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Abstract: Objectives: We estimated the impact of safe patient handling legislative efforts to reduce nursing
home worker injuries, and examined potential impacts among specific nursing home types. Design: Difference-
in-difference analysis. Serting: 2,034 nursing homes in 8 states enacting safe patient handling and movement
legislation from 2004 to 2007 and 5,901 nursing homes in 36 comparator states. Measures: Reductions in
reported work-related injuries and illnesses resulting in Days Away from work, Restricted job activities, or
Transfer (DART) rates per 100 full time equivalents (FTE’s). Facility characteristics included size, profit
orientation, chain membership, nursing staffing measures, and location (urbanicity). Results: Among nursing
homes in 8§ states that enacted legislation, there was a 23.5% decrease in mean DART rate from 7.53 per 100
FTE’s in the pre-enactment period (2002-2003) to 5.76 per 100 FTE’s in the post-enactment period (2008-2010)
whereas in 36 comparator states, there was a 24.4% decrease in the mean DART rate, from 8.54 to 6.46 per 100
FTE’s. After adjustment for nursing home and aggregated resident characteristics, a difference-in-difference
model showed that DART rates were similar in states with and without legislation (adjusted estimate: 1.03;
95% confidence interval: 0.96 to 1.11), with estimates similar across a range of nursing homes characteristics.
Conclusions: The promise of enacting safe patient handling and movement legislation to reduce nursing
home worker injuries has yet to be realized. In a context of rapidly declining injury rates, substantial financial
incentives, other forms of assistance, and/or enforcement activities may be needed to improve the effectiveness of

Nursing Home Characteristics in 2002, by Safe Patient Handling and Movement (SPHM) Legislation Status

Nursing Home Characteristics

SPHM Legislation Adoption States
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legislative initiatives.
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Introduction

Worker injury rates in nursing homes are among the
highest among occupational sectors in the United States (1).
Although worker training alone appears to have little impact
(2), comprehensive interventions at the nursing home level to
reduce the burden of nurse injuries have reduced not only staff
injuries, but also lost workdays, and workers’ compensation
costs (3-8). Training and hiring replacement staff has high costs
(9) as does losing seasoned staff to preventable injuries (10).

Numerous states have enacted legislation designed to reduce
worker injuries in the health care sector, including nursing
homes. The content and extent of these legislative efforts varies
widely, from the funding of demonstration projects (Ohio,
2004) (11), to aspirational statements (Hawaii, 2005) (12). We
have described these legislative efforts in detail elsewhere (13).

Declines in nursing home worker injury rates in selected
nursing homes located in Ohio (14, 15) and New York (16)
were seen after implementation of Safe Patient Handling and
Movement (SPHM) legislation. Statewide, compensable injury
rates among workers in hospitals in Washington state declined,
but not more so than in Idaho, a neighboring state with no
SPHM enactment (17). In a nationwide analysis, injury rates
among health care and social assistance workers declined in
most, but not all, states enacting SPHM legislation in the year
following implementation (18). Aside from the Washington
study (17), none of these analyses accounted for rapidly
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declining trends in injury rates in unaffected states (19).

We sought to estimate the effect of state-level SPHM
legislation on nursing home worker injury rates, accounting
for declining worker injury rates in the nursing home sector
nationwide, and adjusting for potential shifts in resident
characteristics over time. Further, we investigated whether
the apparent effect of SPHM legislation would differentially
affect nursing homes according to pre-specified nursing home
characteristics, namely: bed size, profit orientation, chain
membership, nurse:bed ratio, staff mix (ratio of registered
nurses to other nursing staff), and urbanicity.

Methods

This study was approved by the Institutional Review Board
at our institution.

Data sources

Appendix 1 reviews the data sources considered for
conducting this study. We included private sector nursing
homes not affiliated with a hospital and in operation throughout
the study period (2002-2010) with identifiable data from three
sources: the Centers for Medicare and Medicaid Services
Provider of Service (POS) annual files (addresses, hospital
affiliation, profit orientation, chain membership, bed size,
the number of staff full time equivalents (FTEs), and
workforce composition), the Occupational Health and Safety
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(n=2,034)* (n=5,901)
Percentaget

Bed size <100 16.7 29.7
100 to 299 72.3 68.2
=300 109 22
For profit 65.6 732
Part of a chain 42.6 57.8
Nurse:bed ratio 0.05 to 0.50 18.9 219
0.50 to 0.70 56.7 53.6
0.70 to 2.51 244 245
Ratio registered nurses:other nursing staff 0.01 to 0.15 37.1 40.1
0.15t00.25 445 389
0.25t0 2.59 184 21.1
Urbanicity Central county, large metropolitan area (1M+) 33.1 20.3
Fringe county, large metropolitan area (1M+) 28.0 19.3
Medium metropolitan area (250,000-999,999) 14.9 22.6
Small metropolitan area (100,000-249,999) 7.7 11.2
Micropolitan area (50,000-99,999) 10.6 152
Rural counties 5.8 11.5

* Hawaii, Maryland, Minnesota, New Jersey, New York, Ohio, Rhode Island and Texas; } Percents are weighted by size of nursing home staff.

Administration’s OSHA Data Initiative (ODI) (annual nursing
home-level injury rates, addresses), and the Minimum Data Set
(MDS) (annual distribution of resident-level characteristics).
Urbanicity was assigned to nursing homes using a six-level
urbanicity code developed by the National Center for Health
Statistics (20).

The ODI contains establishment-level, work-related injury
and illness rates reported by work establishments, including
nursing homes from 1996 to 2011. Government-owned nursing
homes were usually exempt from reporting requirements, as
were nursing homes with fewer than 10 employees. Seven
states were waived from ODI reporting requirements for two
or more consecutive years during our study period (Alaska,
Arizona, Oregon, South Carolina, Virginia, Washington,
Wyoming), and are not included in our analyses.

Collected by federal mandate in all Medicare/Medicaid
certified homes, the MDS is a standardized resident
assessment instrument completed at admission, quarterly,
annually, readmission, and when there is a significant change
in clinical status. The MDS collects a wide range of clinical
and functional data, including height and weight of residents,
mobility status, and functional capacity. We calculated
quarterly aggregates of resident characteristics using MDS
version 2.0 (1/1/2002 to 9/30/2010), then averaged these
quarterly aggregates to obtain annual descriptors of resident
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characteristics.

Sample

We identified 11,491 nursing homes using the POS files. See
Supplementary Table 2 and Appendix 2 for details regarding
the matching procedures of the data sources. Eligible nursing
homes were those that were open throughout 2002-2010, not
government-owned, not hospital affiliated, and located in one
of the 43 states or the District of Columbia (DC) that collected
ODI data. The ODI does not contain a unique identifier for
nursing homes, but includes self-reported name, address,
and industrial sector codes which were used to match 10,584
(92.6%) of the nursing homes above to ODI data for at least
one year. Of all eligible nursing homes collecting ODI data,
11,425 (99.4%) were successfully merged with their resident
data in the MDS. To be eligible, information on more than 9
residents for a nursing home was required for each study year.
To reduce missing data, we further restricted our sample to
7,935 nursing homes with all of the following: 1) ODI data
for at least one year in the period from 2000 to 2004 (before
any state enacted SPHM legislation); 2) ODI data for at least
one year in the period 2008-2011 (after all states had enacted
SPHM legislation); and 3) no more than 5 consecutive years of
missing ODI data in 2002-2010. Of otherwise eligible nursing
homes 69.5% were excluded (see Supplementary Tables 3 and
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Table 2
Distribution of Injury and Illness Rates by Enactment Period and Safe Patient Handling and Movement (SPHM) Legislation
Status
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Table 3
Difference in difference estimates for the impact of safe patient handling and movement (SPHM) legislation

DART?* Rate in SPHM Legislation States?
Average:: Median (25th, 75th Percentile) Average

DART?* Rate in States with no SPHM Legislation
Median (25th, 75th Percentile)

Pre-enactment period (2002-2003)§  7.53
Enactment period (2004-2007) 6.50
Post-enactment period (2008-2010)  5.76

6.47 (3.51, 10.40)
546 (2.81,8.85)
4.68 (2.45,7.57)

8.54 7.37 (3.96, 11.65)
737 6.19 (3.18,10.17)
6.46 5.23(2.70, 8.86)

Crude RR*
(95% Confidence Interval)

Adjusted RR¥
(95% Confidence Interval)

All nursing homes
Stratified by nursing home characteristics
Bed size <100

100 to 299

1.06 (0.93-1.20)

1.00 (0.90-1.11)

1.03 (0.96-1.11)

1.01 (0.92-1.11)

* DART rate: work-related injuries and illnesses resulting in Days Away from work, Restriction of job activities, or Transfer to another position, per 100 FTE’s per year. ¥ Hawaii,
Maryland, Minnesota, New Jersey, New York, Ohio, Rhode Island and Texas. & Averages, medians, 25th and 75th percentiles are weighted by the staff size of the nursing homes. § During
the pre-enactment period (2002-2003), no states had yet enacted SPHM legislation. All 8 SPHM states enacted legislation between 2004 and 2007. No states enacted SPHM legislation

during the post-enactment period (2008-2010).

4 for a comparison of excluded nursing homes to the otherwise
eligible sample).

Exposure periods

Eight states with ODI injury rate reporting enacted SPHM
legislation between 2004 and 2007 (Hawaii, Maryland,
Minnesota, New Jersey, New York, Ohio, Rhode Island,
Texas). No states had enacted SPHM legislation before this
period, and no others enacted SPHM legislation directed
towards nursing homes before 2010. We defined three periods
for legislation enactment in the SPHM legislation states: a pre-
enactment period from 2002 to 2003, an enactment period from
2004 to 2007, and a post-enactment period from 2008 to 2010.

Outcome assessment

ODI data are reported as the DART rate (reported work-
related injuries or illnesses resulting in Days Away from work,
Restriction of job activities, or Transfer to another position, per
100 FTE’s). In general, nursing homes were required to report
injury and illness rates every three years, with nursing homes
reporting a high injury rate usually required to report again
the following year. Following previous literature (21-23), we
treated DART rates higher than 50 per 100 FTE’s (0.08% of
reported values) as likely outliers, and re-set these to missing.

Imputation of missing values

Among the 7,935 nursing homes included in the 9 years of
the analysis, 74.4% of nursing home-years were populated with
reported ODI data. A relatively low injury and illness rate in
the previous year strongly predicted missing data; of those with
an observed DART rate under 5.00 per 100 FTE’s, 51.1% had
missing data in the following year, compared to only 13.9% of
those with an observed DART rate of 5.00 per 100 FTE’s or
higher. Missing data increased over time, from 8.9% in 2002
to 50.5% in 2010. State-level missing data varied from 11.8%
of nursing home-years in Maine to 47.2% in the District of
Columbia. Missing data were modestly associated with some
nursing home-level characteristics (see Supplementary Table
5).

We used multiple imputation to estimate the natural
logarithm of DART rates from 1996 to 2011, in which
injury rates of 0 were replaced with In(0.5) (post-imputation
exponentiated values of 0.5 or lower were set to 0). To restrict
DART rate imputations to plausible values, an upper limit of
In(100) (twice the cut-point for re-assigning a reported value to
missing) was applied. Details regarding the imputation method
are provided in the Supplementary Imputation Appendix 3.

The analysis and imputation unit is the nursing home. For
the imputation we used 16 measured variables potentially
related to DART rates and missingness, including the region of
the country (10 Medicare regions), the urbanicity of the nursing
home’s county (6 categories), profit orientation in 2002 and
2010 (2 categories at each time point), and chain membership
in 2002 and 2010 (2 categories at each time point). We also
included the mean values across the 9 years for the number
of beds, staffing levels, and nursing home-level aggregates
of resident characteristics, including resident age, weight,
and proportions of residents with clinical, demographic, and
care-related factors. We also included the mean values across
the 9 years for number of beds, staffing levels, and nursing
home-level aggregates of resident characteristics including
resident age, weight, and proportions of residents with
clinical, demographic, and care-related factors. We produced
50 imputed datasets using PROC MI in SAS, version 9.4
(SAS Institute, Inc., Cary, NC), using the fully conditional
specification (FCS) method with 100 burn-in imputations.

Analytic strategy

We estimated the impact of SPHM legislation on nursing
home-level DART rates using the Generalized Estimating
Equations (GEE) method to fit a Poisson model including
status (SPHM legislation state or not), the three exposure
periods, and an interaction between these terms. The
exponentiated coefficient of the interaction term comparing
the post-enactment period to the pre-enactment period is
interpreted as the difference between the average injury rate
(per 100 FTE’s) observed in enactment states relative to what
would be expected if the same temporal trend had been held
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1.04 (0.95-1.14)
0.97 (0.77-1.22)
1.04 (0.94-1.14)

1.04 (0.95-1.13)
0.96 (0.76-1.21)
1.02 (0.96-1.09)

Profit status: For profit
Not for profit
Chain Membership: Part of chain
Not part of chain
Nurse:bed ratio 0.05 to 0.50
0.50 to 0.70
0.70 to 2.51
Ratio registered nurses:other nursing staff
0.01t00.15
0.15t00.25
0.25t0 2.59
Population size of metropolitan area
Large metropolitan area (1M+)
Medium or small (100,000-999,999)
Micropolitan or rural area (<100,000)

107 (0.91-1.26)
1.03 (0.94-1.14)
1.06 (0.93-1.22)
1.00 (0.87-1.13)
1.04 (0.94-1.15)
1.11 (0.90-1.37)

1.04 (0.92-1.17)
1.03 (0.96-1.12)
1.05 (0.94-1.17)

1.12 (0.89-1.42)
1.03 (0.93-1.15)
0.95 (0.81-1.11)

1.04 (0.93-1.17)
1.02 (0.95-1.10)
1.03 (0.95-1.11)
1.02 (0.91-1.15)
1.02 (0.95-1.08)
1.06 (0.93-1.20)

1.03 (0.92-1.16)
1.03 (0.96-1.10)
1.04 (0.94-1.15)

1.08 (0.92-1.27)
1.01 (0.93-1.10)
0.92 (0.75-1.12)

* Ratio of work-related injury and illness rates during the post-enactment period (2008-2010) to the pre-enactment period (2002-2003) among SPHM states relative to the ratio during the
post-enactment period to the pre-enactment period in states with no SPHM legislation. Pooled across 50 multiply imputed datasets, weighted by the staff size of the nursing homes, and
with a generalized estimating equation specification (m-dependent correlation matrix) to account for repeated measures for each nursing home. 95% confidence intervals generated from
model-based standard error estimates; T As above, and adjusted for state, year, urbanicity, calendar year, and the following time-varying covariates: profit orientation, chain membership,
nursing home bed size, nurse:bed ratio, ratio of registered nurses to other nursing staff, mean resident weight, mean resident age, percent of residents with: severe activities of daily living
limitations, require mechanical lifting, resist care and are not easily modified, have conflicted relationships with staff, restrained, loss of movement in one or both legs, had fallen in the
previous 30 days and/or had a hip fracture in the previous 180 days, had dementia and/or Alzheimer’s, had bipolar depression, had a high grade (2-4) pressure ulcer, used antipsychotics
in the previous week, and resident proportion Asian, proportion Black, and proportion Hispanic residents.

as in comparator states; a ratio greater than 1 indicates a higher
injury rate than expected, and a ratio between 0 and 1 indicates
a lower injury rate than expected. We weighted observations by
the total number of FTE’s among full and part time employees
in the nursing home in each year. We also adjusted this analytic
model with a subset of the variables included in the imputation
model (see footnote in Table 3).

To estimate the effect of SPHM legislation within
subgroups of nursing homes, we repeated the analyses above
after nesting the main effects within pre-specified nursing
home characteristics, namely: bed size (under 100 beds,
100-299 beds, 300+ beds), profit orientation (yes, no), chain
membership (yes, no), nurse:bed ratio (0.05 to 0.50, 0.50 to
0.70, 0.70 to 2.51), ratio of registered nurses to other nursing
staff (0.01 to 0.15, 0.15 to 0.25, 0.25 to 2.59), and urbanicity
(large metropolitan areas of 1 million or higher population,
medium or small metropolitan areas of 100,000 to 999,999

population, or micropolitan and rural areas). We compared our
findings with a complete-case analysis (no imputed values).

Sub-analyses

We conducted sub-analyses to further investigate the impact
of legislation under alternate specifications: 1) a “high contrast”
comparison restricting the SPHM states to the four enacting
the most comprehensive forms of legislation (Maryland,
Minnesota, New Jersey, Rhode Island), and excluding three
states that enacted SPHM legislation after our study period; 2) a
comparison of 7 SPHM legislation states (excluding Hawaii) to
18 states neighboring at least one SPHM legislation state; and
3) an analysis using a naive single imputation method (linear
interpolation from 2002-2010, or carry last observation forward
after the last observed DART rate).
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Results

Nursing homes in the 8 states with safe patient handling
and movement (SPHM) legislation differed from those in the
36 comparator states in several respects (Table 1). Nursing
homes in the states that enacted SPHM legislation were more
frequently large homes (11% vs. 2% with 300 or more beds),
for-profit in orientation (66% vs. 73%), part of a chain (43%
vs. 58%), or located in a central county, large metropolitan area
(33% vs.20%).

Table 2 shows that DART rates in SPHM legislation
enacting-states declined from an average of 7.53 per 100
FTE’s in the pre-enactment period (2002-2003), to 6.50 per
100 FTE’s in the enactment period (2004-2007), and further to
5.76 per 100 FTE’s in the post-enactment period, an average
drop of 1.77 work-related injuries and illnesses per 100 FTE’s.
DART rates were, on average, higher in the comparator states,
declining from 8.54 per 100 FTE’s in the pre-enactment period
to 7.37 per 100 FTE’s in the enactment period to 6.46 per 100
FTE’s in the post-enactment period, an average drop of 2.08
per 100 FTE’s. Wide variation between homes is also apparent.

Table 3 shows crude and adjusted estimates for the effect of
enacting SPHM legislation on DART rates. In the unadjusted
analysis, we estimate that DART rates were 6% higher in
SPHM legislation-enacting states in the post-enactment period
than they would have been had they followed the same secular
trend as seen in comparator states [Rate Ratio (RR)=1.06,
95% Confidence Interval (CI): 0.93 to 1.20]. After adjustment
for a wide range of static and time-varying nursing home and
aggregated resident characteristics, our estimates were similar:
DART rates were 3% higher than expected [RR=1.03, 95%
CI: 096 to 1.11] . Table 3 also shows difference-in-difference
estimates for various subsets of nursing homes. These subsets
show similar patterns to those in the whole population of
nursing homes studied, especially after adjustment.

Complete-case (Supplementary Table 9) and sub-analyses
resulted in similar results (see Supplementary Tables 7, 8, and
10); restricting the analysis to a “high contrast” comparison
between 4 states that enacted comprehensive SPHM legislation
and after excluding three states from the comparator group that
enacted SPHM after our observation period (Supplementary
Table 7); restricting the comparator group of states to those
with at least one SPHM legislation-enacting neighbor
(Supplementary Table 8); or using a naive single imputation
model (Supplementary Table 10).

Discussion

These findings were contrary to our expectation. We
hypothesized that injury rates in SPHM legislation-enacting
states would have declined more so than comparator states.
Several alternate explanations for these findings should be
considered. Publicity around the enactment of SPHM
legislation may have increased the proportion of worker
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injuries and illnesses reported to employers, and/or have
encouraged employers to more faithfully record reported
worker injuries and illnesses. If this were the case, then a
lower rate or proportion of serious injuries might be expected
in the SPHM legislation-enacting states. Unfortunately, we
did not have the data to evaluate this. Likewise, several states
required nursing homes to enact written SPHM policies, which
may have increased worker knowledge and use of reporting
mechanisms increasing reported injuries which may have been
previously unreported. We do not have specific evidence to
support or refute these possibilities.

Another possibility arises from the nature of the SPHM
legislation itself. In most cases, these state-wide enactments
included no appropriations to assist nursing homes with
enacting SPHM policies, purchasing lift equipment, or even
to offset the paperwork burden of compliance with the new
regulations. Furthermore, most included no compliance
enforcement provisions (13). Although our analysis of states
enacting more comprehensive legislation produced similar
results to our overall findings, these legislative efforts
may have fallen short of providing sufficient incentives or
disincentives to motivate lasting, integrated, efforts to reduce
worker injuries. Several studies have found that provision
of lift equipment alone or provision of worker training alone
fail to produce a lasting impact on worker injury rates. A
multicomponent approach to reducing worker injuries appears
to be required within individual nursing homes or hospitals (3,
6, 8, 24, 25) and within an entire healthcare delivery system
(26).

While convincing evidence of efficacy exists for the impact
of legislative actions to generate change in nursing homes in
some settings (27, 28) it is not unusual for efforts to assess
legislative efficacy to fail to document substantive change
(29). For example, state-level restrictions on feeding tube use
in severely cognitively impaired residents appear to have a
small impact on preventing their use (30, 31) while legislation
designed to increase staffing by qualified social workers has
largely been circumvented, failing to produce improvements
in quality of care (32), and legislation to improve overtime
payments for nurses appears to paradoxically have reduced
care quality by encouraging nursing homes to substitute
contract workers for experienced staff (33). The extent of
state efforts to enforce legislation appears to have a sizeable
impact on the efficacy of the legislation as well (34), as does
the infrastructure capacity of legislative bodies themselves (35).
It is also possible that the legislative enactments intended to
reduce worker injuries that were included in our analysis were
not sufficiently enforced to produce marked reductions.

Finally, these legislative efforts occurred during a period
of rapidly declining worker injury rates, both in nursing
homes (19), and in the nation’s workplaces as a whole (36).
Overlapping legislative efforts, shifts in worker compensation
systems, and a growing focus on occupational injuries in
general (37, 38) may have affected nursing homes in states that
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did not enact SPHM legislation during this time period.
Conclusion

The promise of enacting safe patient handling and movement
legislation to reduce nursing home worker injuries has yet to
be realized. In a context of rapidly declining worker injuries
nationwide, 36 states enacting SPHM legislation had somewhat
slower declines in reported worker injury rates than comparator
states. Furthermore, estimates for a range of nursing home
subtypes failed to demonstrate markedly different responses.
National or state-level legislation including substantial financial
incentives, other forms of assistance, and/or enforcement
activities may improve the efficacy of legislative initiatives.
Wider enactment of these more comprehensive laws would be
required to evaluate the potential for greater efficacy.
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