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Objectives: To develop a model for case-mix adjustment of Consumer Assessment of
Healthcare Providers and Systems (CAHPS

s

) Hospital survey responses, and to assess
the impact of adjustment on comparisons of hospital quality.
Data Sources: Survey of 19,720 patients discharged from 132 hospitals.
Methods: We analyzed CAHPS Hospital survey data to assess the extent to which
patient characteristics predict patient ratings (‘‘predictive power’’) and the heterogeneity
of the characteristics across hospitals. We combined the measures to estimate the impact
of each predictor (‘‘impact factor’’) and selected high impact variables for adjusting
ratings from the CAHPS Hospital survey.
Principle Findings: The most important case-mix variables are: hospital service
(surgery, obstetric, medical), age, race (non-Hispanic black), education, general health
status (GHS), speaking Spanish at home, having a circulatory disorder, and interactions
of each of these variables with service. Adjustment for GHS and education affected
scores in each of the three services, while age and being non-Hispanic black had im-
portant impacts for those receiving surgery or medical services. Circulatory disorder,
Spanish language, and Hispanic affected scores for those treated on surgery, obstetrics,
and medical services, respectively. Of the 20 medical conditions we tested, only cir-
culatory problems had an important impact within any of the services. Results were
consistent for the overall ratings of nurse, doctor, and hospital. Although the overall
impact of case-mix adjustment is modest, the rankings of some hospitals may be sub-
stantially affected.
Conclusions: Case-mix adjustment has a small impact on hospital ratings, but can lead
to important reductions in the bias in comparisons between hospitals.
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The Consumer Assessment of Healthcare Providers and Systems (CAHPS
s

)
Hospital project is an extension of the CAHPS project, in which the Agency
for Healthcare Research and Quality (AHRQ) funded a consortium of inves-
tigators to develop patient surveys to assess consumer experiences of health
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care (Homer et al. 1999; Hargraves, Hays, and Cleary 2003; Daniels et al.
2004; Landon et al. 2004). The CAHPS Hospital project developed surveys
to assess the experiences of patients recently discharged from acute care
hospitals.

Results of the CAHPS Hospital surveys will be used to compare quality
among hospitals, to support decision making by patients, physicians, and
payers, and to facilitate quality improvement in hospitals. When making such
comparisons, there are at least two reasons why it might be desirable to adjust
CAHPS Hospital scores (Zaslavsky et al. 2001). First, some processes of care
are likely to vary with patient characteristics. For example, it might be more
difficult to communicate clearly with less educated patients or patients who
take more medication (Hargraves et al. 2001; Zaslavsky et al. 2001). Varying
distributions of these characteristics across hospitals might affect the rate of
problems with care. Second, patients’ characteristics can influence how they
respond to survey questions. For example, a younger patient might be more
sensitive to waiting time and thus give lower scores than an older patient with
fewer time constraints.

Without adjustment for case-mix, reports and ratings of hospital care
may be misleading. Furthermore, hospitals would have an incentive to attract
patients likely to give higher ratings and avoid those most likely to report
problems. Case-mix adjustment uses statistical models to predict what each
hospital’s ratings would have been for a standard patient or population,
thereby removing from comparisons the predictable effects of differences in
patient characteristics that are consistent across hospitals.

Age and self-rated general health status (GHS) typically have the strong-
est and most consistent associations with patient-reported problems, with
greater satisfaction among older patients and those with better self-perceived
health (Cleary and McNeil 1988; Cleary et al. 1989; Ware and Berwick 1990;
Ehnfors and Smedby 1993; Charles et al. 1994; Arnetz and Arnetz 1996;
Rosenheck, Wilson, and Meterko 1997; Woodbury, Tracy, and McKnight
1998; Hoff et al. 1999; Hargraves et al. 2001; McNeill et al. 2001; Jenkinson,
Coulter, and Bruster 2002; Thi et al. 2002; Wilson et al. 2002). Similar
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predictors are important for evaluations of health plans (Zaslavsky 1998;
Elliott et al. 2001; Zaslavsky et al. 2001).

There is some evidence that other characteristics, such as education,
marital status, income, and sex are related to survey responses about health
care (Ehnfors and Smedby 1993; Charles et al. 1994; Rosenheck, Wilson, and
Meterko 1997; Hoff et al. 1999; Thi et al. 2002) but those results are not
consistent (Cleary and McNeil 1988). Lengths of stay and readmission have
also been associated with hospital ratings and reports of care; however, these
are not appropriate case-mix adjustors because they could be affected by the
quality of care. In this paper, we assess which patient characteristics should be
used in a model for adjusting CAHPS Hospital scores when making hospital
comparisons.

DATA AND METHODS

Survey

The CAHPS Hospital pilot survey included 33 questions about patients’ ex-
periences with various aspects of care (e.g., ‘‘During this hospital stay, how
often did you have to ask for pain medication?’’) and three questions that elicit
overall ratings of the hospital, doctors, and nurses, as well as a question about
whether the patient would recommend the hospital to others (Elliott et al.
2005). There also are 13 questions about patient characteristics.

Sampling

Patients were selected at each hospital using random sampling within service
(medical, surgical, obstetric). Eligible patients were adult (aged over 18 years)
medical, surgical, and obstetric patients who had an overnight stay and
were discharged between December 2002 and January 2003. Patients were
excluded from the study if they had a psychiatric diagnosis, were under age 18
at the time of their admission to hospital, were not discharged to home, or
were missing data needed for identification and surveying. Sampling fractions
were calculated to yield equal numbers of patients from each service, although
this was not always possible (e.g., some hospitals did not provide obstetric
services).

CAHPS Hospital survey questionnaires were mailed to all sampled
patients. Telephone follow-up, or mailing of replacement questionnaires,
began about 4 weeks after the mailing of the survey.
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Data

After excluding patients who had an undetermined service or hospital affil-
iation, the sample comprised 19,720 patients discharged from 132 study hos-
pitals (Goldstein et al. 2005). We removed from analysis a single hospital with
only eight responses and a hospital that had no medical service responses. We
confined our analysis to respondents who received medical (37 percent), sur-
gical (40 percent), or obstetric services (23 percent) at one of the 130 remaining
hospitals, leaving a final sample of 19,683 respondents. Twenty-eight of those
hospitals had no respondents receiving obstetric services. The number of
respondents per hospital ranged from 28 to 512. Only the most recent hospital
stay was retained for patients that had multiple hospital stays.

Outcome Variables

To identify potential case-mix adjusters, we analyze the extent to which pa-
tient characteristics predict overall ratings of ‘‘nurse,’’ ‘‘doctor,’’ and ‘‘hospi-
tal.’’ These outcomes were chosen because they are regarded as the patient’s
summary of the more topic-specific report items and because they are more
subjective and therefore likely to be sensitive to reporting effects (Hargraves et
al. 2001; Kim, Zaslavsky, and Cleary 2005). For each outcome the hospital is
the unit of analysis. Analyses of the nurse and doctor items enable us to learn
about the corresponding aspects of hospitals’ performance, which are not
necessarily captured by the hospital rating, and therefore may reveal impor-
tant case-mix effects that would otherwise be missed.

Predictor Variables

The variables from the CAHPS Hospital pilot survey available as case-mix
adjustors are: hospital service, self-reported general health status (GHS), self-
reported mental health status (MHS), age, gender, education, whether Spanish
is spoken at home, if a proxy helped complete the questionnaire, race, and the
patient’s Diagnostic-Related Group (DRG) code assigned by the hospital. The
service variable has three categories indicating if the hospital stay was for
surgery, obstetrics, or other medical services. Service was available both from
patient self-report and from hospital records. We use DRG codes in these
analyses because they were available for all patients and more accurate.

GHS and MHS had a 5-point response scale (excellent, very good, good,
fair, poor). Age had eight categories, mostly 10-year intervals, from 18 to
greater than 80 years of age. Education was a 6-category ordinal variable
(eighth grade or less; some high school, but did not graduate; high school
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graduate; some college or 2-year degree; 4-year college graduate; more than
4-year college degree).

Race/ethnicity was represented by separate indicator variables for
white, black, Hispanic, Asian, and Native American or Hawaiian. Respond-
ents could check multiple race categories, so we assigned them to a group
using the following order of priority: Hispanic, black, Native American or
Hawaiian, Asian, and white; thus, a respondent that checked both Hispanic
and black was categorized as Hispanic. Spanish language indicates if Spanish
is the language mainly spoken at home, endorsed by about half the self-
reported Hispanics.

Proxy help and proxy answer indicate if the patient required help com-
pleting the questionnaire or had the questions answered for them, respective-
ly. Finally, the DRGs assigned at admission to the hospital were grouped in 20
Major Diagnostic Categories (MDC), providing a profile of the patient’s con-
dition specific to the inpatient stay in question. We did not consider variables
for case-mix adjustment that were characteristics of the hospital or determined
by the hospital’s actions (e.g., length of stay), as adjusting for such variables
might obscure real differences in quality between hospitals.

Statistical Methods and Analysis

Our criterion for selection of case-mix adjustors is the ‘‘impact factor,’’ which is
the product of two measures: predictive power (the strength of the relationship
between the candidate adjustor and the outcome variable at the individual
level) and heterogeneity factor (the amount of variation among hospitals in the
adjustor variable) (Zaslavsky 1998). Predictive power quantifies the improve-
ment in model fit (R2) attributable to a variable; unlike tests of statistical sig-
nificance, it does not depend on sample size. The heterogeneity factor
measures the extent to which the characteristic is unevenly distributed across
hospitals and therefore potentially a source of bias in comparisons. A variable,
such as gender, could be highly predictive of responses but have little impact
on case-mix adjustment because its distribution is relatively homogeneous
across hospitals. Conversely, a variable could have quite different distributions
in different hospitals but be unrelated to the rating. By combining both pre-
dictive power and heterogeneity into a single measure, the impact factor is
more informative than purely predictive measures such as R2; it approximates
the magnitude of the incremental adjustments due to adding a variable to the
case-mix model.
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To select a core set of predictor variables we screened potential adjustors
using stepwise regression; this exploratory technique is appropriate because
we seek to identify a nonredundant set of variables that predict ratings of
hospitals, not to test hypothesis about predictors. To select a parsimonious
model, the inclusion and exclusion p-value criteria were set at 0.005, and to
check that no important variables were omitted we compared the model
against alternatives generated by an all-subsets regression. A further validation
of the model was performed by randomly partitioning the data set into halves,
refitting the model on one half and predicting the ratings in the other half, and
comparing the accuracy of the predictions to those when the model is fit to the
full data set. Nine separate regression models were run, for the three overall
ratings in each of the three services. Variables selected in any of the models
formed a core set eligible for final selection.

We estimated the predictive power, heterogeneity factor, and impact
factor across all services for each case-mix variable on each CAHPS Hospital
score. Interactions between service and the other case-mix variables were also
assessed. When interactions were included as case-mix predictors, the cor-
responding main effects were also included. We also performed separate
analyses for each service.

We measured predictive power by the incremental amount of variance
explained by the predictor (represented as the partial r2� 1,000) in a linear
regression analysis given the other variables already in the baseline model, in-
cluding dummy variables for each hospital. We measure the heterogeneity of the
predictor variable across hospitals as the ratio of between-hospital to within-hos-
pital variance of the residuals when the variable is regressed on the same baseline
variables. The product of the predictive power and heterogeneity factor is pro-
portional to the impact factor, used to assess which variables are both important
predictors of CAHPS Hospital ratings and are sufficiently variable across hospitals
to warrant case-mix adjustment (Zaslavsky et al. 2001), as described above. We
required a minimum impact factor of 1 for a variable to be included.

For the impact analysis, we treated ordinal variables (such as age, health
status, and education) as linear effects. This assumes that the effect on ratings of
a change between consecutive categories is uniform across the scale (e.g., the
difference between ratings from those in poor versus fair health is the same as
that between those in good and very good health). This approximation is
convenient for calculating the impact of ordinal variables, but might not be the
optimal specification if the uniformity assumption is incorrect. For each ordinal
variable in the baseline model, we tested the uniformity assumption by com-
paring (with an F-test) the baseline model with one that recoded the linear
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variable as a set of dummy variables. Unless the categorical specification sig-
nificantly improves on the linear specification, the latter can be used with no
detectable loss of accuracy. After identifying the case-mix predictors we then
tested interactions of adjustors with service, to determine which coefficients
differed significantly across services, to arrive at our final model.

We used the CAHPS macro (AHCPR 1999) to compute mean nurse,
doctor, and hospital ratings for each hospital adjusted for the various sets of
predictors in these final models. These are predicted mean ratings for each
hospital if they all had the same case-mix. By examining the changes in the
predicted values for each hospital across models, we can determine how much
each model adjusts for the relevant inter-hospital differences in case-mix.

To evaluate the overall impact of case-mix adjustment on each CAHPS
Hospital score we compared the unadjusted scores to scores adjusted for var-
iables selected for two of the three ratings for each service. We used two
measures of the importance of adjustments to any rating variable: the ratio of
the standard deviation of adjustments to the unadjusted standard deviations of
the hospital means, and Kendall’s t correlation between the adjusted and
unadjusted hospital rankings of the scores. Larger standard deviation ratios
reflect greater impact. Kendall’s t is directly related to the proportion of pairs
of hospitals that switched ordering as a consequence of case-mix adjustment.

The standard case-mix adjustment model relies on the assumption that
the adjustors do not interact with hospital. If this assumption does not hold, the
choice of covariate values will affect comparisons between hospitals (e.g., the
ranking of hospitals), and therefore different reports may be needed for dif-
ferent types of patients. We use F-tests to evaluate if there is significant het-
erogeneity in the case-mix coefficients across hospitals.

RESULTS

Variable Screening: Stepwise Regression Modeling

For analyses of the nurse, doctor, and hospital ratings there were 16,745,
16,744, and 16,840 observations respectively with complete data for the de-
pendent and all independent variables; 368 additional observations with
missing values only for proxy help or gender were added to analyses of
‘‘doctor’’ when these variables were eliminated from models. Many of the
missing values arose because the final two facing pages (containing 10 items)
were left blank by 1,053 respondents. Because missingness of this block was
not associated with the other ratings or concentrated in particular hospitals, we

2168 HSR: Health Services Research 40:6, Part II (December 2005)



treat these data as missing completely at random and removed the corre-
sponding cases from the analysis.

The distribution of ratings was concentrated at the high end of the scale,
with 38 percent, 48 percent, and 36 percent of patients providing ratings of 10
for the nurse, doctor, and hospital items respectively; 60 percent of ratings on
each item were 9 or higher. Consequently, the distribution of hospital mean
ratings is concentrated toward the high end of the scale (65–99 percent of
hospital means exceeded 8 across the nine rating-service combinations).

The main effect of service in the pooled model indicates that compared
to surgical patients, medical patients gave lower overall doctor ratings but
relatively similar nurse and hospital ratings, whereas obstetric patients gave
more positive ratings for nurse and hospital but similar ratings for doctor.
Service, GHS, MHS, age, education, being non-Hispanic black, and Spanish
language are highly predictive for each of the nurse, doctor, and hospital
ratings (Table 1). Male and proxy help also met the po.005 threshold for the
nurse and hospital ratings, but not for doctor. Hispanic, Asian, Native Amer-
ican, and proxy answer were not predictive of any rating.

In models fit separately by service (data not shown), medical patients
gave a lower doctor rating but relatively similar nurse and hospital ratings to
surgical patients, whereas obstetric patients gave more positive nurse and
hospital ratings but similar doctor rating. Healthy (general and mental), older,
less educated, non-Hispanic black, and Spanish speaking patients tended to
give higher ratings. Males gave significantly more positive nurse and hospital
ratings than females, but not doctor rating. Proxy help respondents gave lower
ratings for nurse and hospital than patient respondents; this effect was atten-
uated for doctor rating.

Analysis of variance calculations for the ordinal GHS, MHS, age, and
education variables indicate that with the exception of MHS for the hospital
rating, the linear specification accounts for at least 88 percent of the variation
explained by the categorical specification, so these variables may be ade-
quately represented on a linear scale. The categorical specification is signif-
icantly (po.005) better than the linear version only for age and education for
some ratings, reflecting small departures from linearity.

Interactions with Service

The most pronounced interactions between the case-mix variables and service
are between age and the doctor rating, non-Hispanic black and the hospital
rating, and education and the nurse rating (Table 2). The regression coeffi-
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Table 1: Stepwise Analysis (All Services)

Predictor
Levels

Nurse Rating Doctor Rating Hospital Rating

Parameter
Estimate

Overall
p-Value

Parameter
Estimate

Overall
p-Value

Parameter
Estimate

Overall
p-Value

In
Intercept 8.20 o.0001 8.74 o.0001 8.28 o.0001
Service

Medical 0.04 o.0001 � 0.42nnn o.0001 � 0.09 o.0001
OB 0.42nnn 0.03 0.41nnn

Health status
Excellent 0.24nnn o.0001 0.28nnn o.0001 0.32nnn o.0001
Very good
Good � 0.54nnn � 0.53nnn � 0.65nnn

Fair � 0.31nnn � 0.19nnn � 0.34nnn

Poor � 0.96nnn � 0.86nnn � 1.14nnn

Mental health
Excellent 0.17nnn o.0001 0.24nnn o.0001 0.19nnn o.0001
Very good
Good � 0.19nn � 0.24nnn � 0.05
Fair � 0.04 � 0.09 0.01
Poor � 0.48nn � 0.74nnn � 0.35n

Age
18–24 � 0.24nn o.0001 � 0.30nnn o.0001 � 0.22n o.0001
25–34
35–44 0.10 0.14n 0.05
45–54 0.24nn 0.27nnn 0.25nn

55–64 0.53nnn 0.52nnn 0.56nnn

65–74 0.70nnn 0.67nnn 0.76nnn

75–79 0.79nnn 0.69nnn 0.85nnn

801 0.83nnn 0.76nnn 0.99nnn

Education
Eighth grade 0.35nnn o.0001 0.30nnn o.0001 0.42nnn o.0001
Some high school 0.31nnn 0.26nnn 0.43nnn

High school 0.22nnn 0.25nnn 0.29nnn

Some college
College � 0.15n � 0.03 � 0.13
College1 � 0.20nnn � 0.23nnn � 0.22nnn

Race/ethnicity
Non-Hispanic black 0.41 o.0001 0.29 o.0001 0.43 o.0001

Spanish language 0.71 o.0001 0.61 o.0001 0.88 o.0001
Sex: male 0.24 o.0001 0.19 o.0001
Proxy help � 0.34 o.0001 � 0.26 o.0001

Out
Sex: male .0348
Race/ethnicity

Hispanic .1994 .0069 .0785
Asian .2322 .0763 .0972

continued
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cients indicate that the ratings for obstetric and medical patients increase more
with age than for surgical patients. No other interaction effects are significant at
po.005. However, the interactions of service with age for the nurse rating,
with MHS and non-Hispanic black for the doctor rating are significant at the
0.05 level, suggesting that additional interactions with service may exist.

Because of the interaction of some case-mix variables with service and
because some of the case-mix variables do not apply to certain services (e.g.,
only females receive obstetric services and some of the DRG-based groups are
only relevant to particular services), subsequent analyses are stratified by
service. We also assume linear specifications of the ordinal case-mix variables
(including age and education).

Diagnoses

Of the 20 MDC examined, only five applied to more than 5 percent of the
sample: circulatory disorder, digestive disorder, muscle disorder, female re-
productive disorder, and respiratory disorder. The prevalence of the other
conditions was so low that their impact on case-mix adjustment would be
minimal, even if they were predictive of the ratings. Therefore, we tested only
the above five conditions (Table 3).

For surgery patients, having a circulatory disorder was an important
predictor of higher ratings for nurse and hospital, while having a female re-
productive disorder was a significant positive predictor of the rating for doctor.
Due to very low prevalence, none of the medical conditions were predictive of
the ratings for obstetric patients. For patients attending the hospital for general
medical services, muscle disorder was negatively associated with all three

Table 1: Continued

Predictor
Levels

Nurse Rating Doctor Rating Hospital Rating

Parameter
Estimate

Overall
p-Value

Parameter
Estimate

Overall
p-Value

Parameter
Estimate

Overall
p-Value

Native American .3018 .0708 .9721
Proxy help .0124
Proxy answer .7628 .7459 .8087

npo.01,
nnpo.001,
nnnpo.0001. The baseline category of categorical predictors is the level with the blank cell.

OB, obstetrics.

Case-Mix Adjustment of CAHPS
s

Hospital Survey 2171



ratings, while circulatory and respiratory disorders had modest (positive) as-
sociations (p-values between .01 and .1).

The directions and significance levels of effects of GHS, MHS, age,
education, non-Hispanic black, and gender (not shown) are similar across
services, and largely in agreement with the results in Table 1. Hispanic was a
strong predictor of ratings for general medical services whereas Spanish lan-
guage was a strong predictor of ratings for obstetrics. Hispanic and Spanish
language were never both in a model, since they largely explained the same
ethnic variation.

Predictive Power, Heterogeneity Factors, and Impact Factors

Table 4 presents the predictive power, heterogeneity, and impact for the pre-
dictor variables that met the 0.005 threshold in the model for at least two of the
specific service models. Hispanic was excluded as it did not meet this criterion.

Table 2: Tests for Interaction of Case-Mix Variables with Service

Predictor
Level of
Service

Nurse Rating Doctor Rating Hospital Rating

Estimate
Overall
p-Value Estimate

Overall
p-Value Estimate

Overall
p-Value

Service main Medical 0.259 .3989 � 0.66n .0015 0.08 .8922
Effect OB � 0.06 � 0.65n 0.01
Age Medical � 0.06n .0081 0.08nnn .0004 0.00 .1409

OB � 0.02 0.05 � 0.09
GHS Medical � 0.04 .5152 � 0.07 .1506 � 0.08 .1301

OB 0.01 � 0.07 � 0.01
MHS Medical 0.00 .8607 0.02 .0218 � 0.01 .2475

OB 0.03 0.14n 0.08
Education Medical 0.08n .0035 � 0.03 .4416 0.03 .1697

OB 0.09n 0.01 0.06
Male Medical � 0.10 .1432 0.08 .4737 � 0.06 .5185

OB � 0.84 � 0.07 � 0.43
Non-Hispanic black Medical � 0.13 .2218 0.28 .0353 0.09 .0033

OB � 0.24 0.05 � 0.35n

Spanish language Medical � 0.12 .0510 0.14 .1221 0.05 .1604
OB 0.30 0.34 0.30

Proxy help Medical 0.03 .8431 � 0.10 .0762 � 0.03 .9349
OB 0.12 � 0.46 � 0.06

The ordinal predictors were represented as linear scale variables when testing for the above
interaction effects. Surgery was the baseline category for the main and the interaction effects.
Boldface values indicate interactions that have po.005, while npo0.1, nnpo.001, and nnnpo.0001
denote the p-values of individual contrasts.

OB, obstetrics; GHS, general health status; MHS, mental health status.
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The variables that have the greatest overall impact on one or more
ratings are: age, non-Hispanic black, education, Spanish language, service,
MHS, and GHS. Male and proxy help had relatively small impact. The results
were consistent across ratings, although the impact factors for the doctor rating
were typically larger than those for the other ratings.

The variables with the greatest predictive power do not necessarily have
the greatest impact on the adjustment. For instance, GHS is highly predictive
of each rating, but due to a homogeneous distribution across hospitals, has low
impact. Conversely, the most heterogeneous variable, non-Hispanic black,
has modest predictive power and is the second or third most important in
terms of impact.

GHS and education were the only variables that had substantial impact
for each service (Table 5). Although age had very high impact for both surgery
and medical, it was not sufficiently predictive to even be considered as a

Table 3: Stepwise Analysis (by Service) for DRG Conditions

Service Predictor

Nurse Rating Doctor Rating Hospital Rating

Parameter p-Value Parameter p-Value Parameter p-Value

Surgery In
Circulatory disorder 0.41 o.0001 0.38 o.0001
Female reproduction
disorder

0.18 .0048

Out
Circulatory disorder .0119
Digestive disorder .1387 .6771 .3621
Muscle disorder .0813 .5711 .1683
Female reproduction

disorder
.7703 .0312

Respiratory disorder .2859 .1355 .8526
Medical In

Muscle disorder � 0.45 .0023 � 0.78 o.0001 � 0.46 .0023
Out

Circulatory disorder .0259 .0842 .0599
Respiratory disorder .0939 .0201 .0109
Digestive disorder .3497 .8567 .1035
Female reproduction

disorder
.4182 .6625 .6604

OB Out
All disorders are
female reproduction

DRG, Diagnostic-Related Group; OB, obstetrics.
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case-mix adjustor for obstetrics. Non-Hispanic black had significant impact in
surgery and medical, but not in obstetrics, whereas Spanish language and
MHS had major impacts only on obstetrics. Circulatory disorder (surgery
only) was the only MDC to substantially impact case-mix adjustment; al-
though muscle disorder was highly predictive the homogeneity of its distri-
bution across hospitals meant it had modest impact. Male (only for surgery)
and proxy help (only for medical) had modest impact.

Overall Impact

We quantify the overall impact of case-mix adjustment on hospital-level rat-
ings by the ratio of the standard deviation of the adjustment to the standard
deviation of the means and by Kendall’s t. The standard deviation ratios
ranged from 0.17 to 0.28, indicating that the adjustments were modest but not
negligible compared to the differences among hospitals. Furthermore, ratios of
the maximum adjustments to the standard deviations of the means ranged
from 0.47 to 1.09, suggesting that although the effect of the adjustment was
small for most hospitals, it was important for some. Kendall’s t is between 0.82
and 0.88, meaning that the percentage of hospitals whose ordering would be
changed by case-mix adjustment is between 9 percent and 5.9 percent for all
services and ratings; surgery and obstetrics were most and least affected
respectively.

Although the impact of the case-mix adjustment on between-hospital
comparisons is of most interest, the amount of within-hospital variation ex-
plained by the case-mix model is a useful summary of model fit. The within-
hospital R 2 was between 5.8 percent and 7.5 percent for the overall model and
between 4.4 percent and 8.3 percent for the service-specific models; slightly
more variation was explained for surgery than for obstetrics or medical.

Interactions with Hospital

The slopes for service and GHS in the overall adjustment model varied sig-
nificantly (po.005), as did the slope for GHS in the service-specific models.
The slopes of several other case-mix variables varied significantly across hos-
pitals in the overall model but not in the service-specific models.

DISCUSSION

Case-mix adjustment is a widely used method for making comparisons among
health care providers fairer. Careful adjustment may assuage hospitals’
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concerns that they may be disadvantaged in comparative ratings by an un-
favorable patient population, contributing to acceptance of quality measures
and making them more effective drivers of quality improvement.

In this study of patients discharged from hospitals in three states, service
(surgery, obstetrics, medical) had a strong relationship to the ratings, and the
proportion of patients in each service varies across hospitals, substantially
affecting comparisons of hospitals. Service interacts with several other case-
mix variables. Notably, age has a large impact on ratings for surgery and
medical patients but little impact on obstetric patients, presumably because
the ages of obstetric patients, e.g., those having child birth, are much more
homogeneous.

To accommodate multiple interactions with service, we recommend
fitting separate case-mix models for surgery, obstetric, and medical services. If
a single report is to be made combining all services, the case-mix model should
include interactions of each variable with service.

Besides service, age, non-Hispanic black, education, GHS, Spanish lan-
guage, and circulation disorder (in surgery only) appear to be the other most
important case-mix adjustors. Adjustment for GHS and education affected
scores in each of the three services, while age and non-Hispanic black had
important impacts for surgery and medical. Circulation disorder, Spanish
language, and Hispanic affected scores for surgery, obstetrics, and medical
respectively. The signs of the associations between the case-mix variables and
the quality ratings cohere with previously reported results.

The limited impact of diagnostic categories is probably due to the
small proportion of patients with each condition and thus the low variation
between hospitals. For example, if the prevalence of a condition in a pop-
ulation is only 1 percent, then even if the proportion of patients with the
condition varies substantially between hospitals the impact on case-mix ad-
justment will be minimal. The one exception is circulatory disorders, for
which there is a relatively large number of cases. We do not know what
characteristics of these patients or their experiences cause them to report more
favorably. Because of the additional difficulty of collecting and coding diag-
nostic data, and because circulatory disorders only impact patients having
surgery, we suggest more research in larger, more representative samples
before recommending this variable or other diagnostic groups for case-mix
adjustment.

The case-mix models explained a modest percentage of within-hospital
variation, consistent with previous results which found that a similar set of
variables only explained between 3 percent and 8 percent of the variation
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in ratings about hospital care (Hargraves et al. 2001). However, the overall
impact of the case-mix adjustments reported here, measured by the ratio of
the standard deviation of the adjustment to the unadjusted ratings and
Kendall’s t, exceeded the impact of a similar set of predictors on ratings of
health plans (Zaslavsky et al. 2001).

Our case-mix models assume that the case-mix coefficients do not vary
across hospitals. If they do, comparative inferences such as the ranking of
hospitals could depend on the ‘‘standard’’ patient or population used to
standardize the CAHPS Hospital scores; one hospital might perform better
than another for some types of patients but worse for others. We found some
evidence of hospital by case-mix interactions but when we fitted separate
models to each service the only significant interaction was with age. However,
the variation in the slope of age is relatively minor compared to the main effect
of age. A previous study of case-mix adjustment for health plans suggested that
variation in case-mix coefficients had little importance for adjustment of plan
means but might indicate that comparisons of plans could be substantially
different depending on the characteristics of the individual patient (Zaslavsky,
Zaborski, and Cleary 2000). The heterogeneity of the age effect across hos-
pitals should be evaluated again when larger datasets involving more hospitals
are available.

The CAHPS Hospital pilot survey data represented only three states,
so the effects of Spanish language or race may be different in other geographic
areas. For instance, the relationship between Spanish language and reported
experiences might be affected by the local concentration of Spanish speakers
or by the specific Hispanic ethnicity (e.g., Mexican American, Cuban Amer-
ican) in the area. We tested whether the case-mix variables interacted with the
region where a patient lives but did not find significant results. The conse-
quences of such interactions would depend on whether the data were to be
used primarily for local or national comparisons. Finally, we did not test if
survey mode (phone versus mail) is needed for case-mix adjustment. Although
there are differences by mode (Elliott et al. 2005), they are confounded with
initial nonresponse, and patient experiences might be related to the mode they
respond to, rather than whether or not they initially responded.

CAHPS Hospital scores will be used by patients and their providers to
select hospitals, by hospitals to focus and monitor quality improvement efforts,
and by policy makers to monitor and promote high-quality care. Because case-
mix adjustment has the potential to prevent patient characteristics from
confounding comparisons between hospitals, using adjustment models, such
as the one specified here, is of crucial importance.
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