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Abstract

Background—The surgical population is aging, and greater numbers of surgical patients are 

being discharged to skilled nursing facilities. Post-acute care is a poorly understood but very 

important aspect of our healthcare system.

Methods—This systematic review examines the current body of literature surrounding the 

structural, process of care, and outcomes measurements for patients in skilled nursing facilities. 

English language articles published between 1998 and 2011 that purposed to examine nursing 

facility structure, process of care, and/or outcomes were included.

Results & Conclusions—Abstracts (2129) were screened and 102 articles were reviewed in 

full. Twenty-nine articles were included in the qualitative synthesis. The role of the care setting 

and care delivery in contributing to outcomes has not been well studied, and no strong conclusions 

can be made. This area of care currently represents a “black box” to practicing surgeons. An 

understanding of these factors maybe instrumental to determining future directions for research to 

maximize positive outcomes for these patients.

1. Background

Surgical interventions and care often reflect an acute insult and recovery phase. The post-

acute phase of care and recovery is increasingly being provided in settings other than 

hospitals. Increasingly, patients are being discharged to dedicated rehabilitation facilities 

and skilled nursing facilities (SNFs) for post-acute care (PAC), rehabilitation, and recovery. 

This need for PAC is growing as the population ages. The factors associated with increased 

risk of institutional discharge are advanced age, prior placement in a nursing home, 
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functional dependence with three or more activities of daily living (ADLs), significant 

extremity injury, maximum head abbreviated severity scale score ≥3, and lack of family or 

social support [1-4]. The total spending on SNF care was $150–160 billion in 2007, and 

53%–60% of this care is paid for by public tax-payer funded sources (primarily Medicare 

and Medicaid) [5]. Adding to the cost, nearly one-quarter of PAC admissions to SNFs result 

in unplanned 30-d hospital readmissions [6-8].

PAC is a poorly understood but important aspect of our healthcare system. There is 

increasing evidence that the burden of disease related to acute surgical care extends well into 

the post-acute period. Many surgeons think of PAC as a transitional phase before returning 

home, but the increased mortality during this period challenges this assertion. Twenty-three 

percent of postoperative deaths occur after discharge [9], 59.3%–74.4% of deaths after 

traumatic injury occur after discharge [10,11], and 85.7% of elderly trauma patient deaths 

occur after leaving the hospital [12]. Population and hospital-based cohort studies have 

consistently demonstrated worse survival for intensive care unit, surgical, and trauma 

patients discharged to SNFs: risk of death is 1.6–3.9 times greater for patients discharged to 

SNF compared with those discharged home [10,11,13-18].

A greater burden of disease and injury severity contributes to the increased mortality of SNF 

patients; however, it is unclear if these baseline differences in the population discharged to 

SNF and the population discharged home completely explain the discrepancy. The role of 

the care setting in contributing to patient outcome and survival has not been well studied. 

This area of care currently represents something of a “black box”, and as researchers we 

lack a full understanding of exactly what PAC in an SNF looks like for our patients. Without 

this knowledge, we cannot appreciate fully how this period of PAC contributes to outcomes.

1.1. How quality is measured?

The classic Donabedian paradigm for assessing quality is a widely accepted conceptual 

framework for outcomes research, and consists of three core elements: structure, process, 

and outcome [19]. Although patient factors were not explicitly included in this paradigm, 

their inclusion in the overall measure of quality was implicit. Patient conditions are part of 

the antecedent conditions before delivery of care, similar to the structural components 

explored by the Donabedian construct. For the purposes of this health system evaluation, 

patient factors (demographics, disease and/or diagnosis, comorbidities, and so forth) will be 

considered as a separate core element but closely tied to structural components (SNF size 

and volume, staffing patterns, hospital affiliation, business model, availability of specific 

care, and so forth). The process is the actual care delivered to a patient (assistance with 

ADLs, physical therapy, medication monitoring and adjustment, counseling, and so forth.) 

and the outcome is the end result (mortality, readmission rates, changes in functional status, 

cost, and so forth).

This systematic review is intended to evaluate the literature with regard to the structure, 

process, and outcome of PAC in SNFs. Much of the information we have about PAC comes 

from the Minimum Data Set Resident Assessment Instrument (MDS, MDS-RAI), one 

available resource with information related to each of these three elements, and it has been 

used extensively in research and by many of the articles reviewed in the following. The 

Hakkarainen et al. Page 2

J Surg Res. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



MDS is part of the federally mandated process for assessment of all residents in Medicare or 

Medicaid certified SNFs. Since 1990, use of the MDS-RAI has been mandated in all SNFs 

and long-term care (LTC) facilities that receive Medicare or Medicaid reimbursement and 

transmission of data to the centers for Medicare and Medicaid has been mandated since 

1998 [20]. The MDS contains ~400 data items and is intended to be a comprehensive 

assessment of each SNF resident’s demographic information, baseline functional 

capabilities, delivered care, and progress during the stay. MDS assessment forms must be 

completed for all residents in Medicare/Medicaid certified SNFs, regardless of 

reimbursement source. These assessments are typically performed by licensed health-care 

providers at the facility, and are required on admission to the facility, after any clinically 

significant patient event, quarterly throughout the year, and on discharge.

Specific items from the MDS have been used to develop quality indicators (QIs) across 

multiple domains of resident care. This information is not publically available at a localor 

facility-specific level.

2. Methods

A comprehensive and systematic review of the literature was undertaken using PubMed. A 

medical librarian assisted in the construction and execution of the database searches. 

Specific terms searched can be found in Table 1. General inclusion criteria were as follows: 

English language full-text articles published between January 1998 and December 2011, 

publications reporting work with the clearly stated purpose of addressing elements of at least 

one of the three domains, and based on studies completed in the United States or Canada. 

Published work addressing any of these issues as a secondary aspect of work, but not as the 

primary objective, were excluded, as were studies addressing these questions in the setting 

of a specific non-surgical disease process or in patients identified as having a terminal 

illness. Additional inclusion and/or exclusion criteria specific for each sub-domain, when 

necessary, were as follows. For research, investigating the association between patient 

factors and outcomes, studies reporting models based solely on the use of other developed 

scores or indices were excluded. Investigations into the association between facility staffing 

characteristics and out-comes were limited to reports of work in the PAC population. 

Investigations addressing variability in outcomes were limited to studies attempting to make 

direct facility-level comparisons. Searches were conducted between 26 January 2012 and 25 

February 2012. This initial search yielded 2797 entries (Figure). After removing duplicate 

results, 2129 titles and abstracts were screened and 101 articles were retrieved and reviewed 

in full independently by two authors (T.W.H. and P.A.-C.). The reviewing authors had no 

previous ties before agreeing to work on this review as part of a shared interest in long-term 

outcomes for surgical patients. The final list of articles was based on mutual agreement; 

there were no significant disagreements regarding specific articles to include. Reference lists 

from these articles were also reviewed for additional articles. Review of the reference lists 

identified two additional articles, of which one met inclusion criteria. Twenty-nine relevant 

studies are discussed in this review and characteristics of these studies can be found in Table 

2. Because the subject matter of this review is purposefully broad, there was no specific tool 

or protocol used to abstract data and there was no attempt at quantitative synthesis. Risk of 
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bias for individual studies included was assessed through collaborative discussion between 

authors and where applicable is mentioned in the text.

3. Results

There was very little published information specifically addressing surgical or trauma 

patients discharged to SNFs. Most of the SNFs provide care for both PAC and long-stay 

residents within the same facility, inclusive of surgical and trauma patients. However, there 

is still much to be learned from these population-based studies.

3.1. Patient characteristics influencing outcomes

Six studies reported the development or validation of a model predicting mortality among 

SNF residents, and one study sought to identify factors predictive for changes in functional 

status (Table 3) [21-27]. One study reexamined and modified a predictive model previously 

developed by the same researchers. The most widely used models are the MDS-changes in 

health, end-stage disease, and symptoms and signs and the Minimum Data Set Mortality 

Risk Index (MMRI) [21,22]. The final MDS-changes in health, end-stage disease, and 

symptoms and signs assesses health instability using information found in the MDS on 

clinical signs and symptoms, deterioration in status, and chronic diseases. The MDS-MMRI 

predicts 6-mo mortality using 14 different variables and two interactions spanning 

demographic, disease process, clinical signs and symptoms, and adverse events. The MDS-

MMRI was subsequently revised, removing complex calculations, to allow it to be more 

easily incorporated into clinical decision-making.

Comparison of these studies shows significant areas of overlap in predictors of mortality. 

Patient factors identified most frequently were cancer, congestive heart failure, declines in 

cognitive, functional or ADLs status, poor nutritional status, dehydration, and the presence 

of renal failure. Many of these are modifiable, and optimized treatment of these conditions is 

of paramount importance as these diagnoses increase both the risk of discharge to an 

institutional care facility as well as the risk of mortality as shown here. The findings also 

reinforce the importance of carefully assessing a patient’s nutritional status before elective 

surgery.

3.2. Structure

3.2.1. Infrastructure characteristics influencing outcomes—Studies examining 

infrastructural characteristics of SNF care that correlated with outcome measures fell into 

two broad categories: those that examined the role of nurse staffing and those that examined 

other aspects with or without investigating staffing levels. Studies investigating outcome 

associations with nurse staffing levels have had mixed results, but most of the studies have 

supported the positive association between increased nurse staffing and improved outcomes 

[28-32]. Additionally, multiple studies have investigated the relationship between staffing 

levels and quality of care. Among all nursing facility patients, multiple studies have 

demonstrated that increased registered nurse (RN) staffing, RN time spent on patient care 

tasks, and decreased RN turn-over are associated with improved outcomes as measured by 

the MDS QIs for pressure ulcers, urinary catheter use, physical restraint use, pain 

Hakkarainen et al. Page 4

J Surg Res. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



management as well as other measures including resident cognitive function, deterioration in 

ADLs self-performance, and number of hospitalizations [33-35].

Only recently has literature emerged examining the relationship between staffing and 

outcomes for short-stay residents admitted for PAC. In 2008, Decker [36] investigated the 

relationship between nursing staffing levels and discharge outcomes for residents admitted 

from hospitals versus those not admitted from hospitals. After controlling for patient 

demographics, clinical, and facility characteristics, greater RN staffing measured by hours of 

RN time per facility bed was positively associated with more stabilized and/or recovered 

discharges for residents admitted from hospitals, as well as for residents not admitted from 

the hospital whose stay was ≤30 d. They found no association for long-stay residents not 

admitted from a hospital.

In a follow-up study, Decker [37] further explored the relationship between staffing and 

readmission by delineating the role of nurse assistants, RNs, and physical therapists (PTs). 

After controlling for patient demographics, primary and secondary diagnoses, and other 

facility characteristics, regression analysis identified significant relationships between higher 

RN staffing levels and decreased length of stay (LOS) and decreased hospitalizations. 

Higher PT staffing levels were associated with increased rehabilitated and/or recovered 

outcomes at discharge, decreased LOS, and decreased deaths. Based on this limited 

literature, increased staffing levels may be associated with positive outcomes for short-stay 

patients in nursing homes.

The literature examining facility characteristics other than nurse staffing is more varied, and 

we identified studies examining characteristics including volume of PAC, intensity of 

therapy, non-nurse staffing levels, facility size, setting, business model (for-profit versus 

not-for-profit), hospital affiliation, and whether facilities were independent or part of a 

regional or national chain of facilities.

In 2011, Li et al. [38] reported that SNFs in the upper tertile for number of PAC admissions 

(>108 PAC admission) had 15% and 25% lower 30- and 90-d rehospitalization rates, 

respectively, compared with facilities in the lower tertile (<45 PAC admissions) after 

controlling for important patient-, clinical-, and facility-level covariates. This study suggests 

that positive volume–outcome relationships may exist for PAC, similar to that demonstrated 

for complex surgical procedures.

Harrington et al. [39] investigated the relationship between deficiency citations and 

ownership of nursing facilities and found that investor-owned nursing facilities had more 

deficiencies overall and in each category than non-profit facilities. They also noted that 

investor-owned facilities had lower staffing levels, but they did not explore for interaction or 

confounding between these two. Thus, the deficiencies seen could represent mixed-effects of 

ownership and staffing, or simply represent decreased quality associated with lower staffing.

Zimmerman et al. [40] reported that increased RN turnover rates were associated with both 

increased infection and hospitalization. Higher levels of licensed practical nurse staffing, 

higher intensity of care, and interestingly, higher levels of physical therapist and/or 

occupational therapist staffing were also associated with higher rates of infection. The data 
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did not include resident-level information regarding the amount of physical therapy or 

occupational therapy provided, so it is unclear what this association represents. Facilities 

with a more debilitated resident population would be at a higher risk for infections while 

also requiring greater physical therapy or occupational therapy staffing to provide 

appropriate rehabilitative care for these residents. The researchers also reported higher rates 

of hospitalization for infection associated with for-profit facilities and facilities affiliated 

with a national or regional chain.

In 2004, Intrator et al. [41] reported that facilities employing nurse practitioners or physician 

assistants had lower rates of rehospitalization for Ambulatory Care Sensitive (ACS) 

diagnoses as defined by Culler et al. [42], but not for non-ACS diagnoses. They also 

reported higher rehospitalization rates for both ACS and non-ACS diagnoses at facilities 

with a for-profit business structure.

In 2005, Jette et al. [43] reported that increased physical, occupational, and/or speech 

therapy intensity was significantly associated with decreased LOS and improvements in the 

ADLs and executive control domains of the Functional Independence Measure. Although 

the researchers used comorbidities in their adjustment, they did not comment on whether 

there was an association between comorbidities and therapy intensity. It could be that the 

relationship observed between therapy intensity was confounded by the ability of patients 

with a decreased burden of disease to both participate in more therapy and be predisposed to 

shorter LOS.

Horn et al. [44] examined the relationship between resident and facility characteristics and 

facility performance on three quality measures (QMs) as follows: high-risk pressure ulcers 

(HRPU), low-risk incontinence (LRI), and decline in ADLs function. Several resident 

characteristics were associated with facility performance on these QMs. Higher rates of 

readmission which could be indicative of facility population or facility referral patterns were 

associated with better performance on the LRI QM. This association could have been 

because the resident was coded as short-stay on readmission, or because on readmission the 

resident was considered “high-risk” for incontinence. Bladder incontinence on admission 

was also associated with worse performance on the LRI metric. Similarly, higher rates of 

pressure ulcers on admission were associated with worse performance on the HRPU QM. 

The LRI and HRPU metrics are not currently risk adjusted for admission prevalence of 

bladder incontinence or pressure ulcers, respectively. The researchers also reported that state 

location was associated with decline in ADLs function. Specifically, states that used a case-

mix adjustment to determine payment showed higher rates of declining ADLs function. The 

researchers concluded that the centers for Medicare and Medicaid risk-adjustment for these 

publicly reportable QMs should be altered to potentially include these resident and facility 

characteristics. They contend that this would allow for more accurate comparison of 

facilities based on the reported QMs.

This literature suggests that several facility-level factors including volume of PAC, 

ownership, staffing turnover, and staff makeup may contribute to patient outcomes. 

However, given the very small and heterogeneous nature of this literature, we feel no strong 

generalizable conclusions can be made yet.
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3.3. Process

In 2011, Berkowitz et al. [45] published the results of a 6-mo pilot program to improve the 

discharge disposition of patients admitted to a single PAC SNF unit. Disposition was 

defined as discharge to community, transition to LTC, death, or rehospitalization. Specific 

care processes were implemented to improve disposition. Resident admission procedures 

were standardized, including aspects such as medication reconciliation, standard treatment 

protocols for common conditions, standardized goals of care discussion, and assessment of 

resident hospitalizations in the prior 6 mo. An automatic palliative care consult was 

performed for residents with greater than three admissions in that time frame. Multi-

disciplinary root-cause analysis of acute readmissions was used to identify problems and 

assess the processes of care. They compared the results during the experimental period with 

a historical cohort from the same unit. At the end of the trial period, they reported a 20% 

decrease in acute readmissions, a 6% increase in discharges to the community, decreased 

transfers to LTC, and increased use of palliative services among those who died in the 

facility.

Several investigators have assessed the reliability, validity, and use of the MDS QIs as 

markers for specific processes of care. Hutchinson et al. [46] completed a systematic review 

of this topic in 2010. They assessed the literature regarding the reliability and validity of the 

MDS QIs in measuring specific process measures and their relationship to outcomes. 

However, several of the studies assessed not only the QI itself but whether specific 

processes of care indicative of high-quality care were present and/or different between SNFs 

reporting different QI scores [47-54]. Our review of the literature did not identify additional 

studies (not covered in the previous systematic review) and we will briefly summarize the 

findings.

The MDS QI items for falls was found to significantly underestimate the incidence of falls 

when compared with the medical record, and caution should be used when interpreting the 

MDS QI for falls [47]. The MDS QI for weight loss was found to discriminate facilities 

based on prevalence of weight loss, and did have some concordance with care processes 

including verbal prompting, social interaction, and assistance around meal times [48]. 

Facilities in the highest quartile (worst performing) had a population at greater risk for 

weight loss. The MDS QI for urinary incontinence did not discriminate facilities that 

provided additional assistance to prevent incontinence and was not associated with 

difference in care [49]. The MDS QI measure for urinary tract infections (UTI) was found to 

grossly overestimate the true incidence of UTI when compared with medical records [50]. 

The MDS QI for depression was found to be a more accurate measure for the ability of staff 

to identify depressive symptoms than for the incidence of depression, and was not correlated 

with the delivery of depression specific care processes [51,52]. The MDS QI for pressure 

ulcers did not reflect differences in care processes or quality of pressure-ulcer specific care, 

and likely represented differences in the accuracy of reporting and/or higher baseline 

prevalence of ulcers among facilities in the highest (lowest-performing) quartile [53]. The 

MDS QI for restraint use, which is intended to measure restraint use while out of bed, was 

found to accurately but inappropriately reflect restraint use while in bed [54].
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Berkowitz et al. demonstrated that improved communication surrounding transition of care 

from the acute-care hospital setting to the nursing facility and standardized admission 

policies led to decreased rehospitalizations. Otherwise, there is very little strong data 

exploring the process of care within SNFs, and it is apparent to us from the current literature 

that the MDS QI metrics cannot confidently be used to assess quality of care within SNFs.

3.4. Outcomes

3.4.1. Assessment of facility-specific outcomes—In 1998, Porell and Caro 

compared individual facility outcomes using four health-based outcomes and five QIs at 550 

nursing facilities in Massachusetts [55]. They found that after adjusting for case-mix, inter-

facility and intra-facility quality varied widely, and that good performance at one time point 

was only modestly predictive of good performance at a future time point. They concluded 

that focus on specific measures of quality may be misleading because strong performance on 

one often coexisted with poor performance on another.

This work dovetails temporally with the development of the MDS QIs and the establishment 

of the Nursing Home Compare (NHC) program. The quality of specific SNFs receiving 

reimbursement through the centers for Medicare and Medicaid is reported through the NHC 

program, which began reporting deficiency citations in 1998 (www.medicare.gov/

nhcompare). This system now scores individual nursing homes on the basis of three aspects: 

staffing levels, health inspections, and self-reported quality metrics based on 21 MDS 

indicators. In each aspect, facilities in the top 10% receive five stars, the bottom 20% 

receive one star, and the remaining 70% are scored with 23.67% each getting two, three, or 

four stars. Several of the studies from the previous section independently assessed the 

incidence or prevalence of outcomes such as UTIs and pressure ulcers as part of their 

investigation of the related MDS QI metrics, and most found that the information from 

independent assessment and/or medical chart review were discordant from the associated 

MDS QI metric. However, outside of the NHC rating, which does not provide information 

on the individual QI metrics, there are no publicly available performance data for the MDS 

QIs. To our knowledge, there is no available method to compare facility-specific 

performance on many outcome measures such as mortality, discharge disposition, or 

complication rates at nursing homes. Thus, the current literature only suggests significant 

inter-facility variability but does not provide tools to assess facility-specific outcomes.

3.4.2. Resident-reported outcomes—Work to identify and measure outcomes as 

reported by the nursing home resident has been ongoing since the 1986 Institute of Medicine 

report instructing the development and use of resident-reported outcomes. However, very 

little work exists correlating these outcomes with quality of care or other clinical outcomes. 

One study demonstrated significant bias in resident satisfaction surveys, casting significant 

doubt on the ubiquitous use of satisfaction surveys to assess and compare SNFs [56]. 

Structured resident interviews can be used to create aggregate facility-level quality of life 

scores and reliably differentiate facilities, and although these have not been correlated with 

other meaningful outcomes, the validity of resident self-reported quality of life in 

differentiating facilities makes it an attractive metric for future research exploring the 

relationship between care quality and resident-reported out-comes [57].
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4. Conclusions

Assessments of quality in SNFs, especially related to surgical and trauma, are quite limited. 

The current body of literature does not allow us to make any strong conclusions regarding 

the relationships between the Donabedian constructs of structure, process, and outcome for 

PAC in nursing facilities. Further work to evaluate the relationship between structure, 

process, and outcome in SNFs is critical to performance improvement, and should be a focus 

of ongoing research evaluations by surgical researchers because the long-term success of 

surgical care in this population may be significantly influenced by the quality of PAC. The 

data has demonstrated that multiple patient factors contribute to long-term mortality among 

patients in SNFs, but the work exploring the relationship between facility characteristics and 

outcomes has been limited primarily to readmissions. Although we believe the MDS 

captures a wealth of data pertinent to the structure, process, and outcomes of PAC, the 

implementation of the current QIs is too limited in the ability to measure quality of care 

within individual SNFs. Further work is warranted to measure quality and outcomes and to 

allow site-to-site evaluation based on accurate, risk-adjusted comparisons of patient 

populations to turn the current “black box” into a glass house. As more patients are 

discharged to SNFs for PAC, a better understanding of the out-comes and determinants of 

outcomes at patient and facility levels is vital to the development of a learning healthcare 

system that improves results for patients discharged to SNFs.
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Figure – Publication selection process. (For interpretation of the references to color in this 

figure, the reader is referred to the web version of this article.)
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Table 1
Search terms

Search term Results

“MDS” and (“outcome” or “mortality” or
 “readmission” or “death”)

340

(“Nursing home” or “SNF”) and (“volume” or “volume
 outcomes” or “volume-outcomes” or
 “characteristics” or “staffing”) and (“outcome” or
 “mortality” or “readmission” or “quality of care”)

662

(“Nursing home” or “SNF”) and (“care process” or
 “intervention” or “process assessment”) and
 (“outcome” or “mortality” or “readmission” or
 “quality of care”)

619

(“Nursing home” or “SNF”) and (“outcomes
assessment” or “outcomes” or “quality” or “quality
 of care” or “quality of health care” or “quality-
 indicators”) and (“variability” or “facility-level” or
 “facility-level”)

193

(“Nursing home” or “SNF”) and (“resident-reported
 outcomes” or “resident-reported outcomes” or
 “patient-reported outcomes” or “patient-reported
 outcomes” or “quality of life”) and (“outcome” or
 “mortality” or “readmission” or “quality of care” or
 “quality”)

983
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Table 2
Characteristics of studies

Author Year Study size Study design Outcomes assessed

Structure

 Patient characteristics

  Hirdes et al. 2003 28,495 Retrospective cohort Mortality

  Flacker and Kiely 2003 136,794 Retrospective cohort Mortality

  Porock et al. 2005 43,510 Retrospective cohort Mortality

  Porock et al. 2010 43,510 Retrospective cohort Mortality

  Van Dijk et al. 2005 43,510 Retrospective cohort Mortality

  Wallace and Prevost 2006 21,852 Retrospective cohort Mortality

  Lee and Rantz 2008 38,591 Retrospective cohort Physical function

 Facility staffing

  Decker 2008 6623 Retrospective cohort Discharge outcome, mortality

  Decker 2008 4086 Retrospective cohort Discharge outcome, LOS, and mortality

 Facility characteristics

  Li et al. 2011 9336* Retrospective cohort Rehospitalization

  Harrington et al. 2002 13,953* Retrospective cohort Deficiency citations

  Zimmerman et al. 2002 2315 Retrospective cohort Infection, hospitalization

  Flynn et al. 2010 63* Retrospective cohort Pressure ulcers, deficiency citations

  Intrator et al. 2004 54,631 Retrospective cohort Preventable readmission

  Jette et al. 2005 4988 Retrospective cohort LOS, functional, and mental status

  Horn et al. 2010 147* Retrospective cohort High-risk pressure ulcer, incontinence, and
declining ADLs

Process

 Berkowitz et al. 2011 1* Pre/post observational
cohort

Discharge disposition, mortality

 Hill Westmoreland and Gruber-
 Baldini

2005 462 Retrospective cohort Falls

 Simmons et al. 2003 400 Cross-sectional cohort Weight loss and related care

 Schnelle et al. 2003 779 Cross-sectional cohort Urinary incontinence and related care

 Stevenson et al. 2004 6947 Cross-sectional cohort Urinary tract infection

 Schnelle et al. 2004 413 Cross-sectional cohort Restraint use

 Schnelle et al. 2001 109 Cross-sectional cohort Depression

 Simmons et al. 2004 396 Cross-sectional cohort Depression related care

 Bates-Jensen et al. 2003 329 Cross-sectional cohort Pressure ulcers and related care

Outcomes

 Facility variability

  Porell and Caro 1998 550* Longitudinal cohort Mortality, ADLs, incontinence, cognitive status,
pressure ulcers, accidents, restraint use,
contractures, and weight change

 Resident-reported outcomes

  Hodlewsky and Decker 2002 265 Randomized contolled trial Reliability of resident satisfaction surveys

  Kane et al. 2004 40* Mixed-method Quality of life scores
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*
Facility count.
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Table 3
Comparison of models predicting outcome based on patient factors

Authors Tool Outcome Variables included in model

Hirdes et al. MDS-CHESS Mortality Vomiting, dehydration, leaving food uneaten, shortness of breath, decline
in cognitive or ADLs status, and end-stage disease

Flacker and Kiely MRIS Mortality Cancer, shortness of breath, CHF, bedfast status, male sex, unstable
condition, >25% food uneaten, low functional ability score, swallowing
problem, bowel incontinence, BMI <23

Porock et al. MDS-MRI Mortality Cancer, sex, recent admission, shortness of breath, appetite, CHF, weight
loss, renal failure, dehydration, age, cognitive deterioration, ADLs status,
interactions between cancer and age and between ADL and cognitive
deterioration

Van Dijk et al. No model name Mortality Cancer, dementia, heart failure, renal failure, emphysema/COPD, diabetes
mellitus, anemia, and interactions between age and cancer

Wallace and Prevost SDI and PDS Mortality Poor cognitive status, poor functional status, bedfast, weight loss, fall,
bowel incontinence, indwelling catheter, unstable diagnosis, high-stage
pressure ulcers, terminal illness, and overall decline in status

Lee and Rantz No model name Functional status Admission physical function, pressure ulcers, and urinary incontinence

CHESS = changes in health, end-stage disease, and symptoms and signs; CHF = congestive heart failure; COPD = chronic obstructive pulmonary 
disease; BMI = body mass index; SDI = summative death index; PDS = probability of death score; MDS-MRI = minimum data set-modified 
mortality risk index; MRIS = mortality risk index score.

The 28 MDS 2.0 items used have been categorized for ease of comparison with other studies.
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