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Abstract

Background—RBreast cancer is a troublesome health problem, particularly among underserved
and minority women. Early detection through screening mammography can reduce the impact of
this disease, yet it remains underused.

Objective—We examined cost as a barrier to screening mammaography and studied the accuracy
of women’s perceptions of the cost of a mammogram among a rural, low-income, tri-racial (white,
Native American and African American) population in need of a mammogram.

Design—We interviewed 897 women age 40 and older, asking about cost as a barrier to
mammography and perceptions about the actual costs of a screening mammogram. Face-to-face
interviews were conducted between 1998 and 2000 among women participating in a randomized,
controlled study to evaluate a health education intervention to improve mammography screening
rates in an underserved population. All data used in these analyses were from the baseline
interviews.

Results—Cost acted as a barrier to screening mammography for a majority of the participants
(53%). More than half of these women (52%), however, overestimated the cost of a screening
mammogram, and overestimation of the cost was significantly related to mentioning cost as a
barrier (OR 1.56, 95% CI 1.04-2.33). Higher estimates of out-of-pocket costs were associated
with reporting cost as a barrier to mammography (OR 2.25, 95% CI 1.43-3.52 for $1-50 and OR
12.64, 95% CI 6.61-24.17 for > $50). Factors such as race, income and employment status were
not related to reporting cost as a barrier to screening mammaography.

Conclusions—Among a group of tri-racial, low-income, rural women who were in need of a
mammogram, cost was a common barrier. Overestimating the cost, however, was significantly and
positively associated with reporting cost as a barrier. Providing information about the actual cost
women have to pay for mammograms may lessen the role of cost as a barrier to mammography
screening, especially for underserved women, potentially improving utilization rates.
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Introduction

Despite considerable advances in scientific understanding of the disease, breast cancer
remains a significant health problem for women. In the USA alone, the American Cancer
Society estimated that breast cancer claimed the lives of 40,580 women in 2004, while
another 215,990 women were diagnosed with the disease (American Cancer Society 2004).
Among African Americans, breast cancer is the most common cancer among women, and
African American women are 30% more likely to die of breast cancer than white women
(American Cancer Society 2005). It is generally accepted that mammography represents the
best opportunity for early detection of breast cancer (Adams et al. 2001; Schwartz et al.
2004), and the American Cancer Society currently recommends annual mammograms for
women over the age of 40 (American Cancer Society 2003).

Mammography utilization has increased in the past decade, but in 2002, one-quarter of US
women over the age of 40 had not had a mammogram within the past two years (Centers for
Disease Control and Prevention 2004). Among underserved women, non-compliance with
screening recommendations is especially problematic. Racial and ethnic disparities in
mammography utilization persist (National Center for Health Statistics 2004), with white
women more likely to be adherent than minority women, and African American women
more likely to be diagnosed at a later stage of cancer than whites (American Cancer Society
2005). Recent data have also shown that women with lower incomes and lower education
levels are consistently less likely to have had a mammogram within the past year compared
to their wealthier and better educated counterparts (National Center for Health Statistics
2004). Similarly, women who live in rural areas reportedly receive screening mammograms
at a significantly lower rate compared to women who live in urban areas (Coughlin et al.
2002).

Various explanations for lack of compliance with recommendations for screening
mammography have been proposed, but perhaps one of the most tangible is the barrier of
cost (Stein et al. 1991; Kiefe et al. 1994; Urban et al. 1994; Miller & Champion 1997;
Adams et al. 2001). In general, perceived cost has been shown to be a substantial barrier to
medical care, and presents a greater burden to people who are black or Hispanic, younger,
unemployed, or have lower income or education levels (Weissman et al. 1991; Blendon et
al. 1995; Himmelstein & Woolhandler 1995; Nelson et al. 1999). With respect to screening
mammography, studies have shown that income level is related to concerns about cost and
receipt of mammography (Lane et al. 1992), and that such financial concerns are especially
salient for rural women (Zhang et al. 2000; Adams et al. 2001). The impact of cost as a
barrier is quite significant, even among women whose insurance provides some level of
coverage for a mammogram (Urban et al. 1994; Gordon et al. 1998; Friedman et al. 2002;
Suter et al. 2002). As cost is an important barrier to women who have received
mammograms, it is likely to also be a reason for lack of compliance with mammography
screening guidelines. Further, knowledge and attitudes regarding mammography as well as
barriers to receiving a screening mammogram have been shown to vary among ethnic
groups (Glanz et al. 1996; McGarvey et al. 2003). It is thus important to investigate how
cost may act as a barrier to mammography among women of different races and ethnicities.
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Few studies have evaluated the various factors associated with women reporting cost as a
barrier to screening mammography, and scant research has studied the appropriateness of
women’s perceptions of that cost barrier (Urban et al. 1994), especially among underserved
women. We have previously examined women’s perceptions of insurance coverage for
screening mammography (McAlearney et al. 2005), but we did not focus specifically on
women’s self-report of cost as a barrier. In this report we investigated cost as a barrier to
mammography in a tri-racial population of low-income, underserved women in need of a
mammogram. We then explored whether or not inappropriate perceptions of the cost of
mammography influenced reporting cost as a barrier to screening, and whether there were
any differences by race. Our results have important implications for researchers and
providers seeking to understand why underserved women do not obtain mammograms as
recommended.

Conceptual Framework

Methods

Theory in the area of health behavior change and health promotion was used as a conceptual
framework to guide our study of the importance of cost as a barrier to screening
mammography. The Health Belief Model (Rosenstock 1966; Becker 1974; Rosenstock
1974; Janz & Becker 1984) relies on the notion that an individual’s health behaviors depend
on both knowledge and motivation. When a person decides to seek care, the individual’s
perceptions about factors such as vulnerability to illness and effectiveness of medical care
become important. In the case of screening mammography, if women believe that they are
vulnerable to breast cancer, that cancer is a serious problem, and that screening will be
effective and not excessively expensive, they will then interpret a screening opportunity as a
cue to act and obtain a screening mammogram (Elder 1994). However, variability in any of
these factors, including women’s perceptions of the cost of a screening mammogram, may
affect their motivation to seek a mammaogram, resulting in lower mammography rates.
Further, variability by race or by ethnicity might be particularly telling, contributing to low
rates for screening mammography among underserved women.

Given this crucial link between individuals’ beliefs and their behaviors, our research was
designed to study women’s perceptions of cost as a potential barrier to screening
mammography. If women reported that high costs present a barrier to screening, yet their
perceptions about screening expenses were inaccurate, interventions that improve
knowledge about actual screening costs may help remove these misconceptions. In contrast,
if perceptions of costs were accurate, efforts to improve screening rates must focus first on
reducing the actual cost barrier to screening mammography. Finally, if perceptions differed
by race or other demographic factors, these differences must be taken into account when
designing appropriate tailored interventions to improve screening rates.

Population Studied

Women interviewed in this study resided in Robeson County, North Carolina which is
characterized by a large concentration of Native Americans (Lumbee) as well as a
considerable population of African Americans. This rural county is consistently ranked
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among the poorest counties in North Carolina, and at the time of this study, was ranked
eighth poorest in the state with a poverty rate of 24.7% (US Department of Commerce
2001). Less than half of the adults were high school graduates.

Within Robeson County, the Robeson Health Care Corporation (RHCC) is a major health
care provider, and the Bureau of Primary Care provides funding for four sites funded
through a Community Health Center program. At the time of the study, Lumberton
Radiological Associates (LRA) was the primary provider of mammography services in the
county, and for the Breast and Cervical Cancer Control Program (BCCCP). All participants
in our study used RHCC services. Overall, one-third of RHCC users had no health
insurance, 32% were covered by Medicaid and 63% had incomes below the poverty level.
The standard of care at RHCC at the time of this study was to recommend annual
mammograms for women starting at age 40. The cost of a mammogram through LRA could
be billed to any private insurance, Medicare or Medicaid.

Sample Selection

Measures

This manuscript uses baseline data from the Robeson County Outreach, Screening and
Education (ROSE) Project, a randomized, controlled trial of an intervention designed to
improve breast cancer screening rates among rural, poor and minority women in Robeson
County, North Carolina. This study has been described elsewhere (Paskett et al. 2004) and is
briefly described here. Charts of 2,954 women were randomly selected for review, and 51%
of these women (1,503) were determined to be eligible to participate in the trial (patients of
RHCC for at least the past two years, age 40 and older, and in need of a mammaogram).
Upon a telephone screening interview, the eligibility of 1,150 women was confirmed; the
other 353 women were deemed ineligible to participate (i.e. moved, deceased, mentally/
physically unable, etc.). A total of 1,022 (89%) were able to be contacted, and 901 of these
women were enrolled for a participation rate of 81%. Four women were later found to have
had a recent mammogram and were not included in the ongoing study; the remaining 897
women were included in our analyses. All women provided written informed consent, and
this study was approved by the Institutional Review Boards at Wake Forest University and
The Ohio State University.

The baseline interview collected information such as demographics, knowledge of breast
cancer and awareness of screening services for breast cancer. Multiple items on the survey
were aimed at identifying whether cost was a barrier to mammography for women in the
study population. Women were asked if cost made it hard for them to get a mammogram and
whether they felt they could not afford to go to the doctor for tests. They were also asked to
give reasons for not having had a mammogram, and could mention problems with cost or
insurance in their responses. The number of affirmative responses to these items was used to
determine the number of times women identified cost as a barrier to mammography, with a
possible range of zero to four. Women were also asked how much a screening mammogram
cost in their community, and were probed to choose from seven price ranges if they did not
know. At the time of the baseline interview (1998-2000), the cost of a mammogram at LRA
was $60. Those women whose answers fell in the range of $51-75 were determined to have
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an ‘appropriate’ perception of the cost of a mammogram. Women who reported the cost to
be $50 or less were considered to ‘underestimate’ the cost of a mammogram, while women
who reported the cost to be higher than $75 were determined to ‘overestimate’ the actual
cost.

Statistical Analysis

Results

All data for these analyses came from the baseline interview, prior to randomization and
administration of the intervention. Univariate analyses were conducted to describe the
demographic characteristics of the baseline study population (n=897) and chi-square tests of
homogeneity were used to investigate bivariate relationships between independent variables
and the dependent variables related to cost. Using logistic regression analysis, odds ratios
and 95% confidence intervals (Cl) for multivariable associations were calculated. Dummy
variables were created as appropriate for categorical variables including race (i.e. white,
African American, Native American, other), and age was used as a categorical variable in all
models (ages 40-49, 50-64 and =65). Multinomial logistic regression was performed to
assess predictors of the level of appropriateness of perception of cost, using ‘appropriate’ as
the referent category and controlling for all other independent variables included in the
regression analysis. Subjects missing data for any of the variables in the regression were
excluded (3.65%), leaving 866 women for this analysis. STATA version 8.0 was used for
the multinomial logistic regression analysis (Stata Corporation, College Station, TX). All
other analyses were performed using SAS version 8.2 (SAS Institute Inc., Cary, NC).

Study Population

The study population (n=897) was representative of the population of Robeson County,
North Carolina, as one-third (33%) of our participants were African American, 41% were
Native American, and 25% were white; five women were mixed race. Women were
predominantly low income, with nearly three-quarters (74%) of all women, and 78% of
African American women in particular, reporting incomes of less than $20,000. Over one-
quarter (28%) of the participants were uninsured, while 42% were covered by some form of
public insurance (Medicaid, Medicare or a combination). One in five women (20%)
completed only eighth grade or less, and another one-quarter (24%) reported that they had
some high school education but had not graduated. Demographic characteristics for the total
study population and by racial group are shown in Table 1.

Cost as a Barrier to Screening Mammography

Women who had never had a mammogram (n=209) or had not had one within the past two
years (n=298) were asked to give reasons for not getting a mammogram. Cost was the most
frequently cited reason by both groups, with one-quarter of former-users and one-fifth of
never-users reporting cost as a reason. Over half (53%) of the 897 women interviewed
identified cost as a barrier to mammography at least once. Further, 19% identified cost as a
barrier three or four times. Among women who identified cost as a barrier to mammography
at least once (n=478), 77% specifically said that cost made it hard for them to get a
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mammogram and 70% agreed that they could only afford to go to the doctor if they were
sick.

Appropriateness of Cost Perceptions

As cost was reportedly a significant barrier for this population, women’s knowledge of the
true cost of screening mammography was explored. Figure 1 presents the distribution of the
appropriateness of women’s perception of the cost of a screening mammogram. Overall,
52% of the women in our study overestimated the cost of a mammogram in their
community. In contrast, only 27% of these women had an appropriate perception of this
cost.

Identifying Cost as a Barrier

Logistic regression analysis was used to determine what factors were related to identifying
cost as a barrier (Table 2). Insurance status was related to whether or not women reported
that cost was a barrier. Women without insurance had three times the odds of identifying
cost as a barrier to mammography (OR 3.27, 95% CI 1.71-6.25) compared to privately
insured women. Additionally, women dually covered by Medicare and private insurance had
one-third the odds of reporting cost as a barrier (OR 0.34, 95% CI 0.13-0.91) compared to
women with only private insurance. There were no significant associations with income,
race, marital status or work status.

Women who reported having had a regular check-up in the 12 months before the interview
had lower odds of noting cost as a barrier (OR 0.57, 95% CI 0.39-0.82) than women who
had not had a check-up. Women who perceived their health to be ‘excellent’ or “very good’
had marginally significantly lower odds of reporting cost was a barrier (OR 0.65, 95% ClI
0.42-1.02) compared to those who reported their health to be ‘poor’ or “fair’.

Underestimating or not knowing the cost of a mammogram was not related to reporting cost
as a barrier. In contrast, women who overestimated cost had significantly greater odds of
noting cost as a barrier to getting a mammogram (OR 1.56, 95% CI 1.04-2.33) compared to
women with an appropriate perception of the cost.

A significant linear relationship was observed between women’s reported level of out-of-
pocket cost for a mammogram and their assessment of cost as a barrier to mammaography
(Ptreng<0.001). Compared to women who reported that they had no out-of-pocket costs for a
mammogram, women who reported having to pay $1-50 had twice the odds of noting cost
as a barrier (OR 2.26, 95% CI 1.43-3.52). Women who reported out-of-pocket costs of more
than $50 for a mammogram had nearly 13 times the odds of noting cost as a barrier (OR
12.64, 95% CI 6.61-24.17). Women who did not know how much they would have to pay
out-of-pocket for a mammogram had almost three times the odds of stating that cost was a
barrier to obtaining a mammogram (OR 2.68, 95% CI 1.568-4.60).

Predictors of Perceptions of Cost

Multinomial logistic regression was used to determine what characteristics were related to
the different levels of appropriateness of perceived cost of a mammogram. None of the
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variables were significantly associated with having underestimated the cost of a
mammogram, and small numbers of women in the “‘don’t know’ category led to unstable
odds ratio estimates for that model; thus the models for underestimating and reporting ‘don’t
know’ for cost are not shown.

Table 3 presents the model for overestimate (n=691). Insurance status was significantly
related to the appropriateness of the perception of the cost of a mammogram. Women
reporting Medicaid as their only source of health insurance had twice the odds (OR 2.10,
95% CI 1.05-4.19) and women covered by both Medicaid and Medicare had greater than
twice the odds (OR 2.44, 95% CI 1.05-5.70) of overestimating the cost of a mammogram
than to have an appropriate perception of the cost, compared to privately insured women.
Also, those women with moderate levels of worry about their risk of getting breast cancer
had twice the odds of overestimating the cost as compared to women who were not or only
slightly worried (OR 2.04, 95% CI 1.22-3.39).

Women who identified cost as a barrier to mammography more than once had twice the
odds of overestimating the cost of a mammogram (OR 2.08, 95% CI 1.29-3.35) instead of
giving an appropriate response, compared to those who did not report cost as a barrier to
mammography. Race, income and employment status were not associated with the
appropriateness of cost perceptions.

Discussion

Cost was cited as a barrier to mammography screening by over half of a population of
underserved, tri-racial, rural women in need of a mammogram. Our findings are consistent
with prior research demonstrating that cost concerns create a barrier for many individuals to
access needed medical services, especially low-income, minority and uninsured persons
(Weissman et al. 1991; Harvey & Faber 1993; Braveman et al. 1994; Himmelstein &
Woolhandler 1995). In particular, our population of low-income women most frequently
cited cost as the reason for not having had a mammogram.

Yet, these women’s perceptions of the cost of a mammogram in their county were often
inaccurate. While the true cost of a mammogram at the time of the study (1998-2000) was
approximately $60, over half of the women believed a mammogram cost more than $75. In
comparison to our previous study where we found that 40% of these women had an
inappropriate perception of their insurance coverage (McAlearney et al. 2005), here we
found that nearly three-quarters (73%) of the women had an inappropriate perception of the
cost of a mammogram, with over half (52%) overestimating the cost. Inappropriate
perceptions of the cost of services may not be surprising. However, our findings revealed
that these perceptions were distinctly related to women’s reports of cost as a barrier to
screening mammography. We found that women who reported cost as a barrier to
mammography multiple times during the course of the interview had increased odds of
overestimating the cost of a mammogram. Additionally, our analyses showed a significant
relationship between perceived levels of out-of-pocket costs and women’s assessments of
cost as a barrier to receiving a mammogram. As such, higher estimated cost levels, whether
accurate or not, were associated with greater perceived cost burden across our study
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population. We found that women who reported higher estimates of out-of-pocket costs had
nearly 13 times the odds of noting cost as a barrier, highlighting a potential problem
associated with inappropriate cost perceptions. As women’s perceptions may affect their
care-seeking behaviors, our findings that both higher estimates of out-of-pocket costs and
overestimation of the true mammography cost being associated with reports of cost as a
barrier to mammaography screening are troublesome.

It is of particular interest to note that factors such as income, race and employment status
were not related to reporting a cost barrier. We might expect that individuals with lower
incomes and without full- or part-time jobs might be more likely to report a barrier to
mammography due to cost, yet this was not the case in our population. Overestimation of
mammography cost and high estimates of out-of-pocket costs were independently and
strongly related to reported cost barriers. Thus, perceptions of what a mammogram would
cost were important, even in situations in which lack of money is likely an real issue (i.e.
among women with low incomes or without jobs). This provides further evidence that the
barrier of cost may be meaningfully influenced by perceptions as well as by reality.

While we were unable to test the association between perceptual accuracy and actual
screening practices, the Health Belief Model provides compelling theoretical support for our
concern. According to this theoretical framework, a woman who believes that the cost of a
mammogram is too high may be less motivated to seek out screening and therefore less
likely to receive a mammogram. Admittedly, cost is truly a barrier for many women (Stein
et al. 1991; Kiefe et al. 1994; Urban et al. 1994; Miller & Champion 1997; Adams et al.
2001); however, our study found that women who overestimated the cost of a mammogram
were significantly more likely to report cost as a barrier. Thus, educating women about the
actual costs of mammography should improve their understanding of this expense and,
theoretically, increase their motivation to receive a mammogram. This will be an important
area for future research.

Several potential limitations of this study should be considered when interpreting our
findings. First, the racial and ethnic composition of this area makes the study population
somewhat unusual. Our finding of no racial differences in cost perceptions may reflect a
unique characteristic of our study population wherein the numbers of African Americans
and Native Americans studied are both larger than the number of Caucasians, and all women
were low income. However, our results are strengthened considerably by our control for
multiple demographic and health characteristics. Second, because our information was
gathered through a single interview, a causal relation between appropriateness of cost
perceptions and receipt of screening mammograms could not be investigated. Third, our
sample population is admittedly biased because all women participating needed a
mammogram and had self-selected to participate in the study. We believe, however, that our
findings about the barrier of cost within a population of underserved women needing a
screening mammogram remain striking despite this bias.

The cost of a mammogram is a concern for low-income women and can present a seemingly
insurmountable barrier to needed screening. This is the first study, however, to investigate
the appropriateness of women’s perceptions of cost among women in need of a
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mammogram, and we found that a majority of women overestimated the cost of a
mammogram. The barrier of cost may thus seem inappropriately burdensome rather than
reflect women’s understanding of the true costs they would be responsible to pay. According
to the Health Belief Model which guided our investigation, these inaccurate perceptions of
cost may negatively influence a woman’s motivation to receive a mammogram.

Various interventions designed to improve breast cancer screening have focused on reducing
or eliminating cost as a barrier (Kiefe et al. 1994; Skaer et al. 1996; Stoner et al. 1998), and
the success of such programs is likely associated with reducing the reality of cost as a
barrier. However, programs designed to increase appropriate use of screening mammograms
would appear to benefit substantially by educating women about the actual cost of a
screening mammogram, as well as the levels of coverage available (McAlearney et al. 2005)
to pay for the test, or refer to the CDC Breast and Cervical Cancer Detection Program
(BCCDP). We hypothesize that providing accurate cost information would help reduce the
cost barrier to screening mammaography, but we were not able to study this effect. Future
studies will be needed to investigate if improving the appropriateness of women’s
perceptions of cost can lead to receipt of screening mammography.

Providing cost information to patients, or directing them to it, may substantially reduce the
impact of perceived cost as a barrier to screening mammaography. As the true cost of a
mammogram continues to increase (e.g. the charge at LRA is now $163), the perceived cost
will likely increase as well. Thus, providing women with accurate information about the cost
of screening mammography, and ways to pay for a mammogram when cost is a barrier, will
be important.
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Associations between Independent Variables and Identification of Cost as a Barrier to Mammography (n =

866)2
I dentified cost asa
barrier to mammography
No (n) Yes(n) OR 95% CI
Race
White 107 119 1.00 -
African American 147 148 0.82 0.52-1.29
Native American 163 208 0.83 0.54-1.28
Other 2 3 1.31 0.17-10.46
I nsurance status
Private only 155 117 1.00 -
Medicaid only 73 42 0.71 0.35-1.43
Medicare/Medicaid 75 39 0.52 0.23-1.19
Medicare/private 41 11 ga3gb 0.13-091
Medicare only 50 45 0.88  0.40-1.90
No insurance 25 224 g97¢  1.71-6.25
Per ceived health
Fair/poor 127 163 1.00 -
Good 127 149 0.96 0.62-1.48
Very good/excellent 165 166 0.65 0.42-1.02
Regular check-up in past 12 months
No 98 177 1.00 -
Yes 321 301  g57c  0.39-0.82
Appropriateness of perception of cost
Appropriate 116 126 1.00 -
Underestimate 90 67 0.79 0.47-1.32
Overestimate 197 274 1ggb 1.04-2.33
Don’t know 16 11 131 0.45-3.79
Out-of-pocket cogtd
$0 245 102 1.00 -
$1-50 108 93 9o5C 143-352
>$50 22 225 1ppaC  6.61-24.17
Don’t know 44 58 268C 1.56-4.60

aAdjusted for age (40-49, 50-64, 265), marital status (married/living together vs other), educational level (8th grade or less, some high school,
high school graduate), employment status (full time vs other), income (=$20,000 vs <$20,000), family history of breast cancer (no vs yes), believe
doctor wants you to get a mammogram (no vs yes), doctor has recommended a mammogram (no vs yes), worry about breast cancer (not at all/

slightly, moderately, quite a bit/extremely) and history of mammography (no vs yes).

By < 0.05.

<001
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dFor $0 to > $50 categories ptrend<0.001.
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Associations between Independent Variables and Overestimating Compared to Appropriately Estimating the

Cost of a Mammogram (n = 691)2

95% ClI

Model: Overestimate of true cost vs appropriate estimate of truecost OR
Race

White 1.00
African American 117
Native American 121
Other 2.62

I nsurance status

Private only 1.00
Medicaid only 2.10P
Medicare/Medicaid 2.44b
Medicare/private 1.01
Medicare only 1.37
No insurance 0.99

Number of times cost identified asabarrier

0 1.00
1 1.15
>2 2.08C

Level of worry about breast cancer

Not at all/slightly 1.00
Moderately 2.04C
Quite a bit/extremely 1.38

0.74-1.83
0.79-1.84
0.27-25.66

1.05-4.19
1.05-5.70

0.39-2.58
0.61-3.08
0.59-1.67

0.75-1.76
1.29-3.35

1.22-3.39

0.88-2.16

aModel is adjusted for age (40-49, 50-64, =65), marital status (married/living together vs other), educational level (8th grade or less, some high
school, high school graduate), employment status (full time vs other), income (=$20,000 vs <$20,000), family history of breast cancer (no vs yes),
perceived health (fair/poor, good, very good/excellent), regular check-up within past 12 months (no vs yes), believe doctor wants you to get a
mammogram (no vs yes), doctor has recommended a mammogram (no vs yes) and history of mammography (no vs yes).

By < 0.05.

<001
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