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Aims : To ana lyse lhe impact of overtime and exlended working hours on the r i sk of c cupallonal in jur es
and i l l nesses among a national ly represen tdib'e sample of working aduhs from the Un i ted Stdies .
Melhods : Responses from 1 0 793 Americans parllc ipating in the Naliona l Long l tudinal Survey of Youlh
(NLSY) were used lo eva lua te worke?s' ]ob hi s tories, work schedu les, and occurrence of occupationa l
in ju ry and i llness be een 1 987 a nd 2000. A Io ta t o 1 1 0 236 job records were anaD'sed, encompassing
89 729 person -years of accumufoted working time . Ag rngaled inc idence ra tes in each oF five exposure
categories were calcula led for each NLSY survey period . Mu l livada te ana tica l techn iques were used lo
estimdie lhe rela l ive risk of long working hours per day, exleeded hours per week, long commute times,
and overtime schedu les on reporting a work rela led inju ry or i l l ness, after adjus ling for age, gender,
occu :gion, indus lry, and region .
Resu lts : After ad jus ting for those fodors, working in jobs wi th overtime schedu les was assoc la led wi th a
6 1 % higher in jury hazard rate compared to jobs wi thout overtime . Working al bast 1 2 hours per day was
assoc ia ted with a 37% increased hazard ra te and working a t leas 1 60 hours per week was assoc lalnd with
a 23% increased hazard rate. A s lrong dose-respanse effecl was observed, wi lh lhe in jury rale (per 1 00
accumula led worker-years in a particu lar schedule ) increasing in correspondence to Ihe number of hours
per day (or per week) in lhe workers' cuslomary schedub.
Conduslons : Resu lts sngges l Ihol job schedules with long workifig hours are not more ri sky mere ly because
lhey are concentraled in inheren tly hazardous indus lHes or occupations, or because people working long
hours spend more lofo l time "at ri sk" for a work in jury. Sfrdiegles to prevent work injudes should cons ider
changes in schedul ing prac ll ces, jab redesign, and heafih protection programmes for peop le working in
jobs involving overtime and exlended hours .

growing body of evidence sugges ts that long working
hours adversely affect the heal th and wel lbeing of
workers . S tudies have associa ted overtime and

extended work schedules with an increased ri sk of hyperten

sion, cardiovascular disease, -9 fatigue, O-l s tress 4- 7
depression/ o musculoskeletal disorders/ '- ' chronic infec
t ions, diabetes/' general health complaints/ -2 and all
cause mortality3 Several reviews and meta -analyses have
been published summarising these research findings? "
Systematic reviews generally have concluded that long
working hours are potentiany dangerous to workers ' heal th.
However, exis ting research is sparse and inconsi s tent ha
many areas .

Comparatively few studies have e×amined the impact of
long work hours on workers' ri sk for occupational injuries
and illnesses . Some s tudies have detec ted evidence of a

re]a rian between long working hours and an increa sed risk of
occupational injuries among workers in specific occupat ions
and industrie s, including construction workers, nurses ,4°
a naes theti s t s, ' veterinarians, ' other hea l t llcare profes
sionals/3 "a miners ," bus drivers,*' long dis tance truck
drivers)" fire-fighters/ and nuclear power plant workers .°
In one of the only s tudies involving the manufacturing sector,
an increa sed risk of severe hand injuries was found for Hang
Kong factary workers working more than 1 1 . 5 hours per
dayY A large scale cross - indus try study of 1 .2 million
German workers ' con pensation records found that the risks

of non-fata l and fata l workplace accidents increase during
the lat ter port ion ( after the: eighth hour) of a long work
shift/ 2 Similar fndings of an increased risk of work injuries

during the lat ter por t ion of long shift s has al so been observed
in studie s from Scandinavia and the United Kingdom." "
Other researchers have investigated tire affect of success ive
long shifts and the length of res t breaks between shift s as
poss ible ri sk determinants for industrial accidents?

Nevertheless, researchers' unders tanding of the hnpact of

long working hours on workplace injuries remains incom
ple te and eqdivocal. Several inves t igations have found no
evidence of an a ssociation, ' * or have observed a protec tive
effect . ' ' Authori tie s have noted that many exis t ing s tudie s
have serious methodological shor tcomings, including small
sample s izes, unique indus try specific circumstances that
l imit generagsabigty of the Findings, and the failure ta
account for potent ial confounding factors . For example, jobs
performed during long working shifts might be inherently
more d angerous , or people working in extended-hour
schedules nfight have different personal characteri s tics ( for
example, age, gender, or underlying heal th status) that affect
their injury risk. Addi t ional ly, the vast majori ty of exis t ing
studies have been performed in Europe, Asia, and
Scandinavia . Only a handful of s tud ies have been conducted
in the United Sta tes, and none of them have bwalved large

sample s izes or s !udy populations representing a mix of
industries and occupations .
This ar t icle reports on a study of the impact of overiime

and extended working hours on the risk of occupational
injuries and i llnesses among a nat ional ly representative
sample of working adul ts from the United S tates . The study
spans 1 3 years and draws on infonnarion contained in
1 1 0 236 job records , Mult ivaria te analyses are employed to
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Figure 1 C nce tuaI m de1 F the re at n sh T between dem ndin w rk schedu1es nd c¢upa i na in [u ries and i nesses (edopted |r m :hus er
and Shodes 2) .

control for the influence of workers' age and sender, region,
industry sector, and occupation. The study is based on the
hypothes i s that working over time or an extended work
schedule ificreases the likelihood of reporting an occupat ional
injury or i llness compared to workers having less demanding
schedules . Moreover, we hypoflles ise tilat the risk of injury
increases witl increa s ing volume of work performed in the
demanding schedule .
The conceptual bas is for this s tudy is adapted from a

theore tica l model proposed by Michel Shus ter and Susan
Rhodes in 1 985 32 In tills model, over time and long hours of
work are presumed to affec t the risk of workplace accidents
by precipi ta t ing various intermediary conditions In affected
workers, such as fa tigue, s tress, and drowsiness . The pathway
linking a demanding work schedule to tile intermediary
condi tion and ul t imately to a workplace accident can be
media ted by a variety of individual and environmentM
factors, including personal charac teris tics ( for example, age,
gender, health status , job experience ), job factors (for
example, intens i ty of work, exposure to hazards ) , and
organisational factors (for example, overtime policy, super
vision ) ( see fig 1 ) . Our study analyses the a ssociation
between exposure to overtime and extended work schedules
and the incidence of reported work rela ted injuries and
illnesses, adjusting for the influence of several media ting
factors, including age, gender, occupation, industry sector,
and geographical region . The specific mechanisms by which
fatigue, s t ress, or other intermediary condi tions bring about a
workplace accident are not inves tigated in thi s report .

MEIHODS

Data for this study comes from the Nat ional £ongitudinal
Survey of Youth (NLSY ), which is sponsored by tile US
Bureau of Labor Sta ti stics and adnaini s tered by the Ohio State
University Center for Hunlan Resource Research . The NLSY
cohort is compri sed of 12 686 men and womenwho were 14
22 years of age when first surveyed in 1979 . Fol low up
intelviews with NLSY respondents have been conducted
annually from 1 979 to 1 994, and biannual ly s ince 1 996.
Because of NLSY funding restra ints, no ques tions concerning
work related incidents were included in the 199 1 survey and
tixerefore thi s year of data was excluded ,
The NLSY collec ts information on respondents' socio

demographic characterist ics, household composition, educa
tion, tra in ing, deta iled work his tories, job and employer
characteri s t ic s, income and asse ts, health insurance s tatus,

hicidence of work related injuries and il lnesses, epi sodes of
work dis ability, and respondents' social and domest ic
functioning . The survey's sampling strategy was des igned to
be representat ive of the nondnstitutionaflsed civilian seg
ment of young people l iving in the United Sta tes in 1979 and
bona between 1 January 1957 and 3 1 December 1 964 .
Additionally, NLSY over-sampled civilian Hispanic, b lack,
and economically di sadvantaged white youth to help detec t
varia tions in employment and heal th condit ions according to
respondents ' race, ethnicity, and soc ioeconomic s tatus .

Subjec ts for tile survey were selec ted based on the resul ts
of 57 000 household screening interviews conducted by ifie
National Opinion Research Center (NORC ) at the University
of Clfieago .' NLS¥ provides sampl ing weights for each
response to reflect ti e national di s tribution of Americans in
this age range .
This s tudy examined tile experience of these individuals

betsveen 1987 and 2000 . Attempts were made to re-interview
every remaining cohort member at each survey. Survey
response rates for those years (excluding decea sed respon
dents ) ranged from 9 1 .0% for the 1988 survey to a high of
92 .5% In 1 989 and a low of 83 .4% in 2000. During that period,
1 0 793 members of tile cohort reported working in at least

one job . Among employed cohort members, 52 .2% were male,
1 3 .2% were black, and 6.7% were of Hispanic ethniclty
(weighted percentages ) . A job record wa s created for each
posi tion held by an individual during each survey period,
with a "job" defined as a cohort member being employed in a
particular posi t ion for a specific employer with a position
start date and ( if applicable ) end date provided. If an
individual held more than one position at a time (for

example, for different employers), another job record was
created to reflect the individual ' s experiences in the positions
held concurrently. Changes Hectoring within a position {for
example, changes in job activities ) did not result in the
creation of a new job his tory record , but a new record was
created when a worker changed positions ( for example, a
machhdst becoming a supervisor) . A tota l of 1 1 0 23 6 job
records $'zere available for analysis, encompassing a total of
89 729 person-years of accumulated working time. Each job
record contained extensive self-reported infom|ation about
the characteri s tics of the job including the date of beginning
work in the job, the end date ( if applicable), job responsi
bil it ies and activities, occupational category, employer's
industry sec tor, job location, customary work schedule, usual
daily job s tarting and ending times, commuting time, and
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Tab e 1 Cl racterist i cs oF the workers reporl ng work rela ted in juries and il l nesses,
we ighted data

i ur es __ Work rdatc Hnju-s
__ -- end gtn ported nd ne ce$ jobs wlth
Chamcte stks d rite wo er ng a - n ag s -- an exposure* -
w ated Jn'Ju y o ffnes 5139 n=2799

Mob (%}
Age n on yeors
B o& oce I%1
Ftisponk ethn clb. ( ,%}
Fom b, ;ncoh e [rreon d ar l
Scboofing ,compbled (meaa yeats) ¸
Region
No heos
Norlh Central �

West

Urbon esk?e co J
Oo:u lbn da i affon ( 1 �

Pro ,siono l ond ted nkol �

Sa. wcckers
Oe :al

Machine opera.s
Lobou e s. excepl form

6 1 . I

3 1 .7

1 1 .2

6.8

$3341 9

12.6

1 6.6

3 1 .0

3 1 .8

20.6

27.4

" 1 1 .0

9.3

1 5. 1

1 .7

67.7

2 :i
1 1 .2

7.0

935502
1 2.6

1 6 .9

31 6

32.4

9, t
29.5

9.7

0.5

2,5

9.4

1 7.6

22.6

9.0

1 6 .5 �

2.2

information about overtime work and the receipt of over time
pay .

For the purposes of this s tudy, five exposure categorie s
were specified :

o Overtime or extended hours : This was a derived summary

exposure variable . A worker's job was considered to have
this exposure if it contained any of the preceding four
expos t.lres ,

� Extended hours per week: Jobs in which the respondent
reported regularly working 60 or more hours per week
were cons idered to have this exposure .

� Extended hours per day : Jobs in which the respondent
reported regularly working 1 2 or more hours per day were
considered to have thi s exposure .

o Overtime : For the 1 988-93 survey years, the individual' s job
was considered to have this exposure if the worker
responded "yes" to the ques tion: "Did you work overfime
at tiris job?" . The NLSY survey did not define the mealdng
of "over time" ; interpretation of that term was left up to
the discterion of the re spondent . Owing to changes in the
NLSY questionnaire, from the 1 994 to 2000 survey years,
the individual' s job was considered to have this exposure if
the worker responded "yes" to the question : " 'At this job,
did you usually receive overt ime pay?" .

� Extended card,mute time : Jobs in which the respondent

reported regularly commuting two or more hours per day
to and from t he workplace were cons idered to have this
exposure .

Tire exposure categories were not mutually exclusive and
so a par ticular job poten tiafiy could have one or more
exposures .

The primary outcome of interes t in this s tudy wa s the self
reported incidence of a work related injur y or illness . This
was based on a respondengs affirmative response to the
folln vir g question :

" l would l i ke to ask you a few ques tions about any in iuries
or i l lnesses you might have received or gotten whi le you
were working on a job . S ince [dole of las l in tendew] have
you had an inc iden t el any job lhat resu l ted in an in ju ry or
i l lness to you?"

During the 1 3 year study period, 5 1 39 work related injuries
and il lnesses were reported . Of those, 2799 occurred in jobs
having exposure to at least one of the four exposure
categories . Table 1 summarises characteris tics of the effec ted
workers and their firjudes . For the purposes of this analys is,
we assumed that the repor ted injuries were independent
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from one another. Also, we assumed that a dis tinct worker

may suffer more than one llaju ry, and in th at ci rcumstance,

the worker's characteri stics ( in table I and the subsequent
analyses ) would be counted more than once . These presump
Uons reflect typical pat terns of acute injury occurrence and
acc ident repor t ing in industria l se t tings . For example, i t
would not be uncommon for a par t icular worker to fall and
spra in an ankle on one occasion and then subsequently
( perhaps even in the same year) suffer a different injury ( for
example, a cut finger) without fltere being a specific causa l
connect ion between the two events .

Crude (unadjus ted ) occupat ional injury and illness es
incidence rates for each of the five exposure categories ( for
each survey period ) were ca lculated by dividing the tota l
ntmdier of work rela ted injuries and illnesses reported in jobs
having each type of exposure by the tota l accumulated
person-time worked in those jobs . The crude incidence rates
for each exposure category were plot ted graphically for every
NLSY survey year from 1 988 to 2000 to depic t trends over
t ime and to visua lly portray the rela t ive difference in rates
between jobs with and without each type of exposure ( that i s,
the rela tive rate ratio ) , hfformation about conmmting time
was only collec ted in NLSY survey years 1 988, t 993, and
1 994, and thus trend lines for that exposure category were
not graphed.

Rate ratios, reflecting the rela t ive ri sk of report ing the
occurrence of an occupat ional injury or illness, were
calculated by dividing the incidence rate for the accumulated
person- t ime in jobs with an exposure by the inc idence rate
for accumulated person-time in jobs without tha t exposure .
So, for example, in a par t icular survey period, if 3 00 injuries
were reported to have occurred in jobs containing a total of
3000 person-years with an exposure and 200 injuries were
reported to have occurred in jobs conta ining a tota l of 4000
person-years without that exposure, then the crude rate rat io
would be 2 .0, ca lculated a s fol lows :

� ( 3 go injuriesDO00 exposed person-years ) ÷ (200 injuries/
4000 tmexposed person-years ) = 1 O .0 injuries per 1 00
exposed porson-years + 5 .0 injuries per log unexposed
person-years = rate ratio of 2 .0

TO adjust for the influence of selected covariates, mul t i
variate analyses were porfonned to ca lculate hazard ratios for
each exposure category using Cox proportional hazards
regression techniques, which are used to analyse the effec t
of multiple risk factors over the time preceding the
occurrence of an event . The muhivaria te analyses included
a l l accumulated person- tinge of exposure preceding the first

injury in a part icular job during a sutvey period, di sregarding
subsequent injuries and associated exposure time in that job
during the period . Of the total number of work related
:injuries reported (53 1 3 ) , only 174 (3 .3%) were the second or
subsequent injury in a lob during a survey period and thus
were excluded from the analyses , Other job records were
excluded becau se of insufficient infonnation about tire

specific date of injury or time spent on a job, resul ting in
the exclusion of an addi tional 370 injuries, and the absence
in some records of sample weights, resulting in the exclusion
of an additional four injuries ( and the associa ted exposure
thne) . We perfonned a compari son of the lob records with
injuries used in the regression analys is (4765 ) to the 374
records with missing data to deternfine if those included and
excluded were significantly different . The 1 74 "subsequent
injury" records were not included in this compari son because
by defini tion they had the s ame job characteri s tics as those
included in the 4765 job records with first injuries . Our
comparison showed that the records excluded from the
analys i s were very s imi lar to those included (table 2 ) .
As a result of these methodologica l considerations, there

was a total of 1 09 087 job records and 4765 injuries used in
the Cox proportional regression analyses of hazard ratios
compared to 1 1 0 236 job records and 55 13 injuries used in
the crude analyses of incidence rates and rate ratios . Sample
weights were applied to derive nat ionally representat ive
es timates for individua ls in the NLSY age range ( 14-22 years
old as of t 979 ; 22-43 years old during the study period from
1 987 to 2000 ) .

Each regres s ion model inc luded the accumulated person
time for one of tile five exposure categories as the primary
independent variable, the reporting of a work rela ted injury
or i l lness as the dependent variable, and age (continuous
variable ) , gender (M!F ) , region (Northeas t, South, North
Central, Wes t ), occupational grouping (high ri sk/low risk),
and industry grouping (high ri sk/low risk ) included as
covariates . "High risk" occupations included US Census
( I 970) Occupation Class ification Codes 401-575, 60 1-7 1 5,
and 740-785 (craftsmen, foremen, operat ives, and
labourers) , and "high ri sk" industries included US Census
( 1 970) Industrial C la ssification Codes 067-977 and 1 07-398
(construction and manufacturing sectors ) . *s The occupation
and industry codes selected for inclusion in the "high risk"

categories have traditionally higher than average occupa
tional injury and illness inc idence rates as reported by the US
Bureau of Labor Stati s tics . ** We tested the proportional
hazards assumption and i t he ld for every variable used in the
regression model with the sole exception of region . However,
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Tab le 3 Types of in iurles and i l l nesses reported by workers in iobs wi lh and withoul
exposure, percen l dls lr ibufion, weighted data

__ and illr sses n _ I, iudes and i n sses in
bs 'm'th ex;posure jobs wltl-,out exposure

Type of iniu y c ffness n=2799 n= 2339-

h'bse, os eletol condtt,.ons 34.9 .34.4
Frad',s 7.8 7.4

Cuts and b ses 25.0 24.9
Bums 3.3 3.3

other froumatlc injures 1 ;/. 2 1 1 .6
Peripl oi ne, . us systurt d seose 2.8 2.7
Other occupotlonal diseos s 9.2 . 1 0.2
Mi :dloneous 4.8 5.5

in our analys i s, reg ion was cons idered only as a potent ia l
confounder. We did not draw or report any conclusions in
this s tudy about the ellect of region on the propensity for
injury. Thus, based on tfi*e general applicabil i ty of the
assumption for a l l of the primary exposure variables and
the main outCOmes va riable ( injury) used in the analyses, we
applied tl]e Cox proportional approach and reported the
results accordingly.
Crude incidence rates and rate ratios were calculated with

SAS (vers ion 8 .0) s tati s t ica l soften,are. 6' The ProQue st soft
ware sys tem was used to create a database of jobs and
person-time exposure records,'* and Cox proportional regres
sion analyses were performod on that database using Stata
SE (version 7) s tatis tical software .*' Because the hazard ratio
calculations were based on a sample rather than the NLSY s
entire target universe (An ericans aged 14-22 as of 1979 ) , the
results were subjec t to santpl ing error. To account for
sampfing effec t, 95% confidence intervals around the hazard
rat ios were es t imated by applying Taylor approximation
tecPmiques us ing SUDAAN (version 7 . 5 ) analytica l software . '

R E SULTS

Table 3 summarises the types of injuries and ilhresses
repor ted, among people working in jobs with and withont
exposure . Most reported work rela ted conditions were e i ther
musculoskele ta l d i sorders ( 34 .7% of a l l reported injuries) or
cuts anti brui ses (2 5 .0% ) .

Tfie unadjusted incidence rate for tile ent ire duration of the
study was 7. 50 reported firjuries per 100 worker-years for
people in jobs with exposure to extended hours per week,
29% higher than the rate among those in jobs without
exposure to extended hours per week ( 5 .8 1 reported injuries
per 100 worker-years ) . Similarly tilose in jobs with exposure
to extended hours per day had an incidence rate 3 8% higher
than those in jobs without that exposure ( 7.97 v 5 .77 injuries
per 100 worker -years ) , those in jobs with exposure to
over t ime had an inddence rate 84% higher than those in
jobs without that exposure ( 7.49 v 4.06 injuries per 100
worker-years ) , and those in jobs with exposure to extended
commute time had an incidence ra te 7% lower than those in

jobs without tha t exposure ( 6.90 v 7 .46 injuries per 1 00
worker-years ) .

Incidence rates for each type of exposure varied by survey
year, with a general dox'cnward trend in injury rates obse ed
from 1988 to 2000 lbr all exposed and non- exposed groups
( fig 2 ) . Between 1 988 and 2000, rates among the various
exposure ca tegories decrea sed by 5 69%. There were some
fluctuations observed in the relative gap between exposed
and unexposed groups during the s tudy period, but no
notable trends in the relative difference between groups over
time were detected .

There was a strong positive rela t ion observed between the
nra gnitude of exposure for extended hours per week and

extended hours per day and the corresponding injury
incidence ra te (fig 3 ) . For extended hours per day, every
addi tional five hours per week over 40 was associated with an
average increa se of approxlula te ly 0 .7 injuries per 100
worker- imurs . For extended hours per day, every addi t ional
2 hours per day over 8 was as socia ted with an average
increase of approximately 1 .2 injuries per tO0 worker-hours .
Table 4 summarises the unadjus ted rate ratios and 95%

confidence intervals for each exposure category and the
unadjus ted hazard rat ios calculated us ing firs t injuries only
through the Cox proportional method . The rat ios and
confidence intervals calculated by each me thod were
genera lly quite similar. The final adjusted hazard ratios
ca lculated by the Cox proportional methods , after adjusting
for age, gender, occupat ion, industry, and reg ion, are
presented in table 5 . The resul t s of the adjusted analysi s
indicates tha t tile a ssocia tion between exposure and the ri sk
of injury was only sl ightly affec ted by the influence of these
covariates . This analysis found that, after adjusting for those
factors, jobs with extended hours per day ilave a 37% higher
injury hazard rate compared to jobs without that exposure .
Similarly, working in a job with extended hours per week
was a ssociated with a 23% ttigher injury hazard rate, working
in a job witil overtime was associa ted with a 6 1% higher
injury hazard rate, and working in a job with airy over t ime or
extended hours schedule ¥as associa ted vith a 38% higher

injury hazard rate . No associa t ion was detec ted between
working in a job with extended commute time and the injury
hazard rate.

D I SCUSS ION

This s tudy of nat ionally representa tive data from tile Uni ted
States adds to the grooving body of evidence indicat ing that
work schedules involving long hours or over time sub stan
t ially increases the ri sk for occupational injuries and injuries .
Unlike previous s tudies, our im,estigation had the advantage
of covering a large variety of iobs , and controll ing for tile
potent ia l confounding affect of age, gender, occupat ion,
industry, and region . We analysed nearly 1 00 000 job records
extending over a 1 3 year period, and employed several
s ta t i s tica l techniques for quant i fying the extent of risk. "fhe
resul t s of this s tudy suggest that jobs svith long working
hours are not more ri sky merely because they are concen
trated in inherently hazardous industries or occupations, or
because of the demographic characteris tics of employees
working those schedules . Our findings are consis tent vith
the hypothes is that long working hours indirec tly precipi tate
workplace accidents through a causal process, for instance,
by inducing fatigue or stress in affected workers . However,
our findings are al so consis tent svith other hypotheses and
thus we cannot be certain of a caus al connection ba sed on

this s tudy alone.
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F igure 2 Trends l n i nc idence ra es f reported w rk re ted n uries aed nesses n j bs w th and with u exposure by exposu re ca tego . NLSY
survey periods | 988, } 989t 1 990, 1 992, 1 993, i 994, 1 996, 1 998, and 2000. Nole: NLSY changed the ", ord ing for the question regard ing overtime
in 1 994, thereby poten t ially affect ing the t rend li nes for "overtime" and "any overtime or extended hours" .

Our compari son of inju13 incidence rates for workers in
jobs with and without exposure wa s nonnal i sed by using a
common denominator of log worker -years, thus avoiding a
cotnmon methodological flaw that ha s a fflicted some
previous s tudies in this field . For example, workers who, on
average, work longer hours (for example, 2500 hours per

year) can be expected to experience more injuries than those
who work shorter hours ( for exampIe, 2000 hours per year) ,
even if the underlying risks to bot li groups are actually the
same, because the former group spends more time "at risk"
for injury. Many studies that have observed more injuries
among persons who work longer hours have fai led to take
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Table 4 Unad us led ra le raffos hazard ra tios, and 95% confidence interva l s for in ju ries or i lfnesses reporled in jobs wi lh
exoosure to overtime and extended hou r hedu es

-- .Unodj le Ur, ljusk,d Imzard _-
Exposure ca tegorI, " 95% Ct

F 'cnded hours/w k 1 60) 1 .29 1 . 18 to 1 .42 1 .29 1 . 1 5 to k46
Exte ,ded ho 's/d (bl 2) I 38 1 .26 to1 .5 J 1 . 46 1 ,30 to 1 .63
Over x . 84 1 .75 fo 1 .94 1 .84 t .70 io 2.00

Extended ¢omna lime 2 t x s] 0.93 0.75 to I . ] 4 0.94 0.72 1o 1 .22
Any b pe o ow-tlrne or exteexLod hours 1 .41 1 25 o 1 .48 1 . d8 1 .38 to 1 .59

N[SY da)a. t 987-2000. n =1 1 0 236 iob records 0 rate ratios, 1 09 087 0 hazed r .

d is consideration into account ( as would happen, for
ins tance, i f incidence rates were to be calcula ted on the bas is

of number of injuries per 1 00 ftdl - time workers) . This s tudy
controls for that effect by deri'img rate ratios ( and hazard
ra t ios ) which compare the propensity to suffer injuries in
each group during a standardlsed period of "at risk" time.
A notable result of our analys is was the detec tion of a clear

dose-re sponse effec t, in wlfich the number of hours worked

per week (over 40) and the number of hours worked per day
( over 8 ) were posi t ively associated with an increas ing risk of
injury (per 1 00 worker -years) . Thi s finding lend s support 1o
the idea that there may be a causa l process link ing long work
schedules witil occupational injury. In this respect, our s tudy
is consis tent whh othersn- 2 t 7o that have shown increasingly
greater level of injury risk in the la t ter portions ( for example,
beyond 9 hours ) of long work shifts .
To some extent, the decl ine in incidence rates between

� 1 988 and 2000 observed in our study reflects the general
decline in occupat ional injury and i llness rates reported
nationally during tha! period . Data from the 'US Bureau of
Labor Stat is tics ( BLS ) indicate that occupational injury and
il lness rates ( a ll case, private industry) decreased by 29%
during that poriod, from an average of 8 ,6 to 6. 1 reportable
cases per 1 00 workers?= That decline has been attributed to

various possible cau ses, including safer workplaces and a
slfift from manufacturing to service oriented jobs, which
typica lly have lower average incidence rates ." Another fac tor
that may help to expla in the rela tively larger ( 54-69% ) rate
decreases observed in our s tudy is the aging of our cohor t,
who were 23-3 1 years o ld in t988 and 35 43 years old as of
2000. Younger workers generally have higher incidence rates
than older ones, in par t because workers tend to move into
lower risk occupations ( for example, managerial and adnlln
istra tive) as they age .
Our study found that over time schedules had tl e grea tes t

incremental ri sk of injury, with over t ime workers having a
6 1% higher injury hazard rate compared to workers in jobs
vithout overtime, after controlling for age, gender, occupa
tion, industry, and region . This finding is cons is tent with
other s tudies that have identified overthne work as particu
larly hazardous? 2, 7. But few previous studies have
compared the rela t ive ri sk of "overtime" schedules to other

schedules with long worldng hours per day or per week.

Indeed, the meaning of "overtime" is not predse, and thus
the term might be used different ly in different contexts and
locat ions . Prior to 1 994, no specific definition of "overtime"
was provided to NLSY respondents, and so the term could
have been interpreted in a varie ty of ways : referring, for
example, to long work hours, work that exceeds the
respondent' s convent iona l work sched ule, unusual or unex
pected hours of work, or work that qualifies the worker tbr
over time pay. TO help clarify this issue, the wording of tile
"over time" question in NLSY was changed in 1994 to refer
specifical ly to work that qualifies for overtime pay.
Under the US Fair Labor Standards Act of 1 938 ( PLSA) ,

employees covered under the act are enti t led to receive
over time pay equall ing at leas t 1 50% of their regular pay rate
for all work time exceeding 40 hours per week. It was
es t imated that the FLSA covered 74 million American

workers in 2000, about 79% of the US civilian labour

force?S 6 On average, approximately 20% of covered workers
receive over time pay in any week?7 During the 1 990s, the
average weekly over time hours put in by manufacturing
workers covered by PLSA grew by 25%., Workers exempt
from FLSA coverage include mos t adminis tra t ive, profes
sional, executive, supen,isory, and outside sales personnel
who are paid on a salaried basi s . New regulation s recently
promulgated by the US Department of Labor have extended
the FLSA exemptions to an addi t ional 8 mil lion white -col lar
workers . 9

In the USA, approximately 1 9-33% of overtime work is
mandatory ( also called "comptdsory" , "forced", or "involun
tary,, ) 7s ,o Mandatory over t ime is overt ime work required by
employers, often under the threat of job loss or other penal ty
if the worker fai l s to comply. Several s tudies have sugges ted

that mandatory overtime is especially hazardous with respect
to i t s affec t on worker fatigue, s tress, impaired performance,
and the potential for accidents , especially in the nursing and
healthcare professions25 The NLSY did not differentiate
between mandatory and voluntary over time, and i t is not
currently addressed or regula ted by the FLSA.
Our study al so found greater injury risks associated with

work schedules exceeding 60 hours per week and 1 2 hours
per day. These specific values for identi fying "extended
hours" were chosen based on previous researclx s tudies
which had detec ted iucreased r i sks a t those levels . ' * ' 2 3 o . ,

ra te S

reported in bs lh e posut:e to overti c[ exi nd hour schedules, after ontrol l ihg
for age; g nder, ocCu iioi$; indus(d/, 6nd region :

po re ca tegow

boars/day ( ! 21 1 3;r 1 1 6 o ] 59;
Over,m4 1 :6t 1 :43 1o 1 79
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However, increased ri sks also have been detected at other

work-tlour levels by a variety of researchers and there is as
yet no consensus criterion for the preci se amotmt of work
that is cons idered to be hazardous . In an at tempt to crea te
uniform labour s tandards, the European Union issued a

Working Time Direc tive in 1 993 that limi ted normal workh g
hours to no more than 48 per week (averaged over a four
month period) and spec ified other requirements rela ted to
res t breaks , shift work, and overtime . Some European nations
( tbr example, the OK) have introduced provis ions for workers
to voluntari ly opt out of these requirements or to otherwise
provide flexibil ity in their implementation.

S tu dy l im i ta t i o n s
This s tudy was ba sed on self- reported Iffformation from
NLSY cohort members regarding their employment and
injury/il lnesses experiences . Respondents were asked to reca l l
information from file time of the previous interview, which
irt most ca ses was one year (for the 1 988-t 994 surveys ) or
two years ( for the 1 996-2000 surveys) . There were no means
to externally va lidate their responses . Our results, therefore,
may be subject to potential inaccuracies rela ted to the
inabil ity of respondents to reca l l i tfformaflon correctly . At
the same time, the NLSY has advantages in tiffs regard
compared to other self- repor ted surveys in that the cohort
had been surveyed regtdarly since 1 979 and thus was qui te
familiar with the qnestionnaire, the response process, and the
information reqnlred. Also, the NLSY was not des igned to be
a survey about work related injuries and i l lnes ses or
demanding work schedules--its primary objective was to
evaluate par tic ipants' long terln labour market transi tions
and wage his tory. The survey thus avoids problems of
information bias that typical ly plague attempts to ask injured
workers about their working conditions and job exposures .
Unlike data sources related specifically to the field of
occupational safety and health, i t is unlikely that respondents
to the NLSY will intentionally or unintentional ly be
at tempting to jus tify the legi timacy of a work related
disorder, es tablish i t s compens abil ity under workers' com
pens ation laws, or es tabli sh the employer's cu lpabifiw for the
injury. All of those issues are unrela ted to tire main concerns
of NLSY and thu s the data obtained presumably wil l be less
susceptib le to contamination by such considerat ions .

s trength of the s tudy is it s abili ty to control for the
potential confounding affects of .age, gender, occtlpation,

� industry, and region . However, many other potentia l covari
a tes--such as workers ' educat ion and income levels, family

compos i t ion, and heal th sta tus--were not considered fix the

analys i s, and thus their influence was not assessed . Our
methods for considering the ri sks imposed by workers'
occupation and the employer's industry classification may
have masked more subtle differences rela ted to part icular job
ass ignments within a broader occupat ional classification or
specific industry group.
Because the study was based on secondary analys i s of

exis ting national dat , we were al so l imited in our abili ty to
evaluate other potentially important aspects of the dynamics
underlying the risks of long working hours . For example, we
did not have information available on the time of day the
injury occurred, the kinds of job act ivi ties being pefforn ed, or
the specific cause of the injury. However, information w s
available about the type of shift generally worked on each job
(day, nighb evening, split, or rota t ing shift ) and thus we were
able to consider the influence of sh ift work on injury risk and
the combination affect of working both an unconventional
shift schedule and long working hours . Those resul t s will be
repor ted in a separate publ ica tion .

Po l i cy im p l i ca t i o n s
The ul timate reason for conduct ing thi s research is to prevent
occupat ional injuries and illnesses, promote overall worker
heal th, and minimise the adverse consequences to affec ted
workers . Most authorit ies believe that effec tive prevention of

workplace injuries and i llnesses requires a multifaceted
approach that combines comprehens ive hazard identificat ion
and control, ergonomic job des ign, worker tra in ing, medical
survei l lance, competent supervis ion, and a workplace culture
and organisation that promotes optimal safely and heal th.
The result s of thi s s tudy suggest that special a t tent ion

needs to be paid to establi shing protective measures for
people working over time. For example, intensive accident
hazard ident ificat ion and control procedures (for example,
period ic safety inspect ions) could be focused towards jobs in
which employees work over t ime schedules . Other plotective
approaches might include changes in work organlsat ion (for
example, periodic re s t brakes, redesigning processes to avoid
the need for overtime ass ignments, and employing more
people towork fewer hours each), employer sponsored health
promotion programmes ( for example, counse l ling and
education about the ri sks of long work schedules, periodic
medical surveillance examinations for "at risk" workers, and

ergonomic redes ign to decrease job demand s), and individua l
coping and behaviottral practices (for example, maintaining
good sleep and nutrition, gett ing daily phys ical exerci se and
regular medica l care, avoiding drugs and alcohol , and seeking
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supportive services when needed) . Our study was not a ed
at assessing the effec tiveness of these interventions ha
decreas ing the risk of injury, and addi tiona l research is
needed in this regard .
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