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Abstract

Background: Mammography use is affected by multiple factors that may change
as public health interventions are implemented. We examined two nationally repre-
sentative, population-based surveys to seek consensus and identify inconsistencies in
factors associated with mammography use in the entirety of the US population, and
by black and white subgroups.

Methods: Self-reported mammography use in the past year was extracted for 12 639
and 169 116 women aged 40-74 years from the 2016 National Health Interview
Survey (NHIS) and the 2016 Behavioral Risk Factor Surveillance System (BRFSS),
respectively. We applied a random forest algorithm to identify the risk factors of
mammography use and used a subset of them in multivariable survey logistic re-
gressions to examine their associations with mammography use, reporting predictive
margins and effect sizes.

Results: The weighted prevalence of past year mammography use was comparable
across surveys: 54.31% overall, 54.50% in white, and 61.57% in black in NHIS and
53.24% overall, 56.97% in white, and 62.11% in black in BRFSS. Overall, mammo-
graphy use was positively associated with black race, older age, higher income, and
having health insurance, while negatively associated with having three or more chil-
dren at home and residing in the Western region of the US. Overweight and moderate
obesity were significantly associated with increased mammography use among black
women (NHIS), while severe obesity was significantly associated with decreased
mammography use among white women (BRESS).

Conclusion: We found higher mammography use among black women than white
women, a change in the historical trend. We also identified high parity as a risk fac-
tor for mammography use, which suggests a potential subpopulation to target with

interventions aimed at increasing mammography use.
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1 | INTRODUCTION
Screening mammography has been shown to decrease breast
cancer mortality.1 As breast cancer is the most common
cancer in women,” screening mammography use has been a
long-standing national health-care objective.” Mammography
use, therefore, has been incorporated in many large-scale na-
tional surveys, including the National Health Interview Survey
(NHIS) and the Behavioral Risk Factor Surveillance System
(BRFSS). Both surveys provide nationally representative
samples for examining the prevalence and temporal trends of
mammography use, identifying risk factors associated with
mammography use, and investigating disparities in use among
population subgroups.“’7 Four common domains of factors
shared by NHIS and BRFSS are: sociodemographics, health
status, health-care access and utilization, and health behaviors.°

Overlap of available variables from both surveys pro-
vides a great opportunity to conduct a side-by-side compar-
ison between NHIS and BRFSS data. Such a study can help
strengthen our understanding of the extent of the associations
between risk factors and mammography use and results from
one survey can be verified by the other. Additionally, such
a comparison study can help clarify inconsistent results in
the literature regarding the effects of certain risk factors on
mammography use. For example, while some studies have
found severely obese women, regardless of black or white
race, to be significantly less likely to undergo mammogra-
phy, others have found no association between mammogra-
phy use and body mass index (BMI) in black women.>!?

Understandably, discrepancies among studies based on
different national surveys are to be expected, given variations
in the survey design, survey mode, the construct of survey
questions, and weighting methods.'"*'? In addition, research-
ers may select different sets of risk factors when studying their
impact on mammography use. Moreover, specific risk factors
can change as recommendations and public health interven-
tions are updated and implemented. For example, the bien-
nial screening mammography recommendation by the United
States Preventive Services Task Force (USPSTF) started in
2009. In the 2016 and 2009 guidelines, mammography screen-
ing is an individual choice for women aged 40-49 years, while
prior to 2009, all women aged 40 years and older were recom-
mended to have mammography every 1-2 years.13 The public
response to these guideline changes may affect their mam-
mography screening use.'*1 Further, different professional
societies have different guidelines, which could affect the
rates of mammography use.!” Thus, continued examination
of mammography use over time and its associated factors is
necessary. Understanding the complementary evidence from
multiple national data sources can better inform policies and
intervention strategies for breast cancer screening.g.1 L1218

In the current study, we seek to identify factors associated with
mammography use in the entirety of the US population, as well
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as between black and white subgroups. We also attempt to iden-
tify any inconsistency in these factors across subgroups based on
NHIS and BRFSS from the same calendar year. To our knowl-
edge, this is the first side-by-side comparison of the association
between mammography use and risk factors using NHIS and
BREFSS. In addition, our selection of risk factors was based on a
data-driven random forest (RF) approach in conjunction with do-
main knowledge. To facilitate result interpretation, we presented
the predictive margins and effect sizes of the associations.'**

2 | METHODS

21 | Data

We used publicly available 2016 datasets from NHIS and
BRESS, both of which are on-going, annual, cross-sectional, na-
tionally representative surveys. NHIS is an in-person household
survey with a multistage sampling design that surveys approxi-
mately 87 500 persons in 35 000 households representative of
the civilian noninstitutionalized population in the 50 states and
the District of Columbia. The response rate was 67.9%, 98.9%,
and 80.9% for household, family, and sample adult components,
respectively.21 BREFSS is a random-digit-dialed telephone survey
that collects state data from US adults (aged 18 years and older)
residents on their health-related risk behaviors, chronic health
conditions, and use of preventive services. Each year more than
400 000 adults are interviewed. The combined landline and cell
phone response rates varied by state with a median of 47.1% and
a range of 30.7% to 65.0%.% This study used data and materials
produced by federal agencies that are in the public domain and
did not require Institutional Review Board (IRB) approval.

We extracted self-reported mammography use in the past
year among women from NHIS and BRFSS, which included
12 639 and 169 116 women aged 40-74 years without a history
of breast cancer, respectively. The age range of 40-74 years was
chosen according to the latest USPSTF recommendation in 2016,
which is the year both surveys were conducted.”” Women aged
75 years and older were excluded, as the USPSTF states a lack
of sufficient evidence to assess the balance of benefits and harms
of mammography screening for this age group. For women aged
40-49 years, USPSTF states that the decision to start screening
should be individual. We suspect that a substantial percent of
women in this age group undergo mammography as they may
value the potential benefit of screening more than the potential
harm. Thus, we also included this age group in the analysis.

2.2 | Outcome variable: Past year
mammography use

The Yes vs No status of mammography use in the past year
was defined based on the participant's response to the question
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“Have you had a mammogram during the past 12 months?”
in NHIS. In BRESS, it was based on combined responses to
the questions “Have you ever had a mammogram?” and “How
long since last mammogram?”, where the timing was grouped
into: <1 year, 1-2 years, 2-3 years, 3-5 years, and > 5 years. To
be consistent with NHIS, we considered participants who an-
swered “Yes” to the first question “Have you ever had a mam-
mogram” and had a mammogram < 1 year as having past year
mammography use. In both surveys, those whose answers were
“Refused,” “Not ascertained,” or “Don't know” were consid-
ered as missing. The choice of using mammography use in the
past year, instead of in the past 2 years, is largely constrained by
the available matching survey data between NHIS and BRFSS
for the calendar year 2016. The most recent data on mammogra-
phy use in the past 2 years in NHIS are available in the Cancer-
specific module in 2015.3 However, in the 2015 BRFSS, the
breast and cervical cancer screening modules were only avail-
able for a handful of the states and thus are not nationally repre-
sentative.”* To ensure a fair side-by-side comparison, we used
mammography use in the past year. Past year mammography
use has also been included in reports on Cancer Prevention &
Early Detection by the American Cancer Society.25

2.3 | Explanatory variables

Eighty-one variables from each survey (Table S1) that poten-
tially correlated with mammography use were assessed using
the criteria of “exactly the same,” “somewhat similar,” and
“dissimilar” based on the survey questions and variable defi-
nitions, and independently reviewed by three authors (LL,
BL, and JJ). Some of the variables were recoded based on the
common practice or clinical meaning, and all variables were
classified into the following four categories:

2.3.1 | Demographic and
socioeconomic status

We included 20 and 16 variables from NHIS and BRFSS, re-
spectively (Table S1). We recoded age, education, current em-
ployment status, family annual income, number of children,
race, marital status, health insurance, and region in BRFSS.

2.3.2 | Behavior

There were 10 and 12 variables from NHIS and BRFSS,
respectively (Table S1). This included survey respondent's
behavioral risk factors or daily habits, such as smoking,
drinking, daily exercise, and hours of sleep. Drinking and
driving, and wearing a seatbelt was culled from BRFSS. We
recoded smoking and drinking status.

2.3.3 | Health status

There were 32 and 28 variables from NHIS and BRFSS, re-
spectively (Table S1). We categorized BMI as <24.9, 25-29.9,
30-34.9, 35-39.9, and >40 kg/mz. We dichotomized the co-
morbidity variables from both surveys as Yes/No. In addition,
we included family member's functional limitation (Yes/No)
from NHIS, and activity limitation (Yes/No) from BRFSS.

2.3.4 | Healthcare utilization

We included 19 and 24 variables from NHIS and BRFSS,
respectively (Table S1). We recoded preventive care screen-
ing to include anyone who reported having a pap smear or
colon cancer screening. We included a doctor visit during the
past 12 months, a dentist visit during the past 2 years, flu
shot during past 12 months, blood sugar test during the past
12 months, and an eye exam during the past 2 years. We re-
coded affordability (Yes/No), if unable to afford medicine or
seeing doctors, and delays in getting medical care.

2.4 | Statistical analysis

Variable selection using RF: We used RF with variable im-
portance metrics to identify the 30 most important factors
(Figure 1) of the 81 potential factors that predicted mammog-
raphy use in each survey. The RF is an “ensemble learning”
method based on classification and decision trees.”® Through
aggregating multiple decision trees, it drastically reduces vari-
ance compared to fitting a single decision tree and improves
prediction accuracy compared to traditional parametric meth-
ods. In addition, the RF can calculate variable importance
measures, so that variables can be ranked by predictive im-
portance.26’27 The variable importance measures are often
used to select a subset of variables, while retaining the same
prediction accuracy.27 We also applied the RF algorithm to
subgroups stratified by black and white race, and presented
the variable importance plots (FigureS1A,B). The RF analysis
was conducted using package “Random Forest” in R (Version
3.5.0, R foundation).

Variable selection for logistic regression models: To fur-
ther understand the associations between the identified risk
factors and mammography use, we conducted a survey logis-
tic regression analysis. We selected a subset of the 30 most
important variables that overlapped (n = 21) between the two
surveys in the regression analysis for a fair, side-by-side com-
parison. We excluded the following five variables from the
regression model: preventive care screening, flu shot, den-
tist visit, doctor visit, and blood sugar test. These variables
were excluded because they can be viewed as the same type
of “down-stream” product as mammography use, similarly
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FIGURE 1
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Mean Decrease in Gini Index

Importance ranking of top 30 factors, identified from random forest algorithm, for predicting past year mammography use from 2016

NHIS and 2016 BRESS. Note:  Number of children in the home; ®Highest education in the family; “Functional limitation: Yes (have difficulty walking 1/4
mile, climbing 10 steps, standing for 2 hours, sitting for 2 hours, stooping/bending/kneeling, reaching over head, grasping small objects, lifting/carrying 10lbs,

pushing large objects, going out to events, participating in social activities, and relaxing at home without special equipment) in NHIS; Activity limitation: Yes

(have serious difficulty walking or climbing stairs, dressing or bathing, doing errands alone because of a physical, mental, or emotional condition) in BRFSS

impacted by the same set of “up-stream” factors such as de-
mographic, socioeconomic, health status, and health behav-
ior. Thus, to unpack and quantify the associations between

the up-stream factors and mammography use, we excluded
these five specific healthcare utilization factors and used the
remaining 16 factors in the final regression model.
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Descriptive analyses were performed to compare
the distribution of variables between the two surveys.
Weighted and unweighted frequencies of risk factors were
reported, including the missing response (2% in NHIS and
5% in BRFSS). A multivariable survey logistic regression
was then used to examine the association between mam-
mography use and all 16 selected risk factors (age, sex,
race, income/family income, education, insurance, marital
status, employment, region, family functional limitation/
activity limitation, number of children, smoking, drinking
status, BMI and diabetes, arthritis, and asthma), while ac-
counting for the complex survey design. Survey logistic
regression is an appropriate approach for binary outcomes
from survey data with survey elements incorporated, in-
cluding survey strata, clusters, and Weights.zg'30 We ap-
plied the logistic regression model to the overall data and
to the black and white subpopulations. Predictive margins
and their differences were reported to facilitate result in-
terpretation.”® Predictive margin, which is a regression
estimate on the probability scale rather than the ratio of
odds, is interpreted as the average predicted rate of hav-
ing the outcome. Effect size is the difference of predictive
margins, which gives the magnitude of group differences
and conveys the scale of difference better than the regres-
sion coefficient. The study population in the regression in-
cluded respondents with non-missing values, while those
with a missing response or covariates were retained in the
analysis to preserve the sampling weight and properly cal-
culate the standard errors of the population-weighted esti-
mates. We also conducted subgroup analysis stratified by
age (<50 and > 50 years).

The analysis was performed in STATA (Version 14,
College Station, TX). All tests were two-sided and P
value < .05 was considered statistically significant.

3 | RESULTS

3.1 | Sample characteristics

Comparisons of unweighted samples: A total of 6941 of the
12 639 (54.92%) women aged 40-74 years in NHIS and 94 274
of the 169 116 (55.75%) in BRFSS self-reported mammogra-
phy use in the past year. NHIS respondents were more likely
to be younger, with 32.53% below 50 years of age, compared
to 19.15% in BRFSS. The NHIS respondents were also more
likely to be black (12.85% vs 9.20%), from the Western region
of the US (26.03% vs 21.13%), and be current drinkers (61.89%
vs 44.58%) than in the BRFSS sample (Table 1).

The unweighted prevalence of past year mammogra-
phy use was comparable: 54.92% overall, 55.41% in white,
and 61.54% in black in NHIS and 55.75% overall, 58.53%
in white, and 64.99% in black in BRFSS (Tables 1-3). The

self-reported mammography use in the black population was
consistently higher than that in the white population across
all age categories, except for age 60-64 in NHIS (unweighted
59.53% in white vs unweighted 59.35% in black) (Table S2).

Comparison of survey weighted samples: After taking
survey weight into account, the similarity of characteristics
between the NHIS and BRFSS samples improved overall
(Table 1) and for the race-stratified subgroups (Table S2).
The weighted prevalence of past year mammography use was
comparable: 54.31% overall, 54.50% in white, and 61.57%
in black in NHIS and 53.24% overall, 56.97% in white, and
62.11% in black in BRFSS (Tables 1-3).

3.1.1 | Results from multivariable analysis
for overall population

The statistically significant factors associated with mammog-
raphy use found in both surveys included age, region, number
of children at home, income, insurance, black race, and smok-
ing status (Tables 2 and 3). Mammography use prevalence in
the West census region of the US was 8.54 percentage points
(95% CI, 2.65 - 14.43, P = .005) and 5.58 percentage points
(95% CI, 3.68-7.48, P < .001) lower than in the Northeast
(60.31; 95% CI, 55.55-65.07 in NHIS; 59.08, 95% CI, 57.80-
60.35 in BRFSS), respectively. Black race was also signifi-
cantly associated with mammography use (64.07, 95% ClI,
58.73-69.41, P = .001 in NHIS; 64.34, 95% CI, 62.49-66.15,
P < .001 in BRESS).

The predicted prevalence of mammography use for black
women was approximately 10 percentage points higher than
white women (Tables 2 and 3). Women with three or more
children in the home also had significantly reduced mam-
mography use. Compared to those with no children at home,
those with three or more children had 14.63 (95% CI, 6.13
- 23.13, P = .001) and 6.12 (95% CI, 3.01-9.22, P < .001)
percentage points lower mammography use in NHIS and
BREFSS, respectively. Being a current smoker and lacking
insurance were significantly associated with reduced mam-
mography use from both surveys.

Those who were divorced/separated or widowed had
lower mammography use in BRESS (P =.030, P = .043), but
the results were not significant in NHIS (P =.195, P = .319).
The same is true for severe obesity. Likewise, drinking status,
activity limitation, and arthritis were suggested to be asso-
ciated with mammography use in BRFSS but not in NHIS.
In contrast, family education was indicated as a significant
risk factor in NHIS, with women in a family with a member
having college degree or higher 8.75 (95% CI, 3.86-13.64,
P < .001) percentage points more likely to report mammog-
raphy use compared to those in families with highest degree
attained being high school or lower. This was not found in
BREFSS.
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Marital status

Married

Divorced or separated

Never married
Widowed
Missing

Highest education®

Grade school or high

school
College or above
Missing
Employment
Unemployed
Employed

Family income
$0-$34,999
$35,000-$74,999
$75,000-$99,999
$100,000 and over
Missing

Number of children®

0
1to2

3 or more

6901 (54.60)
3095 (24.49)
1364 (10.79)
1256 (9.94)
23 (0.18)

3271(25.88)

9356 (74.02)
12 (0.09)

5584 (44.18)
7055 (55.82)

3756 (29.72)
3305 (26.15)
1377 (10.89)
3075 (24.33)
1126 (8.91)

8166 (64.61)
3464 (27.41)
1009 (7.98)

64 175 972(66.30)
17 851 076 (18.44)
8 434 844 (8.71)
6233 462 (6.44)

95 480 (0.10)

22 047 027 (22.78)

74 682 789 (77.16)
61018 (0.06)

40769 518 (42.12)
56 021 316 (57.88)

22 459 745 (23.20)
23799 407 (24.59)
10959 997 (11.32)
29 771 473 (30.76)

9800 212 (10.13)

56321 868 (58.19)
31732303 (32.78)
8736 663 (9.03)

Marital status

Married

Divorced or separated

Never married
Widowed
Missing

Education®

Grade school or high

school
College or above
Missing
Employment
Unemployed
Employed
Missing
Family income
$0-$34,999
$35,000-$74,999
$75,000 or more
Missing

Number of children®

0
1to2
3 or more

Missing

98 370 (58.17)
35038 (20.72)
14 003 (8.28)
20 877 (12.34)
828 (0.49)

56 397 (33.35)

112 382 (66.45)
337 (0.20)

88 241 (52.18)
79 883 (47.24)
992 (0.59)

52697 (31.16)
43512 (25.73)
45 729 (27.04)
27 178 (16.07)

132 082 (78.10)

29610 (17.51)
6327 (3.74)
1097 (0.65)

TABLE 1 Characteristics of study samples from 2016 NHIS and 2016 BRFSS
NHIS BRFSS
Unweighted N Weighted N (%) Unweighted N (%) Weighted N (%)
Variables (%) N=12639) (N =96790834) Variables (N =169 116) (N = 67 415 341)
Demographic
Age (y) Age (y)
40 to 44 2108 (16.68) 18 082 266 (18.68) 40 to 44 14 641 ( 8.66) 10 086 383 (14.96)
45 to 49 2003 (15.85) 18 206 508 (18.81) 45 to 49 17 738 (10.49) 9250 106 (13.72)
50 to 54 1925 (15.23) 16 449 146 (16.99) 50 to 54 22 839 (13.50) 11571 247 (17.16)
55to0 59 1852 (14.65) 14 423 814 (14.90) 55 to 59 27 224 (16.10) 10412 367 (15.45)
60 to 64 1792 (14.18) 12 896 619 (13.32) 60 to 64 30473 (18.02) 10 738 950 (15.93)
65 to 69 1736 (13.74) 9865 557 (10.19) 65 to 69 31 084 (18.38) 8 611452 (12.77)
70 to 74 1223 (9.68) 6 866 924 (7.09) 70 to 74 25117 (14.85) 6 744 836 (10.00)
Race Race
White only 9937 (78.62) 74 276 452 (76.74) White only 139 848 (82.69) 50902 431 (75.51)
AIAN only* 148 (1.17) 991 284 (1.02) AIAN only* 2904 (1.72) 927 473 (1.38)
Asian only 644 (5.10) 6789 239 (7.01) Asian only 2527 (1.49) 3005 752 (4.46)
Black/AA only® 1624 (12.85) 12931 938 (13.36) Black or AA only” 15 555 (9.20) 8268 390 (12.26)
Other 246 (1.95) 195 208 (0.20) Other 5425 (3.21) 2423 695 (3.60)
Missing 40 (0.32) 1606 713 (1.66) Missing 2857 (1.69) 1887 601 (2.80)

41 965 572 (62.25)
13 198 793 (19.58)
5802 676 (8.61)
6 104 931 (9.06)

343368 (0.51)

26 585 624 (39.44)

40 639 050 (60.28)
190 667 (0.28)

32499 723 (48.21)
34386 663 (51.01)
528 955 (0.78)

20949 513 (31.08)
16 044 255 (23.80)
19 327 777 (28.67)
11 093 796 (16.46)

46 852 903 (69.50)
16 270 249 (24.13)
3632 749 (5.39)

659 440 (0.98)

(Continues)
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TABLE 1 (Continued)

Variables

Health insurance

No

Yes

Missing
Region®

Northeast

Midwest

South

West
Behavioral
Smoking status’

Current

Former

Never

Missing
Drinking status®

No

Yes

Missing
Health status
BMI"

Normal or underweight

Overweight

Obese |

Obese 11

Obese 111

Missing
Functional limitation'

Yes

No

Missing
Asthma

Current

Former

Never

Missing
Arthritis

No

Yes

Missing

LIET AL.
NHIS BRFSS
Unweighted N Weighted N (%) Unweighted N (%) Weighted N (%)
(%) (N =12639) (N =96790834) Variables (N =169 116) (N = 67 415 341)
Health insurance
873 (6.91) 7 375370 (7.62) No 9247 (5.47) 5556900 (8.24)
11743 (92.91) 89202 436 (92.16) Yes 159 524 (94.33) 61 673 538 (91.48)
23 (0.18) 213028 (0.22) Missing 345 (0.20) 184 904 (0.27)
Region®
2168 (17.15) 18 456 009 (19.07) Northeast 35057 (20.73) 12 368 588 (18.35)
2652 (20.98) 20 078 982 (20.74) Midwest 39283 (23.23) 13979 919 (20.74)
4529 (35.83) 34 673 893 (35.82) South 59 038 (34.91) 25518 360 (37.85)
3290 (26.03) 23 581 950 (24.36) West 35738 (21.13) 15 548 474 (23.06)
Smoking status’
2056 (16.27) 14 366 914 (14.84) Current 24 676 (14.59) 10016 814 (14.86)
2905 (22.98) 20 335 940 (21.01) Former 44 920 (26.56) 16 229 023 (24.07)
7629 (60.36) 61 752 583 (63.8) Never 93 458 (55.26) 38 022 329 (56.40)
49 (0.39) 335397 (0.35) Missing 6062 (3.58) 3147 175 (4.67)
Drinking status®
4650 (36.79) 35495 620 (36.67) No 84 655 (50.06) 33339 466 (49.45)
7822 (61.89) 59 949 764 (61.94) Yes 77 075 (45.58) 30262 810 (44.89)
167 (1.32) 1345450 (1.39) Missing 7386 (4.37) 3 813 065 (5.66)
BMI"
4240 (33.55) 32050 760 (33.11) Normal or 53361 (31.55) 21226043 (31.49)
underweight
3606 (28.53) 28 437 244 (29.38) Overweight 47 494 (28.08) 18 623 124 (27.62)
2239 (17.72) 16 401 551 (16.95) Obese Class I 28 422 (16.81) 11253 644 (16.69)
1064 (8.42) 8396 114 (8.67) Obese Class II 12 553 (7.42) 5000 394 (7.42)
811 (6.42) 6029 810 (6.23) Obese Class IIT 9543 (5.64) 3785042 (5.61)
679 (5.37) 5475 355 (5.66) Missing 17 743 (10.49) 7527095 (11.17)

6393 (50.58)
6232 (49.31)
14 (0.11)

1454 (11.50)
529 (4.19)
10 622 (84.04)

34 (0.27)

8037 (63.59)
4590 (36.32)
12 (0.09)

46 674 854 (48.22)
50 011 439 (51.67)
104 541 (0.11)

10 678 795 (11.03)
4065 944 (4.20)
81 806 006 (84.52)

240 089 (0.25)

63 968 857 (66.09)
32746 198 (33.83)
75 779 (0.08)

i

Activity limitation
Yes
No
Missing
Asthma
Current
Former
Never
Missing
Arthritis
No
Yes
Missing

37 599 (22.23)
127 115 (75.17)
4402 (2.60)

20793 (12.30)
5688 (3.36)

141 596 (83.73)
1039 (0.61)

96 228 (56.90)
72 135 (42.65)
753 (0.45)

14912 273 (22.12)
50 763 752 (75.30)
1739316 (2.58)

8053 631 (11.95)
2364 467 (3.51)
56 655 280 (84.04)

341963 (0.51)

41 644 793 (61.77)
25 462 884 (37.77)
307 664 (0.46)

(Continues)
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TABLE 1 (Continued)
NHIS BRFSS
Unweighted N Weighted N (%) Unweighted N (%) Weighted N (%)
Variables (%) (N=12639) (N =96790834) Variables (N =169 116) (N = 67 415 341)
Diabetes Diabetes
No 10 576 (83.68) 81 161 902 (83.85) No 138 560 (81.93) 54 975 173 (81.55)
Yes 2056 (16.27) 15 542 173 (16.06) Yes 30365 (17.96) 12 334 775 (18.30)
Missing 7 (0.06) 86 759 (0.09) Missing 191 (0.11) 105 393 (0.16)
Qutcome
Mammogram (past Mammogram (past
12 mo) 12 mo)
No 5447 (43.10) 42 261 844 (43.66) No 66 077 (39.07) 26 897 015 (39.90)
Yes 6941 (54.92) 52563 109 (54.31) Yes 94 274 (55.75) 35888 611 (53.24)
Missing 251 (1.99) 1965 881 (2.03) Missing 8765 (5.18) 4629 714 (6.87)

YAIAN = American Indian or Alaskan Native only.

YAA = African American.

“Highest education in the family in NHIS; Education level of individual participant in BRFSS.

YNumber of children in the home.

“Region: Northeast (Maine, Vermont, New Hampshire, Massachusetts, Connecticut, Rhode Island, New York, New Jersey, and Pennsylvania); Midwest (Ohio, Illinois,
Indiana, Michigan, Wisconsin, Minnesota, lowa, Missouri, North Dakota, South Dakota, Kansas, and Nebraska); South (Delaware, Maryland, District of Columbia,
West Virginia, Virginia, Kentucky, Tennessee, North Carolina, South Carolina, Georgia, Florida, Alabama, Mississippi, Louisiana, Oklahoma, Arkansas, and Texas);
West (Washington, Oregon, California, Nevada, New Mexico, Arizona, Idaho, Utah, Colorado, Montana, Wyoming, Alaska, and Hawaii) in both NHIS and BRFSS;
meoking status: Current smoker (smoked at least 100 cigarettes in the entire life and is still smoking now); former smoker (smoked at least 100 cigarettes in the entire
life but is not smoking now); never (not smoked at least 100 cigarettes in the entire life) in both NHIS and BRFSS;

Drinking status: Yes (had at least one of any alcoholic beverage during the past 30 d) in NHIS; Yes (had 12 + drinks in lifetime and drinks in past year) in BRFSS.
"BMI = Body mass index, Normal or underweight (BMI < 24.9 kg/mz); Overweight (BMI 25-29.9 kg/mz); Obese I (BMI 30-34.9 kg/mz); Obese II (BMI 35-39.9 kg/mz);
Obese 1T ( BMI > 40 kg/m?).

"Functional limitation: Yes (have difficulty walking 1/4 mile, climbing 10 steps, standing for 2 hours, sitting for 2 hours, stooping/bending/kneeling, reaching over
head, grasping small objects, lifting/carrying 10lbs, pushing large objects, going out to events, participating in social activities, and relaxing at home without special

equipment) in NHIS; Activity limitation: Yes (have serious difficulty walking or climbing stairs, dressing or bathing, doing errands alone because of a physical,

mental, or emotional condition) in BRFSS.

3.1.2 | Results from subgroup analysis

Among black women in NHIS, the predicted prevalence
of mammography use among those overweight and among
those with moderate obesity was 20.03 (95% CI, 6.97-
33.09, P =.003) and 19.86 (95% CI, 4.62-35.10, P = .011)
percentage points higher than their normal weight coun-
terparts (Table 4). Higher BMI was associated with lower
mammography use in BRFSS in the white population
(Table 5) with 3.56 (95% CI, 0.47-6.66, P = .024) percent-
age points lower for women in the severe obese category
compared to the normal weight category. There was no sig-
nificant difference in mammography use by BMI among
white women in NHIS. Different from the white popula-
tion, being divorced or separated did not show any signifi-
cant association with mammography use among the black
population (66.18, 95% CI, 57.67-74.68, P = .394 in NHIS;
63.48, 95% CI, 59.90-67.06, P = .297 in BRFSS). Age,
West region, and higher family income were not signifi-
cant risk factors in the black population in NHIS but were

significantly associated with mammography use among
blacks in the BRFSS sample. Higher family member's edu-
cation and having three or more children were associated
with mammography use among blacks in the NHIS data but
not in BRFSS.

3.1.3 | Results from sensitivity analysis
Subgroup analysis stratified by age (<50 and >50 years)
yielded consistent results with the main analysis, particularly
for women > 50, since they are the majority of the study sam-
ple (approximately 70% of study sample in NHIS; 80% of
study sample in BRFSS). Results for women aged < 50 years
are presented in the Tables S3A,B, S4A,B.

4 | DISCUSSION

Barriers to mammography use may change over time as tar-
geted public health programs are implemented and screening
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TABLE 2  Associations between risk factors and past year mammography use for all women aged 40-74 years from 2016 NHIS

Variable
Demographic
Age (y)
40 to 44
45t0 49
50 to 54
55059
60 to 64
65 to 69
70 to 74
Race
White only
AIAN only*
Asian only
Black/AA®
Other
Marital status
Married

Divorced or separated

Never married
Widowed

Highest education®

Grade school or high school

College or above
Employment
Unemployed
Employed
Family income
$0-$34,999
$35,000-$74,999
$75,000-$99,999
$100,000 and over
Number of children’
0
1to2
3 or more
Health insurance
No
Yes
Region®
Northeast
Midwest
South
West

Unweighted
prevalence (%)

43.88
53.75
58.38
57.21
59.38
64.74
59.12

55.41
48.87
55.95
61.54
48.78

57.43
54.76
5222
55.36

47.73
58.92

54.59
57.08

48.47
54.13
62.05
64.34

58.76
53.42
43.05

56.20
55.96

62.56
56.23
55.18
52.69

LIET AL.
Weighted Predictive margin* Difference in predictive
prevalence (%) (95% CI) margin* (95% CI) P value
43.29 45.09 (39.92 to 50.27)
53.49 54.34 (49.54 t0 59.14) 9.25 (2.71 to 15.78) .006
57.85 57.31 (52.98 to 61.65) 12.22 (5.20 to 19.24) .001
57.02 55.30 (50.76 to 59.85) 10.21 (2.98 to 17.44) .006
57.82 57.50 (52.78 to 62.22) 12.41 (4.90 to 19.92) .001
66.22 65.11 (60.66 to 69.57) 20.02 (12.93 to 27.10) <.001
60.19 59.93 (54.31 to 65.56) 14.84 (6.48 t0 23.19) .001
54.50 53.90 (51.89 to 55.91)
48.80 61.27 (41.81 to 80.74) 7.38 (=12.37 to 27.12) 464
51.04 50.19 (41.87 to 58.51) —3.71 (—12.16 to 4.74) .389
61.57 64.07 (58.73 to 69.41) 10.17 (4.26 to 16.09) .001
51.34 53.98 (36.42 to 71.55) 0.09 (—=17.7 to 17.87) 992
55.19 54.30 (51.99 to 56.61)
55.06 57.55 (53.36 to 61.74) 3.25(-1.67 t0 8.17) 195
51.55 53.74 (48.19 to 59.28) —0.57 (—6.88 t0 5.75) .860
58.17 57.53 (51.52 to 63.53) 3.23 (-3.131t09.58) 319
44.35 48.32 (44.09 to 52.56)
58.28 57.07 (54.99 to 59.15) 8.75 (3.86 to 13.64) <.001
53.41 54.59 (51.6 to 57.59)
56.20 55.38 (53.17 to 57.60) 0.79 (—2.95 to0 4.53) .678
47.72 50.75 (46.55 to 54.95)
50.85 51.08 (48.10 to 54.05) 0.33 (—4.46 10 5.12) .893
60.02 58.66 (53.43 to 63.90) 7.92 (0.76 to 15.07) .030
62.02 60.07 (56.08 to 64.07) 9.33 (2.76 to 15.90) .005
58.75 57.18 (54.68 to 59.67)
52.83 54.75 (51.01 to 58.5) —2.42 (-7.28 t0 2.43) 327
39.42 42.55 (34.88 t0 50.21) —14.63 (—23.13 to —6.13) .001
33.27 40.22 (33.79 to 46.64)
56.87 56.26 (54.46 to 58.05) 16.04 (9.64 to 22.44) <.001
61.63 60.31 (55.55 to 65.07)
54.89 55.17 (51.43 to 58.91) —5.13 (-11.03 t0 0.76) .088
54.12 54.60 (51.46 to 57.74) —5.71 (-11.39 to —0.02) .049
51.63 51.76 (48.60 to 54.92) —8.54 (—14.43 to —2.65) .005

(Continues)
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TABLE 2 (Continued)
Unweighted Weighted Predictive margin* Difference in predictive

Variable prevalence (%) prevalence (%) (95% CI) margin* (95% CI) P value
Behavioral
Smoking status’

Current 40.01 40.52 42.74 (38.31 to 47.17)

Former 59.27 58.97 56.88 (53.11 to 60.64) 14.13 (8.40 to 19.86) <.001

Never 59.08 57.11 57.29 (54.92 to 59.66) 14.55 (9.35 to 19.75) <.001
Drinking status®

No 52.22 51.45 53.55 (50.53 to 56.57)

Yes 58.18 57.11 55.94 (53.71 to 58.18) 2.39 (-1.391t0 6.17) 215
Health status
BMI"

Normal or underweight 56.30 56.67 55.75 (52.81 to 58.70)

Overweight 55.81 54.29 53.32 (50.11 to 56.54) —2.43 (—6.71 to 1.85) .266

Obese I 57.68 53.87 55.28 (51.14 t0 59.42) —0.47 (—5.69 to 4.74) .859

Obese IT 56.80 58.14 59.98 (53.49 to 66.46) 422 (297 to 11.42) .249

Obese III 49.73 48.90 52.11 (45.37 to 58.84) —3.65 (—11.17 to 3.88) 342
Functional limitation'

No 56.58 56.16 56.45 (53.91 to 59.00)

Yes 55.43 53.83 53.55 (50.65 to 56.45) —2.90 (-7.01 to 1.20) 165
Asthma

Current 55.77 56.72 56.91 (51.94 to 61.87)

Former 57.46 55.26 53.9 (43.91 to 63.88) —3.01 (—14.02 to 7.99) 591

Never 55.96 54.80 54.87 (52.84 to 56.9) —2.03 (—7.64 to 3.57) 476
Arthritis

No 54.00 53.72 53.75 (51.47 to 56.03)

Yes 59.47 57.67 57.65 (54.25 to 61.05) 3.90 (-0.41 to 8.22) .076
Diabetes

No 57.95 55.74 55.59 (53.70 to 57.48)

Yes 29.74 51.19 52.12 (47.06 to 57.17) —3.48 (—8.85 to 1.90) 204

“AIAN = American Indian or Alaskan Native only.

"AA = African American.

“Highest education in the family in NHIS.

YNumber of children in the home.

“Region: Northeast (Maine, Vermont, New Hampshire, Massachusetts, Connecticut, Rhode Island, New York, New Jersey, and Pennsylvania); Midwest (Ohio, Illinois,
Indiana, Michigan, Wisconsin, Minnesota, Iowa, Missouri, North Dakota, South Dakota, Kansas, and Nebraska); South (Delaware, Maryland, District of Columbia,

West Virginia, Virginia, Kentucky, Tennessee, North Carolina, South Carolina, Georgia, Florida, Alabama, Mississippi, Louisiana, Oklahoma, Arkansas, and Texas);
West (Washington, Oregon, California, Nevada, New Mexico, Arizona, Idaho, Utah, Colorado, Montana, Wyoming, Alaska, and Hawaii) in NHIS.

meoking status: Current smoker (smoked at least 100 cigarettes in the entire life and is still smoking now); former smoker (smoked at least 100 cigarettes in the entire
life but is not smoking now); never (not smoked at least 100 cigarettes in the entire life) in both NHIS and BRFSS.

£Drinking status: Yes (had at least one of any alcoholic beverage during the past 30 d) in NHIS.

"BMI = Body mass index, Normal or underweight (BMI < 24.9 kg/mz); Overweight (BMI 25-29.9 kg/mZ); Obese I (BMI 30-34.9 kg/mz); Obese IT (BMI 35-39.9 kg/mz);
Obese I BMI > 40 kg/m?).

"Functional limitation: Yes (have difficulty walking 1/4 mile, climbing 10 steps, standing for 2 hours, sitting for 2 hours, stooping/bending/kneeling, reaching over head, grasping
small objects, lifting/carrying 101bs, pushing large objects, going out to events, participating in social activities, and relaxing at home without special equipment) in NHIS.

*The predictive margins accounted for survey strata, cluster, and weight.

guidelines are revised. It is therefore critical to periodically
assess the data to celebrate public health successes and iden-
tify new areas for intervention. Many of the risk factors for

mammography use we found are well established in the litera-
ture such as age, insurance, income, and smoking status.+73133
Our study further validates these factors using two large,
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TABLE 3 Association between risk factors and past year mammography use for all women aged 40-74 years from 2016 BRFSS

Variable
Demographic
Age (y)
40 to 44
45t0 49
50 to 54
551059
60 to 64
65 to 69
70 to 74
Race
White only
AIAN only*
Asian only
Black/AA®
Others
Marital status
Married

Divorced or separated

Never married
Widowed

Education®

Grade school or high school

College or above
Employment
Unemployed
Employed
Family income
$0-$34,999
$35,000-$74,999
$75,000 or more
Health insurance
No
Yes
Number of children®
0
1to2
3 or more
Region®
Northeast
Midwest
South
West

Unweighted
prevalence (%)

43.15
53.51
58.62
59.09
61.77
63.89
62.76

58.54
51.59
57.41
64.99
54.67

61.02
54.31
55.50
58.79

55.39
60.44

59.35
58.35

52.21
60.28
64.82

32.00
60.28

60.96
52.79
45.22

62.05
59.16
59.92
53.75

LIET AL.
Weighted Predictive Margin* Difference in predictive
prevalence (%) (95% CI) margin* (95% CI) P value
42.16 44.08 (42.15 to 46.01)
53.41 54.31 (52.55 to 56.07) 10.23 (7.8 to 12.65) <.001
59.11 59.31 (57.84 to 60.78) 15.23 (12.82 to 17.63) <.001
59.09 58.93 (57.42 to 60.43) 14.85 (12.33 to 17.36) <.001
60.99 60.58 (59.07 to 62.09) 16.50 (13.90 to 19.10) <.001
64.76 62.67 (61.10 to 64.24) 18.59 (15.90 to 21.28) <.001
63.69 62.23 (60.36 to 64.11) 18.15 (15.24 to 21.06) <.001
56.97 56.27 (55.64 to 56.90)
53.79 59.07 (54.25 to 63.89) 2.80 (—2.07 to 7.67) .260
52.49 51.39 (46.17 to 56.61) —4.88 (—10.14 to 0.39) .069
62.11 64.32 (62.49 to 66.15) 8.05 (6.09 to 10.01) <.001
49.75 55.69 (52.26 to 59.11) —0.58 (—4.08 t0 2.92) 745
58.83 57.76 (56.95 to 58.57)
52.98 55.92 (54.57 to 57.28) —1.83 (—3.49to —0.17) .030
54.29 56.82 (54.72 to 58.92) —0.94 (—3.26 to 1.38) 429
57.59 55.58 (53.69 to 57.47) —2.18 (—4.28 to —0.07) .043
53.79 56.80 (55.69 to 57.91)
59.08 57.29 (56.55 to 58.02) 0.48 (—0.91 to 1.88) 496
57.56 57.75 (56.77 to 58.74)
56.78 56.56 (55.67 to 57.45) —1.20 (-2.66 to0 0.26) .108
51.22 53.33 (52.11 to 54.56)
57.33 55.90 (54.77 to 57.04) 2.57 (0.87 to 4.27) .003
62.92 61.81 (60.68 to 62.94) 8.48 (6.57 to 10.39) <.001
32.64 38.85 (36.06 to 41.63)
59.07 58.52 (57.91 to 59.13) 19.68 (16.79 to 22.56) <.001
59.86 57.89 (57.13 to 58.66)
52.18 56.13 (54.76 to 57.50) —1.76 (=3.45 to —0.07) .041
44.97 51.77 (48.86 to 54.69) —6.12 (-9.22 to —3.01) <.001
60.45 59.08 (57.80 to 60.35)
57.84 57.75 (56.75 to 58.76) —1.32(-2.93t0 0.28) .106
57.44 58.01 (56.99 to 59.03) —1.07 (=2.70 to 0.56) .200
53.41 53.50 (52.11 to 54.89) —5.58 (—7.48 to —3.68) <.001

(Continues)
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TABLE 3 (Continued)
Unweighted Weighted Predictive Margin* Difference in predictive

Variable prevalence (%) prevalence (%) (95% CI) margin* (95% CI) P value
Behavioral
Smoking status’

Current 44.92 44.57 47.34 (45.83 to 48.85)

Former 60.24 58.59 56.55 (55.42 to 57.68) 9.20 (7.34 to 11.07) <.001

Never 62.00 59.97 60.07 (59.29 to 60.85) 12.73 (10.99 to 14.46) <.001
Drinking status®

No 56.67 55.54 56.48 (55.62 to 57.34)

Yes 61.05 58.70 57.73 (56.85 to 58.61) 1.25 (-0.04 to 2.53) .058
Health status
BMI"

Normal or underweight 58.05 56.57 56.81 (55.78 to 57.83)

Overweight 60.57 58.73 58.08 (57.04 to 59.13) 1.28 (—=0.19 to 2.74) .087

Obese I 59.46 57.08 57.17 (55.79 to 58.55) 0.36 (=1.39t0 2.11) .685

Obese II 57.96 56.89 56.85 (54.93 to 58.77) 0.04 (=2.17 to 2.26) .969

Obese III 54.24 53.08 54.24 (51.80 to 56.69) —2.56 (—5.28 t0 0.16) .065
Activity limitation'

No 58.71 56.97 58.10 (57.41 to 58.80)

Yes 52.12 54.01 53.46 (51.98 to 54.93) —4.65 (—6.37 to —2.92) <.001
Asthma

Current 57.95 56.64 57.72 (56.03 to 59.41)

Former 57.91 56.79 56.68 (53.55 to 59.81) —1.04 (—4.57 to 2.50) .566

Never 59.03 57.29 57.04 (56.40 to 57.68) —0.68 (—2.49 to 1.13) 461
Arthritis

No 57.69 55.54 55.61 (54.83 to 56.39)

Yes 60.44 59.62 59.54 (58.53 to 60.56) 3.93 (2.59 to 5.28) <.001
Diabetes

No 58.72 56.90 56.81 (56.16 to 57.46)

Yes 59.32 58.20 58.51 (56.94 to 60.07) 1.70 (=0.03 to 3.42) .054

YAIAN = American Indian or Alaskan Native only.

®AA = African American.

“Education level of individual participant in BRFSS.

YNumber of children in the home.

“Region: Northeast (Maine, Vermont, New Hampshire, Massachusetts, Connecticut, Rhode Island, New York, New Jersey, and Pennsylvania); Midwest (Ohio, Illinois,
Indiana, Michigan, Wisconsin, Minnesota, Iowa, Missouri, North Dakota, South Dakota, Kansas, and Nebraska); South (Delaware, Maryland, District of Columbia,
West Virginia, Virginia, Kentucky, Tennessee, North Carolina, South Carolina, Georgia, Florida, Alabama, Mississippi, Louisiana, Oklahoma, Arkansas, and Texas);
West (Washington, Oregon, California, Nevada, New Mexico, Arizona, Idaho, Utah, Colorado, Montana, Wyoming, Alaska, and Hawaii) in BRFSS.

meoking status: Current smoker (smoked at least 100 cigarettes in the entire life and is still smoking now); former smoker (smoked at least 100 cigarettes in the entire
life but is not smoking now); never (not smoked at least 100 cigarettes in the entire life) in BRFSS.

Drinking status: Yes (had 12 + drinks in lifetime and drinks in past year) in BRFSS.

"BMI = Body mass index, Normal or underweight (BMI < 24.9 kg/mz); Overweight (BMI 25-29.9 kg/mz); Obese I (BMI 30-34.9 kg/mz); Obese IT (BMI 35-39.9 kg/mz);
Obese ITI( BMI > 40 kg/m?).

IActivity limitation: Yes (have serious difficulty walking or climbing stairs, dressing or bathing, doing errands alone because of a physical, mental, or emotional condition)
in BRFSS.

*The predictive margins accounted for survey strata, cluster, and weight.

nationally representative surveys and a novel machine learn- 41 | Race
ing statistical approach. We also identified a change in a well-
established risk factor (race) and identified less known risk

factors (parity and region).

Historically, mammography use prevalence for black women
has been lower than use among white women.>>* For example,
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NHIS data showed that the prevalence of mammography use
among black women was 5.6%-7.6% lower than white women
during 1987-1991. The black-white difference varied between a
positive and negative value in alternate years during 1994-2005,
and remained below —0.5% during 2008-2013. The prevalence
of mammography use among black women surpassed that in
white women (difference = —4.5%) in 2015.23* In the cur-
rent study, we found the prevalence of mammography use was
6% higher among black than white women in both NHIS and
BRFSS. Moreover, this change in the historical trend remained
statistically significant after controlling for confounding fac-
tors in the multivariable regression analysis; black women were
more likely to report mammography use in the past year than
white women. Changes in mammography use prevalence be-
tween white and black women may reflect successful public
health campaigns targeting minority women.” For instance, the
National Breast and Cervical Cancer Early Detection Program
(NBCCEDP), established by the Centers for Disease Control and
Prevention (CDC) more than 25 years ago, helps connect low-
income, uninsured, and underserved populations to preventive
screening services such as mammography.35 CDC also estab-
lished the African American Women and Mass Media (AAMM)
pilot campaign that specifically targets black women and aims
to increase mammography use. Many state and local public
health programs targeting disparities in preventive health screen-
ing have also been established in response to historically lower
screening rates among black women. Our findings suggest that
these programs may have been effective in improving mammog-
raphy use. Targeted education and outreach programs may blunt
the effect of conflicting guidelines that may confuse or deter
women who are not reached by breast cancer outreach programs.
Further research is needed to identify which programs and pro-
gram components are most effective. Finally, higher mammog-
raphy use among black women may be influenced by differences
in perceived risk or more frequent diagnostic mammography use.
Although white women have higher incidence of breast cancer
than black women (130.8 per 100 000 vs 126.7/100 000), black
women have higher rates of breast cancer mortality (28.4 deaths
per 100 000 vs 20.3 deaths per 100 000).”’

4.2 | Parity

Different from existing studies, we found that having three or
more children in the home is negatively associated with mam-
mography use. This held for the overall population, the white
population, and the black population in NHIS data. Although
not a common finding, parity has been found to be associ-
ated with mammography screening in previous, smaller scale
studies. Henry et al, for example, found that having three
or more children increased the odds of not receiving mam-
mography in the past 2 years using BRFSS data from Utah.*®
This finding has been noted internationally among Swedish

women as well.* The current study extends these finding
to a much larger sample of women using two large surveys.
Parity as a risk factor for preventive screening has also been
noted for colon cancer, prostate cancer, and cervical cancer
according to findings by Stimpson et al, who analyzed 2004-
2006 Medical Expenditure Panel Survey (MEPS) data.®®

The most logical explanation for the parity findings is con-
straints on time; as one's role as a caregiver decreases the likeli-
hood of caring for oneself, because women may prioritize care
for their children over care for themselves. Childcare may also
contribute to the ability to be screened—either through lack of
finances to pay for care or social support by family and friends
to care for children while the mother is screened. Perceived
risk for breast cancer may also play a role. It is possible that
women who have more children perceive their risk of breast
cancer as low and do not see being screened as important.

Targeting high parity women for mammography use is a
public health opportunity. It is likely that women with more
than three children have more health-care encounters than
those with fewer or no children. Such encounters, whether
in pediatrician offices, urgent care centers, or emergency de-
partments, could be opportunities to educate women and link
them to screening opportunities.

43 | Region

Our data analysis revealed that women residing in the West
census region of the US had significantly lower mammog-
raphy use compared to their Northeast counterparts when
controlling for other factors. The identified geographic dis-
parities may in part reflect the geographic discrepancies in
health-care resources and their utilization, such as the availa-
bility of screening facilities and physician workforce, propor-
tion of urban/rural areas, as well as regional/state differences
in the policy/intervention programs for breast cancer screen-
ing.‘“'48 The states in the Northeast (ie, Maine, Vermont,
New Hampshire, Massachusetts, Connecticut, Rhode Island,
New York, New Jersey, and Pennsylvania) tend to have
higher density of health-care resources and higher popula-
tion densities in general than those in the West (Washington,
Oregon, California, Nevada, New Mexico, Arizona, Idaho,
Utah, Colorado, Montana, Wyoming, Alaska, and Hawaii).
Studies have found that low population density areas tend to
have lower mammography capacity and higher travel burden
to breast imaging for rural women than urban women.

44 | Consistency and incongruence in
findings by survey

Many of our findings were consistent across both surveys and
it is encouraging to see that validation. Clear, well-established
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risk factors for mammography use can provide the public
health community with action areas for intervention. For in-
stance, smoking is a risk factor for breast cancer and educa-
tors could consider integrating mammography education with
smoking cessation programs. Despite the similarity in find-
ings across surveys, there were discrepancies, and this is also
important. The findings on obesity are one such example.
Differences in survey mode (face-to-face vs phone inter-
view), response rates (81% vs 47%), sample size (12 639 vs
169 116), missing outcome rates (2% vs 5%), and weight-
ing procedures may explain some of the differences ob-
served.' 2 Moreover, despite the similarity in weighted
sample characteristics between the two surveys, the crude
NHIS sample had a higher proportion of black women,
women younger than 50 years, and women from the West
region than the BRFSS sample. It is important for future re-
searchers to understand these differences when interpreting
results and using them to drive public health intervention.'®

5 | LIMITATIONS
As in other studies using survey data, our study has some
limitations. Survey data were self-reported and not con-
firmed by medical record review. Self-reported data from
national surveys may overestimate the screening use
compared to data based on health-care claims.>**° Meta-
summaries of studies comparing self-reported mammo-
gram vs documented screening history showed sensitivity
to be between 93% and 95% and specificity to be approxi-
mately 62%; the validity and reliability of self-reported
responses also varied across sociodemographic sub-
groups.56’57 In addition, question wording may impact the
accuracy of self-reported mammography. For example,
Gonzales et al, (2017) found that mammography use in
past year based on a one-part question, the same as used
in the current analysis, tended to be slightly higher than
mammography use in the past 2 years obtained when a
two-part question in the NHIS Cancer module was asked;
and the inconsistency tended to be higher among women
of black race, in poor health, and without a usual source
of care.”®

Mammography can be used for screening or diagnostic
purposes and we cannot separate out which reason women re-
ceived a mammogram using the surveys studied. We excluded
women from the sample with a history of breast cancer, but
it is possible that some of the mammography reported in the
study was diagnostic (ie, the patient had signs or symptoms
of breast disease). Our racial disparity discussion is limited
to white/black and does not address Hispanic, Asian, or other
populations nor does it address immigrant vs native US-born
utilization or English fluency.
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CONCLUSION

6 |

Using two large, nationally representative survyes and a
novel RF machine learning approach, we identified a change
in a previously well-established risk factor for mammography
use as well as less well-known factors. Our finding that black
women were more likely to report mammography use than
their white counterparts suggests that public health programs
that have sought to increase mammography use among black
women may have been effective. This encouraging trend may
help narrow the black-white disparity in breast cancer by de-
tecting cancer early, as later stage at diagnosis accounts for
some of the racial disparity in mortality.sg'61 We identified
high parity to be negatively associated with mammography
use across datasets and found lower prevalence of mammog-
raphy use in the West region of the US. Our results can be
used to inform future federal, state, and local initiatives aimed
at improving mammography rates.
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