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Objectives. Length of stay (LOS) and
hospital readmission for persons receiv-
ing medical rehabilitation were examined.

Methods. A total of 96473 patient
records (1994–1998) were analyzed.
Mean age of patients was 68.97 years;
61% were female and 83% were non-
Hispanic White.

Results.A decrease in LOS of 6.07
days (SD=3.23) and increase in hospital
readmission were found across all im-
pairment groups (P<.001). Readmission
increases ranged from 6.7% for ampu-
tations to 1.4% for orthopedic condi-
tions. LOS was longer (2.1 days) for read-
mitted patients (P<.01). Age was not a
significant predictor of rehospitalization.

Conclusions. Understanding vari-
ables associated with rehospitalization
is important as prospective payment
systems are introduced for postacute
care. (Am J Public Health. 2000;90:
1920–1923)
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Hospital readmission costs have been
identified as a major component of health care
spending in the United States and account for
approximately 24% of Medicare expendi-
tures.1–4 The occurrence of unplanned read-
mission among high-cost patients, such as the
elderly and those with chronic disease, is a sig-
nificant concern as prospective payment sys-
tems are implemented for medical rehabilita-
tion and postacute care.5–11

We examined the relation between length
of stay (LOS) and hospital readmission in a
large sample of patients who received inpatient
medical rehabilitation from 1994 through 1998.
Our goal was to provide basic descriptive in-
formation regarding trends between LOS and
readmission across different rehabilitation im-
pairment groups.

Methods

Data from 96473 patients who received
medical rehabilitation from 1994 through 1998
were collected from 167 hospitals in 40 states

subscribing to the Uniform Data System for
Medical Rehabilitation (UDSMR). The
UDSMR is the largest national registry of stan-
dardized information on medical rehabilitation
inpatients in the United States.12 Information in
the database includes scores on a standardized
measure of basic daily living skills, the Func-
tional Independence Measure, demographic
variables, facility characteristics, diagnoses (In-
ternational Classification of Diseases, Ninth
Revision [ICD-9], codes), and LOS.13 Detailed
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TABLE 1—Demographic Characteristics and Descriptive Statistics of Patients
Who Received Medical Rehabilitation From 1994 Through 1998

Patients Without Patients With
All Patients Readmission Readmission

n 96473 80833 (83.8%) 15640 (16.2%)
Sex

Male 37624 (39%) 32333 (40%) 5943 (38%)
Female 58849 (61%) 48500 (60%) 9697 (62%)

Age, y 68.97 69.00 68.70
(SD=15.48) (SD=15.57) (SD=16.98)

Race/ethnicitya

White 79812 66450 13362
Black 8349 6929 1420
Hispanic 3774 3132 624
Other 3210 2695 515

LOS 19.92 19.58 21.68
(SD=14.58) (SD=14.59) (SD=15.89)

Note. LOS=length of stay.
aData on race/ethnicity not available for 1328 patients.

information regarding reliability and validity of
the data collection system has been reported
by several independent researchers.14–18

Validity of the Data Set

The UDSMR database was extensively
reviewed by the Health Care Financing Ad-
ministration (HCFA) in its examination of
Function Related Groups.19,20 Function Related
Groups were developed as the analog to Diag-
nosis Related Groups (DRGs) for inpatient
medical rehabilitation.21 The Function Related
Group classification system uses admission
scores from the Functional Independence Mea-
sure and other demographic and clinical data
to construct a severity-adjusted case-mix score
that categorizes patients on the basis of (pro-
jected) LOS.21,22 In examining the Function
Related Group system, the HCFA compared
the UDSMR data set with the Medical Pro-
vider Annual Review (MEDPAR) file and the
Health Care Provider Cost Report Information
System19 and concluded that “UDSMR hos-
pitals account for a substantial portion of the
Medicare rehabilitation cases in almost all
states”20(p24) and that patient demographics,
hospital characteristics, and resources used by
disabled Medicare beneficiaries “are repre-
sented well by the UDSMR.”20(p28)

Complete admission, discharge, and
follow-up information was available for
114440 patients receiving inpatient rehabili-
tation for the 5-year study period. We excluded
patients with missing or out-of-range data val-
ues (n=4577), with nonspecific impairment
codes (n=641), younger than 16 years (n=
602), who were readmitted or transferred from
another rehabilitation facility (n=7011), or
who were admitted for evaluation only (n=
1602). We used clinical criteria developed in re-
search on Function Related Groups21,22 to ex-
clude patients whose rehabilitation was atypi-
cal (n=3534) (e.g., a rehabilitation LOS of
fewer than 2 days or more than 365 days). The
remaining 96473 patients represented 84.3%
of the usable patient records from the original
sample.

Measures of LOS and Readmission

LOS was calculated as the total number of
medical rehabilitation days. Information on re-
hospitalization was obtained between 80 and
180 days after discharge by telephone inter-
views conducted by trained registered nurses
with clinical experience in rehabilitation.A pro-
tocol was followed to gather information on
current living situation and whether the former
patient experienced a hospital readmission.Any
new medical diagnosis since discharge was
recorded.The statistical consistency of solicit-

ing this information by telephone interview has
been established in previous investigations.18,23

Results

Descriptive and demographic informa-
tion for all patients appears in Table 1. The
type of impairment was examined through a
classification system developed by Stineman
and colleagues in establishing the Function
Related Groups21,22 and included 8 rehabilita-
tion impairment categories.The number of pa-
tients in each category ranged from 31479 for
orthopedic conditions to 3499 for cardiac re-
habilitation. Detailed information on the cri-
teria and ICD-9 codes used to create the reha-
bilitation impairment categories can be found
elsewhere.21,22

LOS decreased by 6.07 days (F=61.77,
P<.001) across all rehabilitation impairment
categories, from a mean of 22.97 days (SD=
15.52) in 1994 to 16.90 days (SD=15.70) in
1998. Mean LOS was longer (21.68 days,
SD=15.89) for patients who were rehospital-
ized than for those who were not (19.58 days,
SD = 14.59) (t = 16.15, P < .001). The per-
centage of patients rehospitalized increased
during the 5-year period, from a mean of
15.0% in 1994 to 17.8% in 1997 (Figure 1).
All 8 rehabilitation impairment categories
showed some increase in incidence of hospi-
tal readmission.

Using longitudinal analytic methods24

and the rehabilitation impairment category,
we calculated a summary measure of the rel-
ative rates of readmission for groups of pa-
tients. We used hospital readmission percent-
ages for 1994 as the baseline and compared
these with mean readmission percentages for

1997–1998. Statistical adjustments were made
for age, race, sex, and LOS. The analysis in-
volved a quasi-likelihood method applicable to
discrete and continuous data.24 The estimates
of relative readmission rates for the 8 rehabil-
itation impairment categories were as follows:
stroke, 1.57 (95% confidence interval [CI]=
1.34, 1.80); brain injury, 1.48 (95% CI=1.24,
1.89); spinal cord injury, 1.51 (95% CI=1.34,
1.80); other neurologic conditions, 3.12 (95%
CI=2.45, 4.64); amputation, 4.23 (95% CI=
3.34, 5.80); arthritis, 2.16 (95% CI = 1.74,
2.69); orthopedic, 1.47 (95% CI=1.24, 1.76);
cardiac, 1.62 (95% CI=1.48, 1.81).

Discussion

LOS for inpatient medical rehabilitation
decreased significantly and the percentage of
patients rehospitalized increased for all reha-
bilitation impairment categories examined dur-
ing the 5-year period. The relative rate for re-
hospitalization was highest for patients in the
rehabilitation impairment categories of ampu-
tation and neurologic disorders.

The cost savings associated with short-
ened LOS are lost when patients are rehospi-
talized. The decrease in mean LOS of 6.07 days
from 1994 to 1998 represents a savings of
$3521 per patient (1996 dollars).25 In contrast,
the estimated cost of 1 readmission in 1996
was $8798.25,26 We are not arguing that there is
a causal connection between decreasing LOS
and increasing hospital readmission rates.
Many potential moderator variables exist that
may influence hospital readmission.10 The task
of modeling the relations among these vari-
ables is complex,27 but it must be addressed if
hospital readmission rates are to be used as
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FIGURE 1—Comparison of mean length of stay (LOS) and percentage of
hospital readmissions over a 5-year period (1994–1998), collapsed
for 8 major rehabilitation impairment categories.

outcome indicators2,3 in prospective payment
systems for postacute care.
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Objectives. This study described re-
lations between socioeconomic factors
and race/ethnicity as risk factors for
asthma mortality.

Methods. A cross-sectional study
was conducted of US mortality records
from 1991 through 1996.

Results. Higher standardized mor-
tality ratios were seen for Blacks vs
Whites (3.34 vs 0.65), low vs high edu-
cational level (1.51 vs 0.69), and low vs
high income (1.46 vs 0.71). Excess mor-
tality for Blacks vs Whites was present
in the highest and lowest quintiles of me-
dian county income and educational
level. The disparity in asthma mortality
rates according to median county income
and education remained after control for
race/ethnicity.

Conclusions. Black race/ethnicity
appears to be associated, independently
from low income and low education,
with an elevated risk for asthma mortal-
ity. (Am J Public Health. 2000;90:
1923–1925)
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Asthma mortality rates are known to vary
by age, geographic region, and race/ethnic-
ity,1–4 with higher rates for Blacks than for
Whites. Studies in several US cities have shown
that low socioeconomic status (SES) is asso-
ciated with small area variation in asthma mor-
tality rates.5–7 These studies have suggested that
Black race/ethnicity and low SES may be in-
dependent risk factors for asthma mortality.

An inverse relation between median
county income and asthma mortality has been
described,8 but to our knowledge, no studies of
US mortality data have evaluated the relative
contributions of both race/ethnicity and SES
to asthma mortality. The purpose of this study
was to examine whether socioeconomic fac-
tors—specifically, community income and ed-
ucation—contribute independently to the ele-
vated risk for asthma mortality associated with
Black race/ethnicity.

Methods

US mortality data were obtained from the
National Center for Health Statistics for the
years 1991 through 1996. Case identification
was based on asthma (International Classifi-
cation of Diseases, Ninth Revision [ICD-9]
external-cause-of-injury code 493) as an un-
derlying cause of death. Only deaths for per-
sons aged 5 to 34 years were included in the
analysis, because previous reports reflected the
accuracy of this specific diagnosis in this age
group. Additional vital record information (in-
cluding sex, race, county of residence, place of
death, and whether autopsy was performed)
also was obtained from the National Center for
Health Statistics. Six years of data were aggre-
gated to minimize the instability of rates for in-
frequent events. The National Center for Health
Statistics does not report county identifiers for

deaths from counties with populations of fewer
than 100000 persons; therefore, deaths occur-
ring in these counties were not included in the
analyses. Income and educational level esti-
mates were based on county-level data, available
from the 1993 area resource file.9These income
and education data were matched to individual
mortality records based on county code. US
census population estimates of the 1993 non-
institutionalized civilian population were used
to derive rates for this analysis.

Data are presented as crude mortality rates
and standardized mortality ratios (SMRs). The
significance of differences in SMRs between
demographic groups was calculated with χ2

tests. Also, multiple regression was performed
to explore the relative effect of age, race/eth-
nicity, sex, income, and education.

Results

Among individuals aged 5 to 34, an av-
erage of 449.7±55.0 asthma deaths occurred
annually from 1991 through 1996. During this
period, an average of 54.9±7.5% of the asthma
deaths were among males, and 48.3±6.3% of

December 2000, Vol. 90, No. 12 American Journal of Public Health 1923

The Relation of Socioeconomic Factors
and Racial/Ethnic Differences in US
Asthma Mortality 


