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Abstract
Objectives Long working hours have been associated with cardiovascular disease (CVD) mortality. However, results are

inconsistent and large cohort studies are needed to confirm these findings.

Methods We conducted a census-based cohort study including 11,903,540 Italian workers aged 20–64 years, registered in

the 2011 census, with a 5-year follow-up (2012–2016). We estimated cause-specific hazard ratios (cHRs) through Cox

regression models to quantify the association between long working hours and CVD mortality.

Results Over 5 years of follow-up, 17,206 individuals died from CVD (15,262 men and 1944 women). Men working 55 or

more hours per week had a cHR of 0.95 (95% confidence interval, CI 0.89–1.02) for all CVDs, while women showed a

cHR of 1.19 (95% CI 0.95–1.49). Professional women working more than 55 h per week had a cHR of 1.98 (95% CI

0.87–4.52).

Conclusions This study does not support an association between long working hours and CVD mortality among active

Italian men, while it suggests a possible excess risk among women, although based on limited number of events.

Keywords Cardiovascular diseases � Mortality � Long working hours � Overtime work � Workers � Occupation

Introduction

Previous studies evaluating the association between long

working hours and non-fatal cardiovascular events showed

conflicting results (Hannerz et al. 2018a, b; Kivimaki et al.

2015a, 2017; Virtanen et al. 2010), while only a few studies

assessed cardiovascular disease (CVD) mortality (Holter-

mann et al. 2010; O’Reilly and Rosato 2013; Slopen et al.

2012). Validated and precise estimates of this association

are, however, challenging for several reasons, including

publication bias, reverse causation and residual confound-

ing. Publication bias plays a major role in summarizing the

findings since authors are more likely to publish their

results if they find significant associations between long

working hours and CVD. Reverse causation can also affect

the results since people who had experienced a cardio-

vascular event may reduce their working hours. Moreover,

education is an important confounder since overtime

working is variable across levels of education, while CVDs

are more frequent among those with low education (Grosch

et al. 2006). Finally, the effect of long working hours is

likely different across groups of workers who are exposed

to different psychosocial work-related factors, such as

different levels of job control, job demand and balance

between efforts and rewards.

Some studies linked work-related stress to several CVD

risk factors, including high blood pressure, hypergly-

caemia, dyslipidaemia, obesity and metabolic syndrome

(Chandola et al. 2006, 2008; Kivimaki et al. 2015b; Nyberg

et al. 2013). However, the evidence is still inconclusive,

and there is no single mechanism involved, but rather many

factors contribute to increase the risk (Kivimaki and
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Kawachi 2015). Work-related stress may also exacerbate

pre-existing cardiovascular conditions with consequent

excess risk of premature death (Steptoe and Kivimaki

2013).

In this study, we aimed to assess and quantify the

association between long working hours and CVD mor-

tality in all active individuals and in different groups of

workers according to the type of occupation, using data

from a uniquely large Italian cohort.

Methods

Study design

We carried out a historical cohort study based on the record

linkage between the 2011 Italian census and the mortality

archives for the period 2012–2016. In the 2011 census, two

questionnaires were used: a short form, including a limited

number of questions necessary for compliance with the EU

regulations, and a long form, with a larger set of questions

on socio-economic aspects, including the number of hours

usually worked per week. The long form was sent to all the

households in the municipalities with less than 20,000

residents and to a sample (one-third) of the households in

municipalities with 20,000 residents or more and in all

provincial capitals. Participation to the census was

mandatory, and the questionnaires were mailed out to all

the households included in municipal registers. Respon-

dents had the option of returning back questionnaires

online, by mail or by delivery to municipal collection

offices. The coverage of the 2011 census was high with an

under-coverage rate of 1.07% estimated by the post-enu-

meration survey.

The starting time of the observation was set on 1 January

2012, resulting in a maximum follow-up time of 5 years.

Further details of the record-linkage procedure can be

found elsewhere (Alicandro et al. 2017).

This study is part of an extensive project of the Italian

National Institute of Statistics. The project is included in

the National Statistical Program and was approved by the

Italian Data Protection Authority.

Study population

We selected all active subjects aged 20–64 years at the

start of follow-up with available data on occupation. In

order to remove the individuals who may be unable to work

full time due to disabling conditions, we excluded unem-

ployed people and those not in the labour forces as well as

subjects who worked less than 35 h a week.

Study variables

The primary outcome of the study was mortality from all

CVDs, whereas mortality from ischaemic heart and cere-

brovascular diseases were considered as secondary out-

comes. The 10th Revision of the International

Classification of Diseases (ICD) was used to identify the

groups of causes of death: all CVD (ICD-10 codes: I00-

I99), ischaemic heart (ICD-10 codes: I20-I25) and cere-

brovascular diseases (ICD-10 codes: I60-I69).

The exposure variable considered in this study was the

number of hours usually worked per week. We used the

following classes: 35–40 h, 41–48 h, 49–54 h and 55 or

more hours.

Age at follow-up, marital status, number of dependent

children, geographic area of residence, education and

occupation were considered as covariates. Age at follow-up

was grouped in the following categories: 20–39, 40–49,

50–54, 55–59, 60–64, 65–69 years. Marital status included

the following groups: singles, married, separated or

divorced and widowed. The number of dependent children

was obtained by counting the number of individuals aged

less than 18 years living in the same household. The

number of dependent children was grouped in three cate-

gories including none, one and two or more children.

Regions of residence were grouped in three major areas:

North, Centre, South and major islands. The highest

attained level of education was grouped in four categories:

no education or primary school, middle school, high school

and university.

We categorized the type of occupation in the following

classes: (1) highly qualified employees, (2) intermediate

qualified employees, (3) less qualified employees, (4) self-

employees, (5) professionals, (6) entrepreneurs and (7)

others. We derived these categories from a census question

regarding the type of job the individual had in the week

that preceded the census date. The type of job had the

following options: (1) employee; (2) professional; (3) self-

employee; (4) entrepreneur; (5) fixed-term contract worker;

(6) casual worker; (7) member of a cooperative; and (8)

family worker. We further split the category of employees

taking into account the skills required to perform their job.

To this purpose, we used another census question that

reflects the major groups of the International Standard

Classification of Occupation (ISCO-08) (ILO 2012) with

the following options: (1) non-skilled manual work; (2)

personnel working in manufacturing, machinery, assembly

lines or drivers; (3) skilled manual work; (4) agriculture

and farming; (5) sales and service work; (6) clerical work;

(7) intermediate qualified technical, administrative, sport or

artistic activities; (8) highly qualified activities including

management, intellectual, scientific and artistic activities;
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(9) management of private or public companies; and (10)

armed forces. Then, we classified the employees in the

occupation category 8 or 9 as ‘‘highly qualified employ-

ees’’, those in the occupation category 3, 4, 5, 6 and 7 as

‘‘intermediate qualified employees’’ and those in the cate-

gory 1 and 2 as ‘‘less qualified employees’’. Finally, we

grouped fixed-term contract workers, casual workers,

members of a cooperative and family workers in a whole

category named ‘‘other occupations’’. The full scheme used

to derive the occupation category is reported in Table S1

(online Supplementary material).

Statistical analysis

For each cause of death, we computed age-standardized

mortality rates based on the world standard population

(Doll et al. 1982).

We estimated cause-specific hazard ratios (cHRs) and

the corresponding 95% confidence intervals (CI) using Cox

proportional hazard models censoring the competing event

to the date of occurrence. Mortality from causes different

from the cause of interest was considered as competing

event.

We fitted two different models: a partially adjusted

model including age categories and weekly worked hours

as independent variables and a fully adjusted model

including also marital status, number of dependent chil-

dren, geographic area of residence, the highest attained

educational level and occupation. The number of hours

worked was included in the model as categorical variable,

and the category ‘‘35–40 h’’ was considered as reference.

For a more flexible modelling of the relationship

between hours worked and CVD mortality, we used natural

splines with knots fixed at equally spaced intervals. Dif-

ferent models were tested with knots located from 0 to 5

equally spaced intervals. The final model was selected on

the basis of the lowest value of the Akaike information

criterion (AIC).

For all CVD mortality, we carried out a stratified anal-

ysis by type of occupation and number of dependent chil-

dren (none vs. at least one child).

As a sensitivity analysis, we also estimated the cHR for

other causes to be sure that the potential effect of long work

hours was specific to CVD mortality. In addition, to control

for reverse causation, i.e. subjects with pre-existent car-

diovascular conditions which may reduce their working

hours, we excluded the events occurred over the first

3 years of follow-up.

Results

The cohort included 11,903,540 individuals (8,091,716

men and 3,811,824 women). Of these, 4.9% worked 55 or

more hours per week (5.7% among men and 3.1% among

women).

Table 1 shows the distribution of the sociodemographic

variables across categories of weekly worked hours. In

both sexes, the two extreme categories of weekly worked

hours were older as compared to the intermediate cate-

gories. Mean age (standard deviation) was 43.2 years

(11.1), 41.9 years (10.5), 42.1 years (10.4) and 44.3 years

(10.0) among men working 35–40, 41–48, 49–54 and

C 55 h per week, respectively. Corresponding fig-

ures among women were: 44.1 (10.1), 41.3 (10.2), 40.8

(10.6), 42.6 (10.3) and 43.8 (10.3). Among long hours

workers, more individuals were married. Among men, long

hours workers were more likely to have at least one child,

while the opposite was found among women. In men, the

frequency of university graduates was not different

between those working 35–40 h and long hours workers,

while it was lower among women working 55 h or more

per week. In both sexes, more than 40% of long hours

workers were self-employed, while 18.6% among men and

13.7% among women were entrepreneurs.

Over 5 years of follow-up, 84,837 deaths (68,034 men

and 16,803 in women) occurred. Of those, 17,206 were due

to CVDs (15,262 in men and 1944 in women). Table 2

gives the number of deaths and the rates from all CVDs,

ischaemic heart, cerebrovascular, other CV and non-CV

causes across type of occupation and category of weekly

worked hours.

Table 3 shows the cHRs estimated for categories of

hours worked per week using 35–40 h as reference.

Among men, mortality from all CVD was slightly reduced

in those working 55 or more hours (cHR from the partially

adjusted model: 0.91, 95% CI 0.85–0.97, cHR from the

fully adjusted model: 0.95, 95% CI 0.89–1.02). Similar

results were found when ischaemic heart and cerebrovas-

cular diseases were analysed separately. Women working

55 h or more showed a slight excess mortality from all

CVDs (cHR 1.16, 95% CI 0.93–1.43) and ischaemic heart

diseases (cHR: 1.28, 95% CI 0.88–1.87), though not sta-

tistically significant. Mortality from cerebrovascular dis-

eases was similar to women working 35–40 h per week

(cHR: 0.96, 95% CI 0.63–1.47). After adjusting for geo-

graphic area of residence, marital status, number of

dependent children, education and occupation, the cHRs

did not materially change for all CVD, whereas decreased

to 1.18 (95% CI 0.79–1.76) for ischaemic heart diseases. A

slight decrease in non-CVD mortality was observed among
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Table 2 Age-standardized mortality rates (number of deaths) from cardiovascular diseases and other non-cardiovascular causes per 100,000

person-years, according to sex and hours worked per week, in strata of occupation. Italy, 2012–2016

Men Women

Hours worked per week Hours worked per week

35–40 41–48 49–54 C55 35–40 41–48 49–54 C55

All cardiovascular diseases

Highly qualified employees 30.26 (622) 25.22 (139) 19.54 (73) 27.19 (46) 7.85 (125) 5.5 (15) 2.22 (3) 16.34 (4)

Intermediate qualified

employees

37.92 (4619) 38.15 (610) 42.99 (176) 30.02 (83) 12.22 (821) 12.07 (59) 13.7 (17) 29.38

(12)

Less qualified employees 47.06 (3094) 40.25 (475) 50.46 (129) 39.97 (75) 14.54 (370) 11.76 (42) 10.08 (8) 5.76 (2)

Self-employees 40.16 (1388) 38.07 (638) 36.65 (435) 37.28 (452) 9.83 (103) 10.51 (64) 10.58

(36)

11.66

(37)

Professionals 34.52 (414) 29.28 (137) 32.71 (147) 33.35 (104) 8.52 (31) 7.93 (10) 10.82 (8) 20.84 (7)

Entrepreneurs 32.37 (310) 32.32 (155) 23.44 (135) 29.45 (169) 9.67 (30) 12.08 (16) 14.22

(11)

13.28

(13)

Others 36.77 (456) 33.19 (96) 30.29 (47) 30.74 (38) 12.55 (67) 8.55 (15) 6.35 (5) 11.41

(13)

All occupations 39.03

(10,903)

35.63

(2250)

33.51

(1142)

34.15 (967) 11.7 (1547) 10.54

(221)

9.94 (88) 13.53

(88)

Ischaemic heart diseases

Highly qualified employees 13.49 (286) 12.65 (69) 11.8 (43) 9.98 (20) 2.04 (31) 1.61 (4) 0.69 (1) 1.81 (1)

Intermediate qualified

employees

18.38 (2245) 18.38 (277) 22.57 (93) 14.91 (43) 3.28 (226) 2.74 (13) 7.32 (8) 1.91 (1)

Less qualified employees 22.38 (1488) 20.17 (228) 27.27 (65) 16.5 (29) 4.27 (109) 3.96 (11) 0.69 (1) 3.52 (1)

Self-employees 19.75 (695) 18.39 (309) 16.96 (218) 16.82 (208) 3.9 (42) 2.47 (15) 3.08 (10) 5.17 (14)

Professionals 17.43 (205) 14.46 (70) 15.32 (66) 18.89 (58) 1.91 (8) 4.66 (5) 2.73 (2) 12.3 (2)

Entrepreneurs 14.99 (146) 14.81 (71) 11.77 (66) 16.38 (98) 4.09 (12) 5.97 (7) 5.47 (4) 7.06 (5)

Others 17.44 (222) 12.88 (39) 11.45 (17) 17.88 (21) 1.93 (15) 2.6 (5) 2.16 (1) 4.6 (5)

All occupations 18.79 (5287) 17.13

(1063)

16.23 (568) 16.67 (477) 3.28 (443) 3.04 (60) 3.39 (27) 5.11 (29)

Cerebrovascular diseases

Highly qualified employees 3.18 (66) 3.82 (24) 2.89 (11) 3.48 (6) 2.57 (43) 0.89 (3) 0 (0) 1.81 (1)

Intermediate qualified

employees

5.33 (606) 6 (98) 6.48 (22) 3.33 (12) 3.29 (243) 3.27 (22) 4.69 (5) 11.45 (5)

Less qualified employees 6.7 (407) 6.95 (69) 6.04 (18) 6.89 (12) 5.01 (119) 3.51 (14) 6.44 (3) 0 (0)

Self-employees 5.38 (182) 5.34 (87) 5.21 (59) 5.46 (70) 3.11 (33) 3.2 (20) 3.98 (15) 1.22 (6)

Professionals 5.65 (70) 3.19 (15) 4.11 (18) 2.1 (8) 1.66 (9) 0.72 (1) 1.87 (1) 4.42 (3)

Entrepreneurs 4.35 (44) 4.2 (20) 3.18 (18) 3.23 (16) 2.48 (9) 3.27 (4) 1.09 (1) 1.96 (3)

Others 5.95 (64) 9.12 (21) 3.03 (6) 2.32 (3) 4.3 (21) 4.84 (8) 3.63 (3) 4.3 (4)

All occupations 5.42 (1439) 5.39 (334) 4.78 (152) 4.25 (127) 3.53 (477) 3.22 (72) 3.2 (28) 2.93 (22)

Non-cardiovascular diseases

Highly qualified employees 91.24 (1944) 77.9 (422) 77.31 (293) 76.34 (127) 80.72 (1

196)

61.6 (136) 68.3 (64) 58.98

(20)

Intermediate qualified

employees

133.68

(15,941)

140.61

(2202)

138.57

(629)

151.25

(336)

79.5 (6 504) 81.68

(461)

64.25

(101)

87.02

(63)

Less qualified employees 162.65

(10,762)

169.18

(1920)

148.51

(415)

151.64

(257)

79.19 (2

294)

89.3 (281) 57.1 (53) 89.23

(32)

Self-employees 142 (4640) 129.94

(2068)

140.71

(1548)

136.07

(1516)

83.43 (891) 78.54

(470)

85.75

(268)

85.29

(273)

Professionals 106.56

(1318)

98.47 (466) 113.11

(483)

96.51 (310) 77.87 (305) 89.8 (97) 103.92

(71)

81.24

(33)

Entrepreneurs 132.19

(1129)

126.5 (543) 131.96

(599)

100.9 (544) 76.72 (245) 76.27 (99) 94.34

(91)

71.35

(80)
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long working hours men, whereas no association was

found among women.

When excluding the events occurred over the first three

years, no association was found between working 55 and

more hours per week and all CVD mortality among men

(cHR: 0.98, 95% CI 0.88–1.08, based on 452 events among

exposed men), whereas an excess mortality was observed

among women (cHR: 1.26, 95% CI 0.91–1.74, based on 44

events among exposed women).

The cHRs for all the variables included in the fully

adjusted Cox regression model are shown in Table 4.

Mortality from CVD decreased with decreasing age and

increasing level of education; it was lower among indi-

viduals living in North and Centre as compared to those

living in the South of Italy, in those having at least one

child and in those having highly qualified occupations,

whereas mortality was higher among single, separated,

divorced and widowed as compared to married individuals.

Figure 1 shows the relationship between hours worked

per week and CVD mortality among men and women

modelled as continuous and expressed as cHR (and cor-

responding 95% CI) with 40 h per week used as reference.

The relationship was not linear with some differences

between sexes. In men, the risk of dying from CVDs was

slightly higher for those working less than 40 h, decreased

for those working 40 or more and reached the same level of

the reference at very high values. In women, the exposure–

response curve showed a decreasing risk until 55 h per

week and a levelling off at higher values, although the

small number of events yielded wide confidence intervals.

Figure 2 gives the cHRs for all CVD mortality among

men and women working 55 or more hours per week

compared to those working 35–40 h by type of occupation,

obtained from the fully adjusted Cox regression model. The

analysis stratified by type of occupation showed null

associations among men. In women, all occupations

showed an excess mortality among long hours workers,

with the only exception of less qualified employees,

although the precision of the estimates was low due to the

small number of events. Professional women showed an

Table 2 (continued)

Men Women

Hours worked per week Hours worked per week

35–40 41–48 49–54 C55 35–40 41–48 49–54 C55

Others 132 (1626) 146.86

(403)

129.8 (188) 108.78

(143)

78.46 (454) 72.96

(115)

63.15

(74)

96.88

(88)

All occupations 136.52

(37,360)

134.05

(8024)

127.74

(4155)

122.87

(3233)

80.42

(11,889)

79.66

(1659)

76.83

(722)

84.69

(589)

Table 3 Cause-specific hazard ratios (cHRs) and corresponding 95% confidence intervals (CI) for mortality from cardiovascular and non-

cardiovascular diseases, according to sex and hours worked per week (reference category: 35–40 h). Italy, 2012–2016

Causes of death Hours worked per week Men Women

Model 1

cHR (95% CI)

Model 2

cHR (95% CI)

Model 1

cHR (95% CI)

Model 2

cHR (95% CI)

All cardiovascular diseases 41–48 0.93 (0.89–0.98) 0.93 (0.89–0.98) 0.98 (0.85–1.13) 0.96 (0.83–1.11)

49–54 0.84 (0.79–0.89) 0.90 (0.85–0.96) 0.92 (0.74–1.13) 0.95 (0.76–1.18)

C55 0.91 (0.85–0.97) 0.95 (0.89–1.02) 1.16 (0.93–1.43) 1.19 (0.95–1.49)

Ischaemic heart diseases 41–48 0.91 (0.85–0.97) 0.91 (0.85–0.97) 0.93 (0.71–1.22) 0.86 (0.65–1.14)

49–54 0.86 (0.78–0.93) 0.91 (0.83–1.00) 0.96 (0.65–1.42) 0.92 (0.61–1.37)

C55 0.91 (0.83–1.00) 0.95 (0.86–1.05) 1.28 (0.88–1.87) 1.18 (0.79–1.76)

Cerebrovascular diseases 41–48 1.05 (0.93–1.18) 1.05 (0.93–1.18) 1.04 (0.81–1.34) 1.02 (0.79–1.32)

49–54 0.84 (0.71–1.00) 0.93 (0.78–1.10) 0.96 (0.65–1.40) 0.99 (0.67–1.46)

C55 0.90 (0.75–1.08) 0.95 (0.79–1.15) 0.96 (0.63–1.47) 0.98 (0.62–1.53)

Non-cardiovascular

diseases

41–48 0.98 (0.95–1.00) 0.98 (0.96–1.01) 0.97 (0.92–1.02) 0.95 (0.90–1.00)

49–54 0.91 (0.88–0.94) 0.97 (0.94–1.01) 1.00 (0.93–1.08) 0.98 (0.91–1.06)

C55 0.91 (0.88–0.94) 0.95 (0.92–0.99) 1.05 (0.97–1.14) 1.02 (0.94–1.11)

The cHRs were obtained from Cox regression models adjusted for age category (Model 1) and further adjusted for marital status, number of

dependent children, geographic area, education and occupation (Model 2)
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increased mortality from all CVD (1.98, 95% CI 0.87–4.52

in the fully adjusted model).

The interaction term between hours worked per week

and having at least one dependent child was not statistically

significant in both men (P = .751) and women (P = .013).

The cHRs for men working more than 55 h per week were

0.88 (95% CI 0.76–1.01) among men with at least one

dependent child and 0.97 (95% CI 0.90–1.06) in those

without children. Corresponding figures for women were

0.78 (95% CI 0.39–1.56) and 1.27 (95% CI 1.00–1.62) for

women with at least one dependent child and for those

without children, respectively.

Discussion

In this study, long working hours were not associated with

increased CVD mortality among men, while the results

suggest a possible excess risk among women, although

based on a limited number of events.

Table 4 Cause-specific hazard

ratios (95% confidence

intervals) for cardiovascular

mortality by sex, estimated from

multivariable Cox regression

model. Italy, 2012–2016

Men Women

Age category

20–39 0.024 (0.022–0.026) 0.03 (0.02–0.04)

40–49 0.11 (0.10–0.12) 0.13 (0.10–0.16)

50–54 0.25 (0.23–0.26) 0.26 (0.21–0.31)

55–59 0.40 (0.38–0.43) 0.36 (0.29–0.44)

60–64 0.65 (0.61–0.69) 0.62 (0.51–0.75)

65–69 1 (Reference) 1 (Reference)

Education

No education or primary school 1 (Reference) 1 (Reference)

Middle school 0.88 (0.83–0.94) 0.77 (0.66–0.90)

High school 0.75 (0.70–0.80) 0.69 (0.58–0.81)

University 0.59 (0.54–0.65) 0.49 (0.39–0.61)

Geographic area

South and major islands 1 (Reference) 1 (Reference)

Centre 0.83 (0.79–0.87) 0.89 (0.78–1.01)

North 0.78 (0.75–0.81) 0.78 (0.70–0.87)

Marital status

Married 1 (Reference) 1 (Reference)

Singles 1.63 (1.56–1.70) 1.42 (1.26–1.61)

Separated/divorced 1.55 (1.48–1.64) 1.36 (1.19–1.54)

Widowed 1.79 (1.59–2.00) 1.36 (1.12–1.65)

Number of dependent children

0 1 (Reference) 1 (Reference)

1 0.89 (0.85–0.93) 0.70 (0.60–0.82)

2 or more 0.83 (0.78–0.88) 0.83 (0.68–1.02)

Occupation

Less qualified employees 1 (Reference) 1 (Reference)

Highly qualified employees 0.84 (0.77–0.92) 0.86 (0.69–1.07)

Intermediate qualified employees 0.89 (0.85–0.92) 0.92 (0.81–1.05)

Self-employees 0.93 (0.88–0.98) 0.84 (0.71–0.99)

Professionals 0.97 (0.89–1.06) 0.98 (0.73–1.33)

Entrepreneurs 0.80 (0.74–0.87) 0.92 (0.71–1.19)

Others 0.87 (0.80–0.95) 0.86 (0.69–1.08)

Hours worked per week

35–40 1 (Reference) 1 (Reference)

41-48 0.93 (0.89–0.98) 0.96 (0.83–1.11)

49–54 0.90 (0.85–0.96) 0.95 (0.76–1.18)

C 55 0.95 (0.89–1.02) 1.19 (0.95–1.49)
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Our results are consistent with those found in a cohort

study based on 357,085 participants from the Danish

Labour Force Survey, where no excess risk of stroke was

found with risk ratio for those working 55 h or over per

week of 0.89 (Hannerz et al. 2018a). The same research

group did not find an increased risk of ischaemic heart

diseases in both men and women working more than 48 h

per week (Hannerz et al. 2018b).

In contrast, other cohort studies reported excess risks. A

study based on 6014 office staff, aged 39–61, from 20

London-based Civil Service departments (the Whitehall II

cohort) followed up on average for 11 years, reported a

60% increased risk of incident coronary diseases for 3–4 h

of overtime work per day compared with no overtime

work. This excess remained even when taking into account

socio-economic and lifestyle factors (Virtanen et al. 2010).

A multi-cohort study of 85,494 working men and

women from the Individual Participant Data Meta-analysis

in Working Populations (IPD-Work) Consortium reported

a 1.4-fold increased risk of atrial fibrillation in subjects

working more than 55 h per week as compared with those

working standard hours (35–40 h per week) (Kivimaki

et al. 2017).

A Danish cohort study, including 5249 men employed

in 14 companies in a wide range of industrial sectors with

30-year follow-up, found an excess mortality associated

with overtime working (C 46 h per week) only in workers

with low physical fitness as defined from heart rate during

bicycle work, whereas no excess mortality was found

among workers with intermediate or high physical fitness

(Holtermann et al. 2010). This last finding has been

attributed to the higher ability of workers physically trained

to recover from work-related stress and to reduce physio-

logical response to work-related stress with lower increase

in blood pressure and heart rate.

An excess mortality from all CVD, ischaemic heart

diseases and cerebrovascular diseases was also found

among men with routine occupations working 55 or more

hours per week in a census-based cohort study from

Northern Ireland including 414,949 workers who were

followed up from 2001 to 2009 (O’Reilly and Rosato

2013). In contrast, no excess risk was found among man-

agers, professionals, intermediate and own account occu-

pations in men, while managers, professionals and own

account women showed an excess mortality with HRs of

1.42 and 3.41, respectively, though the limited number of

deaths resulted in wide confidence intervals.

The increased mortality in long hours female workers

suggested by our results was also found in a previous

cohort study on 22,086 women enrolled in the Women’s

Health Study that found a 38% excess risk for cardiovas-

cular events in women reporting high job strain or high

demand and high control (Slopen et al. 2012). In addition,

some studies suggested that women are more vulnerable to

work-related stress (Kunz-Ebrecht et al. 2004; Lindeberg

et al. 2011; Radi et al. 2005; Rosvall et al. 2002). A study

based on 227 men and women recruited in the Whitehall II

prospective epidemiological study showed that women

have a higher physiological stress response, as measured by

salivary cortisol awaking response, during work days than

men (Kunz-Ebrecht et al. 2004). In a sample of 5021

Swedish vocationally active individuals, exhaustion in the

work context was found more frequently among women

than men (Lindeberg et al. 2011). Moreover, a stronger

relationship among women than men was found between

job constraints and hypertension (Radi et al. 2005) as well

as among high job strain (high demands and low decision),

atherosclerotic plaque and intimal medial thickness in the

carotid bifurcation area (Rosvall et al. 2002).

In our study, CVD mortality risk slightly decreased

among individuals working 41–48 h and 49–54 h per week

as compared to those working 35–40 h and increased

thereafter. This relationship was also observed in the

Fig. 1 Exposure–response curves of hours worked per week and

cardiovascular disease mortality estimated by multivariable Cox

regression models using natural splines with knots fixed at equally

spaced intervals of exposure (four knots for men and three for

women) and including terms for age, marital status, geographic area

of residence, number of dependent children and type of occupation.

Dashed lines indicate the 95% confidence bands. Italy, 2012–2016
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Danish population for all-cause mortality (Hannerz and

Soll-Johanning 2018).

In addition, we did not find an excess risk in women

with dependent children. This finding is in contrast with the

hypothesis that working women are exposed to higher

levels of stress than men due to tension between career,

family commitments and caregiving and then to high risk

of CVD (Dixon et al. 1991). This may reflect the recent

increase in labour market participation of women in Italy

and also the cultural changes that led to a more equal

sharing, within the couple, of the psychological burden

related to combining work and family demands. In contrast

to other studies that found a positive association between

parity and CVD (Durazo et al. 2018; Ness et al. 1993), in

our sample having a child had a protective effect on CVD

mortality. Thus, it could be speculated that in a country

with very low fertility rates, having a child could even

attenuate the CVD risk associated to job strain.

The lack of information on lifestyle risk factors,

including smoking, is among the main limitations of the

study. This information was not collected in the Italian

census archive, but it could be among the mediators of the

association between overtime work and CVD mortality

among women. In addition, we did not have any follow-up

information regarding occupation; thus, we could not

evaluate job career and quantify the time during which the

subject has been exposed to overtime work.

This large cohort study with more than 11 million

workers and around 17 000 deaths from CVD provided a

huge amount of data allowing to precisely estimate the

effect of long working hours on CVD mortality and to

evaluate the sex-specific relationship. Most of the studies

carried out in this area did not analyse separately men and

women, despite the wide sex differences in biological

mechanisms, epidemiology of CVDs and prevalence of

some psychosocial states that have been identified as

coronary risk factors (Low et al. 2010; Schiebinger 2014).

In conclusion, this study does not support the hypothesis

of an association between long working hours and

increased rates of CVD mortality among active Italian

men. It supports, however, the hypothesis that moderately

long working hours (41–54 h a week) are associated with a

slight decrease in CVD mortality among men. The pos-

sible excess risk found among women requires further

studies evaluating the role of work-related factors in CVD

among women.
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4
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0.99 [0.80;1.23]

0.94 [0.85;1.05]

1.01 [0.80;1.27]

0.89 [0.72;1.11]

0.93 [0.69;1.26]

1.40 [0.73;2.69]

1.98 [0.87;4.52]

1.18 [0.81;1.72]

0.45 [0.11;1.81]

1.62 [0.92;2.87]

1.45 [0.53;3.93]

Men
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Occupation No. of deaths cHR [95% CI]

Fig. 2 Number of deaths from cardiovasular diseases in the exposed

category (55 or more hour worked per week), cause-specific hazard

ratios (cHRs) and 95% confidence interval (CI) for working 55 or

more hours per week as compared to 35–40 h by type of occupation.

The cHRs were obtained from Cox regression models including terms

for category of hours worked per week, age, marital status, geo-

graphic area of residence, number of dependent children and type of

occupation. Italy, 2012–2016
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