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PURPOSE The rise in health care costs has oc- 
casioned a number of initiatives in an attempt to 
reduce the rate of increase. Despite the growth 
of health maiutenance organizations and pre- 
ferred provider organizations and the introduc- 
tion of Medicare’s prospective payment system, 
health care costs have continued to increase. Co- 
iucident with these efforts, a number of re- 
searchers have shown that there exists wide 
variation in age-adjusted hospital discharge 
rates, which translate into significant variation 
in per capita expenditures. Much of the focus on 
the reasons for hospital admission variability has 
been on physician practice variation. If most of 
the variation in hospital discharge rates is due to 
physician practice style, then payment systems 
can be developed (e.g., capitation) that limit 
physician practice variation without harming 
patient& We examined socioeconomic factors in 
Michigan communities to assess their association 
with hospital discharge rates for patients with 
musculoskeletal dieeases. 

PATIEN’IS AND METHODSi Data on hospital dis- 
charges from 1980 and 1987 were taken from the 
Michigan Inpatient Data Base. All admissions 
from the major diagnostic category 8, diagnosis- 
related group (DRG) 209-256 were included. Zip 
code-specific hospitalization data were grouped 
into small geographic areas or hospital market 
communities (HMCs). Discharge rates were cal- 
culated, and profdes of the socioeconomic char- 
acteristics of each of the HMCs were developed. 
A Poisson regression model with an extrasys- 
tematic component of variance was used to ana- 
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lyze the association of HMC socioeconomic char- 
acteristics with age-adjusted hospital use. 

RESULTS: We found that four socioeconomic 
variables, average annual income per capita, 
percent of the population with four years of col- 
lege, percent of the population living in an ur- 
ban area, and percent of families with incomes 
below the poverty line, explained 26.6% (R2) of 
the variation in overall hospital discharge rates 
(p <O.OOl). Moreover, we found that the ability 
of the model to explain variability was influ- 
enced by the type of disease, and that these so- 
cioeconomic variables had a consistent effect 
across the range of DRGa Finally, we noted 
that, over the period of 1980 to 1987, socioeco- 
nomic factors remained important in explaining 
hospital use despite the dramatic changes in the 
delivery of care over this period. 

CONCLUSION: fhCioeCOnOmic factors play a sig- 
nificant role in explaining the observed varia- 
tion in hospital discharge rates for musculoskel- 
etal diseases. Models utilbdng only physician 
practice variation to account for the population- 
based differences in discharge rates are overly 
simplistic. In order to ensure that vulnerable 
subsets of the population are not harmed by the 
introduction of cost-containment strat8gies 
based on simplistic models, more attention must 
be paid to the socioeconomic and epidemiologic 
factors related to hospital use. 

0 ver the period from 1975 to 1987, health care 
costs have risen from 133 billion dollars or 8.3% 

of our gross national product to 500 billion dollars 
or 11.1% of our gross national product [l]. Treat- 
ment of patients with musculoskeletal problems ac- 
counts for a significant proportion of our nation’s 
health care cost. As noted in the National Medi- 
cal Care Utilization and Expenditure Survey 
(NMCUES), patients with these conditions repre- 
sent approximately 20% of the non-institutional- 
ized population. Total charges for the treatment of 
these conditions accounted for more than 12 billion 
dollars or 8% of the nation’s total health care costs 
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of the civilian non-institutionalized population in 
1980. While approximately 40% of all health care 
expenditures are related to hospital care, according 
to the NMCUES, 59% of charges for musculoskele- 
tal conditions in 1980 occurred in an in-hospital 
setting, demonstrating the importance of hospital- 
based care for patients with musculoskeletal dis- 
eases [2]. 

missions from the major diagnostic category (MDC) 
8, Diseases and Disorders of the Musculoskeletal 
System and Connective Tissue (diagnosis-related 
group [DRG] 209-256), were included-a total of 
140,573 admissions in 1980, and 92,685 admissions 
in 1987. 

Definition of Small Geographic Areas 
A number of investigators have identified the fact 

that there exists significant variation in the age- 
adjusted hospitalization rates for various medical 
conditions and surgical procedures between geo- 
graphic areas, mainly hospital service areas and 
counties [3-51. These significant differences in the 
rates of admission can vary by factors ranging from 
2 to 8 between the highest and lowest, and account 
for significant differences in the per capita expendi- 
tures between small areas [6]. Given the interest in 
cost control, health policy makers are eager to re- 
duce the rates in high-use areas to those of the low- 
use areas. A key clinical question stemming from 
such variation in the use of hospitals is, “Are these 
differences in rates clinically understandable or are 
they due mainly to differences in physician practice 
variation?” If differences in hospital admission 
rates are due principally to physician practice vari- 
ation, then instituting capitation models for pay- 
ment may lead to the desired reduction in hospital 
admission rates in high-use areas with no deleteri- 
ous health effects. If, however, hospitalization rates 
are related to patient or community-specific char- 
acteristics (e.g., severity of illness, poverty, access to 
facilities, and the like), then capitation systems that 
do not control for such factors may place the popu- 
lation at risk of underservice [7-91. 

Zip code-specific hospitalization data were 
grouped into small geographic areas or Hospital 
Market Communities (HMCs) according to where 
the plurality of residents in the zip code area sought 
hospital care. The definition of an HMC was a two- 
step process. First, hospitals in the same or nearby 
towns were grouped together using a computer al- 
gorithm designed to identify hospitals with signifi- 
cant market overlap. These groups of hospitals were 
then reviewed for reasonableness by panels of ad- 
ministrators and health planners familiar with the 
area. Second, each zip code area was assigned to the 
hospital, or group of hospitals, having the largest 
single fraction (plurality) of its total use. Zip code 
areas that form the HMCs consist of contiguous zip 
code areas [lo]. 

Application of these techniques led to the forma- 
tion of 60 HMCs in the lower peninsula of Michi- 
gan, a population of 8.9 million in 1980. The HMCs 
range in population from 9,108 to 839,410, and in- 
clude from one to 16 hospitals. The average HMC 
has a population of 147,650 and 3.75 hospitals. The 
composition of HMCs appears stable over time. 
Eighty-seven percent of zip code areas held the 
same plurality assignment from 1980 to 1985. Only 
eight of the 60 HMCs had mean absolute changes in 
market share exceeding 3% per year. 

We examined the variation in small area hospital 
admissions in 1980 and again in 1987 for musculo- 
skeletal diseases in the state of Michigan and ex- 
plored the relationship between hospital discharge 
rates and the socioeconomic characteristics of the 
communities. 

Discharge Rate Calculation 

PATIENTS AND METHODS 
Patient Population 

Hospital discharges identified for this study were 
taken from the Michigan Inpatient Data Base 
(MIDB). The MIDB is a computerized file of all 
Michigan residents who were hospitalized in Michi- 
gan and border communities in Ohio and Indiana. 
Data from 1980 and 1987 were utilized in the cur- 
rent study. The 1980 hospitalization data were se- 
lected to enable the use of socioeconomic data col- 
lected as part of the 1980 census. In 1980, there were 
1.5 million hospitalizations in the more than 200 
Michigan and border community hospitals. All ad- 

Age-adjusted HMC-based discharge rates were 
determined for the 48 DRGs in MDC 8. For each 
DRG, age-specific discharge rates were calculated 
for the state. These DRG statewide discharge rates 
were applied to the age-specific population in each 
HMC to yield an expected number of discharges. 
The ratio of the observed number of discharges to 
the expected number yields a standardized dis- 
charge ratio. The product of the statewide crude 
discharge rate of the DRG and the DRG-specific 
standardized discharge ratio yields the indirect 
standardized discharge rate for that HMC. Hospi- 
tal discharges were included in the HMC-based cal- 
culations wherever they actually occurred. Thus, 
the HMC-based discharge calculation includes 
both cases admitted to hospitals in the HMC and 
patients from the HMC admitted to hospitals in 
any other HMC. 
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HMC Socioeconomic Characteristics 
We developed profiles of the socioeconomic 

characteristics of each of the 60 HMCs by aggre- 
gating zip code-specific socioeconomic data ob- 
tained from the Bureau of the Census, Standard 
Tape File (STF) 3-B, 1981. These zip code-specific 
data were then aggregated to the HMC to develop 
the profile of socioeconomic characteristics of the 
HMCs. 

The variation in discharge rates among HMCs 
consists of two elements, random variation and ac- 
tual differences in discharge rates between commu- 
nities. It is very important to distinguish between 
random variability and variability related to differ- 
ences in population characteristics. The Poisson re- 
gression with an extra systematic component of 
variance enables us to do this [11,12]. Models are 
reported as significant if p <0.05. 

A Poisson regression model with an extra system- 
atic component of variance was used to analyze 
these data as follows. Let i index HMC, and Yi 
denote the number of discharges, Ei denote the in- 
direct age-adjusted expected number of discharges 
[ 131, and zi denote the vector of socioeconomic char- 
acteristics, for the ith HMC. The number of dis- 
charges Yi is assumed to have a Poisson distribution 
with mean pi. The log-linear model, log (w) = log 
(EJ + p.zi + fir accounts for both the systematic and 
extra-Poisson variability, where pzi denotes a lin- 
ear combination of the socioeconomic characteris- 
tics of the HMC, and fi denotes a random compo- 
nent that accounts for the fact that the mean in an 
HMC cannot be completely specified in terms of 
the socioeconomic characteristics. For interpreta- 
tion of the results in terms of discharge rates, the 
model CLUI be rewritten as @/Ei = epzi + fi. 

RESULTS 
Descriptive 

The overall HMC age-adjusted hospital dis- 
charge rate for musculoskeletal disease in Michigan 
in 1980 was 172.0 per 10,000 population with a stan- 
dard deviation of 34.5. The discharge rates ranged 
from a high of 256.5 to a low of 107.0 per 10,000, 
yielding a ratio of 2.40 highest to lowest. The ratio 
of the highest to the lowest rate is consistent with 
that seen in other diseases [6]. 

The overall HMC age-adjusted hospital dis- 
charge rate for musculoskeletal disease in 1987 was 
113.5 per 10,000 population with a standard devi- 
ation of 15.8. The 1987 discharge rates ranged from 
a high of 162 to a low of 76 per 10,000, yielding a 
ratio of 2.13 from highest to lowest. 

The overall mean 1980 discharge rate for medical 
musculoskeletal cases (DRGs 235-256) was 84.5 

with a standard deviation of 24.8 per 10,000 popula- 
tion. The medical discharges ranged from 49.9 to 
145.1 per 10,000 population with a ratio of 2.90 from 
the highest to the lowest rates. The overall mean 
1980 surgical discharge rate (DRGs 209-234) was 
87.4 with a standard deviation of 17.1 per 10,000 
population, and ranged from 41.8 to 128.5 with a 
highest to lowest ratio of 3.07. 

The overall mean 1987 discharge rate for medical 
musculoskeletal cases (DRGs 235-256) was 46.8 
with a standard deviation of 11.6 per 10,000 popula- 
tion. The medical discharges ranged from 18.8 to 
80.2 per 10,000 population with a ratio of 4.26 from 
highest to lowest rates. The overall mean 1987 sur- 
gical discharge rate (DRG 209-234, 471) was 66.7 
with a standard deviation of 11.2 per 10,000 popula- 
tion, and ranged from 47.6 to 95.5 with a highest to 
lowest ratio of 2.00. 

Overall Regression Analysis 
We analyzed the effect of four socioeconomic 

variables on the variation in HMC discharge rates: 
average annual income per capita, the percent of 
the population 25 years or older with four years of 
college, the percent of the population living in an 
urban area, and the percent of families with annual 
income below the poverty line. Utilizing the Poisson 
regression model with the extra systematic compo- 
nent of variation, we analyzed the effect of these 
four variables on age-adjusted hospital discharges. 

The four independent variables explained 26.6% 
(R2) of the variation in overall discharge rates for 
musculoskeletal disease in Michigan in 1980 (p 
<O.OOl). These results varied, however, for medical 
and surgical discharge rates. The model did not 
explain a significant amount of the variation in sur- 
gical rates (R2 = 3.9; p >0.05), but did explain a 
statistically significant 39.6% (R2) of the variation 
in medical admissions (p <O.OOl). 

Utilizing the 1980 HMC socioeconomic values 
and the 1987 hospital discharge data, we conducted 
similar Poisson regressions. The purpose of this 
analysis was to assess whether the dramatic changes 
in clinical practice that have occurred over this 7- 
year period have altered the association between 
socioeconomic factors and hospital use identified in 
1980. The same four independent variables ex- 
plained 31.9% (R2) of the variation in overall dis- 
charge rates for musculoskeletal disease in Michi- 
gan in 1987 (p <O.OOl). In contrast to 1980, the 1987 
model explained a significant amount of the varia- 
tion in surgical discharge rates (R2 = 19.5; p <0.05), 
and the model continued to explain a statistically 
significant percent of the variation in 1987 medical 
admissions (R2 = 25.6; p <O.OOl). 
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Faniles 
Below 
poverty Percent Full 

Modal 

209 

210 
211 

212 

216 

219 

222 

224 

225 

226 

232 

235 

236 

237 

240 

243 

Major Joint Procedures.. * *** l ** - - ................................................................................... ........................................................... ............ 

Femur Pmcedures * Hip 6 Except Major Joint Age >=70 and/or CC.. *** - ............................................ ....................... ................................... 
Hip 6 Femur Procedures Except Majcr Joint Age 16-69 w/o C.C.. ............................................................................... ................................ 
Hip B Femur Procedures Except Majcr Joint Age O-17 ...................................................................................... i- 

;i.. 
l 

-  ........... ................. 

* Biqxles of Musculoskeletal System 6 Ccnnective Tissue ............................................................................................................................... 

*** 
l ** * 

Lower Extrem 6 Humer Proc Exe Hip. Foot, Femur Age 16-69 w/o C.C.. - - ............... ....................................................... ............ 

* KneePmcedureeAge~70wloC.C.. - - ............................................................................................................... ............ *. *** ................ 

l * l ** Upper Extremity Proc Exe Humerus 6 Hand Age ~70 w/o CC.. - ................................................................................................. ............... 

i- l * *** *** Foot Prccedures.. - ............................................................................................ .......... .............................................. ............ 
* 

Ganglion (Hand) Procedures - .................................................................................................... .......................................................... 

Arthroscopy -* ................................................................. ..................................................................................................................... 
l 

Fractures oi Femur.. - ......................................................................................... ............................................................ 
*** * *** *** 

Fractures ot Hip 8 Peivis - - - ..................................................................................... ........................................... ............ 
l *c* ** 

l ** Sprams, Strains, 6 Dislocations d Hip, Petvis. 8 Thigh - - ........................................ ................... + *. .......... -**. .............. 

* Connective Tissue Distxders Age ~-70 and/or C.C. - ........................................... ...................... **+. ....... .............................................. 
*** 

*** Medkxl Badt Problems - - + *. -*** ..................................................................................... ................. .......... ............ 
*t * 

244 Bone Diseases 6 Septic Atlhmpathy Age >-70 and/or CC.. - - ............................... *. ............. ........................................................ 
*** if** *** * *** 

245 Bcne Diseases 6 Septk Arihrqxthy Age ~70 w/o CC. - - - ...................................... ................. + ...... ................. 
** * ** * 

246 Nort-Speclfk Arthmpathles - - ...................................................................................................... + ............................... 
l *** *** 

247 Qgns 6 Symptcmts d Mma.tWteletal System 6 Corm Tissue - - ............................ .................................................................... 
** 

246 TemiodUr. k6yodtts 6 Bursttis - ................... ......................................................................................... +* 
l ** *** 

*** 250 Fx, Sprrte, Strm 6 Dlsl 01 Fprearem. Hand, Foot Age a-70 &/or CC.. - - - ................... ................. + *. .......... *. ............... 
*** *** 

251 Fx, Sprrts, Stms 6 Disl of Fcrearem, Hand, Foot Age 16-69 w/o C.C.. - *. - ................... ............. ...................................................... 
** * 

252 Fx, Sprns, Stms 6 Disi d Fcrearem, Hand, Foot Age 017 w/o - ........................................................................................................... 
*** ** 

*** 253 Fx, Sprns, Strns 6 Disl of Uparm, Lcwkg, Ex Foot Age >-70 &/or C.C. - - ................ ................... + *. .......... ....................... 
*** *** 

*** 254 Fx, Sprns, Strns $ Disi of Uparm, Lowleg, Ex Foot Age 16-69 W/O C.C. -  -  ................ ................. + *. .......... -**. .............. 
* ** 

+ * Other Diagnoses of hrClscukskeletal System 6 Ccnnective Tissue - - 256 ..................... ........................ .................................. 

’ p<oo5 
** *** 

p c 0.01 p c 0.001 + = pcdive cceffkient - I rlegatlvecoeffKenl 

Figure 1. Results of Poisson regressions with extrasystematic component of variation in musculoskeletal DRGs (209-256) for 
individual independent variable models and full model. 

DRG-Specific Regression Analysis 
Given the fact that conditions included in the 

musculoskeletal DRGs represent both a wide array 
of severity and differing profiles of patients affect- 
ed by the diseases, we hypothesized that there may 
be differences in the effect of socioeconomic factors 
by DRG. Therefore, we explored the individual ef- 
fects of each of the four socioeconomic variables for 
each DRG. In addition, we examined the full model, 
that is, including all four variables, at the DRG 
level. Figure 1 shows the results of the DRG-specif- 
ic analysis for any DRG in which any model was 
statistically significant in 1980. 

Annual income per capita was a significant deter- 
minant of 1980 hospital use in 1’7 of the 47 musculo- 
skeletal disease DRGs. In 16 of the 17 regressions in 
which it was significant, the regression coefficient 
was negative, indicating that HMCs with above- 
average income per capita exhibited below-average 
age-adjusted DRG-specific discharge rates. The 

one exception to this general trend was DRG 225, 
Foot Procedures. 

The educational level of the population was a 
significant variable in 15 of the 47 musculoskeletal 
DRG models. In every case, HMCs with a higher 
percent of the population with a college education 
had lower hospital discharge rates. 

The number of families below the poverty line 
was significant in 12 of the 47 DRGs. In general, 
HMCs with poorer families had higher hospital dis- 
charge rates. The exceptions to this general trend 
included DRG 212, Hip and Femur Procedures Ex- 
cept Major Joint Age 170 and/or CC, and DRG 222, 
Knee Procedures. 

Finally, the percent urban status of the HMC was 
found to be significant in 10 of the 47 DRGs, and as 
urbanism increased, hospital discharge rates de- 
creased. 

The final column in Figure 1 identifies those 
DRGs in which the full model was statistically sig- 
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n&ant. In 18 of 47 DRGs, the full model was found 
to be significant. Because of likely multicolinearity 
problems, we do not report the significance levels of 
each of the independent variables in these multiple 
regression models. In particular, the income level of 
the community is highly correlated with the other 
three measures of socioeconomic status. 

COMMENTS 
Analysis of the underlying causes of small area 

variation in hospital use rates is important for sev- 
eral reasons. First, understanding small area varia- 
tion in the use of the hospital helps to elucidate the 
interaction between patients and the medical care 
system, that is, we can begin to identify the mix of 
motivators that come to determine whether a pa- 
tient is admitted to the hospital (e.g., epidemiology 
of disease, socioeconomics, physician uncertainty, 
and the like). In addition, such analysis helps to 
identify potential methods to change inappropriate 
use rates whether too high or too low. Third, under- 
standing the reasons that rates vary may allow us to 
develop new hospital payment systems (e.g., capita- 
tion), while ensuring access to those who need to be 
shielded from economic rationing (e.g., the poor in 
failing health). 

Much of the small area variation analysis discus- 
sion to date has centered on physician practice 
variation as a principal reason for variation in the 
use of the hospital and has largely discounted the 
influence of socioeconomic factors [7] or identified 
suggestive associations [8]. This scenario is of con- 
cern. If all small area variation in the use of hospi- 
tals is secondary to physician-based practice varia- 
tion and patient or community characteristics 
have no effect, then payment systems could be 
constructed to pay at the lowest or average rate for 
hospital care across all areas with no harm to pa- 
tients. On the other hand, if socioeconomic factors 
are important in determining use, then patients 
could be placed at risk if payment systems failed to 
adjust explicitly for such factors. Moreover, a 
number of studies have shown that persons in dif- 
ferent socioeconomic strata are differentially af- 
fected by certain diseases [14-161. In addition, oth- 
ers have shown that the poor have problems with 
access to care [17]. Given this other work, our find- 
ings are in keeping with these epidemiologic and 
survey results. 

McMahon et al [18] have demonstrated previous- 
ly that the extent of poverty is an important inde- 
pendent variable in explaining small area variation 
in hospital discharge rates for gastrointestinal dis- 
eases. In this present study, we have demonstrated 
that four socioeconomic variables, including the ex- 

tent of poverty, have an effect in explaining vari- 
ation in hospital discharges for musculoskeletal 
diseases. 

Several caveats must be noted in the interpreta- 
tion of our results. First, we have highlighted any 
model that was significant at the p x0.05 level. 
Clearly, multiple models will identify some signifi- 
cant associations by chance alone. We chose to use 
this less stringent significance level to examine the 
sign of the association across DRGs. Thus, high 
levels of annual income, education, and urbanism 
are associated with decreased hospitalizations, 
while higher concentrations of poverty are associ- 
ated with more use. The exceptions to these overall 
trends must be viewed in a clinical context for plau- 
sibility. Finally, these DRG-specific results need to 
be corroborated using other databases or years of 
data. 

Second, we have a limited number of socioeco- 
nomic variables available for analysis and no pro- 
vider or delivery variables (e.g., the number of phy- 
sicians or hospital beds per capita) available for 
inclusion in the models. These omitted socioeco- 
nomic or supply-side variables may represent the 
“true” determinants that account for the observed 
variation in discharge rates, with the included vari- 
ables acting as proxy variables that are correlated 
with those omitted. Although supply-side variables 
would be important to include in the analysis, there 
is no accepted method that one can use to apportion 
such variables to HMCs that is not circular. The 
most frequently used method is on the basis of hos- 
pital discharges. Thus, if X percent of patients in an 
HMC are treated in the HMC, X percent of that 
HMC’s physicians are “assigned” to the HMC to 
develop a physician-to-population ratio. Given how 
the measure was constructed, it is not surprising 
that this type of apportionment will identify physi- 
cian supply as being important in explaining use 
rates [9]. 

Our results demonstrate that socioeconomic vari- 
ables explain a significant proportion of the vari- 
ance in age-adjusted population-based hospital dis- 
charges for musculoskeletal diseases. Further, we 
have demonstrated that the influence of specific 
socioeconomic variables is consistent across a wide 
range of DRGs, that there is a DRG-specific effect, 
and that the effect persists over time. Where we 
have identified occasional exceptions to the overall 
trends in the association between individual socio- 
economic variables and hospital discharge rates, 
these results must be viewed as tentative given the 
multiple models that were examined. 

These results identify both the importance of so- 
cioeconomic variables in understanding the differ- 
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ences between hospital discharge rates among small 
areas, and the necessity to include such variables in 
capitation models or other initiatives designed to 
lower health care costs. For example, higher con- 
centrations of poverty were associated with higher 
use rates for a number of DRGs. If these differences 
are not included in cost-containment efforts, a par- 
ticularly vulnerable subset of patients, the poor, 
may suffer [19,20]. 
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