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Introduction

Breast density is a measure of fibro-glandular to fatty tis-
sue in the breast. Research has indicated that about 50% of 
women in their 40s have dense breasts [1], which, reportedly, 
increases the risk for breast cancer. Specifically, women with 
a dense area comprising 75% or more of the breast face a 4.6 
times greater risk of breast cancer than women with a dense 
area smaller than 5% [2]. A highly dense breast may also low-
er the sensitivity of screening test to detect breast cancer, fall-
ing from 80% to 98% in less dense breasts to 30% to 64.4% in 
highly dense breasts [3]. Consequently, interval cancer rates 
are higher among women aged 50 to 74 years with extremely 
dense breasts or women aged 70 to 74 years with heterogene-
ously dense breasts [4]. Although the impact of higher breast 
density on breast cancer risk and mammographic masking is 
well known, previous studies have reported that the majority 
of women do not know their own breast density status and 
are not familiar with breast density [4-6].

With evidence of breast density as both an individual risk 
factor for breast cancer and a masking factor of mammo-

graphic examination, the United States mandates nationwide 
that women are to be informed of their breast density sta-
tus [4,7,8]. This was initially implemented in an attempt to  
increase female awareness of the importance of breast density 
in breast cancer; however, others argued that it could elicit 
unnecessary psychological responses among women [9-11]. 
Research has shown that European American women who 
are aware of their breast density status have a stronger per-
ception of breast cancer risk and worry, compared to those 
who were unaware. Yeh et al. [11] also documented increased 
perceived risk and worry about breast cancer among women 
after hearing about their breast density status from mammog-
raphy tests. Psychological reactions, however, are not neces-
sarily negative in that higher perceived risk and cancer worry 
might facilitate better screening behavior and drive inten-
tions to undergo screening [12-16]. Indeed, some studies have  
reported that psychological reactions affected by awareness  
of breast density facilitated positive health behaviors  
[12,17,18]. Generally, a U-shaped relationship between psy-
chological effect and favorable screening behaviors has been 
recognized [16].  
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In South Korea, the National Cancer Screening Program 
for breast cancer was launched for women aged 40 years 
and older in 2002 [19]. Since 2007, women who have under-
gone breast cancer screening can learn their own breast den-
sity through the Breast Imaging-Reporting and Data System  
(BI-RADS) classification (4th edition) [20]. Meanwhile, how-
ever, studies have yet to examine the effects of becoming 
aware of one’s breast density on psychological reactions, such 
as perceived risks and worry about breast cancer, among  
Korean women. Therefore, this study was conducted to assess 
degrees of perceived risk and cancer worry for breast cancer 
according to knowledge and awareness of one’s own breast 
density status among Korean women. Finally, we investigat-
ed how awareness and knowledge of breast density could be 
related to intentions to undergo mammography screening.   

Materials and Methods

1. Study population   
Data were obtained from the 2017 Korean National Cancer 

Screening Survey (KNCSS), which is a nationwide cross-sec-
tional survey designed to investigate screening rates among 
Korean men aged ≥ 40 years and women aged ≥ 30 years. 
Samples for the 2017 KNCSS were selected through strati-
fied, multistage, and random sampling based on the 2017 
Residence of Registration Population data. The survey was 
conducted from August 26 to September 29, 2017. There was 
a total of 4,000 participants from 15,907 random samples, 
with a response rate of 25.1%. Of all survey respondents, 
1,609 women aged 40-69 years, who are eligible for breast 
cancer screening under the Korea National Cancer Screen-
ing Program (KNCSP), were finally included in the current 
study.   

2. Measures  
To assess whether women knew their own breast density 

status, two questions were asked: “Have you ever been infor-
med of your breast density status through mammography 
test?”. Women who answered “No” were considered as “Not 
know.” Women who responded “Yes” were subsequently 
asked “Do you have a dense breast?” and classified as either 
“Dense” or “Non-dense.” Depending on these questions, 
women were classified into three groups: (1) Yes, I have a 
high level of breast density (Dense); (2) Yes, I do not have 
a high level of breast density (Non-dense); and (3) No, I do 
not know my breast density status (Not know). Intentions 
to undergo breast cancer screening were assessed as having 
plans to undergo breast cancer screening within the next 2 
years or not. 

General knowledge about breast density was measured by 

the following two questions: The first questions was “Do you 
think breast density affects breast cancer detection in mam-
mography screening?”, to which respondents could choose 
one possible answer among (1) I do not know, (2) a higher 
breast density makes it easier to detect breast cancer, (3) no 
association, or (4) a higher breast density makes it difficult to 
detect breast cancer. The second question was “Does a higher 
breast density increase the risk for breast cancer?”, with pos-
sible answers of “Yes” or “No.” Women who answered both 
questions correctly were classified as having a “good level 
of knowledge on breast density,” and the other women were 
classified as having a “poor level of knowledge on breast 
density.”

Breast cancer worry specific to breast cancer was assessed 
via a five-point Likert scale question modified from Ler-
man’s cancer worry scale [21,22]. We asked the participants, 
“How often do you worry about breast cancer?”, to which 
the respondents could answer by choosing one of the five 
following items: (1) “never,” (2) “rarely,” (3) “sometimes,” (4) 
“often,” and (5) “always.” The worry item used in our study 
refers to the frequency of thinking about breast cancer risk 
rather than the magnitude of breast cancer.  

Perceived risk of developing breast cancer was assessed in 
absolute and comparative terms on a five-point Likert scale 
[23]. Perceived absolute risk was measured by the question, 
“How much of a possibility do you think you have of devel-
oping breast cancer in your lifetime?”. Responses given were 
on a scale from 1 (No risk) to 5 (Very high risk). Perceived 
comparative risk was measured by asking, “Compared to 
other women of your age, how would you rate your risk of 
developing breast cancer?”. Responses were given on a scale 
from 1 (Much lower) to 5 (Much higher). 

Sociodemographic characteristics, including numerical 
age (divided into three groups: 40-49, 50-59, and 60-69 years), 
residential area (rural, urban, or metropolitan), monthly 
household income (< $3,000, $3,000-4,999, or ≥ $5,000), mari-
tal status (with a spouse or without a spouse), employment 
status, educational level (middle school graduate or lower, 
high school graduate, or college degree or higher), family 
history of cancer, and private cancer insurance status were 
collected.

3. Statistical analysis 
A chi-squared test was conducted to observe differences in 

sociodemographic characteristics for the study participants 
according to awareness of their breast density. Means and 
standard deviations of perceived absolute risk, perceived 
comparative risk, and cancer worry for breast cancer were 
calculated, and the mean levels of these psychological fac-
tors were tested by one-way ANOVA. We also used the 
chi-squared test to document differences in the percentage 
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of those with breast density awareness and intentions to  
undergo screening within the next 2 years. 

Ordinal logistic regression was conducted to identify fac-
tors associated with levels of perceived absolute risk, per-
ceived comparative risk, and cancer worry. We also applied 
multivariate logistic regression models to investigate factors 
associated with screening intentions. Model 1 included the 
study participants’ general characteristics and only perceived 
absolute risk, comparative risk, and breast cancer worry 
variables. Model 2 included the study participants’ general 
characteristics, awareness of one’s breast density, and breast 
density knowledge variables to eliminate multicollinearity 
between those factors. Model 3 included all covariates to  
estimate which factors contribute the most to women’s inten-

tions to undergo breast cancer screening. Statistical analyses 
were performed with STATA software (ver. 13, Stata Corp LP, 
College Station, TX), and p < 0.05 were considered statisti-
cally significant for all analyses. 

Results

The sociodemographic characteristics of the study popula-
tion are summarized according to awareness of breast densi-
ty status in Table 1. Among the respondents, 62.0% answered 
that they did not know their breast density status. Women in 
their 60s, living in a rural area, with lower income and educa-
tion level, without private health insurance, and no history of 
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Table 1.  Baseline characteristics of the study participants according to awareness of breast density, KNCSS 2017, Korea

		                             Awareness of        	
Characteristic	 Total	                            density status		 p-value  	 aOR (95% CI) 

		  Yes	 No 

Total	 1,609 (100)	 612 (38.0)	 997 (62.0)	
Age (yr)					   
    40-49	 609 (37.9)	 265 (43.4)	 344 (34.5)	 < 0.001	 1.00 (
    50-59	 596 (37.0)	 233 (38.0)	 363 (36.4)		  0.95 (0.74-1.21)
    60-69	 404 (25.1)	 114 (18.6)	 290 (29.1)		  0.74 (0.54-1.03)
Region 					   
    Rural	 169 (10.5)	 50 (8.2)	 119 (11.9)	 0.047	 1.00 (
    Urban	 704 (43.8)	 269 (43.9)	 435 (43.6)		  1.22 (0.84-1.78)
    Metropolitan	 736 (45.7)	 293 (47.9)	 443 (44.5)		  1.24 (0.85-1.82)
Monthly household income ($)					   
    < 3,000	 300 (18.6)	 84 (13.7)	 216 (21.7)	 < 0.001	 1.00 (
    3,000-4,999	 922 (57.3)	 344 (56.2)	 578 (58.0)		  1.07 (0.77-1.49)
    ≥ 5,000	 387 (24.1)	 184 (30.1)	 203 (20.3)		  1.40 (0.96-2.03)
Educational level					   
    Middle graduate or lower	 238 (14.8)	 56 (9.2)	 182 (18.2)	 < 0.001	 1.00 (
    High school graduate	 932 (57.9)	 344 (56.2)	 588 (59.0)		  1.45 (0.99-2.11)
    College degree or higher 	 439 (27.3)	 212 (34.6)	 227 (22.8)		  2.05 (1.33-3.16)
Marital status					   
    With spouse	 1,537 (95.5)	 589 (96.2)	 948 (95.1)	 0.276	 1.00 (
    Without spouse	 72 (4.5)	 23 (3.8)	 49 (4.9)		  1.00 (0.58-1.71)
Family history of cancer 					   
    No	 1,278 (79.5)	 488 (79.7)	 790 (79.2)	 0.809	 1.00 (
    Yes	 331 (20.5)	 124 (20.3)	 207 (20.8)		  1.00 (0.58-1.70)
Private cancer insurance 		   			 
    No	 188 (11.7)	 53 (8.7)	 135 (13.6)	 0.003	 1.00 (
    Yes	 1,421 (88.3)	 559 (91.3)	 862 (86.4)		  1.16 (0.81-1.67)
Breast cancer screening history 
  within the past 2 years 					   
    No	 572 (35.5)	 174 (28.4)	 398 (39.9)	 < 0.001	 1.00 (
    Yes	 1,037 (64.5)	 438 (71.6)	 599 (60.1)		  1.63 (1.30-2.03)
Values are presented as number (%). aOR, adjusted odds ratio; CI, confidence interval; KNCSS, Korean National Cancer Screening Survey.
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breast cancer screening within the past 2 years demonstrated 
less awareness of breast density. Women who were college 
graduates (adjusted odds ratio [aOR], 2.05; 95% confidence 
interval [CI], 1.33 to 3.16) or underwent breast cancer screen-
ing within the past 2 years (aOR, 1.63; 95% CI, 1.30 to 2.03) 
were more likely to be aware of their breast density status.

Breast density knowledge among Korean women is sum-
marized in Table 2. Only 38.2% of women correctly answered 
that high breast density lowers mammographic sensitivity, 
and 64.4% of them correctly answered that high breast den-
sity increases breast cancer risk. The proportion of women 
who correctly answered both questions, who were catego-
rized as having a good level of breast density knowledge, 
was 29.7% (Table 2). Of note, the proportion of women cor-
rectly responding to the breast density-related knowledge 
questions was significantly higher among those who knew 
that they had dense breasts. Concerning the information  
resources where women collected breast density knowledge, 
half of the women received information from hospitals or 
clinics.

Scores for perceived absolute risk, perceived comparative 
risk, and cancer worry about breast cancer are summarized 
in Table 3. Women aged 50-59 years, having higher socioeco-
nomic status, who completed college education or higher, 
who had a family history of cancer, had breast density aware-

ness, and a good level of breast density knowledge showed a 
significantly higher level of perceived risk and worry (Table 
3). 

In the ordinal regression analysis, women who were aware 
of their dense breast status were more likely to have higher 
perceived absolute risk, perceived comparative risk, and 
cancer worry (Table 4). Notably, women who were aware of 
their high dense breast had perceived risk and cancer worry 
scores three times higher than their counterparts. Further, 
women with a good level of knowledge on breast density  
reported a significantly higher level of perceived absolute 
risk (aOR, 1.82; 95% CI, 1.46 to 2.28), perceived comparative 
risk (aOR, 1.50; 95% CI, 1.19 to 1.89), and cancer worry (aOR, 
1.75; 95% CI, 1.41 to 2.19). In general, women with moderate 
and high monthly household income (≥ $3,000) and with a 
family history of cancer showed a higher level of perceived 
risk and cancer worry. Interestingly, women who had pri-
vate cancer insurance showed a lower level of perceived 
comparative risk and cancer worry. In contrast, women who 
had graduated high school or more were more likely to have 
higher perceived absolute risk. 

Among respondents, 61.8% of women reported that they 
had intentions to undergo breast cancer screening (Table 
5). The proportion thereof was significantly higher among 
women with the highest level of household income, private 
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Table 2.  Responses and knowledge of breast density status according to breast density awareness

	 Total	
	Awareness of density status	

p-value
		  Dense	 Non-dense	 Not know

Total 	 1,609 (100)	 343 (21.3)	 269 (16.7)	 997 (62.0)
Knowledge on mammographic sensitivity				  
    High breast density lowers sensitivity	 614 (38.2)	 241 (70.3)	 114 (42.4)	 259 (26.0)	 < 0.001
    No association	 211 (13.1)	 22 (6.4)	 47 (17.5)	 142 (14.2)	
    High breast density increases sensitivity	 296 (18.4)	 62 (18.1)	 67 (24.9)	 167 (16.8)	
    I do not know	 488 (30.3)	 18 (5.3)	 41 (15.2)	 429 (43.0)	
Knowledge on breast cancer risk					   
    High breast density increases risk	 1,037 (64.4)	 241 (70.3)	 185 (68.8)	 611 (61.3)	 < 0.001
    High breast density decreases risk	 572 (35.6)	 102 (29.7)	 84 (31.2)	 386 (38.7)	
Breast density knowledgea)					   
    Poor	 1,131 (70.3)	 173 (50.4)	 176 (65.4)	 782 (78.4)	 < 0.001
    Good	 478 (29.7)	 170 (49.6)	 93 (34.6)	 215 (21.6)	
Information sources on dense breastb)					   
    TV, radio, electronic way	 253 (15.7)	 92 (26.8)	 50 (18.6)	 111 (11.1)	
    Newspaper, book, etc. 	 139 (8.6)	 67 (19.5)	 26 (9.7)	 46 (4.6)	
    Internet 	 52 (3.2)	 22 (6.4)	 10 (3.7)	 20 (2.0)	
    Family or acquaintances	 349 (21.7)	 112 (32.7)	 113 (42.0)	 124 (12.4)	
    Hospital or clinic	 432 (26.9)	 203 (59.2)	 121 (45.0)	 108 (10.8)	
    Others	 4 (0.3)	 4 (1.2)	 0 (	 0 (	

Values are presented as number (%). a)Good, women answered correctly for both knowledge questions; Poor, women answered at least one 
question wrong, b)Percentage of study participants using the information source. 
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cancer insurance, a family history of cancer, and a college 
education. Moreover, women with a high/very high level of 
perceived absolute risk and perceived comparative risk and 
with an often/always level of cancer worry were more likely 
to express intentions to undergo breast cancer screening, as 
were women with a dense breast and a good level of knowl-

edge on breast cancer. The results from the three multiple  
logistic regression models are provided in Table 5. In model 
1, women who had a high or very high level of perceived 
comparative risk (aOR, 1.82; 95% CI, 1.09 to 3.03) and who 
often or always worried about developing cancer (aOR, 1.85; 
95% CI, 1.14 to 3.01) were more likely to undergo breast 
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Table 3.  Mean and SD values of perceived absolute and comparative risk and cancer worry

	                       Perceived		                      Perceived        	
	                       absolute risk		                       comparative risk	                   

Breast cancer worry

	 Mean±SD	 p-value	 Mean±SD	 p-value	 Mean±SD	 p-value

Total 	 2.86±0.72 		  2.83±0.69		  2.70±0.78		
Age (yr)						    
    40-49	 2.88±0.70	 < 0.001	 2.84±0.68	 0.008	 2.70±0.78	 0.056
    50-59	 2.91±0.73		  2.87±0.70		  2.76±0.78	
    60-69	 2.73±0.69		  2.72±0.66		  2.58±0.74	
Region 						    
    Rural	 2.67±0.79	 0.001	 2.66±0.79	 < 0.001	 2.45±0.79	 < 0.001
    Urban	 2.85±0.74		  2.79±0.71		  2.71±0.79	
    Metropolitan	 2.90±0.66		  2.88±0.62		  2.74±0.74	
Monthly household income ($)						    
    < 3,000	 2.60±0.62	 < 0.001	 2.66±0.61	 < 0.001	 2.48±0.71	 < 0.001
    3,000-4,999	 2.88±0.75		  2.83±0.71		  2.69±0.79	
    ≥ 5,000	 2.99±0.63		  2.92±0.65		  2.87±0.73	
Educational level						    
    Middle graduate or lower	 2.58±0.69	 < 0.001	 2.65±0.68	 < 0.001	 2.47±0.76	 < 0.001
    High school graduate	 2.85±0.71		  2.81±0.68		  2.70±0.74	
    College degree or higher 	 3.02±0.69		  2.93±0.67		  2.79±0.81	
Marital status						    
    With spouse	 2.86±0.71	 0.074	 2.82±0.68	 0.930	 2.70±0.77	 0.060
    Without spouse	 2.70±0.75		  2.83±0.67		  2.52±0.83	
Family history of cancer 						    
    No	 2.82±0.70	 < 0.001	 2.79±0.67	 < 0.001	 2.66±0.78	 < 0.001
    Yes	 3.00±0.74		  2.94±0.72		  2.82±0.74	
Private cancer insurance 						    
    No	 2.79±0.72	 0.161	 2.82±0.70	 0.940	 2.68±0.69	 0.745
    Yes	 2.86±0.71		  2.82±0.68		  2.70±0.78	
Breast cancer screening history 
  within the past 2 years 						    
    No	 2.80±0.71	 0.020	 2.80±0.66	 0.333	 2.63±0.7	 0.021
    Yes	 2.89±0.71		  2.83±0.69		  2.73±0.8	
Awareness of density status	 					   
    Not-know	 2.73±0.65	 < 0.001	 2.70±0.62	 < 0.001	 2.52±0.69	 < 0.001
    Non-dense 	 2.86±0.62		  2.84±0.63		  2.81±0.71	
    Dense 	 3.21±0.82		  3.15±0.79		  3.10±0.86	
Breast density knowledgea) 						    
    Poor	 2.76±0.68	 < 0.001	 2.75±0.67	 < 0.001	 2.59±0.75	 < 0.001
    Good	 3.09±0.73		  2.99±0.69		  2.94±0.77	

SD, standard deviation. a)Good, women answered correctly for both knowledge questions; Poor, women answered at least one question 
wrong.  
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cancer screening in the next 2 years. Perceived absolute risk 
showed no significant association with breast cancer screen-
ing intentions. In model 2, women who knew their breast 
density status were more likely to have screening intentions, 
especially those with dense breasts who 4.66 times more fre-
quently reported having screening intentions (aOR, 4.66; 95% 
CI, 3.28 to 6.63 for dense breast women). Also, women who 
had a good level of knowledge of breast density were more 
likely to have intentions to undergo breast cancer screening 
(aOR, 1.68; 95% CI, 1.28 to 2.19). In model 3, the full model, 
women with highly dense breasts (aOR, 4.17; 95% CI, 2.89 
to 6.02) and with a higher level of knowledge on breast den-
sity (aOR, 1.65; 95% CI, 1.26 to 2.16) were significantly more 

likely to have intentions to undergo breast cancer screening. 
Women with private cancer insurance and a history of breast 
cancer screening within the past 2 years also more frequently 
reported having intentions to undergo breast cancer screen-
ing. Psychological measures, however, were no longer sig-
nificant in Model 3.

Discussion

In this study, we conducted a cross-sectional survey to 
assess awareness and knowledge of breast density among 
Korean women and the impacts thereof on psychological 
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Table 4.  Ordinal logistic analysis of factors associated with perceived absolute risk, perceived comparative risk, and cancer worry

	 Perceived	 Perceived
	 absolute risk	  comparative risk	

Cancer worry

Age (yr)			 
    40-49	 1.00 (	 1.00 (	 1.00 (
    50-59	 1.29 (1.02-1.62)	 1.18 (0.93-1.50)	 1.20 (0.96-1.51)
    60-69	 1.29 (0.96-1.73)	 1.01 (0.75-1.37)	 1.05 (0.78-1.40)
Region 			 
    Rural	 1.00 (	 1.00 (	 1.00 (
    Urban	 1.20 (0.85-1.69)	 1.21 (0.85-1.70)	 1.45 (1.04-2.03)
    Metropolitan	 1.31 (0.93-1.85)	 1.49 (1.05-2.10)	 1.50 (1.08-2.10)
Monthly household income ($)			 
    < 3,000	 1.00 (	 1.00 (	 1.00 (
    3,000-4,999	 1.71 (1.28-2.28)	 1.32 (0.99-1.77)	 1.36 (1.02-1.81)
    ≥ 5,000	 1.91 (1.36-2.66)	 1.52 (1.08-2.15)	 1.85 (1.32-2.58)
Educational level			 
    Middle graduate or lower	 1.00 (	 1.00 (	 1.00 (
    High school graduate	 1.65 (1.19-2.29)	 1.30 (0.94-1.81)	 1.46 (1.06-2.02)
    College degree or higher 	 2.18 (1.48-3.21)	 1.52 (1.03-2.25)	 1.39 (0.95-2.04)
Family history of cancer 			 
    No	 1.00 (	 1.00 (	 1.00 (
    Yes	 1.49 (1.17-1.90)	 1.53 (1.19-1.96)	 1.41 (1.11-1.78)
Private cancer insurance 			 
    No	 1.00 (	 1.00 (	 1.00 (
    Yes	 0.74 (0.54-1.02)	 0.64 (0.46-0.89)	 0.67 (0.49-0.91)
Breast cancer screening history within the past 2 years			 
    No	 1.00 (	 1.00 (	 1.00 (
    Yes	 1.00 (0.82-1.23)	 0.88 (0.71-1.09)	 0.98 (0.81-1.20)
Awareness of density status			 
    Not know	 1.00 (	 1.00 (	 1.00 (
    Non-dense	 1.26 (0.97-1.64)	 1.34 (1.02-1.76)	 1.88 (1.45-2.45)
    Dense 	 3.23 (2.47-4.22)	 3.68 (2.77-4.88)	 3.96 (3.03-5.17)
Knowledge of breast densitya) 			 
    Poor	 1.00 (	 1.00 (	 1.00 (
    Good	 1.82 (1.46-2.28)	 1.50 (1.19-1.89)	 1.75 (1.41-2.19)

a)Good, women answered correctly for both knowledge questions; Poor, women answered at least one question wrong. 
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Table 5.  Multivariate logistic analysis of factors associated with intentions to undergo mammography screening

   	                                                   Intention to undergo breast cancer        	
        	                                                    screening in the next 2 years, n (%)	

Model 1	 Model 2	 Model 3

	 Yes	 No	 p-value	 aOR (95% CI)	 aOR (95% CI)	 aOR (95% CI)

Total	 994 (61.8)	 615 (38.2)		
Age (yr)						    
    40-49	 385 (38.7)	 224 (36.4)	 < 0.001	 1.00 (	 1.00 (	 1.00 (
    50-59	 405 (40.7)	 191 (31.1)		  1.26 (0.97-1.65)	 1.33 (1.01-1.75)	 1.32 (1.01-1.74)
    60-69	 204 (20.6)	 200 (32.5)		  0.64 (0.47-0.89)	 0.68 (0.48-0.95)	 0.67 (0.48-0.94)
Region 						    
    Rural	 100 (10.1)	 69 (11.2)	 0.692	 1.00 (	 1.00 (	 1.00 (
    Urban	 433 (43.6)	 271 (44.1)		  0.94 (0.65-1.37)	 0.89 (0.60-1.28)	 0.88 (0.60-1.29)
    Metropolitan	 461 (46.3)	 275 (44.7)		  0.96 (0.66-1.39)	 0.89 (0.61-1.31)	 0.89 (0.61-1.30)
Monthly household income ($)						    
    < 3,000	 160 (16.1)	 140 (22.8)	 < 0.001	 1.00 (	 1.00 (	 1.00 (
    3,000-4,999	 551 (55.4)	 371 (60.3)		  0.92 (0.67-1.27)	 0.97 (0.70-1.34)	 0.95 (0.69-1.32)
    ≥ 5,000	 283 (28.5)	 104 (16.9)		  1.42 (0.97-2.09)	 1.48 (1.00-2.19)	 1.44 (0.97-2.14)
Educational level						    
    Middle graduate or lower	 130 (13.1)	 108 (17.6)	 < 0.001	 1.00 (	 1.00 (	 1.00 (
    High school graduate	 566 (56.9)	 366 (59.5)		  0.77 (0.54-1.11)	 0.74 (0.52-1.07)	 0.74 (0.51-1.06)
    College degree or higher 	 298 (30.0)	 141 (22.9)		  0.91 (0.59-1.41)	 0.79 (0.51-1.22)	 0.78 (0.50-1.22)
Marital status						       
    With spouse	 956 (96.2)	 581 (94.5)	 0.108	 1.00 (	 1.00 (	 1.00 (
    Without spouse	 38 (3.8)	 34 (5.5)		  0.88 (0.50-1.43)	 0.88 (0.52-1.51)	 0.87 (0.51-1.50)
Family history of cancer 						    
    No	 776 (78.1)	 502 (81.6)	 0.086	 1.00 (	 1.00 (	 1.00 (
    Yes	 218 (21.9)	 113 (18.4)		  1.14 (0.87-1.50)	 1.13 (0.86-1.50)	 1.10 (0.83-1.47)
Private cancer insurance 						       
    No	 88 (8.9)	 100 (16.3)	 < 0.001	 1.00 (	 1.00 (	 1.00 (
    Yes	 906 (91.1)	 515 (83.7)		  1.82 (1.29-2.59)	 1.55 (1.09-2.21)	 1.60 (1.12-2.29)
Breast cancer screening history 
  within the past 2 years						    
    No	 255 (25.7)	 317 (51.5)	 < 0.001	 1.00 (	 1.00 (	 1.00 (
    Yes	 739 (74.3)	 298 (48.5)		  2.97 (2.38-3.70)	 2.70 (2.15-3.39)	 2.70 (2.14-3.40)
Perceived absolute risk 						    
    Moderate or below  	 792 (79.7)	 549 (89.3)	 < 0.001	 1.00 (	 -	 1.00 (
    High or very high	 202 (20.3)	 66 (10.7)		  1.09 (0.72-1.66)	 -	 0.87 (0.56-1.35)
Perceived comparative risk 						    
    Moderate or below  	 833 (83.8)	 575 (93.5)	 < 0.001	 1.00 (	 -	 1.00 (
    High or very high  	 161 (16.2)	 40 (6.5)		  1.82 (1.09-3.03)	 -	 1.46 (0.85-2.51)
Cancer worry 						    
    Rarely or never	 350 (35.2)	 276 (44.9)	 < 0.001	 1.00 (	 -	 1.00 (
    Sometime 	 475 (47.8)	 299 (48.6)		  1.11 (0.88-1.41)	 -	 1.05 (0.83-1.34)
    Often or always  	 169 (17.0)	 40 (6.5)		  1.85 (1.14-3.01)	 -	 1.30 (0.78-2.19)
Awareness of density status						    
    Not know	 523 (52.6)	 474 (77.0)	 < 0.001	 -	 1.00 (	 1.00 (
    Non-dense	 174 (17.5)	 95 (15.5)		  -	 1.40 (1.04-1.88)	 1.35 (1.00-1.83)
    Dense	 297 (29.9)	 46 (7.5)		  -	 4.66 (3.28-6.63)	 4.17 (2.89-6.02)
Breast density knowledge	  					   
    Poor	 628 (63.2)	 503 (81.8)	 < 0.001	 -	 1.00 (	 1.00 (
    Good	 366 (36.8)	 112 (18.2)		  -	 1.68 (1.28-2.19)	 1.65 (1.26-2.16)
aOR, adjusted odds ratio; CI, confidence interval.
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responses and intentions for future breast cancer screening. 
We discovered that only 38% of women were aware of their 
breast density status and that only 29.7% had a good level 
of knowledge on breast density (e.g., the masking effect of 
breast density on mammography test results and associa-
tions with breast cancer risk). Our results indicated that hav-
ing awareness about one’s breast density status and having 
a good level of knowledge on breast density significantly  
increases perceived risk of and concerns for developing 
breast cancer by as much as 1.5-4 times. Furthermore, our  
results suggested that such psychological responses and 
breast density-related cognition boosted intentions to attend 
future screening tests. 

Interestingly, ordinal regression analysis in this study  
revealed a significant association for awareness of breast 
density status with a higher level of perceived absolute 
and comparative risk and worry about breast cancer. Scores 
for these psychological reactions were significantly higher 
among women who reported that they had dense breasts. 
Additionally, perceived risk and cancer worry were signifi-
cantly higher among women with a good level of knowledge 
on breast density. This trend was similar to that in previous 
studies showing that after informing women of their breast 
density status, they tended to show increased anxiety or psy-
chological responses [12,13,17,18,24]. To be specific, Manning 
et al. reported that in a group of European American women, 
discovery of breast density status led to a higher perceived 
risk of developing breast cancer [10,11]. Another study 
conducted in Santiago indicated that after being informed 
of breast density status, perceived risk of breast cancer  
increased [11]. However, the opposite was observed among 
African American women with dense breasts who perceived 
themselves to be at lower risk, which could possibly be  
explained by race differences [10]. 

We also examined characteristics associated with differ-
ences in perceived risk and cancer worry. We discovered 
that Korean women aged 50-59 years of higher household 
economic status with a family history of cancer were more 
likely to have higher perceived risks of and greater concerns 
for developing breast cancer, as in previous studies [12,17]. 
Meanwhile, women with a high school education or greater 
were likely to have a higher perceived risk of developing 
breast cancer in their lifetime but were not greatly worried 
about developing cancer. Although the effect of perceived 
risk on screening intentions among women has remained 
somewhat unclear, it has been thought to be a facilitator for 
cancer screening attendance [11-13,25]. Our study demon-
strated that intentions to undergo breast cancer screening 
were significantly greater among women with a high or 
very high perceived comparative risk. Meanwhile, concerns 
for developing breast cancer also had a positive impact on 

screening intentions, which is consistent with previous find-
ings on perceived risk and worry in relation to screening  
behaviors [12,13,16]. 

Overall, we found that awareness and knowledge of breast 
density significantly boosted intentions to undergo screening 
within the next 2 years, consistent with a previous study in 
the United States [11]. This suggests that providing knowl-
edge of a woman’s actual breast density status, as well as 
information on what effects breast density has, might posi-
tively influence screening intentions and might help promote 
an active role in decision-making processes to prevent breast 
cancer [10]. Notably, women with dense breasts had an odds 
ratio for intending to undergo future screening about four 
times higher than that in women without dense breasts or 
those not aware of their breast density status. This can be 
explained by the fact that women with dense breasts likely 
received much better explanations about their breast status 
and that the greater risk of developing breast cancer posed 
by a denser breast might have strengthened intentions to  
undergo breast cancer screening.

The prevalence of dense breasts among Asian women,  
including Korean women, is high, precisely 54.5% of Korean 
women aged 40-69 years, which is significantly higher than 
that in Western countries [20]. However, previous studies 
have reported that only a small proportion of Korean women 
get to know their own breast density status [10,11]: although 
women who have undergone mammographic screening 
through the NCSP are to be informed of their breast density 
status since 2007, the percentage of women who aware of 
their breast density status is only 38.2%. Moreover, as noted 
in the current study, women exhibited a lack of knowledge 
of the effects of a dense breast on mammographic sensitivity. 
Knowledge of these effects was especially low among wom-
en who did not know the density of their breasts. The major-
ity of women who did know the density of their breasts had 
acquired knowledge on breast density from medical staff, 
while the other women had acquired information from their 
family members and acquaintances. This reflects the impor-
tance of a health professional in helping women understand 
breast density and the need for an efficient route for dissemi-
nating information on breast density to Korean women. 

While a dense breast is considered a significant risk factor 
for breast cancer, there are some concerns as to which meth-
ods for classifying density are suitable for screening. The 
BI-RADS classification is the most widely used method for 
assessing mammographic density; however, its assessment 
is based on a qualitative method and is less effective than 
other methods, such as Cumulus [26]. In BI-RADS classifi-
cation, the upper two classes reflective of a “dense” breast 
tend to show lower sensitivity in breast cancer screening and 
to increase the risk of false-negative mammography results, 
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especially in older women [3]. This limitation imposes a need 
for high inter-radiologist agreement and more experienced 
and well-skilled radiologists in mammography reading [20]. 
Cumulus, a semi-automated thresholding method regarded 
as a gold standard, was developed to improve reproducibil-
ity and has a well-established relationship with cancer risk 
[27,28]. However, this method also requires trained observ-
ers, and the best threshold for separating dense tissue from 
fat is unclear [27]. Therefore, understanding the limitations 
of mammographic density measurements is essential when 
assessing the risk of breast cancer. More objective and quanti-
tative breast density measures, combined with digital radio-
graphic systems for mammography, should be implemented.  

One of the strengths of our study is that it is the first study 
to describe an interrelated association between breast den-
sity awareness, breast density knowledge, and screening 
intentions among Korean women. Our findings can be gen-
eralized to Korean women aged 40 years and older, as the 
study samples were nationally representative. Despite these 
strengths, our study still has several limitations that should 
be considered. First, due to the nature of the cross-sectional 
study design, the ability to deduce causal relationships from 
the observed associations may be limited. Further studies 
with a qualitative or longitudinal design are recommended. 
Second, because the study data were obtained using a self- 
reported questionnaire, information bias may be present, 
and participants could have missed information related to 
their breast density awareness. Third, breast density infor-
mation based on BI-RADS classification may be inaccurate 
due to low sensitivity and specificity of mammographic 
screening in Korea. Despite these limitations, notification 
of mammographic results indicating the presence of dense 
breasts would be of utmost importance, allowing clinicians 
to make prompt decisions or guidelines for women with 
high breast density, including suggesting them to undergo 
supplementary tests. In the long run, further study will be 

needed to determine whether giving an individual informa-
tion on their breast density leads to reductions in the mortal-
ity rate of breast cancer.

In this study, we discovered positive associations for breast 
density awareness and knowledge with psychological reac-
tions and screening intentions among Korean women. Cur-
rently, a large proportion of Korean women lack awareness 
of the density of their breasts and knowledge of the impact of 
breast density on breast cancer risk and detection. To encour-
age favorable screening behaviors, improvement of breast 
density, and knowledge through effective health communi-
cation between health professionals and women is recom-
mended. 
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