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Objectives: To describe the risk of work injury by socioeconomic status (SES) in hospital workers, and to
assess whether SES gradient in injury risk is explained by differences in psychosocial, ergonomic or
organisational factors at work.
Methods: Workforce rosters and Occupational Safety and Health Administration injury logs for a 5-year
period were obtained from two hospitals in Massachusetts. Job titles were classified into five SES strata on the
basis of educational requirements and responsibilities: administrators, professionals, semiprofessionals,
skilled and semiskilled workers. 13 selected psychosocial, ergonomic and organisational exposures were
assigned to the hospital jobs through the national O*NET database. Rates of injury were analysed as
frequency records using the Poisson regression, with job title as the unit of analysis. The risk of injury was
modelled using SES alone, each exposure variable alone and then each exposure variable in combination
with SES.
Results: An overall annual injury rate of 7.2 per 100 full-time workers was estimated for the two hospitals
combined. All SES strata except professionals showed a significant excess risk of injury compared with the
highest SES category (administrators); the risk was highest among semiskilled workers (RR 5.3, p,0.001),
followed by nurses (RR 3.7, p,0.001), semiprofessionals (RR 2.9, p = 0.006) and skilled workers (RR 2.6,
p = 0.01). The risk of injury was significantly associated with each exposure considered except pause
frequency. When workplace exposures were introduced in the regression model together with SES, four
remained significant predictors of the risk of injury (decision latitude, supervisor support, force exertion and
temperature extremes), whereas the RR related to SES was strongly reduced in all strata, except professionals.
Conclusions: A strong gradient in the risk of injury by SES was reported in a sample population of hospital
workers, which was greatly attenuated by adjusting for psychosocial and ergonomic workplace exposures,
indicating that a large proportion of that gradient can be explained by differences in working conditions.

M
ain indicators of socioeconomic status (SES) include
education, income and occupational class (position in
hierarchy).1 These variables tend to be highly correlated

empirically and there is little consensus on which indicator
would represent a more valid measure of SES.2 3

Two main theoretical approaches are present in the socio-
logical literature, one considering social stratification due to
inequalities in resources distribution and the other due to
inequalities in power distribution. The first one identifies social
status with social prestige, which would be best described by
the access individuals have to limited resources in society, such
as goods, services and knowledge.1 Researchers adopting this
theoretical model have mainly used educational attainment or
social prestige associated with occupation as measures of SES,
because of their direct or indirect influence on access to all
these types of resources. According to the second approach, the
social status of individuals is best represented by their
economic and political power in society, which would be the
actual determinant of the distribution of resources. In this view,
power is intended as control over the means of production,
investments, decision making, other people’s work and one’s
own work.4 The SES indicator mostly used by this line of
research is occupational social class, constructed by reclassify-
ing occupations on the basis of the different aspects of control
over work.

Although educational level and occupational class are in
general strongly correlated, some studies have found them to
exert independent effects on mortality and morbidity in

multivariate analyses,2 5 6 suggesting that using either SES
classification alone probably results in some misclassification of
the social position of individuals. Other authors have stressed
the importance of developing more complete SES indicators,
which should include different social features, such as social
network, income and wealth, apart from occupation and
education.3 7 8

Occurrence of injury at work is higher in those with lower
education9–11 and lower occupational class.12 This inverse
relationship has been attributed largely to the fact that people
in higher SES strata are mainly employed in jobs with less
hazardous working conditions. Many of the known risk factors
for occupational injury are in fact predominant in lower status
jobs; these include ergonomic exposures such as high physical
workload, lifting and bending,11 13–15 psychosocial,10 16 and
organisational features such as shiftwork, understaffing, over-
crowding, work pressure, overtime level, safety climate and
subcontracted work.10 17–20

However, it has also been suggested that lower education
could act as an independent risk factor, through lower risk
perception, which could lead to unsafe work practices,21 22 or
through less access to information on hazardous jobs.23 Other
individual risk factors, not apparently related to the workplace,
include exercise level,24 25 marital status,18 smoking,24 26 family
conflicts,18 stressful life events27 and daily hassles.28 Although

Abbreviations: FTE, full-time employee; OSHA, Occupational Safety and
Health Administration; SES, socioeconomic status
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some of these may also show a socioeconomic gradient, it is not
clear that they exercise causal effects on workplace injury that
are independent of occupational conditions.

The healthcare sector is one of the industries in the US at
highest risk, with yearly rates of 9.7 recordable injury and
illness cases per 100 workers in hospitals and 12.6 in nursing
homes.29 There were almost 14 million healthcare workers in
2003, representing nearly 10% of the US working population,
with a substantial proportion of women (more than 75% of the
workers) and racial/ethnic minorities (30% in the US).30 Of
these, almost six million were employed in hospitals.30 The wide
range of jobs, such as nurses, aides, laundry and food workers,
health technicians, clerks, administrators, doctors and clinical
scientists, involve very different socioeconomic positions and
working conditions. This highly diverse workforce offers an
opportunity, at least in principle, to disentangle the respective
influences of SES, working conditions and demographic
characteristics on injury rates. For this purpose, a new SES
classification specific for the healthcare industry, which was
explicitly based on power distribution—namely, the responsi-
bility level typical of each job title, but also included education
as a prestige-based measure was developed.

Therefore, the objectives of this study were:

N to evaluate the predictive value of SES on the risk of
Occupational Safety & Health Administration (OSHA)-
recordable workplace injuries in a sample of the
Massachusetts hospital workforce and

N to assess whether any differences in the risk of injury by SES
could be explained by psychosocial, physical or organisa-
tional factors at work.

METHODS
Data collection
This study was carried out within a larger project that was
investigating socioeconomic disparities in health among
healthcare workers, ‘‘Promoting healthy and safe employment
in healthcare’’.31 The study population consisted of all subjects
aged at least 18 years, working in two moderate-size private
hospitals in northeastern Massachusetts. Administrative data
on the workforce, collected from both hospitals’ workforce
rosters, included information on department, job title, hourly

wage, hours worked per week, gender, race/ethnicity, age, date
of hire and place of residence of each worker as of spring 2002.
All job titles were codified according to the US Standard
Occupational Classification system by an expert coder. Median
age, gender ratio and proportion of non-white or Latino
workers were computed for each job from the roster data.

The research team independently developed a classification
of SES in five classes, specific for the healthcare industry, on
the basis of responsibility level and minimal education required
to perform a certain job (table 1). Each job title was assigned to
one of five categories: administrators, professional, semiprofes-
sional, skilled and semiskilled workers. Nurses were included in
the ‘‘professional’’ category, but, after a preliminary analysis
showing that their exposure profile and their risk of injury were
different from those of professionals, they were treated as a
separate subgroup, and also because they represented such a
large subgroup of professionals (71%) that their results would
have obscured those on the remaining jobs in this category.

OSHA logs of occupational injuries and illnesses were
obtained from the hospitals; they included injuries recorded
during 1997–2001 for hospital 1 and during 1998–2002 for
hospital 2. OSHA logs contain information on job title of the
injured worker, as well on the type of accident, nature and
agent of the injury, body part injured and the direct
consequences of the injury (days away from work and
restricted work days) as of the time that the injury was
recorded. Job titles in the OSHA logs were linked to the facility
job roster and the SES classification developed by the research
team.

Psychosocial, ergonomic and organisational exposures were
assigned to the hospital workers through the O*NET job–
exposure matrix, V.4.0.32 This is a national, online database
(http://www.onetcenter.org), which is administered and spon-
sored by the US Department of Labor’s Employment and
Training Administration33 and replaces the Dictionary of
Occupational Titles. More than 400 variables describe each job
title in O*NET, grouped in 6 main dimensions: worker
characteristics, worker requirements, experience requirements,
occupation requirements, occupation characteristics and occu-
pation specific. O*NET scores for each selected variable range
from 1 to 5 or 1 to 7 and represent the average of the expert
ratings or worker’s responses for each job title. The job
classification used in O*NET is specific to this database but

Table 1 Sociodemographic characteristics of the workers employed in two private hospitals,
Massachusetts, 2002

Hospital 1 Hospital 2

p Value*Mean (SD) Mean (SD)

Age (years) 42.3 (12.9) 40.6 (12.9) ,0.001
Hours worked per week 25.2 (16.2) 25.3 (15.4) 0.40
Hourly wage 21.3 (12.7) 19.9 (9.1) 0.006

n (%) n (%) p Value�

Female gender 1086 (80.2) 1422 (82.7) 0.08
Non-white ethnicity 119 (8.8) 250 (14.5) ,0.001
Per diem workers 301 (22.2) 371 (21.6) 0.66

Occupational class ,0.001
6—Administrators 49 (3.6) 10 (0.6)
5—Professionals 171 (12.6) 184 (10.7)
4—Nurses 336 (24.8) 532 (30.9)
3—Semiprofessionals 300 (22.2) 284 (16.5)
2—Skilled workers 396 (29.3) 562 (32.7)
1—Semiskilled workers 102 (7.6) 148 (8.6)

Total 1354 (100.0) 1720 (100.0)

*Mann–Whitney two-sample test.
�x2 test.
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can be crosswalked to the Standard Occupational Classification
2000 coding system. Hospital jobs not found in the O*NET
database (29 of 143 job codes) were excluded from analyses
that included O*NET occupational exposures.

Exposure variables of interest were selected from the O*NET
database (table 2) on the basis of the risk factors for injuries
identified from previous research. Seven variables were used
singly and five scales were constructed from combinations of
multiple O*NET items. One composite scale was the sum of
several physical demand variables, while the rest corresponded
to psychosocial conditions at work such as psychological
demands, job control, social support (job content question-
naire34), intrinsic and extrinsic rewards (effort–reward imbal-
ance35). Psychological demands and job control were examined
either individually or as the job strain ratio (demands divided
by control). Since these exposure scales had varying ranges they
were all divided into quintiles for comparability. Mean quintiles
were computed among all jobs in each SES stratum.

Data analysis
Sociodemographic differences between the two hospital work-
forces were tested using the Mann–Whitney two-sample
statistic for continuous variables (age, number of hours worked
per week and hourly wage) and x2 statistics for differences in
categorical proportions (gender, ethnicity, per diem schedule
and SES). Spearman correlation coefficients between O*NET
exposure scores and SES were computed on 114 jobs. Trends in
exposure scores across SES strata were evaluated through a
linear regression model using variance-weighted least squares,
in which homogeneity of variance in different categories is not
assumed. Since O*NET is a one-dimensional matrix, using
occupation but not industrial sector as the key entrance to the
job description, jobs not specific to healthcare (eg, cook,
dishwasher, janitor and secretary) could present a higher
likelihood of exposure misclassification than the healthcare-
specific job titles. To assess whether this occurred, the
correlation between O*NET exposures and SES was examined
separately for healthcare-specific and non-specific jobs.
Likewise, the risk of injury associated with O*NET exposures
was analysed separately for the two job groups.

The association between SES and work injuries was
evaluated using a retrospective design. Workforce rosters before
2002 were not available; therefore, the actual workforces were
used to represent denominators for previous years, assuming
that the relative proportions of workers by job title and SES had

remained relatively constant across the years. Injury rates were
analysed as frequency records using job code or job group (SES
level) as the unit of analysis. Each worker was considered to
contribute to the denominator according to the number of
hours worked per week. Per diem workers, who lacked this
information in the administrative database, were assigned the
average number of hours per week (18.6 h/week) reported by
per diem participants in a questionnaire survey at one of the
hospitals. By using the Poisson regression modelling, relative
risks (RRs) of injury and number of work days lost by SES
stratum were assessed using administrators as the reference
category and computing rate ratios with 95% Poisson CIs. The
trend in risk was assessed through linear regression of the
coefficients obtained from the Poisson regression, using the
coefficient standard errors as weights.

In a separate analysis, without the 29 jobs not found in the
O*NET job–exposure matrix, O*NET exposure variables were
included as independent variables, together with indicator
terms for SES strata. The risk of injury was modelled using SES
alone, each exposure variable alone and then each exposure in
combination with SES. Exposure scores were treated as
continuous variables, assuming linearity of the increase in risk
across quintiles.

Finally, all exposures were tested for statistical significance
together with SES in one model; variables were included in the
model in decreasing order according to their crude coefficient
on the risk of injury and were retained if they were significant
(p = 0.05) or changed the coefficients of other variables .20%.
The ‘‘best-fit’’ model was the one with the smallest deviance
from the saturated model and the highest proportion of
variance explained (R2).

RESULTS
Workforce rosters included information on 1354 workers at
hospital 1 and 1720 workers at hospital 2 (table 1). Subjects
employed at hospital 1 were older and had a higher average
hourly salary than those working at hospital 2. They also
included fewer women and minority workers.

In the period examined, 834 injuries were recorded in the
OSHA log system, 309 in hospital 1 (1997–2001) and 525 in
hospital 2 (1998–2002). The most frequent causes of injuries
were to be struck by or against objects (39%) and overexertion
(21%), followed by contact with biological agents (7%) and falls
(3%); about 5% of cases represented chronic conditions, mainly
musculoskeletal disorders. The most frequent consequences of

Table 2 Selected O*NET exposure variables, internal consistency of composite scores in the job–exposure matrix and Spearman
correlation coefficients between socioeconomic status and quintiles of selected exposure scores in O*NET job–exposure matrix: 114
jobs in two private hospitals, Massachusetts, 2002

Exposure O*NET variable(s) Cronbach’s a
Spearman’s r
coefficient p Value

Psychological demands Abilityim20, abilityim21, abilitylv20, abilitylv21, values09 0.79 0.23 0.003
Decision latitude Values07, values15, values16, values19, values25, values27 0.92 0.69 ,0.001
Job strain ratio Ratio of psychological demands by decision latitude –0.51 ,0.001
Rewards Values13, values20, values10, values18, values22 0.84 0.63 ,0.001
Coworkers support Values14 0.31 0.001
Supervisor support Values23, values24 0.76 –0.45 0.001
Noise level Context11 –0.19 0.02
Uncomfortable temperature extremes Context12 –0.09 0.25
Hazardous equipment Context21 –0.07 0.35
Time bending or twisting the body Context30 –0.16 0.04
Time kneeling, crouching, stooping
or crawling

Context27 –0.13 0.10

Capacity to exert force Abilitylv32, abilitylv33, abilitylv34, abilitylv35, abilitylv36,
abilitylv37, abilitylv38

0.96 –0.23 0.004

Pause frequency Values09 –0.18 0.02
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the accidents were cuts, lacerations, needle sticks and
punctures (35%); strains and sprains (23%); and bruises and
contusions (6.7%). Body parts that were most often injured
were the hand or fingers (10.4%), eye (3.7%), knee (3.2%) and
back (13.5%). Injuries without lost working days represented
65% of total injuries, and 20% caused an absence from work for
.3 days.

An overall yearly injury rate of 7.2 (95% CI 6.7 to 7.7) per 100
full-time workers was estimated for the two hospitals
combined. The rate was 2.5 (95% CI 2.3 to 2.8) for injuries
with at least one lost work day. The rate of injury in hospital 2
was higher than in hospital 1 (RR 1.33, 95% CI 1.16 to 1.54);
this excess risk was slightly reduced controlling for SES (RR
1.26), job median age (RR 1.18) or job ethnicity ratio (RR 1.21),
but not gender ratio.

All five composite scores from the O*NET variables demon-
strated high internal consistency by Cronbach’s a (table 2).
Force exertion, kneeling and bending, and exposure to noise,
heat and hazardous equipment were positively correlated with
all correlation coefficients above 0.40. Among psychosocial
exposures, the job strain ratio was highly associated with both
extrinsic/intrinsic rewards (r = –0.61) and supervisor support
(r = 0.47).

In general, working conditions were less favourable in the
lower SES strata, except for psychological demands, supervisor
support and pause frequency (fig 1). However, the exposure of
nurses to psychosocial and physical hazards was more similar
to or even higher than workers in the lower SES categories,
with the highest level of exposure for all risk factors evaluated
except low decision latitude and low rewards. SES was
significantly correlated with all O*NET exposures evaluated,
except with local temperature extremes (too high or low),
working with hazardous equipment and time spent kneeling,

crouching, stooping or crawling (table 2). These results were
confirmed by means of linear regression modelling, except that
the association with time spent kneeling, crouching, stooping
or crawling became stronger and statistically significant in this
analysis (data not shown). The correlation between SES and
most O*NET exposures was similar among jobs specific and
non-specific to healthcare. Exceptions were a few physical
exposures (force exertion, frequent bending and kneeling),
which, unexpectedly, were not correlated with SES among jobs
specific to healthcare, but only among generic jobs.

Among job titles with at least five injuries recorded, all those
with yearly injury rates .10 per 100 full-time workers belonged
to the two lowest SES categories, except for ‘‘miscellaneous
health technologists and technicians’’ (table 3).

Injury rates were lowest and similar between hospitals for
the SES categories of administrators and professionals (table 4).
The risk of injury was highest in the lowest SES class, with a RR
of .5, followed by nurses, whose risk was almost four times
higher. Skilled labourers and semiprofessionals had rates
almost three times higher than in the highest SES stratum.
The inverse trend in the risk of injury by SES was significant
(p = 0.04) only after exclusion of the nurses.

On average, administrators had lost ,1 day due to injury per
100 full-time workers per year (table 4); in the other SES
categories the number of days lost increased with SES (except
for skilled workers) to a high of about 150 per 100 workers
(p = 0.45). For injuries without lost work days, the risk was
approximately doubled in all groups except professionals and
there was no linear trend with SES. For injuries with at least
one work day lost there was a RR of 6–7 in nurses,
semiprofessionals and skilled workers, marginally significant
for semiprofessionals and skilled workers, whereas the increase
in risk was markedly higher for the lowest SES category.

Figure 1 Mean O*NET quintile of exposure by socioeconomic status (SES), 114 jobs in two private hospitals, Massachusetts, 2002.
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Among the 114 jobs matched to the O*NET job–exposure
matrix, the injury rate was significantly associated with each
exposure considered except pause frequency (table 5).
Healthcare-specific and non-specific jobs did not show a
significant difference in the coefficients of the risk of injury
associated with O*NET exposures, except for coworkers’
support and pause frequency. The exclusion of 29 jobs not in
the matrix resulted in the exclusion of 13.1% of the population
being studied and 19.8% of the injuries; it also resulted in a
stronger gradient in risk by SES categories, compared with the
analysis including all jobs (table 5, first row, vs table 4, RR
column). The population linkable to the O*NET matrix showed
a risk of injury higher than the unlinked one and a lower
proportion of subjects in lower SES strata (data not shown).

When single exposure variables were included in the model
with SES, five of them, in particular, had a strong decrease in
the RR of injury for the three lowest SES strata: decision
latitude, rewards (both protective), bending, kneeling and
forceful exertion. Jobs including only female workers were
significantly protected (p,0.001), although adjustment for this
variable did not substantially change the risk related to SES.

Hospital was not included in these analyses as a control
variable, because, although it retained a significant effect, there
were no important changes in coefficients of other variables,
while producing more unstable models. All exposure variables,
except psychological demand, were still significantly associated
with the risk of injury after adjusting for SES, although their
coefficients were smaller; the only exception was decision
latitude, for which the relative protection for the highest versus
the lowest quintile increased from 0.81 to 0.70.

The strongest decrease in risk by SES was reported by
including decision latitude and force exertion in the regression
model simultaneously. The effect of SES dropped to about one-
third among nurses, skilled and semiskilled workers and to
one-half in semiprofessionals after adjusting for these factors.
An alternative model including ‘‘frequent bending’’ instead of
‘‘force exertion’’ displayed an equivalent fit and produced
similar RRs by SES (data not shown). The variable ‘‘tempera-
ture extremes’’ was also added to the model, despite it being
only marginally associated with the risk of injury (p = 0.08),
because it increased the estimated coefficient for force exertion
by almost 30%; however, it did not have an effect on the risk by
SES. The model with the highest fit also included supervisor
support, whose inclusion produced a slight increase in the RR
by SES, compared with the previous model; this increase was
owing to the fact that supervisor support, as expected,
presented a protective effect on the risk of injury (table 5),
although, according to O*NET it was higher in lower SES strata.

DISCUSSION
In these two medium-size hospitals, there was a strong SES
gradient in the risk of injury, the RR for the lowest category
versus the highest being 5.3 for all injuries and 21.2 for injuries
with at least one work day lost. Similarly, the number of work
days lost was two orders of magnitude higher in semiskilled
workers than in administrators. The steeper SES gradient in
risk reported for injuries with work days lost and the longer
mean prognosis of injuries among low SES subjects both
indicate that work injuries are on average more severe in these
workers.

A strong decrease in the SES gradient was reported after
adjustment for physical and psychosocial exposures at work.
This demonstrated that a great proportion of the differences in
injury rates between social strata could be explained by
differences in workplace exposures. Only a few variables could
be fitted in this model, because of collinearity among the
exposures, so the selection of a final model is slightly arbitrary.
However, it is worth noting that the retained predictors
represent three main workplace dimensions known to influence
the risk of injury—namely psychosocial (decision latitude and
supervisor support), physical (force exertion) and environ-
mental (temperature extremes). Of particular interest is the
observation that the physical exposures such as trunk bending
and forceful exertions seemed to explain the greatest propor-

Table 3 Yearly injury rates by Census 2000 job titles:
hospital jobs with at least five recorded injuries per 100
full-time employees

Census 2000 job title
Injuries, n
(5 years)

Injury rate
per 100
FTEs

Janitors and building cleaners 34 21.3
Electrical and electronics repairers, industrial and
utility

11 20.1

Cooks 13 17.5
Dining room and cafeteria attendants and bartender
helpers

30 13.4

Miscellaneous health technologists and technicians 60 13.2
Maids and housekeeping cleaners 18 11.6
Nursing, psychiatric and home health aides 95 10.1
Emergency medical technicians and paramedics 10 9.8
Health diagnosing and treating practitioner support
technicians

23 9.5

Registered nurses 290 9.2
Respiratory therapists 9 9.2
Licensed practical and licensed vocational nurses 18 9.0
Security guards and gaming surveillance officers 12 8.8
Medical assistants and other healthcare support
occupations

17 7.2

Grounds maintenance workers 8 7.0
Clinical laboratory technologists and technicians 19 6.5
Diagnostic-related technologists and technicians 27 5.6
Medical scientists 7 4.5
Office clerks, general 19 3.9
First-line supervisors/managers of office and
administrative support workers

11 3.7

Secretaries and administrative assistants 11 2.9

FTEs, full-time employees.

Table 4 Average work days lost, injury rates and RRs of injury by socioeconomic status category, stratified by number of work
days lost (0 vs >1)

Occupational class (number of injuries)

Average yearly work
days lost per 100 FTEs

Yearly injury rates per
100 FTEs RR of injury by SES

RR for injuries with
no lost work days

RR for injuries with >1
lost work days

n Rate (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Administrators (7) 0.7 2.5 (1.0 to 5.1) 1.00 1.00 1.00
Professionals (32) 43.1 2.3 (1.6 to 3.2) 0.93 (0.41 to 2.11) 0.71 (0.29 to 1.77) 2.24 (0.29 to 17.4)
Nurses (107) 59.6 9.2 (8.2 to 10.3) 3.73 (1.76 to 7.90) 3.29 (1.46 to 7.40) 6.40 (0.89 to 46.1)
Semiprofessionals (156) 69.8 7.1 (6.0 to 8.3) 2.87 (1.34 to 6.11) 2.19 (0.96 to 4.98) 7.15 (0.99 to 51.6)
Skilled workers (218) 28.6 6.4 (5.6 to 7.3) 2.61 (1.23 to 5.53) 1.88 (0.83 to 4.25) 7.19 (1.00 to 51.6)
Semiskilled workers (290) 148.4 13.0 (10.6 to 15.7) 5.26 (2.45 to 11.3) 2.64 (1.13 to 6.18) 21.2 (2.91 to 151.5)

FTE, full-time employee; SES, socioeconomic status.
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tion of excess risk for the professional employees (table 5),
whereas the psychosocial dimensions of decision latitude and
rewards had the greatest impact for the lower status jobs.

In the two hospitals there was a yearly reported injury rate of
7.2 per 100 full-time workers and a rate of 2.5 per 100 full-time
employees (FTEs) for injuries with lost work days. The first
figure is lower than the corresponding rate of occupational
injuries and illnesses reported by Bureau of Labor Statistics29 for
hospital workers, whereas the second one is quite consistent
(9.7 and 2.3 per 100 full-time workers for total injuries and
injuries with lost work days, respectively).

Although there may have been some under-reporting in the
facilities examined, it is also likely that these community
hospitals had lower rates than those in other types of hospitals,
especially large teaching and referral facilities. Differences in
injury rates among facilities seem to be largely unexplained to
date. Wilkinson et al36 reported 5.9 occupational injuries per
100 full-time workers in a US health science centre and
teaching hospital. A large teaching hospital in Massachusetts
had a back injury rate of 1.4 per 100 FTEs, also using OSHA logs
as a source of cases of injury.37 This value appears similar to or
lower than our data, in which back injuries were 25% of total
injury records (rate = 1.8 per 100 FTEs). Injuries involving days
away from work in a large teaching hospital in the Midwest
had almost double the rate we observed. At this facility,
African-American workers represented half of the working
population and had a threefold RR of any injury.38 Thus, our
study population might not be completely representative of the
US healthcare workforce. There is no obvious reason why this
should interfere with the generalisability of these results
although, certainly, similar analyses should be carried out in
other populations.

OSHA logs of occupational injuries are affected by under-
reporting: a comparison of occupational injuries reported in the
National Health Interview Survey in 1994 with those from
Bureau of Labor Statistics suggested that more than one-fourth
of injuries were not reported to or recorded by the employer.39

Under-reporting in healthcare workers has been mainly
investigated regarding percutaneous injuries, with estimates
ranging from 18% in the US40 to about 2/3 of the total cases in
Spain41 and Costa Rica.19 Nevertheless, there is no obvious
reason that the two hospitals we studied should have
dramatically more under-reporting than US hospitals in
general. In addition, the difference observed between admin-
istrators and other SES strata appears too big to be explained by
factors different from injury severity, such as differential injury
reporting.

The risk of injury in hospital 2 was significantly higher than
in hospital 1 (RR 1.33, p = 0.01), and the RR was not modified
by adjusting for SES or for exposure to occupational factors. A
possible explanation is that workers in hospital 2 were younger
and included a higher proportion of minority workers, which
are both known risk factors for injuries at work. However,
adjustment for job median age or proportion of non-white
workers reduced but did not cancel the excess risk. From data
of the American Hospital Association, during 1997–2001, the
two hospitals differed in the ratio between inpatient and
outpatient activity:42 hospital 2 had a higher number of
admissions per FTE (9.3 vs 7.2), whereas hospital 1 was
characterised by almost twice as many outpatient visits per
worker (157 vs 87). The higher proportion of organisational and
technical procedures involved in inpatient care may explain the
higher injury rate in hospital 2.

To our knowledge, no other study has investigated the overall
risk of injury by socioeconomic or educational level in
healthcare workers, although the differential risk reported in
other industries seems consistent with our results. For example,
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increased risk of work injury (RR 3.8) was found among male
blue-collar employees in six industrial sectors in Israel,
compared with white-collar workers.10 Consistent with our
results, the risk of injury related to low education (,12 vs
>12 years) decreased from 1.6 to 0.98 when adjusted for an
ergonomic stress index, although the RR for blue-collar status
did not change substantially (all variables in the same model).
In a Swedish population-based study,12 a 2.7 RR of injury was
reported in manual workers compared with non-manual
workers. Similarly, excess risk of work injury (RR 2.7) was
shown by Oh and Shin11 in subjects with ,12 years of
education, compared with those with .15 years of education.
The higher excess risks we reported were probably a result of
including administrators and using a six-level classification of
SES, more articulated than the dichotomised variables used by
these studies, whose risks resemble those in our central SES
strata.

Although the gradient reported here could in theory be
attributable to selective injury under-reporting among workers
in higher SES strata, this hypothesis seems to be contradicted
by observations indicating that reporting barriers are more
prevalent among low-wage or temporary workers, who are at a
higher risk of being fired because of filing injury claims43 44 and
have more difficulties in affording lost work days45 and in
accessing workers’ compensation medical care.46 47 A study of
12 hospital environmental service departments, composed
mainly of workers from low SES, found that 39% of injuries
were not reported to the supervisor.48 This figure appears
comparable to or higher than total under-reporting in the
healthcare industry in the US—for example, an Iowa survey of
healthcare workers found that an overall 31% of percutaneous
injuries or blood exposures were not reported, which decreased
to 27% among registered nurses and 21% among medical
technologists, both in higher SES levels.49

One strength of this study is that exposures were attributed
through a job–exposure matrix from O*NET and injuries were
obtained from OSHA logs. This use of two independent data
sources should protect against distortions of the risk estimates
owing to differential misclassification of exposures. However,
the use of a job–exposure matrix to assign exposures is likely, in
general, to cause non-differential exposure misclassification.50

These analyses would therefore be expected to underestimate
the effects of exposure on the risk of injury, with a consequent
overestimate of the RR by SES adjusted by occupational
exposures, owing to increased residual confounding.

The comparison between subjects linked or unlinked to the
O*NET matrix indicates that the job titles linked had, on average,
higher risks of injury and higher SES than the unlinked ones.
Such a selection is not expected to have caused a distortion of the
risk of injury associated with exposures or to SES, but it possibly
reduced the generalisability of our results, although the proportion
of injuries and workforce excluded was small.

O*NET has some drawbacks as a job–exposure matrix. The
ratings are based on either expert assessments, without explicit
reference values or on ‘‘incumbent’’ (worker) ratings by a
relatively small number of subjects. In neither case is there an
explicit consideration of potential sources of within-job
variability in exposure. In particular, O*NET is a one-dimen-
sional matrix because it only has job title as the key entrance to
the job description, and not industrial sector. There are many
jobs in the study population that are not specific to healthcare
(eg, cook, dishwasher, janitor, secretary and so on). In addition,
some healthcare-specific jobs may have different exposures
depending on where they are located (eg, nurse in hospital,
nursing home, school, outpatient clinic, community/visiting
service and so on). However, except for a few physical
exposures, the correlation between SES and most O*NET

exposures was similar among jobs specific and non-specific to
healthcare, as was the relationship between exposures and the
risk of injury.

In all, 11 of 13 workplace exposures selected from the O*NET
database were significantly associated with the risk of injury,
demonstrating that the predictive validity of this job–exposure
matrix is satisfactory, despite its limitations. All exposures
examined were selected because they were found to be
associated with the risk of injury in previous studies, either
among healthcare workers or in other industries. For example,
Hemingway and Smith51 found an increased risk of reported
injuries in Canadian nurses associated with high workload, low
peer cohesion, low autonomy and high role ambiguity. In a
study on Finnish hospital personnel, low decision latitude, low
skill discretion and monotonous work were significant pre-
dictors of work injuries.16 In two studies of workplace safety
climate, support from management for safety programmes and
safety-related training were the two most important factors
related to the incidence of workplace exposure to blood and
other body fluids52 and to overall injury incidence.19 Results
from different industries and from population-based studies
support an excess risk of injury for exposure to high physical
workload and lifting,11 13 use of machinery,11 climate discom-
fort10 and work pressure.17

An effect on the risk of injury was reported for almost all
occupational exposures examined, even after adjusting for SES.
This finding would confirm the results of previous studies
showing an association with these risk factors, although there
is the possibility that such an independent effect would instead
be attributable to SES residual confounding, owing to low
accuracy of SES attribution, which could have reduced the
correlation between occupational exposures and SES. However,
we believe that the SES classification adopted in this study was
quite accurate, as it was articulated in several classes, it
included both power and prestige social features of a certain job
and was developed by insiders of the healthcare industry with a
long work experience. Especially for low-decision latitude, it
seems that at least part of its effect on the risk of injury would
be independent of SES, given that its risk was not attenuated
but rather increased after adjustment for this variable. Support
for this view also comes from studies of SES, psychosocial
factors at work and the risk of coronary heart disease, in which
a significant effect associated with decision latitude, indepen-
dent of SES, was reported even after further adjustment for the
main behavioural/biological risk factors for coronary heart
disease, which should have limited the extent of possible SES
residual confounding.53 54

Since workforce rosters were not available before 2002, it was
not possible to analyse occurrences of injury at the individual
level—that is, by merging workforce data and OSHA logs of
injury by name or employee code number. Thus, we could not
evaluate potential confounding by work-related individual
characteristics such as worker’s age, gender, physical activity,
seniority or day–night shifts. We tried to include in the model
indicator variables for jobs including only women, men, white
or non-white workers. The female-only jobs came out as a
significant protective factor, although it did not modify the SES
gradient much, nor did it change the inclusion of significant
O*NET exposures. Also, the fit of the model was slightly but
significantly increased. The other variables were not significant
and did not change substantially other variable coefficients.
Ethnicity as recorded in the workforce was determined to
contain many errors in comparison with self-reported survey
information (unpublished).

Moreover, no information was available on extra-occupa-
tional risk factors for work injuries, such as leisure physical
activity,24 25 family conflicts18 and stressful life events.27 These
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factors seem to have a rather small influence on the risk of
work injury, although their confounding role cannot be ruled
out. In fact, because they are probably correlated with the
occupational exposures on the basis of social class, both groups
of risk factors may be mutually confounding.

Another potential limitation derives from the attribution of
SES based on job title because no information could be
obtained on household income or other individual socio-
economic indicators. This could lead especially to misclassifica-
tion of women workers, who are a very large proportion of this
study population, to the extent that SES of the family varies
among individuals in similar jobs. Nonetheless, it seems
questionable that an SES classification based on family
characteristics could represent a better predictor of the risk of
events occurring at work than one based on the position held by
individuals within the workplace hierarchy.

Lastly, possible errors in job denominators cannot be
excluded. Although the number of employees per job title
could have changed during the years for which no information
was available (1997–2001 and 1998–2001 for fospitals 1 and 2,
respectively), interviews with human resource personnel
indicated that no such large changes had occurred. Thus, it
was necessary to assume that the relative proportions of
workers by job title and SES had remained relatively constant.
In addition, the workforce rosters lacked the weekly hours
worked by per diem workers. We assigned them the average
number of hours reported by questionnaire in a sample of per
diem workers at hospital 2. However, this information was only
provided by 20% of the per diem workers at hospital 2;
assigning it to all per diem workers in both hospitals
necessitated the assumption that this mean value was
representative of all of them and did not vary by SES. Since
the proportion of per diem workers was less than one-fourth of
the total workforce, the overall bias in the risk estimate owing
to incorrect assignment of work time to these subjects is not
expected to be important. However, we could not evaluate
whether there was likely to be differential error by SES.

CONCLUSIONS
A strong gradient in the risk of reported injury was observed by
SES in a population of hospital workers, which was even
stronger for injuries involving lost work days. Selected work-
place exposures were assigned to job titles through a
job–exposure matrix; most of them were found to be
significantly associated with injury rates. Controlling for
psychosocial and ergonomic workplace exposures, the SES
gradient in the risk of injury was greatly attenuated, indicating
that a large proportion of that gradient can be explained by
differences in working conditions.
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