
The Volume-Outcome Relationship in Nursing Home Care:
An Examination of Functional Decline Among Long-term Care Residents

Yue Li, PhD*, Xueya Cai, PhD†, Dana B. Mukamel, PhD*, Laurent G. Glance, MD‡

*Health Policy Research Institute, and Department of Medicine, University of California, Irvine, CA

†Division of Biostatistics, Indiana University School of Medicine, Indianapolis, IN

‡Department of Anesthesiology, University of Rochester School of Medicine and Dentistry, 
Rochester, NY

Abstract

Background: Extensive evidence has demonstrated a relationship between patient volume and 

improved clinical outcomes in hospital care. This study sought to determine whether a similar 

association exists between nursing home volume of long-term care residents and rates of decline in 

physical function.

Methods: We conducted retrospective analyses on the 2004 and 2005 Minimum Data Set files 

that contain 605,433 eligible long-term residents in 9336 nursing homes. The outcome was 

defined following the federal “Nursing Home Compare” measure that captures changes in 4 

basic activities of daily living status between 2 consecutive quarters. Both the outcome measure 

and nursing home volume were defined on the basis of long-term care residents. We estimated 

random-effects logistic regression models to quantify the independent impact of volume on 

functional decline.

Results: As volume increased, nursing home’s unadjusted rate of functional decline tended 

to be lower. After multivariate adjustment for baseline resident characteristics and the nesting 

of residents within facilities, the odds ratio of activities of daily living decline was 0.82 (95% 

confidence interval: 0.79–0.86, P < 0.000) for residents in high-volume nursing homes (>101 

residents/facility), compared with residents in low-volume facilities (30–51 residents/facility).

Conclusions: High volume of long-term care residents in a nursing home is associated with 

overall less functional decline. Further studies are needed to test other important nursing home 

outcomes, and explore various institutional, staffing, and resource attributes that underlie this 

volume-outcome association for long-term care. Understanding how greater experience of high-

volume facilities leads to better resident outcome may help guide quality improvement efforts in 

nursing homes.
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Over the past 2 decades, much research on hospital care has explored the relationship 

between patient volumes and clinical outcomes.1–4 Evidence suggests that hospitals and 

physicians with high patient volumes generally show better outcomes, such as lower 

mortality, for a range of surgical and medical conditions.3–9 For example, a systematic 

review identified 27 procedures and clinical conditions for which volume is shown to 

predict improved outcome.2 This consistently documented volume-outcome association has 

prompted widespread interest of health care purchasers and consumers in seeking ways to 

regionalize care to high-volume providers.10,11

In this study we sought to determine whether a parallel association exists between the 

volume of nursing home residents and outcome of nursing home care in the nation. Nursing 

home services are delivered to heterogeneous patient groups, such as postacute and long-

term care residents with multiple and interrelated conditions, and are characterized by 

diverse goals of patient health assessment and disease management. Although a priori it is 

not clear whether the volume-outcome associations observed in acute care settings can be 

generalized to nursing homes, the issue is just as important because nursing facilities vary 

considerably both in the number of patients they care for and in various clinical outcomes 

that reflect multiple dimensions of care.12–14

One of the most important outcomes for long-term care residents is their functional status 

or ability to maintain basic self-care activities, because it is central to the welfare of the 

elderly and is a sensitive clinical indicator to monitor disease progression and response to 

therapy.15 In addition, functional decline often predicts cognitive impairment or mortality,16 

and places residents at risks for common geriatric morbidities, such as pressure ulcers and 

urinary incontinence.13 In contrast, prevention of functional decline among long-term care 

residents can be achieved through successful management of common disabling conditions, 

such as stroke, dementia, and prevention of falls.15,17

The quality of nursing home care has been a major focus of policymakers for many years. 

A recent effort in response to the public demand for information on quality is the “Nursing 

Home Compare” report cards published by the Centers for Medicare and Medicaid Services 

(CMS).13,14 This public report contains a series of key outcome measures of nursing home 

care, including decline in physical function, that vary substantially across facilities, local 

markets, and states. Although volume of nursing home residents has not been tested in 

relation to these outcomes, this set of CMS-endorsed outcome measures has been shown to 

reflect varied nursing care practices and structural characteristics of facilities.12,18,19

Taking advantage of the CMS approach to defining nursing home outcomes and focusing 

on the functional status among long-term residents, this study presents a first analysis of the 

volume-outcome association in nursing home care. We hypothesized that high volume of 
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long-term care residents in a nursing facility was associated with lower rate of deteriorated 

physical function.

METHODS

Data Source

Our analyses relied on the 2004 and 2005 Minimum Data Set (MDS) files for all Medicare 

and/or Medicaid certified nursing homes,14 which constitute over 95% of all facilities in the 

nation. The MDS contains over 350 data elements that record detailed information about 

each resident’s demographics, functional status, diagnostic characteristics, and therapies 

received. MDS assessments for each long-term care resident are performed by nursing staff 

on admission, quarterly thereafter, and when the resident has a significant change in health 

status. Studies20–22 have shown that MDS records, especially those used for the reported 

outcomes and for other CMS purposes such as case-mix adjusted reimbursement,23 are 

accurate and allow for valid outcome comparisons.

The Outcome Measure and Study Sample

Our analyses focused on the CMS measure of functional decline for long-term care 

residents, and thus excluded postacute care patients and nursing facilities that did not 

provide long-term care. As described below, long-term residents available at baseline were 

further excluded if they were not eligible for the definition of the outcome. Facility volume 

was finally calculated based on eligible long-term care residents.

The definition of the outcome measure of functional decline has been described before.14,24 

Briefly, it captures a long-term care resident’s change in physical function between 2 

adjacent quarters, where physical function is quantified by 4 basic activities of daily living 

(ADL) components: bed mobility, transferring, eating, and toilet use. Each ADL component 

is scored on a 5-point scale, with zero standing for total independence, 1 for supervision 

needed, 2 for limited assistance needed, 3 for extensive assistance needed, and 4 for total 

dependence or if the activity did not occur. In our analyses, we used the fourth quarter 

of 2004 as the “baseline” quarter and the first quarter of 2005 as the “target” quarter, 

and operationalized the CMS definition by assigning a binary outcome variable to each long-

term care resident available at baseline. The binary outcome variable equaled 1 (declined 

function) if the resident had at least 2 ADL components increased by 1 point (eg, from 

limited assistance needed to extensive assistance needed) or at least 1 ADL component 

increased by 2 points (eg, from total independence to limited assistance needed) between the 

2 quarters, and 0 otherwise (maintained or improved function).

We then defined our study population, that is, eligible long-term care residents on whom 

to calculate the outcome, using CMSs exclusion criteria based on resident and facility 

characteristics (Table 1). When exclusions according to resident characteristics were applied, 

a small number of residents were excluded because of missing assessments, but the majority 

of excluded cases were because they were not appropriate candidates for the targeted 

outcome. For example, residents receiving hospice care (ie, palliative care emphasizing 

emotional supports and management of pain and discomfort for terminally ill patients and 
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their family) or with end-stage disease (ie, having 6 or fewer months to live) were not 

expected to perform even basic ADLs. Therefore, they were excluded from the definition of 

outcome.

After applying the resident-level exclusions, we further excluded small facilities (<30 

eligible long-term care residents) and all of their residents from our analyses according 

to CMS algorithm. CMS concerned that the outcome measure for these low-volume facilities 

would have been inaccurate and did not publicly report these facilities’ outcome rate. The 

final analytic sample after both resident and facility exclusions included 605,433 long-term 

care residents in 9336 facilities, who either had a functional decline between the fourth 

quarter of 2004 and the first quarter of 2005 or not.

Volume

We further defined the volume of each included facility as its total number of eligible 

long-term care residents for the target outcome. Because a small number of residents with 

missing assessments were previously excluded from the definition of the outcome and thus 

volume, we performed a sensitivity analysis in which these excluded “missing” records 

were also used to tally patient volume (but not to define the outcome). Results in the 

sensitivity analysis were essentially identical to those in the main analyses, and therefore 

are not reported here. In addition, we examined other excluded residents based on resident 

exclusion criteria, and confirmed that their distributions did not vary considerably across 

facility volume groups (results available on request).

Analyses

We first defined categorical variables for volume by ranking facilities in order of increasing 

volume and selecting cutoff points that most closely sorted residents into 4 equal-sized 

groups3: low volume (30–51 residents/facility), medium volume (52–69 residents/facility), 

medium-high volume (70–101 residents/facility), and high volume (>101 residents/facility). 

In bivariate analyses, we compared individual baseline characteristics (see the later text) 

between volume groups, using χ2 tests for discrete variables and analysis of variance for 

continuous variables.

In multivariate analyses, we first identified baseline resident characteristics that may affect 

subsequent functional decline.14 We combined literature review, clinical judgment, and 

statistical tests to determine an optimal set of patient variables for baseline risk adjustment. 

They included length (in weeks) between baseline and target assessments, age (in 

years), baseline ADL performance (independence, supervision, limited assistance, extensive 

assistance, and total dependence or no activity), cognitive skills for daily decision making 

(independent or modified independent, moderately impaired, and severely impaired), and a 

set of binary variables (yes/no) for short-term memory problem, rarely understand others 

or make self understood, depression, behavior problems in wandering, bowel incontinence, 

urinary incontinence, urinary tract infection, weight loss, and pressure ulcer.14

We estimated separate logistic regression models of functional decline that included volume 

(the key independent variable) as either a continuous variable, categorical variables (for 

the 4 volume groups defined before), or a binary variable for high-volume (>87 residents/
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facility, the overall mean volume) versus low-volume (≤87 residents/facility) facilities. The 

unit of analyses of all regression models was each eligible long-term care resident. We did 

not estimate the outcome models at the facility level because we were interested in the 

finding of how nursing home volume of patients may affect the outcome for individual 

patients, rather than the aggregate outcome rate for the facility. In addition, the models for 

individual-level outcome allowed for more appropriate risk adjustment for each resident’s 

baseline characteristics than the facility-level models which would base covariate adjustment 

on aggregate resident summaries that ignore within-facility variations. All resident-level 

models adjusted for the same baseline risk factors described before and, to accommodate the 

nesting of residents within facilities, used SAS (SAS Corp, Cary, NC) Proc Glimmix25 to 

estimate random effects for nursing homes and fixed effects for resident characteristics and 

volume.

RESULTS

Baseline (fourth quarter of 2004) resident characteristics over volume groups are shown 

in Table 2. The sample of long-term care residents (n = 605,433) showed an average age 

of approximately 81 years, and varied functional, cognitive, and behavioral impairments. 

The unadjusted rate of functional decline at target assessment showed a downward trend 

as facility volume increased: 18.6% in the low-volume group, 17.7% in the medium or 

medium-high volume group, and 15.7% in the high-volume group (x2
d.f.=3 = 477.5, P < 

0.000).

Table 3 summarizes the results of estimated volume-outcome associations from separate 

logistic regression models. Although estimating volume alternatively, these models 

incorporated a common set of baseline risk factors from MDS assessments, as listed in 

Table 1. This set of risk factors significantly predicted the outcome in a meaningful way. 

Details of the result for resident-level risk adjustment and its statistical performance can be 

found in an earlier study.14 In the current study, our analyses suggested that after baseline 

risk adjustment for resident characteristics and the nesting of residents within facilities, 

volume was associated with a better outcome. Compared with low-volume facilities (30–51 

residents/facility), the odds ratio of functional decline was 0.96 (P = 0.019) for medium 

volume facilities (52–69 residents/facility), 0.95 (P = 0.013) for medium-high-volume 

facilities (70–101 residents/facility), and 0.82 (P < 0.000) for high-volume facilities (>101 

residents/facility). This positive volume effect was robust to alternative definitions of 

volume.

DISCUSSION

Findings in this national study support our hypothesis that high nursing home volume of 

long-term care residents was associated with better functional outcome measured by 4 

basic ADLs. Compared with residents in low-volume facilities (30–51 residents/facility), 

residents in high-volume facilities (>101 residents/facility) showed an 18% decreased odds 

of functional decline over 3 months. This magnitude of volume benefit is similar to that 

found for short-term mortality after major in-hospital cardiovascular procedures such as 

coronary artery bypass surgery.3
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The acute care literature has proposed 2 possible explanations of the observed volume-

outcome association in hospitals-–“selective referral” and “practice makes perfect.”2 Under 

the first scenario, long-term care facilities with a reputation for higher quality of care 

would attract more residents. However, despite recent evidence of an improved situation of 

excess demand in the long-term care market,26 and CMS quality reporting as an attempt 

to empower consumer decision making, it is still relatively uncommon for purchasers and 

consumers to use quality indicators in choosing long-term care facilities.27 In addition, 

between-facility transfers of long-term care residents, for quality of care concerns or other 

reasons, are quite infrequent.28 Thus, although quality-based purchasing represents an 

important goal for nursing home services,29 it is not likely a primary explanation for the 

volume-outcome association found in this study.

Another important, and mostly cited, mechanism underlying the volume-outcome 

association in hospital care is “practice makes perfect.” It is believed that cardiac surgeons 

performing a higher number of open heart surgeries exhibit lower risk-adjusted mortality 

rate, because they develop greater experience and a higher level of technical skills through 

more “practices” than their lower-volume colleagues.3 Similarly, high-volume hospitals 

tend to possess better resources, such as well-staffed intensive care units, sophisticated 

respiratory care equipment, and experienced nursing staff, to achieve better postsurgical 

outcomes (eg, lower mortality).

One would expect that similar principles conceptualizing volume-outcome associations in 

hospital care might apply to the delivery of nursing home services. High-volume nursing 

facilities may be more likely than small ones to achieve operational efficiencies, attract 

and retain high-quality personnel, and invest in augmented services and targeted quality 

improvement procedures. For example, larger nursing facilities tend to adopt innovative 

models of geriatric care.30 In addition, early studies31–33 found that the size of a nursing 

facility–measured by total number of beds–might predict better resident outcomes including 

mortality and functional performance. Given the fact that historically most nursing homes 

ran close to their bed capacity,34 these results might suggest a positive “volume” effect on 

outcomes.

This study has several limitations. First, the analyses we presented here are the very first step 

where we demonstrated a positive association between volume and long-term care quality. 

Because our analyses were cross-sectional, that is, focusing on long-term care residents 

available at baseline (the fourth quarter of 2004) and their functional change in 3 months, we 

were not able to determine the causal pathway between volume and outcome. Since volume 

per se is a proxy of quality, it is important for future research to explore various institutional, 

staffing, and resource attributes that contribute to the overall improved outcome found in 

high-volume nursing homes. Testing and clarifying the “selective referral” versus “practice 

makes perfect” hypothesis underling such findings would bear important clinical and policy 

implications, and shed light on future quality improvement initiatives for the nursing home 

care.

Second, our study is limited because we examined only one outcome and the result for 

functional decline may not be generalizable to other outcome dimensions that are important 
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to nursing home residents. Nevertheless, functional status is one of the key outcomes for 

institutionalized care, and our findings were based on a carefully designed CMS report 

card measure and were robust to statistical risk adjustment and alternative definitions of 

volume categories. The CMS definition of the functional outcome may operationally have 

excluded long-term care residents who died or were discharged between the baseline quarter 

and the follow-up quarter. If these excluded residents were not distributed evenly across 

facility volume groups, our estimates of the volume-outcome relationship may be biased. 

Nevertheless, we confirmed that these “missing” residents were small in number (ie, <0.1%) 

and did not vary considerably across volume groups.

These missing cases were small in number because of 2 reasons. First, we focused on 

existing long-term care residents and their functional change in the short term, that is, 

3 months. Therefore, death or discharge may not occur frequently in this short period. 

Second, according to the CMS definition of this outcome, we used residents’ most recent 

full assessments to define functional change if their assessments in the follow-up quarter 

were missing for any reasons such as death. The “most recent full assessments” between 

the baseline assessment and the regular assessment in the follow-up quarter were available 

for most died and discharged cases because a full MDS assessment is typically performed 

before a resident is discharged and per CMS requirement, is required for residents who have 

a significant change of health status which usually occurs before the resident dies in the 

facility. This CMS algorithm minimized the number of missing cases but would not bias 

our findings of the volume-outcome association, because we adjusted for the length of time 

between the baseline and the follow-up (or most recent) assessment (Table 2). However, 

we believe that long-term mortality and discharge status are important outcomes of nursing 

home residents,35 and should be examined in future studies of volume-outcome associations.

A third limitation of the study is that because we focused on functional decline in an 

average of 3 months, some of the residents may have experienced only temporary functional 

impairment as a result of an acute illness or injury during the follow-up period, and such 

temporary functional impairment may be resolved afterward. Future studies are needed to 

examine permanent functional changes that take place in a longer term.

Fourth, the definition of the outcome excluded residents who were extremely frail such 

as those with an end-stage disease or in coma. The rationale of their exclusions is that 

short-term functional change is not a relevant outcome measure for them. Our analyses of 

this group of excluded residents confirmed that their distributions did not vary considerably 

across volume groups, and thus should not affect our findings of the volume-outcome 

association.

Finally, our analyses of the CMS measure excluded small facilities that had less than 

30 eligible long-term care residents at baseline. The primary concern for these excluded 

facilities was that their outcome estimates would be inaccurate when the outcome was 

defined over a 3-month period. If we assume that the volume-outcome association exists 

for long-term care, excluding these small facilities from our analyses would bias the result 

toward the null hypothesis or no association. Therefore, our reported findings may represent 
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a conservative estimate of the true association between volume of long-term care residents 

and functional decline.

In summary, this study focuses on an outcome measure of physical function among 

long-term care residents, and suggests better outcome in high-volume nursing facilities. 

Additional work is necessary to understand this volume-outcome relationship in the context 

of nursing home care. Although current CMS outcome reports are important, they may be 

difficult for potential nursing home consumers to comprehend and use as a guide for facility 

choice. Alternatively, “volume” would be able to serve as a low cost signal of quality in the 

marketplace and an easy tool for consumer choice, if future work can confirm and expand 

our findings of the volume-outcome association.
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TABLE 1.

Exclusion Criteria in the Definition of the CMS Measure of Physical Function for Long-term Care Residents

Resident-level exclusion

 The resident was a postacute care resident at baseline assessment

 The resident had total dependence or no activity on all 4 ADL items at baseline assessment

 The resident was comatose or comatose status was unknown at target assessment

 The resident had end-stage disease or end-stage disease status was unknown at target assessment

 The resident was receiving hospice care or hospice status was unknown at the target or most recent full assessment

 The measure did not trigger (resident not included in the numerator) and there is missing data on any ADL item at target assessment

Facility-level exclusion

 The facility does not have chronic care admission in most recent 12 months

 The facility has less than 30 residents included in the denominator of the measure

Baseline assessment in this study means MDS assessment performed in the fourth quarter of 2004; target assessment means MDS assessment 
performed in the first quarter of 2005.

ADL indicates activities of daily living.
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TABLE 3.

Adjusted Odds Ratios for Functional Decline According to Long-term Care Resident Volume

AOR 95% CI P

Volume continuum (increase by 10) 0.98 0.98–0.99 <0.000

Volume group

 High (>101) 0.82 0.79–0.86 <0.000

 Medium-high (70–101) 0.95 0.92–0.99   0.013

 Medium (52–69) 0.96 0.92–0.99   0.019

 Low (30–51) 1.00 — —

Above mean volume (>87) vs. otherwise 0.88 0.85–0.91 <0.000

Multivariate logistic regression models adjusted for baseline resident characteristics as listed in Table 2, as well as the nesting of residents within 
nursing homes by using facility random effects.
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