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ABSTRACT

Background: Coronary artery disease (CAD) prevention in shift workers (SWs) poses a significant challenge
worldwide, as CAD remains a major cause of mortality and disability. In the past, SWs were found at higher risk of
CAD than non-s SWs. Nevertheless, the pathogenic mechanism between shift work and CAD to date is unclear. This
systematic review aims to enhance understanding of the risk of CAD occurrence in SWs. Methods: 4 systematic lit-
erature review was conducted from January 2013 to December 2023. MEDLINE/Pubmed databases were used ini-
tially, and additional relevant studies were searched from references. Shift work was defined as any schedule outside
traditional shifts, including the night shift. Results: F ifteen pertinent papers were categorized into risk assessment
or risk management. Findings demonstrated an increased risk of CAD among SWs compared to non-SWs, with an
increased CAD risk observed for both shift work and night shift work. Discussion: Duration-response associations
indicate that greater shift exposure is linked to higher CAD risk. SWs incur an increased risk of CAD through the
atherosclerotic process. As shift work duration increases as the risk of atherosclerosis is higher, workers demonstrate a
higher prevalence and severity of coronary artery plaques. Conclusions: The evidence-based results underscore the
increased risk of CAD in SWs and are sufficient for proposing guidelines aimed at reducing the risk of CAD in SWs
and at managing people with CAD in return to work characterized by disrupted circadian rhythms.

1. INTRODUCTION

Preventing coronary artery disease (CAD) among
shift-workers (SWs) presents a significant global
challenge for both workers and enterprises world-
wide. CAD, a condition where the heart’s arteries
fail to deliver sufficient oxygen-rich blood, remains
a leading cause of disability [1, 2]. To date, CAD
persists as a major cause of mortality, responsible for
one-third of all deaths in individuals aged > 35, with
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a global prevalence ranging from 5% to 8% [3, 4].
Low- and middle-income countries bear a dis-
proportionately higher burden of CAD, recording
7 million deaths and 129 million disability-adjusted
life years annually. In the United States, CAD af-
fects 16.8 million individuals, resulting in nearly
8 million cases of myocardial infarction (MI) [5, 6].

'The World Health Organization (WHO) esti-
mated that CAD will remain one of the top three
causes of death worldwide, with nearly 9.3 million
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deaths annually in 2030 [7]. Moreover, the economic
impact of CAD is significant, with CAD-associated
financial burdens in the U.S. amounting to $188 bil-
lion in 2015 and projected to exceed $366 billion by
2035 [8].

A growing body of literature has revealed a rela-
tionship between shift work and the disruption of
circadian rhythms and alerting cycles, resulting in
an increased risk of cardiovascular diseases, includ-
ing CAD [9-11].

In the past, a prospective cohort study among
Japanese workers indicated that rotating SWs had a
higher risk of death due to CAD compared to day-
time workers [12], aligning with the findings of a
British cohort study associating nighttime and early
morning work with adverse CAD risk profiles at-
tributable to socio-economic and occupational fac-
tors [13]. Moreover, in a systematic review, Beggild
& Knutsson [14] found that SWs had a 40% in-
crease in the risk of cardiovascular diseases, includ-
ing CAD, and suggested analyzing the risk factors
for such diseases, given that the risk is probably mul-
tifactorial. Still, the literature was mainly focused on
the behavior of SWs and neglected other possible
causal connections.

Nevertheless, to date, the pathogenic mechanism
between shift work and CAD is unclear. However,
circadian rhythm disruption (through changes in
the sleep/wake cycle) is known to be associated with
an increase in psychosocial stress, a change in eating
habits (i.e., eating an overly rich diet at night), and
the autonomic nervous system unbalance [15,16].In
particular, the role of autonomic cardiovascular con-
trol in promoting CAD in SWs is complex and only
partially understood. Previously, Furlan et al. [17]
first described the circadian changes in cardiac au-
tonomic control in shift workers and suggested that
the mismatch between the endogenous circadian
rhythms and the continuous changes in the time
of work and sleep may increase the risk of cardiac
diseases. Thus, increasing evidence shows that shift
working patterns might be associated with chronic
circadian misalignment, resulting in a decrease in
leptin and an increase in glucose and insulin. Due to
these changes, individuals may experience increased
body weight, high blood glucose, impaired glyco-
genesis, and an increased risk of CAD [18-27].

Interestingly, in a prospective cohort study of re-
tired workers, Li et al. [28] found an association be-
tween the duration of past shift work and increased
risk of incident CAD, particularly among service
or sales workers compared to workers in other job
categories. Moreover, being physically active after
retirement proved protective in lowering the ex-
cess CAD risk associated with past shift work. In
such study, incident CAD events were defined as
the first occurrence of fatal or nonfatal coronary
events as described by the International Classifica-
tion of Diseases, Tenth Revision, codes 120— 125
[29], following the recommended guidelines for
observational research from the American Heart
Association [30]. Although several studies in the
past proved associations between shift work and
CAD, many of such studies suffer from selection
bias, which raises the need to study the association
between shift work and CAD and to upgrade the
understanding of this issue [11]. Moreover, in a re-
cent editorial, Harma et al. [31] highlighted that
many studies focusing on SWs have quality prob-
lems as they suffer from the “healthy shift worker
effect” and, therefore, may not sufficiently add to
the knowledge.

Given the current concern with the impact of
shift work on workers’ health, with increased risk
of CAD, a summary of new evidence may help to
accelerate or stimulate policymakers to enact guide-
lines for preventing and screening CAD in SWs.
Indeed, shift work is a modifiable risk factor that
seems to be associated with an increased risk of car-
diac diseases, including CAD, as reported by sev-
eral previous studies. The present systematic review
aimed to search for new additional insights or new
occupational interventions produced by the last
10-year period to mitigate the risk of CAD among
SWs.

For the purpose of this systematic review, shift
work was defined as any work schedule outside tra-
ditional shifts, including night shift; CAD was de-
fined as ischemic heart disease (IHD) according to
the International Classification of Diseases, 10th re-
vision (ICD-10) codes 120-25, a condition in which
there is an inadequate supply of blood and oxygen
to the myocardium; it is sometimes called coronary

heart disease [2, 29].
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2. MATERIALS AND METHODS
2.1. Search Strategy

We performed a systematic review of the litera-
ture starting from January 1, 2013, up to December
31, 2023. Initially, MEDLINE/PubMed databases
were used; afterward, the reference sections of the
selected publications were scanned for relevant
studies satisfying the adopted criteria. Selected key-
words were used to identify articles for this system-
atic review of literature.

The keywords as search MeSH were: “ischemic
heart disease,” or “coronary heart disease,” “coronary
artery disease,” or “myocardial infarction” and “shift
work” or “rotating shift work” or “night shift work”
or “irregular work schedule.”

We aimed to identify original research articles
(i.e., non-reviews) using the above-mentioned key-
words with the following inclusion criteria: i) writ-
ten in English; ii) published after December 31,
2012 and before January 1,2024; iii) human studies;
and iv) full reports.

Eligibility criteria were established using the
PICOS reporting system [32]:

- Population: employees from 18 to 70 years
old exposed to shift work.

- Intervention: shift work is defined as any
work schedule outside traditional shifts, in-
cluding the night shift.

- Comparator(s): employees
schedules without shifts.

- Outcome(s): any evaluation of CAD risk in
shift workers, with evaluations of occupa-
tional interventions aimed at mitigating the
risk as a secondary outcome.

- Study  type: case-control  studies,
cross-sectional studies, retrospective and pro-
spective cohort studies, survey studies, case
series, and case reports.

working on

2.2. Formulating the Answerable Question

According to the PICO framework, the ques-
tion of the present study can be summarized as fol-
lows: do SWs face an increased risk for CAD than
non-SWs?

2.3. Data Extraction

'The screening of articles was carried out in two
phases. In the first phase, articles were screened
based on title and abstract. The abstracts of all the
selected titles were sorted for more detailed infor-
mation. Two independent reviewers (G.d and G.C.)
read the abstracts and categorized them as relevant,
not relevant, and possibly relevant. In the second
phase, the full-text articles were assessed for eligibil-
ity. Two reviewers (R.T. and P.P.) independently ap-
plied inclusion criteria to potentially eligible papers
and both reviewers then independently extracted
data from the original articles. Disagreements were
discussed and resolved through a consensus session
with a third-party researcher (GLT), and a consen-
sus was reached.

2.4. Quality Assessment

The Newecastle—Ottawa scale (NOS) was used
to evaluate the quality of the studies [33]. This is
a validated, easy-to-use scale of 8 items in three
domains: selection, comparability, and exposure/
outcome for case-control or cohort studies, respec-
tively. Each item can be given one point, except
comparability, which has the potential to score
up to two points. Studies are rated from 0-9, with
those studies rating 0-3 (poor quality), 4-6 (fair
quality), and 7-9 (good/high quality). The NOS
scale adapted for cross-sectional studies was used
to assess the quality of cross-sectional studies; this
scale was a modified version of the NOS scale, as
also used by several other studies that have felt the
need to adapt the NOS scale to assess the quality
of cross-sectional studies appropriately. Through a
search of the literature, we found that a NOS score
of 7 or more can be considered a “good” study [34].
So, we used this criterion as a cut-off for good

quality study.
2.5. Categorization of Selected Articles

Every full-text article that met the inclusion cri-
teria was reviewed and categorized into one or more
categories based on its subject matter: risk assess-
ment and risk management. This systematic review
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was reported in accordance with the PRISMA
statement [35].

2.6. Search for Ongoing Clinical Trials

The Clinical Trials.gov website, the European
Union Clinical Trials Register, the International
Council for Harmonization Technical Require-
ments for Pharmaceuticals for Human Use [] Good
Clinical Practice Clinical Trials Registry, the
Australian New Zealand Clinical Trial Registry,
the Chinese Clinical Trial Registry, the Thai Clini-
cal Trials Registry, the International Clinical Trials
Registry Platform (ICTRP), the Cochrane Central
Register of Controlled Trials were consulted online
on March 2023 using the selected keywords (last
updated on January 31,2024).

3. RESULTS

Our research of the literature database retrieved
445 publications that matched our inclusion crite-
ria; 421 were removed because they were deemed
irrelevant (i.e., non-research conference proceed-
ings or not concerning SWs). Therefore, 15 papers
remained in the study (Figure 1). These 15 papers
were then categorized according to their subject
matter. Fourteen of the checked studies focused on
“risk assessment,” and only one paper targeted the
focus “risk management.” The characteristics, out-
comes, and main results of the checked studies are

reported in Tables 1 and 2.

445 records identified 421 records excluded based

—> on title, abstract or study

using the search strategy

|

24 publications suitable

design

9 publications excluded due to

. —> | not meeting stated inclusion
for review

|

15 publications suitable for

criteria

review

Figure 1. Flow-chart of included studies.

3.1. Best-Evidence Synthesis

'The studies were considered good quality if the
NOS score was 7 or more. All 14 studies focus-
ing on the risk assessment of CAD reach a good
quality level. Eleven had a cohort design, two had
a cross-sectional design, and one had a case-con-
trol design. The reported odds ratios (ORs), and
hazard ratios (HRs) proved moderate evidence
for a positive relationship between shift work and
CAD; two studies found increased CAD mortal-
ity among workers exposed to shift work. The in-
terventional study targeted at risk management of
CAD risk reached a level of good quality. It showed
the effectiveness of leisure-time physical activity

in minimizing the risk of CAD in shift workers
(Tables 1, 2).

4. DI1SCUSSION

The 14 articles focusing on the risk assessment
of CAD in shift-workers aimed to identify the re-
lationship between shift work and the occurrence
of CAD. In all the reviewed papers, an increased
risk of CAD was found among SWs compared to
non-SWs after adjusting for covariates, consistent
with a meta-analysis of Vyas et al. [23], which previ-
ously reported increases in CAD risk of 10%-30%
for shift-work and 40% for night shift-work. More-
over, the findings of our search align with those of
Torquati et al. [11], who found that shift work was
associated with an increased risk of both CAD mor-
bidity and mortality. Interestingly, the cohort study
by Jorgensen et al. conducted on the female nurses
of the Danish nurse cohort showed an increased
rate of CAD mortality (130%) related to night
shift work [36]. Studies investigating gender differ-
ences in CAD confirmed the slightly higher risk in
temales than males for either night shifts or shift
work in general. In particular, the longitudinal study
by Eng et al. [37] found associations between males
and females, with higher HRs for CAD observed
in females (HR 1.25; 95% CI 1.17 to 1.34) than in
males (HR 1.10; 95% CI 1.05 to 1.14). However,
despite this evidence, the reviewed studies did not
establish the pathway leading to such gender differ-
ences in CAD risk.
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Table 2. Characteristics, outcomes and main results of the checked articles.

Reference Primary Outcome Methods Main results
Havakuk et al. To assess the prevalence and Cardiac CAD was present in 74.2% of shift workers
(2018) (39) the degree of CAD among shift computed and 53.9% of non-shift workers (OR 2.38,
workers, as detected by cardiac tomography CI1.21-4.96,p = 0.01), stenosis >50% was
computed tomography angiography, angiography more prevalent in shift workers (20.2 vs. 11.2%,
compared with non-shift workers respectively; p = 0.006), and a coronary calcium
score of zero was shown in 46.8% of shift
workers and 63.4% non-shift workers (p = 0.034)
Bargeretal.  To assess predictors of major Questionnaire  Patients working overnight shifts for at least
(2017) (50) coronary events 1 year had a 15% increased risk of major coronary
events (adj HR, 1.15; 95% CI, 1.03-1.29;
P=0.01), a 12% increased risk of major adverse
cardiovascular (adj HR, 1.12; 95% CI, 1.00-1.27;
P=0.06) and a 21% increased risk of myocardial
infarction (adj HR, 1.21; 95% CI, 1.04-1.39;
P=0.01) than those who did not report working
overnight shifts
Mamenetal.  To study if high-intensity physical ~ Questionnaire, Physical activity could counteract the increased
(2020) (48) activity could modify the risk of examination, risk for CADin shift-workers

Eng et al.
(2022) (37)

Solymanzadeh
et al. (2023)
(51)

Wang et al.
(2021) (42)

Carreon et al.

(2014) (52)

Kang et al.
(2016) (40)

Vetter et al.
(2016) (45)

early manifestations of CVD in
shift-workers

To examine associations between
occupational exposure to noise, long
working h, shift work, sedentary
work and ischaemic hearth disease.

To determine the prediction of risk
of CAD based on the Framingham
risk score (FRS) in association with
shift work among nurses.

To test whether current and past
night shift work was associated
with incident atrial fibrillation

and whether this association was
modified by genetic vulnerability.
Its associations with coronary heart
disease, stroke, and heart failure
were measured as a secondary aim.

To assess association between shift
work and coronary artery disease

To investigate whether shift work is
related to elevated risk of coronary
artery disease

To determine whether rotating
night shift work is associated with
coronary artery disease risk

laboratory tests

Survey

CAD risk
assessment
tools

Questionnaire,
consultation of

UK Biobank

Occupational
database,
questionnaire

Cardiac
computed
tomography
angiography
Self-
administered
questionnaire

Night shift work was associated with ischaemic

hearth disease for males (HR 1.10; 95% CI 1.05
to 1.14) and females (HR 1.25; 95% CI 1.17 to

1.34).

Shift-work was associated with high prevalence

of CAD risk based on the FRS (p = 0.04).

Usual/permanent current night shifts, 210 years
and 3-8 nights/month of lifetime night shifts
were significantly associated with a higher risk
of incident CHD (HR 1.22,95% CI 1.11-1.35,
HR 1.37,95% CI 1.20-1.58 and HR 1.35,95%
CI 1.18-1.55, respectively).

Increased CAD mortality among workers
exposed 90 days or more to both shift work and
carbon disulfide (SMR 1.36,95% CI: 1.03-1.76)

Shift work was associated with increased risk of
CAD (OR,2.92;95% CI 1.02 to 8.33)

Longer duration of rotating night shift work was
associated with an absolute increase in CAD risk.

(continued)
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Table 2. Characteristics, outcomes and main results of the checked articles. (continued)

Reference Primary Outcome Methods Main results

Jorgensen etal. To examine the association between Consultation Association between shift work and CAD

(2017) (36) shift work and all-cause mortality ~ of the

mortality among shift nurses working night

and mortality due to CVD, cancer,  Danish nurse shifts (HR 1.47,95% CI 0.94-2.32)

diabetes, neurodegenerative and cohort (DNC)
psychiatric diseases
Hermansson  To assess the risk for MI from Consultation ~ Paternal mortality from MI or sudden cardiac
et al. (2018) an interaction between parental of databases, death and shift work interact to increase the risk
(41) cardiovascular mortality or parental questionnaire of MI in men (OR for both exposures was 2.88
premature MI and shift work (95% CI 1.75-4.57)
Wang et al. To assess ischaemic hearth disease ~ Consultation Travelling work (at least 3 nights per week away
(2016) (53) risk/mortality of data in the from home) was strongly positively associated
prospective with acute myocardial infarction among men
Kuopio with ischaemic hearth disease (HR=2.45,95%

Ischemic Heart CI 1.08 to 5.59) but not among men without
Disease Risk (HR=0.93,95% CI 0.43 to 2.00
Factor Study

cohort

Kader et al. To examine the effects of various Consultation of The risk of CAD was increased among

(2022) (44) aspects of night and shift work on  registry-based  employees who the preceding year had

the risk of incident ischemic heart  exposure
disease and atrial fibrillation

data  permanent night shifts compared to those with
permanent day work [hazard ratio (HR) 1.61,
95% confidence interval (CI) 1.06—2.43] and
among employees working night shifts >120
times per year compared to those who never
worked night (HR 1.53,95% CI 1.05-2.21)

Ho et al. To assess the associations between ~ Consultation of Increased risk of CAD (HR 1.09, 95% CI
(2022) (38) shift work and incident and fatal UK Biobank 1.03-1.15) and heart failure (HR 1.15,95% CI

CVD 1.03-1.28) in shift-workers compared to non
shift-workers
Vestergaard To examine exposure-response Consultation  Incidence rate ratios for female and male night
JM et al. relations between quantitative night of exposure workers were 1.06 (95% CI: 0.97,1.17) and 1.22
(2023) (47) work characteristics and coronary data and health  (95% CI 1.07, 1.39). Highest risks were observed
heart disease information, in top exposure categories for several night work
including characteristics. No consistent exposure-response
information relations by number of monthly night shifts,
from the cumulative night shifts, years with rotating night
Danish shifts, years with any night shift and consecutive
National night shifts were observed among the night
Patient workers of either sex
Register

Regarding the relationship between shift work
and CAD, Eng et al. [37] hypothesized that night
shifts disrupt the circadian rhythm, leading to dys-
regulation of sleep-wake cycles, body tempera-
ture, energy metabolism, cell cycle, and hormone

production. Moreover, night shift work was found
to have an indirect effect through stress-related fac-
tors such as adverse psychosocial working condi-
tions, disruption to work-life balance, insufficient
time for recovery outside of work, and promotion of
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unhealthy lifestyles, which could impact CAD risk.
In line with these findings, Ho et al. [38],in a cohort
study, demonstrated that current smoking, short
sleep duration, poor sleep quality, adiposity, and
higher glycated hemoglobin play a pivotal role in
the mediation between shift work and CAD, repre-
senting the main potentially modifiable mediators.
These findings led the authors to suggest the need
for workplace interventions targeting such media-
tors to minimize shift workers’ CVD risk.

Interestingly, in the prospective trial conducted by
Havakuk et al. [39], cardiac computed tomography
angiography (CCTA) showed that in shift workers,
coronary artery plaques were not only more preva-
lent and severe than in non-SWs but, in addition,
the positive coronary calcium score (CCS), a meas-
ure of the presence of CAD, was also more prevalent
in SWs. These findings were obtained in individu-
als with no differences for risk factors and were not
influenced by the clinical status of the participants;
nevertheless, in this historical cohort, single-center
study, most of the clinical information were col-
lected by a telephonic questionnaire and potentially
suffered from bias.

However, in line with these findings, the
cross-sectional study of Kang et al. [40] demon-
strated that shift work was associated with increased
risk of incurring high CCS compared with day work
in three different stress models focused on psycho-
social, behavioral and physiological stressors that
could explain the relationship between shift work
and CAD: psychosocial-behavioral model [OR
2.89 (95% CI 1.07 to 7.82)]; physiological model
[OR 2.92 (95% CI 1.02 to 8.33)]; psychosocial-
behavioral and physiological model [OR 3.35 (95%
CI 1.13 to 10.00)]. Additionally, the duration of
shift work was positively associated with both the
risk of atherosclerosis and the increased likelihood
of developing high scores of CCS [OR 1.06 (95%
CI 1.01 to 1.12)]. Studies by Havakuk et al. [39]
and Kang et al. [40] revealed that shift workers face
an increased risk of CAD due to the atherosclerotic
process, with a higher risk of atherosclerosis associ-
ated with longer durations of shift work.

Consistent with these findings, Hermansson et al.
[41], in a case-control study, reported an increased
risk of short-term mortality after MI in SWs

compared to non-SWs. They hypothesized that if
arteries of SWs are more affected by atherosclero-
sis, the atherosclerotic process may have damaged
the intima of blood vessels, leading to an increased
risk of rupture and thrombosis when the patient is
fragile due to a previous MI. These findings con-
cur with those reported by Wang et al. [42], who
proved that shift work among traveling employees
was associated with acute MI in men with a pre-
vious diagnosis of CAD (HR=2.45, 95% CI 1.08
to 5.59) but not in men without CAD (HR=0.93,
95% CI 0.43 to 2.00). Moreover, the cohort study
by Zhao et al. [43] revealed that SWs experienc-
ing acute myocardial infarction face a greater risk of
worsened prognosis due to reperfusion injury com-
pared to daytime workers. This underscores the im-
portance of maintaining normal circadian rhythm
in the primary prevention of cardiovascular condi-
tions and the clinical significance of work schedule
acquisition in patients with MI for stratification and
prognostic purposes.

Concerning the duration—response
tions with shift work, the cohort study conducted
by Kader et al. [44] demonstrated a higher risk of
CAD in employees working night shifts more than
120 times per year compared to those who never
worked night (HR 1.53, 95% CI 1.05-2.21). Con-
sistent with this finding, Wang et al. [42] showed
that usual/permanent current night shifts were asso-
ciated with a higher risk of CAD (HR 1.22,95% CI
1.11-1.35) and there were also associations between
more than 10 years and 3-8 nights/month of night
shift work exposure and the risk of CAD (HR 1.37,
95% CI1.20-1.58 and HR 1.35,95% CI 1.18-1.55,
respectively). These findings are in line with the US
Nurses’ Health Study in which the risk of CAD in-
creased with longer duration of rotating shift-work
[45]; particularly, after correction for confound-
ers, the authors observed elevated risk for 5 years
or more of shift work (multivariable HR for 5-9
years, 1.12 [95% CI, 1.02-1.22]; multivariable HR
for 210 years, 1.18 [95% CI, 1.10-1.26]; P<0.001
for trend). Previously, a meta-analysis conducted
by Torquati et al. [11] proved a positive non-linear
dose-response relationship that was significant after
the first five years of shift work, with a 7.1% (95% CI
1.05-1.10) incremental risk of CAD events for each

associa-
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subsequent 5-year exposure. Interestingly, a meta-
analysis performed by Cheng et al. [46] confirmed
a dose-response relationship between the prolonged
duration of shift work as a continuous variable and
the risk of CAD (RR 1.009; 95% CI 1.006-1.012).
Furthermore, the study revealed that each 1-year ex-
tension of shift work was associated with a 0.9% en-
hanced risk of CAD compared to daytime workers.
On the contrary, a recent prospective cohort
study conducted by Vestergaard et al. [47] found
that among employees working on average 1.8 night
shifts per month, only females experienced an in-
creased risk of CAD compared to day workers (IRR
1.22 [95% CI 1.07, 1.39]) while male shift-workers
didn't exhibit a higher risk compared to daytime
workers (IRR 1.06 [95% CI: 0.97, 1.17]. However,
no consistent exposure-response relations were ob-
served by number of monthly night shifts, cumu-
lative night shifts, years with rotating night shifts,
years with any night shift, and consecutive night
shifts among the SWs of either sex. Nevertheless,
the authors emphasize that their study involved a
population with low exposure to night work. There-
tore, they can not conclude that there is no increased
risk of CAD in employees working night shifts.
Regarding the relationship between paternal his-
tory of cardiovascular disease and CAD in shift
workers, Hermansson et al. [41] found an interaction
between paternal mortality from MI or sudden car-
diac death and shift work on the risk of MI in men.
Indeed, forty percent of Mls that occurred in the
studied population were attributed to this interac-
tion, demonstrating that paternal mortality from MI
or sudden cardiac in shift workers led to a higher risk
of MI than in daytime workers. Given this finding,
the authors suggest investigating the medical history
of paternal mortality from MI or sudden cardiac
death when assessing susceptibility to CAD in SWs.
Only one study focused on interventions to mini-
mize the CAD risk among SWs. In this pre-post
intervention study, Mamen et al. [48] demonstrated
that improvement in physical activity focusing on
cardiorespiratory health among rotating shift work-
ers in the industry can modify risk factors associated
with CAD; in particular, SWs trained in healthy
physical activity showed significant improvement
of systolic and diastolic blood pressure, glycated

hemoglobin (HbAlc), body mass and cholesterol
(p < 0.05). These findings led the authors to sug-
gest promoting physical activity as a strategic way
to minimize the impact of shift work on workers’
health and CAD risk. Nevertheless, Holtermann
et al. [49], in the Copenhagen General Population
Study, observed that higher leisure time physical
activity was associated with reduced risk of major
cardiac events and all-cause mortality. In contrast,
higher occupational physical activity was associ-
ated with increased risks, independent of each other.
These findings highlighted the independent associ-
ation of physical activity with the risk of major car-
diac events and all-cause mortality. They supported
the physical activity paradox given the contrasting
health effect of leisure time physical activity and oc-
cupational physical activity.

4.1 Limitations

This study has some limitations. The limited num-
ber of manuscripts included in this study does not
make it possible to draw strong conclusions; indeed
the focus of the present review was limited to CAD
and didn't consider all the CVDs, therefore leading
to select a small number of articles. The manuscripts
included in this study sufter from differences in the
criteria adopted for assessing CAD and the analysis
of confounders. Two of the fifteen included stud-
ies were cross-sectional. Consequently, the nature
of these studies limited the assessment of tempo-
rality and could not establish a causal relationship
between shift work and CAD. The quantification of
risk exposure (duration and type of shift work) as a
quantitative measure of the occupational risk fac-
tor is not well quantified and only by a few studies.
Finally, our systematic review did not consider the
presence of quantitative measures of risk exposure
in the selection of manuscripts.

5. CONCLUSIONS

Data on CAD risk among SWs are lacking in the
current literature, and international guidelines do not
provide subpopulation measures to prevent CAD.

Although the findings of the present systematic

review point in the same direction and highlight a
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relationship between shift work and the occurrence
of CAD, more studies are required to clarify better
the role of different variables as confounders, me-
diators, or effect modifiers. Moreover, as most of the
selected papers did not quantify exposure to shift
work, future studies are needed to fill this major gap.

Several studies have proven modifiable factors
at both the individual and organizational levels to
be common confounders for exposure-outcome
and mediator—outcome relationships. Nevertheless,
to date, the data regarding management interven-
tions focused on the risk of CAD among SWs are
lacking, and therefore, a special effort is required to
detect strategic ways to minimize the likelihood of
CAD occurrence in SWs.

Evidence-based guidelines are required to pre-
vent and screen CAD in SWs. These guidelines
should focus on understanding and addressing the
increased risk of CAD associated with disrupted
circadian rhythms and occupational factors.
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