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Longitudinal Relationship of Work Hours,
Mandatory Overtime, and On-call to
Musculoskeletal Problems in Nurses

Alison M. Trinkoff, scp, rN, FAAN,* ROng Le, PhD, RN, Jeanne Geiger-Brown, php, RN,

Jane Lipscomb, php, rN, FAAN, and Gary Lang, MsN, RN

Background Nurses are at very high risk for work-related musculoskeletal injury/
disorders (MSD) with low back pain/injury being the most frequently occurring MSD.
Nurses are also likely to work extended schedules (long hours, on-call, mandatory
overtime, working on days off). The purpose of this study was to examine the relationship of
extended work schedules in nurses to MSD.

Methods Using a longitudinal, three wave survey of 2,617 registered nurses, Wave
1 work schedule data were related to neck, shoulder, and back (MSD) cases occurring in
Waves 2 or 3.

Results Schedule characteristics increasing MSD risk included 13+ hour/days, off-shifts,
weekend work, work during time off (while sick, on days off, without breaks), and overtime/
on-call. These increases in risk were not explained by psychological demands, but were
largely explained by physical demands.

Conclusions Adverse schedules are significantly related to nurse MSD. Healthier
schedules, less overtime, and reducing work on days off would minimize risk and recovery

time. Am. J. Ind. Med. 49:964-971, 2006. © 2006 Wiley-Liss, Inc.

BACKGROUND

Americans are working longer hours and more weeks per
year, with average time on the job currently exceeding that
for most other industrialized nations [Caruso et al., 2004].
The health care industry is especially affected by the trend
toward longer workdays [Landsbergis et al., 1999] because
of demands for increased cost efficiencies, accomplished
primarily by reducing staffing. As a result, job demands
[Bourbonnais et al., 2005] and unhealthy scheduling
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practices such as overtime have been increasing [Berney
et al., 2005].

Nursing is the largest sector of health care employees,
and the changes in work patterns are having a great impact on
the nursing profession [Lipscomb et al., 2004]. Many nursing
positions now require extended work schedules (>8 hr/day
and/or >40 hr/week). These positions also may include
mandatory overtime and on-call activities, working on days
designated as time off, and working while sick [ANA, 2001]
to maintain staff complements.

Recent data indicate that nurses are at high risk for work-
related musculoskeletal disorders (MSD) [Ando et al., 2000;
Maul et al., 2003; Smedley et al., 2003; Smith et al., 2004].
Low back pain/injury is the most frequent musculoskeletal
injury/disorder in nurses, followed by neck and shoulder
problems [Alexopoulos et al., 2003]. In 2004, health care
ranked second among 15 industry sectors for non-fatal
occupational injuries [Bureau of Labor Statistics (BLS),
2005]. Nursing homes and residential care facilities had an
incidence rate of 9.7 injuries/100 full-time workers, while



hospitals had an incidence rate of 8.3/100 full-time workers
[BLS, 2005].

Nursing work is physically demanding, requiring heavy
lifting, bending and twisting, and other awkward postures
that are implicated in MSD [Yip, 2001; Trinkoff et al., 2003;
Menzel et al., 2004]. Physical demands increase the odds of
injury [Fredriksson et al., 2002; Punnett et al., 2004] due to
creation of compression, rotation, and shear forces that
exceed body tolerances [Marras et al., 1999; Forde et al.,
2002; Hoozemans et al., 2002]. Psychological job demands
can amplify the effects of physical exertion [Ariens et al.,
2002; Davisetal., 2002; Devereux et al., 2002]. Furthermore,
lack of ability to control time on and off work—which is
inherent in mandatory overtime and on-call work—dispro-
portionately affects women, who may have additional home
responsibilities such as child care [Ala-Mursula et al., 2004;
Jansen et al., 2004].

Because extended work schedules increase exposure to
job demands, while limiting rest and recovery time, such
extended hours may result in increased MSD [Spurgeon
etal., 1997; Jansen et al., 2003]. Engkvist et al. [2000] found
that Swedish nurses working full-time (>35 hr/week) were at
increased risk of back injury (OR 2.4, 95% CI 1.6-3.6).
Engels et al. [1996] found that back and leg symptoms were
positively associated with hours worked per week by nursing
home staff, and Lipscomb et al. [2002] found that MSD was
related to extended work hours, especially off-shift and
weekend hours.

Despite these findings, no research has systematically
examined the health impact on nurses of newer scheduling
characteristics (mandatory overtime, on-call, working on
days off, etc.). The present study evaluates these character-
istics in relation to reported neck, shoulder, and back MSD
and examines the impact of multiple work schedule
characteristics, grouped using factor analysis, on reported
MSD.

METHODS
Sample and Data Collection Procedure

A three-wave longitudinal survey of nurses as part of the
Nurses Worklife and Health Study [Trinkoff et al., 2006] was
conducted after obtaining University Institutional Review
Board (IRB) approval. Five thousand randomly selected
actively licensed nurses from two US states were contacted.
Of these nurses, 4229 were sent questionnaires (138 had
invalid addresses, and 633 declined to enroll).

In Wave 1, nurses received an optically scannable mailed
survey and an introductory letter in November 2002. A $2
incentive and study logo pencil were included in the first
questionnaire packet to encourage response, as recom-
mended by Dillman [2000]. A second and third questionnaire
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mailing and a reminder postcard, if needed followed this
mailing. Wave 2 and 3 questionnaire mailings used the same
procedures, except that the Wave 3 survey contained a $5
incentive.

The resulting sample had demographic and job distribu-
tions (across facility type, position, and specialty areas) that
were comparable to the National Sample Survey of Nurses
[HRSA, 2000], supporting the generalizability of the sample
to US registered nurses.

Study Variables

The following work schedule characteristics were
measured at the Wave 1 baseline: hours per day; hours per
week; days per week; weekends per month; number of breaks
lasting 10 min or more; full-time versus part time status;
number of jobs (one vs. more than one); and shifts (straight
days vs. other). The frequency with which nurses worked
13 hr or more; with less than 10 hr off between shifts; while
sick; or on a day off/vacation day, mandatory overtime, and
required on-call (dichotomized as 1 =-called into work at
least weekly vs. 0 = called in less frequently or not at all); and
the longest stretch worked without a day off were measured
and dichotomized. Work schedule variables were derived
from the Standard Shiftwork Index [Barton et al., 1995;
Smith et al., 2001], and three NIOSH experts examined the
survey for content validity (Roger Rosa, Clare Caruso, and
Steve Sauter; Personal communication, 9/2002). In the Wave
1 survey, nurses were asked to consider their typical work
schedule for the past 6 months, for all jobs held. The use of a
6-month period was designed to increase the validity of
schedule data, by minimizing the chance that participants
would provide responses that covered an unusual or atypical
work period [Folkard et al., 1995]. Nurses were asked to
report the hours they had actually worked, including
overtime, not the hours they were scheduled to work [Folkard
et al., 1995]. To compare our findings to earlier cross-
sectional findings [Lipscomb et al., 2002], a similar work
schedule index (WSI) was constructed using the schedule
components listed above. All variables were dichotomized as
0, 1 variables for the WSI, with the exception of hours per day
and hours per week which were coded as 0—2. For hours per
day: 1=9-11 hr, and 2 = 12+ hours per day; for hours per
week: 1 =41 to 49 hr, and 2 =50+ hours per week, so that
WSI scores ranged from 0 to 10.

MSD was measured by reports of neck, shoulder, and/or
back symptoms including pain, numbness, tingling, aching,
stiffness, or burning, adapted from the Nordic questionnaire
of musculoskeletal symptoms [Kuorinka et al., 1987]. An
“MSD case” was defined as report of a relevant symptom
lasting 1 week or more, or occurring at least monthly, with
moderate or more pain on average [Bernard et al., 1994],
without a non-work injury/accident within 3 months prior to
the onset of musculoskeletal symptoms.
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Those at risk for MSD were identified separately for
each body part (neck, shoulder, back). For example, nurses
reporting neck symptoms that did not meet the neck MSD
case definition at Wave 1 (because of insufficient frequency,
duration, and/or pain intensity) and nurses reporting no neck
symptoms were considered at risk for incident neck MSD at
Wave 2 or Wave 3. In addition, nurses who had recovered
from a Wave 1 neck MSD or a non-work related neck injury
were also included in the group at risk for an incident neck
MSD. Nurses reporting no neck, shoulder, or back problems
at Wave 3 served as the reference group [Rothman and
Greenland, 1998].

The impact of psychological and physical demands on
the relationship between schedule characteristics and MSD
was examined using scale items that were dichotomized,
summed, and treated as continuous variables in the analysis.
For psychological demands, 7 items from the job content
questionnaire (JCQ) were used [Karasek, 1985]: working
very hard, very fast, excessive work, long periods of intense
concentration, enough time to get the job done, tasks often
interrupted, and waiting on work from other people/
departments. These were dichotomized and summed as a
continuous variable ranging from 0 to 7 (alpha=0.76). To
measure perceived physical demands, we used the JCQ and
incorporated additional occupation-specific  physical
demand items, as recommended by Karasek [1985] when
studying a single occupation. For physical demands, 12 items

measured the frequency of awkward postures, heavy lifting,
and pushing and pulling heavy loads on the job
(alpha=0.85). [Karasek, 1985; Karasek and Theorell,
1990; Bernard et al., 1994; NIOSH, 1997; Trinkoff et al.,
2003]. It was also assessed whether the respondent changed
jobs during the follow-up period.

Data Analysis

Descriptive analyses included the cumulative incidence
of reported neck, shoulder, and back MSD occurring by Wave
3. Regression with age-adjustment was used to estimate the
impact of each work schedule characteristic on incident neck,
shoulder, and back MSD, with the score for number of breaks
reversed to reflect consistency in the direction of odds ratios.

Principal components analysis on 15 Wave 1 work-
schedule items were assessed for underlying patterns,
extracting factors with eigenvalues >1.0. Five factors
assessing groupings of multiple work schedule character-
istics were created (Table I). The regression method was used
to compute factor scores, which were then regressed on neck,
shoulder, and back MSD. Finally, the potential impact of
psychological and physical demands on the relationship
between schedule factors and MSD was examined. Because
job change (occurring after baseline) had no effect on the
relation between schedule and MSD in the regression
models, the results presented do not include this variable.

TABLE I. Factor Analysis for the Work-Schedule Variables, ?Eigenvalues for Nurses Working in Nursing in the Past

Year at Baseline (N = 2273)

Factor Workday Week

Mandatory
overtime and on-call jobs/mostdaysinarow Work on time off

Number of

0.782
0671
0.694
0.627
0615

Hours/day
Weekends/month
Work 13 hr or more
Shift
<10 hroff between shifts
Hours/week
Full time versus Part
time Status
Days/week
Required On-call
Mandatory overtime
Number of jobs
Most days worked in a row
Work while sick
Breaks/day
Work onaday
off/vacation day

0.840
0.840

0.786

0.755
0697
0.762
0536
0.727
0523
0.569

®Rotated component matrix, factors with eigenvalues of 1.0 or higher were extracted using a principal component analysis as the

extraction method with Varimax rotation.



RESULTS

In Wave 1, returned questionnaires were received from
2,624 nurses, for a 62% enrollment rate. Follow-up rates for
Waves 2 and 3 were 85% and 86%, respectively. The average
time between questionnaire returns from Wave 1 to 2 was
6 months (180 days) and from Wave 1 to 3, 15 months
(454 days). The mean age for the sample was 45 years and the
sample was 95% female. For the analysis reported here,
respondents had to have worked in nursing during the year
prior to Wave 1.

The cumulative incidence of MSD was 14.0% for neck,
17.3% for shoulder, and 21.1% for back problems. Regres-
sion of the work schedule characteristics, with age-adjust-
ment revealed that many of these characteristics were
significantly associated with all three types of MSD (hours/
day; hours/week; >13 hr/day; less than 10 hr off between
shifts, work while sick, on days off, and mandatory overtime
(Table II). On-call involving weekly or more call-ins to work
was significantly associated with back and shoulder MSD.
The work schedule index (WSI) was significantly associated
with all three types of MSD.

Analysis of work schedule factors showed that the
workday factor (hours/day, working 13+ hours/day, non
dayshifts, weekends, working with less than 10 hr off) and
working on time off (working while sick, on days off, instead
of taking breaks) were significantly related to neck, shoulder,
and back MSD, when the other work schedule factors were
taken into account (Table IIT). Mandatory overtime/ on-call
was significantly related to shoulder MSD. These findings
remained significant after adjusting for psychological
demands. Except for back MSD, the effects of the workday
factor was largely explained by physical demands, as were
the effects of the overtime/on-call factor.

DISCUSSION

Using a longitudinal study design, we found that work
schedule independently increased nurses’ risk of developing
an MSD. This was not explained by psychological demands,
though physical demands (such as lifting) explained the
effects of some work schedule characteristics. We found
similar effects in a previous cross-sectional examination of
these variables [Lipscomb et al., 2002]. The effect of the
workday factor on MSD is also consistent with other studies
showing increased MSD and other health problems for those
working longer days, off-shifts and weekends [Smith et al.,
1998; Schernhammer et al., 2003; van der Hulst, 2003;
Horwitz and McCall, 2004]. The present study is the first to
examine the impact of mandatory overtime, being on-call,
working while sick or on a day off, and with less than 10 hr
off. All of these scheduling practices were related to
increased risk of MSD. In a recent study of male civil
servants, working while sick was related to increased risk of
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adverse cardiac events [Kivimaki et al., 2005]. Working
while sick among nurses has been increasing in work settings
with limited staffing, due to pressure from supervisors and
loyalty to co-workers [Crout et al., 2004]. The adverse
health effects of working during time off may be related to
encroachment on recovery and recuperation time during and
between workdays [Sluiter et al., 2003; Hughes and Stone,
2004]. As time off diminishes, for example, workdays
with less than 10 hr off in between, nurses have fewer
opportunities to heal or recover to baseline. In one
intervention study, shorter work hours markedly decreased
neck, shoulder, and back pain [Wergeland et al., 2003].

An important finding in our study was the impact of
mandatory overtime and on-call on all types of MSD,
indicating that this is not a healthful practice. The relation-
ship of overtime to injury has been reported for many
industry sectors, with injury risks increasing as hours
increased [Dembe et al., 2005; Dong, 2005]. Professional
nursing advocacy groups have suspected this, though reports
of adverse health effects to date have been limited [Nicol and
Botterill, 2004]. In this sample, 16.7% had jobs with
mandatory overtime and 38.6% had required on-call hours
[Trinkoff et al., 2006]. There is anecdotal evidence that
employers are removing mandatory overtime from nurse
schedules and increasingly substituting on-call require-
ments. This practice will not provide any safety benefit to
nurses if it still leads to extra hours in the workplace, and it
may signal a need to incorporate on-call work into mandatory
overtime prohibition laws. There are also potential con-
sequences for the quality of care provided, as Rogers et al.
[2004] found that nurses working more hours reported
greater likelihood of making an error.

Mandatory overtime has now been prohibited in many
US states, is disliked by nurses [Jacobsen et al., 2002] and is
related to lower job satisfaction among workers in general
[Golden and Wiens-Tuers, 2005]. On the other hand, some
nurses voluntarily request long work hours, a practice that is
not limited by mandatory overtime laws, despite the health
consequences of long work hours. Without controls on
unhealthy scheduling practices, the risk for nurse injury is
high [Spurgeon et al., 1997] as is turnover of nurses [Aiken
etal.,2001]. In California, which has minimum nurse staffing
requirements, shortages have been diminishing due to an
influx of nurses into the state seeking the improved working
conditions that have resulted [Robertson, 2004; Spetz, 2004;
Spetz et al., 2004]. The introduction of more healthful
scheduling thus not only can protect the health of working
nurses but also provide incentives for nurses to remain on the
job, saving costs and relieving shortages for health care
facilities [Shader et al., 2001; Reineck and Furino, 2005].

The longitudinal design of the study made it possible to
assess the temporal sequence of work schedule components
and MSD. A high rate of follow-up of the baseline sample in
Waves 2 and 3 (85% and 86%, respectively) increased the
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TABLEII. Age Adjusted Odds Ratios (OR) for Reported Incident Cases of Musculoskeletal Disorders by Work-Schedule Characteristic, for Nurses with >1Year

Worked in Nursing at Baseline, 2003—2004

Musculoskeletal disorder

Neck* (N = 226)

Shoulder** (N = 281) Back*** (N = 308)

Work-schedule variable OR 95% CI OR 95% CI OR 95% CI
Hours/day 107 099-1.16 108? 101-116 108? 101-116
Hours/week 1012 100-103 101° 100-103 1017 100-102
Days/week 101 0.88—1.15 100 0.89-114 097 0.86—1.09
Weekends/month 110 0.96—1.26 106 093-1.21 118° 105-1.34
Breaks/day 11 090-1.36 113 093-1.36 132° 110-159
Status

Part-time 100 — 100 — 100 —

Full-time 142 097-2.08 1.38 097-195 126 0.90-1.76
Number of jobs

One 100 — 100 — 100 —

More than one 115 0.77-172 111 0.75-1.62 103 0.71-1.50
Shift

Straight Days 100 — 100 — 100 —

Other 118 0.84—-165 129 094-177 127 094-172
Work 13+ hrs

No 100 — 100 — 100 —

Yes 194° 1.38—2.74 187° 135-258 187¢ 1.37-2.55
Less than10 hr off between shifts

No 100 — 100 — 100 —

Yes 158° 112-2.23 192° 139-264 155° 113-211
Work While Sick

No 100 — 100 — 100 —

Yes 240° 147-391 1.84° 121-2.80 148% 101-2.17
Work on a day off/vacation day

No 100 — 100 — 100 —

Yes 1.89° 128-2.80 189° 132-2.72 1417 101-197
Mandatory overtime

No 100 — 100 — 100 —

Yes 1562 100-242 217° 146-3.23 155° 103-2.31
On-call

None-monthly 100 — 100 — 1.00 —

Weekly or more 141 0.77—-2.56 199 116-3.38 1.88° 116—-3.16
Most days worked in a row

0-5days 100 — 100 — 1.00 —

6+ days 142 099-2.04 142% 101-2.00 101 0.71-142
Work Schedule Index 108 099-1.17 109 101-119 112° 103-122

Reference group, respondents who were completely asymptomatic in all body parts at wave 3 ("N = 481, N = 483, “*N = 487).

95% Cl, 95% Confidence Interval.
*wo tailed significance at 0.05 level,; °0.01 level; °0.001 level.

credibility of the findings. The limitations of our study stem
from self-report, which can be affected by recollection and
recall. Use of typical and average schedule descriptors in
collecting schedule characteristics, increases the validity of

the findings, since average reported schedules are less likely
to reflect an unusual time period [Folkard et al., 1995].
Others have measured typical work schedules [Bureau of
Labor Statistics, 2002] and number of years that nurses
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TABLEIII. Age Adjusted Odds Ratios (OR) of Reported Incident Cases of Musculoskeletal Disorders by Baseline Work-Schedule Factor Scores, for Nurses with

>1year Worked in Nursing at Baseline, 2003—2004

Musculoskeletal disorder

Neck* (N = 226)

Shoulder** (N = 281) Back*** (N = 308)

Work-schedule factor OR 95% CI OR 95% CI OR 95% CI
Age adjusted model
Workday factor" 130° 106-159 137° 113167 134° 111-162
Week factor 105 0.86—1.30 109 0.89-1.33 095 0.79-113
Mandatory overtime and on-call factor 107 0.87-132 1242 103-149 115 095-1.38
Number of jobs/most days worked in a row 1.05 0.85—-1.28 1.05 0.86—1.28 1 092-1.35
Working on time off factor 1.39° 112-171 1.29° 1.07-156 118 0.99-140
Model adjusted for all of the above plus psychological demands
Workday factor 1.26° 1.03-155 1.34° 110-1.63 1.30° 1.08-158
Week factor 105 0.85-1.29 108 0.89-1.32 093 0.78—1.12
Mandatory overtime and on-call factor 105 0.85-1.29 1222 101-147 112 093-1.36
Number of jobs/most days worked in a row 1.06 0.86—1.30 1.05 0.86—1.28 112 092-135
Work on time off factor 1337 107-166 125° 103-152 113 0.94-136
Psychological demands 109 098-122 1.07 096-1.18 109 099-1.20
Model adjusted for all of the above plus physical demands
Workday factor 119 0.95-149 119 0.96-148 122 0.99-1.51
Week factor 105 0.85-1.29 110 090-1.35 094 0.78—113
Mandatory overtime and on-call factor 103 0.83-127 119 098-143 110 091-133
Number of jobs/most days worked in a row 105 0.85-1.29 103 0.84-1.27 1M 091-1.34
Working on time off factor 132° 106—164 1237 101-150 112 093-135
Psychological demands 106 094-119 101 090-1.13 105 095-117
Physical demands 105 097-112 109 102-1.17 105 098-112

95% Cl, 95% Confidence Interval.
*Two tailed significance at 0.05 level.; 20,01 level; °0.001 level

Reference group, respondents who were completely asymptomatic in all body parts at wave 3 ("N = 481, N = 483, “*N = 487).
TWorkdely factor—hours/day, weekends/month, shift, 13-+ hr days, <10 hr off between shifts; Week factor—hours/week, full versus part-time; Working on time off factor—

work while sick, on a day off or vacation day, breaks taken.

worked off-shifts [Kawachi et al., 1995; Schernhammer
et al., 2001]. Furthermore, researchers have found survey
questionnaires measuring work demands to have acceptable
reproducibility over time [Torgen et al., 1999] and when
compared to observations [Pope et al., 1998]. The reliability
and validity of self-reported MSD assessed by survey method
has also been found acceptable for the purposes of assessing
risk factors [Bjorksten et al., 1999; Kaergaard et al., 2000]
and as a screening tool [Baron et al., 1996]. Survey data
generally correlates well with physical findings [Punnett and
Wegman, 2004].

The present study provides evidence that adverse
work schedules are related to reported incident nurse
MSD. Prevention efforts should include movement to
more healthful and reasonable scheduling practices.
Although schedule modifications may initially require

additional nursing staff, retention of a stable and healthier
workforce will ultimately benefit nurses, workplaces and
patients.
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