
Mammography Screening: How
Important Is Cost as a Barrier to Use?

Nicole Urban, ScD, Garnet L. Anderson, PhD, and Susan Peacock, BA

Introdwtion
The burden of breast cancer in the

United States is great and is not likely to
decrease in the near future.1 Although one
out of nine US women can expect to be
diagnosed with breast cancer during her
lifetime, and regular screening by mam-
mography amongwomen aged 50 or older
has been shown to reduce breast cancer
mortality by30% or more,2,3 surveys done
between 1988 and 1989 suggest that fewer
than 42% of US women aged 50-75 have
had mammography in the past year and
that over 25% ofwomen aged 50-75 have
never had a mammogram.4

The reasons most frequently cited by
women for never having had mammogra-
phy are that they do not have any prob-
lems with their breasts, and that their doc-
tors never recommended it.4-10 A recent
study of use of mammography by prima-
ry-care physicians found cost and lack of
insurance coverage to be major deterrents
to use.10 In studies of women's use of
mammography in which cost has been
measured, cost has been identified as a
factor influencing use,58 and the role of
insurance has been found to be impor-
tant.59

If cost is a significant barrier, mam-
mography use can be expected to increase
in the next decade because recent legisla-
tion in many states mandates that screen-
ing mammography be included among
covered services in private health insur-
ance policies,11 andmany ofthe remaining
states have passed or are considering leg-
islation mandating coverage of screening
mammographyby insurers. Moreover, ef-
fective January 1, 1991, biennial screening
mammography has been reimbursable by
Medicare. Until then, Medicare reim-
bursed 80% of reasonable and customary
charges for diagnostic mammography
once the deductible was met, but benefits

for screening mammography were not
provided.

This paper examines the role of eco-
nomic variables, including insurance cov-
erage, in the use ofmammography among
women aged 50-75 in four counties in
Washington State before implementation
of legislation that improved insurance
coverage. Data are presented descnbing
the perceptions ofwomen in 1989 regard-
ing their insurance coverage for screening
mammograms and the influence of cost
and insurance coverage on use. The bi-
variate relationships among recent mam-
mography use and insurance coverage,
mammography price, and income are re-
ported for women aged 50 to 64 and for
women aged 65 to 75.

An economic behavioral model, the
theory of demand, suggests that the price
of mammography is a key variable. Total
price to the consumer is the net money
price plus the time cost. The net money
price is equal to the price charged for the
mammogram less the amount paid by in-
surance, or the price charged multiplied
by the coinsurance rate. The time cost is
the total time required to obtain a mam-
mogram. Other things being equal, as the
net price of a screeningmammogram falls,
regular screening mammography will be
used by more women. The theory of de-
mand suggests as well that (1) use will rise
with income; (2) use will rise with a fall in
the time cost; (3) as the net money price
falls, sensitivity to time cost will rise; and
(4) price sensitivity will be greater among
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low-income women for whom price rep-
resents a larger proportion of disposable
income. The results of mulfivariate anal-
yses to test these hypotheses are reported.

Methods
Data and Vanable Definitions

Data on mammography use were ob-
tained from a telephone survey conducted
in spring 1989 of women aged 50-75 re-
siding in four communities. The commu-
nities were selected on the basis of their
comparability with respect to size, socio-
demographics, and proximity to an urban
area from among all the suburban and ru-
ral counties in Washington State with at
least 10 00Owomen aged 50 and above. To
be eligible for the survey, women had to
be between the ages of 50 and 75, had to
have lived in their county of residence for
2 or more years, and had to have no his-
tory ofbreast cancer. Approximately 97%
ofthe target population had telephones; of
those without telephones, many would
have been ineligible for the survey due to
lackof2-year residence in the community.
A total of 1538 women were interviewed
through a random-digit dial survey tech-
nique that samples numbers proportional
to size (for residential lines) within a dial-
ing prefix, producing a self-weighted strat-
ified sample for the geographical areas.12
The response rate to the surveywas 72%,
calculated as the number of completed
surveys divided by the estimated number
of eligible women sampled, which was
quite good relative to the response rates
reported in similar surveys.4 The denom-
inator included an estimate of the number
of eligible women in households at tele-
phone numbers that were sampled but
were not reached (n = 192), as well as all
eligible women reached (n = 1937). To
avoid selection bias, the introduction to
the survey described it as relating to the
health ofwomen rather than to mammog-
raphy specifically. The questions used to
elicit relevant informationfromwomen re-
spondents are available from the authors
on request.

The use of mammography was de-
fined as one or more mammographic stud-
ies in the past 2 years, based on the wom-
an's self-report. Validation was not
undertaken because validity of self-re-
ported mammography use has been found
to be very good in other studies.13 Al-
though interest was prianrily in screening
mammography, no attempt was made to

distinguish between screening and diag-
nostic mammograms because the distinc-

tion between them is insufficiently clear
among physicians to be recognized reli-
ably by women.14 Of women who had
ever had a mammogram, 82.4% reported
that their last mammogram was for a rou-
tine check-up rather than for a current or
previous breast problem. We are there-
fore confident that the majority of mam-
mograms were for screening purposes.

Specification and Estiuaton of the
Muftivanate Models

Variables were selected for inclusion
in the analyfic model on the basis of mi-
croeconomic theory and the health eco-
nomics literature. A single-equation
model was specified that related use of
mammography in the past 2 years to (1)
economic variables and (2) other determi-
nants of demand that reflect the value that
women place on mammography as a
contributor to their health.15 EConomic
variables included in the model were the
out-of-pocket cost to the woman of a
screening mammogram (the net money
price), the cost in time that is incurred to
obtain the mammogram, whether or not
weekdays are inconvenient for obtaining
the mammogram, and household income.

The net money price was defined as
the total charge for the mammography
multiplied bythe proportion ofthat charge
paid by the woman rather than by her in-
surance company. Forwomen with insur-
ance that pays all of the cost ofmammog-
raphy, the net price is zero. The time cost
was defined as the total time a woman
would need to obtain the mammogram,
including travel time to the facility, wait-
ing time, and the time required to receive
services. Measurements of the net money
price and the time cost are descnrbed be-
low. Inconvenience was measured as a
woman's preference for evenings or
weekends over weekdays to obtain the
mammogram. Income was measured as
reported total household income.

Theory suggests that demand is a
function ofthevalue ofthegood or service
to the consumer, as well as a function of
prices and income. The value of breast
cancer screening to a woman was as-
sumed to depend on her risk ofbreast can-
cer, measured by her age and family his-
tory of breast cancer; her valuation of her
breast health, measured by her monthly
practice of breast self-examination; and
hervaluation ofher health more generally,
which for lack of a better indicator was
measured by her current smoldng habits.
Screening mammography can be viewed
as an investment in health. Because mi-
croeconomic theory suggests that con-

sumers with more education can be ex-
pected to invest more in their health,15
years of education completed were also
included in the model.

Because a woman may depend on
her physician to assess the value of
screening mammography for her,16 a set
ofdummy variables indicating the type(s)
of physician(s) she visits regularly were
constructed. Based on bivariate analyses,
these variables were reduced to two: an
indicator that thewoman regularlyvisits a
gynecologist and an indicator that she
does not visit any provider regularly. Be-
cause the probability of referral for mam-
mography by a physician may increase
with exposure to physicians, the average
number of annual visits to providers
whom the woman sees regularly was in-
cluded as well.

Logistic regression analysiswas used
to estimate the model fromthe survey data
obtained from the women. Of the 1538
women surveyed, there were 1528 usable
interviews, of which 1377 had sufficiently
complete data to be included in the de-
mand analyws. The dependent variable
was set equal to 1 if the woman reported
having a mammogram within the last 2
years and set equal to 0 otherwise. The
statistical software package EGRET17
was used to estimate the model. Dunmny
variables were included for three of the
four counties to account for county effects
and any intraclass correlation among
women in the same county.

An equation was also estimated in
which the economic variables were omit-
ted, in order to test their importance as a
group; and two additional equations were
estimated to test the interaction effects of
economic variables with the economic
conditions of the women. First, interac-
tion effects were estimated for women
with insurance covering more than half of
the cost of screening mammography,
which permitted a test of the hypothesis
that sensitivity to the time cost is greater
among well-insured women. Second, in-
teraction effects were estimated for
women with household incomes above
$15 000, which yielded a test of the spe-
cific hypothesis that sensitivity to the
money price is greater among low-income
women.

Estimation Issues in the
Multivanate Analyses

Missing values for economic vari-
ables were an important source of poten-
tial selection bias in these analyses.
Among the 1528 usable interviews, the
prevalence of missing values for reported
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price, reported insurance coverage, re-
ported time cost, and income were 19.4%,
26.5%, 9.7%, and 16.1%, respectively.
Moreover, missingness for three of these
economic variables was related to mam-
mography use. Simple chi-square tests of
independence between the variable indi-
cating whether a woman had a mammo-
gram in the last 2 years and the variables
indicating whether or not she reported
money price, insurance coverage, and
ime costwere hWysignicant (P < .001).
Missingness for incomewas not related to
mammography use.

Another potential source ofbiaswas
a possible correlation of reported price
(in money, time, or both) and insurance
coverage with the error term of the de-
mand equation. Such a correlation would
be introduced if women's recent use of
mammography made them better in-
formed regarding price and if poorly in-
formed women systematically believed
the price to be higher or lower than it
actually was.

Predicted, rather than actual, prices
and insurance coverage were therefore
used to compute net price. Sixty-eight
telephone number prefixes were used as
indicators of approimate market areas.
For each prefix area, the mammography

price was estimated as the average price
reported by women with that prefix who
knew, orwere willing to guess, the cost of
screening mammography in their commu-
nity. When there were fewer than three
such women in a prefix area (a situation
that occurred for 16 women), the overall
average for the community was used. A
dummy variable was included in the pre-
diction equation indicating whether or not
the woman had guessed, to allow for the
possibility that these women systemati-
cally guessed higher or lower thanwomen
who claimed to know the price.

The procedure for predicting time
costwas identical to that used for predict-
ing money price, and an analogous ap-
proach was used to predict values for in-
surance coverage. All women were asked
what kinds of health insurance they had.
Fifty-six types of health insurance cover-
age were identified, and regression analy-
sis (with dummyvariables for each type of
insurance) was used to estimate the pro-
portion of the price paid by each insurer
based on the survey responses of those
women who answered the questions.
These estimateswere then used in place of
reported insurance coverage in computing
the net price as the product of the charge
for mammography and the proportion

paid by the woman. This procedure for
imputing prices is an instrumental-vari-
ables approach that yields consistent es-
timates of the coefficients of interest.18 It
simultaneously computes missing values,
precludes correlation ofthe regressorwith
the error term, and specifies demand as a
function of the market price faced by the
woman.

To avoid the exclusion from the sam-
ple of the women whose household in-
come was not reported, a regression
model based on geographic area as indi-
cated by telephone prefix and sociodemo-
graphic characteristics ofthewoman (age,
education, working status, and marital
status) was estimated. Predicted incomes
based on this equation were used to im-
pute missing values.

Results
Ofthe 1528 usable interviews, 8 were

excluded from all analyses because the
age was missing. Approximately 40%o of
the remaining 1520 women were over the
age of 65. The percentages ofwomen, by
age,who reported having health insurance
that covered screeningmammography are
shown in Table 1. Over half of the women
reported that they had insurance that paid
all (31.5%) or part (21.7%) of the cost of
a screening mammogram. The older
women were slightly less likely than the
younger women to report insurance cov-
erage that paid all or part of the cost
(50.3% vs 55.2%). The younger women
were more likely than the olderwomen to
report no health insurance for screening
mammograms (28.1% vs 21.4%), and the
older women were more likely than the
younger women not to know whether
their insurance would pay for screening
mammograms (28.4% vs 15.7%). Differ-
ences were statistically significant (X2
with 3 degrees of freedom [dfl = 40.1,
P < .001).

Bivariate relationships between mam-
mography use and economic variables,
based on the perceptions of the women
themselves, are reported in Tables 2 and
3. Of the 1515 women reporting their
mammography use, 40.5% had had a
mammogram within the past year. An-
other 18.7% had had one between 1 and 2
years ago, and only 26.1% had never had
a mammogram. The percentages of
women who had a mammogram within 1
year, 2 years, more than 2 years ago, and
never, by age and insurance coverage, are

reported in Table 2. Over half of the
women reporting that they did not know
whether their insurance covered screen-
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ing mammography had never had a mam-
mogram: 53.9% of those under the age of
65 and 54.3% of those aged 65 or older,
respectively. Of the women with full cov-
erage, just over half had had mammogra-
phy in the pastyear. About a quarterofthe
women who reported that their insurance
did not cover any portion of the cost of
screening mammography (or who re-
ported no insurance at all) had never had
a mammogram.

The percentages ofwomen who had
a mammogram within 1 year, 2 years,
more than 2 years ago, and never, by age
and income, are given in Table 3. Low-
income women were much more likely
never to have had a mammogram. Recent
mammography (within 2 years) was re-
ported most often among the younger
women with incomes above $15 000 an-
nually (68.7%) and least often among the
younger women with incomes below
$15 000 (42.5%). Age differenceswere not
statistically significant in these analyses,
but income and insurance were both sig-
nificantly related to usewhen agewas con-
trolled (X2 with 1 df = 12.8 and 160.7, re-
spectively; bothP < .001).

Definitions for all variables used in
the multivariate analyses are given in Ta-
ble 4. A total of 1377 women had suffi-
ciently complete data to be included.
Means and standard deviations (or per-
centages for dichotomous variables) are
shown for women who did (59.4%) and
did not (40.6%) report having had a mam-
mogram in the past 2 years. The statistical
significance ofthe differences between the
two groups is also shown for all variables.
The average net pricewas predicted as $31
among users of mammography and $35
among nonusers of mammography. (The
average price of mammography in the
market areas where the women resided
was reported to be $77, among the 1148
womenwho knew orwere willing to guess
the price. On average, among the 1032
women who knew whether their insur-
ance covered screening mammography,
61% of the price was believed to be paid
by insurance.) Users differed significantly
from nonuserswith respect to allvariables
except performance of breast self-exami-
nation and time cost. They differed from
nonusers most notably with respect to
whether they visited a gynecologist regu-
larly (19.9% vs 6.1%), whether they re-
ported that they visited no doctor regu-
larly (3.4% vs 19.1%), and whether they
were current smokers (15.0%o vs 26.7%).
Nonusers also reported lower incomes
than users ($19 300 vs $26 300 annually),
and a higher proportion of them reported

that obtaining mammography on week-
days was inconvenient (15.2% vs 9.0%)
and that Medicare was their only form of
health insurance (7.3% vs 1.6%).

Results ofthe multivariate analysis are
given in Table 5. As predicted by the theory
of demand, use was lower among women
who faced a higher net money price (odds
ratio [OR] = 0.91 per $10 increase in net
price,P = .006) orwho preferred to obtain
a mammogram during weekend or evening
hours (OR = 0.53, P = .001), and higher
among women with higher incomes
(OR = 1.14,with a 14% increase associated
with each $10 000 increment in total house-
hold income; P < .001). The effect of time
costwas negative, as exected, but not sta-
tistically significant (OR = 0.86, with a de-
crease of 14% for each additional hour re-

quired;P = .29). As a group, the economic
variableswere highly statistically signifcant
(likelihoodratiowith4df = 34.0,P < .001).

The value of mammography to the
woman was also important in detenrining
demand. Use was higher among women
with a family history of breast cancer
(OR = 2.22, with more than a twofold in-
crease for each first-degree relative with
breastcancer;P < .001) andamongwomen
who visited a gynecologist regularly
(OR = 2.59, P < .001). Women who vis-
ited no doctor regularly and women who
were current smokers were less likely to
have had mammography (OR = 0.24,
P < .001 for no doctor; OR = 0.59,
P < .001 for smokers). More visits to phy-
sicians increased the likelihood of mam-
mography (OR = 1.11 per additional visit,
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P = .047), but education and marital status
were not statistically signifcant when eco-
nomicvariableswere included in the model.
When economic variables were excluded
from the model, marriedwomenwere more
likelytobeusers (OR = 1.47,P = .003),as
were more educated women (OR = 1.08
for each additional year of education,
P = .004).

Avariable indicatingwhether awom-
an's health insurance covered 50% or
more of the price of a mammogram was
created. This variable and the interactions
between it and those variables measuring
time cost, inconvenience, and income
were added to the model to test the hy-
pothesis that the importance of economic
variables may be greater among women
with poor insurance coverage. These in-
teractions were not statistically signifi-
cant, either individuallyor as a group (like-
lihood ratio statistic on 3 df = 5.30,
P = .151), suggesting that the effects of
time cost, inconvenience, and income on
mammography use do not vary with in-
surance coverage. Similarly, to test the
hypothesis that price sensitivity is greater
among women with low income, interac-
tion effects between net price, time cost,
and inconvenience and a dummy variable
forwomenwith household incomes above
$15 000 were estimated. The interaction
effectswere not statistically significant, ei-
ther individually or as a group (likelihood

ratio statistic on 3 df = 0.671, P = .880),
suggesting that the effects of net price,
time cost, and inconvenience are stable
across the income groups.

Discussion
As suggested by the theory of de-

mand, the effects of net price and income
on the use of mammography among
women aged 50-75, residing in four sub-
urban or rural counties in Washington
State, were found to be significantly neg-
ative and positive, respectively. The anal-
yses provided no evidence that economic
variables are more important for low-in-
come or uninsured women. Instead, ef-
fects were stable across the subsets of the
population investigated.

The effects of economic variables on
use of mammography were found to be
important, but they do not suggest that
improvements in insurance coverage will
dramatically increase the use of screening
mammography. The data suggest that in-
surance coverage for mammography was
already quite good amongwomen aged 50
to 75 in Washington State in 1989; over
half of the women reported that their in-
surance paid some (usually 80%) or all of
the cost of screening mammography. The
new legislation can be expected to in-
crease the average proportion paid by in-
surance from about 60% to about 80%,
which can be expected to decrease the
average net price from about $32 to about
$16. If the coefficients estimated from
these cross-sectional datawere tobe given
a causal interpretation, they would sug-
gest that the percentage ofwomen having
a mammogram in the last 2 years might
increase in response to improved insur-
ance coverage from about 59% to about
61%, a change of less than 4%. Such an
increasewould be negligible relative to the
secular trend in mammography use. This
study provides no evidence that the effect
of improved insurance coverage would be
greater among low-income women.

However, if physicians are influ-
enced in their referral patterns by the im-
provement in insurance coverage, the leg-
islation could have a greater impact. A
woman might depend on her physician to
advise her regarding the value of mam-
mography because the physician has bet-
ter information than she does about the
expected medical benefit of alternative
medical services. The physician presum-
ably acts in the best interest of the patient,
taking into account her ability to pay for
mammography as well as his or her as-
sessment of its value to the patient. This

phenomenon has long been recognized as
the "agency role" of the physician.16
However, the physician may be ignorant
of the individual woman's ability to pay
and reluctant to discuss the issue with her.
Instead, the physician may assume that
insurance will (or will not) pay for screen-
ing mammography and treat all or most
women accordingly.

To the extent that the legislative man-
dates change the physician's assumptions
regarding insurance coverage for screen-
ing mammography, they could influence
physicians' recommendations. State leg-
islation mandating coverage of screening
mammography by private insurers and
federal legislation mandating such cover-
age by Medicare may have an important
impact on use by creating a "standard of
care" recognized by all physicians. The
strength of the influence of physicians is
evident from the statistical significance of
the physician variables in the demand
equation. If all physicians were to refer
women for mammography at the rates re-
ported for the gynecologists, the estimates
obtained here suggest that use of mam-
mography might rise from 59% to about
75%.

Mandating insurance coverage for
screening mammography will not com-
pensate for lack of coverage for preven-
tive office visits. As has been shown in
previous studies, exposure to physicians,
especially to gynecologists, is an impor-
tant determinant ofwhether breast cancer
screening is done, including clinical breast
examination as well as mammography
use.19 In this sample of primarily upper-
middle-class White women, 19.1% of the
women who had not had mammography
in the last 2 years reported seeing no phy-
sician regularly, compared with 3.4% of
thosewho had had mammography. Ofthe
nonusers, 10.4% reported having no
health insurance at all, compared with
3.5% among the users.

Because variables other than eco-
nomic variables are important in deter-
mining the use of mammography, inter-
ventions will still be needed to reach
women who do not obtain screening even
when it is available at low cost. Among the
women in this sample, family history of
breast cancer was an important predictor
of use, but age was negatively related to
use.A family history ofbreast cancermay
contribute to awareness and fear of the
disease in a way that aging does not. In
addition, women may be more aware of
family history than aging as a risk factor.
Also notable in this study is the high rate
of smoking among the nonusers, 26.7%
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compared with 15.0% among the users. In
the multivariate analyses, smokers were
found tobe about halfas likely to have had
mammography as nonsmokers. This re-
sult suggests that compliance with physi-
cians' recommendations for mammogra-
phy may be an important problem among
smokers, perhaps because the procedure
is generally perfonned at a different facil-
ity at a later time, providing ample oppor-
tunity for noncompliance.

Despite suggestions in the literature
that time costs are substantial,20 time cost
was not statisticaly significant in the de-
mand analysis. However, women who
preferred to obtain mammography during
evenings or weekends rather than week-
days were signifcantly less likely to have
had mammography during the previous 2
years, suggesting that logistics are indeed
important, as has been suggested previ-
ously.21 The relative unimportance oftime
cost in these anlyss may be attributable
in part to limitations in its measurement:
although total time to obtain a mammo-
gram was measured, the value of time to
the woman was not measured.

Other limitations of this study include
the cross-sectional, self-report nature of
the data and the lack of measures of price
and insurance coverage for physicians'
services. Most mammography screening is
the result of a referral after a visit to a pri-
mary-care physician for routine care. The
cost of preventive services may remain a
barrier to use of breast cancer screening
when the cost ofmammography services is
reducedby insurance.Aminor limitation is
that, because a direct measure of general
health statuswas not available, the effect of
thenumberofvisits to physicians, intended
tomeasure exposure to physicians, maybe
biased. Similarly, household income was
not adjusted for family size because the
latter was not measured.

A potential limitation of the study is
thatwomen may not be well informed re-
garding price and insurance coverage for
screening mammography. Of interest in
this regard is thatwomenwho guessed the
price differed from women who knew the
price by only $2 on average in their esti-
mate of mammography price. Similarly,
all but 27 of the 161 members of Group
Health Cooperative of Puget Sound who
were included in the analyses (10.5% of
the sample) knew that their insurance cov-
ered 100%o of the cost of screening mam-
mography. The Group Health Coopera-
tive is a large health maintenance
organization that has had a risk-based
breast cancer screening program since
1984.22 There is no out-of-pocket charge

January 1994, Vol. 84, No. 1

for screening mammography for enrollees
in the Group Health Cooperative. Of the
27 patients in this group, 18 did not know
whether the Group Health Cooperative
covered screening mammography, 5
thought that it did not, and the remaining
4 thought that it covered something less
than 100% of the cost. External validation
by means of a survey of mammography
facilities in the four study communities
also confirned that women were quite
knowledgeable. On average, the women
reported a price of $77, and the mammog-
raphers reported a charge of $63 for
screening mammography and $94 for di-
agnostic mammography. A related con-
cern is that the dummy variables indicat-
ing health insurer thatwere used to predict
the proportion of the price of screening
mammography paid by insurance are
crude measures. As a group in the predic-
tion equation, they explained 24% of the
variance, suggesting that they served ad-
equately as instrumental variables.

This study is an attempt to carefully
measure mammography price and insur-
ance coverage and to analyze the use of
mammography within the conceptual
framework of the theory of demand. It
provides evidence that cost is indeed im-
portant as a barrier to use of mammogra-
phy. However, it should not be assumed
that mandatory coverage of screening
mammography will solve the problem of
underutilization of breast cancer screen-
ing among all women aged 50 to 75. Un-
insured women, smokers, and women
who do not visit a physician regularlymay
still have relatively low rates of use. The
analyses corroborate the abundant evi-
dence in the literature that the key to use
of mammography among women aged 50
to 75 is referral by a physician. E
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