BMJ






sz ths site vou &z agreeing o cur use oicookiss Toirrorz haers

Tnis gite uses cockies, Byconiinuing © crow

X

BMJ

Helping dociors make better decisions

Research
Shift work and vascular events: systematic review and
@ 2eta-analysis

BMJ 2012; 345 doi: 10.1136/bny.e4800 (Published 26 July 2012)
Cite this as: BMJ 2012:345:¢4800

ManavV Was, graduate swdent”,

Amit X Garg, professori23,

Arthur V lensavichus, information specialist?,

John Costella, research and instructional librarian4,
Allan Donner, professor” 5,

Lars E Laugsand, PhD candidate?,

imre Janszky, researchert”,

Marko Mrkobrada, assistant professor23,

Grace Parraga, associate professorz,

Daniel G Hackam. associate professori &

Author Afmiliaticr

(/J

Departm st of Epiderniclogy and Bjostatistics, Western Universiiy, London, ON, Canada
2ZDepartmsnt of Medicine, Wesiern University
3Kidney Clinice{ Resaarch Unii, Lawson Research Instituie, Lendon, ON. Carnacde
4Resezrch and instructional Services, Allan and Belly Tayvior Lic rary, Wesiarn Uiiversiy
aClinical Trials Unif, Rooeris Reszarch Instituie, Wastern Univarsity
SDepariment of Fublic Health, Norwegian University of Science and Techrology, Trondliaim, Norwey
7Departrment of Futlic Haalith, Karciinska Institute, Stockholm:, Sweder:

Gimaaging Research Laboraicnss, Robaris Ressarch institute end Deparmeni of Medics! iophysics. Weslsri University

Correspondencs io: D Hackari. Sircke Prevention and Atherosclercsis Researchn CTenirs (3FARC), Room 100K-2, Sisbens

Drake Researchi Building, 1—’!-00 estern Rozd, London, ON, Canada N6G 2V2 Jhesizir

Accepted 21 June 2012

Abstract

Objective To swnthesise the 2ssociation of shift work with major vascular events as reported in the literaturs.
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Data sources Systematic searches of major bibliographic databases, contact with experts in ihe field, and raview of

reference lists of primery articles, revisw papers, znd guidelinzs.

Study selection Otservaiional studies theireporied risk rafioz ior vasculer morbidity, vescular rnartality, orall cause
orialiiyin relation ic shi% A crk wers included; conirol grouos sould be non-shift (“dav’s waorkers orihs generai ;—3p-_a.e+icr..

Data sxtraction Sivd, qualily wes assassed with the Downs ann Black soais for ahsenetional studies. Thz thrae crimaer,
sulcomes were myecerdial infarction, isshasmis siroke, end 2ny sorgnary svent, Hatersgansily was measurec wiin the |2
stetisio ent somouted ra~dom gnecis mcdels

Resulis 34 stwoles o 2077 32 peoole wers ideniified, Shittweork ves es mvocergial infarciion (risk ratic 125

S
25% confidense intervel 1,15 ic 1.21, 12=0) 1.0114c 1.03; 12=0). Ccronary svenis waie alsc

e
reasec {riskralic 1.24, - .10 0 1.39), albsit with significant hetarogeneity across studies (I2=85% . Poclad risk ratics

=
e}

were significantvor both unadjusted analyses and znelvses adjusizd for risk faciors. All shit work schedules with the
sxcepiion of evening shifls were zssociated with & siatistically higher sk of coronary 2venis. Snift wer<wss notasscsiaie:
with increasad rates of mortality (whethar vascular cause specific or cverall). Pressncs or absence of adjusiment for
smoking and socicsconemic staius was nota source of heterogensity n the primary siudies. 3898 myosardial infarctions,
17 329 coronary svenis, and 1854 ischaemic strokes occurred. On the basis of the Canadian prevalence of shift work of
22.8%, the population attributable risks related to shift work were 7.0% for mvocardial infarction, 7.2% for all coronary
svents, and 1.6% forischaamic stroke.

Conclusions Shift work is associated with vascular events, which may have implicaiions for public policy and occupationa!
medicine.

Introduction

Although definitions vary slightly across sources, shift work cari b2 dafinad as employmentin anywork schedule thatis not
a regular daytime schedule (thatis, approximately 0900 to 1700).1 The full spectrum of shift wark comprises regular
avening or night schecules, rotating shifts, s plit shifts, cn-call or casual shiits, 24 hour shifts, irregular schedules, and other
norn-day schedules. Shifiwork has long been known to disvupt circadian riythm, sleep, and work-life balance; however,
flexible work patterns remain & necessary comgpenant for a dynamic, diversifisd industrial econcemy.z The sssociation of
shift work with vascular disease is controversial. Conflicting data on this association exist, perhaps in part owing to varying
methcds, populations, and definitions of shiftwork and vascular or coronary events.? Furthermore, previous syntheses ars
now outdated, did notus= validated tools for 2assessing studies did not capiure ali available data, and did not apply

“naniialive fechnigues to compute summaryrisk estimates .2 2 £
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sertainties, we coemprehansively anelysed the epideniiclcgy of shift work 2nd vascoular avenis. We wers s
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Methods

We nlenned and reporied this sveiernatic raview in sccordansse wvith e orsfeired reporting 12 e for systematic revisv e

ard v ste-analyses (PRISMALE

Literature search and selection

We sought oossrvaiicngl sivdizss that reported risk rafios :frorn whiclh a s sould derive risk ratics ) ferine
szuse of the diversity of endpeints reporiad, we pre-speciiiec

assacialion of 2hift work with vascular events or morality.
thres crimery vascular cutcomes for this review: m mcardial inferstion, anyv sarcnary event, and ischaernic siroks. Secondery
ouisornes included heart failure, hasmorrhagic stroke, total meriality, cardicvascular mertality, coronary mortality,
Ssrepcovasoular mortality, and all cardiovascular evants. Duicomes ware typically definzd bJprimawstudv authors using
souniry spscific iterations of the international clessificaticn of dissasss coding systern (w 'c axira table A). "Any coronary
sveri® was typically definsd as the composite of myocerdial infarciion, seronary mortality, & ospi fal admissions Jdus w0

71,

coronary ariery diszase (nowever, cerain siudies limitad their dafinition o one spec 1ﬁcsn.:bsetor coronary venis, sUch as
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myocardial infarction or coronary death alone). We im-posed no limitation by regional origin, study design, or nature of the
control group. which could consist of dayworkers or the general population.

YWe systematically searched the following electronic bibliographic databases from their inception untll 1 Janvary 2612:
Medlineg including PreMedline, Embase, BIOSIS Previsaws, Cochrans CENTRAL, Conference Procsedings Citatior: Index-
Science, Google Scholar, ProQuesi Dissertation Abstracts, Scopus, anc Science Citation Index Expanded. We used
databass spscific subjectterms and kaywoerds 0 generate an initial list of ariicles for closer scruiiny {exira (ablz 3} Twe
healin information specialists (AV] and JC) designac and implem snied the search in consultation with the rest of the team.
Te ideniily additioral studies, we sontacted axperts in the vield, screened referance lisis of primary ariicles and review.
nepers, and did interr at searches of cccupaticnal medicine and labour depariment websites. Twe raviewsars (NV/ and
DGH) screened citations and raied articles indspendenily for inclusion: disagreemenis were rasolved through sensuliaic

with & third reviewer (MM).

Data extraction
We extracied details on studydesign, satting, aefinition of shift warkers and controls, data sources, accruel inierval,
ouicomes, and follow-up (for cohort studies). We rated methodological quality by using the 27 itern Downs and Black scalg,
which was developed for assessing the design and repcriing of both randomised and observational studies.” We adapted
this scale by removing three items pertaining exclusivelyto randomised trials (specifically, “blinding of study subjects ic the
grvention,” “randomization to intervention groups,” and “concealed randomized intervention assighment’).
We classified shift work schedules according to the original study methodologica! descriptions as evening, nighti, rotating,
mixed, and irregular or unspecified (see extra tabie Afor individual studylevel definitions). Two reviswers (MW and DGH)
independently extracted all outcome data after redaction of study citation informatior; subsequently, we consulted study
authors about missing or unclear information. We extracted both unadjusted and adjusted risk estimates {(where available)
together with their confidence intervals or tests of statistical significance.

Statistical analysis

We prefereniially pooled muitivariable adjusted risk estimates where such estimates were reported; however, if no adjusted
analysis was available (n=2 studies), we included the unadjusted astimate. in sensitivity analyses, we separately reporied
unadjusted and adjusted risk estimates for studies that reported both levels of adjustment. We calculated pooled risk ratios
by synthesising across the shift schedules used in individual studies; we used genaric inverse variance random effects
models with 95% confidence intervals. We used the 12 statistic to measure heterogeneity; values of 0% to 30% representad
minimal heterogeneity, 31% to 50% moderate heterogeneity, and greater than 50% substantial heterogeneity.c We
-ssessed our results by using the grading of recommendations assessmant, developrient and evaluation (GRADE)

Oa mework. s

Because cn2 of the srimary cutcomes {coronary evenis ) indicetad substantizl heiercgensily, we used univariate random
aar

sffects meta~ragrassion o explors potentisl scurces 7 incensisiency in nis cutcome, We tesied the effecis of
characieristics of samples, rates of evenis, regicn of study. desiar o study, methodological quality, 2nd whether regorie:
associative measures weare adjusted for smoking and socineconamic status (noted in the cccupational literature as
impcriant potential confounders for the relation of shift work with soronary e/ents). 10 ©° 72 We also did subgroup enalyses

byivps of shift work, overall guality of study (top third of Downs end Black score), adjustrnent for socioaconomic status, and
siudy dasign (prospeclive and refrospective cohort versus casa-conirol), 2gain for coronary svents twhich represented the
mogi sommonly raperted outcome) as the autcome variable. In edditicn, we repsaiasd tha primary analysis with Duval anc
Tweadig’s wim and fill analysis (io adjust for potential publication tiag . i3 Finally, w2 czlculated ths population atiribuiable
risk for shiit work in terms of the three co-primary outcomes by using daia on the prevalence of shift wark from the Genere!
Social Survey {20610}, done by Statistics Canada.” 4 “ £ We used Compranensive Meia-analysis version 2.0 (Englewood,

N).

Results

Study selection
After rernoving duplicates, we identified 12 350 unigue referances for screening of titlas, abstracts, and keywords {web 2xira

www . bmj.com/content/345/bmj.e4800




figurs A). Of thes e, wa refrieved 146 articles in full and rated 35 as eligible for the raview (representing 34 distinct

datasets ;v T2 1817 154

i e e ol A %
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Agresmanthetwean raviawars for studvinciusicn was fair 'x=0.7%, 233% scnfderce

Study characteristics

The 34 crimary sampliss comprised 2071 353 paorls (fekle 1 ). Siudy dasigns wears fairly svenly dividad between

~ St

prospeciive coheris (n=11), refres paciive sohizrs (n=723) and cese-corirol analysss =100, \_musci‘.edu'es sre classi
as

gvenring shifte {(n=4 siudiss), irrsgular or unspesifis? shits ‘n=2), mixec sonediles (n=11}, nig
rotating shifis (n=10}; eav iudies reporied mores thar ons cetegory. Mesisiudiss {(r=30) use
ihe refereni celegory, end & {ne seneral copulgiion es conirols (n=4), Tre - 2
scors exprassed as e proportion was 20% {infergueriile rangs 34-36%; kcicaa

34-88%; ine wesiceminen deficencies wars a lac
on conamineation of comperison groucs (owing ic failure ic repori exposurs over mult.iple imspcinis
all tyopes oi adverse vescular evenis poteniizlly relaised o shift work (extra figure 2

Yiew thisiable:

.ble 1

e e . (i
Characteristics of siudies @

Primary outcomes

Ten studies recorded myocardial infarction, 28 recorded any coronary event, and two racorded ischaemic stroke {table 21}
and extra table C). In pociea random effects analyses, shift work siatus was essociated with an increased risk of
myocardial infarcticr {risk raiic 1.23, 95% cenfidence interval 1.15 t¢ 1.31; 12=0), ccrenaryevents (1.24, 1.10 to 1.3¢;
[2=85%), and ischaemic stroke (1.05, 1.01 t¢ 1.09; 12=0) (axira figure C). The 12 statislic for coronary svents suggested
substantial heterogeneity (figure I ). Aside by side comparison of unadjusted and adjusted pooled risk ratios from studies
reporting both suggested similar results (table 2).
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Meta-anzalysis of coronary evenis. Studies ware combined using & random effects generic inverse variance model aftar
stratificatior by study design. *Risk ratic and 95% confidence interval recalculated from criginal study data over duration of

follow-up

*iew this table:

Taole 2

Primary sutcom =g

Secondary outcomes
erihess endpoints furiher. Cardicvascuizsr

N¢ study reperted heart faiture or hasmarrhagic swoks, s¢ we did aot considerd

svents, coronary mortality, cersbrovascular moalily, cardiovas cuiar mortality, and sll cause mortality were raporied oy five

nineg, four, five, and eight studies. All of these cuicom as had risk rafios in axcess ¢f 1.0, ranging from 1.04 for sl causs
mmorieglitvio 1.24 for cardiovascular svenis (tabls & . exiwe figure DJ; however, nons was statisticelly significantin random

effecits models 21 F<0.05.

Viewilisiazle:

T -
® VISV T
HAEW SIS
Tabie &
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Secondary cutcomas

Sensitivity analyses
The Duval and Tweszdis irim 2nd fill 2analysis coniinued ic incicats an ncreased rigk of myosardial infarciion 2nd coronan
avenis aven aftier adjusimentfor publication bias {(this anaivsis was rci possitle forischaeric sircke) {fable 21021 27 We

regrasssd ine iog risk retio of corcnary evants ageinsiverio.s sasslirz sharacieristics, 28 ooronary disesse wes the anly
neterogenecus suwcem e of the three primary evenis. None o tha pre-spacified characierisiizs was stetistically significant

{exira tatle D). In vooled subgroup enalyses, all iypes ofshit work were essodiaied with £n ~oreassd fsk of corcnan
gvants, with the sxcepiion of evening snift work; ine highasi ooiriesimate weas noisd ior nighi shifts {risk retie 1.41, 1.13 12
1.75) (axira tecle D). Winen we isolaiec siudies in ihs ion fire of the Downs and Black soores. ve coniinued in chserse en
increessad risk of scrorary events {riskiatio 1.18, 1.07 ic 1.30). We noted similer findings in stwoies that adjustad for,
matched on, or resiricted tv socicaconomic status (riskratio 1.1¢, 1.04 0 1.38). I additior. nrospective cotiort studies

X4

suggesizd e higher risk of corenary avents (risk retic 1.22, 1.0
1.34) or sase-conirol sitdies (7,12, 1.003 fo 1.25); cverali, howsver. we found no evidencs of heterogeneity by study cesign
{P=0.32,. Finally. cn the basis cf the prevalence of shifi workars among the aguliworking nopuiation in Canade {(32.8%), the
populaiion affributebls risks related io shift work were 7.0% for mvocerdial inferciion, 7.53% for corcnary events, and 1.6% for
ischaemic swroks, which reprasent estimates among people emplcyed in the vears 200¢ =nd 2010.

ic 7.83)ihan did retrospeciive cohort studies (1,19, 1.08 o

‘iscussion O

In a comprehensive, up o date review of all availabie literature, we found that shift work was associated with coronary and
cerebrovascular evenis {table 4 1). We found concordance across statistical models, endpoints, shift work schedules, and
adjusted versus unadjusted znalyses. Neither publication bias nor sociozconomic siatus seamead to be a protlem.

View this table:

VISwW POz

@

° \f W i"‘.l‘na

Table 4
Summary offindings: is shift work associated with &n increased risk of cardicvescular avanie?

Strengths and weaknesses

This is the largest synthesis of shift work and vascular risk reported to date. Previous werk has been hampered by e narrow
- sus on only one type cfrisk (such as coronary disease), a lack of completensse in ideniifving all relevant studies,
=dsence of quantiitalive synthesis through conventional meta-analytic technigues, and failure ic use 2 validated icol o @
ass2ss ths guality of studias. We have surmountied these limitaticns and in sddiicon grovids in-deptn analyses of

methcdologically sirong studies, the sffscis of adjusting for socizeconemic siziuz, and comparisons ofrisk assosigions

ageainsi diffsreni tyoes i vasoular evenis and differeni shift werk schedules.,

On the other hand, ssverai cevasts musibe noted. As with many meata-anzlyess ofthe observationsl literaturs, cutsome
definitions veried somswhat betwesn studies (extra table A, this may have led o hatercgeneiivin studies’ resulis. Different

siudies edjusted for differenirisk facters, aithough broad consistency batwezn unadjusied and adjusiad models was
noted. Nornis of ihe secondzary endoocinis was staiistically significant in relation io shift wark, end q:? confidence intersals

were wids. The large nuimber of distinet cardicvascular mealadies reprassanted undsr s rubric "cardiovascular e2venis” n
various itergticnie of ths intarralionzl clzssification of dissases sading sveiem sould have causad imprecision inrisk for

this entity. In addition, ischaarn < siroks was reporied by only twa studies and cerabrovesouler mortality by en additional four

W
tugiss: pocled togsther, this gives 4332 events (still substantially less than ihs numiers of coronary evenis and deaths). I

s
addition, we ware unabls i Jiscern any majors-:'ur es for the heterogensity s22n in ths cuicems of coronary svenis.
Finally, cur datasat lacked discrete information on the diurnzl type of workers ("maormingness” or “aveningness”), so we

could not deiermiine whethsr associations diﬁ'pr* 3 across this important charscterisiic.

Relation to other studies

www.bmj.com/content/345/bm;j.e4800
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Notwithstanding these limitations, we have identified an epidemiological association between shift work and vascular
events. Unforiunately, obseretional studies such as those synthesised here cannot definitively prove causality.4© £0
However, other studies have noted that shift workers have higher rates of dyslipidaemie, metabelic syndrome,

hvpertension, and diabetes.51 32 33 Even a single overnight shift is encugh ic incrsas ¢ blood pressure and impair
variability of hearirate. 34

Shiftwork is disruptive io circadian rivvihm, impeaire sieep auality, and afiects work-life balance. .53 Insomnia, 2 compla’ !
commorn amasng night shift workers, is an independentrisk facicr for myocardiai infarction.33 We found thai night shiits
were associaied with tha stespesiincrease in ris< for coronary svants (risk ratic 1.41, 5% confdencs inerval 1,72 1o 1.7E).
Shift workers are alsc mare likely to smoke and often have worse saciceconomic status than do day workers, although
oresence cr abseance of adjustment for these faclors was nete source of nsterogeneity in our analys 8s; ascordingly,

bgroup analyses limited to studies that accounied for social class still indicated an increass in corcnaryrisk.53 &7
Certainly, to the extent that shift work selects for people with worse lifestyle relaeted habits, it could be & marker rather than a
sause of vascular dissase. Yei an increased risk of vascular svents was evident even in studies that adjusted for unhealiny
oezhaviours in shiftworkers .2 24 28 30 35 45 Unhealihy behaviour alone thus cennct fully accountior the association
between shift work and cardicvascular events.

Some data suggest that shift work is associated wiih neoplasia. Mansen and Lassen recentlyreported an increased risk of
hreast cancer among female military employees working night shifts; they observed a clear dose-response relation

scording to the number of years of night shift work (P=0.03) and the cumulative number of such shifts (P=0.02).53 People
in the highest third of exposure had a more than twofold increass in the odds of breast cancer (multivariable adjusied odds
ratio 2.3, 1.2 to 4.6). Intriguingly, women with morning chronotype preference and exposure to nigint werk greater than the
median had even higher risks (adjusted odds ratio 3.9, 1.6 to 9.5). This lastfinding may suggest a role for disruption of
circadian rhythm in the pathogenesis of shift work associated breast cancer.

Study implications
Qur findings have several implicaticns. The increased risk of vascular disease apparent in shift workers, regardless of its
axplanation. suggests that people whe do shift work should be vigilant about risk factor modification. Screening
programmes for modifiable risk factors in shift workers have vielded substantial burdens of treatatle risk factors, inciuding
dyslipidaemia, smoking, glucose intolerance, and hypertension.a2 30 &1 32 &3 Shift workers should be educated about
cardiovascular sympioms in an effort 1o forestall or avert the earliest clinical manifestations ¢f dissass. Evidence also exists
in the literature to suggest that modification and rationalisation of shift schedules mayvield dividends in terms of healthier,
more productive workers; however, the long term effects of these alterations on vascular outcornes remain unknown.54 €5
&2 More work is needed to identifythe most vulnerable subsets of shift workers and the effects ¢f shift modifying strategies
Q 1 overall vascular health.

What is already known on this topic

& Shift work is associaled with an incrzassd risk cf hvpariension, metehelic syndrome, dyslipidasm g, end algbeliss
meallitus
e Disruption of circadian rhyihin meay credispose shift werksrs to vassular svenis; howsaver, no organised syaismals
" .
14

asis of all fypss of vascular svenis ie available
What this study adds

¢ Shift werk is associated with myocardial infarction, coronary events. and ischasmic stroke; the relative risks are
rmodest, but populaiion aitributable risks are high

These iindings seemn i be robust and insensitive fo publication bias. quality of study, 2nd socioeconormic stallis

e Conversaly, shiftwork is not associaied with increased rates of mortality (whather vascular cause spscific or overall)

www . bmj.com/content/345/bmj.e4800
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Footnotes

¢ Cornrituers: MW, JUC, end DGH warz involvad in eoncesiion and desiagn of ine siudy, MW, DGH, [0, LEL, A, JC, and

MM 127z responsitie for catwe acguisition. MW, DGH, 2XG, &7, 214 AD snalvsad end interpraisd the dete, MV anc DGH
liacival content by el authors, M, CGH, and AD ¢1Z

Ao o - e bl e - a s m e
Jrafizo the manuscript which was crticallvievissd for imocriant nie

Cro acad administrative. fechnicel orm

Ll ~ A - -
the statistcal 2nalysis. GCH 2ow@inad unding, 1C ard Ay

si
supervissc e sivdy end s ne gueranicn
e Funding: MV was suppoited by e Canadizn Insiitutes for Hezlih Ressarch (CIHR) swaiegic waining pregrar
fellowshio in vascular dissas 2. AXC wes sucperted ove CIHR clinisian scigntist award. DGH end GP vere suoicred b

CiHR naw nvestigator awards.

# Competing interests: All authors nave complated the Unifiec Cormrpeting interest form &t

waikismiie.ory/sol_dissicsure oot (available on requestirom the sorresponding author) and declare: no suppert frem any

crganisation for the submitiad work; no financial relaticnships with eny organisations that might have an interestin tha
submitted work in the previous three vears; no olher relationships or activities that could appear to have influenced th@
submiited work.

o Ethical approval: Not needed.

s Data shering: Technical appendix, sialistical code, and dzizssiare zvailable from the corresponding auther
Kz Duwe .

This is an open-access article disiributed under the ferms of the Creative Commons Aftribution Non-comrercial License,
which sermits use, distibution, and reproduction in enymadium. srevidad the origina! work is properly cited, the use is nicn

commercial and is otherwisz in compliance with the license. See: ~izforsaivecomimcrs.arylizenses/by-nz 2.0 and
: fvalammonz.crgflicznzesfowm giooda.
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