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Abstract We examined the factors associated with

screening mammography adherence behaviors and influ-

encing factors on women’s attitudes toward mammography

in non-adherent women. Design-based logistic regression

models were developed to characterize the influencing

factors, including socio-demographic, health related,

behavioral characteristics, and knowledge of breast cancer/

mammography, on women’s compliance with and attitudes

toward mammography using the 2003 Health Information

National Trends Survey data. Findings indicate significant

associations among adherence to mammography and mar-

ital status, income, health coverage, being advised by a

doctor to have a mammogram, having had Pap smear

before, perception of chance of getting breast cancer, and

knowledge of mammography (frequency of doing mam-

mogram) in both women younger than 65 and women aged

65 and older. However, number of visits to a healthcare

provider per year and lifetime number of smoked cigarettes

are only significant for women younger than 65. Factors

significantly associated with attitudes toward mammogra-

phy in non-adherent women are age, being advised by a

doctor to have a mammogram, and seeking cancer infor-

mation. To enhance adherence to mammography programs,

physicians need to continue to advise their patients to

obtain mammograms. In addition, increasing women’s

knowledge about the frequency and starting age for

screening mammography may improve women’s adher-

ence. Financially related factors such as income and

insurance are also shown to be significant factors. Hence,

healthcare policies aimed at providing breast cancer

screening services to underserved women will likely

enhance mammography participation.

Keywords Breast cancer � Screening mammography �
Adherence behavior � Design-based logistic regression

Introduction

Breast cancer is the most common cancer among women in

the United States, aside from non-melanoma skin cancer.

In 2013, approximately 232,340 new cases of invasive and

64,640 new cases of ductal carcinoma in situ breast cancer

will be diagnosed, and about 39,620 women will die from

breast cancer [1]. Screening mammography is currently the

most common method of breast cancer early detection and

has been shown to reduce breast cancer mortality risk by

15 % [2]. On average, screening mammography can detect

breast cancer 1.7 years before a woman is able to feel a

lump in her breast [3].

There are varying recommendations from different

agencies for screening mammography in the U.S. The two

most referred guidelines are from the American Cancer
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Society (ACS) and the U.S. Preventive Services Task Force

(USPTF). The ACS recommends starting annual mam-

mography at age 40 but recommends no ending age [4]. In

November 2009, the USPSTF issued new breast cancer

screening guidelines, which recommend biennial screening

for women ages from 50 to 74. The USPSTF also recom-

mended that women ages from 40 to 49 should not undergo

screening mammography unless they are in a high-risk

group [5].

The impact of mammography on women’s outcomes is

strongly associated with women’s compliance with the

mammography recommendations. Examination of a clinic-

based group of 216 women with a strong family history of

breast or ovarian cancer showed that 50, 83, 69, and 53 %

of the women at age groups of 30–39, 40–49, 50–64, and

65 years and older, respectively, had only one mammo-

gram between 1995 and 1999 [6]. More recently, a study

by the Centers for Disease Control and Prevention (CDC)

revealed that, in 2010, about 67.1 % of women aged 40

and older had one mammogram between 2008 and 2010

[7].

In this study, we aim to (1) identify significant factors

(socio-demographic, health related, behavioral attributes,

and knowledge mammography) associated with women’s

adherence to mammography screening and (2) study the

attitudes toward mammography in non-adherent women.

We assume that women’s compliance with screening

mammography is strongly correlated with their intentions

to get a mammogram (i.e. their expectations about their

next mammogram or their thoughts about getting a mam-

mogram [8]). Based on this assumption, if a woman has a

positive attitude toward screening mammograms and her

plan for the next mammogram is within the next one or two

years, then she is considered to be adherent.

Methods

Data source

We used the 2003 Health Information National Trends

Survey (HINTS) data for this study [9]. HINTS, developed

by the National Cancer Institute (NCI), is a nationally

representative telephone survey of 6,369 adults aged 18

and older. The 2003 data are currently the only HINTS data

that provide information on women’s attitudes and per-

ceptions toward mammography. HINTS 2005 and 2007

data do not include questions regarding mammography.

HINTS 2012 only reports the time of the most recent

mammogram and whether a doctor has informed about a

mammogram; however, no data are collected on women’s

intentions or attitudes toward mammograms, which is the

focus of this study.

Study design

There are two stages for this study. In the first stage, we

aim to identify significant factors associated with women’s

adherence to mammography screenings. To be consistent

with current mammography guidelines and practices, we

focus on women older than 40. We perform these analyses

separately for two age groups: women younger than 65 and

women aged 65 and older. In contrast to earlier studies, we

measure adherence based on women’s intentions and atti-

tudes toward mammography.

In the second stage, we focus only on women older than

42 with poor mammography history, i.e. women who have

never had mammography or their most recent mammog-

raphy was more than two years ago and they did not say

‘‘never heard of it’’ when asked why they had not had a

mammogram. Age 42 is used as the lower boundary for

these analyses because an every-other-year interval for

mammography requires enough time for women over age

40 to have a mammogram. We do not separate women

younger and older than 65 in order to achieve an adequate

sample size. We examine the differences between those

who think about getting a mammogram and other women

in this population.

Predicting factors

We categorized factors that may be associated with

women’s adherence to mammography screening into four

groups: Socio-demographic characteristics including age,

race, marital status, employment, education, income, health

coverage, and living area based on Census Division;

Health-related characteristics including body mass index

(BMI), average number of visits to a healthcare provider a

year, family history of cancer, psychological distress

composite score, being advised to have a mammogram, and

having had a Pap smear; Behavioral characteristics

including trusting cancer information from doctors, looking

for cancer information, perception of chance of getting

breast cancer, eating habits (consumption of fruits and

vegetables), having exercised in the last month, and life-

time number of smoked cigarettes; and Knowledge of

breast cancer/mammography including knowing the age at

which mammography should begin and the frequency of

receiving mammograms.

Statistical analysis

HINTS data include a set of 50 replicate weights, which

were generated according to jackknife variance estimation

[9]. Data were weighted to produce overall and stratified

estimates that represent the U.S. population. We incorpo-

rate weights in these analyses for the population study.
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We first examined bivariate associations between all

potential independent variables and response variables to

select significant covariates for inclusion in subsequent

models and to assess collinearity. We used Rao-Scott

corrections to Chi squared tests to incorporate the survey

design (50 jackknife weights) of the HINTS data. Design-

based multiple logistic regression models incorporating the

50 jackknife weights [10, 11] were then developed to

identify significant factors associated with (1) adherence to

mammography and (2) thinking about getting a screening

mammogram in non-adherent women. For the first

response variable, we built separate models and compared

results between those less than 65 years and those ages 65

and older. We used the Wald tests [11] to determine the

statistical significance of each coefficient in the model.

We defined adherence to mammography (c) separately

for women aged 40 and 41 years versus those aged 42 and

older, as a women aged 40 or 41 without any mammog-

raphy history can still be considered adherent if she plans

to get a mammogram in the near future (2 years or 1 year

respectively). We defined a woman older than 42 as

adherent if the interval between her most recent self-

reported mammogram and the next expected mammogram

was less than two years. Otherwise, she was considered

non-adherent. We categorized those who answered the

question ‘‘Do you have a plan to get mammography’’ with

‘‘undecided’’ or ‘‘not planned’’ as non-adherent.

For the outcome measure of thinking about getting a

mammogram in non-adherent women (s), we narrow our

attention to women who never had a mammogram or their

most recent mammogram was more than 2 years ago. The

response variable is one if the answer to the question

‘‘Have you thought about getting a mammogram’’ is yes, or

zero otherwise.

To handle missing values for the predicting factors, we

use the naive nearest neighbor hot deck method, which

takes advantage of the similarity between the observations

to impute the missing values. Each missing value is

replaced with the observed response from the nearest

observation in the dataset [12].

We used classification tables [11] to evaluate the per-

formance of the logistic regression models. We considered

a predicted value of 0.5 as the cut off point for our clas-

sification analyses. Suppose ĉ1 and ĉ2 represent the pre-

dicted values from the regression models for adherence in

women younger than 65 and women aged 65 and older,

respectively. We consider a woman younger than 65 (or 65

and older) to be adherent if her probability to be adherent,

ĉ1ðor ĉ2Þ; is greater than 0.5 and non-adherent otherwise.

The same strategy is implemented for the outcome

‘‘thinking about getting a mammogram’’ (s) in non-

adherent women. The observed values for the dependent

outcomes and the predicted values are then cross-classified

to evaluate the predictive accuracy of the models. All

analyses are performed at the significance level of 5 %.

Results

The distributions of all predicting factors for the two

response variables are presented in Table 1. There are a

total of 2,370 women included for the adherence to

mammography response variable and 451 women included

for the thinking about getting a mammogram response

variable.

Comparing mammography adherence among women

in the two age groups

The logistic regression results (Table 2) suggest that in the

socio-demographic characteristics category, women who

are single, separated, divorced, or widowed are less likely

to adhere to screening mammography compared to married

women in both age groups (OR = 0.685 and OR = 0.499

for women younger than 65 and women aged 65 and older,

respectively). As income increases, adherence to screening

mammography also increases. Specifically, among women

younger than 65, the difference between women with

income more than $75,000 and women whose income is

less than $25,000 is significant (OR = 2.526 for income

greater than $75,000 versus income less than $25,000).

Women younger than 65 who have health insurance are

also more likely to adhere to screening mammography

(OR = 2.959).

For the health-related characteristics, as the number of

visits to a health care provider increases, women are more

likely to adhere to screening mammography (OR = 2.358

for women younger than 65 with more than five visits to

doctor per year versus women with less than two visits per

year). Being advised to have mammogram is the strongest

factor in this category (OR = 5.298 and 10.711 for women

younger than 65 and women aged 65 and older, respectively

compared to women who are not advised). Women who have

had a prior Pap smear are more adherent than those who have

not (OR = 3.203 and OR = 3.809 for women younger than

65 and women aged 65 and older, respectively).

For the behavioral characteristics, women who trust the

cancer information from their doctor ‘‘a little,’’ ‘‘some,’’

and ‘‘a lot’’ are 6.727, 13.194, and 14.824 times more likely

to adhere compared to women who do not trust their doctor

at all. Women who have an increased risk perception of

breast cancer are more adherent. For women younger than

65, the corresponding ORs for women with ‘‘moderate’’

and ‘‘high’’ risk perception are 1.519 and 1.541, respec-

tively. The corresponding values for women older than 65

are 1.645 and 3.036, respectively. Women younger than 65,
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Table 1 Distribution of socio-demographic, health related, behavioral, and knowledge related characteristics

Independent variables Women’s intentions and attitudes toward mammography Thinking about mammogram in non-adherent

women

Age \65 (N = 1,612) Age C65 (N = 758)

c1 = 0

(N = 441)

c1 = 1

(N = 1,171)

c2 = 0

(N = 265)

c2 = 1

(N = 493)

s = 0

(N = 199)

s = 1

(N = 252)

Socio-demographic characteristics

Race

Black 64 (14.51) 154 (13.15) 17 (6.41) 43 (8.72) 12 (6.03) 40 (15.87)

White 284 (64.40) 914 (78.05) 199 (75.09) 420 (85.19) 14 (7.03) 16 (6.35)

Other 36 (8.16) 53 (4.53) 11 (4.15) 10 (2.03) 160 (80.40) 183 (72.62)

Missing 57 (12.95) 50 (4.27) 38 (14.34) 20 (4.06) 13 (6.53) 13 (5.16)

Marital status

Married 200 (45.35) 726 (62.00) 45 (16.98) 197 (39.96) 56 (28.14) 115 (45.63)

Single/divorced/widowed 202 (45.80) 429 (36.63) 192 (72.45) 291 (59.03) 137 (68.84) 135 (53.57)

Missing 39 (8.84) 16 (1.36) 28 (10.56) 5 (1.01) 6 (3.01) 2 (0.79)

Employment

Employed 257 (58.28) 775 (66.18) 23 (8.68) 62 (12.58) 53 (26.63) 145 (57.54)

Unemployed 144 (32.65) 383 (32.71) 214 (80.75) 424 (86.00) 141 (70.85) 102 (40.48)

Missing 40 (9.07) 13 (1.11) 28 (10.56) 7 (1.42) 5 (2.51) 5 (1.98)

Education

Some high school or less 65 (14.74) 94 (8.03) 68 (25.66) 73 (14.81) 45 (22.61) 39 (15.48)

High school graduate 134 (30.38) 334 (28.52) 84 (32.70) 177 (35.90) 68 (34.17) 127 (50.40)

Some college/college graduate 204 (46.26) 723 (61.74) 86 (32.45) 237 (48.07) 81 (40.70) 84 (33.33)

Missing 38 (8.62) 114 (9.73) 27 (10.19) 6 (1.22) 5 (2.51) 2 (0.79)

Income

B$25,000 146 (33.11) 249 (21.26) 147 (55.47) 204 (41.38) 106 (53.27) 100 (39.68)

[$25,000 and B$75,000 161 (36.51) 543 (46.37) 50 (18.87) 178 (36.11) 50 (25.13) 94 (37.30)

[$75,000 47 (10.66) 291 (24.85) 5 (1.89) 22 (4.06) 10 (5.02) 31 (12.30)

Missing 87 (19.73) 337 (28.78) 66 (23.77) 89 (18.05) 33 (16.58) 27 (10.71)

Insurance

No 107 (24.26) 79 (6.74) 4 (1.5) 2 (0.41) 31 (15.58) 46 (18.25)

Yes 296 (67.12) 1,071 (91.46) 232 (87.54) 487 (98.78) 161 (80.90) 204 (80.95)

Missing 38 (8.62) 21 (1.79) 29 (10.94) 4 (0.81) 7 (3.52) 2 (0.79)

Living area based on Census Division

East North Central 65 (14.74) 201 (17.16) 45 (16.98) 78 (15.82) 37 (18.59) 30 (11.90)

East South Central 28 (6.35) 67 (5.72) 30 (11.32) 29 (5.88) 17 (8.54) 15 (5.95)

Middle Atlantic 66 (14.97) 164 (14.00) 25 (9.43) 73 (14.81) 26 (13.06) 38 (15.08)

Mountain 44 (9.97) 67 (5.72) 20 (7.54) 37 (7.50) 16 (8.04) 25 (9.92)

New England 21 (4.76) 76 (6.49) 3 (1.13) 23 (4.66) 7 (3.52) 8 (3.17)

Pacific 51 (11.56) 171 (14.60) 36 (13.58) 55 (11.16) 27 (13.57) 31 (12.30)

South Atlantic 88 (19.95) 224 (19.13) 45 (16.98) 113 (22.92) 37 (18.59) 57 (22.62)

West North Central 32 (7.26) 90 (7.69) 30 (11.32) 37 (7.50) 19 (9.55) 21 (8.33)

West South Central 46 (10.43) 111 (9.49) 31 (11.7) 48 (9.74) 13 (6.53) 27 (10.71)

Missing 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Health-related characteristics

Body mass index (BMI)

Underweight 8 (1.81) 18 (1.54) 10 (3.77) 8 (1.63) 9 (4.52) 5 (1.98)

Normal 148 (33.56) 475 (40.56) 96 (36.23) 184 (37.32) 86 (43.22) 84 (33.33)

Overweight 112 (25.40) 321 (27.41) 68 (25.66) 190 (38.54) 51 (25.63) 70 (27.78)
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Table 1 continued

Independent variables Women’s intentions and attitudes toward mammography Thinking about mammogram in non-adherent

women

Age \65 (N = 1,612) Age C65 (N = 758)

c1 = 0

(N = 441)

c1 = 1

(N = 1,171)

c2 = 0

(N = 265)

c2 = 1

(N = 493)

s = 0

(N = 199)

s = 1

(N = 252)

Obese 114 (25.85) 306 (26.13) 50 (18.87) 97 (1.97) 36 (18.09) 78 (30.95)

Missing 59 (13.37) 51 (4.35) 41 (15.47) 14 (2.84) 17 (8.54) 15 (5.95)

Number of visits to health provider a year

Less than twice a year 85 (19.27) 197 (16.82) 29 (10.94) 60 (12.17) 86 (43.22) 107 (42.46)

2–4 times a year 135 (30.61) 519 (44.32) 120 (45.28) 214 (43.41) 59 (29.65) 88 (34.92)

5 or more a year 93 (21.09) 405 (34.59) 74 (27.92) 201 (40.77) 49 (24.62) 56 (22.22)

Missing 128 (29.02) 50 (4.23) 42 (15.85) 18 (3.65) 5 (2.51) 1 (0.40)

Family history of cancer

No 145 (32.88) 324 (27.67) 97 (36.60) 148 (30.02) 75 (37.69) 77 (30.56)

Yes 294 (66.67) 844 (72.07) 166 (62.64) 342 (69.37) 123 (61.81) 175 (69.44)

Missing 2 (0.45) 3 (0.26) 2 (0.75) 3 (0.61) 1 (0.50) 0 (0)

Psychological distress

No 355 (80.50) 1,084 (92.57) 221 (83.40) 471 (95.54) 179 (89.95) 226 (89.68)

Yes 46 (10.43) 69 (5.89) 11 (4.15) 11 (2.23) 10 (5.02) 24 (9.52)

Missing 40 (9.07) 15 (1.54) 33 (12.45) 11 (2.23) 10 (5.02) 2 (0.79)

Have been advised to have a mammography

No 133 (30.16) 111 (9.48) 120 (45.28) 49 (9.94) 111 (55.78) 96 (38.09)

Yes 155 (35.15) 1,012 (86.42) 92 (34.72) 429 (87.02) 33 (16.58) 94 (37.30)

Missing 153 (34.69) 48 (4.09) 53 (20) 15 (3.04) 55 (27.64) 62 (24.60)

Having had Pap smear

No 8 (1.81) 6 (0.51) 26 (9.81) 10 (2.03) 23 (11.56) 8 (3.17)

Yes 383 (86.84) 1,127 (96.24) 209 (78.87) 472 (95.74) 165 (82.91) 234 (92.86)

Missing 50 (11.34) 38 (3.24) 30 (11.32) 11 (2.23) 11 (5.53) 10 (3.97)

Behavioral characteristics

Trust cancer info from doctors

Not at all 10 (2.27) 4 (0.34) 9 (3.34) 4 (0.81) 9 (4.52) 4 (1.59)

A little 35 (7.94) 46 (3.93) 15 (5.66) 20 (4.06) 19 (9.55) 14 (5.56)

Some 162 (36.73) 392 (33.48) 89 (33.58) 131 (26.57) 73 (36.68) 88 (34.92)

A lot 224 (50.79) 716 (61.14) 148 (55.85) 330 (66.94) 95 (47.74) 143 (56.75)

Missing 20 (4.53) 13 (1.11) 4 (1.51) 8 (1.62) 3 (1.51) 3 (1.19)

Looking for cancer information

No 217 (49.21) 443 (37.83) 182 (68.68) 280 (56.79) 144 (72.36) 123 (48.81)

Yes 224 (50.79) 726 (62.00) 82 (30.94) 210 (42.60) 54 (27.14) 129 (51.19)

Missing 0 (0) 2 (0.17) 1 (0.38) 3 (0.61) 1 (0.50) 0 (0)

Perception of chance of getting breast cancer

Low 209 (47.39) 541 (46.20) 157 (59.24) 265 (53.75) 134 (67.34) 130 (51.59)

Moderate 129 (29.25) 414 (35.35) 58 (21.89) 156 (31.64) 43 (21.61) 82 (32.54)

High 49 (11.11) 184 (15.71) 11 (4.15) 44 (8.92) 6 (3.01) 31 (12.30)

Missing 54 (12.24) 32 (2.73) 39 (14.72) 28 (5.68) 16 (8.04) 9 (3.57)

Fruit and vegetable consumption

Per day 193 (43.76) 615 (52.52) 137 (51.70) 306 (62.07) 32 (16.08) 43 (17.06)

Per week 113 (25.62) 333 (28.44) 59 (22.26) 110 (22.31) 52 (26.13) 74 (29.36)

Per Month 76 (17.23) 199 (16.92) 37 (13.96) 70 (14.20) 99 (49.75) 122 (48.41)

Missing 59 (13.38) 24 (2.05) 32 (12.07) 7 (1.42) 16 (8.04) 13 (5.16)
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who have smoked at least 100 cigarettes in their lifetimes

are less likely to be adherent (OR = 0.687).

For the knowledge-related class of factors, women

whose answer to the appropriate interval between two

subsequent mammograms is other than every one or two

years are less likely to adhere. The corresponding odds

ratios are 0.812 and 0.636 for women younger than 65 and

women aged 65 and older, respectively.

Thinking about getting a mammogram in non-adherent

women

In the bivariate analysis, age, marital status, income, and

insurance are among the variables, which proved to be

significant in the socio-demographic class of factors. In the

health-related class of factors, being advised to have a

mammography and having had Pap smear are statistically

significant in bivariate analyses. Looking for cancer

information, risk perception of breast cancer, lifetime

number of smoked cigarettes, and exercise in the past

month are significant factors in the bivariate analyses in the

behavioral characteristics class.

However, in the multiple logistic regression analyses

(Table 3), the only significant factor is age. As women’s

age increased, they reported thinking about getting mam-

mograms less often. Women ages from 60 to 69 years, and

older than 70 years are 0.377 and 0.112 times less likely to

think about getting a mammogram compared to women

aged from 42 to 49 years.

Evaluation of regression models

Tables 4 and 5 present the classification tables for the first

response variable and the second response variable,

respectively. Sensitivity, specificity, and accuracy of the

proposed logistic regression models are presented in the

tables. Note that the numbers presented in the tables are

weighted according to the replication jackknife weights in

the data to be representative of the national population. For

example, the number 4,727,850 in Table 4 is the number of

non-adherent women younger than 65 who are correctly

classified as non-adherent by the design-based logistic

regression.

Table 1 continued

Independent variables Women’s intentions and attitudes toward mammography Thinking about mammogram in non-adherent

women

Age \65 (N = 1,612) Age C65 (N = 758)

c1 = 0

(N = 441)

c1 = 1

(N = 1,171)

c2 = 0

(N = 265)

c2 = 1

(N = 493)

s = 0

(N = 199)

s = 1

(N = 252)

Lifetime number of smoked cigarettes

\100 187 (42.4) 642 (54.82) 152 (57.36) 283 (57.40) 112 (56.28) 120 (47.62)

C100 221 (50.11) 526 (44.92) 87 (32.83) 207 (41.99) 86 (43.22) 131 (51.98)

Missing 33 (7.48) 3 (0.26) 29 (9.81) 3 (0.61) 1 (0.50) 1 (0.40)

Exercise in the past month

No 137 (31.06) 840 (71.73) 133 (50.19) 334 (67.75) 77 (38.69) 90 (35.71)

Yes 267 (60.54) 321 (27.41) 105 (39.62) 154 (31.24) 116 (58.69) 159 (63.09)

Missing 37 (8.39) 10 (0.85) 27 (10.19) 5 (1.01) 6 (3.01) 3 (1.19)

Knowledge of breast cancer/mammography

Age at which women should start getting mammography

40–50 227 (51.47) 755 (64.47) 87 (32.83) 280 (56.79) 89 (44.72) 132 (52.38)

Others 140 (31.75) 371 (31.68) 83 (31.32) 144 (29.21) 58 (29.15) 95 (37.70)

Missing 74 (16.78) 45 (3.84) 95 (35.84) 69 (13.99) 52 (26.13) 25 (9.92)

Frequency of getting mammograms

Every 1–2 years 257 (58.28) 909 (77.63) 136 (51.32) 384 (77.89) 106 (53.27) 159 (63.09)

Others 118 (26.76) 249 (21.26) 68 (25.66) 97 (19.67) 57 (28.64) 79 (31.35)

Missing 66 (14.97) 13 (1.11) 61 (23.02) 12 (2.43) 36 (18.09) 14 (5.55)

s represents women’s concern about getting a mammogram in non-adherent population

c1 represents adherence to mammography screenings in women younger than 65

c2 represents adherence to mammography screenings in women aged 65 and older

Percentage in parentheses for each variable
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Table 2 Results for design-

based multiple logistic

regression on mammography

adherence comparing women

younger than 65 and women

aged 65 and older

Independent variables Age \65 Age C65

Odds ratio P value Odds ratio P value

Socio-demographic characteristics

Race

Black – –

White 0.874 0.606 1.329 0.536

Other 0.548 0.077 0.425 0.148

Marital status

Married – –

Single/divorced/separated 0.685 0.025 0.499 0.012

Education

Some high school or less – –

High school graduate 1.750 0.089 1.460 0.310

Some college/college graduate 1.457 0.231 1.507 0.320

Income

B$25,000 – –

[$25,000 and B$75,000 1.324 0.186 1.341 0.044

[$75,000 2.526 0.004 1.992 0.609

Insurance

No – –

Yes 2.959 \0.0001 2.771 0.130

Health-related characteristics

Number of visits to health provider a year

Less than twice a year – –

2–4 times a year 1.618 0.019 1.016 0.969

5 or more a year 2.358 0.001 1.610 0.313

Being advised to have a mammography

No – –

Yes 5.298 \0.0001 10.711 \0.0001

Having had Pap smear

No – –

Yes 3.203 0.0004 3.809 0.001

Behavioral characteristics

Trust cancer info from doctors

Not at all – NA

A little 6.727 0.052

Some 13.194 0.007

A lot 14.824 0.004

Looking for cancer information

No – –

Yes 1.134 0.457 0.883 0.484

Perception of chance of getting breast cancer

Low – –

Moderate 1.519 0.011 1.645 0.054

High 1.541 0.079 3.036 0.043

Lifetime number of smoked cigarettes

\100 – NA

C100 0.687 0.047
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As the results show, for the adherence to mammography

response variable, the proposed design-based logistic

regression models correctly classify 77.7 % of women

younger than 65 and 80.5 % of women aged 65 and older.

For the thinking about getting a mammogram response

variable, 74.43 % of women are correctly classified.

Discussion

In this study, we evaluated the association between

women’s adherence to mammography screening and four

classes of factors including various socio-demographic,

health related, behavioral characteristics, and knowledge of

breast cancer/mammography factors using the 2003 HINTS

data.

In the literature, definitions of adherence to mammog-

raphy screening vary widely across studies. Zapka et al.

[13] and Wu et al. [14] defined adherence based on the

ACS guideline, ‘‘had a mammogram in the last year.’’

Maxwell et al. [15], Murabito et al. [16], Tejeda et al. [17],

Schonberg et al. [18], and Vyas et al. [19], considered ‘‘had

a mammogram in the past two years’’ as a measure of

adherence, which is consistent with the USPSTF guideline.

Wu et al. [14], Maxwell et al. [15], Tejeda et al. [17], and

Meissner et al. [20] considered ‘‘ever had a mammogram’’

to measure women’s decisions in mammography partici-

pation. However, this measure cannot be interpreted as the

adherence to mammography guidelines, since it does not

incorporate a specific time interval. Other time intervals are

also considered in the literature. For example, Harrison

et al. [21] defined ‘‘had any mammogram in the preceding

5-year period’’ as their response variable. Many studies

defined adherence based on ‘‘ever had’’ or ‘‘the most

recent’’ mammogram rather than considering whether the

women returned for repeat mammography or not. To

bridge this gap, Carney et al. [22] defined the response

variable as ‘‘returning for a screening mammogram within

24 months of the initial exam’’ and identified factors that

had significant effect, such as health insurance coverage,

first degree relatives with breast cancer, and knowledge

about breast cancer. In other studies, Allen et al. [23, 24]

explored the relationship between mammography use and

social network characteristics, while considering ‘‘receipt

of at least two mammograms, the most recent of which was

within the past 2 years with a maximum interval of 2 years

between screenings’’ as the adherence measure. Rakowski

et al. [25] considered ‘‘two exams on schedule, based on an

every-other-year interval’’ in their study. A systematic lit-

erature review of the studies on the mammography use and

the associated factors published from 1988 to 2004 was

completed by Schueler et al. [26]. In summary, they found

that the strongest predictors of mammography use were

past screening behavior (clinical breast examination and

Pap test), having access to a physician and having a phy-

sician-recommend mammography. These results are in line

with our findings as the design-based logistic regression

result shows that ‘‘having been advised to get mammo-

gram,’’ ‘‘have had Pap test’’ are the two most important

factors. We also found that ‘‘perception of chance of get-

ting breast cancer,’’ ‘‘income,’’ ‘‘insurance,’’ and ‘‘knowl-

edge about mammography’’ are significant factors.

Most of these studies used data at the local, regional, or

state level, making the national generalizations difficult. In

addition, these studies did not consider if a woman

underwent a mammogram because she intended to do so, or

for a diagnostic purpose (e.g. after the woman had felt a

lump in her breast), or because her doctor prescribed the

mammogram. In addition, for the studies that used longi-

tudinal data (sequential mammograms), it is difficult to

keep track of women who died, moved, etc. This can

potentially cause bias in the data analysis, and as a result,

these measures may not truly represent women’s adherence

to mammography guidelines.

This study differs from prior studies [13–25] in that

adherence is defined based on women’s intention and plans

Table 2 continued

– The reference group

NA Covariate not significant in

the bivariate analysis

Independent variables Age \65 Age C65

Odds ratio P value Odds ratio P value

Exercise in the past month

Yes NA 1.134 0.623

No –

Knowledge of breast cancer/mammography

Age at which women should start getting mammography

40–50 – –

Others 0.921 0.605 0.692 0.101

Frequency of getting mammograms

Every 1 to 2 years – –

Others 0.812 0.043 0.636 0.048
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of obtaining mammograms rather than their mammography

history behavior. Results from our work will likely help

decision makers to differentiate between women who are

concerned about mammography and have regular plans for

getting mammograms from those who are not concerned.

The results of this analysis can help policy makers identify

non-adherent populations. We also examine the relation-

ship between aforementioned four classes of factors with

women’s attitudes toward getting mammograms for

women with poor mammography history. By characteriz-

ing the factors associated with attitudes toward mammog-

raphy in the non-adherent population, policy makers can

differentiate between the women who are concerned about

receiving a mammogram, but may have some barriers

versus those who are not concerned at all.

As for the limitations of our study, it is based on self-

reported data and may yield biased results if a woman did

not report the exact time of her last mammogram. We also

used the 2003 HINTS dataset, since it is the only HINTS

data that provide information on women’s intention toward

mammography.

Adherence to screening mammography is lower among

minorities [27]. Based on the 2010 National Health Inter-

view Survey, 69.4 % of American Indian/Alaska native

women and 64.1 % of Asian women had a mammogram

between 2008 and 2010, while participation rates among

white and black women were about 72.8 and 73.2 %,

respectively [28]. Our results also imply that the percent of

women intending to have regular screening mammography

is lower in races other than white and black. However, we

do not have enough evidence to conclude that these dif-

ferences are statistically significant. The results reveal that

for both age groups, married women are more likely to

comply with the mammography guidelines. For women

younger than 65, financial aspects such as insurance and

income are also significant factors the policy makers

should consider for improving adherence.

Physicians’ involvement in achieving mammography

adherence is important. However, many physicians do not

make referrals at the recommended intervals, even though

they may endorse the guidelines [29]. Our results show that

prior advice to have a mammogram by the woman’ phy-

sician is the most significant factor in health-related class

of factors. This suggests that to enhance women’s adher-

ence, doctors should recommend that their patients have

regular screening mammograms. Mammography referrals

are more frequent for women who have access to the health

care system (i.e. women with regular physician and health

insurance), but less frequent among vulnerable women,

(i.e. older women with lower educational attainment, or

lower annual family income [30]). It would be worth

Table 3 Results for Design-Based Multiple Logistic Regression on

Attitudes toward Mammography in Non-adherent Women

Independent Variables Non-adherent women (N = 510)

Odds ratio (OR) P value

Socio-demographic characteristics

Age

42–49 –

55–59 0.784 0.572

60–69 0.377 0.015

70? 0.112 \0.0001

Marital status

Married –

Single/divorced/separated 0.965 0.917

Income

B$25,000 –

[$25,000 and B$75,000 1.579 0.193

[$75,000 1.738 0.363

Insurance

No –

Yes 1.277 0.496

Health-related characteristics

Being advised to have a mammography

No –

Yes 1.789 0.083

Having had Pap smear

No –

Yes 1.156 0.727

Behavioral characteristics

Looking for cancer information

No –

Yes 1.676 0.081

Perception of chance of getting breast cancer

Low –

Moderate 1.412 0.207

High 2.049 0.337

Lifetime number of smoked cigarettes

\100 –

C100 0.817 0.541

Exercise in the past month

No –

Yes 1.061 0.848

Knowledge of breast cancer/mammography

Age at which women should start getting mammography

40–50 –

Others 1.102 0.737

Frequency of getting mammograms

Every 1–2 years –

Others 0.967 0.925

– The reference group
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investigating the factors associated with low mammogram

referral rates by physicians. Having history of Pap smear

was found to be significant for both age groups. This is in

line with a previous study by Augustson et al. [31], in

which they characterize the association among clinical

breast exam (CBE), Pap smear, fecal occult blood testing

(FOBT) adherence, and mammography adherence. There-

fore, low compliance with other cancer screenings can help

identify women in need of additional interventions to

improve mammography adherence. Although the number

of visits to a health provider is significant for women

younger than 65, this factor is not significant for older

women. This is interesting as older women, regardless of

being adherent or not, are expected to visit their doctors

more frequently than younger women because of aging

associated diseases.

In the behavioral characteristics class, ‘‘lifetime number

of smoked cigarettes’’ is a significant factor for younger

women, but not for older women. Trusting doctor’s infor-

mation about cancer is proved to be significant for younger

women; however, we do not have enough evidence to say

that it is also significant for older women. Previous studies

differ about whether fear motivated or inhibits precau-

tionary behaviors. McCaul et al. [32] tested different pre-

dictors in the context of fear of breast cancer and breast

cancer screening and showed that greater fear was related

to higher levels of screening intentions and behaviors. Our

data analysis confirms this finding and shows that risk

perception of breast cancer is a significant predictor on

intention of getting regular mammograms for both age

groups.

For the last class of covariates, as expected, knowledge

about frequency of getting mammograms is significant.

Thus, increasing women’s knowledge about breast cancer

and mammography recommendations is also likely to sig-

nificantly influence women’s adherence.

For the second response variable (thinking about getting

a mammogram in non-adherent women), we found little

difference between women who are and are not concerned

about getting mammograms. For this response variable,

younger women are more likely to think about obtaining a

mammogram. Women who have been advised to get a

mammogram before and those who are looking for cancer

information may be more concerned about getting mam-

mograms, although these findings are not statistically

significant.

This study, considering women’s attitudes and behaviors

toward mammography, enables decision makers to identify

barriers that women may face to obtain a screening mam-

mogram and also allows for the identification of

Table 4 Classification table of logistic regression model on mammography adherence

Actual data

Non-adherent (c1(c2) = 0) adherent (c1(c2) = 1)

Logistic regression model result

Younger than 65

ĉ1\0:5 4,727,850 7,816,121 Accuracy = 77.7

ĉ1� 0:5 2,234,154 30,291,566

Measures Specificity = 67.91 Sensitivity = 79.49

65 and older

ĉ2\0:5 3,914,902 2,164,589 Accuracy = 80.50

ĉ2� 0:5 1,086,976 9,505,231

Measures Specificity = 78.27 Sensitivity = 81.45

ĉ1 and ĉ2 are the adherence likelihood calculated from the logistic regression models for women younger than 65 and women aged 65 and older,

respectively

Table 5 Classification table of logistic regression model on attitudes toward mammography in non-adherent women

Actual data

Do not think about getting a mammogram (s = 0) Think about getting a mammogram (s = 1)

Logistic regression model result

ŝ\0:5 3,427,551 2,071,371 Accuracy = 74.43

ŝ� 0:5 1,290,733 6,360,130

Measure Specificity = 72.64 Sensitivity = 75.43

ŝ is the likelihood of being concerned about getting mammogram in non-adherent women calculated from the logistic regression model
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characteristics of non-adherent women who are not con-

cerned about getting a mammogram. Our findings suggest

that the most significant factors influencing women’s

compliance are being advised to have a mammogram and

insurance. The former has been applied on a systematic

level in some European countries (e.g. the UK, Sweden, and

Norway), which have organized population-based screening

programs, where women are invited through a personal

letter for a free mammogram every two or three years [33].

A recent analysis of the European Network for Information

on Cancer (EUNICE) data for years 2005, 2006, and/or

2007 (10 national and 16 regional programs for women

aged 50–69 in 18 European countries) reported that in 13 of

the 26 programs, the participation rate exceeded the Euro-

pean Union benchmark of 70 %, and nine programs

achieved a participation level[75 % [34]. According to the

CDC, 66.6 and 67.1 % of U.S. women 40 years and over

received a mammogram in the past two years based on data

from 2005 and 2008, respectively [7]. Although a direct

comparison of screening mammography participation rates

between European countries and the U.S. is difficult due to

difference in recommendations (i.e. age at which to begin

screening, interval between mammograms), our results

support the benefit of future policies that systematically

advise and provide resources to women to receive a mam-

mogram, as it is already done in other countries. Several

studies also identified significant factors associated with

attendance in population-based mammography programs in

European countries (the UK, France, and Sweden) [35–40].

Some of these factors such as income, visiting healthcare

providers, having had Pap smear, and perceived risk of

breast cancer are also found significant in our analysis. As in

most European countries mammography is free, none of

these studies reported insurance as an influencing factor for

getting a mammogram. However, as our results show, lack

of insurance is still a barrier in the U.S. especially for

women younger than 65.

In summary, sending reminders and having insurance

were shown to be the most influential factors in screening

mammography. Other significant factors include marital

status, number of visits to health provider a year, having

had Pap smear, risk perception of breast cancer, and

knowledge of breast cancer/mammography. These findings

can help in designing programs aimed at improving

screening rates and provide policy makers with data to

allow for interventions to remove these barriers and make

the targeted population more concerned about getting

breast cancer screenings.
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