

Shift work, adjusted for physical inactivity 1.54 1.05, 2.27 0.66 0.3, 1.43

Shift work, adjusted for current smoking 1.65 1.13, 2.41 0.55 0.26, 1.16

Shift work, adjusted for BMI ≥28 1.59 1.07, 2.38 0.4 0.15, 1.05

Shift work, adjusted for diabetes type II 1.67 1.14, 2.44 0.57 0.26, 1.2

Shift work, adjusted for low socio-economic status 1.38 0.82, 2.32 0.31 0.1, 1.05

Shift work, adjusted for elevated blood pressure 1.82 1.22, 2.7 0.47 0.21, 1.1

Shift work, adjusted for job strain 1.62 1.1, 2.39 0.41 0.17, 1.0

Shift work, adjusted for BMI ≥28, diabetes type II, and elevated blood pressure 2.17 1.46, 3.23 0.47 0.18, 1.35

Shift work, adjusted for physical inactivity, current smoking, low socio-economic  
status, and job strain

1.65 1.05, 2.6 0.38 0.11, 1.29
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It would also be of interest to perform similar analyses 
on newer study materials as there are studies showing that 
case fatality in the general population has declined since 
the material for this study was gathered (Mannsverk et al. 
2012). There are differences in the treatment of modern MI 
patients compared with the ones included in this study; the 
amount of patients undergoing revascularisation is higher 
today, and the same goes for having beta-blockers, aspi-
rin, or statins at discharge from hospital (Mannsverk et al. 
2012).

The result that female shift workers not had an increased 
risk for case fatality compared with female day workers 
needs to be elaborated in future studies. The labour market 
is gender segregated in Sweden with more women in, e.g. 
the health care sector and more men in, e.g. the transport 
sector (Statistics Sweden 2012), and that means that the 
working situation for women and men in shift work com-
pared with day work could be different.

This study reports a case fatality among male shift work-
ers of 21.2 % and male day workers of 14.3 %. For females, 
the corresponding case fatality for shift workers was 13 % 
and for day workers 21.2 %. Male shift workers and female 
day workers in this study have relatively similar case fatal-
ity compared to other Swedish reports, while the case fatal-
ity for male day workers and female shift workers are lower 
in comparison (Rosengren et al. 2001). We have not found 
any recently published studies discussing case fatality of 
MI and shift work. There has been a trend in Sweden of 
decreasing case fatality rates after first time MI from 1978 
to 2008, for both men and women (Yang et al. 2012). If 
this study would be repeated using a dataset reflecting the 
working conditions in Sweden 2014, the results would 
likely indicate lower case fatality rates for both shift work-
ers and day workers. However, this study investigated the 
relative difference between shift workers and day workers 
regarding case fatality after MI. Therefore, the relative dif-
ference in case fatality risk of MI reported for male shift 
workers compared with male day workers in this study is 
likely to be relevant as of today even though the absolute 
risk has decreased.

As previously noted, many of the studies conducted on 
the association between CHD mortality and shift work are 
subjected to results potentially influenced by confound-
ing factors (Frost et al. 2009). As reported in the results of 
our analysis, we found no results supporting confounding 
effects of the included covariates in our analysis. The find-
ings of this study show that male shift workers may have 
an increased risk of case fatality after MI, and this contra-
dicts the findings of the meta-analysis published in 2012 
(Vyas et al. 2012). This may be explained by the fact that 
this study analyses males and females separately, while the 
meta-analysis did not report gender-specific mortality or 
case fatality.

Blood cholesterol and triglycerides were not assessed 
in this analysis due to lack of such data for diseased cases. 
There is a potential risk of misclassification regarding the 
use of questionnaire data for deceased cases submitted by a 
close relative, primarily due to recall bias. This fact might 
explain our result to some extent, but because no stud-
ies were found that discussed gender differences in recall 
bias or recall bias related to shift work variables reported 
by relatives, the level of impact on the results remains 
hypothetical.

Shift work is often defined as a work schedule includ-
ing work hours outside the daytime schedule. A limita-
tion in epidemiological studies is that the information on 
shift work exposure is often drawn from questionnaire 
data (Wang et al. 2011). The questions used to determine 
that shift work exposure varies from rather generic ques-
tions without attempts of determining vital components 
of the shift work exposure (Costa 2003) to more intricate 
questions that deal with type of shift work and exposure 
duration. The questionnaire data regarding working time 
conditions that formed the basis of the shift work vari-
able in this study and the definition of shift- and day work 
derived from that question have been used in previous 
studies (Knutsson et al. 1999). The definition used in this 
study is lacking information on lifetime exposure to shift 
work, representing a limitation in this study. The defini-
tion of shift work in this study was based on questionnaire 
data concerning the last 5 years of work. This creates 
the potential risk of misclassification; there is a risk of 
respondents having trouble in correctly determining their 
working conditions. This may perhaps lead to an underes-
timation or an overestimation of the risk associated with 
shift work itself, but it has been proposed that question-
naire data on shift work would be less subjected to recall 
bias (Kolstad 2008).

To our knowledge, this study is the first to analyse the 
association between case fatality of MI and shift work. 
Therefore, the findings of this study are to be regarded as 
preliminary, and more research in the field is needed.

Conclusion

This study shows that male shift workers have an increased 
association with case fatality after MI. More studies are 
needed to further clarify whether the same association 
exists for female shift workers. In all, male shift workers 
association with increased case fatality after MI should 
be addressed in preventive efforts in order to decrease 
suffering.
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