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Abstract

Objective

Disparities in screening mammography use persists among low income women, even those

who are insured, despite the proven mortality benefit. A recent study reported that more

than a third of hospitalized women were non-adherent with breast cancer screening. The

current study explores prevalence of socio-demographic and clinical variables associated

with non-adherence to screening mammography recommendations among hospitalized

women.

Patients and Methods

A cross sectional bedside survey was conducted to collect socio-demographic and clinical

comorbidity data thought to effect breast cancer screening adherence of hospitalized

women aged 50–75 years. Logistic regression models were used to assess the association

between these factors and non-adherence to screening mammography.

Results

Of 250 enrolled women, 61% were of low income, and 42% reported non-adherence to

screening guidelines. After adjustment for socio-demographic and clinical predictors, three

variables were found to be independently associated with non-adherence to breast cancer

screening: low income (OR = 3.81, 95%CI; 1.84–7.89), current or ex-smoker (OR = 2.29,

95%CI; 1.12–4.67), and history of stroke (OR = 2.83, 95%CI; 1.21–6.60). By contrast, hos-

pitalized women with diabetes were more likely to be compliant with breast cancer screen-

ing (OR = 2.70, 95%CI 1.35–5.34).

Conclusion

Because hospitalization creates the scenario wherein patients are in close proximity to

healthcare resources, at a time when they may be reflecting upon their health status, strate-

gies could be employed to counsel, educate, and motivate these patients towards health
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maintenance. Capitalizing on this opportunity would involve offering screening during hospi-

talization for those who are overdue, particularly for those who are at higher risk of disease.

Introduction
Breast cancer is the most common malignancy and the second leading cause of cancer death
among women in the United States [1,2]. Mammography remains the screening test of choice
and has been shown to reduce breast cancer mortality by 22–35% among women older than 50
year [3,4]. Studies evaluating barriers to breast cancer screening have reported that mammog-
raphy utilization rates are associated with socioeconomic status (SES), level of educational,
access to a health care, and race [5–8]. Such associations have been established in the general
population, or community-based cohorts since screening mammography testing has been
exclusively promoted in the outpatient clinics [5–8].

Efforts are needed to increase early detection of breast cancer especially among the groups
of women who are of lower socioeconomic status, and with limited access to healthcare. In this
vulnerable group, low screening rates translate into postponement in early breast cancer detec-
tion and poor prognosis [9]. Patients’ preferences for cancer screening are also known to signif-
icantly influence utilization, and thus impact health outcomes [10]. In a study of hospitalized
women evaluating breast cancer screening trends, approximately forty percent of the women
age 50–75 years were found to be non-adherent to breast cancer screening despite the fact that
95% of the women had healthcare insurance [11]. For these women, the lack of transportation
and forgetting screening appointments were reported as major barriers to compliance [11].
Interestingly, a majority (76%) expressed preferences for having inpatient screening mammo-
gram while they were in the hospital.

Hospitalized patients can be thought of as a distinct subset of general population. By a func-
tion of this unifying feature, they are less well than others. During a hospitalization, they are a
“captive audience”, and at this time they may be reflecting on their overall health [12]. Over-
time, hospitalized patients represent a substantial subset of the larger population. With respon-
sibility for maintaining wellness and averting sickness, some forward thinking healthcare
delivery entities (e.g. Kaiser Permanente) and Accountable Care Organizations are beginning
prioritize offering screening whenever and wherever patients interface with the delivery system
[13].

The purpose of study was to explore and quantify the socio-demographic and clinical vari-
ables associated with non-adherence to breast cancer screening among hospitalized women.
We hypothesized that a combination of socio-demographic variables and comorbidities would
best explain the association of non-adherence with breast cancer screening.

Methods

Study Design and Sample
Detailed enrollment methods have been published [11]. Briefly, four hundred and twenty
seven hospitalized women met eligibility criteria during the study period. Of them, 59 (14%)
refused to participate, 47 (11%) were excluded due to history of breast cancer, and 71 (17%)
women were discharged from the hospital before the study coordinator could consent them.
This left a study population with 250 women.
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Data Collection and Measures
Data was collected by a research assistant via bedside interviews that lasted approximately 10
minutes. The survey included questions regarding socio-demographic information such as
race, education, and annual household income. Low socioeconomic status (SES) was defined
as self-reported total annual household income less than $20,000; this was selected instead of
poverty level to avoid the necessity of knowing family size and number of dependents. Nine
patients elected not to report annual household income. ‘Non-adherence with breast cancer
screening’ recommendations was defined as having had a screening mammography more
than 24 months before participating in the study survey among women age 52 or older—in
accordance with guidelines by the United States Preventive Services Task Force (USPSTF)
[14]. Access to health care was determined by determining health insurance status, and
whether patients had a primary care doctor. Disease burden was evaluated by probing about
several medical comorbidities including coronary artery disease, hypertension, hyperlipid-
emia, atrial fibrillation, chronic kidney disease, thromboembolism, obstructive sleep apnea,
osteoporosis, depression, hypothyroidism, nephrolithiasis, chronic hepatitis, anemia, and can-
cers other than skin or breast. Family history of breast cancer was judged to be positive in sub-
jects reporting a breast cancer diagnosis in first-degree relatives (namely mother, sisters, or
daughters). Several questions regarding reproductive history were asked to generate the ‘Gail
Risk Prediction Score’—probability of developing breast cancer within the next 5 years accord-
ing to the National Cancer Institute Breast Cancer Risk Tool (http://www.cancer.gov/
bcrisktool/) [15–20].

Pilot testing of the survey was conducted on fifteen patients to enhance question clarity and
reduce ambiguity. The Institutional Review Board at Johns Hopkins Bayview Medical Center
approved the pilot survey and the study protocol. The study participants provide their written
informed consent for study participation.

Statistical Analysis
Respondent characteristics are presented as proportions and means. Unpaired t test and Chi
square tests were used to compare demographic and socioeconomic characteristics based on
adherence to breast cancer screening. We used Logistic regression models for analyses to pre-
dict the odds of non-adherence with breast cancer screening among the hospitalized women.
Logistic regression models were used for both socio-demographic models and medical comor-
bidity burden models separately, and the resultant models were then combined. The survey
data were analyzed in March 2015 using Stata statistical software (StataCorp LP, Version 12.1).

Results
The mean age of the study population was 61.5 years, 31% were African American, and 6%
were uninsured. Sixty one percent women reported an annual household income less than
$20,000. One third of the study population (32%) was at high risk for breast cancer based on
5-year-risk prediction using the Gail model (Gail score� 1.7%). Forty two percent of the
women studied were ‘non-adherent’ or overdue for breast cancer screening, of whom 16%
had never had a mammogram. Characteristics of the study participants are shown in Table 1,
grouped according to their breast cancer screening adherence status. While most variables
were similar across the two groups, non-adherent women were more likely to be of low income,
medically uninsured, smokers, and lacking a primary care provider.

In unadjusted, bivariate analysis, 2 of the 9 socio-demographic variables and 1 of the 14 clin-
ical variables were associated with non-adherence with breast cancer screening recommenda-
tions (Table 2). Logistic regression analysis (Table 2) showed that odds of non-adherence to
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breast cancer screening recommendations were more than 3 times higher (OR: 3.56; 95% CI
1.79–7.07) among low income women as compared to those with higher income, and almost
double (OR: 1.99, CI 1.06–3.75) for current or ex-smoker compared to never smoker hospital-
ized women after adjustment for all socio-demographic variables. Similarly, in the multivari-
able regression analyses of clinical variables only, women with history of cerebrovascular
accidents were more than twice as likely (OR: 2.73, 95% CI 1.27–5.89) to be non-adherent to
breast cancer screening. Women with a history of diabetes were far more likely to be adherent
to breast cancer screening as compared to women without diabetes (OR 0.49, 95%CI 0.26–
0.90).

When both socio-demographic and medical comorbid predictor variables were simulta-
neously analyzed in the models, the abovementioned variables remained statistically significant
with little change in the magnitude of the associations, Table 2.

Discussion
This study is the first attempt to identify and quantify risk factors associated with non-adherence
to breast cancer screening among hospitalized women age 50–74 years. Using multivariable anal-
ysis model accounting for both socio-demographic and clinical variables simultaneously, low
income, current/ex-smoking status, and a history of stroke were each independently associated
with non-adherence to breast cancer screening among hospitalized women. These results are not
dissimilar from previous studies looking at other populations that reported screening disparities
among women with low socioeconomic status, and low levels of education who fail to engage in
screening or preventive testing [8,21–26]. Because hospitalized women have been found to be
amenable to breast cancer screening if offered during the hospitalization [11], and even willing to
pay out of pocket to offset a part of the cost associated with inpatient mammography [27], the
results of this current study may be helpful in identifying subgroups to target with initial inpa-
tient screening interventions.

Table 1. Study population characteristics.

Characteristics All participants (N = 250) Adherent (N = 146) Non-adherent (N = 104) p value

Age > 60 years, n (%) 126 (50) 76 (57) 50 (54) 0.54

Race

Caucasian, n (%) 164 (66) 94 (64) 70 (67) 0.82

African American, n (%) 77 (31) 46 (32) 31 (30)

Others, n (%) 9 (3) 6 (4) 3 (3)

Education less than high school, n (%) 82 (33) 42 (28) 40 (38) 0.11

Medically uninsured, n (%) 15 (6) 5 (3) 10 (10) 0.04

No primary care physician, n (%) 23 (9) 7 (5) 16 (15) 0.004

BMI kg/m2, mean (SD) 33.8 (11) 33.4 (10.7) 34.5 (11.5) 0.45

BMI kg/m2 as categories

Reference 16.9–24.99, n (%) 50 (20) 33 (23) 17 (16)

Pre-obese 25–29.99, n (%) 58 (23) 32 (22) 26 (25)

Obese � 30, n (%) 142 (57) 81 (55) 61 (59)

Chronic disability or wheel chair bound patients, n (%) 105 (42) 59 (40) 46 (44) 0.55

Family History of breast cancer, n (%) 34 (14) 18 (12) 16 (15) 0.48

Annual income less than $20,000, n (%) 148 (61) 74 (52) 74 (71) 0.000

5 year GAIL Score � 1.7, n (%) 81 (32) 52 (36) 29 (28) 0.2

3 or more comorbidities, n (%) 187 (75) 113 (60) 74 (40) 0.26

Current/ever smoker, n (%) 73 (29) 34 (23) 39 (38) 0.02

doi:10.1371/journal.pone.0145492.t001
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Although, prior studies have reported that women with disability [28], depression [29], and
morbid obesity (BMI> 40 kg/m2) [30,31] were less likely to adhere to cancer screening recom-
mendations, these associations with screening mammography were not seen in our cohort of
hospitalized women. While others have also shown that women with a family history of breast
cancer are more likely to be up to date with their screening [23–25], we also did not find such
an association. These results speak to the uniqueness of this study’s population—women who
are hospitalized. Truly patient-centered approaches to care involve meeting patients “where
they are” philosophically and respecting their preferences. If the literal “where they are” is in
the hospital, we might need to evolve in our traditional thinking about the time and place to
accomplish screening goals. Patient-centeredness may begin by clearly communicating benefits
and harms associated with screening mammography, including breast cancer/all-cause mortal-
ity benefits and false-positive rates to ensure informed decision-making [32]. Recent data from
US sources estimated that for every 1,000 women undergoing biennial mammography screen-
ing over 20 years from age 50, 200 women will have at least one false positive test, 30 will
undergo a biopsy, and breast cancer will be over-diagnosed in 15 women [33]. Basic

Table 2. Unadjusted and adjusted logistic regression analyses for associations with non-adherence to breast cancer screening recommendations
among hospitalized women.

Suspected Non-adherence Risk factors Odds Ratio (95% CI)

Unadjusted Adjusted Model 1a Adjusted Model 2b Adjusted Model 3c

Social and demographic factors
Age > 60 years 0.85 (0.52–1.41) 1.05 (0.59–1.89) – 0.90 (0.46–1.74)

African American and other races (versus Caucasians) 0.88 (0.52–1.49) 1.08 (0.59–1.97) – 1.1 (0.56–2.12)

Married 1.01 (0.59–1.72) 0.58 (0.30–1.14) – 0.61 (0.39–1.24)

Less than a high school education 1.55 (0.91–2.64) 1.23 (0.66–2.29) – 1.46 (0.75–2.84)

Employed 1.02 (0.54–1.91) 0.60 (0.28–1.29) – 0.55 (0.23–1.29)

Medically uninsured 3.00 (1.00–9.10) 1.82 (0.50–6.63) – 1.77 (0.46–6.87)

Annual household income less than $20,000 2.87 (1.63–5.06) 3.56 (1.79–7.07) – 3.81 (1.84–7.89)

No primary care provider 3.61 (1.43–9.13) 1.99 (0.66–6.04) – 1.96 (0.61–6.22)

Current / ex-smoker (versus never smoker) 1.99 (1.14–3.43) 1.99 (1.06–3.75) – 2.29 (1.12–4.67)

Clinical variables and comorbid conditions
Chronic disability or wheel chair bound 1.17 (0.70–1.95) – 1.20 (0.67–2.15) 1.19 (0.59–2.38)

BMI �30 kg/m2 1.14 (0.68–1.89) – 1.54 (0.86–2.78) 1.94 (1.00–3.76)

Family history of breast cancer 1.30 (0.63–2.68) – 1.44 (0.67–3.12) 1.59 (0.70–3.62)

Diabetes mellitus 0.61 (0.36–1.02) – 0.49 (0.26–0.90) 0.37 (0.19–0.74)

Cerebrovascular accident 2.18 (1.10–4.39) – 2.73 (1.27–5.89) 2.83 (1.21–6.60)

Coronary artery disease 0.98 (0.57–1.68) – 1.19 (0.59–2.40) 1.15 (0.52–2.56)

Hypertension 0.86 (0.43–1.72) – 0.96 (0.43–2.11) 1.65 (0.63–4.35)

Hyperlipidemia 0.78 (0.47–1.31) – 0.75 (0.39–1.43) 0.85 (0.41–1.75)

Atrial fibrillation 0.86 (0.38–1.99) – 0.78 (0.30–1.99) 0.90 (0.32–2.53)

Congestive heart failure 0.91 (0.53–1.56) – 1.1 (0.52–2.24) 1.31 (0.59–2.93)

Depression 1.13 (0.69–1.88) – 1.01 (0.58–1.77) 1.20 (0.63–2.85)

Chronic lung disease (COPD/ILD/Asthma) 0.95 (0.57–1.57) – 0.78 (0.45–1.34) 0.55 (0.29–1.07)

Chronic Kidney Disease (CKD) 0.97 (0.54–1.74) – 1.1 (0.54–2.27) 1.06 (0.48–2.34)

a Adjusted model for social and demographic factors
b Adjusted model for clinical variables and comorbid conditions
c Adjusted model for both socio-demographic and clinical comorbidities from model 1 and 2.

doi:10.1371/journal.pone.0145492.t002
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comprehensible language using absolute rates associated with mammography screening should
be encouraged as the preferred way to relay the information to patients [34]. It is not known
why fewer hospitalized women are up-to-date with their mammograms, but if transportation
and remembering to get it done are truly major barriers [11], then seizing the chance to get it
done while they are admitted may in fact be the most effective solution.

Several limitations of this study should be considered. First, this study was conducted at a
single hospital. Second, while we attempted to evaluate both socio-demographic and health
care burden/access factors that can potentially influence patients’ adherence to breast cancer
screening, we may not have accounted for all relevant factors. Third, it is unknown whether the
pattern of non-adherence with screening remains stable over time. The analyses performed
represent data collected at one point time. That said, some women studied have never had a
mammogram. Finally, one could argue that implications are only relevant if these non-adher-
ent women would actually agree to have mammograms if they were ordered. In our experience
caring for hospitalized patients, few patients refuse tests that are recommended by the physi-
cians caring for them in the hospital.

Conclusion
There is a need to optimize screening initiatives for breast cancer as early detection translates
into reduced mortality. This study has identified the patient-specific factors that are indepen-
dently associated with being overdue for mammography among hospitalized women; low
income, current or ex-smoker, and with history of stroke. While it is not yet common practice
for hospital based physicians to extensively review preventive care needs with the patients they
are seeing, knowing that these groups are especially likely to be overdue for mammography
may incite them to ask, educate, counsel, and even order the test. Such efforts may in turn have
a public health impact on the most common cancer affecting women.

Acknowledgments
Dr. Wright is a Miller-Coulson Family Scholar supported by Hopkins Center for Innovative
Medicine.

Author Contributions
Conceived and designed the experiments: WK SW. Performed the experiments: WK. Analyzed
the data: WK. Contributed reagents/materials/analysis tools: WK AA. Wrote the paper: WK
AA SW.

References
1. Miller JW, King JB, Joseph DA, Richardson LC. Centers for Disease Control and Prevention. Breast

cancer screening among adult women—Behavioral Risk Factor Surveillance System, United States,
2010. MMWRRecommRep. 2012; 15: 61 Suppl:46–50.

2. American Cancer Society. Breast cancer Facts & Figures 2013–2014. Atlanta: American Cancer Soci-
ety, Inc. 2013.

3. Hendrick RE, Helvie MA. United States preventive services task force screening mammography rec-
ommendations: science ignored. AJR Am J Roentgenol. 2011; 196: W112–W116. doi: 10.2214/AJR.
10.5609 PMID: 21257850

4. Elmore JG, Armstrong K, Lehman CD, Fletcher SW. Screening for breast cancer. JAMA. 2005; 293
(10): 1245–56. PMID: 15755947

5. Kim J, Jang SN. Socioeconomic disparities in breast cancer screening among U.S. women: Trends
from 2000 to 2005. J Prev Med Public Health. 2008; 41: 186–194. PMID: 18515996

6. Rattanawatkul K, Carter-Pokras O. Decline and disparities in mammography use trends by socioeco-
nomic status and race/ethnicity. U Maryland McNair Scholars Undergrad Res J. 2011; 3: 10.

Screening Mammography Nonadherence Predictors among HospitalizedWomen

PLOSONE | DOI:10.1371/journal.pone.0145492 December 28, 2015 6 / 8

http://dx.doi.org/10.2214/AJR.10.5609
http://dx.doi.org/10.2214/AJR.10.5609
http://www.ncbi.nlm.nih.gov/pubmed/21257850
http://www.ncbi.nlm.nih.gov/pubmed/15755947
http://www.ncbi.nlm.nih.gov/pubmed/18515996


7. Rauscher GH, Allgood KL, Whitman S, Conant E. Disparities in screening mammography services by
race/ethnicity and health insurance. J Womens Health (Larchmt). 2012; 21: 154–160.

8. Kempe KL, Larson RS, Shetterley S,Wilkinson A. Breast cancer screening in an insured population: Whom
are wemissing? The Permanente Journal. 2013; 17: 38. doi: 10.7812/TPP/12-068 PMID: 23596367

9. Smith EC, Ziogas A, Anton-Culver H. Delay in Surgical Treatment and Survival After Breast Cancer
Diagnosis in YoungWomen by Race/Ethnicity. JAMA Surg. 2013; 148(6): 516–23. doi: 10.1001/
jamasurg.2013.1680 PMID: 23615681

10. Phillips KA, Van Bebber S, Marshall D, Walsh J, Thabane L. A review of studies examining stated pref-
erences for cancer screening. Prev Chronic Dis. 2006; 3: A75 PMID: 16776876

11. Khaliq W, Visvanathan K, Landis R, Wright SM. Breast cancer screening preference among hospital-
ized women. J Womens Health (Larchmt) 2013; 22(7): 637–642.

12. Kisuule F, Minter-Jordan M, Zenilman J, Wright SM. Expanding the roles of hospitalist physicians to
include public health. J Hosp Med. 2007; 2(2): 93–101. PMID: 17427252

13. Cosgrove DM, Fisher M, Gabow P, Gottlieb G, Halvorson GC, James BC, et al. Ten strategies to lower
costs, improve quality, and engage patients: the view from leading health system CEOs. Health Aff
(Millwood). 2013; 32(2): 321–7.

14. US Preventive Services Task Force. Screening for Breast Cancer: U.S. Preventive Services Task
Force Recommendation Statement. Ann Intern Med. 2009; 151: 716–26. doi: 10.7326/0003-4819-151-
10-200911170-00008 PMID: 19920272

15. Gail MH, Brinton LA, Byar DP, Corle DK, Green SB, Schairer C, et al. Projecting individualized probabil-
ities of developing breast cancer for white females who are being examined annually. J Natl Cancer
Inst. 1989; 8: 1879–86.

16. Costantino JP, Gail MH, Pee D, Anderson S, Redmond CK, Benichou J, et al. Validation studies for
models projecting the risk of invasive and total breast cancer incidence. J Natl Cancer Inst. 1999; 91:
1541–8. PMID: 10491430

17. Gail MH, Costantino JP, Bryant J, Croyle R, Freedman L, Helzlsouer K, et al. Weighing the risks and
benefits of tamoxifen treatment for preventing breast cancer. J Natl Cancer Inst. 1999; 91: 1829–46.
PMID: 10547390

18. Rockhill B, Spiegelman D, Byrne C, Hunter DJ, Colditz GA. Validation of the Gail et al. model of breast
cancer risk prediction and implications for chemoprevention. J Natl Cancer Inst. 2001; 93: 358–366.
PMID: 11238697

19. Gail MH, Costantino JP, Pee D, Bondy M, Newman L, Selvan M, et al. Projecting Individualized Abso-
lute Invasive Breast Cancer Risk in African AmericanWomen. J Natl Cancer Inst. 2007; 99: 1782–
1792. PMID: 18042936

20. Matsuno RK, Costantino JP, Ziegler RG, Anderson GL, Li H, Pee D, et al. Projecting Individualized
Absolute Invasive Breast Cancer Risk in Asian and Pacific Island AmericanWomen. J Natl Cancer Inst.
2011; 103: 951–61. doi: 10.1093/jnci/djr154 PMID: 21562243

21. Borrayo EA, Hines L, Byers T, Risendal B, Slattery ML, Sweeney C, et al. Characteristics associated
with mammography screening among both Hispanic and non-Hispanic white women. JWomens Health
(Larchmt). 2009; 18(10): 1585–94.

22. Ogedegbe G, Cassells AN, Robinson CM, DuHamel K, Tobin JN, Sox CH, et al. Perceptions of barriers
and facilitators of cancer early detection among low-income minority women in community health cen-
ters. J Natl Med Assoc. 2005; 97(2): 162–70. PMID: 15712779

23. Achat H, Close G, Taylor R. Who has regular mammograms? Effects of knowledge, beliefs, socioeco-
nomic status, and health-related factors. Prev Med. 2005; 41(1): 312–20. PMID: 15917027

24. Shah M, Zhu K, Palmer RC, Jatoi I, Shriver C, Wu H. Breast, colorectal, and skin cancer screening
practices and family history of cancer in US women. J Womens Health (Larchmt). 2007; 16(4): 526–34.

25. Selvin E, Brett KM. Breast and cervical cancer screening: Sociodemographic predictors among white,
black, and Hispanic women. Am J Pub Health. 2003; 93(4): 618–23.

26. Blackwell DL, Martinez ME, Gentleman JF. Women’s compliance with public health guidelines for
mammograms and Pap tests in Canada and the United States: an analysis of data from the Joint Can-
ada/United States Survey of Health. Womens Health Issues. 2008; 18(2): 85–99. doi: 10.1016/j.whi.
2007.10.006 PMID: 18182305

27. Khaliq W, Harris CM, Landis R, Bridges JF, Wright SM. Hospitalized women's willingness to pay for an
inpatient screening mammogram. Ann FamMed. 2014; 12(6): 556–8. doi: 10.1370/afm.1694 PMID:
25384819

28. Ramirez A, Farmer GC, Grant D, Papachristou T. Disability and preventive cancer screening: results
from the 2001 California Health Interview Survey. Am J Public Health. 2005; 95(11): 2057–64. PMID:
16195509

Screening Mammography Nonadherence Predictors among HospitalizedWomen

PLOSONE | DOI:10.1371/journal.pone.0145492 December 28, 2015 7 / 8

http://dx.doi.org/10.7812/TPP/12-068
http://www.ncbi.nlm.nih.gov/pubmed/23596367
http://dx.doi.org/10.1001/jamasurg.2013.1680
http://dx.doi.org/10.1001/jamasurg.2013.1680
http://www.ncbi.nlm.nih.gov/pubmed/23615681
http://www.ncbi.nlm.nih.gov/pubmed/16776876
http://www.ncbi.nlm.nih.gov/pubmed/17427252
http://dx.doi.org/10.7326/0003-4819-151-10-200911170-00008
http://dx.doi.org/10.7326/0003-4819-151-10-200911170-00008
http://www.ncbi.nlm.nih.gov/pubmed/19920272
http://www.ncbi.nlm.nih.gov/pubmed/10491430
http://www.ncbi.nlm.nih.gov/pubmed/10547390
http://www.ncbi.nlm.nih.gov/pubmed/11238697
http://www.ncbi.nlm.nih.gov/pubmed/18042936
http://dx.doi.org/10.1093/jnci/djr154
http://www.ncbi.nlm.nih.gov/pubmed/21562243
http://www.ncbi.nlm.nih.gov/pubmed/15712779
http://www.ncbi.nlm.nih.gov/pubmed/15917027
http://dx.doi.org/10.1016/j.whi.2007.10.006
http://dx.doi.org/10.1016/j.whi.2007.10.006
http://www.ncbi.nlm.nih.gov/pubmed/18182305
http://dx.doi.org/10.1370/afm.1694
http://www.ncbi.nlm.nih.gov/pubmed/25384819
http://www.ncbi.nlm.nih.gov/pubmed/16195509


29. Ludman EJ, Ichikawa LE, Simon GE, Rohde P, Arterburn D, Operskalski BH, et al. Breast and cervical
cancer screening: specific effects of depression and obesity. Am J Prev Med. 2010; 38(3): 303–10.
doi: 10.1016/j.amepre.2009.10.039 PMID: 20171532

30. Ferrante JM, Chen PH, Crabtree BF, Wartenberg D. Cancer screening in women: body mass index and
adherence to physician recommendations. Am J Prev Med. 2007; 32(6): 525–31. PMID: 17533069

31. Maruthur NM, Bolen S, Brancati FL, Clark JM. Obesity and mammography: a systematic review and
meta-analysis. J Gen Intern Med. 2009; 24(5): 665–77. doi: 10.1007/s11606-009-0939-3 PMID:
19277790

32. WHO position paper on mammography screening. Geneva: World Health Organization; 2014. Avail-
able: http://apps.who.int/iris/bitstream/10665/137339/1/9789241507936_eng.pdf?ua=1&ua=1

33. Bleyer A, Welch H. Effect of three decades of screening mammography on breast-cancer incidence. N
Engl J Med. 2012; 367: 1998–2005. doi: 10.1056/NEJMoa1206809 PMID: 23171096

34. Løberg M, Lousdal ML, Bretthauer M, Kalager M. Benefits and harms of mammography screening.
Breast Cancer Res. 2015; 1; 17:63.

Screening Mammography Nonadherence Predictors among HospitalizedWomen

PLOSONE | DOI:10.1371/journal.pone.0145492 December 28, 2015 8 / 8

http://dx.doi.org/10.1016/j.amepre.2009.10.039
http://www.ncbi.nlm.nih.gov/pubmed/20171532
http://www.ncbi.nlm.nih.gov/pubmed/17533069
http://dx.doi.org/10.1007/s11606-009-0939-3
http://www.ncbi.nlm.nih.gov/pubmed/19277790
http://apps.who.int/iris/bitstream/10665/137339/1/9789241507936_eng.pdf?ua=1&ua=1
http://dx.doi.org/10.1056/NEJMoa1206809
http://www.ncbi.nlm.nih.gov/pubmed/23171096

