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Background and Objectives: This sudy’'saimwasto determineif an increased supply of primary care
physiciansis assodated with lower incidence and mortality rates for cervical cancer. Methods We
determined cervical cance incidenceand mortality rates for each of Florida's 67 counties over the
3-year period of 1993-1995 usng data from Florida’s population-based tumor registry. Data on
physician supply were obtained from the 1994 American Medical Association Physician Magterfile.
We used multiple linear regression analysisto examine the relationship between physician supply
and cervical cancer incidence and mortality rates, adjusting for other county-level characterigtics.
Reaults: Inregression anayssthat adjusted for other county-level charaderigtics, eachincrease in
the supply of family physicians of one physician/10,000 persons was associated with a correspond-
ing drop in the incidencerate of 1.5 cases/'100,000 persons and a corresponding drop in mortality
rate of .65 cases/100,000 persons. Conclusions: Our resultsindicate that a greater supply of primary
care physiciansis likely associated with a lower incidence of cervical cance and a lower cervical
cancer mortality rate. More studiesare needed at theindividual patient level to confirmthis association.

(Fam Med 2003;35(1):60-4.)

Cervical cancer is animportant public hedth problem
in the United States. There were an estimated 12,800
casesof invasive cervical cancer intheyear 2000, with
4,600 deaths.* Primary care physicianscansignificantly
influenceboth cervical cancer incidenceand mortality
rates by screening for cervical cancer with Pap smears
and by providing patient educaion on the risks of de-
veloping cervical cancer. Studieshave consigtently re-
ported that access to health careand aphysician'srec-
ommendation areimportant predictorsof cancer screen
ing?” Asaresult, onemight exped that the inddence
and mortality rates for cervical cancer would be de-
pendent on the availability of physicians who provide
cancer screening services.

The availability of physicians in the United States
has been the source of consderable debate.*** Most
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studies have concluded that thereis an overabundance
of specialists. Whether there are adequate numbers of
primary care phydcians, however, hasnot been agreed
on, with some concluding that thereisadeficit,*** while
others argue that the current supply is adequate*
Absent from this debate, however, have been sudies
demondrating the eff ectsof physician supply on health-
related outcomes. As a result, it is not clear how the
supply of primary care physcians dfects health out-
comesor towhat extent the supply of different primary
carespecialtiesinfluenceshealth outcomes. Thisstudy’s
aim wasto determineif anincreased supply of primary
carephydciansis associated with lower inddence and
mortality ratesfor cervical cancer. We hypothes zed that
increasing primary care physician supply would be as-
sociated with lower rates.

Methods

We performed an ecologic study to determineif pri-
mary care physician supply wasassociated with cervi-
cal cancer incidence and mortality ratesin Florida coun-
ties. Counties weretheunit of andyssfor this study.
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Data Sources

Cervical Cancer Rates. We obtained data on cervicd
cancer incidence and mortality rates from the Florida
Cancer Data System (FCDS), Florida's population-
based tumor registry. By statelaw, all casesof invasve
cervical cancer arereportableto the FCDS. The FCDS
has well-established methods to ensure complete case
finding, including cooperative arrangementswith other
date tumor regigtries. The FCDS is a member of the
North American Assodation of Central Cance Regis-
tries(NAACCR). NAACCR auditshave estimated the
completenessof case ascertainment for the time period
1991-1995 to be 99.7%. For each county, werecorded
cervical cance incidenceandmortality rates. We aver-
agedincidence and mortality ratesfor each county over
the 3-year period 1993-1995 to abilizethe estimated
rate of arare event. All incidenceand mortality rates
are age adjusted.

Physician Supply. Data on physician supply were ob-
tained from the 1994 American Medical Asociation
(AMA) Physician Magerfile. This data set contains
information on all allopathic physcians(regardless of
AMA membership) and includes 83% of osteopathic
physicians® The AMA Physician Magterfile specifies
physicians self-designated primary specialty and prac-
tice address. Population estimateswere obtaned from
the 1990US Census. Datacontanedin the AMA Phy-
scian Magterfile has been verified in previous stud-
i6321-23

For each Florida County, we determined the supplies
of individual primary care physcian specialties (fam-
ily practice generd practioe, obstetrics-gynecology, and
general internal medicine) and non-primary care phy-
dcians. Physicians who indicated tha they were en-
gaged infull-time direct patient care were counted as
one full-timeequivdent (FTE); those who wereeither
semiretired, in resdency training, or engaged inteach-
ing or research were counted as .5 FTE.* Physicians
who indicated that they wereno longer involved in di-
rect patient carewereexduded. All physician supplies
are expressed asthe number of physicians/10,000 popu-
lation.

Population Characteristics. We obtained datafrom the
1990 US Censusto account for other characteristicsof
countiesthat might aff ect cervical cancer incidenceand
mortality. Previous studies have shown that cervicd
cancer inddence and mortality are higher in popula-
tionsthat are nonwhite, rural, unmarried, or of lower
socioeconomicstatus. 3 Using censusdata, we deter-
mined for each Florida county the following charader-
istics: the percentage of the populationthat waswhite,
the percentage of the populationhavinglessthanahigh
schoal education, the median household income the
percentage of femdes who were married versus un-
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married, and the percentage of personsliving in an ur-
ban versus non-urban setting.

Data Analysis

We examined whethe county-level cervical cancer
incidence and mortality rates were associated with
measuresof physician supply usng the Pearson corre-
lation codficient. We also used multiplelinear regres-
son analysisto determine relationships between phy-
sician supply and cervical cancer incidence and mor-
tality rates, controlling for other county-level charac-
terigtics. The following variables were assessed in all
models: the percentage of personswhowerewhitever-
sus non-white, the percentage living in urban versus
non-urban settings, the percentage of womenwhowere
married, the percentage of persons having lessthan a
high school education, and the median household in-
come for the county.

We also added measures of physician supply to all
models, including family physicians, general practitio-
ners, general internists, obstetrician-gynecologists, and
al other non-primary care specialigs. Variables re-
mained in final regresson modelsif they maintained
datigtical significanceat the .05 level using astepwise
variable selectionalgorithm. Separate regress on mod-
elswere performedfor age-adjustedincidence ratesand
mortality rates. Graphical methods showed that the
normal distribution assumption wasconsstent withthe
data. We also used the SAS Collin option to peform
collinearity diagnostics (SAS/STAT user’'sguide, va-
son 8, Cary, NC, SAS Indtitute Inc, 1999). We used
approaches described by Belsey et al® and Affifi® to
assess collinearities anong thevariables.

The standard errors for estimates of incidence and
mortality varied by county and were generally larger
for counties having small populations. To determine if
this influenced our findings, we repeated regression
analysesusing the technique of weighted least squares.
We usedtwo different methodsfor cal culating weights.
Firg, we determined the variance for each county esti-
mate of incidence and mortality and used the inverse
of the varianceasthe weight. Countieshaving lessvaria-
tion in inddence and morality raes were thus given
greater weight in regress on model sthan counties show-
ing greater variability. We also repeated regresson
models using county populations as theweights.

Results
Population Demographics

Census-derived characteristics of Florida counties
include: percentage of the county population that is
white (average=84%, standard deviation [SD]=10%,
range=41%—-95%), percentage of the county popula-
tion living in an urban area (average=34%, SD=40%,
range 0%—93%), percentage of women in the county
whoaremarried (average=56%, SD=6%, range=38%—
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63%), percentage of the population without a high
schoal education (average=20%, SD=6%, range=9%-—
28%), and median household income (aver-
age=$24,500, SD=%$4,700, range=$15,400-$31,800).

Cervical Cancer Rates

Table 1 reports the cervical cancer incidence and
mortality ratesamong Florida’s67 counties. Incidence
ratesfor cervical cancer variedwidely by county; some
counties reported no cases of cervical cancer in the
3-year period, andothershadratesashigh as35 cases
100,000 population. Cervical cancer mortality rates
smilarly varied widely among counties, some coun-
tieshad nodeathsfrom cervical cancer during the study
period, and others had cervical cancer death rates as
highas14.7 deaths/100,000. Table 2 presentsthe ave-
age supplies of physicians for Florida's 67 counties.
There was agan subgtantial variation among counties
in the supplies of physicians.

Relationship With Physician Supply

Correlations between county-level cervical cancer
incidence and mortality rates with measures of phyd-
cian supply arereported in Table 3. Only the supply of
family physcians was datisti cally sgnificant and in-
versely correlated with cervical cancer incidencerates.
Although not reaching datigtical significance, there
were trends for cervical cancer incidence rates to be
inversely correlated with most measures of physician
supply.

Cervical cancer mortality rates were inversely cor-
related with overdl measures of physician supply, in-
cluding both primary careand non-primary care spe-
cialties. Among primary care physcian supplies, cer-
vical cancer mortality rates were inversely associated
with the supplies of general internists, with a Statisti-
cally nondignificant trend for inverse correlation with
the supply of family physicians.

Linear regressons were performed to determine
whether county-level characterigtics were associated
withcervical cancer incidence and mortality rates. Only
two variables were gatigtically significant predictors
of cavicd cancer incidence rates. the percentage of
the population that was white and the county’s supply
of family physicians. For each 1% increase in the pro-
portion of the county population that was white, there
was a corresponding decrease in the incidence rate of
.15 cases per 100,000 persons (95% confidence inter-
val [Cl]=.02—27). Similarly, for each increase in the
supply of family physicians of one doctor/10,000 pa-
s0ns, there was a corresponding drop in theincidence
rate of 1.5 cases/100,000 persons (95% Cl=.5-2.4).
These two variables explained 15% of the variation
observed in cervical cancer incidence raes among the
67 counties.

These two variables were also the only significant
predictors of cervical cancer mortality raesin regres-
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Tablel

Average Cervical Cancer Incidence and Mortality
Rates for Florida Counties, 1993-1995

Average Rate Range D
Incidence 10.8 0-35 5.47
Mortality 3.64 0-14.7 2.76

Rates are expressed as the number of cases or deaths/100,000 population.

SD—standard deviation

Table?2

Average Physician Supply for Florida Counties, 1994

Physicians Per
100,000 Population Range D
Primary care

Family physicians 175 0-101.8 134
General practitioners 10.7 0-335 6.5
Gengal intemists 13.9 0474 107
Obgtetrician-gynecologists 7.2 0-25.1 5.8
Other specialists 85.2 04364 712
Total 1349 155-561.4 90.7

SD—standard deviation

son models. Foreach 1%increasein the proportion of
county population that was white, there was a corre-
sponding drop in the mortality rate of .1 cases per
100,000 persons (95% Cl=.04-.16). Similarly, for each
increasein the supply of family physiciansof one doc-
tor/10,000 persons, there was acorresponding drop in
mortality rate of .65 cases/100,000 persons (95%
Cl=.17-1.13). These two variables explained 17% of
thevariation observedincervical cancer mortdity rates
among the 67 counties. Results were smilar when re-
gresson models were repeated using the method of
weighted least squares and inverse variance as the
weights. Resultswerealso smilar when county popu-
lation was used as theweights.

Discusson

We found that increasing supplies of family phys-
ciansand general interniststended to be associated with
lower incidence and mortality rates of cervical cancer
inFloridacounties. Associationswere especially strong
for the supply of family physicians. Each increase in
the supply of family physicians of one doctor/10,000
personswasassociated with areduction in thecervicd
cancerincidencerate of 1.5cases/100,000 personsand
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tially meet primary care needs, and

Table 3

Correlaion of Physician Supply and Other County Charaderigtics
With Cervical Cancer Incidence and Mortality*

INCIDENCE RATES

Correlation Correlation
Physician Supply Coefficient  PValue Coefficient
Total physician supply -21 .085 -31
Primary care supply -.22 .070 -.30
Non-primary care supply -.19 129 -.29
Primary care specialties
Family physicians -.29 .015 -.23
Gengral practitioners 24 .051 .06
General intemists -.22 .068 -.34
Obstetrician-gynecologists -.13 .282 -.18
County charecteristics
Percent of population white -.18 141 -.28
Percent of population urban -.23 .063 -32
Percent of women married -.03 .800 -.09
Percent without HS education .28 .023 .35
Median household income -.23 .062 -.38

HS—high school

MORTALITY RATES

their supply isalso amenabletopub-
lic palicy.*

In bivariate analyses, we found
that higher cervical cancer mortality
was correlated with several other
county characteristics. Increasing
percentagesof the county population

Pualue that were rural or non-white and
013 lower levelsof educationand income
019 were all corrdated with higher cer-

vical cancer mortality. Previousstud-

064 ies have shown that cervical cancer

611 mortality ishigher in populations that

o arenon-white, rural, unmarried, or of
lower socioeconomic status®3t

Thisstudy hasanumber of limita-

e tionsthat should be considered. Firt,

493 thiswasan ecologic study, whichhas

-88421 limited ability to establish causality.

Such gudies are subject to the*“ eco-
logicfallacy,” inwhich associations
at thecounty levd arenot reflective

of asociations at the individud pa-

adrop in the mortality rae of .65 cases/100,000 pe-
sons. Our findingsare smilarto other sudiesthat have
linkedincreased family phy s cian supply withimproved
healthoutcomes.** Thereisreasonto believethat pri-
mary carephyscian supply may be animportant deter-
minant of patients access to health services. Having a
regular physician, for example, has been found to be
an important deerminant of accessto care® Primary
care physician supply has been linked to paients use
of ambulatory care® and increasesin physician sup-
ply have been linked with inareased access and use of
ambulatory services.*%

Accessto primary care physicians may be an espe-
cialy important determinant of patientsreceiving can-
cer screening. Primary care physicians tend to recom-
mend preventive health care services during visits for
chronicillnessesmuch more sothan do specialists. ?4#
The National Ambulatory Medical Care Survey, for
instance, showedthat in 1991, 87% of all mammograms
were recommended by primary care physicians (fam-
ily physician, internists, obstetrician-gynecologists),
rather than by specialists.®

I ncreasingthe supply of primary carephysiciansmay
not necessarily ensurethat they arelocated in areas of
most need. Some programshave beensuccessful, how-
ever, intargeting primary care resdency graduates to
areasof greatest need.* Inaddition, increasing the sup-
ply of physicians alone may not adequately address
problems of inadequate accessto careif other issues,
such as a lack of health insurance, are not also ad-
dressed.* Finally, non-physicianprovidersmay poten-

tientlevel. Wedid not have informa-
tion on each patient’s ectual use of physician services.
We also did not have detailed information on other
health characterigtics of countiesthat might influence
incidenceand mortality rates, such assuppliesof other
healthcareproviders(ie, nurse practitioners) orthere-
productive/sexual/smoking histories of county res-
dents. Our small sample size, and the restricted num-
ber of control variables, limited our ahility to control
for confounding and to separate the effectsof variables
that are highly correlated. It is possible, therefore, tha
associations that we have attributed to physician sup-
ply resultedto some extent from correlationswith other
characteristics of counties that influence cervical can-
cer outcomes.

Conclusions

A greater supply of primary care physicianswasas-
sociated with a lower incidence of cervical cancer and
a lower cervical cancer mortality rate among Florida
counties. More sudiesare needed at theindividual pa-
tient level to confirm this association.
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