Case mix, qualify, and cost
relationships in Colorado
nursing homes

by Robert E. Schlenker and Peter W. Shaughnessy

The analyses reported in this article assessed the
cosi, cese mix, and quality interrelationships among
Colorado nursing homes. A unique set of patient-level
data was collected specifically to measure case mix
and quality. Case mix was found to be strongly asso-
ciated with cost, accounting for up to 45 percent of
the variation in cost per patient day. The relationship
berween quality and cost was weaker; quality variables
accounted for only about 10 percent of the cost per
day variation. Case mix was also associated with sev-

eral facility characteristics found to be significant in
other cost studies, suggesting that such facility charac-
teristics serve as partial proxy measures for case mix.

The cost-case mix relationships appear to be strong
enough to justify incorporating case mix directly in
nursing home reimbursement systems. In contrast, the
weaker cost-quality association implies that it may not
(vet) be appropriate to incorporate quality directly in
reimbursement.

Introduction
Objectives

The analyses had two major objectives, The first
objective was to assess the degree that nursing home
cost is associated with nursing home case mix and
quality of care. Such an assessment is important for
long-term care reimbursement policy formulation,
since a strong association between, case mix or quality
and cost would suggest that these variables should be
more directly incorporated in Medicare and Medicaid
nursing home reimbursement policies.

The second objective was to determine if case mix
and quality were associated with certain facility char-
acteristics that have been found to relate to cost in
other studies. The existence and magnitude of such
associations would provide at least a partial explana-
tion for the cost differences among different types of
facilities (such as, between forprofit and nonprofit
nursing homes). This information is also important to
policy formulation, so that policymakers can decide
on the degree that differential payments are warranted
on the basis of such facility characteristics (Stassen
and Bishop, 1983).

The cost function approach

Nursing home costs are influenced by many factors,
and in broad terms, a nursing home cost function can
be specified as:

C = f{CM, Q, FC, MKT),
where,

C = cost (usually per patient day),

CM = case mix,

Q = quality,
FC = facility characteristics,
and

MKT = market factors.

This research was supported by the Department of Health and
Human Services, Granl No. 18-P-97145/8.

Raprint requesis: Dr. Rohert E. Schlenker, University of Colorado
Health Sciences Center, Center for Health Services Research, Con-
tainer G-241, 4200 East Ninth Avenue, Denver, Colarado 80262

Health Care Financing Review/Winter 1984/Yolome §, Number 2

The CM and Q variables reflect differences in the
“product”” produced by the nursing home; the FC
variables take into account other facility-specific rea-
sons for differences in cost per patient day among
nursing homes (such as size, to measure possible eco-
nomics of scale); and the MKT variables include fac-
tors exogenous to the facility that might influence its
costs (such as strong competition resulting from the
ready availability of substitute services).

Once individual variables and a functional form are
specified, statistical techniques can be used to empiri-
cally estimate the parameters of the cost function. The
approach expressed in this article was somewhat
different from the usual method of placing heavy
emphasis on the coefficient estimates for individual
variables. Our greaiest interest was in the explanatory
power (measured by the R?) of the various categories
of variables, particularly case mix and quality
variables.

Earlier studies have estimated nursing home cost
functions, and most have used available secondary
data. Unfortunately, secondary data usually provide
only limited measures of case mix and quality, such as
whether or not a nursing home is classified as a
skilled (SNF} or intermediate care (ICF) facility, and
the percentages of patients classified in each category
(as case-mix measures), or the deficiencies reported in
Medicaid certification and licensure surveys (as a
quality measure). The limited availability of case mix
and quality data has also prevented most cost studies
from separating the effects of facility characteristics,
such as ownership or urban or rural location, from
the effects of unmeasured case mix and quality vari-
ables. For example, nursing home costs are usually
negatively associated with the proportion of Medicaid
patients. Although that finding may result from
greater efficiency being forced on nursing homes by
low Medicaid payment rates, it may also be because
of nursing homes lowering case mix and quality. Simi-
larly, nonprofit nursing homes typically have higher
costs than forprofit homes, and this may also reflect
differences in either efficiency or case mix and
quality.
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In an earlier article, Bishop summarized the results
of several cost function studies, and highlighted the
lack of adequate case mix and quality measures
(Bishop, 1980). A more recent article by Birnbaum
(Birnbaum, Bishop, Lee, and Jensen, 1981) reports on
several studies using a nationwide nursing home sam-
ple, as well as, samples from Massachusetts, New
York, and Indiana. Where possible, these studies
included “‘product characteristics’’ such as certified
level of care and services provided, as well as, patient
descripters of age, diagnosis, level of dependence in
activities of daily living (ADL’s), and mental impair-
ment. Detailed quality measures were unavailable. An
updated review noting the same difficulties was
recently published by Palmer and Cotterill (Palmer
and Cotterill, 1983). Additional recent discussions of
the strengths and weaknesses of the cost function
approach can be found in Bishop (1983) and Scanlon
and Weisert (1983). This article attempts to overcome
the limitations of secondary case mix and guality
measures by using patient-level data and constructing
facility-level case mix and quality variables.

The Colorado setting

Comparisons with national data from the 1977
national nursing home survey indicated that Colorado
nursing homes were typical in terms of occupancy rate
(an average rate of 92 percent), ownership (73 percent
for profit), and urban and rural location (35 percent
in standard metropolitan statistical areas (SMSA's),
However, Colorado nursing homes also differed from
the national averages in these respects:

* The percent of Medicaid patients was higher in
Colorado (70 percent versus 60 percent).

* The percent of Medicare patients was lower (.4 per-
cent versus 2,3 percent).

* Colorado facilities were slighily larger than the
national averages (only 13 percent of Colorado
nursing homes had fewer than 50 beds, compared
to 42 percent nationally).

The Colorado Medicaid nursing home reimburse-
ment system in 1980 was similar to many State
systems. A separate per-diem payment rate was pro-
spectively determined for each nursing home, which
was based on the facility’s reported costs for a prior
6-month period (adjusted for inflation). A ceiling
payment rate was established each year, and was set
at the 90th percentile of the total cost per day for all
Medicaid patients. If a nursing home’s cost per day
was below the ceiling, it received an *‘efficiency incen-
tive,”’ add-on, in its subsequent prospective rate. The
add-on was equal to half the amount by which the
aursing home’s actual cost per day was less than the
ceiling, (A maximum was placed on the efficiency
incentive—equal to 7 percent of the ceiling.) The
Colorado reimbursement system incorporated both
features to encourage efficiency and to at least par-
tially provide higher payments to higher cost facilities.
Under the assumption that case mix and quality affect
costs, the costs associated with an intense case mix or
higher quality would be at least partially covered by a

higher Medicaid payment rate; this would presumably
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reduce the reluctance of some facilities to accept such
patients or to provide higher quality care, This meant
that variation in case mix and quality across facilities
was more likely than under other types of payment
systems (such as a flat rate approach), and such vari-
ation is necessary for cost function analysis. Similarly,
the efficiency features built into the system suggested
that facility costs should be near the minimum possi-
ble for any given case mix and quality combination,
{The possibility that minimizing cost was a less power-
ful objective for nonprofit nursing homes was also
tested in the analysis.)

Taking all these factors into consideration, it is our
opinion that although Colorado’s 1980 nursing homes
and reimbursement system were not identical with all
the other States, Colorado results can be generalized
to other States.

Samples, variables, and methods

Samples

Although the analyses presented used 1980 data, the
overall study analyzed the 1978-80} period. Therefore,
the facility samples were selected based on 1978 data,
and focused on Medicaid-certified, general nursing
care facilities. In 1978, 198 nursing homes were in
operation in Colorado, of which 167 were certified by
Medicaid, and classified as general nursing care facil-
ities. Of these, 10 had to be dropped because they
experienced significant organizational changes (for
example, closure) or were financially unstable between
1978 and 1980. The remaining 157 facilities were
termed the secondary sample, because information
was available on these facilities only from secondary
sources.

For the patient-level case mix and quality data, a
subsample of facilities was used because of the high
cost of primary data collection. A total of 74 nursing
homes was selected as the primary sample. Although
considerable effort was made to ensure randomness
for the primary sample, this was not totally achieved
because the final selection had to be based on overall
data availability and the nursing homes’ agreement to
participate.

The nursing homes in the primary sample were
compared to the remaining facilities in the secondary
sample by using certain selected characteristics. These
characteristics are: occupancy rate, percent of patients
who were Medicaid recipients, number of beds, type
of control (forprofit or nonprofit), SMSA designa-
tion, certification level (SNF, 1CF or a combination
of both), and type of facility (freestanding or
hospital-based). Table 1 presents these comparisons.
None of the differences was signficant at the .05 level.
Control type was closest to significance, p=.06. The
proportion of forprofit facilities was lower in the pri-
mary sample {66 percent versus 80 percent). This was
actually an advantage for the analyses in that it pro-
vided a greater number of nonprofit observations.
The chance of the higher proportion of nonprofit
facilities biasing the results was dealt with by includ-
ing a forprofit or nonprofit variable in some of the
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Table 1

Comparisons of selected nursing home characteristics for the primary sample
and the remaining secondary sample facitities: 1980

Primary sample

Secondary sample

Mursing home o
characteristics Number Percent Number Percent Significance 1
Qccupancy rate 74 92.7 83 90.9 2 152
Percent Medicaid patients 74 69.5 a3 70.9 2 308
Facility bed size
Total 74 100.0 83 100.0 02
0-60 beds 28 37.8 25 30.1
61-120 beds 26 351 43 51.8
121 beds or more 20 7.0 15 18.1
Type of control
Total 74 . 100.0 83 100.0 060
Forprofit 49 66.2 66 785
Noanprofit 25 KxT:) 17 205
SMSA designalion
Total 74 100.0 83 100.0 303
Rural 29 39.2 26 31.3
Metropolitan 45 60.8 57 68.7
Caertification level
Total 74 100.0 83 100.0 863
Skilled 23 3a 29 349
Intermediate 14 189 14 16.9
Skilled and
intermediate 37 50.0 40 48.2
Type of facility
Total 74 100.0 83 100.0 983
Freestanding 65 87.8 73 88.0
Hospital-based 9 12.2 10 12.0

TExact p-value for the chi-square tesi {unless otherwise noted).

2Exact p-value tisted for the Wilcoxon two-sampla test is presented since the variable was not normally distributed {as indicated by the Kolmo-

qgorov-Smirnov test). .

SOURCES: Coloradc Department of Sociat Services, Denver, Colorado: Medicaid Cost Reports, 1980,
Colorado Department of Health, Denver, Colorado: Directory of Licensed Health Facilities, 1980.

regressions and by separately examining the asso-
ciation between control type and the case mix and
quality variables.

Hospital-based facilities had more medically intense
case mix than freestanding nursing homes (Schlenker,
Shaughnessy, Yslas, 1983). Hospital-based facilities’
costs were also significantly higher, but this was partly
because of cost accounting procedures required of
such facilities under Medicaid in Colorado (which par-
allel Medicare rules). Hence, the inclusion of hospital-
based facilities could overstate the relationship
between case mix and cost pertinent to only freestand-
ing facilities. For this reason, separate analyses were
conducted for the total primary sample of 74 facilities
and for the subsample of the 65 freestanding facilities.

Random samples of patients were selected in each
primary sample facility for case-mix data colilection,
and quality data were obtained for a subsample of
these patients {a subsample was used because of the
lengthy data collection process required for the quality
data). Private pay as well as publicly financed (mainly
Medicaid) patients were included. Case-mix data were
obtained for 1,750 patients and quality data for 912
of those patients.
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VYariables

The four categories of cost, case mix, quality, and
facility characteristics and market variables were
included in the analyses. The cost measures were the
dependent variables, and the independent variables of
case mix and quality were viewed as reflecting ‘‘prod-
uct differences’” among nursing homes. Facility
characteristics and market factors were independent
variables hypothesized to reflect differences in nursing
home objectives and efficiency, and in the supply and
demand environment faced by each home.

Cost variables

Cost data were obtained from Colorado Medicaid
cost reports and measured as cost per patient day.
The analyses focused on Medicaid *‘adjusted’” costs,
which reflected the outcome of Medicaid auditing
procedures intended to remove nonallowable and
nonpatient care related expenses.! In the Colorado

10n the average, the auditing procedures reduced the costs reported
by nursing homes by approximately 4 percent. However, the corre-
lation coefficient between adjusted and unadjusted total cost per
patient day was .95 for the 1980 data, suggesting that the rela-
tionships between cost and factors such as case mix and quality
would be essentially the same whether adjusted or unadjusted costs
were utilized.
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Medicaid cost reports, the major categories are
administrative and general, room and board, health
care, and property costs. Within the health care cate-
gory, most expenditures represent nursing staff—
nurses and aides—wages and salaries. On the average,
these nursing costs comprise more than 90 percent of
the health-care cost category and approximately 40
percent of the toial cost category.

The two cost variables analyzed were the total- and
nursing-cost per patient day. Total cost was selected
because all components of nursing home ¢osts were
potentially affected by case mix and quality. Nursing
cost was hypothesized to be the category most directly
affected; hence, case mix and quality were expected to
have greater explanatory power in the nursing cost
than in the total cost equations.

Some nursing home cost studies have included
nonproperty or operating-cost per patient day (i.e.,
total minus property costs), under the rationale that
property costs such as depreciation, interest, and lease
payments, are not directly related to patient care.
Although analyses using operating-cost per day were
carried out, the results were similar to those presented
for total cost; therefore, they are not presented here.

Case-mix variables

Various sets of case-mix variables were used in the
analyses, including measures of diagnoses, long-term
care problems, and ADL’s, The case-mix data were
collected by the Center for Health Services Research
nurses experienced in long-term care and trained espe-
cially for this task. Each primary sample facility was
visited, and patient-level data were collected from
available records (medical charts) and interviews of
the primary care providers (nursing staff), Patient
observations were made on a limited basis for valida-
tion purposes.,

Medical diagnoses for each patient were measured
by 18 major diagnostic groupings (such as neoplasms,
circulatory system disorders, and digestive system dis-
orders). Because medical diagnoses are typically of
limited value in long-term care studies (because long-
term care patients often have a large number of diag-
noses, and services are usually targeted at specific
types of problems rather than at specific diagnoses),
the long-term care problem measures were developed
and include bowel and urine incontinence, immobility,
visual impairment, hypertension, urinary tract infec-
tion, depression or apathy, and mental retardation or
developrental disability (Polesovsky and Shaugh-
nessy, 1982). The measures were developed for 27
long-term care problems, and drew on the work of
other researchers and the assistance of an expert
panel. The problems were categorized into the four
major groups of nursing, communicative, medical,
and psychosocial problems, according to the major
type of care required. For each patient in the sample,
data were collected on the presence and severity of
each of the 27 problems,

The ADL indicators are standard case-mix measures
in long-term care. They measure whether a patient is
independent or dependent in certain functional areas
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as bathing, dressing, eating, and toileting. Data on 7
ADL measures were obtained for each patient, and
several degrees of dependence were measured for each
ADL.

The patient-level case-mix data were aggregated
across the sample patients in each facility, Each diag-
nosis, problem, and ADL variable was dichotomized
at the patient level, and then aggregated to the facility
level to reflect the percentage of the facility’s patient
sample with each diagnosis, problem, or ADL
dependency.

At the patient level, severity scales were also
analyzed for the problem variables, as well as,
different numbers of dependency categories for each
ADL. However, for the facility analyses, the dichot-
omous variants were found to perform as well as, the
more complex variables,

Because many of the case-mix variables measured
similar conditions, their intercorrelations were fairly
high. Several different groups of case-mix measures
vielded similar results when their association with cost
was analyzed. The results presented use the following
four case-mix variables, reflecting the percent of each
facility’s patient sample with vrinary tract infection,

" mental retardation and developmental disability,

dependence in toileting, and digestive system disorder.,

The first two variables are long-term care problem
variables; the third is an ADL; and the fourth is a
diagnosis. It is important to note that these are illus-
trative variables, used to demonstrate the overall
explanatory power of case mix in the cost functions
Because of the intercorrelations mentioned earlier,
these variables should be considered as indicator or
“*tracer’’ case-mix variables. For any operational
reimbursement system, case-mix measures that better
represent a patient’s total condition would be needed.
However, the number of such measures should be
fairly small to be practical, and the interactive effects
among individual case-mix variables would have to be
considered.

Quality variables

The quality measures developed were based on the
appropriateness of services provided for each of the
27 long-term care problems previously described. The
long-term care problems included or subsumed most
relevant functional areas (ADL’s), and diagnostic
categories important in long-term care. The results of
other research and the aforementioned long-term care
expert panel were utilized to develop recommended
services, service frequencies, and providers for each of
the 27 problems. For a subset of patients in each
facility and a random sample of five problems for
each patient (less than five if the patient had fewer
problems), data were collected on specific services
provided, frequencies, and providers. Quality scores
were then calculated to reflect the extent that each
recommended service was provided by the appropriate
provider and with the recommended frequency, For
each problem, providers and services were weighted
on the basis of their relative importance in treating
the particular problem as judged by the expert panel.
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The resulting scores ranged from 0-100 percent. The
quality measurement methodology, as originally devel-
oped (Shaughnessy, Breed, and Landes, 1982) was
refined for this study (Yslas, Brown, and Shaugh-
nessy, 1982).

To render the quality scores as independent of case
mix as possible, each problem-level quality score (i.e.,
the score for each problem for each patient) was
calculated in standard Z-score form. The overall mean
was subtracted from each problem score, and the
result was divided by the standard deviation of all
quality scores for that problem across the entire
patient sample, These Z-scores were then aggregated
to the patient and facility levels, resulting in quality
scores that were relatively independent of case mix,
The facility-level aggregate scores were used in the
analyses presented, and are referred to as the “‘quality
Z-scores.”” Extensive reliability tests were conducted
ont these and the case mix variables (Polesovsky and
Shaughnessy, 1982; Ysales, Brown, and Shaughnessy,
1982).

As was done for case mix, analyses were carried out
for several different sets of quality variables. The
illustrative results presented are typical of those for
various sets of quality measures (especially, since the
intercorrelations among many of the individual qual-
ity variables were fairly high). The indicator quality
measures used the Z-scores for two specific long-term
care problems—subcutaneous or complicated skin
condition, and immobility.

As mentioned earlier in the discussion of case-mix
measures, any operational reimbursement systern that
incorporates quality variables would have to use more
comprehensive measures that better reflect overall
quality. Further, the quality measures examined are
strictly process measures and do not deal with patient
outcomes,

Facility characteristic and market factor
variables

The facility characteristics that were hypothesized to
be associated with differences in nursing home behav-
ior and cost were:

* Control type (forprofit/nonprofit)—that measures
potential differences in cost structures as a function
of organizational objectives.

* Number of beds and occupancy rate—that test for
economies of scale and efficient use of plant capac-
ity.

* Percent of nursing costs representing nursing pool
use—that captures the effect on costs of the higher
wage rates of nursing pool personnel (pool nurses
are brought in to fill temporary staff shortages).

¢ Fiscal reporting period ending date—that adjusts
for possible cost differences due to inflation,
because the nursing homes in the sample had differ-
ent reporting periods,

* Percent of Medicaid patients in a facility—that cap-
tures possible differences in behavior resulting from
the degree that a nursing home is dependent on
Medicaid as a payer.
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¢ Health Care Financing Administration Wage Index
(derived from Section 223 routine cost limit
tables)—which is a rough indicator of wage rate
differences across the State.

* Medicaid certification levels (ICF, SNF, or both)—
which are used as proxy case-mix measures and as
possible indicators of differences in cost structures
resulting from certification requirements (such as
nursing hours required for each skilled care
patient).

Other, lesser facility characteristics included the sep-

arate identification of nonprofit government facilities,

the percent of Medicare patients, whether a nursing
home was part of a chain of facilities, an indicator of
change in ownership during the year, and whether the
cost data were based on audited or unaudited cost
reporis,

Several variables were also included as market fac-
tots to test for possible cost impacts of differences in
the demand for nursing home care across the State
and in the supply of substitute or complementary ser-
vices. The overall hypothesis was that weak demand
and or strong competitive forces would require greaier
cost containment efforts by facilities. Conversely,
strong demand and or weak competitive forces would
allow for greater “‘organizational slack"” and higher
cost, if all other factors are equal. These variables
were measured either at the county or SMSA levels
and included: '

* Percent of the population aged 65 and over and per
capita income as demand factors.

¢ Nursing home beds per thousand population aged
635 and over as a measure of market supply relative
to potential demand.

* Home health visits for the same population group
as a potential substitute service.

¢ The area average hospital occupancy rate as an
indicator of potential competition by hospitals for
patients.

+ The ratios of hospital beds and physicians to the
total population as indicators of possible derived
demand for nursing home care.

Because many of these market factor variables were

associated with the urban or rural caiegories, variables

measuring whether or not a facility was in an SMSA
and or in the Denver SMSA were also included as
substitute measures of market factor differences,

To reduce the number of facility characteristics and
market factor variabies (because of the relatively
small facility samples with primary case mix and qual-
ity data), preliminary regression analyses were
conducted on the larger secondary sample of 157
facilities. In these analyses, only proxy case mix and
quality variables could be utilized, such as the
percentage of skilled care patients as a case mix
proxy, and the nursing hours per patient day as a
quality proxy. The purpose of these analyses was to
identify the major facility characteristics and market
factors that were empirically associated with the cost
variables. The results indicated that the market factor
variables and most of the facility characteristics were
of little statistical significance. The three facility
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characteristics that were highly significant statistically
were forprofit or nonprofit control, the percent nurs-
ing pool use, and the percent of Medicaid patients.?
These variables were included in the analyses for the
primary sample of facilities. Further, for the sample
of 74 facilities, a variable indicating whether a nursing
home was hospital-based or freestanding was also
included because of its importance as noted earlier.

Final model and statistical techniques

The final model included the following variables:
Dependent variables
* Nursing cost per patient day.

* Total cost per patient day.

Independent variables

¢ Cuse mix—the percent of each facility’s patient
sampie with urinary tract infection, mental retarda-
tion or developmental disability, dependence in
toileting, and digestive system disorder.

¢ Quality—2Z-score for each facility’s patient sample
for the long-term care problems of subcutaneous or
complicated skin condition, and immobility.

o Facility characteristics—these include: for-profit or
nonprofit (0/1, 1 = nonprofit), percent nursing
pool use, percent Medicaid patients, and hospital-
based or freestanding (0/1, ! = hospital-based).

A linear functional form was used for the regres-
sions presented. Such a functional form assumes that
each variable is independent of the others and that
their effects are additive. Other functional forms were
explored, such as using interaction terms for combina-
tions of case-mix variables and for the case mix and
quality indicators for the same problem, but these
approaches added little to the results.

The main statistical techniques employed were
correlation and ordinary least-squares, stepwise regres-
sion analyses. The individual associations between
pairs of dependent and independent variabies were
examined through correlation analysis, and multi-
variate associations between the dependent variables
and sets of independent variables were assessed using
regression analysis. Due to the relatively small sample
sizes, only a few independent variables (usually five to
ten) were included in any one regression equation,
Many combinations of variables were used to deter-
mine the various interaction patterns among independ-
ent variables, and their individual, as well as,
combined effects on the dependent variables.

Because the major objective of the regression
approach was to determine the explanatory power of
different sets of independent variables (measured by
the R?), and less so to identify statistically significant
variables, regression equations were estimated relating

2The certification variables (ICF, SNF, or SNF and ICF combined)
tended to be significant when used as proxy case-mix measures in
preliminary analyses, but were insignificant when the direct case-
mix measures from the primary sample of facilities were also
included in the regressions.

the dependent variables to the following independent

variables:

* Case mix only.

¢ Quality only.

¢ Combinations of case mix and quality.

* Case mix, quality, and facility characteristics
combined.

In this way, upper and lower bounds were determined

for the explanatory power of the various sets of vari-

ables. For example, the maximum exglanalory power

for case mix was determined as the R* when only

case-mix variables were included. The minimum

explanatory power was the additional R? contributed

when case mix variables were added to a regression

that already included the quality and facility charac-

teristic variables.

Results

Explanatory power of case mix, quality, and
facility characteristics

Table 2 presents illustrative regression equations
relating the nursing and total cost variables to case
mix. For each dependent variable, the results of two
regression analyses are presented—one using the 65
freestanding facilities and the other using the 74
freestanding and hospital-based facilities combined.
These regressions test the hypothesis that costs vary as
function of only case mix.

The results suggest that case mix alone is associated
with one-third of the variation in nursing cost per day
among freestanding facilities (R? =.33). As exgected,
the R* is lower for total cost in this sample (R* =,25),
QOwing to the greater variation in both case mix and
cost when the hospital-based nursing homes are
included with the freestanding nursing homes, the
R?’s for both dependent variables are higher for the
sample of 74 facilities, and for this sample are
approximately the same (R* =.43 and .45).

In the nursing cost equations in both samples, the
urinary tract infection and digestive system disorder
variables had positive and statistically significant
coefficients (p < .05 using a two-tailed t-test), The
toileting variable was highly significant in the sample
of 65 facilities but only marginally significant
{p=.083) in the sample of 74 facilities. However, a
one-tailed test hypothesizing a positive association
between dependence in toileting and cost would also
yield significance in this case. Although the coefficient
for the mental retardation and developmental dis-
ability variable was negative but insignificant, the
negative sign is consistent with the general finding
that a higher proportion of such patients was asso-
ciated with lower cost. In view of the difficulty of
measuring quality in this area, it is not clear whether
such lower costs reflect lower care needs or lower
quality of care, and further research is definitely
warranted.

The tetal cost resuits are similar to those for nurs-
ing cost in each sample. Taken together, these four
regressions point to a relatively strong association
between patient case mix and nursing home costs.
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Table 2

Iustrative regressions relating nursing and total cost per patient
day to case mix: 1980

74 freestanding and hospital-
based nursing homes

65 freestanding
nursing homes

Variabtes Coefficient  Significancel Coefficient  Significance 1
Nursing cost per patient day 2
Independent variables, percent of patients with:
Urinary tract infection 156 0 249 <.00
Mental retardation and/or developmental disability -.019 178 -.022 152
Dependent in toileting 051 <.001 041 .083
Digestive system disorders 054 016 052 <.001
Constant 8.710 <.001 6.853 <.001
Total cost per patient day 3
Independent variables, percent of patients with:
Urinary tract infection 188 140 734 <001
Menta! retardation and/or developmental disability - 056 059 - .060 22
Dependent in {oileting 072 001 596 658
Digestive system disorders 056 .230 01 .003
Constant 20.909 <.001 20.326 <.001

1The level of significance is based on a two-tailed t-test.

For freestanding nursing homes, the mean of the dependent variable is $10.14, and RZis .33(p < 001}, For freestanding nursing and hospital-
based nursing homes, the mean of the dependent variable is $10.47, and R2 is .43 {p < .001).
3For freestanding nursing homes, the mean of the dependent variable is $25.26, and R2 is .25 {p < .001}. For freestanding nursing and hospital-
based nursing homes, the mean of the dependent variable is $27.29, and A2 is .45 {p < .001).

SOURCES: University of Colorado Health Sciences Center, Center for Health Services Research: Primary Study Data, 1980.
Colorado Department of Social Services, Denver, Colorado: Medicaid Cost Reports, 1980.

Table 3

lustrative regressions relating nursing cost per patient day
to case mix and quality: 1980

65 freestanding
nursing homes

74 freestanding and hospital-
based nursing homes

Variables Coefficient  Significance1 Coefficient  Significance 1
Independent variables
Case mix, percent of patients with:
Urinary tract infection 118 .050 233 <.001
Mental retardation andlor developmental disability -.009 501 -.016 314
Dependent in toileting 051 <.001 052 <.00M
Digestive system disorder .058 008 044 062
Facility-level quality Z-score by problem '
Subcutaneous andior complicated skin condition 435 050 291 72
Immobility .204 265 158 583
Constant 6.747 <.001 6.806 <.001

The level of significance is based on a two-tailed t-test.

NOTES: The dependent variable is nursing cost per patient day. The mean of the variable for 65 freestanding nursing homes is $10.14, and R2
is .41 (p < .001). The mean of the vanable for 74 freestanding and hospital-based nursing homes is $10.47, and R2 is .45 (p < .001).

SOQURCES: University of Colorado Health Sciences Center, Center for Health Services Research: Primary Study Data, 1980,
Coloradc Department of Social Services, Denver, Cotorado: Medicaid Cost Reports, 1980.

Table 3 shows the relationships between case mix
and quality combined and per-diem nursing cost. The
underlying hypothesis in this case is that case mix and
quality alone affect cost. The case-mix variables had
similar coefficients and significance levels when
included (Table 2), although the quality variables were
generally statistically insignificant. (The exception was
the skin condition variable in the freestanding sample,
p=.05.) A similar pattern emerged for the total cost
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regressions (not shown). When the quality variables
were included alone in cost regressions, the R? values
were low, ranging from .06 to .13. These results are
representative of those obtained in many regressions,
using a variety of case mix and quality variables. They
suggest that case mix is an important determinant of
cost, but that the inclusion of quality variables does
not add significantly to the explanation of cost
variations.
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Table 4

Illustrative regressions relating nursing cost per patient day
to case mix, quality, and facility characteristics: 1980

74 freestanding and hospital-
based nursing homes

65 freestanding
nurging homes

Variables Coefficient Significance1  Coefficient Significance 1
Independent variables
Case mix, percent of patients with:
Urinary tract infection 032 562 123 009
Mental retardation and/or developmental disability —.002 871 -.012 405
Dependent in toileting .045 <.00 058 <.001
Digestive system disorder 024 226 o 333
Facliity-level quality Z.score by probiem
Subcutaneous and/or complicated skin condition 305 135 - 04 £21
Immobility 223 330 283 279
Facility characteristics
Hospital-based - — 1.847 014
© Nonprofit 1.090 .005 1.178 009
Percent Medicaid patients — .006 576 .009 452
Percent nursing pool use 9.835 <.001 9.881 <.001
Constant 7.297 <001 5.451 <.001

1The tavel of significance is based on a two-tailed t-test.

NOTES: The dependent variable is nursing cost per patieni day. The mean of the variable for 85 freesianding nursing homes is $10.14, and A2
is .58 (p < .001). The mean of the variable for 74 freestanding and hospital-based nursing homes is $10.47, and R2 is .62 (p < .001).

SOURGCES: University of Colorado Health Sciences Center, Center for Health Services Research: Primary Study Data, 1980,
Colorado Department of Social Services, Denver, Colorado: Medicaid Cost Reports, 1980.

The facility characteristic variables were added to
the regressions, with the results for nursing cost
shown in Table 4 (similar results again emerged for
the total cost regressions). This represents the com-
plete model, including all factors hypothesized to
affect costs. The addition of the facility characteristics
increased the overall R? of the equations to about .60
and reduced the statistical significance of the indi-
vidual case-mix variables, as is evident from a
comparison of Tables 3 and 4. The toileting variabie
remained highly significant in both samples, but uri-
nary tract infection remained highly significant in the
sample of 74 facilities. All facility characteristics
except the Medicaid variable were significant, and
both quality variables were insignificant.

The results for the coefficient estimates in the vari-
ous equations suggest that:

* Quality, as measured in these analyses, does not
appear to be a major factor associated with cost
variations.

¢ Case mix is related to cost, but case mix variations
are also associated with certain facility character-
istics.

¢ Hospital-based and nonprofit facilitics have higher
costs even after controlling for case mix and qual-
ity, so that only a portion of their higher costs can
be attributed to case mix or quality differences.

¢ Nursing poo! use is associated with higher costs.

¢ The percent of Medicaid patients is not related to
¢ost once case mix and quality are taken into
account.

Table 5 summarizes the proportion of variation in
both nursing and total cost per patient day accounied
for by the different sets of independent variables used

68

in the earlier regressions. The case-mix regressions are
presented in Table 2, in which the case mix variables
alone yielded R? values of .33 and .43 for nursing
cost, and .25 and .45 for total cost. When quality
variables were added to case mix {Table 3), the R
values usually increased only slightly. Thus, the case-
mix variables were found to be more sirongly asso-
ciated with cost than were the quality variables.

The addition of facility characteristics to the regres-
sions (Table 4) increased the R? values to between .58
and .64, When facility characteristics were used alone
in the cost regressions (not shown), they accounted
for over 40 percent of the variation in both dependent
variables for the two samples.

The resuits shown in Table § can be used as
described to estimate the lower and upper bounds in
the proportion of the cost variation accounted for by
case mix and quality. An estimate of the lower bound
is the amount by which the R? increases when case
mix and quality variables are added to the facility
characteristic variabies. The upper bound estimate is
the R? when case mix and quality are used alone in
the regressions.

Thus, for the sample of 65 freestanding nursing
homes, case mix and quality accounted for between
17-41 percent of the variation in nursing cost per
patient day, and between 14-29 percent of the vari-
ation in total cost per patient day. These proportions
were greater for the sample of 74 nursing homes and
were almost the same for both dependent variables,
ranging from 21-22 percent to 45-46 percent. As is
also evident from this table and earlier results, the
associations attributable to case mix and quality were
primarily a result of case mix and not quality.
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Table 5

Explanatory power (R?) of case mix, quality, and
facility characteristics in nursing and total cost
per patient day regressions: 1980

Explanatory power (R2)

74 freestand-
ing and
hospital-

65 freestand-

independent ing nursing based nursing
variables homes homes
Nursing cost per patient day
Case mix .33 43
Case mix and quality A1 .45
Case mix, quality, and
facility characteristics .58 62
Facility characteristics
alone 41 .41
Total cost per patient day
Case mix .25 45
Case mix and quality .29 46
Case mix, guality, and
facility characteristics 59 64
Facility characleristics
alene 45 42

NOTES: The case-mix variables are based on the percents of patients
with urinary tract infection, mental retardation and/or developmental
disabilities, dependent in 1oileting, and digestive system discrders.
The quality variables are a facility-level quality Z-score, by problem
for subcutaneous andfor complicated skin condition, and immobility.
The facility characteristic variables are hospital-based, nonprofit,
percent of Medicaid patients, and percent nursing pool use (N = 74
tieestanding and hospilal-based only).

SOURCES: University o Colorado Health Sciences Center, Center for
Healih Services Research: Primary Siudy Data, 1980,

Colorado Department of Social Services, Denver, Colorado: Medicaid
Cost Reports, 1980.

The association of case mix and quality with
facility characteristics

As discussed earlier, one objective of these analyses
was to determine the extent that certain facility
characteristics actually reflect differences in case mix
and quality. The results show, by the weakening of
some of the case-mix variables when facility charac-
teristics were added to the cost regressions, an associa-
tion between case mix and quality and facility
characteristics. To examine this issue further, addi-
tional regressions were estimated, First, each facility
characteristic was related separately to nursing and to-
tal cost {(in both samples), and then were added to the
case mix and quality variables. An indication of the
degree that a particular facility characteristic served as
a proxy for case mix and quality was then provided
by the reduction in its regression coefficient or elastic-
ity and in its statistical significance when the case mix
and quality variables were added. The results of
applying this procedure to the hospital-based or
freestanding, forprofit or nonprofit, percent Medicaid
patients, and percent nursing pool use variables are
shown in Table 6 for nursing cost per patient day (the
results for total cost were similar).

The addition of case mix reduced the positive
coefficients of both the hospital-based and the non-
profit variables appreciably, whereas the addition of
the quality variables had little effect. These results are
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consistent with the hypothesis that hospital-based and
nonprofit nursing homes have a case mix of greater
intensity than freestanding or forprofit nursing
homes, and that such case mix differences account for
at least part of the higher costs in these facilities.
Quality differences, on the other hand, had no
appreciable effect, and cannot be claimed {on the
basis of these resulis) as reasons for higher costs in
nonprofit or hospital-based nursing homes.

The Medicaid variable was statistically significant
and negative for the sample of 65 freestanding facil-
ities when used alone, but became statistically
insignificant in both the nursing cost and total cost
equations when the case mix variables were added.
These results are consistent with other findings of a
lower case-mix severity for Medicaid than for non-
Medicaid patients {(Shaughnessy, Schienker, Yslas, et
al., 1983), Thus, the negative elasticity of the Medi-
caid variable, when used alone in the sample of 65
facilities, appears to be largely the result of the less
intense case mix associated with Medicaid patients in
freestanding facilities. The percent of Medicaid
patients was statistically insignificant in all regressions
for the sample of 74 facilities.

The nursing pool variable was statistically signifi-
cant and positive when used alone, and its elasticity
and statistical significance lessened when case mix and
quality variables were added. Although the changes
were less dramatic than for the other facility charac-
teristics, they suggest that nursing pool use may be
associated with case mix and quality. Further explora-
tion of this issue is desirable.

In summary, these results suggest that the hospital-
based or freestanding, forprofit or nonprofit, and per-
cent Medicaid variables act as partial proxy measures
for case-mix differences. Quality, in contrast, appears
to have a minimal asscciation with these three facility
characteristics.

Summary and conclusions
Major findings

In this study, case mix was found to be closely
associated with cost. As much as 45 percent of the
variation in cost per patient day was accounted for by
variations in case mix among facilities. These results
were not dependent on any one set of case-mix vari-
ables, because similar results emerged for several dif-
ferent sets of case-mix measures.

The relationship between quality and cost was con-
siderably weaker. Although several quality variables
were found to be significantly positively related to
cost in preliminary analyses, representative quality
variables by themselves accounted for only 10 percent
of the variation in cost per patient day. When the
quality variables were added to case-mix variables in
the equations, they contributed little beyond case mix
to the explanation of differences in cost per patient
day among nursing homes, However, this study repre-
sents but an initial attempt to incorporate (process)
quality measures aggregated from the patient-level to
the facility level, these results cannot be considered
definitive.
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Table 6

Regression coefficlients or elasticities of selected facility characteristics when case
mix and quality variables are added to nursing cost per patient day regressions: 1980

65 freestanding 1
nursing homes

74 freestanding and hospital-1
based nursing homes

Independent
variables Coefficient 1 Significance 2 R2 Coefficient ' Significance 2 R2
Hospital-based
Alone — — — 2.682 <. 001 .18
With case mix 3 — - — 1.880 003 - .50
With case mix
and quality 3. 4 — - — - - -
Nonprofit
Alone 1.173 017 09 1.820 <.001 A7
With case mix 2 .B75 041 .38 1.260 002 50
With case mix
and quality .4 — — — 1.213 003 .52
Parcent Medicaid
patients Elasticity 1 Elasticity 1
Alone -.229 007 1 -.118 237 02
With case mix3 -.082 347 34 -.004 061 .43
With case mix
and quality 3. 4 - — — — — —
Percent nursing
pool use
Alone 050 <.0M 24 033 o1 .09
With case mix 3 044 <.001 A7 020 070 46
With case mix
and quality 3 .039 .001 50 7 126 .47

1Ftegression coefficients are presented for the categorical {0M1) hospital-based and nonprofit variables; elasticities (at the mean) are presented

for the continuowus Medicaid and nursing pool variables,
2The tevel of significance is based on a two-tailed t-test.
3The case mix and qualily variables used are those listed in Tables 2-5.

4yalues for coefficientslelasticities, significance, or R2s are not presented in those instances where the facility characieristics used already
becarne insignificani {p < .10} due 1o case-mix variables or when addition of quality variables neither Jowered the regression

coefficienttelasticity nor lassaned its significance.

SOURCES: University of Colorado Health Sciences Genter, Center for Health Services Research: Primary Study Data, 1980,
Colorado Department of Social Services, Denver, Colorado: Medicaid Cost Reports, 1380.

The major facility characteristics found to be
related to cost were the attributes of hospital-based
or freestanding, forprofit or nonprofit, the percent
of Medicaid patients, and the percent of total nurs-
ing expenses for nursing pool services. When used
alone, these variables accounted for approximately 40
percent of the variation in nursing home cost-per-
patient day. However, they were associated with case-
mix factors that also explained a substantial portion
of the variation in cost. The associations between
facility characteristics and cost were substantially
weakened when case mix was taken into considera-
tion, In fact, the case-mix variables totally accounted
for the statistical significance of the relationship
between the percent of Medicaid patients and cost,
Thus, such facility characteristics appear to serve as
partial proxy measures of case-mix differences among
nursing homes.

Policy implications

The strong association between case mix and cost
suggests that case mix should be incorporated into
nursing home reimbursement beyond the simple classi-
fication of patients into level of care categories, This
is especially important because of the increase in
nursing home case-mix intensity expected as hospitals
attempt to discharge acute care patients early, in
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response to Medicare’s diagnosis-related group pay-
ment systern and other pressures.

Because case mix is most directly related to patient
care services (particularly nursing services), reimburse-
ment systems should link case mix primarily to the
patient care cost category. Several States, including
Ohio, West Virginia, and Maryland, have separated
costs into various categories for Medicaid reimburse-
ment purposes and use different payment methodolo-
gies for each category. Patient care costs in these
systems are reimbursed on the basis of assessments of
patient service needs. Such systems should be analyzed
further as they evolve. The same concepts appear to
be appropriate in developing a prospective payment
system for SNF care under Medicare (Stassen and
Bishop, 1983).

To be viable, the incorporation of case mix into an
operational nursing home reimbursement system
requires that patient assessment activities be timely
and efficient. This suggests that patient assessments to
determine case mix for reimbursement purposes
should be based on samples of patients in each facility
and not be conducted more frequently than necessary,

The relatively weak association found between qual-
ity and cost suggests that quality (at least as measured
in this study) cannot yet be closely linked to cost for
reimbursement purposes. However, incentive pay-
ments tied to quality may still be reasonable as a
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means to encourage nursing homes to provide higher
quality care. Because of the weak association between
quality and cost, such incentive payments could
possibly lead to improvements in quality at relatively
little increased public cost, The critical ingredient may
be to provide the appropriate education, standards,
and guidelines for nursing home administrators and
patient care personnel. However, this premise should
be tested on an experimental basis before actual
implementation in an operational system. The recent
experiment funded by the National Center for Health
Services Research, which used outcome based incen-
tive payments to nursing homes, should provide valu-
able information in this regard (Meiners, Heinemann,
and Jones, 1982},

Further research

This study analyzed the relationships between cost,
case mix, and quality at the facility level. However,
patient-level analyses are also warranted, focusing on
the degree to which case mix and quality of care
affect the cost of treating individual patients. Fries
and Cooney (1983} present an example of work
underway in this area (i.e., the resource-utilization
groups appreach), In addition, this study was
conducted in only one State. Although Colorado had
many similarities to other States, further analyses of
other States should be carried out to verify these find-
ings. ‘

Further research can also lead to important case
mix and quality measurement improvements, which
could ultimately be incorporated into operational
programs. In the case-mix area, this study used
measures of long-term care problems, ADL’s, and (to
a lesser extent) diagnoses as the main case-mix indi-
cators. Several of the different case-mix measures
yielded similar findings in the case-mix analyses. Rep-
resentative ‘‘tracer’ variables provided a reasonable
picture of the association between case mix and cost,
Composite measures that combine individual case-mix
variables should therefore be further developed and
compared to individual variables in terms of their
ability to depict case-mix patterns and cost-case-mix
associations.

In the quality area, refinements in the process qual-
ity approach are warranted. The possibility of out-
come and composite measures should also be
explored. The degree that process quality measures
relate to the ultimate outcomes of long-term care
could not be assessed from this study, and further
research is needed on the relationship between process
quality and the short- and long-run outcomes of
patient care. [t appears critical, however, to assess the
strength of the association between quality and cost
prior to considering a reimbursement approach that
directly incorporates quality measures,
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