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Racial and Geographic Differences
in Mammography Screening in St. Louis City:
A Multilevel Study

Min Lian, Donna B. Jeffe, and Mario Schootman

ABSTRACT To examine racial differences in mammography use and its determinants in
the City of St. Louis, MO, USA, we recruited women age 40 or older using random-
digit dialing to (1) examine the difference in mammography use between white women
and African American women and (2) identify individual- and census-tract-level risk
factors of nonadherence to mammography. During telephone interviews, we inquired
about mammography use and several demographic, psychosocial, and health behavior
variables. We determined the residential census tracts of study subjects using a
geographic information system. The rate of mammography use was 68.0% among
white women and 74.7% among African American women (P=0.022). African
American women were more likely to have mammograms than white woman (adjusted
odds ratio [OR]=1.71; 95% confidence interval [CI]=1.09–2.69). System-level barriers
to mammography and heavy smoking were associated with lower mammography use
among both white and African American women. Personal-experience barriers to
mammography and no physician recommendation also were independently associated
with mammography use among white women. White women residing within a historic
geographic cluster area of late-stage breast cancer were less likely to have mammograms
(adjusted OR=0.42, 95% CI=0.22–0.80), while African American women residing
within a historic geographic cluster area of late-stage breast cancer were equally likely
to have mammograms (adjusted OR=0.79, 95% CI=0.28–2.24). Neither individual-
nor census-tract-level socioeconomic status was associated with mammography
screening. These findings suggest that there may be a greater need for increasing
mammography use among white women, especially in the historic cluster area of late-
stage breast cancer in St. Louis.
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INTRODUCTION

Breast cancer is the leading cancer and the second leading cause of cancer death
among women in the USA.1 Mammography use reduces the likelihood of late-stage
breast cancer and subsequent mortality.2

Increased use of screening mammography during the 1990s was reported by
several national studies, including the National Health Interview Survey (NHIS)3

and the Behavioral Risk Factor Surveillance System (BRFSS).4 By 2000, 70% of
women 40 years of age and older reported being screened by mammography within
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the previous two years.5 Recently, it has been shown that racial disparities in
screening mammography have largely disappeared.6–8 While trends in disparities
over time in the USA or specific states are important to monitor, they may mask
disparities in screening practices for much smaller areas. Evidence of declining
mammography rates from 2000 to 2005 also may be cause for concern.9,10 If
mammography rates continue to decline, the issue of where to target interventions
locally (geographic targeting) to increase mammography use, such as by offering
flexible clinic hours, health education, or mobile mammography vans, will become
crucial to reduce the incidence of late-stage breast cancer diagnoses.

The diagnosis of late-stage breast cancer, which is associated with greater
mortality from breast cancer, has been considered a marker for lower breast cancer
screening.11 In the analysis of the 1996–1998 statewide breast cancer data at the
census-tract level from the Missouri Cancer Registry using a Geographic Informa-
tion System, we detected a geographic cluster of elevated first primary diagnosis of
late-stage (distant) breast cancer, which was located in the St. Louis, MO,
metropolitan area. Women age 50 or older in this area (Figure 1) were two times
more likely to be diagnosed with late-stage disease than elsewhere in Missouri.12

While other studies have identified geographic clusters of higher-than-expected
incidence of late-stage breast cancer,13,14 these studies did not report potential
reasons for the higher-than-expected late-stage disease they observed in these areas.

To examine local racial disparities in mammography screening use, the current
study examined racial differences in nonadherence to mammography screening
guidelines in the City of St. Louis both within and outside the cluster of late-stage
breast cancer. We also examined the extent to which several individual-level factors
accounted for any observed associations between census-tract-level factors and
mammography screening, using the conceptual framework of Anderson’s behavioral
model,15,16 which is frequently applied in healthcare utilization studies.

MATERIALS AND METHODS

Data Collection
From March 2004 through June 2006, we used the equal probability of selection
method of randomly selecting residential telephone numbers in order to contact
women age 40 or older residing within the St. Louis City limits. This age group was
selected because routine breast cancer screening is recommended for women age 40
and older.17,18 Each telephone number was called until response but no more than
eight times. Women who reported having a prior history of breast cancer with
double mastectomy, who had prophylactic double mastectomy, or who did not
speak English were not eligible to participate. Women whose geocoded address
placed them outside the St. Louis City limits were excluded from the study, and
those women whose self-reported address was not able to be geocoded were set as a
category “ungeocoded” in our analysis. All data were collected by trained female
interviewers using a computer-assisted telephone interview system. This study was
approved by the Washington University Institutional Review Board.

As a result, a total of 40,162 telephone numbers were dialed, 29,159 of which
were a fax or answering machine or nonworking numbers. Of the 11,003 household
numbers reached, 7,438 (67.6%) were not eligible and were excluded because no
woman lived in the household or met the inclusion criteria. A total of 1,033 women
completed the telephone interview, 35 of whom were subsequently excluded because
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their residential address was located outside the St. Louis City limits based on
geocoding. Of the remaining 998 women (556 white, 429 African American, 8 other
minority, and 5 race unknown), 215 could not be geocoded because of unreported or
inaccurate street addresses. The Council of American Survey Research Organizations
(CASRO) response rate was 50.9%, which was similar to the overall response rates for
the Missouri 2001–2006 BRFSS, which ranged from 49.3% to 54.2%.19 The CASRO
rate reflects telephone sampling efficiency as well as the degree of cooperation from
eligible people contacted, with higher percentages indicating lower potential for bias
in the data. For this reason, the CASRO rate is a more appropriate measure of

FIGURE 1. Geographic clustering of late-stage breast cancer among women age 50 or older in St.
Louis County and St. Louis City, 1996–1998. This paper reports on comparisons between women
living within and outside the geographic cluster within the limits of St. Louis City only. Women
living in St. Louis County were not surveyed.
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participation rates in surveys using random-digit dialing methods than the simple
response rate.

Mammography Screening
During the interview, we inquired about ever having had a mammogram and about
the time since the last mammogram. All women who had a mammogram for health-
related reasons were excluded, and only those women who had a mammogram as
part of a routine checkup for screening were included in the analysis. We considered
women to be adherent to mammography guidelines if they reported having a
mammogram in the past 2 years for women age 40–49 and in the past year for
women age 50 or older.17,18,20 Women answering “don’t know” or “refused” were
set to missing and excluded from the analysis.

Geocoding
Self-reported residential addresses were geocoded to create longitude and latitude
using the US Census Tiger Line 2000 street database, both to determine eligibility
for participation in the study (i.e., living within the St. Louis City limits) and to
determine if participants resided within or outside the geographic cluster of elevated
late-stage breast cancer incidence. Subjects whose addresses could not be geocoded
were categorized as such.

Census-tract-level Factors
To compare mammography use among women living within and outside the
geographic cluster of late-stage breast cancer, we created a census-tract-level variable
“cluster”. A census tract was categorized with the value one if it lay in the cluster
area shown in Figure 1, otherwise as zero. In addition, we also examined the role of
census-tract socioeconomic position in mammography use. Census-tract-level
percentage of the population living below the US federal poverty line from 2000
census was used to estimate the census-tract socioeconomic position. Census-
tract-level poverty rate is a robust measure for determining the census-tract
socioeconomic contextual effects on health and is comparable across areas.21

Potential Individual-level Mediating Pathways
We used the conceptual framework of Anderson’s behavioral model15,16 to create
groups of factors that have been previously associated with breast cancer screening
use and that might serve as potential mediating pathways to account for an observed
association between lower screening use and living within the geographic cluster of
elevated incidence of late-stage breast cancer. We grouped variables as follows based
on the Anderson model: predisposing characteristics, enabling resources, health-
related behavior, and self-rated health status.

Predisposing factors previously found to be associated with screening included
age,22 race/ethnicity,23 education level,24 marital status, and family history of breast
cancer. Enabling resources associated with screening included family income,24,25

employment status, health insurance coverage, barriers to seeing a doctor, having
access to medical care when needed,15,23,26 knowledge about breast cancer and
mammography,27–29 perceived barriers and benefits of mammography,27–32 and
having a physician recommend a mammogram during the past 2 years.23,24,33,34

These questions were obtained from the BRFSS, Medical Expenditure Panel Survey,
or based on items used in previous studies.27,29–31,35,36 Participants’ knowledge
about breast cancer and mammography was measured using nine questions; we
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computed a total score based on the number of correct answers reported. A 12-item
measure of perceived barriers of mammography was developed based on previous
research,27–32 using five-point Likert scale responses ranging from 1=“strongly
disagree” to 5=“strongly agree.” Higher scores reflected greater perceived barriers
to mammography.

Principal components factor analysis with varimax rotation was used for data
reduction to evaluate the component structure of the 12 barriers-to-mammography
items. Rotation technique in the factor analysis can produce more useful patterns of
common factors, and the varimax orthogonal rotation is one of the most popular
rotation techniques.37 Cronbach alpha coefficients measured the internal consistency
of items on the resulting factors. Factor analysis of the 12 barriers to mammography
items resulted in a two-factor solution based on the following criteria: eigenvalues
greater than 1.0 and number of components confirmed using a parallel analysis
method described by Lautenschlager,38 which used constructed tables of Monte
Carlo-simulated random data to accurately estimate the number of components to
retain (Table 1). A five-item factor described system-level barriers (e.g., cost, facility
location, lack of physician recommendation) and negative beliefs about early-
detection value of mammography. Cronbach alpha for this factor was 0.72. A three-
item factor described barriers relating to personal experience (e.g., mammograms
are painful, embarrassing, and too much trouble); Cronbach alpha for this factor
was 0.61. Mean scores for these two new variables were used as candidate
covariates in the analysis. Four of the 12 items loaded on more than one factor and
were excluded from further analysis.

In addition to the predisposing factors and enabling resources described above,
we included the Short Form 12 (SF-12) measures of physical and mental health
functioning,39 since functioning also has been associated with breast cancer
screening.26,40 We also asked participants about their current smoking status using
questions from the BRFSS, since engagement in health-related behaviors, such as
smoking,41 has been associated with breast cancer screening.

Statistical Analysis
Using generalized linear mixed models, multilevel logistic regression was fitted to
determine the individual- and census-tract-level factors that may be associated with
mammography screening. To compare racial differences in the determinants of non-
adherence to mammography screening guidelines, we fitted separate models for white
women and African American women. We added the following groups of variables in a
hierarchical fashion: (1) census-tract-level factors, (2) predisposing factors, (3) enabling
resources, (4) smoking, and (5) physical and mental health functioning to the regression
model to examine the associations between census-tract-level factors and mammography
use and to determine whether and to what extent individual-level variables could explain
census-tract effects. Changes in the odds ratios (ORs) of census-tract-level variables were
considered to be evidence of mediation when adding the groups of variables.

All models were weighted based on the number of women age 40 or older in the
household, the number of residential telephones available in each household, and a
poststratification weight, which was calculated based on the number of women
living in the City of St. Louis by age and race. The fit of the multilevel models was
evaluated using scaled deviance. The scaled deviance is a log-likelihood ratio statistic
used to evaluate the goodness-of-fit of a generalized linear model.42 Smaller values
of scaled deviance reflect better model fitting. All statistical procedures were
executed using the SAS System (Version 9.1, SAS Institute, Cary, NC, USA).
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Sensitivity Analysis
We conducted two types of sensitivity analyses to examine the robustness of our
findings. First, a sensitivity analysis was performed to determine the effect on our
results of excluding the women who were unable to be geocoded because they
declined to report their address or because of inaccurate reporting of the street
address but stated that they resided in the City of St. Louis. Second, we examined the
mediational effects of only those variables that were associated with screening use. A
mediator should be associated both with adverse census-tract conditions and with
mammography screening. This also reduces the potential for collinear effects
between variables as part of a pathway.

RESULTS

Characteristics of the 985 study participants are described in Table 2. About 21.6%
of white women and 62.2% of African American women lived within the cluster
area. In addition, compared with white women, African American women were
more likely to live within high-poverty census tracts, have lower education level, be
unmarried, have low family income, be unemployed, have lower health insurance
coverage, report more barriers to see a doctor, less knowledge about breast cancer,
and more personal-experience-related barriers to mammography but have better
self-rated health status.

Overall, mammography use was 70.9%, and the rate was lower among white
than among African American women (68.0% vs. 74.7%, P=0.022, Table 3).
Within the cluster area, the mammography-use rate was 69.5% (60.2% among
white women vs. 73.7% among African American women, P=0.008); outside the
cluster area, the rate was 70.6% (69.6% among white women vs. 75.8% among
African American women, P=0.328). After adjustment for census-tract-level factors
and all individual-level factors, African American women were more likely to have
mammograms than white women (OR=1.71, 95% confidence interval [CI]=1.09–
2.69, Table 4).

Table 4 shows that older age, system-level barriers to mammography, and heavy
smoking were associated with lower mammography screening among both white
women and African American women. Personal-experience barriers to mammogra-
phy and physician recommendation were independent risk factors for nonadherence
to mammography-screening guidelines among white women.

Model I in Table 5 shows that white women living within the cluster area
were as likely to report having a mammogram as white women living outside this
area (OR=0.70). When adding predisposing factors in model II, the OR was
similar (OR=0.71) to model I. The OR was reduced to 0.49 after adding enabling
resources variables in model III. The OR and model significance were not altered
much when adding smoking to model IV (OR=0.46) and subsequently adding the
SF-12 physical and mental health functioning measures in model V (OR=0.42).
African American women living within the cluster area were as likely to have
received a mammogram within the past year as African American women living
outside the cluster area in unadjusted analysis (model I) and in each of the adjusted
models (models II–V). Neither individual- nor census-tract-level socioeconomic
status was associated with mammography screening among white women and
African American women (Tables 4 and 5).

The sensitivity analyses performed did not significantly alter the OR estimates.
This suggests that women whose addresses could not be geocoded were similar to
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TABLE 2 Characteristics of the study population by race in St. Louis City, 2004–2006

Variable

White (n=556) African American (n=429)

P valueNumber Percent Number Percent

Mammography
No 177 32.0 108 25.3 0.022
Yes 376 68.0 319 74.7
Census-tract factors
Cluster G0.001
Outside 326 58.6 62 15.5
Within 120 21.6 267 62.2
Ungeocoded 110 19.8 100 23.3
Poverty G0.001
G10% 167 30.0 2 0.5
10–20% 140 25.2 65 15.2
20–30% 107 19.2 126 29.4
≥30% 32 5.8 136 31.7
Unknown 110 19.8 100 23.3

Predisposing factors
Age 0.135
40–49 177 31.8 148 34.5
50–64 222 39.9 184 42.9
65+ 157 28.6 97 22.6
Education G0.001
9High school 358 64.4 214 50.0
≤High school 198 35.6 214 50.0
Marital status G0.001
Married 286 51.6 117 27.3
Not 268 48.4 311 72.7
Family history 0.340
No 460 82.7 369 86.0
Yes 87 15.7 53 12.4
Uncompleted 9 1.6 7 1.6

Enabling resources
Income G0.001
9$75K 116 20.9 16 3.7
$25K–75K 239 43.0 149 34.7
G$25K 137 24.6 214 49.9
Unknown/refused 64 11.5 50 11.7
Employment G0.001
Yes 327 58.8 193 45.0
No 229 41.2 236 55.0
HI coverage G0.001
Yes 490 88.1 313 73.0
No 22 4.0 47 11.0
Unknown/re fused 44 7.9 69 16.1
Reasons for not
seeing a doctor

0.002

No 408 73.4 276 64.3
Yes 148 26.6 153 35.7
Access to medical care 0.440
Yes 539 96.9 412 96.0
No 17 3.1 17 4.0
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TABLE 3 Unadjusted mammography rates among white women and African American women
in St. Louis City, 2004–2006

Populationa Race Mammography rate (%) P valueb

Total (n=985) White+African American 70.9 0.022
White 68.0
African American 74.7

Within the cluster (n=384) White+African American 69.5 0.008
White 60.2
African American 73.7

Outside the cluster (n=388) White+African American 70.6 0.328
White 69.6
African American 75.8

aUngeocoded subjects were not listed individually
bChi-square tests comparing mammography screening use between white women and African American

women

TABLE 2 Continued

Variable

White (n=556) African American (n=429)

P valueNumber Percent Number Percent

Knowledge score G0.001
5–9 47 8.5 79 18.4
2–4 292 52.5 268 62.5
0/1 217 39.0 82 19.1
System-level barriers
to mammography

1.78±0.54 1.93±0.50 G0.001

Personal-experience
barriers to mammography

2.28±0.75 2.14±0.62 0.001

Physician recommendation 0.099
Yes 431 77.5 313 73.0
No 125 22.5 116 27.0

Personal health practices
Smoking 0.004
No 278 50.2 192 45.0
G10 per day 197 35.6 150 35.1
10–19 per day 28 5.1 53 12.4
≥20 per day 51 9.2 32 7.5

Self-rated health
Physical health functioning G0.001
1st quartile (poorest) 168 30.2 80 18.7
2nd quartile 149 26.8 95 22.1
3rd quartile 133 23.9 113 26.3
4th quartile 106 19.1 141 32.9
Mental health functioning G0.001
1st quartile (poorest) 149 26.8 105 24.5
2nd quartile 162 29.1 77 18.0
3rd quartile 134 24.1 114 26.6
4th quartile 111 20.0 133 31.0

Test of significance were chi-square tests for categorical variables and t tests for continuous variables
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TABLE 4 Associations between individual-level factors and mammogram receiving among
white and African American women age 40 or older using multilevel logistic regression in St.
Louis City, 2004–2006

Variable

Odds ratio (95% confidence Interval)

White+African
American (n=985) White (n=556)

African American
(n=429)

Predisposing factors
Age (vs. 40∼49)
50∼64 0.36 (0.24–0.54) 0.32 (0.18–0.58) 0.32 (0.18–0.59)
65+ 0.38 (0.20–0.71) 0.30 (0.13–0.73) 0.49 (0.19–1.27)
Race (vs. white)
Black 1.71 (1.09–2.69) – –

Education (vs. high school+)
≤high school 1.61 (1.07–2.41) 1.69 (0.96–2.98) 1.82 (0.97–3.41)
Marriage (vs. married)
Not married 1.38 (0.92–2.06) 1.34 (0.79–2.27) 1.35 (0.71–2.59)
Family history (vs. no)
Yes 1.08 (0.64–1.82) 1.47 (0.72–3.03) 0.79 (0.36–1.74)
Uncompleted 0.95 (0.25–3.66) 0.51 (0.08–3.13) 1.86 (0.19–18.0)

Enabling resources
Income (vs. 9$75K)
$25K–75K 0.61 (0.32–1.13) 0.67 (0.33–1.35) 0.32 (0.06–1.77)
G$25K 0.69 (0.32–1.46) 0.72 (0.28–1.84) 0.35 (0.06–2.11)
Unknown/refused 0.72 (0.32–1.64) 0.69 (0.26–1.80) 0.54 (0.08–3.66)
Employment (vs. yes)
No 1.29 (0.85–1.97) 1.81 (0.98–3.35) 0.95 (0.51–1.74)
HI coverage (vs. yes)
No 0.69 (0.37–1.29) 0.35 (0.12–1.00) 1.25 (0.53–2.95)
Unknown/refused 0.52 (0.30–0.88) 0.36 (0.15–0.83) 0.73 (0.36–1.50)
Reasons for not seeing
a doctor (vs. no)
Yes 0.77 (0.51–1.16) 1.05 (0.59–1.85) 0.63 (0.34–1.15)
Access to medical care (vs. yes)
No 0.56 (0.24–1.27) 0.34 (0.08–1.35) 0.68 (0.22–2.16)
Knowledge score (vs. 5–9)
2–4 1.53 (0.89–2.62) 0.83 (0.32–2.15) 2.60 (1.29–5.27)
0/1 1.18 (0.64–2.17) 1.28 (0.47–3.44) 1.08 (0.45–2.58)
System-level barriers
to mammography

0.39 (0.26–0.59) 0.45 (0.27–0.76) 0.22 (0.11–0.45)

Personal-experience
barriers to mammography

0.59 (0.45–0.76) 0.46 (0.33–0.63) 0.93 (0.57–1.51)

Physician recommendation
(vs. yes)
No 0.40 (0.27–0.60) 0.24 (0.14–0.43) 0.60 (0.33–1.08)

Personal health practices
Smoking (vs. no)
G10 per day 0.77 (0.52–1.14) 0.55 (0.33–0.92) 0.87 (0.46–1.64)
10–19 per day 0.56 (0.30–1.04) 0.59 (0.19–1.78) 0.34 (0.15–0.77)
9= 20 per day 0.39 (0.21–0.73) 0.42 (0.18–0.98) 0.17 (0.06–0.46)
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the women who remained in the analysis. Results were not altered when including
only variables associated with mammography use as part of the mediating pathways
suggesting that collinearity among the independent variables was not an issue.

DISCUSSION

Identification and measurement of disparities in screening are critical to substantially
improve rates of mammography screening in local community settings. Previous studies
have reported individual-level risk factors and census-tract socioeconomic effect on
mammography use.7,8,22–27,29,30,32–34,43 In our study, system-level barriers to mam-
mography and heavy smoking were associated with mammography use among white
and African American women. Personal-experience barriers to mammography and no
physician recommendation also were independently associated with mammography
screening among white women. White women but not African American women
residing in a historic geographic cluster area of late-stage breast cancer were less likely
to have mammograms. Increased risk of late-stage breast cancer in women age 40 or
older can result from nonadherence to recommended breast cancer screening guidelines
or from failure to have timely and adequate follow-up of positive screening results or of
an actual breast cancer diagnosis. In community settings, nonadherence to breast cancer
screening guidelines contributes to the increased risk of late-stage breast cancer among
women more than 40 years of age.2 Thus, it is reasonable to target efforts to improve
adherence to mammography screening guidelines in a geographic area previously found
to have higher-than-expected incidence of late-stage breast cancer.

The rates of mammography screening use in the City of St. Louis were 69.5%
within and 70.6% outside the geographic cluster of elevated incidence of late-stage
breast cancer; these rates are slightly lower than the 74.6% nationally reported on
the BRFSS.10 Our results show that before and after adjusting for four groups of
individual-level variables, significantly higher mammography use was found for
African American compared with white women. Although unexpected, this reverse
racial difference is similar to a previous study6 and suggests that mammography
screening rates may have been successfully improved, to some degree, among African

TABLE 4 Continued

Variable

Odds ratio (95% confidence Interval)

White+African
American (n=985) White (n=556)

African American
(n=429)

Need for medical care
Physical health functioning
(vs. 1st quartile, poorest)
2nd quartile 0.89 (0.53–1.48) 1.26 (0.65–2.47) 0.40 (0.17–0.97)
3rd quartile 0.88 (0.53–1.45) 0.83 (0.44–1.58) 0.87 (0.38–1.97)
4th quartile 0.89 (0.53–1.50) 0.54 (0.26–1.11) 1.44 (0.65–3.17)
Mental health functioning
(vs. 1st quartile, poorest)
2nd quartile 0.90 (0.53–1.50) 1.57 (0.81–3.03) 0.24 (0.10–0.60)
3rd quartile 0.89 (0.53–1.50) 1.37 (0.69–2.72) 0.35 (0.15–0.82)
4th quartile 0.82 (0.47–1.43) 1.04 (0.49–2.23) 0.44 (0.18–1.06)

Three models were adjusted for all individual factors and census-tract-level covariates, including census-tract-level
poverty rate based onUS 2002 Census andwhether a census tract lies in the cluster area of late-stage breast cancer or not.
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American women living in the City of St. Louis. Recent studies also indicated women
residing in areas with higher percentage of non-Hispanic African American women
were more likely to have mammograms.7,8 Additionally, our study also indicated that
white women residing within the geographic cluster of late-stage breast cancer
diagnosis had lower mammography screening relative to the rest of the city. These
findings suggest a need to increase routine-screening mammography use among white
women, especially for those living within the cluster area. Although we have
examined 16 individual-level factors previously reported to be associated with
mammography use, these factors did not fully explain why white women living
within the St. Louis City limits overall and white women who lived in the cluster area
were less likely to receive mammograms. Possible explanations for these findings
could include individual-level factors that we did not measure, such as incentives for
primary care physicians,44 a woman’s perceived susceptibility to breast cancer,45 or
travel distance to mammography facilities.46 Contextual factors, such as spatial
availability and accessibility of low-fee or no-fee screening mammography, also could
play a role.47 Future studies focusing on these factors will provide support for the
effectiveness of targeted interventions, such as flexible clinic hours, health education,
or provision of services using mobile mammography vans. Although previous studies
have found socioeconomic position to be an important indicator of breast cancer
screening, neither individual-level nor census-tract-level socioeconomic status was
found to be associated with mammography screening in our study.

In this study, we only surveyedwomen in the City of St. Louis, whichwas previously
identified in the analysis of Missouri statewide data as having a cluster of increased
incidence of late-stage breast cancer. Therefore, our results may not be directly
generalized to other geographic areas in Missouri or elsewhere. For example, it has
been reported that rural residents were less likely to receive preventive healthcare
services than urban residents.7,8,48 Our findings, however, suggest that a historic
geographic cluster of late-stage breast cancer may serve as a geographic marker for
nonadherence to recommended breast cancer screening, so we can better target
interventions to improve mammography screening in areas of greater need. Since the
proportion of cases of late-stage (distant) breast cancers changed little over time in the
City of St. Louis according to the Missouri Cancer Registry (from 40.2% in 1996–
1998 to 43.3% in 2002–2004),49 it is unlikely that the cluster of late-stage breast
cancer has disappeared. Although it still remains unclear why late-stage breast cancer
aggregated in this area, we can speculate this cluster may result partly from lower rates
of mammography use. Although our study did not indicate that African American
women also had a lower mammography screening in this area, other research has
reported that African American women were less likely to receive adequate follow-up
of abnormal mammographic results than white women.50,51 This observation might
partially explain the clustering of late-stage breast cancer cases in this area.

Other limitations include our reliance on telephone interviews. Since low-income
households are less likely to have telephones or may be more likely to have intermittent
telephone service and since they aremore likely to be located in the geographic cluster of
elevated late-stage breast cancer incidence, this limitation could have biased our
findings. However, such bias would have underestimated our findings.

CONCLUSIONS

Mammography utilization was lower among white women than African American
women residing in the St. Louis City limits and among white women residing within the
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geographic cluster of elevated late-stage breast cancer incidence in northern St. Louis
compared with white women living outside the geographic cluster area. Factors
investigated in our study did not explain fully the racial and geographic disparities, and
the reasons still remain unclear. But, these findings suggest that screening mammog-
raphy should be improved among white women living in the St. Louis City limits and
especially among white women living in the geographic cluster of elevated late-stage
breast cancer. Geographic clustering of late-stage breast cancer is a potential geographic
marker that can be used to target areas for improvement in mammography use. Future
studies should examine other risk factors accounted for racial and geographic
disparities for improving mammography screening in the St. Louis City limits.
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