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INTRODUCTION
Breast cancer is one of the most common cancers among 

females worldwide (1). In the United States, women with breast 

cancer have the second highest mortality rate for cancers 
(2). An estimated 43,700 women in the U.S. are expected 
to die in 2023 from breast cancer (2). Early diagnosis and 
management are crucial to survival for breast cancer patients. 
Patients receiving treatment when the cancer is localized in 
the early stages have a 70% higher survival rate than after the 
cancer has metastasized in the later stages (3, 4). Identifying 
breast cancer early is challenging since clinical symptoms 
such as weight loss, fever, and breast skin changes are not 
prominent in the earlier stages (5, 6). Therefore, screening is 
crucial for early detection and the survival of the patient.

A mammogram, which is a specialized X-ray of the breast, 
is a common breast cancer screening test recommended 
by various healthcare societies and organizations (7, 8). 
Different guidelines for mammogram screening have been 
developed and issued by different societies and organizations 
with varying recommendations for initial screening ages 
and the frequencies of screenings (Table 1). Unfortunately, 
screening adherence rates have been shown to vary between 
different racial/ethnic populations regardless of the use of 
different screening guidelines (7, 9–10). At present, there are 
over 20 breast cancer screening guidelines worldwide (11). 
In the U.S., a mammogram is recommended as the primary 
breast cancer screening tool for average-risk women (i.e., for 
screening purposes, a women is considered at average risk if 
she does not have a personal history of breast cancer, strong 
family history of breast cancer, and predisposing symptoms 
of developing breast cancer) by the most common guidelines 
(11). These guidelines are recommended and published by 
seven different organizations/societies (Table 1), including 
the U.S. Preventive Service Task Force (USPSTF), 
American Cancer Society (ACS), American College of 
Obstetricians and Gynecologists (ACOG), American College 
of Radiology (ACR), American College of Physicians 
(ACP), American Associate of Family Physicians (AAFP), 
and National Comprehensive Cancer Network (NCCN) (5, 
12–18). Guidelines recommended by AAFP, ACOG, ACP, 
and USPSTF are similar, while those from ACS and ACR 
are different (13, 16). The major differences between these 
guidelines are the age range and frequency of mammographic 
screening. Previous mammographic screening studies have 
tended to either choose only one of the screening guidelines 
to perform their analyses or to make their own guidelines, 
which may lead to different adherence rates reported from 
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the same populations (19–21). 
Prior research has shown that individuals who had a lower 

socioeconomic status (low income level, less educated, and/
or rural or underserved area), poor healthcare conditions (no 
insurance coverage, no primary care physician, smoker, and/
or history of depression or anxiety), and poor patient-provider 
rapport (poor patient-provider communication and/or poor 
understanding of care plan) tend to have lower adherence 
rates for mammographic screening (21–25). These factors 
can act independently or in combination with each other to 
predict lower mammogram screening adherence (21–25). In 
addition, certain factors may be predominant among specific 
racial/ethnic populations. For example, non-Hispanic black 
(NHB) and Hispanic/Latino tend to have lower socioeconomic 
status and poorer health conditions than non-Hispanic-white 
(NHW) populations (22, 23). However, previous studies have 
only analyzed one or two factors promoting an individual’s 
mammogram screening. Therefore, a comprehensive analysis 
including all these common factors and specifically focused 
on minority populations is necessary to identify barriers and 
facilitators of mammogram screening. 

We hypothesized that adherence rates for mammographic 
screening is lower among minorities (NHB and Hispanic/Latino 
populations) than among NHW individuals regardless of the 
guideline applied. In terms of adherence to mammographic 
screening among different populations, we defined individuals 
as adherent to a certain mammogram screening guideline if 
they followed the guideline. In addition, we also hypothesized 
that race/ethnicity is an independent risk factor affecting 
breast cancer screening adherence. Therefore, we aimed to 
determine differences in mammogram screening adherence 
rates among different populations and to identify the factors 
associated with higher screening adherence. In this study, we 
found that NHB women and women with insurance coverage 
had higher adherence rates than NHW women and women 
without insurance coverage by analyzing a national survey 
database. Using a nationally representative sample could 
cover a broad spectrum of different populations across the 
nation thus minimizing the population selection bias. More 
importantly, identifying vulnerable population and factors 

associated with poor mammographic adherence can help 
healthcare providers implement appropriate interventions to 
increase breast cancer screenings, which may eventually 
improve breast cancer early diagnosis and management 
among such populations. 

RESULTS 
General characteristics of the study population

To determine the adherence rates to different mammograph 
screening guidelines, we used data from a national survey to 
conduct this study. Health Information National Trends Survey 
(HINTS) is a nationally representative survey administered by 
the National Cancer Institute. A total of 3,865 surveys were 
included in the HINTS 5 Cycle 4. We excluded 1,561 men 
and another 100 participants with missing/unknown gender 
information. Furthermore, we excluded women whose age 
was missing/unknown (n = 31) or women younger than 40 (n 
= 422). Therefore, we only included 1,751 women in the final 
analyses (Figure 1). 

Table 1. Different breast cancer screening guidelines in US

Figure 1. Study flow diagram. HINTS 5 Cycle 4 survey included a 
total of 3,865 participants. We only included female participants aged 
40 or older. Males, ones with missing/unknown gender information, 
females younger than 40, and females with missing/incorrect ages 
were excluded, with a final 1,751 female participants aged 40 or older 
included in this study. Furthermore, these females were classified 
into three groups (USPSTF/ACOG/APA/AAFP, ACR/NCCN, and 
ACS) based on whether they qualified for each screening guideline 
(see Method section). Abbreviations: USPSTF, US Preventative Task 
Force; ACOG, American College of Obstetricians; ACP, American 
College of Physicians; AAFP, American Associate of Family 
Physicians; ACR, American College of Radiology; NCCN, National 
Comprehensive Cancer Network; ACS, American Cancer Society. 
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We found that NHW individuals made up the majority 
of this study (60%), and more individuals fell within the 
age group of 55–74 (42%) than any other age group. More 
individuals in the study population had regular healthcare 
providers than those without (70% versus 28%), and more 
individuals had health insurance coverage than those without 
(93% versus 5%). In addition, there were more individuals 
whose household income was less than $50,000 annually 
than those with higher annual household incomes (46% 
versus 25%; Table 2). 

Mammogram screening adherence rates from three 
different screening guidelines

To determine adherence to mammogram screening 
from three different guidelines (USPSTF, ACR, and ACS), 
we analyzed mammogram screening rates from women of 
different age groups. Briefly, USPSTF guideline includes 
women aged 50–74 with mammogram done once every 2 
years (same as ACP, AAFP, and ACOG guidelines, therefore 
we categorized these guidelines as USPSTF guideline), ACR 
includes women aged 40 or older with mammogram done 
once every year (same as NCCN, we categorized these 

guidelines as ACR guideline), and ACS includes women aged 
45–54 with mammogram done once every year and women 
aged 55 or older with mammogram done once every 2 years. 
We found that women aged 50–54 had the highest rate of 
mammographic screening within 2 years when compared with 
other age groups (Table 3, p = 0.0054). The number of women 
recommended to perform mammographic screening differed 
between the three different screening guidelines due to 
differences in inclusion criteria between the three guidelines. 
If women were adherent to a certain screening guideline 
at the time when participated the survey, we considered 
them as “adherent” to mammographic screening under that 
guideline (e.g., if women aged 56 had mammograms done 
once in the past 2 years, then they are adherent to both 
USPSTF and ACS guidelines, but they are not adherent to 
ACR guideline). On the contrary, if women did not adhere to 
a certain guideline, we considered them as “not adherent” to 
that guideline. The mammographic screening adherence rate 
was higher when applying the USPSTF guidelines (77.37%) 
compared to the ACR (57.71%) and ACS (68.41%) guidelines, 
and there were statistically significant differences in the 
adherence rates across all three guidelines (p < 0.001 was 

Table 2. General characteristics of the study population

NOTE: Total number n = 1,751 with weighted population of 86,356,317.
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found in all USPSTF vs. ACR, USPSTF vs ACS, and ACR vs. 
ACS comparisons, Table 4).

Factors associated with higher adherence to 
mammographic screening

To determine the breast cancer screening differences 
among different races/ethnicities, we analyzed the 
mammogram screening adherence rates among four different 
racial/ethnic groups (NHW, NHB, Hispanic/Latino, and other). 
We found that racial/ethnic disparities existed in terms of 
adherence to mammogram screening when the ACR guideline 
was applied (adherence rate of 57.36% in NHW, 67.64% in 
NHB, 44.16% in Hispanic/Latino, and 60.03% in other racial/
ethnic participants, p < 0.05, Table 5). NHB individuals had 
a significantly higher mammogram screening adherence rate 
in comparison to Hispanic/Latino individuals (p < 0.01), and a 
higher adherence rate in comparison to NHW individuals (p 
= 0.05) when the ACR guideline was applied (Table 5). Such 
findings go against our initial hypothesis that mammogram 
screening adherence rates would be lower among minorities. 

To determine the other factors associated with adherence 
to mammographic screening when three different guidelines 
were applied, we used three multivariate logistic regressions 
with weighted sample analysis. We found seven factors that 
were positively associated with the adherence of at least one 
screening guideline: age, race/ethnicity, education, marital 
status, insurance, provider, and individual confidence in taking 
care of their health. However, only race/ethnicity and insurance 
showed positive associations with screening adherence 

across all three guidelines. NHB women and women with 
insurance coverage were consistently found to have positive 
associations with adherence to screening regardless of the 
guideline being applied, whereas other factors were found to 
be associated with screening adherence only when a certain 
guideline was applied. For example, an individual’s education 
level was only found to be associated with adherence to 
mammogram screening when the USPSTF guideline was 
applied (Table 6). However, individuals’ confidence in their 
health was not associated with the adherence to mammogram 
screening when using the USPSTF guideline. In addition, 
marital status was not associated when ACR guideline was 
applied, and education level was not associated when ACS 
guideline was applied (Table 6). 

DISCUSSION
Breast cancer screening plays an important role in early 

cancer diagnosis and treatment (26). In our study, the overall 
mammographic screening adherence was less than 80% 
regardless of which screening guideline was used, indicating 
potential improvement needed on breast cancer screening 
compliance. Our study also found higher mammographic 
screening adherence when the USPSTF guideline was applied 
to the study participants. Additionally, when we analyzed the 
association of screening adherence with women of different 
races/ethnicities, NHB women had a relatively higher 
adherence to the ACR guideline with comparison to Hispanic/
Latino or NHW women indicating the existence of racial/ethnic 
disparities in breast cancer screening. Furthermore, NHB 

Table 4. Adherent to mammographic screening when different screening guidelines were applied

Table 3. Mammographic rates among US women of different age groups from the HINTS data

NOTE: Statistically significant differences occurred in terms of adherence to mammogram screening when three different guidelines were 
compared with the Rao-Scott Chi-square test (p < 0.001 in USPSTF versus ACR, USPSTF versus ACS, and ACR versus ACS comparisons). 
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Table 5. Adherence to mammographic screening when different screening guidelines were applied

Table 6. Factors associated with adherence mammogram screening under different breast cancer screening guidelines

NOTE: Multivariate logistic regression was used to determine the associations between 15 independent factors and adherence mammogram 
screening. Women aged 50-54 were used as the reference group since no women aged 40–49 were included in the USPSTF guideline. 
Women aged 45-49 were used as the reference group since no women aged 40–44 were included in the ACS guideline. Reference (ref) 
indicates control group used in each categorical variable in multivariate logistic regression analysis. Eight variables that did not show 
statistically significant differences were not reported here. 

NOTE: Statistically significant 
racial/ethnic differences 
were found with the ACR 
guideline (Rao Scott Chi 
square test to compare 
four group differences, p = 
0.0268), while no significant 
racial/ethnic differences were 
found with other guidelines 
such as USPSTF or ACS 
(p > 0.05). NHB individuals 
had a higher mammogram 
screening adherence rate 
in comparison to Hispanic/
Latino individuals (p < 0.01) 
and NHW individuals (p = 
0.05) when ACR guideline 
was applied. 
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women and women with insurance coverage showed positive 
associations with adherence to mammographic screening 
regardless of the guidelines applied. Our findings validated 
other studies’ reports and can serve as a foundation for further 
implementation of suitable interventions to improve breast 
cancer screening (27, 28). In terms of different screening 
guidelines, previous studies mainly focused on benefit and 
harms comparisons between the different sets of guidelines 
(29). Whereas few studies have performed analyses on 
the comparison of different adherence rates when different 
guidelines were applied. One study used 2014 survey data to 
compare adherence using USPSTF, ACS, ACR, and ACOG 
guidelines and found that the adherence rate ranged from 
76–81% with USPSTF, 55–81% with ACS, and 45–64% with 
ACR/ACOG guidelines (10). The adherence rates from this 
study seems to be a slightly higher when compared to our 
study findings and the ranged percentages came from the 
adherence rates of different age groups. However, our study 
paid more attention on investigating the adherence rates of 
different races/ethnicities. Apart from this, guidelines are 
periodically updated, and sometimes minor changes occur. 
For example, ACS guideline 2015 version was used in our 
study, whereas ACS guideline 2003 version was used in the 
previous study with the change of female aged 40 or older 
requiring annual mammogram to female 55 or older requiring 
mammogram biennially (30). Therefore, it is necessary to 
perform another comparison study applying the updated 
guidelines. 

Our overall screening adherence rates were below 80%, 
which is lower than the rate reported from other studies 
(9, 10). This may reflect a relatively high NHW population 
included in data from the national survey that was utilized 
because NHW women have been reported to have a lower 
mammographic screening rate than NHB women, but the 
mechanisms of such findings are still unclear. Another study 
attempted to explain the breast cancer screening cultural 
change among NHBs (i.e., NHB individuals were more willing 
to perform breast cancer screening), but it did not provide 
strong evidence (27, 31). Higher breast cancer screening rate 
among NHB women in comparison to NHW women may be 
explained due to the higher mortality rates from breast cancer 
among NHB women compared to those of NHW women, 
especially among NHB women younger than 50 (32). Less 
optimal outcomes among NHB women might cause higher 
rates of breast cancer screenings. It is also possible that 
providers encourage more frequent breast cancer screening 
among NHB women (33). In addition to the NHB population, 
our study also found insurance coverage acted as another 
independent factor promoting the breast cancer screening. 
Insurance and access to healthcare providers are essential 
for breast cancer screening adherence (28, 34, 35). Previous 
studies found that people lacking insurance coverage tended 
to have less primary care clinic visits, perform fewer regular 
checkups, with lower rates of cancer screenings when 
compared with their counterparts (36, 37). Cancer screening 

shows great benefit when performed appropriately and 
increasing adherence for cancer screening may improve 
early cancer detection, survival, and health. Therefore, we 
suggest that healthcare providers, especially primary care 
physicians, recommend patients to perform breast cancer 
screening. In addition, due to relatively lower adherence 
rates among NHW/Hispanic/Latino women and women 
lacking insurance coverages, interventions may need to be 
implemented focusing on such risks. For example, increasing 
primary care physician assignment and routine clinic visits 
among NHW/Hispanic women, enhancing community breast 
cancer screening awareness program, and providing social-
financial support for women lack insurance coverage may all 
be beneficial to raising the adherence rates. 

This study has several strengths. First, our study used 
a nationally representative survey with a large sample size 
across the nation, which can increase the population diversity 
and further increase the generalizability of the study findings. 
Secondly, we compared the current most common breast 
cancer screening guidelines in our comprehensive analyses. 
Our findings provided insights into differences in adherence 
rates to the different guidelines. Lastly, we used a multivariate 
logistic regression to determine multiple factors associated 
with the mammographic screening adherence. Using this 
statistical method, we could not only identify independent 
factors related to breast cancer screening, but also avoid 
confounding factors (factors that seem to be associated with 
appropriate screening in a simple two-group comparison 
but were found to have no association by using multivariate 
logistic regression analysis). 

Nevertheless, this study has some limitations. First, since 
this is a survey study with retrospective analysis, incorrect 
variables and incomplete or missing information cannot be 
avoided, which can lead to the deviation of the study findings. 
Secondly, when different breast cancer screening criteria 
were used, especially ones that prefer mammographic 
screening once every two years, we considered women 
whose most recent mammogram performed within two 
years as “adherent” to guideline. The HINTS survey only 
asked for when the most recent mammographic screening 
was. Participants who checked “1–2 years ago” for their 
most recent screening were categorized as adherent to the 
guidelines that recommended mammographic screening 
once every two years. However, since we only know that 
those participants had a recent mammogram 1–2 years ago, 
there might be participants who had multiple mammograms 
within the 1–2 year period and thus qualify for “once every 
year.” Unfortunately, we are not able to differentiate these two 
scenarios which could lead to the overestimation of guideline 
adherence rates. Some guidelines (e.g., ACR and ACS) also 
recommend stopping screening for individuals whose life 
expectancy is less than 10 years. It is challenging to predict 
an individual’s life expectancy; therefore, we assumed all 
participants in this study had life expectancy of more than 10 
years which could lead to the underestimation of guideline 
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adherence rates. Thirdly, we only used multivariate logistic 
regression to determine the association between independent 
factors and mammographic screening adherence. There 
are other approaches, such as using artificial intelligence 
and machine learning (AI/ML) algorithms to determine 
important features associated with mammographic screening 
adherence. Using AI/ML algorithms, such as random forest, 
could more accurately identify important factors contributing 
to the screening adherence rather than using multivariate 
logistic regression analysis because using AI/ML can 
determine which risk factor contributes more in related to the 
higher guideline adherence, whereas multivariable logistic 
regression is only able to determine their positive or negative 
associations. Finally, since the survey did not include 
screening results, we are unable to link screening patterns 
to clinical outcomes such as prevalence of breast cancer or 
mortality. Therefore, a large-scale prospective observational 
study with follow up among participants is warranted.

In summary, our study shows that using the USPSTF 
guideline resulted in a relatively higher adherence rate for 
breast cancer mammographic screening among U.S. women 
at average-risk of breast cancer. When analyzed with women 
of different races/ethnicities, NHB women had a relatively 
higher adherence to ACR guidelines in comparison to 
Hispanic/Latino or NHW women. In addition, having insurance 
coverage seemed to be associated with better mammographic 
screening adherence. A mammographic screening may lead 
to the early detection and treatment of breast cancer, thus 
resulting in a better clinical outcome.	

MATERIALS AND METHODS
Study design and data source 

This is a cross-sectional observational study. We analyzed 
the data from the 2020 Health Information National Trends 
Survey (HINTS 5 cycle 4) that was updated and released in 
May 2022. HINTS is a nationally representative survey of 
non-institutionalized civilian households administered by the 
National Cancer Institute (38). The survey collects information 
on breast cancer screening, individual demographic 
characteristics, and social determinants of health like 
education, insurance coverage, and income of households. 
The HINTS study is issued once every few years and each 
cycle in HINTS 5 is administered over the course of four years. 
HINTS 5 Cycle 4 was conducted from February 24 – June 15, 
2020. HINTS is a publicly available de-identified dataset, and 
it was approved by the regional institution review board and 
determined as a non-human research project. 	

Participants
The study participants were limited to individual females 

aged 40 and above in the U.S. We excluded 1) males or 
individuals with unknown gender and 2) individuals with age 
less than 40 or missing data for age.
 

Breast cancer mammographic screening 
The National Cancer Institute uses the following question 

in the HINTS to determine whether breast cancer screening 
has been performed among U.S. women: “When did you have 
your most recent mammogram to check for breast cancer, if 
ever?” The answers were listed as 1) one year ago or less; 
2) more than one, up to two years ago; 3) more than two, 
up to three years ago; 4) more than three, up to five years 
ago; 5) more than five years ago, and 6) I have never had 
a mammogram. At present, mammogram screening criteria 
are published by different societies/organizations but are 
not consistent on the initial screening age (i.e., 40- vs 45- 
vs 50-year-old) and frequency of screening (i.e., once a year 
versus once every 2 years). We reviewed seven guidelines 
used frequently by healthcare providers. USPSTF, ACP, 
AAFP, and ACOG recommend the same screening guideline 
(hereafter referred to as USPSTF guideline), ACR and NCCN 
recommend the same guideline (hereafter referred to as ACR 
guideline), and ACS uses another guideline (hereafter referred 
to as ACS guideline, see detail in Table 1). Using this method, 
we classified these seven guidelines into three groups, Group 
1: USPSTF guideline, Group 2: ACR guideline, and Group 3: 
ACS guideline. Each guideline provides their inclusion criteria 
for mammogram screening. Individuals who met the inclusion 
criteria were included. Among these included women, ones 
who performed the mammogram and satisfied a given group 
guideline were considered as adherent to mammographic 
screening for that group, whereas individuals who did not 
satisfy such a given group guideline were considered as not 
adherent. We calculated the percentages of adherent and 
non-adherent women within the given group (i.e., percentages 
of the guideline adherent rate equal the number of women 
whose mammograms performed in compliance with the 
guideline divided by the number of women recommended 
by guideline for mammogram screening, and the addition of 
adherent and non-adherent percentages equal to 100%).
	
Key explanatory variables

Based on the data from previous studies, we included 
in our analyses several factors previously shown to be 
associated with mammographic screening adherence (39, 
40). We divided these factors into three main categories: 
1) individual demographics/social determinants of health 
(SDoH); 2) individual health information/conditions; and 
3) patient-provider rapport/communication. These three 
categories were the most tested factors in other studies and 
the focus of our study. All three categories were distinctive 
characteristics and parts of the individual participant’s data 
(39, 40). Individual demographics/SDoH included age, race/
ethnicity, education levels, marital status, household income 
levels, and location. Individual health information/conditions 
included whether the person had insurance coverage, had a 
regular healthcare provider, had a history of depression or 
anxiety, was a smoker, had a family history of cancer, and had 
confidence taking care of their own health. Patient-provider 
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rapport included whether the provider involved individuals 
in decisions about their health condition and whether the 
provider made sure the individual understood the things they 
needed to do to take care of their health. Multivariate logistic 
regression was used to determine the associations between 
these factors and mammographic screening adherence by 
three guidelines.
 
Statistical analysis

Since HINTS is a survey with replicate weights (each 
individual surveyor stands for multiple people), weighted 
percentages were recorded amongst each category (wt%). 
Breast cancer screening rates were calculated for different 
age groups (i.e., 40–44, 45–49, 50–54, 55–74, and 75+), 
and different races/ethnicities (i.e., non-Hispanic white, non-
Hispanic black, Hispanic/Latino, and others). Significant 
differences between groups were tested with Rao-Scott 
Chi-square tests. A multivariate logistic regression analysis 
was conducted to determine the association between 
mammogram screening adherence and multiple different 
independent factors. As previously described above, the 
binary dependent variable was mammography screening 
(i.e., adherent vs. not adherent). Adjusted odds ratios (AOR) 
with 95% confidence intervals (CI) were calculated for 
each independent variable tested in the multivariate logistic 
regression analysis. All statistical analyses were conducted 
using STATA 14.2 (College Station, TX, USA). We followed the 
HINTS guidelines for analysis and used survey procedures 
with replicate weights for all analyses.
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