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Background Shift work has been associated with an increased risk of cardiovascular disease (CVD). However, 
there is a need for more studies to determine whether there is an interaction between shift work and 
other risk factors of CVD, thereby increasing the risk of CVD in shift workers.

Aims To discern whether shift work and parental mortality from myocardial infarction (MI) or sudden 
cardiac death (SCD) interact to increase the risk of MI in men.

Methods A case–control dataset was used to assess interaction between shift work and parental history of 
CVD, using death from MI or SCD, or death before age 65, on an additive scale. Results were 
reported as relative excess risk due to interaction, attributable proportion due to interaction (AP) 
and synergy index (SI).

Results There was an interaction between shift work and paternal mortality from MI or SCD, when both 
factors were present [SI = 2.39; 95% confidence interval (CI) 1.02‒5.6 and AP = 0.4; 95% CI 
0.08‒0.73].

Conclusions Paternal mortality from MI or SCD interacts with shift work to increase the risk of MI in men.
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Introduction

Numerous hypotheses have been advanced to explain the 
association between shift work and cardiovascular disease 
(CVD), and more specifically with coronary heart dis-
ease (CHD) [1,2]. These hypotheses include disruption 
of circadian rhythms by shift work, an increased preva-
lence of behavioural risk factors for CVD and low socio-
economic status among shift workers [1,2]. Evidence for 
the association between shift work and CHD has been 
described as limited [2] or moderate [3]. A meta-analysis 
from 2012 found that shift work is associated with myo-
cardial infarction (MI), ischaemic stroke and other cor-
onary events [4].

A parental history of CVD is an independent risk 
factor for CVD [5], coronary stenosis and coronary ath-
erosclerosis in their offspring [6]. A parental history of 
premature CVD [7], and sudden cardiac death (SCD) 
[8], are also associated with an increased risk of CVD in 
offspring [9].

An interaction occurs when two or more factors 
together are associated with an effect on an outcome 
that is greater than their individual effects alone [10]. 
Interactions between a parental history of CVD and other 
risk factors that contribute to CVD in offspring have not 
been widely examined. One study found an interaction 
between a family history of CVD and diabetes in males 
on CHD risk [11]. To our knowledge, no studies have 
analysed the possible interaction between a parental his-
tory of MI or SCD and shift work. The present study 
was performed to assess the possible increase in risk for 
MI that might arise from an interaction between parental 
cardiovascular mortality or parental premature MI and 
shift work.

Methods

The study was conducted using a subset of data collected 
in a previous case–control study. The original case–control 
study was based on two parallel studies, the Stockholm 
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Heart Epidemiology Programme (SHEEP) and the 
Västernorrland Heart Epidemiology Program (VHEEP). 
Regional ethical committees in Sweden approved both 
studies. The combined dynamic study base contained all 
Swedish citizens living in the counties of Stockholm and 
Västernorrland between 45 and 70 years of age who were 
free of previously diagnosed MI.

Cases were defined as all non-fatal and fatal first-
ever events of acute MI in the two studies. Cases were 
identified among patients in coronary and intensive care 
units, discharge registers and death certificates from the 
Swedish National Register of Causes of Death. In the 
SHEEP study, male cases were identified during 1992–
93, and female cases during the period 1992–94. During 
the period January to October 1992, the upper age limit 
was 65 years, increasing to 70 years from 1 November 
1992. In the VHEEP study, the age span was restricted to 
45–65 years, and cases were identified during the period 
March 1993 to March 1995.

After each case was selected, one referent was ran-
domly selected from the study base after stratification for 
sex, age and hospital catchment area. More controls than 
cases were included in the final dataset for this study, as 
all selected controls remained in the dataset, even if the 
case subsequently declined to participate. Information 
from both cases and controls were obtained through 
questionnaires, including data on working time and par-
ental history of CVD. For cases who had died, a close 
relative completed the questionnaire.

Categorization of daytime or shift workers was based 
on questionnaire responses on work schedules. Shift 
work was defined as either fixed work between 18.00 
and 06.00 or rotating shift work in the previous 5 years 
before inclusion in the study [12]. Daytime workers were 

used as the reference category. If the participant was on 
long-term sick leave, had retired or was not employed, 
the questions addressed working time conditions during 
the last 5 years of their occupational career.

Four categories of parental history of CVD were 
used in this study: father died from MI or SCD, father 
had MI before 65 years, mother died from MI or SCD 
and mother had MI before 65 years. The prevalence of 
risk factors for CVD in each of the four categories of par-
ental history of CVD, collected from either questionnaire 
data or clinical examination, is presented in Table 1. The 
number of cases and controls included in each analysis 
varied slightly because not all of them answered all the 
questions on parental CVD. The number of MI events in 
each category of parental history of CVD is presented in 
Table 2.

For the interaction analyses (Table  3), a history of 
parental mortality from MI or SCD was analysed in the 
following categories: father had died from MI or SCD, 
father had MI before 65 years of age, mother had MI or 
SCD and mother had MI before 65 years of age. A his-
tory of parental mortality from MI or SCD and also 
shift work was considered as component causes, i.e. that 
in the absence of either one, certain cases of MI would 
not occur [13]. The interaction analyses aimed to deter-
mine whether the presence of both component causes 
increased the risk of MI. Interaction was analysed by 
relative excess risk due to interaction (RERI), attribut-
able proportion due to interaction (AP) and Rothman’s 
synergy index (SI) together with 95% confidence interval 
(CI) [13,14]. The results are presented as odds ratios 
(ORs) [15]. OR10 and OR01 denote OR among those 
exposed to one of the risk factors, and OR11 denotes OR 
among those exposed to both risk factors.

Table 1. Distribution of individual CVD risk factors by familial CVD risk, results of chi-square analysis

All 
participants

Father died from  
MI or SCD

Father MI before  
65 years

Mother died from  
MI or SCD

Mother MI before  
65 years

No Yes No Yes No Yes No Yes

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Elevated 
triglycerides

364 (21) 282 (20) 82 (21) NS 324 (20) 40 (26) NS 323 (21) 41 (20) NS 354 (21) 10 (19) NS

Elevated total 
cholesterol

614 (32) 478 (32) 136 (33) NS 548 (31) 66 (39) P < 0.05 548 (32) 66 (30) NS 594 (32) 20 (34) NS

Elevated 
blood 
pressure

774 (29) 598 (28) 176 (31) NS 699 (29) 75 (34) NS 678 (29) 96 (31) NS 742 (29) 32 (39) P < 0.05

Diabetes type 
II

350 (13) 278 (13) 72 (13) NS 315 (13) 35 (16) NS 296 (12) 54 (17) P < 0.05 334 (13) 16 (19) NS

BMI >28 697 (26) 551 (26) 146 (25) NS 633 (26) 64 (29) NS 612 (26) 85 (28) NS 669 (26) 28 (34) NS
Job strain 626 (23) 503 (24) 123 (22) NS 568 (23) 58 (26) NS 566 (24) 60 (19) NS 609 (23) 17 (20) NS
Tobacco 

smoking
1074 (40) 849 (40) 225 (39) NS 980 (39) 94 (43) NS 948 (39) 126 (41) NS 1031 (39) 43 (52) P < 0.05

Blood pressure ≥170 mm Hg in systolic and/or ≥95 mm Hg in diastolic or pharmacological treatment against hypertension. Job strain was considered present for the 
respondents who were in the upper tertile for the demand questions and the lower tertile for decision latitude. Triglycerides ≥2.3 mmol/l; total cholesterol ≥6.5 mmol/l. 
Type II diabetes or pharmacological treatment against diabetes type II. BMI, body mass index; NS, non-significant.
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Table 2. Stratification of cases and controls by familial CVD risk and shift work, results of chi-square analysis

n, cases n, controls

− Father died from MI or SCD & − shift work 1136 1509
+ Father died from MI or SCD & − shift work 143 157 NS
+ Shift work & − father died from MI or SCD 257 245 P < 0.001
+ Father died from MI or SCD & + shift work 50 23 P < 0.001

− Father MI before 65 years & − shift work 1164 1518
+ Father MI before 65 years & − shift work 99 85 P < 0.05
+ Shift work & − Father MI before 65 years 171 166 P < 0.01
+ Father MI before 65 years & + shift work 22 14 P < 0.05

− Mother died from MI or SCD & − shift work 1161 1507
+ Mother died from MI or SCD & − shift work 146 115 P < 0.001
+ Shift work & − mother died from MI or SCD 168 155 P < 0.01
+ Mother died from MI or SCD & + shift work 25 25 NS

− Mother MI before 65 years & − shift work 1172 1525
+ Mother MI before 65 years & − shift work 34 28 NS
+ Shift work & − mother MI before 65 years 179 173 P < 0.01
+ Mother MI before 65 years & + shift work 14 7 P < 0.05

(+) percent risk factor; (−) absent risk factor. NS, non-significant.

Table 3. Interaction analyses between shift work and parental history of CVD for men

Estimate 95% CI

Father MI or SCD
 − Father died from MI or SCD & − shift work 1
 + Father died from MI or SCD & − shift work 1.45 1.20–1.76
 + Shift work & − father died from MI or SCD 1.2 0.94–1.53
 + Father died from MI or SCD & + shift work 2.88 1.75–4.57
 RERI 1.32 −0.35 to 2.29
 AP 0.4 0.08–0.73
 SI 2.39 1.02–5.6
Father MI before 65 years
 − Father MI before 65 years & − shift work 1
 + Father MI before 65 years & − shift work 1.55 1.14–2.09
 + Shift work & − father MI before 65 years 1.39 1.10–1.74
 + Father MI before 65 years & + shift work 2.04 1.04–4.0
 RERI 0.12 −1.48 to 1.71
 AP 0.05 −0.63 to 0.74
 SI 1.1 0.29–4.15
Mother MI or SCD
 − Mother died from MI or SCD & − shift work 1
 + Mother died from MI or SCD & − shift work 1.74 1.34–2.24
 + Shift work & − mother died from MI or SCD 1.46 1.16–1.85
 + Mother died from MI or SCD & + shift work 1.31 0.75–2.29
 RERI −0.97 −1.9 to 0.04
 AP −0.66 −1.66 to 0.34
 SI 0.33 0.06–1.94
Mother MI before 65 years
 − Mother MI before 65 years & − shift work 1
 + Mother MI before 65 years & − shift work 1.58 0.95–2.62
 + Shift work & − mother MI before 65 years 1.4 1.12–1.75
 + Mother MI before 65 years & + shift work 2.59 1.04–6.43
 RERI 0.65 −1.99 to 3.30
 AP 0.24 −0.53 to 1.0
 SI 1.59 0.31–8.24

OR for each exposure combination followed by interaction expressed as RERI, AP and SI with 95% CI. All estimates were adjusted for age. (+) percent risk factor; 
(−) absent risk factor.
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 RERI = OR  OR  OR +111 10 01− −

RERI = 0 means no interaction; RERI >0 means posi-
tive interaction; RERI <0 means negative interaction; 
RERI can have a value from (−) infinity to (+) infinity. 
RERI was considered significant when the 95% CI did 
not contain 0.

 AP = 
RERI
OR

11

AP  =  0 means no interaction; AP >0 means positive 
interaction; AP <0 means negative interaction; AP can 
go from −1 to +1. AP was considered significant when 
the 95% CI did not contain 0.

 SI = 
OR 1

OR 1 + OR 1
11

10 01

−
− −( ) ( )

SI = 1 means no interaction; SI >1 refers to a positive 
interaction; and SI <1 refers to a negative interaction. 
SI was considered significant when the 95% CI did not 
contain 1.

Chi-squared and t-tests were conducted in SPSS 21.0, 
and logistic regression analysis, RERI, AP and SI were 
calculated in SAS 9.1. A P value of ≤0.05 was considered 
statistically significant.

Results

Subjects were categorized by parental history of CVD as 
follows: father died from MI or SCD (1586 cases, 1934 
controls), father MI before 65 years (1456 cases, 1783 
controls), mother died from MI or SCD (1500 cases, 
1802 controls) and mother MI before 65  years (1399 
cases, 1733 controls), all males. There was no difference 
in the mean age (ranging from 59.1 to 59.4 years of age) 
of the participants in each of the categories of parental 
history of CVD.

There was a higher prevalence of elevated total chol-
esterol among participants whose father had a MI before 
65 years of age (Table 1). Participants whose mother had 
died of an MI or SCD had a higher prevalence of type 
II diabetes. Participants whose mother had had an MI 
before 65 years of age had higher prevalence of elevated 
blood pressure, and tobacco smoking.

Table 2 shows that MI was more common among cases 
in most of the analyses except in the following categories: 
daytime workers whose father died from MI or SCD, 
shift workers whose mother died of MI or SCD and day 
workers whose mother had an MI before 65 years of age.

Table  3 shows an interactive effect of shift work 
and paternal mortality from MI or SCD on the risk 
for MI. The OR for both exposures was 2.88 (95% CI 

1.75‒4.57) and the SI = 2.39 (95% CI 1.02‒5.60). The 
AP of 0.4 (95% CI 0.08–0.73) indicates that 40% of MIs 
occurring in men could be attributed to a joint exposure 
to shift workers and parental MI or SCD mortality. The 
RERI was not significant.

Exposure to shift work and paternal MI before 
65 years of age resulted in an OR greater than the OR 
for the individual risk factors. OR 2.04 (95% CI 1.04–
4.00) for both exposures compared to OR 1.55 (95% CI 
1.14–2.09) paternal MI before 65 years of age and day-
time work and OR 1.39 (95% CI 1.10–1.74) no history 
of paternal MI before 65 years of age but shift work. No 
interactions were found.

Discussion

There was an interaction between paternal mortality 
from MI or SCD and shift work on the risk of MI in 
men. Forty per cent of MIs that occurred could be 
attributed to this interaction. This may partly explain the 
increased risk of CHD in shift workers, as paternal mor-
tality from MI or SCD appears to be more hazardous 
for shift workers than for daytime workers. This result is 
unlikely to be attributable to a difference in prevalence of 
CVD risk factors. To our knowledge, this is the first time 
such results have been reported.

Analysis of interactions between parental mortality 
from MI or SCD in women was not done in this study, 
as there were insufficient numbers of women in the study 
population. More specifically, in all models, the number 
of women with both exposure was less than ten. To ana-
lyse the effects of interaction between parental mortality 
from MI or SCD and shift work in woman, a larger study 
size will be required.

Healthy worker survivor bias where less healthy 
individuals leave demanding occupations earlier, and 
thereby reduce hazardous exposures, may have affected 
the results in this study. Healthy worker survivor bias is 
likely to keep less susceptible participants in shift work. 
Cohort restriction was used to control the results of this 
study for healthy worker survivor bias [16], as the ex-
posure in question, shift work, had to be present for a 
specified period of time.

The questionnaire data regarding exposure to shift 
work used in this study and the definitions of shift work 
and daytime work have been used in previous studies 
[17]. The definition of shift work in this study was based 
on the previous 5  years of work exposure. It has been 
proposed that questionnaire data on shift work should 
not be subject to recall bias to any great extent [18], fur-
ther strengthening the shift work exposure variable in 
this study.

Data on parental mortality from MI or SCD were col-
lected from questionnaires. Previous studies have shown 
a tendency to under-report a family history of CHD 
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[19,20]. At the same time, self-reported family history 
of CHD has good validity [21]. Given these findings, the 
risk associated with having a family history of CHD may, 
therefore, have been underestimated.

In the analyses, the number of cases and controls 
varied slightly. This was because we did not have 
exactly the same data available on all participants. 
A possible source of bias was that when we excluded 
a case or a control due to lack of data, the matched 
case, or control remained in the analysis. This may 
have created an unbalanced relation between cases 
and controls. However, separate analyses showed that 
the number of cases excluded due to missing data on 
parental history of CVD, ~15–16%, was similar for 
cases and controls.

Interaction was assessed on an additive scale because a 
number of epidemiologists have argued that this is more 
appropriate than using a multiplicative scale [10]. The 
results were only adjusted for age as a potential covari-
ate. No other adjustments were performed, as interaction 
between risk factors for CVD in the context of shift work 
and MI have not been extensively studied [22].

Premature occurrence of parental CHD is often 
viewed as being a vital component of the familial aggre-
gation of CVD risks [7]. No interaction between shift 
work and premature parental MI (before 65  years of 
age) was found; this may have been related to the small 
number of participants with double exposure.

No interaction between maternal mortality from MI 
or SCD and shift work was found. This may be explained 
by the fact that the numbers of cases and controls 
included in the analyses were low. A  larger number of 
participants might have resolved the potential issue of 
low statistical power to detect an effect, especially in the 
analysis of interaction between shift work and maternal 
MI before the age of 65 years.

Different mechanisms for the association between par-
ental CVD and CVD in offspring have been discussed, 
such as accumulation of both known and unidentified 
environmental and heritable risk factors [23]. It has also 
been reported that having a parental history of prema-
ture CVD affects coronary artery calcium, which is a risk 
factor for future CVD in offspring. The increased risk 
of coronary atherosclerosis associated with a history of 
premature CHD may not only be attributed to genetic 
components, but rather a combination of environmental 
and genetic factors [7].

Factors related to having a sedentary lifestyle―
such as obesity―have been shown to proceed from 
generation to generation [24]; and to some extent the 
same has been shown for type of occupation [25]. An 
increased biological predisposition for MI together with 
the inheritance of sedentary lifestyle habits may explain 
our findings to some degree. The results of this study 
may highlight hereditary factors more than biological 

factors. If our findings are associated with behaviours 
that children adopt from their parents, it may also be 
interesting to analyse parental mortality from MI or 
SCD for non-biological parents also. An added value 
has been posited in extending the term ‘a family his-
tory of CVD’ to include age at onset of disease, type of 
family relationship and the number of relatives affected 
[26].

Events in early life may also play a role in our find-
ings. Socioeconomic status of the parents has been 
associated with poorer adult health and health-related 
behaviour in offspring [25]. Events in early life and 
childhood socioeconomic status may interact with a 
parental history of CHD; this could form part of the 
explanation behind the results in this study. Shift work-
ers with a family history of diabetes have an increased 
risk of diabetes in their offspring [27]. This is justifi-
cation for future studies that would help us to under-
stand the possible interplay between genetic factors and 
occupational exposures that lead to an increased risk of 
CHD in shift workers.

Further studies on the effects of interaction between 
shift work and parental incidence could include a wider 
spectrum of CHD and cardio-metabolic disorders. 
For example, metabolic diseases such as type II diabe-
tes [28] have been reported be associated with a simi-
lar risk as parental history of CVD. This could further 
explain whether inherited risks interact to increase the 
risk of CHD in shift workers. Familial clustering of CVD 
might also be of interest [26]. Study of the interaction 
between shift work and a familial history mortality from 
MI or SCD could provide a further understanding of 
the association between shift work and CHD-associated 
morbidity.

This study has shown that paternal mortality from MI 
or SCD and shift work interact to increase the risk of MI 
in men. Further studies are needed to understand the 
interaction between occupational and familial risk fac-
tors for CVD and how this may explain the association 
between shift work and CVD.

Key points

 • Increased risk for myocardial infarction in men 
was associated with an interaction between pa-
ternal mortality from myocardial infarction or 
sudden cardiac death and shift work.

 • Interaction analysis has the potential to elucidate 
the combined effects of exposure to multiple risk 
factors including the interplay of familial and oc-
cupational risk.

 • The findings may have clinical implications for 
shift workers when assessing the future risk of 
myocardial infarction.

D
ow

nloaded from
 https://academ

ic.oup.com
/occm

ed/article-abstract/68/2/120/4850663 by guest on 06 August 2019



J. HERMANSSON ET AL.: SHIFT WORK, PARENTAL CVD AND MI IN MALES 125

Competing interests

None declared.

References

 1. Bøggild H, Knutsson A. Shift work, risk factors and 
cardiovascular disease. Scand J Work Environ Health 
1999;25:85–99.

 2. Frost P, Kolstad HA, Bonde JP. Shift work and the risk 
of ischemic heart disease—a systematic review of the 
epidemiologic evidence. Scand J Work Environ Health 
2009;35:163–179.

 3. Wang XS, Armstrong ME, Cairns BJ, Key TJ, Travis RC. 
Shift work and chronic disease: the epidemiological evi-
dence. Occup Med (Lond) 2011;61:78–89.

 4. Vyas MV, Garg AX, Iansavichus AV et al. Shift work and 
vascular events: systematic review and meta-analysis. Br 
Med J 2012;345:e4800.

 5. Weijmans M, van der Graaf Y, Reitsma JB, Visseren FL. 
Paternal or maternal history of cardiovascular disease and 
the risk of cardiovascular disease in offspring. A systematic 
review and meta-analysis. Int J Cardiol 2015;179:409–416.

 6. Suh B, Shin DW, Lee SP et al. Family history of coronary 
heart disease is more strongly associated with coronary 
than with carotid atherosclerosis in healthy asymptomatic 
adults. Atherosclerosis 2014;233:584–589.

 7. Pandey AK, Blaha MJ, Sharma K et al. Family history of 
coronary heart disease and the incidence and progression 
of coronary artery calcification: Multi-Ethnic Study of 
Atherosclerosis (MESA). Atherosclerosis 2014;232:369–376.

 8. El-Sherif. Pathophysiological and risk stratification of 
sudden cardiac death in ischemic heart disease. PJC 
2014;25:20–30.

 9. Jouven X, Desnos M, Guerot C, Ducimetière P. Predicting 
sudden death in the population: the Paris Prospective 
Study I. Circulation 1999;99:1978–1983.

 10. Ahlbom A, Alfredsson L. Interaction: a word with two mean-
ings creates confusion. Eur J Epidemiol 2005;20:563–564.

 11. Leander K, Hallqvist J, Reuterwall C, Ahlbom A, de Faire U. 
Family history of coronary heart disease, a strong risk factor 
for myocardial infarction interacting with other cardiovascular 
risk factors: results from the Stockholm Heart Epidemiology 
Program (SHEEP). Epidemiology 2001;12:215–221.

 12. Reuterwall C, Hallqvist J, Ahlbom A et  al. Higher rela-
tive, but lower absolute risks of myocardial infarction in 
women than in men: analysis of some major risk factors in 
the SHEEP study. The SHEEP Study Group. J Intern Med 
1999;246:161–174.

 13. Rothman K, Greenland S, Lash T. Modern Epidemiology. 
3rd edn. Philadelphia, PA: Lippincott Williams & Wilkins, 
2008; 758 p.

 14. Kalilani L, Atashili J. Measuring additive interaction using 
odds ratios. Epidemiol Perspect Innov 2006;3:5.

 15. Lundberg M, Fredlund P, Hallqvist J, Diderichsen F. A 
SAS program calculating three measures of interaction 
with confidence intervals. Epidemiology 1996;7:655–656.

 16. Buckley JP, Keil AP, McGrath LJ, Edwards JK. Evolving 
methods for inference in the presence of healthy worker 
survivor bias. Epidemiology 2015;26:204–212.

 17. Knutsson A, Hallquist J, Reuterwall C, Theorell T, 
Akerstedt T. Shiftwork and myocardial infarction: a case–
control study. Occup Environ Med 1999;56:46–50.

 18. Kolstad HA. Nightshift work and risk of breast cancer and 
other cancers—a critical review of the epidemiologic evi-
dence. Scand J Work Environ Health 2008;34:5–22.

 19. Bensen JT, Liese AD, Rushing JT et  al. Accuracy of 
proband reported family history: the NHLBI Family Heart 
Study (FHS). Genet Epidemiol 1999;17:141–150.

 20. Silberberg JS, Wlodarczyk J, Fryer J, Ray CD, Hensley 
MJ. Correction for biases in a population-based study of 
family history and coronary heart disease. The Newcastle 
Family History Study I. Am J Epidemiol 1998;147: 
1123–1132.

 21. Nielsen M, Andersson C, Gerds TA et  al. Familial clus-
tering of myocardial infarction in first-degree relatives: a 
nationwide study. Eur Heart J 2013;34:1198–1203.

 22. de Mutsert R, Jager KJ, Zoccali C, Dekker FW. The effect 
of joint exposures: examining the presence of interaction. 
Kidney Int 2009;75:677–681.

 23. deGoma EM, Knowles JW, Angeli F, Budoff MJ, Rader DJ. 
The evolution and refinement of traditional risk factors for 
cardiovascular disease. Cardiol Rev 2012;20:118–129.

 24. Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. 
Predicting obesity in young adulthood from childhood and 
parental obesity. N Engl J Med 1997;337:869–873.

 25. van de Mheen H, Stronks K, Looman CW, Mackenbach 
JP. Does childhood socioeconomic status influence adult 
health through behavioural factors? Int J Epidemiol. 
1998;27:431–437.

 26. Van daele CM, De Meyer T, De Buyzere ML et  al.; 
Asklepios Investigators. Addition of a novel, protective 
family history category allows better profiling of cardio-
vascular risk and atherosclerotic burden in the general 
population. The Asklepios Study. PLoS One 2013;8: 
e63185.

 27. Kawakami N, Araki S, Takatsuka N, Shimizu H, Ishibashi 
H. Overtime, psychosocial working conditions, and occur-
rence of non-insulin dependent diabetes mellitus in Japanese 
men. J Epidemiol Community Health 1999;53:359–363.

 28. Wikner C, Gigante B, Hellénius ML, de Faire U, Leander 
K. The risk of type 2 diabetes in men is synergistically 
affected by parental history of diabetes and overweight. 
PLoS One 2013;8:e61763.

D
ow

nloaded from
 https://academ

ic.oup.com
/occm

ed/article-abstract/68/2/120/4850663 by guest on 06 August 2019


