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BACKGROUND. Policymakers question whether there is a relationship between the number and distribution of 
physicians and the outcomes for important health conditions. We hypothesized that increasing primary care 
physician supply would be related to earlier detection of colorectal cancer.

METHODS. We identified incident cases of colorectal cancer occurring in Florida in 1994 (n = 8933) from the 
state cancer registry. We then obtained measures of physician supply from the 1994 American Medical 
Association Physician Masterfile and examined the effects of physician supply (at the levels of county and ZIP 
code clusters) on the odds of late-stage diagnosis using multiple logistic regression.

RESULTS. For each 10-percentile increase in primary care physician supply at the county level, the odds of late- 
stage diagnosis decreased by 5% (adjusted odds ratio [OR] = 0.95; 95% confidence interval [Cl], 0.92 - 0.99; P = 
.007). For each 10-percentile increase in specialty physician supply, the odds of late-stage diagnosis increased 
by 5% (adjusted OR = 1.05; 95% Cl, 1.02 - 1.09; P = .006). Within ZIP code clusters, each 10-percentile 
increase in the supply of general internists was associated with a 3% decrease in the odds of late-stage diagno­
sis (OR = 0.97; 95% Cl, 0.95 - 0.99; P = .006), and among women, each 10-percentile increase in the supply of 
obstetrician/gynecologists was associated with a 5% increase in the odds of late-stage diagnosis (OR = 1.05; 
95% Cl, 1.01 - 1.08; P =  .005).

CONCLUSIONS. If the relationships observed were causal, then as many as 874 of the 5463 (16%) late-stage 
colorectal cancer diagnoses are attributable to the physician specialty supply found in Florida. These findings 
suggest that an appropriate balance of primary care and specialty physicians may be important in achieving opti­
mal health outcomes.

KEY WORDS. Colorectal neoplasms; physicians, family; health policy; health manpower. (J Fam Pract 1999; 48:850- 
858)

T
here has been great interest in the composition 
o f the physician workforce in the United 
States.1'7 Most studies have concluded that 
there is an overabundance o f specialist physi­
cians. The adequacy o f the supply o f  primary 

care physicians, however, has been debated, with some 
studies concluding that there is a deficit,2'73 while others 
argue the current supply is adequate.931

Absent from this debate, however, have been studies 
demonstrating the effects o f  physician supply on health- 
related outcomes. A  few  investigations have suggested 
that an oversupply o f specialists may contribute to higher 
health care costs.51214 The health benefits o f  increasing 
physician supply are less clear. Hospitalization rates for
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selected conditions have been correlated with primary 
care physician supply,1516 as have access and use o f  ambu­
latory health services.17'20 It is not known, however, 
whether physician supply affects other health outcomes 
or to what extent the supply o f  primary care and special­
ist physicians independently affect health outcomes.

We examined the effects o f  physician supply on stage 
at diagnosis for patients with colorectal cancer in Florida 
during 1994. Colorectal cancer is the second leading 
cause o f cancer mortality in the United States, and stage 
at diagnosis is the most important prognostic determi­
nant.21 Physicians can diagnose colorectal cancer at an 
earlier stage by eliciting and promptly evaluating signs 
and symptoms and by providing recommended screening 
tests, including fecal occult blood testing and flexible sig­
moidoscopy.22 Studies2328 have consistently shown that 
access to health care and a physician’s recommendation 
for screening are important predictors o f  cancer screen­
ing. It might be expected, therefore, that the early detec­
tion o f colorectal cancer would be dependent on the 
availability o f  physician services.

As a marker o f access to physician services,2930 we 
hypothesized that increasing physician supply would be 
associated with earlier stage at diagnosis for colorectal
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cancer. We also hypothesized that the supply o f primary 
care physicians, because o f their responsibility to provide 
comprehensive preventive care, would be a more impor­
tant determinant o f cancer stage than the supply o f 
non-primary-care specialists. In addition, we hypothesized 
that the supply o f family physicians/general internists 
would be more likely related to stage at diagnosis than 
other primary care specialties because o f the inclusion o f 
sigmoidoscopy in their training and practice.31’’5 One study 
that included Florida family physicians, for example, 
found that more than 50% reported performing sigmoi­
doscopy in their office.36

METHODS

So u r c e s  o f  D a t a
Incident cases o f  colorectal cancer (n = 9551) occurring in 
1994, the most current year for which all relevant data 
were available, were identified from the Florida Cancer 
Data System (FCDS), a population-based statewide cancer 
registry. The FCDS has well-established methods to 
ensure complete case finding (including cooperative 
arrangements with other state tumor registries) and stan­
dardized procedures for quality control. Study cases 
included cancers o f the colon, rectosigmoid junction, and 
rectum. We excluded tumors o f the anal canal.

To include information that is not routinely available 
from the FCDS (insurance payer, comorbidity, socioeco­
nomic status), cases were linked with state discharge 
abstracts. The State o f Florida Agency for Health Care 
Administration (AH CA) maintains discharge abstracts 
for admissions to all nonfederal acute care hospitals, 
ambulatory surgical centers, freestanding radiation ther­
apy centers, and diagnostic imaging centers. The data 
abstracted include social security number, date o f birth, 
sex, race-ethnicity, discharge diagnoses (up to 10), and 
insurance payer.

FCDS cases were linked with discharge abstracts 
through a matching process using social security number, 
sex, race-ethnicity, and date o f birth. Cases that success­
fully matched on all variables were considered valid 
matches. Cases were also considered valid matches if  the 
sole discrepancy was a social security number or date o f 
birth that differed by only one digit (suggesting data entry 
errors). Using this method 82.8% o f eligible cases were 
successfully matched, a rate similar to that achieved in a 
comparable study.37 Using 1990 US Census data, each indi­
vidual was assigned the median income/education level o f 
either the Census tract (87% o f cases) or ZIP code (13% o f 
cases) o f their residence. The use o f Census-derived mea­
sures o f  socioeconomic status have been validated in pre­
vious studies.3841 Our study method was approved by the 
University o f South Florida Institutional Review Board.

The main outcome, stage at diagnosis, was defined as 
the summary stage at the time o f diagnosis using the 
Surveillance Epidemiology and End Results Site-Specific 
Summary Staging Guide.42 For these analyses, stage at

diagnosis was classified as either early stage (in situ, local) 
or late stage (regional, distant). Stage at diagnosis was 
available for 8933 (93.5%) o f  the incident colorectal cancer 
cases. Unstaged patients were older (P  = .001), had less 
education (P  = .03) and income (P  = .003), were more like­
ly to be widowed (P  = .001) and nonwhite (P  = .02). There 
were no sex differences (P  = .71) or insurance payer dif­
ferences (P  = .20) between staged and unstaged patients. 
The supply o f  total physicians (P  = .48), primary care 
physicians (P  = .25), and specialist physicians (P  = .60) 
also did not differ between staged and unstaged patients.

We obtained data on physician supply from the 1994 
American Medical Association (A M A ) Physician 
Masterfile, which includes allopathic and osteopathic 
physicians regardless o f AM A membership,43 and popula­
tion estimates from the 1990 US Census. We created physi­
cian supply variables for total physicians, primary care 
physicians, non-primary-care physicians, and for the indi­
vidual physician specialties. Primary specialty is self-des­
ignated by physicians as the area in which they spend the 
majority o f their clinical time. Physicians were classified 
as primary care if  their primary specialty was either fami- 
ly/general practice, obstetrics/gynecology, or general inter­
nal medicine, regardless o f  their secondary specialty des­
ignation.44,45 Primary care practice content has been veri­
fied for physicians meeting this definition.46 Physicians 
who indicated they were engaged in full-time direct patient 
care were counted as one full-time equivalent (FTE); those 
who indicated in the masterfile that they were either semi- 
retired, in residency training, or engaged in teaching or 
research were counted as 0.5 FTE.44 We excluded physi­
cians who indicated they were no longer involved in direct 
patient care. Previous studies have validated the data con­
tained in the 1994 AM A Physician Masterfile.43,4648

Physician supply was measured from 2 perspectives: 
regionally by county and locally using ZIP codes. Because 
we thought individual ZIP codes were too small a unit to 
assess the availability o f physicians, we created a compos­
ite measure o f local physician supply. We geocoded cases 
and used their longitude and latitude to determine the 5 
closest ZIP codes (by centroid) to the ZIP code o f their res­
idence. We then calculated the supply o f physicians in 
patients’ ZIP code o f residence and the surrounding 5 clos­
est ZIP codes. Similar methods have been used in studies 
o f health care access.49 To determine i f  results were sen­
sitive to the number o f  ZIP codes chosen to define a clus­
ter, we repeated the analyses using other cluster sizes (3, 
7, and 10 ZIP codes).

Other variables used in multivariate analyses included 
insurance payer (Medicare, Medicare health maintenance 
organization [HMO], Medicaid, commercial indemnity, 
commercial preferred provider organization, commercial 
HMO, uninsured [includes self-pay, charity], or other 
[includes Civilian Health and Medical Program o f 
Uniformed Services, Veterans Affairs, worker’s compensa­
tion, and other state and local government programs]); 
race-ethnicity, including white (non-Hispanic), black (non-
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Hispanic), Hispanic, or other; marital status (never mar­
ried, married, divorced, separated, or w idowed); and 
comorbidity. Comorbidity was determined using methods 
described by Deyo50 and Charlson.51 We used International 
Classification o f Diseases, Ninth Revision, Clinical 
Modification mapping o f  comorbid conditions as 
described by Deyo.50 We excluded cancer-related condi­
tions. We used the original weights described by Charlson51 
in calculating a morbidity index (theoretical range = 0 - 
23). We defined 3 categories o f  comorbidity (0, 1, 2+) on 
the basis o f  a patient’s index score. There were 1997 cases 
(21.3%) with one comorbid condition, and 739 cases 
(7.9%) with 2 or more comorbid conditions.

M u l t iv a r ia t e  A n a l y s is
We examined the relationship between physician supply 
and the odds o f late-stage diagnosis using multiple logistic 
regression. Potential confounding variables were modeled 
in a similar fashion in all logistic models: age (as a contin­
uous variable), level o f  education (3 indicator variables), 
level o f  income (4 indicator variables), insurance payer (7 
indicator variables), race-ethnicity (3 indicator variables), 
sex, comorbidity (single ordinal variable), and marital sta­
tus (4 indicator variables).

In the first step o f our analysis, w e contrasted the 
effects o f  the supplies o f  primary care physicians and spe­
cialty physicians by including their county-level measures 
in the logistic model described above. We chose county- 
level supply measures as the relevant variable for several 
reasons. We anticipated most patients would be willing to 
travel some distance to receive specialty care. Also, we 
considered ZIP code clusters too small an area to ade­
quately measure access to specialty care, especially in 
urban areas where they are closely spaced. In addition, 
several Florida health care programs that affect primary 
and specialty care access are structured and financed at 
the county level.

We adjusted primary care and specialty physician 
supplies simultaneously so that effects o f  primary care 
supply were adjusted for specialty supply, and vice 
versa. In addition to examining their main effects, we 
also examined whether there was a statistical interac­
tion between primary care and specialty care effects. 
Because specialty physician supply was likely to be cor­
related with community characteristics, w e  also strati­
fied analyses by urban or nonurban residence and by 
high (above the median) versus low  (below  the median) 
socioeconom ic area o f residence.

In the second step o f our analysis, we contrasted the 
effects o f  individual primary care specialty supplies (fami- 
ly/general practice, general internal medicine, 
obstetrics/gynecology) by including measures o f  their sup­
ply at the ZIP code cluster level in the logistic model. We 
chose ZIP code cluster measures o f  physician supply for 
this part o f the analysis in accordance with the belief that 
the choice between an internist, family physician, or gyne­
cologist as a patient’s primary care physician would be

most likely influenced by the availability o f  these physi­
cians at the local level rather than at the regional level. We 
also simultaneously controlled the effects o f  individual 
supplies o f primary care physicians and adjusted for over­
all physician supply in ZIP code clusters.

To allow for nonlinear relationships, w e created indi­
cator variables by percentiles o f  physician supply in all 
logistic models.52 Cases in the lowest 10th percentile of 
physician supply were designated as the referent group, 
and 9 indicator variables were created corresponding to 
each 10-percentile increase in physician supply (n = 
approximately 900 patients per group). Relationships 
were then examined by graphing the 9 corresponding 
odds ratios.532* Linear relationships between physician 
supply and the odds o f late-stage diagnosis were subse­
quently tested in logistic models using the chi-square like­
lihood ratio test.52

Because all patients residing in the same county are 
assigned the same measure o f  physician supply, there may 
be correlation o f error terms. Clustering by county could 
lead to underestimation o f standard errors in logistic 
models.50 To examine this possibility we reestimated para­
meters and their errors using the method o f  generalized 
estimating equations, which controls for clustered or cor­
related data5758

For odds ratios that were significant, w e estimated the 
number and percentage o f  late-stage colorectal cancers 
that could be attributed to the existing physician supply. 
We first used methods described by Zhang and Yu59 to esti­
mate the corresponding risk ratios from the odds ratios 
derived from logistic models, then used established meth­
ods to derive attributable percentages and numbers from 
the risk ratios.53

RESULTS

The study population consisted o f the 8933 Florida resi­
dents who were diagnosed with colorectal cancer in 1994 
for whom stage at diagnosis was known (Table 1). Table 2 
shows the local and regional physician supply for subjects’ 
places o f residence. A t the county level, the supply o f spe­
cialty physicians was more than twice that o f  primary care 
physicians. At the local level family/general practice and 
internal medicine physicians made up the majority o f  the 
primary care physicians in patients’ ZIP code clusters.

Figure 1 shows the relationship between total physi­
cian supply at the county level and the odds o f late-stage 
diagnosis. Odds ratios are relative to cases in the lowest 
10th percentile o f  total physician supply. There was no 
apparent relationship, either linear or nonlinear, between 
increasing physician supply and the odds o f  late-stage 
diagnosis (x2 for linear trend = 0.11; P  = .74).

Figure 2 shows the separate relationships o f  primary 
care and non-primary-care physician supplies with stage 
at diagnosis. Controlling for specialty physician supply, the 
effects o f  primary care physician supply were linear (%2 = 
7.34; P  = .007). For each 10-percentile increase in primary
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TABLE 1

Characteristics of Men and Women with Colorectal Cancer in Florida, 
1994 (N = 8933)

Characteristic* Mean/Median (SD)

Mean age, years
Median household income, dollars!

71.5 (11.6) 
28,929 (10,593)

No. (%)
Sex

Men
Race/Ethnicity

White, non-Hispanic 
Black, non-Hispanic 
Hispanic 
Other 

Educationt
High school education or less 
More than high school education 

Marital status 
Never married 
Current 
Divorced 
Separated 
Widowed 

Insurance payer 
Medicare 
Medicare HMO 
Medicaid
Commercial insurance 
Commercial HMO 
Commercial PPO 
Uninsured 
Other

Cancer stage 
In situ 
Local 
Regional 
Distant

care physician supply, the odds o f late-stage diagnosis 
decreased by 5% (adjusted odds ratio [OR] = 0.95, 95% 
confidence interval [Cl], 0.92 - 0.99). Controlling for pri­
mary care physician supply, the effects o f specialty physi­
cian supply were also linear (x2 = 7.66, P  = .006). For each 
10-percentile increase in specialty physician supply, the 
odds o f late-stage diagnosis increased by 5% (adjusted OR 
= 1.05; 95% Cl, 1.02 - 1.09). There was no statistical inter­
action between the effects o f primary care and specialty 
physician supplies (OR = 0.998; P = .49).

Table 3 shows the effects o f primary care and specialty 
physician supplies when analyses were stratified by char­
acteristics o f the patient’s residence. In urban and high 
socioeconomic areas, an increasing supply o f primary care 
physicians was associated with earlier diagnosis o f  col­

orectal cancer, while an increasing 
supply o f  specialty physicians was 
associated with greater odds o f late- 
stage diagnosis. In nonurban areas 
there was a trend toward earlier stage 
at diagnosis with increasing supply o f 
primary care physicians that did not 
reach statistical significance.

Comparing primary care physician 
specialty supplies at the local level, an 
increasing supply o f  general internists 
was found to be associated with 
decreased odds o f late-stage diagnosis 
(X2 for linear trend = 7.54, P = .006). 
For each 10-percentile increase in the 
supply o f  general internists the odds o f 
late-stage diagnosis decreased 3% 
(adjusted OR = 0.97; 95% Cl, 0.95 - 
0.99). In contrast, an increasing supply 
o f  obstetrician/gynecologists at the 
local level was associated with greater 
odds o f late-stage diagnosis (x2 for lin­
ear trend = 9.52; P  = .002). Each 10-per­
centile increase in the supply o f  obste­
trician/gynecologists was associated 
with a 4% increase in the odds o f late- 
stage diagnosis (adjusted OR = 1.04; 
95% Cl, 1.01 -1.06). There was no sig­
nificant association between the sup­
ply o f family/general practice physi­
cians at the local level and the odds o f 
late-stage diagnosis (x2 for linear trend 
= 2.83, P  = .09).

Because obstetrician/gynecologists 
only serve as primary care providers 
for women, we repeated analysis strat­
ified by sex (Table 4). There was no 
statistical association between prima­
ry care physician specialty supplies 
and odds o f late-stage diagnosis 
for men. Among women, however, 
increasing supplies o f family/general 

practitioners and general internists were associated with 
lower odds o f late-stage diagnosis, while an increasing 
supply o f obstetrician/gynecologists was associated with 
greater odds o f late-stage diagnosis.

We also examined whether the odds o f late-stage diag­
nosis might be affected by the supply o f gastroenterolo­
gists. The supply o f gastroenterologists was not associat­
ed with stage at diagnosis when measured at either the 
county level (adjusted OR = 1.007; 95% Cl, 0.98 -1.03; P = 
.55) or at the local level (adjusted OR = 1.007; 95% Cl, 0.998 
-1.02; P = .14).

Results were similar when logistic models were repeat­
ed with cases restricted to invasive cancers only, to 
patients having fee-for-service insurance only, or when 
cases were restricted to ages for which colorectal screen-

612 (6.9) 
2858 (32.0) 
3977 (44.5) 
1486 (16.6)

SD denotes standard deviation; HMO, health maintenance organization; PPO, preferred provider 
organization
•Numbers for individual categories may not sum to total sample size because of missing data. 
tBy census tract or ZIP code of residence.

4555 (51.0)

7626 (85.4)
534 (6.0)
701 (7.8)

72 (0.8)

4162 (46.9)
4715 (53.2)

623 (7.9)
5399 (61.5)

548 (6.2)
31 (0.3)

2182 (24.8)

5284 (65.3)
452 (5.6)
119 (1.5)
709 (8.8)
662 (8.2)
484 (6.0)
234 (2.9)
146 (1.8)
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FIGURE 1

The total regional physician supply and odds of late-stage diagnosis.
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Test of linear trend: (x2 = 0.11; P = .74)
Note: Odds ratios for late-stage diagnosis adjusted for patient’s age, sex, race-ethnicity, marital sta­
tus, income, education, insurance payer, and comorbidity (N = 8035). Referent group is patients in 
the lowest 10th percentile of physician supply. Physician supply was assessed at the county level.

DISCUSSION

ing is most commonly recommended (50 years and 
older).2260'61 Results also did not differ when physician sup­
ply was measured relative to other ZIP code cluster sizes 
(3, 7, and 10 ZIP codes).

We reestimated model parameters and errors using the 
method o f generalized estimating equations to control for 
any effects o f  clustering within the data. Results were sim­
ilar. The effects o f regional primary care and specialty 
care supplies, for example, were unchanged when poten­
tial clustering o f data was taken into account (primary 
care physician supply OR = 0.95; 95% Cl, 0.91 - 0.99; P = 
.01; specialty care physician supply OR = 1.05; 95% Cl, 1.01 
-1.09; P  = .007).

TABLE 2

Local and Regional Physician Supply for Patients with Colorectal Cancer in 
Florida, 1994 (N = 8933)

Physician Supply* Mean (SD) Median Range

Regionalf
Total physicians 205.2 (63.5) 218.2 15.5 - 561.4
Primary care physicians 63.6 (15.0) 65.6 9.1 - 125.0
Specialty physicians 141.6 (49.5) 152.6 0 - 436.4

Local $
General internal medicine 28.4 (27.3) 21.9 0 - 408.4
Obstetrics/gynecology 13.9 (19.0) 8.4 0 - 315.9
Family/general practice 32.9 (27.6) 26.4 0 - 369.5

SD denotes standard deviation.
* Physicians/100,000 population.
fRegional physician supply measured at the county level.
fLocal primary care physician supply measured at the level of ZIP code clusters.

The supplies o f  primary care and spe­
cialty physicians were significantly 
associated with stage at diagnosis for 
patients with colorectal cancer. As 
the supply o f  primary care physicians 
increased, the odds o f late-stage diag­
nosis decreased. Unexpectedly, an 
increasing supply o f  specialist physi­
cians was found to be associated 
w ith later stage at diagnosis. We 
found no relationship, however, 
between overall physician supply and 
stage at diagnosis.

I f  the associations w e observed 
were causal, it would imply that physi­
cian supply had a fairly substantial 
impact on the likelihood o f early col­
orectal cancer diagnosis. The odds 
ratio contrasting the highest primaiy 
care physician supply with the lowest 

was 1.60, which is similar in magnitude to the odds ratio 
we have previously reported (OR = 1.67) describing the 
effects o f being uninsured.62 On the basis o f  the odds ratios 
w e observed in this study, we concluded that 437 (8%) of 
the 5463 patients diagnosed with late-stage colorectal can­
cer in Florida could theoretically have been diagnosed at 
an earlier stage if  all patients resided either in counties 
having a primary care physician supply o f  the highest 
decile or in counties having a specialty physician supply of 
the lowest decile. I f  both conditions were true, 874 o f the 
5463 (16%) patients diagnosed with late-stage cancer 
could theoretically have been diagnosed earlier.

Although it is easy to envision how an adequate supply 
o f primary care physicians might con­
tribute to earlier detection o f colorec­
tal cancer, it is less clear why an 
increasing supply o f  specialists would 
be detrimental. One possibility is that 
primary care physicians provide early 
cancer detection services that special­
ists do not, and that they compete to 
provide for patients’ health care needs. 
I f  patients are more likely to have their 
health care needs met by specialists 
when there is an abundant supply, this 
may result in decreased exposure to 
early detection services supplied by 
primaiy care physicians.

Could the association between late- 
stage diagnosis and increased special­
ty physician supply have resulted from 
referral o f patients with late-stage dis­
ease to specialists? I f  physician sup­
ply had been assessed at the locations
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TABLE 3

Effects of Physician Supply on the Odds of Late-Stage Colorectal Cancer 
Diagnosis, by Urban or Nonurban Setting and Socioeconomic Status of Patients 
Residence

Physician Supply OR P OR P

Primary care 
Specialty care

0.919
1.124

Urban
.009
.001

0.957
1.020

Nonurban
.052
.401

Primary care 
Specialty care

0.928
1.072

High SES
.003
.007

0.980
1.029

Low SES
.465
.302

OR denotes odds ratio; SES, socioeconomic status.
Note: Urban is defined as census tract or ZIP code that is 100% urban (n = 4227). Nonurban is 
defined as census areas that contain at least some outside-urban or rural components (n = 3808). 
High and low SES defined as areas above and below respectively the median of a combined measure 
of education and income level. Odds ratios represent the change in the odds of late-stage diagnosis 
with each 10-percentiie increase in physician supply.

TABLE 4

The Effects of Local Primary Care Physician Supply on the Odds of Late-Stage 
Diagnosis, by Sex

Sex Adjusted OR* 95% Cl P

Men (n = 4092)
Family/general physicians 1.00 0.97 - 1.03 .960
Internal medicine physicians 0.97 0.94 - 1.01 .092
OB/gynecology physicians 1.03 1.00 - 1.06 .103

Women (n = 3923)
Family/general physicians 0.96 0.94 - 0.99 .014
Internal medicine physicians 0.96 0.93 - 0.998 .036
OB/gynecology physician 1.05 1.01-1.08 .005

OR denotes odds ratio; Cl, confidence interval; OB, obstetrics.
*Odds ratios (P values) for late-stage diagnosis (regional/distant) adjusted for patient’s age, education, 
income, race-ethnicity, marital status, insurance payer, comorbidity, and total physician supply. Odds 
ratios represent the change in the odds of late-stage diagnosis with each 10-percentile increase in 
physician supply.

where cancers were diagnosed, then referral patterns 
could have contributed to this finding. The effects o f 
physician supply were assessed according to the patients’ 
residences, however, not the location where their cancer 
was diagnosed and should not have been affected by refer­
ral patterns.

Could the association have resulted from a greater sup­
ply o f  specialists uncovering more cases o f existing late- 
stage disease? This could conceivably occur for slow 
growing tumors such as prostate cancer, but would not be 
expected for more aggressive tumors, such as colorectal 
cancer. Late-stage colorectal cancers not diagnosed in 1 
year will become evident in subsequent years through 
overt symptoms or death. I f the association between late-

stage colorectal cancer diagnosis and 
specialty supply was due to increased 
detection, one would also expect to 
find a substantial association between 
stage at diagnosis and the supplies o f 
gastroenterologists. We did not fmd 
that association.

The other possible explanation for 
these findings is that the relationships 
observed were the result o f confound­
ing with some other factor. The multi­
variate models, however, controlled 
for patients’ age, sex, race-ethnicity, 
marital status, comorbidity, type o f 
health insurance, and community mea­
sures o f socioeconomic status. It is 
unclear what other factor would be 
related to stage at diagnosis and have 
separate and opposite associations 
with primary care and specialty physi­
cian supply.

There is increasing interest in under­
standing the differences between spe­
cialty and primary health care ser­
vices. Some studies have found no dif­
ference in outcomes between the 2 
systems o f care,13® while others have 
suggested additional health benefits to 
specialty care.1*® Most have foimd that 
primary health care services were less 
expensive.67'70'71

The full value o f primary care may 
result from addressing other health 
care needs in addition to a specific ill­
ness.72 Stange and colleagues,73 for 
example, found that family physicians 
addressed at least one US Preventive 
Services Task Force recommendation 
for preventive care in 39% o f visits for 
chronic illness. Recent evidence sug­
gests that most specialists are not like­
ly to address health care needs outside 
their specialty.46’74 Medical subspecial­

ists who are serving as patients’ primary providers, howev­
er, may be similar to generalists in their delivery o f preven­
tive care. Future studies are needed to examine physician 
supply by type o f subspecialty and by other physician char­
acteristics related to the delivery o f  preventive care.71778

Several investigators911 have argued that the balance 
between primary and specialty physician supply is irrele­
vant and that the population level supply o f primary care 
physicians is the only measure important for policy. Our 
results do not support this premise and suggest that the 
balance between primary care and specialty physician sup­
plies may well affect important health outcomes.

Among the primary care specialties examined, an 
increasing supply o f  general internists was associated with
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FIGURE 2

The regional primary care and specialty physician supply and odds of 
late-stage diagnosis.
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Note: Odds ratios for late-stage diagnosis adjusted for patient’s age, sex, race/ethnicity, marital sta­
tus, income, education, insurance payer, and comorbidity (N = 8035). Referent group is patients in 
the lowest 10th percentile of physician supply. Primary care and specialty physician supplies have 
been adjusted simultaneously. Physician supply measured at the county level.

CONCLUSIONS

earlier stage detection o f colorectal cancer, while the 
opposite was true for the supply o f  obstetrician/gynecolo- 
gists. General internists and family physicians may be 
more likely to include colorectal cancer screening in their 
practice than are obstetrician/gynecologists, which 
would explain our findings among women.1™ 1 
Obstetrician/gynecologists, however, have shown consis­
tently higher rates o f screening for breast and cervical can­
cers.76'777981 In addition, obstetrician/gynecologists may not 
assume the role o f  primary provider for older women who 
are at the greatest risk o f colorectal cancer.82

We found that an increasing supply of 
primary care physicians was associat­
ed with earlier detection o f colorectal 
cancer. Increasing specialty physician 
supply, however, was associated with 
later-stage detection. These findings 
suggest several potential policy rec­
ommendations that would improve 
health outcomes. In the short term, 
specialists should be aware o f  these 
findings and look at health screening 
practices within their own patient pop­
ulations. This is particularly important 
if they are acting as the primary care 
physician, whether by their own 
choice or by default. Similarly, patients 
who have a specialist acting as their 
primary care physician should either 
see a family physician or internist for 
their ongoing preventive care or ask 
their specialist for the appropriate 
screening tests.

In the health policy and reimburse­
ment arenas, there is an ongoing 
debate concerning whether specialists 
should be allowed to serve as primary 
care physicians. The insurance compa­
nies, legislators, and regulators who 

wrestle with these decisions should consider important 
factors, such as early detection o f cancer when they estab­
lish their policies. Finally, when our society looks at the 
overall delivery o f  health care services, we must strive not 
just for the right number o f physicians but also for an 
appropriate balance between primary care and specialty 
physician supply to achieve optimal health outcomes.
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L im it a t io n s
This study has a number o f potential limitations. First, 
socioeconomic status was not measured at the individual 
level. Previous studies, however, have validated the use o f 
aggregate measures o f  socioeconomic status.3841

Although physician supply is an important variable rel­
evant to health care policy, it can be considered only an 
aggregate measure o f  individual patients’ use o f physician 
services. In future research it will be important to measure 
actual use o f physician services at the individual patient 
level to confirm these relationships. Finally, our study was 
restricted to incident cases o f  colorectal cancer in Florida, 
which may not be representative o f other diseases or other 
parts o f the country.

REFERENCES
1. Kindig DA, Cultice JM, Mu Han F. The elusive generalist physi­

cian. Can we reach a 50% goal? JAMA 1993; 270:1069-73.
2. Rivo ML, Satcher D. Improving access to health care through 

physician workforce reform. Directions for the 21st century. 
JAMA 1993; 270:1074-8.

3. Rivo ML, Mays HL, Katzoff J, Kindig DA. Managed health care. 
Implications for the physician workforce and medical educa­
tion. Council on Graduate Medical Education. JAMA 1995; 
274:712-5.

4. Rosenblatt RA. Specialists or generalists. On whom should 
we base the American health care system? JAMA 1992; 
267:1665-6.

5. Schroeder S, Sandy L. Specialty distribution o f US physicians 
— the invisible driver o f health care costs. N Engl J Med 1993; 
328:961-3.

6. Weiner JP. Forecasting the effects o f health reform on US 
physician workforce requirement. Evidence from HMO

8 5 6  The Journal o f Family Practice, Vol. 48, No. 11 (Nov), 1999



THE EFFECTS OF PHYSICIAN SUPPLY ON EARLY DETECTION OF COLORECTAL CANCER

staffing patterns. JAMA 1994; 272:222-30.
7. Barnett P, Midtling J. Public policy and the supply o f primary 

care physicians. JAMA 1989; 262:2864-8.
8. Politzer RM, Harris DL, Gaston MH, Mullan F. Primary care 

physician supply and the medically underserved. A  status 
report and recommendations. JAMA 1991; 266:104-9.

9. Cooper R. Seeking a balanced physician workforce for the 
21st century. JAMA 1994; 272:680-7.

10. Goodman D, Fisher E, Bubolz T, Mohr J, Poage J, Wennberg J. 
Benchmarking the US physician workforce. JAMA 1996; 
276:1811-7.

11. Whitcomb ME. A  cross-national comparison o f generalist 
physician workforce data. Evidence for US supply adequacy. 
JAMA 1995; 274:692-5.

12. Kane R, Friedman B. State variations in Medicare expendi­
tures. Am J Public Health 1997; 87:1611-20.

13. Mark DH, Gottlieb MS, Zellner BB, Chetty VK, Midtling JE. 
Medicare costs in urban areas and the supply o f primary care 
physicians. J Fam Pract 1996; 43:33-9.

14. Welch W, Miller M, Welch H, Fisher E, Wennberg J. 
Geographic variation in expenditures for physicians’ services 
in the United States. N Engl J Med 1993; 328:621-7.

15. Parchman ML, Culler S. Primary care physicians and avoid­
able hospitalizations. J Fam Pract 1994; 39:123-8.

16. Krakauer H, Jacoby I, Millman M, Lukomnik JE. Physician 
impact on hospital admission and on mortality rates in the 
Medicare population. Health Serv Res 1996; 31:191-211.

17. Krishan I, Drummond DC, Naessens JM, Nobrega FT, Smoldt 
RK. Impact o f increased physician supply on use o f health ser­
vices: a longitudinal analysis in rural Minnesota. Public Health 
Rep 1985; 100:379-86.

18. Briggs LW, Rohrer JE, Ludke RL, Hilsenrath PE, Phillips KT. 
Geographic variation in primary care visits in Iowa. Health 
Serv Res 1995;30:657-71.

19. Williams AP, Schwartz WB, Newhouse JP, Bennett BW. How 
many miles to the doctor? N Engl J Med 1983; 309:958-63.

20. Allen DI, Kamradt JM. Relationship o f infant mortality to the 
availability o f obstetrical care in Indiana. J Fam Pract 1991; 
33:609-13.

21. Miller B, Ries L, Hankey B, Kosary C, Edwards B. Cancer sta­
tistics review: 1973-1989, National Cancer Institute, NIH Pub. 
No. 92-278; 1992:9.

22. US Preventive Services Task Force. Guide to clinical preven­
tive services, 2nd ed: US Dept o f Health and Human Services; 
1996.

23. Fox S, Murata P, Stein J. The impact of physician compliance 
on screening mammography for older women. Arch Intern 
Med 1991; 151:50-6.

24. Fox S, Siu A, Stein J. The importance o f physician communi­
cation on breast cancer screening o f older women. Arch 
Intern Med 1994; 154:2058-68.

25. Breen N, Kessler L. Changes in the use of screening mam­
mography: evidence from the 1987 and 1990 National Health 
Interview Surveys. Am J Public Health 1994; 84:62-7.

26. National Cancer Institute Breast Cancer Screening 
Consortium. Screening mammography: a missed clinical 
opportunity? JAMA 1990; 264:54-8.

27. Lewis S, Jensen N. Screening sigmoidoscopy: factors associ­
ated with utilization. J Gen Intern Med 1996; 11:542-4.

28. Vernon S. Participation in colorectal cancer screening: a 
review. J Natl Cancer Inst 1997; 89:1406-22.

29. Escarce JJ. Explaining the association between surgeon sup­
ply and utilization. Inquiry 1992; 29:403-15.

30. Escarce JJ. Would eliminating differences in physician prac­
tice style reduce geographic variations in cataract surgery 
rates? Med Care 1993; 31:1106-18.

31. Schoen R, Weissfeld J, Kuller L. Sigmoidoscopy use among 
primary care physicians. Prev Med 1995; 24:249-54.

32. American Cancer Society. Survey o f physicians’ attitudes and 
practices in early cancer detection. CA Cancer J Clin 1990;

40:77-101.
33. American Cancer Society. Survey o f physicians’ attitudes and 

practices in early cancer detection. CA Cancer J Clin 1985; 
35:197-213.

34. Wigton RS, Nicolas JA, Blank LL. Procedural skills o f the gen­
eral internist. A  survey o f 2,500 physicians. Ann Intern Med 
1989; 111:1023-34.

35. Cooper G, Fortinsky R, Hapke R, Landefeld C. Factors asso­
ciated with the use o f flexible sigmoidoscopy as a screening 
test for the detection o f colorectal carcinoma by primary care 
physicians. Cancer 1998; 82:1476-81.

36. Leider P, Solberg R, Nesbitt T. Family physicians perception of 
economic incentives for the provision o f office procedures. 
Fam Med 1997; 29:318-20.

37. Ayanian J, Kohler B, Abe T, Epstein A. The relation between 
health insurance coverage and clinical outcomes among 
women with breast cancer. N Engl J Med 1993; 329:326-31.

38. Diez-Roux A. Bringing context back into epidemiology: vari­
ables and fallacies in multilevel analysis. Am J Public Health 
1998; 88:216-22.

39. Hofer T, Wolfe R, Tedeschi P, McMahon L, Griffith J. Use o f 
community verses individual socioeconomic data predicting 
variation in hospital use. Health Serv Res 1998; 33:243-59.

40. Krieger N. Overcoming the absence o f socioeconomic data in 
medical records: validation and application o f a census-based 
methodology. Am J Public Health 1992; 87:703-10.

41. Krieger N, Fee E. Social class: the missing link in U.S. health 
data Inti J Health Serv 1994; 24:25-44.

42. Shambaugh E, Weiss M. Summary staging guide: cancer sur­
veillance epidemiology and end results reporting. Bethesda, 
MD: US Dept o f Health Human Services, Public Health 
Service, National Institutes of Health; 1977.

43. Kenward K. The scope o f the data available in the AMA’s 
Physician Masterfile. Am J Public Health 1996; 86:1481-2.

44. Kindig D. Counting generalist physicians. JAMA 1994; 
271:1505-7.

45. American College of Obstetrics and Gynecology. Obstetrician- 
gynecologists: specialists in reproductive health care and pri­
mary physicians for women. Washington, DC; 1986.

46. Shea J, Kletke P, Wozniak G, Polsky D, Escarce J. Self-report­
ed physician specialties and the primary care content o f med­
ical practice: a study of the AMA Physician Masterfile. Med 
Care 1999; 37:333-8.

47. Grumbach K, Becker S, Osborn E, Bindman A. The challenge 
o f defining and counting general physicians: an analysis of 
Physician Masterfile data Am J Public Health 1995; 85:1402-7.

48. Williams P, Whitcomb M, Kessler J. Quality of the family physi­
cian component of the AMA Masterfile. J Am Board Fam 
Pract 1996; 9:94-9.

49. Bindman AB, Grumbach K, Osmond D, et al. Preventable hos­
pitalizations and access to health care. JAMA 1995; 274:305- 
11.

50. Deyo R, Cherkin D, Ciol M. Adapting a clinical comorbidity 
index for use with ICD-9-CM administrative databases. J Clin 
Epidemiol 1992; 45:613-9.

51. Charlson M, Pompei P, Ales K, Mackenzie C. A  new method of 
classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chron Dis 1987; 40:373-83.

52. Hosmer D, Lemeshow S. Applied logistic regression. New 
York: John Wiley & Sons; 1989.

53. Kleinbaum D, Kupper L, Morgenstem H. Epidemiologic 
research: principles and quantitative methods. Belmont, Calif: 
Lifetime Learning Publication; 1982.

54. Rothman K. Modem epidemiology. Boston, Mass: Little, 
Brown and Co; 1986.

55. Greenland S. Modeling and variable selection in epidemiolog­
ic analysis. Am J Public Health 1989; 79:340-9.

56. Liang K, Zeger S. Regression analysis for correlated data 
Annu Rev Public Health 1993; 14:43-68.

57. Liang K, Zeger S. Longitudinal data analysis using generalized

The Journal o f Family Practice, Vol. 48, No. 11 (Nov), 1999 8 5 7



THE EFFECTS OF PHYSICIAN SUPPLY ON EARLY DETECTION OF COLORECTAL CANCER

linear models. Biometrika 1986; 73:13-22.
58. Preisser J, Koch G. Categorical data analysis in public health. 

Annu Rev Public Health 1997; 18:51-82.
59. Zhang J, Yu K. What’s the relative risk? A  method o f correct­

ing the odds ratio in cohort studies o f common outcomes. 
JAMA 1998; 280:1690-1.

60. Levin B, Murphy G. Revision in American Cancer Society rec­
ommendations for the early detection o f colorectal cancer. 
CA Cancer J Clin 1992; 42:296-9.

61. Mettlin C, Dodd G. The American Cancer Society guidelines 
for the cancer-related checkup: an update. CA Cancer J Clin 
1991; 41:279-82.

62. Roetzheim RG, Pal N, Tennant C, et al. Effects o f health insur­
ance and race on early detection o f cancer. J Natl Cancer Inst 
1999; 91:1409-15.

63. Greenfield S, Rogers W, Mangotich M, Carney MF, Tarlov AR. 
Outcomes o f patients with hypertension and non-insulin 
dependent diabetes mellitus treated by different systems and 
specialties. Results from the medical outcomes study. JAMA 
1995; 274:1436-44.

64. Mahajan RJ, Barthel JS, Marshall JB. Appropriateness of 
referrals for open-access endoscopy. How do physicians in 
different medical specialties do? Arch Intern Med 1996; 
156:2065-9.

65. Drummond DC, Thom B, Brown C, Edwards G, Mullan MJ. 
Specialist versus general practitioner treatment o f problem 
drinkers. Lancet 1990; 336:915-8.

66. Ayanian JZ, Guadagnoli E, McNeil BJ, Cleary PD. Treatment 
and outcomes o f acute myocardial infarction among patients 
o f cardiologists and generalist physicians. Arch Intern Med 
1997; 157:2570-6.

67. Jollis J, DeLong E, Peterson E, et al. Outcome o f acute 
myocardial infarction according to the specialty o f the admit­
ting physician. New Engl J Med 1996; 335:1880-8.

68. Nash IS, Nash DB, Fuster V. Do cardiologists do it better? J 
Am Coll Cardiol 1997; 29:4758.

69. Ayanian JZ, Hauptman PJ, Guadagnoli E, Antman EM, Pashos 
CL, McNeil BJ. Knowledge and practices o f generalist and 
specialist physicians regarding drug therapy for acute 
myocardial infarction. N Engl J Med 1994; 331:1136-42.

70. Greenfield S, Nelson EC, Zubkoff M, et al. Variations in

resource utilization among medical specialties and systems of 
care. Results from the medical outcomes study. JAMA 1992- 
267:1624-30.

71. Franks P, Fiscella K. Primary care physicians and specialists 
as personal physicians: health care expenditures and mortali­
ty experience. J Fam Pract 1998; 47:1059.

72. Stange K, Jaen C, Flocke S, Miller W, Crabtree B, Zyzanski S. 
The value o f a family physician. J Fam Pract 1998; 46:3638.

73. Stange K, Flocke S, Goodwin M. Opportunistic preventive ser­
vices delivery. J Fam Pract 1998; 46:419-24.

74. Rosenblatt RA, Hart LG, Baldwin LM, Chan L, Schneeweiss R. 
The generalist role o f specialty physicians: is there a hidden 
system o f primary care? JAMA 1998; 279:1364-70.

75. Dietrich A, Goldberg H. Preventive content o f adult primary 
care: do generalists and subspecialists differ? Am J Public 
Health 1984; 74:2237.

76. Lurie N, Slater J, McGovern P, Ekstrum J, Quam L, Margolis K. 
Preventive care for women: does the sex o f the physician mat­
ter? N Engl J Med 1993; 329:478-82.

77. Roetzheim R, Fox S, Leake B. Physician-reported determi­
nants o f screening mammography in older women: the impact 
o f physician and practice characteristics. J Am Geriatr Soc 
1995; 43:1-5.

78. Kreuter M, Strecher V, Harris R, Kobrin S, Skinner S. Are 
patients o f women physicians screened more aggressively? A 
prospective study o f physician gender and screening. J Gen 
Intern Med 1995; 10:119-25.

79. Costanza M, Hoople N, Gaw V, Stoddard A. Cancer prevention 
practices and continuing education needs o f primary care 
physicians. Am J Prev Med 1993; 9:107-12.

80. Bergner M, Allison C, Diehr P, Ford L, Feigl P. Early detection 
and control o f cancer in clinical practice. Arch Intern Med 
1990; 150:431-6.

81. Roetzheim R, Van Durme D, Brownlee H, Herold A, Parnies R, 
Woodard L. Compliance with screening mammography: a sur­
vey o f primary care physicians. J Florida Med Assoc 1991; 
78:4259.

82. Bartman BA, Clancy CM, Moy E, Langenberg P. Cost differ­
ences among women’s primary care physicians. Health Aff 
1996; 15:177-82.

8 5 8  The Journal o f Family Practice, Vol. 48, No. 11 (Nov), 1999


