Rauscher et al. BMIC Cancer 2013, 13:208
http://www.biomedcentral.com/1471-2407/13/208

BMC
Cancer

RESEARCH ARTICLE Open Access

Mammogram image quality as a potential
contributor to disparities in breast cancer stage at
diagnosis: an observational study

Garth H Rauscher'”, Emily F Conant?, Jenna A Khan' and Michael L Berbaum?

Abstract

image quality on this disparity.

factors (OR =0.80, 95% Cl: 0.65, 0.99).

Background: In an ongoing study of racial/ethnic disparities in breast cancer stage at diagnosis, we consented
patients to allow us to review their mammogram images, in order to examine the potential role of mammogram

Methods: In a population-based study of urban breast cancer patients, a single breast imaging specialist (EC)
performed a blinded review of the index mammogram that prompted diagnostic follow-up, as well as recent prior
mammograms performed approximately one or two years prior to the index mammogram. Seven indicators of
image quality were assessed on a five-point Likert scale, where 4 and 5 represented good and excellent quality.
These included 3 technologist-associated image quality (TAIQ) indicators (positioning, compression, sharpness), and
4 machine associated image quality (MAIQ) indicators (contrast, exposure, noise and artifacts). Results are based on
494 images examined for 268 patients, including 225 prior images.

Results: Whereas MAIQ was generally high, TAIQ was more variable. In multivariable models of sociodemographic
predictors of TAIQ, less income was associated with lower TAIQ (p < 0.05). Among prior mammograms, lower TAIQ
was subsequently associated with later stage at diagnosis, even after adjusting for multiple patient and practice

Conclusions: Considerable gains could be made in terms of increasing image quality through better positioning,
compression and sharpness, gains that could impact subsequent stage at diagnosis.
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Background

In the United States there is evidence that non-Hispanic
(nH) Black women are more likely to die from breast can-
cer compared to their nH White counterparts, despite
having a lower incidence of the disease. This mortality dis-
parity is especially high in Chicago, where most recent
available data suggests that nH Black women die from
breast cancer at a two thirds higher rate than nH Whites
[1]. Despite current controversies regarding the timing
and frequency of screening with mammography [2-6], it is
generally recognized as effective in reducing morbidity
and mortality from breast cancer [7,8]. Despite reporting
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similar mammography utilization [9], Black and Hispanic
women continue to be diagnosed at a later stage of breast
cancer compared to Whites [10] and this later stage is at
least partly responsible for the greater breast cancer mor-
tality experienced by Black women in the United States as
compared to Whites.

Prior data from Chicago suggest that nH Black and
Hispanic women were less likely than nH Whites to ob-
tain screening mammography at facilities with characte-
ristics suggesting high quality screening, which include
academic facilities, facilities that relied on breast imaging
specialists, and facilities that offered digital mammog-
raphy [11]. These apparent disparities in the distribution
of mammography practice characteristics might result in
a disparity in the quality of the process of mammog-
raphy screening and diagnostic follow-up. Racial/ethnic
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or socioeconomic disparities in quality of mammogram
images, radiologic interpretation of mammograms, or
timeliness of diagnostic follow-up and resolution of an
abnormal mammogram might be mediated by mammo-
graphy practice characteristics. The goals of the present
analysis were to (1) examine whether better image qua-
lity was associated with earlier breast cancer stage at
diagnosis, and (2) examine whether there existed dispa-
rities in image quality by race/ethnicity or socioeco-
nomic status.

Our hypothesis was that racial and ethnic minorities
and women of lower socioeconomic status (less educa-
tion and income, and lacking private health insurance)
would tend to be screened at lower resource facilities.
These might include facilities not situated in academic
medical centers, that relied to a lesser extent on radiolo-
gist and technologist specialists, and that tended to use
analog as opposed to digital mammography. Digital
mammograms may tend to be of higher quality than
analog images [12].

This unequal distribution of mammography practice
characteristics might translate into lower image quality for
these women. We conceptualized image quality as having
two components, one related to the skill of the technolo-
gist and one related primarily to mammography machine
calibration. Lower image quality has been associated with
interval breast cancer, i.e., breast cancer presenting through
symptoms despite a recent normal-appearing screening
mammogram [13]. Symptomatic breast cancer is consider-
ably more likely to be later stage than screen-detected
breast cancer [14]; thus, image quality might be associated
with stage at diagnosis and might help to explain dispa-
rities in stage at diagnosis.

Materials and methods

Sample and procedure

Patients for this study were recruited from the parent
study, “Breast Cancer Care in Chicago”, details of which
have been previously published [15]. Briefly, female pa-
tients were eligible if they were diagnosed between March
1, 2005 and February 31, 2008, diagnosed between 30 and
79 years of age, resided in Chicago, had a first primary in
situ or invasive breast cancer, and self-identified as either
non-Hispanic White, non-Hispanic Black or Hispanic. All
diagnosing facilities in the greater Chicago area (N =56)
were visited monthly by certified tumor registrars em-
ployed by the Illinois State Cancer Registry (ISCR) and all
eligible newly diagnosed cases were ascertained. Partici-
pants completed a 90-minute interview that was adminis-
tered either in English or Spanish as appropriate using
computer-assisted personal interview procedures. The
final interview response rate was 56% representing 989
completed interviews among eligible patients (397 nH
White, 411 nH Black, 181 Hispanic, response rates 51%,
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59% and 66%, respectively) [16]. Upon completion of the
interview, patients were asked to provide consent to allow
abstraction of their medical records for information
pertaining to their breast cancer diagnosis, and asked to
allow the study to obtain original breast screening and
diagnostic images for the mammography review substudy.
Both the main study and mammogram review substudy
were reviewed and approved by the University of Illinois
at Chicago Office for the Protection of Research Subjects.

Mammogram review substudy

Patients reporting either initial awareness of their breast
cancer through screening mammography or initial aware-
ness through symptoms despite a prior mammogram
within 2 years of detection were eligible for this substudy
(N =597). Of these, 369 (62%) consented to a review of
their mammogram and other breast images involved in
their screening and diagnosis. Original mammograms,
diagnostic follow-up images and corresponding reports
were requested from screening and diagnostic facilities.
Often, multiple facilities were involved for a single patient.
In all, we received 494 mammograms performed on 268
patients. Approximately 90% of mammograms were bila-
teral, standard four view mammograms, while the remain-
ders were unilateral mammograms.

A single breast imaging specialist (EC) performed a
blinded review of mammograms (blinded to the original
interpretation and all other subsequent screening and diag-
nostic mammograms and results). All reviews were blinded
to patient age, race/ethnicity and other sociodemographic
characteristics. Seven indicators of image quality were
assessed: positioning, compression, sharpness, contrast, ex-
posure, noise and artifacts [13,17]. Each was scored on a
five-point Likert scale, where 4 and 5 represented good
and excellent quality, respectively, while 1 represented
poor quality. The 273 participants were less likely than
eligible nonparticipants to be minority (46% vs. 64%,
p <0.0005) and more likely to report symptomatic disco-
very (43% vs. 31%, p =0.002), but were similar on other
characteristics.

Analysis variables

Variables for image quality

We defined a continuous measure of image quality that
was a simple sum of the 7 indicators, with a theoretical
range of 7 (lowest quality) to 35 (highest quality). Results
of analyses using this variable were similar to results
using the binary version described next, and therefore
these results are not presented. We defined a separate
binary variable to indicate higher image quality as those
images that received a score of at least 4 (very good)
on all seven indicators. Positioning, compression, and
sharpness are affected by the patient-technologist inter-
action and the skill of the technologist, whereas contrast,
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noise, exposure, and artifacts are primarily a function of
mammography machine calibration. Therefore, we de-
fined two additional measures of image quality. Higher
technologist-associated image quality (TAIQ) was defined
as receiving a score of at least 4 (very good) on position-
ing, compression, and sharpness, and a variable summing
these three measures was defined. Higher machine-
associated image quality (MAIQ) was defined as receiving
a score of at least 4 (very good) on contrast, noise, expos-
ure, and artifacts, and a variable summing these four mea-
sures was defined.

Measures of race/ethnicity and socioeconomic
disadvantage

Race and ethnicity were self-reported at interview. Ethni-
city was defined as Hispanic if the patient self-identified as
Hispanic, or reported a Latin American country of origin
for herself or for both of her biological parents. Race and
ethnicity were used to categorize patients as non-Hispanic
White, non-Hispanic Black or Hispanic. Socioeconomic
disadvantage was defined from self-reported annual house-
hold income, educational attainment, and health insurance
status. Income was reported at interview in categories of
less than $10,000, $20,000, $30,000, $40,000, $50,000,
$75,000, $100,000, $150,000, $200,000, and greater than
$200,000. Annual household income analyzed as an or-
dinal variable and also categorized for some analyses as
not exceeding versus exceeding $30,000. Formal education
was reported in years, and was analyzed both as an ordinal
variable and categorized as not exceeding a high-school
degree versus having some post-secondary education.
Health insurance status was categorized as lacking private
health insurance versus having any private health insu-
rance. Patients with Medigap or similar supplementary pri-
vate health insurance were defined as privately insured.

Mammography practice characteristics

Individual mammograms were defined with respect to
image type as either digital or analog (film screen). Al-
though image type is an individual attribute of the mam-
mogram itself, it indicates something about the availability
of digital mammography and therefore we group it here
with practice characteristics. All mammography facilities
included in these analyses were accredited by the Mam-
mography Quality Standards Act (MQSA). Mammog-
raphy practices were grouped by facility type into: (a)
public, (b) private non-academic, (c) private with an
academic-affiliation, or (d) private university-based hos-
pital or medical center. For some analyses we dichoto-
mized this variable to indicate whether a facility was
located within an academic hospital or medical center. Fa-
cility data on the numbers and types of mammography
technicians and radiologists were available from a prior
mammography facility survey of Chicago performed
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during the study period [11]. Facilities reported the num-
ber of general radiologists and breast imaging specialists
interpreting mammographic studies. A breast imaging spe-
cialist was defined as a radiologist who dedicated at least
75% of his/her working time on breast imaging, regardless
of fellowship training. We defined a variable describing
each facility’s reliance on breast imaging specialists as
none, mixed, or sole reliance on specialists. We defined an
analogous variable to categorize facilities by the extent of
their reliance on dedicated mammography technologists
(mixed vs. sole).

Clinical variables

Mode of breast cancer detection was defined as asymp-
tomatic if the patient reported initial awareness of the
breast cancer through mammography or other breast
imaging in the absence of any symptoms, otherwise
mode of detection was defined as symptomatic. Stage at
diagnosis was categorized using the AJCC categories of
0, 1, 2, 3, and 4 (http://www.cancerstaging.org/).

Statistical analyses

Statistical analyses were conducted using SAS version 9
(SAS Institute, Cary, NC) and Stata version 11 (Statacorp,
College Station, Texas). We tabulated the observed distri-
bution for each of the seven image quality indicators and
estimated polychoric correlations [18]. The percentage of
higher image quality mammograms was tabulated against
patient characteristics and mammography practice cha-
racteristics, and was repeated for higher technologist-
associated image quality and higher machine-associated
image quality. Due to the greater variability of TA image
quality, only these associations are presented. P-values
were estimated in univariable logistic regressions using
the Huber-White sandwich estimator to adjust standard
errors for clustering of images within patients.

Multivariable logistic regression of higher image quality
Due to the greater variability of TA image quality, we fo-
cused on these image quality indicators in the analyses
that follow. We conducted multivariable logistic regres-
sion models in order to estimate associations with higher
TA image quality while using the Huber-White sandwich
estimator to adjust standard errors for clustering of im-
ages within patients. The first model (baseline model)
included terms for age and age squared. Next, we added
variables for race/ethnicity, income, education and pri-
vate insurance status together. Through backwards eli-
mination procedures we removed those variables with a
p-value >0.10 via Wald tests.

Image quality indicators as predictors of stage at diagnosis
After excluding the index films and using data from only
the prior films (performed prior to any symptoms or
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Table 1 Distribution of image quality indicators

(N =494 images)
Poor Moderate Good Very good Excellent
% % % % %

Technologist-Associated

Positioning 1 7 32 54 7
Compression 0 4 29 62 4
Sharpness 0 4 27 62 6
Machine-Associated
Contrast 1 1 12 75 11
Exposure 0 1 9 78 1"
Artifacts 1 2 8 77 13
Noise 0 0 3 87 9

diagnosis), we conducted multivariable ordinal logistic
regression to estimate associations for higher TA image
quality with breast cancer stage at diagnosis. Each image
quality indicator was modeled separately while adjusting
for age, education, income, private health insurance status,
academic vs. other facility type and image type (analog
vs. digital). We estimated odds ratios from ordinal logistic
regression models with robust standard errors.

Results

Image quality

Results are based on 494 images examined for 268 patients.
Very good or excellent scores were less frequent for posi-
tioning, compression and sharpness (61, 66, and 68%) than
for contrast, exposure, artifacts and noise (86, 89, 90 and
96%, respectively) (Table 1). As anticipated, polychoric cor-
relations between the seven mammography quality indica-
tors were higher within technologist-associated indicators
(mean 0.86, range 0.79-0.94), and higher within machine-
associated indicators (mean 0.84, range 0.77-0.93), than
between technologist-associated and machine-associated
indicators (mean 0.63, range 0.51-0.72) (Table 2).
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Patient and practice characteristics predict lower image
quality

Racial/ethnic and socioeconomic disadvantage were asso-
ciated with lower TA image quality (Table 3). The percen-
tage of films that received a score of 4 or 5 on all 3 TA
indicators was greater for nH White than minority pa-
tients (57% vs. 49%, p=0.13), greater for patients re-
porting higher vs. lower income (58% vs. 45%, p = 0.03),
and greater for patients with more than a high-school
education than for those with less education (58% vs. 46%,
p =0.04), but did not vary by private health insurance sta-
tus (Table 3). Better image quality was considerably more
likely for images performed at hospital-based, academic
facilities than at other types of facilities. The extent to
which facilities relied on full-time mammography tech-
nologists did not seem to be associated with image quality.
On the other hand, better image quality was considerably
more likely for images performed at facilities that relied
solely on breast imaging specialists than at facilities that
did not (Table 3). Digital mammograms were considerably
more likely to be scored as high quality than analog images.
Results were generally similar when we examined all 7 in-
dicators as a group. There was little variation in machine-
associated image quality indicators by racial/ethnicity or
socioeconomic status (results not shown).

Multivariable models of higher image quality

We conducted multivariable logistic regression in order to
examine the extent to which race/ethnicity and socioeco-
nomic status were associated with image quality. When
racial/ethnic and socioeconomic variables were modeled
together in logistic regression models of higher image
quality, only income was retained (p-value for income =
0.001) while race/ethnicity, health insurance status and
education were not retained in the final model (Table 4).
Results were very similar when modeling higher image
quality based solely on technologist-associated indicators
(p-value for income =0.001), and again when modeling
higher image quality based solely on machine-associated

Table 2 Polychoric correlations between the seven mammography quality indicators

Technologist-associated

Machine-associated

Positioning Compression Sharpness Contrast Noise Exposure Artifacts
Technologist-associated
Positioning 1
Compression 0.84 1
Sharpness 0.79 0.94 1
Machine-associated
Contrast 0.54 0.64 0.64 1
Noise 0.58 0.67 0.72 0.86 1
Exposure 0.51 0.62 0.69 0.93 0.85 1
Artifacts 0.60 0.63 071 0.77 0.85 0.80 1
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Table 3 Distribution of patient and practice characteristics
with higher technologist-associated image quality
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Table 4 Multivariable nested logistic regression models
of higher image quality

N (%) p-value
Race/ethnicity 0.13
non-Hispanic White 268 57
Black or Hispanic 221 49
Annual household income 0.03
Higher (>$30,000) 320 58
Lower (<$30,000) 152 45
Educational attainment 0.04
More than high-school 326 58
High-school degree or less 159 46
Health insurance status
Some private insurance 380 55
No private insurance 109 50
Facility type <0.0001
Public 31 48
Private, non-academic 294 44
Academic (affiliate) 38 53
Academic (hospital) 126 78
Mammography interpretation <0.0001
Sole reliance on generalists 1 40
Mixed reliance 153 49
Sole reliance on specialists 170 74
Sole reliance on dedicated techs
No 271 57
Yes 163 55
Type of mammogram <0.0001
Analog 345 42
Digital 144 82

P-values >0.2 are suppressed. P-values calculated from logistic regression of
image quality indicator against each characteristic and accounting for
clustering of multiple images per patient.

indicators (p-value for income = 0.03); in each instance, in-
come and only income was retained (results not shown).

TA image quality predicts stage at diagnosis

In order to examine the extent to which variation in image
quality was associated with breast cancer stage at diagno-
sis, we conducted multivariable ordinal logistic regression
models. Higher image quality across all seven indictors
combined was inversely associated with breast cancer
stage at diagnosis (OR = 0.91, 95% CI: 0.80, 1.03) (Table 5).
Higher image quality for technologist-associated indica-
tors was associated with earlier stage at diagnosis, whereas
higher image quality for machine-associated indicators
was generally not associated with stage at diagnosis
(Table 5).

Model 1 Model 2 Model 3 Model 4

Predictor OR OR OR OR
Age (years) 1.01 1.01 1.01 1.01
Age*Age 1.00* 1.00% 1.00% 1.00%
Race/Ethnicity

nH White

nH Black 0.84

Hispanic 1.13
No private insurance 1.28 1.28
Education (years) 1.07 1.07 1.05
Income ($10,000 increments) 1.05% 1.06* 1.06* 1.07%*
N 472 472 472 472
Log-Likelihood —31494 -31548 -31593 -317.03
LR Test (p-value) — 0.58 034 0.14
AIC 64588 64295 64187 64205
BIC 679.14 667.9 662.65 65868
Pseudo-R2 0.04 0.04 0.03 0.03

Legend: * p <.1; **p <.01; *** p <.001.

Discussion

In our population-based sample of urban breast cancer
patients, lower technologist-associated image quality was
associated with later breast cancer stage at diagnosis, and
patients with lower income were less likely to obtain high
quality mammography imaging. Our results suggest that

Table 5 Higher quality mammography imaging and
breast cancer stage at diagnosis (N = 210 images prior to
the index image with complete data on covariates)

OR (95% Cl) P-value

All 7 image quality indicators' 0.91 (0.80, 1.03) 0.14
Technologist-associated

Sum of all 3 indicators' 0.80 (0.65, 0.99) 0.04

Positioning 0.83 (049, 1.42)

Compression 0.50 (0.29, 0.86) 0.01

Sharpness 0.54 (031, 0.92) 0.02
Machine-associated

All 4 indicators' 0.96 (0.76, 1.22)

Contrast 0.93 (0.50, 1.75)

Exposure 1.03 (049, 2.15)

Noise 0.53 (0.17,1.61)

Artifacts 0.98 (048, 1.99)

Higher quality mammography imaging defined as a score of good or excellent
for a given image quality indicator. ' The number of indicators in the set that
were scored as being of good or excellent quality. Odds ratios are from
ordinal logistic regression models adjusted for age, race/ethnicity, income,
education, private health insurance status, film type and facility type
(academic medical center vs. other). P-values > 0.2 are suppressed.
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differences in mammogram image quality may be contri-
buting to socioeconomic disparities in stage at diagnosis.

Most of the variation in image quality was due to qua-
lity indicators that would tend to be associated with the
skill of the technologist in working with the patient to
ensure proper positioning, adequate compression, mini-
mizing blur (maximizing sharpness), and performing the
mammogram again if the quality of the image was sub-
optimal. Mammography technologists who spend most
or all of their time performing mammograms may pro-
duce higher quality mammography images compared to
technologists whose duties are split, although there is lit-
tle if any literature on this topic. We anticipated that
image quality would be better at facilities that relied
solely on dedicated mammography technologists, but we
did not find any evidence to support this expectation in
the current study. We did find that mammogram images
from academic institutions and from institutions relying
on breast imaging specialists tended to be of higher
quality. It may be that mammography technologists who
work alongside breast imaging specialists have greater
opportunities to expand their knowledge and expertise,
or these settings may tend to hire more skilled technolo-
gists to begin with. A specialized, high volume breast
radiologist may be better able to find cancers in images
that are of lower quality than general radiologist or one
that reads fewer mammograms. A tendency for lower
quality imaging at non-academic facilities, in combin-
ation with less expertise available to read those images,
may result in less early detection and later stage at
diagnosis.

Prior studies have found that digital mammogram im-
ages are more likely to be judged as being higher quality
compared to analog images [12]. In the present study,
our expert consistently scored digital images as being of
higher quality across all seven image quality indicators.
Since we were unable to blind our expert as to whether
an image being reviewed was analog or digital, it is con-
ceivable that a bias or preference towards digital images
may have resulted in an artificially higher image quality
score for digital images, but this seems unlikely. None-
theless, after controlling for type of mammogram in our
analyses, lower income remained associated with lower
quality imaging, and lower technologist-associated image
quality was in turn associated with later stage diagnosis.
Therefore, our results do not appear to be due to vari-
ation in the use of digital versus analog mammography
across the study sample.

The Mammography Quality Standards Act (MQSA) was
passed in 1992 in an attempt to improve the quality of
breast cancer screening with mammography and provided
basic standards that have to be met in order for a facility
to be certified under the Act [19]. These included stan-
dards relevant to image quality, including mammography
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machine calibration and maintenance and qualifications
of mammography technologists. However, mammogram
images are only required to be reviewed under MQSA at
least once every 3 years, and MQSA inspects only a small
sample of images that are hand-picked in advance by the
facility. Therefore, it could be a simple matter for a lower-
performing institution to pass image quality inspection re-
gardless of actual practice.

Conclusions

We found that patients of higher socioeconomic status
obtained higher quality images, and higher quality im-
ages were in turn associated with earlier stage at diagno-
sis. In particular, results suggest that considerable gains
could be made in terms of increasing image quality
through better positioning, compression and sharpness,
which could translate into earlier stage at diagnosis for
patients.

Abbreviations

AJCC: American Joint Commission on Cancer; ISCR: Illinois State Cancer
Registry; MQSA: Mammography Quality Standards Act; NC: North Carolina;
nH: non-Hispanic; OR: Odds Ratio.

Competing interests
The authors declare that they have no conflict of interest.

Authors’ contributions

GR conceived of the study, and participated in its design and coordination
and drafted the manuscript. EC performed the assessment of image quality
that formed the basis for the analyses. JK participated in the statistical
analysis. MB oversaw the statistical analysis. All authors participated in
manuscript revisions and read and approved the final manuscript.

Acknowledgements

This work was funded by grants to the University of lllinois at Chicago from
the lllinois division of the American Cancer Society, and the lllinois
Department of Public Health (#86280168). Additional funding was provided
by the National Cancer Institute (Grant # 2P50CA106743-06); the National
Center for Minority Health Disparities (Grant # 1 P60MD003424-01); and the
Agency for Health Research and Quality (Grant # 1 ROT HS018366-01A1). We
would like to thank Dr. Tiefu Shen and staff at the lllinois State Cancer Registry.

Author details

'School of Public Health, Division of Epidemiology and Biostatistics,
University of lllinois at Chicago, M/C 923, Chicago, IL 60612, USA.
“Department of Radiology/Breast Imaging, University of Pennsylvania, 3400
Spruce Street, Philadelphia, PA 19104, USA. 3Institute for Health Research and
Policy University of lllinois at Chicago, M/C 275, 1747 West Roosevelt Road,
Chicago, IL 60608, USA.

Received: 4 February 2013 Accepted: 18 April 2013
Published: 26 April 2013

References

1. Ansell D, Grabler P, Whitman S, Ferrans C, Burgess-Bishop J, Murray LR, Ruta
Rao R, Marcus E: A community effort to reduce the black/white breast
cancer mortality disparity in Chicago. Cancer Causes Control 2009,
20:1681-1688.

2. Nelson HD, Tyne K, Naik A, Bougatsos C, Chan BK, Humphrey L: Screening
for breast cancer: an update for the U.S. Preventive Services Task Force.
Ann Intern Med 2009, 151:727-737.

3. Woloshin S, Schwartz LM: The Benefits and Harms of Mammography
Screening. JAMA 2010, 303(2):164-165.



Rauscher et al. BMC Cancer 2013, 13:208 Page 7 of 7
http://www.biomedcentral.com/1471-2407/13/208

4. U.S. Preventive Services Task Force: Screening for Breast Cancer: U.S.
Preventive Services Task Force Recommendation Statement. Ann Intern
Med 2009, 151(10):716-726.

5. DeAngelis CD, Fontanarosa PB: US Preventive Services Task Force and
Breast Cancer Screening. JAMA 2010, 303(2):172-173.

6.  Brawley OW: American Cancer Society responds to changes to USPSTF
mammography guidelines. http://www.cancer.org.

7. American Cancer Society: American Cancer Society guidelines for the early
detection of cancer. http.//www.cancer.org/docroot/PED/content/PED_2_3X_
ACS_Cancer_Detection_Guidelines_36.asp [accessed August 14, 2007.

8. National Cancer Institute: NCI statement on mammography screening
(February 21, 2002 Update). http://www.cancer.gov/newscenter/
newsfromnci/2002/mammstatement31jan02 [accessed May 13, 2008].

9. Richardson LC, Rim SH, Plescia M: Vital Signs: Breast Cancer Screening
Among Women Aged 50-74 Years -- United States. MMWR 2008,
59(26):813-816. 4p; (AN 52417752).

10. Sassi F, Luft HS, Guadagnoli E: Reducing racial/ethnic disparities in female
breast cancer:screening rates and stage at diagnosis. Am J Public Health
2006, 96(12):2165-2172.

1. Rauscher GH, Allgood KL, Whitman S, Conant E: Unequal distribution of
screening mammography services by race/ethnicity and health
insurance. J Womens Health 2011, 21(2):154-160.

12. Fischmann A, Siegmann KC, Wersebe A, Claussen CD, Miller-Schimpfle M:
Comparison of full-field digital mammography and film-screen
mammography: image quality and lesion detection. Br J Radiol 2005,
78:312-315.

13. Taplin SH, Rutter CM, Finder C, Mandelson MT, Houn F, White E: Screening
mammography: Clinical image quality and the risk of interval breast
cancer. Am J Roentgenol 2002, 178:797-803.

14.  Elmore JG, Nakano CY, Linden HM, Reisch LM, Ayanian JZ, Larson EB: Racial
inequities in the timing of breast cancer detection, diagnosis, and
initiation of treatment. Med Care 2005, 43(2):141-148.

15.  Rauscher GH, Ferrans CE, Kaiser KK, Campbell RT, Calhoun E, Warnecke RB:
Misconceptions about breast lumps and delayed medical presentation
in urban breast cancer patients. Cancer Epidemiol Biomarkers Prev 2010,
19(3):640-647.

16. The American Association for Public Opinion Research: Standard Definitions:
Final Dispositions of Case Codes and Outcome Rates for Surveys, AAPOR.
7th edition. 2011.

17. Bassett LW, Farria DM, Bansal S, Farquhar MA, Wilcox PA, Feig SA: Reasons
for Failure of a Mammography Unit at Clinical Image Review in the
American College of Radiology Mammography Accreditation Program.
Radiology 2000, 215:698-702.

18.  Olsson U: Maximum likelihood estimation of the polychoric correlation
coefficient. Psychometrika 1979, 44(4):443-460.

19.  Destouet JM, Bassett LW, Yaffe MJ, Butler PF, Wilcox PA: The ACR’s
Mammography Accreditation Program: Ten Years of Experience Since
MQSA. J Am Coll Radiol 2005, 2(7):585-594.

doi:10.1186/1471-2407-13-208

Cite this article as: Rauscher et al: Mammogram image quality as a
potential contributor to disparities in breast cancer stage at diagnosis:
an observational study. BMC Cancer 2013 13:208.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central



http://www.cancer.org/
http://www.cancer.org/docroot/PED/content/PED_2_3X_ACS_Cancer_Detection_Guidelines_36.asp
http://www.cancer.org/docroot/PED/content/PED_2_3X_ACS_Cancer_Detection_Guidelines_36.asp
http://www.cancer.gov/newscenter/newsfromnci/2002/mammstatement31jan02
http://www.cancer.gov/newscenter/newsfromnci/2002/mammstatement31jan02

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Sample and procedure
	Mammogram review substudy
	Analysis variables
	Variables for image quality

	Measures of race/ethnicity and socioeconomic disadvantage
	Mammography practice characteristics
	Clinical variables
	Statistical analyses
	Multivariable logistic regression of higher image quality
	Image quality indicators as predictors of stage at diagnosis

	Results
	Image quality
	Patient and practice characteristics predict lower image quality
	Multivariable models of higher image quality
	TA image quality predicts stage at diagnosis

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


