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Introducron
Significant variations in the incidence

ofcommon surgical procedures have been
observed in the United States, Canada,
and Western Europe over the past 50
years, a general finding being intermediate
to high variability in surgical rates be-
tween population groups.1-9 The predom-
inant explanation for geographic differ-
ences has emphasized physician practice
styles. Populations may differ in disease
prevalence, demographic characteristics,
access to care, and medical resources.
These factors are confounded because
measurement in geographic studies in-
volves place of residence or exposure.
The result is that a high or low surgical rate
for a community cannot be ascribed di-
rectly to morbidity, access, or medical
supply variables. High-rate areas have
been suggested as representing "unneces-
sary" surgery and low rate areas as "un-
derserviced." Underservice has been pro-
posed to explain the equal distribution of
"appropriateness" of care observed for
Medicare patients receiving procedures in
high- and low-rate communities.9

Unresolved questions pertain to the
interpretation of variations in surgery
rates in terms of health benefit, questions
that cannot be answered with incidence
data alone. The efficacy of some proce-
dures and indications for appropriate in-
tervention have yet to be established.
Studies of the variability of surgical opin-
ion report a lack of concordance for sev-
eral common surgeries.10 Few procedures
have been studied by randomized clinical
trials to assess benefits and delineate in-
dications for which benefits might be de-
rived. Without efficacy studies, it is not
possible to determine whether a high-rate
area indicates overuse or a low-rate area
underservice. We include common medi-

cal reasons for hospital admission for
comparison and as indicators of need for
surgery. Our purpose is to describe use of
surgical and medical services by race, in-
come, and geographic area in Maryland.

Methods

Data Sources
We derived surgical and medical ad-

mission rates from 1985 to 1987 discharge
abstracts, collected by the Hospital Serv-
ices Cost Review Commission (HSCRC),
for Maryland patients admitted to acute
care hospitals. The abstract includes age,
race, sex, zip code of residence, proce-
dures, diagnoses, and diagnosis-related
group (DRG). Records for Maryland res-
idents treated in Washington, DC, and
northern Virginia hospitals in 1985 are in-
cluded. These are important for Washing-
ton suburbs, where patient migration into
the District of Columbia is common, par-
ticularly for specialized care provided in
the medical centers of the city. Surgical
cases are classified by the most important
procedure and medical admissions by
DRG. We use "incidence" as the count of
occurrences of a surgery or DRG. The
admission rate is incidence relative to the
population at risk by age, sex, race, in-
come, and zip code of residence, irrespec-
tive of the hospital providing care.
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FIGURE 1-Hospal admission rates by race and Income, Maryland men aged 35+,
1985-1987.

Population
Maryland's 1986 population of 4.4

million was distributed in 485 zip code ar-

eas, grouped into 115 areas by combining
adjacent small zip codes. Populations
were derived from the 1980 census and
1986 county projections by age, race, and
sex.1" Nonwhite nonblacks constitute un-

der5% ofnon-Whites and are classified as

Black. Blacks, who make up 27% of
Maryland's population, predominate in
low-income areas constituting the major-
ity of the poor. Appalachian western
counties and high-income suburbs have
few Blacks. FourBaltimore City zip codes
are 90% White and three are more than
90% Black. We used race-specific median
family income of zip code of residence in
our analysis because income was not avail-
able in the patient record. Zip code median
incomes for Whites ranged from $7000 to
$58 000, medians for Blacks averaged one
third less. We estimated separate medians
by race because of wide income gaps be-
tween Blacks and Whites living in the same
zip code. Variability within areas limits the
value ofgroup median income, possibly re-

sulting in attenuation of relationships of
surgery andDRG rateswith income. There
were no ready means for projecting 1979

census incomes to 1986 to account for de-
clines among the poor and increases
among the wealthy. Few problems arose

in uniformly poor areas and in homoge-
neous suburbs. Problems did occur in zip
codes with wide income variation and
pockets of affluence or poverty.

Statistical Methods
The indirect surgical rate for an area

is the ratio of observed/expected cases;

expectations were based on Maryland
age-specific rates. The distribution of 115
area case ratios for a procedure around the
state average of 1.0 includes random and
systematic components of variance de-
scribed by MacPherson.6 The random
component depends on the number of
cases, whereas the systematic component
(SCV) reflects systematic effects above
random variation. Incidence is related to
multiple factors through coefficient beta in
logistic regression.12 A case is coded "1"
and a population datum "0" within age,
race, sex, income, and area classes. The
estimate b and its standard error SE(b)
provide a test of the hypothesis of no ef-
fect of the factor. The odds ratio OR =

Exp[rb] is relative incidence over the
range (r) adjusted by the factors in the

model. With r = 1, OR(male) compares
males with females (M = 1 and F = 0) and
OR(Black) compares Blacks with Whites
(B = 1 andW = 0). Age is coded in 10-year
groups from under 5 years to 75 years and
over. For income coded in $1000 units, we
used r = 20 with an interval of 10 to 30
because there were few Whites living in
areas with a median below $10 000 and
few Blacks living in areas above $30 000.
OR(income) = Exp[20b] compares areas
with medians of $30 000 with areas with
medians of $10 000.

Race and Income Trends
We use first order models for simplic-

ityofpresentation. Small deviations ofthe
betas from 0 and minor differences be-
tween slopes are often significant when
regression is applied to large populations.
Figure 1 shows examples of surgical and
DRG admission rates with differing in-
come trends by race. Odds ratios are in-
cluded for comparison with the trends.
The rates pertain to men over 35 years of
age, with the 115 zip code areas grouped
into $5000 income classes. Coronary by-
pass and angioplasty rates increase over
60% with income for both races. With an
OR of 0.5, Blacks have lower rates within
each income class, indicating presence of
a race effect over and above income. Non-
parallel income trends by race are seen,
with race differences that are pronounced
among low-income groups and reduced
among higher income groups. By con-
trast, admissions for acute myocardial in-
farction and angina pectoris decline with
income and are reduced among Blacks.
Thus, coronary artery disease is high
among the poor and coronary artery sur-
gery is high among the more affluent. A
different set of relationships is present for
diabetes and the complication of limb am-
putation for metabolic or endocrine rea-
sons. The income OR of 0.3 indicates
marked declines in diabetes and amputa-
tion rates over incomes and the BlackOR
of 2.1 indicates twofold higher rates
among blacks. The race-income interac-
tions are small but statistically significant.
Their introduction into logistic models
adds complexitywithout clarification. The
income OR is an average for the races and
the Black OR is an average over incomes.

Results
SmallArea Variation in Swgeiy
Rates

Figure 2 illustrates geographic distri-
butions with frequency histograms ofcase
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ratios for Whites in the 115 Maryland ar-
eas. The distributions describe total vari-
ation, including random components and
SCVs. More than half of the areas have
few Blacks, particularly suburban, rural,
and westem areas. Heterogeneity is re-
duced by limiting the figures to Whites.
We include common surgeries and surger-
ieswith low and high geographicvariance.
Coronary bypass, cholecystectomy, and
hysterectomy are the leading Maryland
surgeries based on total hospital charges
per capita.

Procedures among Women
Mastectomy (simple and radical) had

the lowest variance of the surgeries stud-
ied (SCV = .03). The lowvariance reflects
uniform incidence and detection of breast
cancer and medical consensus as to its
management. Reduction mammoplasty
had the highest variance observed (SCV
= 1.07), its use increasing markedly with
income. Generally, cosmetic procedures
have high systematic variances based on
patient demand and income. Cesarean
section had low geographic dispersion, in-
dicating similar obstetrical approaches
throughout the state. Hysterectomy had
moderate variance (SCV = .08). Chole-
cystectomy varied twofold between mod-
erate-income South Baltimore and afflu-
ent North Baltimore. Variation may be
explained by different social factors, ap-
proaches to management, or incidence of
cholelithiasis in these populations.

Procedures amongMen
Prostatectomy and inguinal hernia

repair were nearly uniform across the
state. The low SCVs suggest uniform
prevalence and apparency of indications,
agreement as to management, and few
barriers to care. Nondiscretionary appen-
dectomy had an outlier in Cambridge,
with eight times the rate ofnearby Annap-
olis. The high surgery rate may be due to
high incidence of appendicitis, to a lower
threshold for surgery, or to a high rate of
false positive indications. Laminectomy
was discretionary, with incidence varying
fourfold between southwestern Baltimore
and the Eastern Shore. The latter region
may be underserved by orthopedic sur-
geons. Differentiating overuse in one area
from underuse in another implies study of
appropriateness and geographic and occu-
pational variations in spinal disk prob-
lems. Coronary bypass had high geo-
graphic variability (SCV = .63).
Explanation requires distinguishing
among disease effects, access, referral,
and criteria for case selection.
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areas, 1985-1987.

Variability of case ratios among the
115 small areas was observed for each
procedure by statistical test, including
low-variation mastectomy and inguinal
hernia repair.6.13 For common surgeries,
small deviations from randomness are

significant because of sample size alone.
Tests for uniformity of rates provide little
new information because the null hypoth-
esis is almost always rejected. Localvari-
ations in surgical practice were present
for many procedures. The distributions
reflect reported services as delivered in

Maryland during the study period. The
low variance of cesarean section rates
(SCV = .05) points out a limitation of
small area analysis. The state average is
a yardstick for comparing the 115 areas,

not an objective standard. The Maryland
cesarean rate is two to three times that of
Western European countries.14 We
found no definitive results relating obstet-
rical practice differences to birth out-
comes on a population basis. A similar
situation held for many discretionary sur-

geries.
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Surgery Rates by Income and Race
Table 1 is a summary of logistic re-

gressions for common surgeries showing
ORs for income and race. Sex-dominant
procedures such as mastectomy for
women and hernia repair for men were
computed for one sex. Most surgeries in-
creased or remained constant overincome
levels. Cosmetic surgery rates exhibited
fourfold and higher variation between
low- and high-income areas, with access
explaining the difference. For vascular
procedures, the income OR was 1.8 for
angioplasty, 1.6 for coronary bypass, and
1.5 for coronary angiography. The income
ORswere 1.6 for sinus procedures and 1.3
for tonsillectomy. Orthopedic procedures
involving hip, knee, and spine increased
with income. Inguinal hernia repair, ap-
pendectomy, and prostatectomy were not
related to income. The income ORwas0.5
for cholecystectomy, one of the few dis-
cretionary surgeries that declined with in-
come. Women in high-income areas had
half the gallbladder surgery rate ofwomen
in low-income areas. The lowest surgical
income OR was 0.3 for nondiscretionary
amputation of limb for endocrine and
metabolic reasons. Many of these cases
were diabetics with peripheral vascular
disease.

Whites had higher rates than Blacks
for most discretionary surgeries. The low
Black OR for elective surgeries is ex-

plained by income or by deselection of
Blacks for the procedures. Hernia and ap-
pendectomy rates were lower among
Blacks. Laryngologic surgery was ele-
vated among Whites. Tonsillectomy rates
were 29 per 10 000 for Whites and 13 for
Blacks. Orthopedic surgery was more
common among Whites. The laminec-
tomy BlackORof0.5 indicates that half as
many procedures were performed among
Blacks as amongWhites. Adjusted by age,
sex, and income, the 1:2 Black to White
ratio implies that race was a contributing
factor per se. Race differences in vascular
surgery were measured by two to three
times higher rates among Whites for an-
gioplasty, coronary bypass, and carotid
endarterectomy. Prostatectomy and mas-
tectomy exhibited no race difference. Gy-
necologic surgery was higher among
Black women, with a Black OR of 1.2 for
hysterectomy. Foot operations, including
excision of bunion and arthroplasty, were
twice as common among Blacks. Either
Blacks had more foot problems requiring
care or they received more inpatient sur-
gerybecause of differing medical practice.
Nondiscretionary gastrectomy and limb
amputation were elevated among Blacks
(ORs = 1.5 and 2.0). Discretionary as-
pects of common vascular, orthopedic,
and laryngologic procedures suggest that
lower rates for Blacks were related to re-
ferral and access rather than morbidity.

MedicalAdmissions
Table 2 showsORs forcommon med-

ical DRGs. Persons living in low-income
areas were more likely to be hospitalized
for medical reasons than persons in high-
income areas. This pattern suggests an in-
come relationship whereby the poor have
a higher incidence of conditions requiring
hospital care. For all medical DRGs, the
income OR of 0.6 was a decline of 40%
over incomes from $10 000 to $30 000 per
year. Angina pectoris, hypertension, and
heart failure rates decreased by more than
halfwith income. The income ORwas 0.3
for pneumonia and 0.2 for bronchitis and
asthma. Rates for alcohol-related DRGs
declined by 75% with income, in part re-
flecting use by those privately insured of
treatment facilities not in the HSCRC da-
tabase. Gastrointestinal obstruction, hip
fracture, and medical back problems were
among the few common medical DRGs
that did not decline in incidence with in-
come.

Women predominated for hip frac-
ture, bowel inflammation, urinary tract in-
fection, hypertension, and diabetes. The
high female rates for hip fracture occurred
among Whites but not Blacks. Men pre-
dominated among heart disease (male OR
= 2.0 for acute myocardial infarction).
Male-to-female ORs above 3.0were noted
for cirrhosis of the liver and alcohol-re-
lated DRGs. Although Blacks had lower
surgery rates than Whites, the total med-
ical admission rate was 22% higher for
Blacks. Blacks had high ORs of 2.0 for
diabetes, 3.0 for hypertension, 2.3 for al-
cohol-related DRGs, and 5.4 for red blood
cell disorders, a difference due to sickle
cell anemia. An exception was hip frac-
ture (Black OR = 0.4 for women and 0.8
for men). Among cardiovascular condi-
tions, Whites had higher rates for acute
myocardial infarction, angina pectoris,
and arrhythmias and Blacks had higher
rates for heart failure.

Discussion
Explanations for geographic varia-

tions in surgical and medical admission
rates have emphasized the role of physi-
cian practice style differences reflecting
medical uncertainty regarding optimal
treatment regimens. Our results indicate
that race and income may confound dif-
ferences between small areas, particularly
in states with heterogeneous populations.
These demographic factors may influence
medical need in terms of disease preva-
lence and severity as well as the demand
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for and access to primary and secondary
care. The surgery rate for a community is
based on multiple factors, including de-
mography, morbidity, access to care, re-
ferral practice, physician decisions con-
cerning patient management, and medical
resources.

Generally, small area data are un-
available for incidence or prevalence of
conditions leading to hospital care. An ex-
ception is cancer measured by mortality
statistics and tumor registries. Objective
definition of disease by pathology, high
levels of ascertainment, and concordance
among physicians concerming manage-
ment lead to correspondence between sur-
gical rates and breast cancer incidence.
Race differences in mastectomy rates may
be related to incidence ofbreast cancer by
income operating through differences in
fertility. A review ofthe role ofpregnancy
history reports protective effects of early
pregnancy and high risk among nulliper-
ous women.15 Deferred child bearing and
lower fertility among the more affluent
may explain the incomeOR of 1.5 for mas-
tectomy, one of the few nondiscretionary
surgeries increasingwith income. Morbid-
ity explains the distribution of mastec-
tomy. By contrast, there is little informa-
tion on the occurrence of cholelithiasis,
prostate hypertrophy, uterine fibroids,
and other indications for common surger-
ies. Morbidity cannot be ruled out as a
determinant of surgical rate differences
between communities. Uncertainty holds
for the relative contnbutions of disease
factors, selection of cases for particular
types of care, access, referral networks,
and physician practice styles.

Access to care involves patient per-
ceptions, financial means to secure care,
availability of care, and the referral net-
work to surgeons, which, if constrained,
may result in low surgery rates. Such con-
straint may hold for Maryland Blacks for
elective, vascular, orthopedic, and laryn-
gologic surgery. Most surgeries exhibit ei-
ther a positive relationship or no relation-
ship to income. An implication is that
access factors related to income are de-
terminants of use of discretionary proce-
dures. Amongcommon discretionary sur-
geries, cholecystectomy has the largest
decline with income. The decline for
Whites is consistent with a disease hy-
pothesis whereby residents of high-in-
come areas have reduced incidence of
cholelithiasis. Management of gallbladder
disease and referral behavior in low-rate
areas may restrict surgical intervention.
Residents of affluent communities are not
constrained in access because of limita-

tions in income and insurance coverage.
Cholelithiasis increases with obesity and
is reduced among higher social classes.16
Among women, Whites have 50% higher
cholecystectomy rates than Blacks de-
spite lower incomes and higher obesity
levels among Blacks.17 Race differences in
cholecystectomy may be due to reduced
occurrence of gallstones among Blacks or
to deselection of Blacks for surgery.
Blacks have lower rates for elective, vas-
cular, orthopedic, and laryngologic proce-
dures, whereas parity is seen for pros-
tatectomy and a 22% excess for
hysterectomy. The more discretionary the
procedure, the lower the relative inci-
dence among Blacks. Discretionary as-
pects of vascular, orthopedic, and laryn-
gologic procedures and lack of evidence
supporting morbidity differences by race
suggest that the low rates for Blacks relate
to referral and access. There are no defin-
itive studies documenting race differences
in prevalence of lesions of coronary and
carotid arteries. Mortality data indicate
that Blacks have similar or higher death
rates than Whites for ischemic heart and
cerebrovascular disease. Access, referral
practices, and case selection may explain

the two to three times higher incidence of
vascular surgery among Whites.

Rates for most medicalDRGs decline
with income, a finding consistent with
higher morbidity among low-income
groups. Diabetes, bronchitis, and asthma
and pneumonia rates decline by two thirds
with income. Since diabetes and asthma
are thought not to depend on social class,
medical management may underlie the de-
clining hospital rates with increasing in-
come levels. In contrast to lower Black
rates for most surgical specialties, Blacks
have higher rates than Whites for many
common DRGs. The relationship between
illness measured by hospital admission
and surgical use isvariable. There is a two-
fold higher incidence among Blacks for
diabetes and the complication of limb am-
putation for endocrine and metabolic rea-
sons. Coronary bypass, angioplasty, and
angiocardiography have similar patterns
of use, increasing with income and signif-
icantly elevated among Whites within
each income group. Race effects are pre-
sent over and above income. Coronary
artery surgery (CAS) increases with in-
come, whereas coronary artery disease
(CAD) declines. High CAD rates occur in
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low-income areas and high CAS rates in
high-income areas, a discordancy be-
tween treatment and need as measured by
these means. Blacks have 20% lower rates
for CAD and markedly lower rates for
CAS (BlackOR = 0.4 for coronarybypass
and 0.5 for angioplasty). The race differ-
ence for CAS is highest among low-in-
come groups and approaches parity
among the more affluent. Maryland
Blacks have access to hospital care for
medical reasons and are deselected for
discretionary procedures in at least three
surgical specialties. Morbidity explana-
tions for most of the medical and surgical
admission rate differences by race and
income remain to be elaborated. A gen-
eral conclusion is that the medical care
system of Maryland constrains the use of
discretionary vascular, orthopedic, and
laryngologic surgery by the poor and by
Blacks.

Incidence rates based on hospital ab-
stracts and population projections have
several limitations. Data problems are in-
herent in an administrative health data
system with 55 participating hospitals. A
major constraint is inability to link records
for multiple admissions of a patient. Pa-
tients seeking care in other states are not
reported. A check of border areas does
not indicate abnormal rates. No informa-
tion is available on quality of abstracting.
Formal errors are present with impossible
combinations ofICD codes by sex and age
(e.g., men with gynecologic diagnoses and
the agedwith perinatal conditions). Errors
ofthis type are rare compared with factual
errors undetected by editing. Experience
in other settingsmaybe relevant. After the
swine flu affair, record reviews of ab-
stracts with Guillain-Barre syndrome and
abstractswith tuberculosis as comorbidity
revealed nearly 100% false positives due
to miscoding. 18 A reliability study com-
paring records with independent reab-
stracts found three-digit ICD agreement
ranging from 34% for chronic ischemic
heart disease to more than 90% for surgi-
cal diagnoses.19 It is likely that error rates
are now reduced through more careful
scrutiny and use of records in reimburse-
ment. There are uncertainties regarding
populations and assignment of residence.
There are abstracts with zip codes not in
the postal directory and no zip codes for
the homeless. Baltimore's Central Post
Office is zip 21203 coded for patients by
HSCRC but with no census count and
over 5000 P0 boxes, the size of a town.
Questions pertain to 1986 county projec-
tions applied to small areas because pop-
ulation growth and loss rates are not uni-

form for zip code areas within Baltimore
Cityor suburban counties. Use ofzip code
median income for individual patient in-
come is a major, unavoidable limitation.
As unassembled intelligence, the data re-
quire caution in drawing conclusions. For
these reasons, we emphasize large differ-
ences not likely to be explained by arti-
facts of measurement.

We used population rates because of
epidemiological interest and concem re-
garding selection bias with inpatient data.
Population rates are resultants of morbid-
ity, access, and selection factors, whereas
hospital rates relate to preselected inpa-
tients. Case fatality depends on treatment
and prognosis, with clinical details on se-
verity not routinely available. Two recent
inpatient studies illustrate ambiguity due
to possible selection bias. A case fatality
study for uninsured patients assigns prog-
nosis using diagnosis, age, race, sex, and
comorbidity.20 Higher death rates are re-
ported for the uninsured. The authors note
that the mortality difference "also could
be due to differences in severity of illness
between the uninsured and privately in-
sured," a reference to selection bias. It is
plausible that the uninsured defer seeking
care and have less favorable prognoses at
time of hospitalization. A CAS study ex-
plores "whether there are different proce-
dure rates for black patients once they are
hospitalized for serious cardiovascular
conditions."'21 The series consists of pa-
tients with coronary artery procedures or
with principal diagnosis of circulatory dis-
ease, including ischemic heart disease
(MHD)) and non-IHD circulatory diseases.
Non-IHI) patients with hypertension or
cerebral hemorrhage ordinarily do not re-
ceive CAS. The authors show CAS rates
of 0.4% for non-MHD and 39% for chronic
ischemia patients, a hundredfold differ-
ence. There is an excess of Blacks in the
low-risk groups. In Maryland, most CAS
cases have coronary ischemia with selec-
tion and surgery scheduled before, not af-
ter, admission. Thus, Pr{CASjcoronary
ischemia& CAS scheduled} is about 1 and
Pr{CASJhypertension or stroke} is about
0. We concur with the finding of race dif-
ferences in use ofCAS but based on pop-
ulation studies. Population-based rates
avoid some of the uncertainties involved
in measuring risks among preselected pa-
tients. Central issues in population studies
are factors leading to selection for hospi-
talization.

We have described variations in sur-
gical and hospital care by race and income
for Maryland during 1985 through 1987.
Our results show that the more discretion-

ary the procedure, the lower its relative
incidence among Blacks and the poor. Ad-
missions for common medical reasons are
elevated among Blacks and decline with
increasing income for both races. Varying
rates between communities reflect the in-
terplay of diverse factors, including pa-
tient behaviors, morbidity, access, physi-
cian practice styles, referral, and resource
availability. Each factor has different im-
plications for strategies designed to reduce
health care costs, to improve quality of
care, and to help ensure equitable alloca-
tion of care. Incidence data using hospital
records and population estimates alone
cannot clearly distinguish between these
effects and can only provide indicators of
unexplained variability and measures of
low and high occurrence rates. Incidence
data can be used to target potential prob-
lems, to assist in assigning priorities for
special investigation, and to provide de-
scriptions of medical care impacts on pop-
ulation groups. O
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