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INTRODUCTION

Breast cancer (BC) is the predominantly diagnosed cancer 
worldwide, and its burden has increased over the past 
decades [1]. Mammography remains the primary screening 

Biennial Mammography Performance in the Korean 
National Cancer Screening Program From 2009 to 2020
Dong Jun Kim1,2, Nan-He Yoon3, Jae Kwan Jun4,5, Mina Suh4,5, Sunhwa Lee4, Seongju Kim1, 
Horim A. Hwang1, Seung Eun Jung6, Hooyeon Lee1,2

1Department of Preventive Medicine, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea 
2Department of Public Health, Graduate School, The Catholic University of Korea, Seoul, Republic of Korea 
3Division of Social Welfare and Health Administration, Wonkwang University, Iksan, Republic of Korea 
4National Cancer Control Institute, National Cancer Center, Goyang, Republic of Korea 
5Graduate School of Cancer Science and Policy, National Cancer Center, Goyang, Republic of Korea 
6Department of Radiology, Eunpyeong St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea

Objective: Mammography is essential for reducing breast cancer mortality; however, its performance varies globally. This 
study aimed to evaluate mammography screening outcomes in Korea over 12 years and investigate regional variations.
Materials and Methods: We analyzed mammography data from 42 million Korean women, aged 40 years and older, who 
participated in the Korean National Cancer Screening Program (KNCSP) from 2009 to 2020. Performance metrics—including 
recall rate (RR), positive predictive value (PPV), sensitivity, specificity, false positive rate (FPR), cancer detection rate (CDR), 
interval cancer rate (ICR), and dense breast rate (DBR), were computed. Twelve-year trends in these metrics were analyzed 
using Joinpoint regression. Regional variations were also examined across Korea’s 237 districts, stratified by age groups.
Results: From 2009 to 2020, 42165405 mammography screenings were conducted through the KNCSP, increasing from 
2821132 screenings in 2009 to 3596204 in 2020. The RR decreased from 17.2% in 2009 to 11.2% in 2020 (average annual 
percent change [AAPC] = -3.7%), while the PPV increased from 0.8% to 2.8%; AAPC = 10.7%), the CDR increased from 1.5 to 
3.1 per 1000; AAPC = 7.3%), and the ICR rose from 0.9 to 1.6 per 1000; (AAPC = 5.2%). Regional variations were noted; 
however, differences in the RR, sensitivity, specificity, and FPR decreased over time.
Conclusion: While mammography performance improved from 2009 to 2020, the PPV and sensitivity remain suboptimal, 
underscoring the need for continuous monitoring. Regional disparities in performance, although reduced, persist. These findings 
provide essential baseline data for improving mammography quality and addressing inequities in breast cancer screening.
Keywords: Breast cancer; Mammography; Performance; Outcome; Result; Trend analysis; Regional variation

method for BC and is an effective tool for reducing BC 
mortality [2-4]. To ensure high quality mammography, the 
American College of Radiology Breast Imaging Reporting 
and Data System (BI-RADS) and the Mammography Quality 
Standards Act mandate the auditing of interpretive 
performance in screening mammography [5,6]. 

In the United States (US), the National Mammography 
Database (NMD), established in 2008, serves as a quality 
improvement tool [7]. Acceptable NMD performance metrics 
for screening mammography include a recall rate (RR) 
between 5% and 12%, a cancer detection rate (CDR) of at 
least 2.5 per 1000 screening examinations, and a positive 
predictive value (PPV) between 3% and 8% [6,7]. Another 
national mammography screening and outcomes database, 
the Breast Cancer Surveillance Consortium (BCSC), suggested 
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Big Data Base [15]. The KNCSP database includes 
mammography screening results; we analyzed BC screening 
data from 42165405 women, aged 40 years, who underwent 
screening via the KNCSP between 2009 and 2020.

Outcome Measurements
The mammographic screening results were classified 

into four categories according to the KNCSP guidelines 
for BC: negative (BI-RADS category 1), benign breast 
disease (BI-RADS category 2), suspected breast cancer 
(BI-RADS categories 4 and 5), and incomplete with 
additional evaluation (BI-RADS categories 0 and 3) [19]. 
We considered “negative” and “benign breast disease” 
as negative results, and “suspected breast cancer” and 
“incomplete” as positive results [15-19].

Following a screening mammogram, BC was identified 
based on the International Classification of Disease, 
10th Revision codes C50 and D05, within one year after 
screening, based on the data from the co-payment reduction 
program [12]. The Korean government implemented this 
program to manage catastrophic medical costs and address 
unmet healthcare needs resulting from high expenditures 
on inpatient and outpatient services for individuals 
diagnosed with cancer, cerebrovascular disease, heart 
disease, rare diseases, severe incurable diseases, and severe 
burns [20,21]. Individuals diagnosed with a new cancer in 
Korea can benefit from reduced out-of-pocket payments 
for medical services through the National Health Insurance 
Program [21].

The performance metrics assessed included the RR, PPV, 
sensitivity, specificity, false positive rate (FPR), CDR, and 
interval cancer rate (ICR). The RR was calculated as the 
percentage of screened women who were recalled for further 
evaluation [17]. The PPV for the diagnosis of BC was 
defined as the percentage of mammographic examinations 
(BI-RADS categories 0, 3, 4, and 5) with positive findings 
that led to a pathological diagnosis of BC within 1 year. 
The CDR was calculated as the number of BC cases detected 
per 1000 examinations. ICR was defined as a histologically 
proven, invasive, or in situ cancer within one year following 
a negative screening test result and was calculated as the 
number of interval cancers per 1000 negative examinations 
[17]. Additionally, we reported breast density, as it influences 
mammographic interpretation [22]. The dense breast rate 
(DBR) was calculated using the 4th edition BI-RADS density 
categories, and those with BI-RADS categories C and D were 
considered to have dense breasts [13,19,23].

that the acceptable combined sensitivity and specificity 
ranges for screening mammography are a sensitivity ≥80% 
and specificity ≥85% or sensitivity ranging from 75%–79% 
and specificity from 88%–97%, and the ranges for CDR, RR, 
and PPV are as follows: a CDR ≥6 per 1000, RR from 3%–20%, 
and any PPV; a CDR ranging from 4–6 per 1000, RR from 
3%–15%, and PPV ≥3%; or a CDR from 2.5–4.0 per 1000, 
RR from 5%–12%, and PPV from 3%–8% [8,9]. However, 
a benchmark for screening mammography specifically for 
Asian women is yet to be established.

BC is traditionally more prevalent among women in the 
west, with an understanding of this condition and its 
management largely based on research and data extracted 
from western populations [10]. However, emerging 
differences in the epidemiology, tumor biology, and host 
biology of BC in Asian populations may have implications 
for its clinical management in ethnically diverse 
populations [10]. Further research and data from larger 
Asian populations are required to better understand and 
manage BC. Moreover, as women age, the decrease in breast 
density and the rise in BC incidence impact the performance 
of mammography [10,11]. Variations in mammography 
performance are observed based on the geographic location 
of radiology practices in the US [6,10].

Since 2002, all Korean women aged ≥40 years have 
received biennial invitations for mammographic screening 
through the Korean National Cancer Screening Program 
(KNCSP) [12]. In contrast to the US and Europe, there is 
currently no consensus in Korea regarding acceptable ranges 
for the performance metrics of screening mammography [13]. 
To the best of our knowledge, studies on mammography 
performance in the KNCSP have either described the early 
period of the KNCSP [14,15], presented results from selected 
institutions [15-17], or focused on specific cohorts [18]. 
Thus, this study aimed to confirm trends in the performance 
outcomes of mammography in the KNCSP over 12 years and 
investigate regional variations in performance in Korea.

MATERIALS AND METHODS

Data Source and Study Population
This study was approved by the Institutional Review 

Board of the College of Medicine, Catholic University of 
Korea (IRB No. MC21EESE0126). Informed consent was not 
required owing to the retrospective nature of the study.

The results of the KNCSP for BC were compiled in a 
database housed in the Korean National Health Insurance 
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Statistical Analysis
First, the performance results for each metric were 

analyzed from 2009 to 2020 using segmented regression 
(Joinpoint regression). We computed the annual percentage 
change (APC) and its 95% confidence interval (CI) and the 
average annual percent change (AAPC) from 2009 to 2020 
[24]. The AAPC is based on the weighted average of the 
APC calculated across joinpoints. The Joinpoint model uses 
statistical criteria to determine when and how often the 
APC changes [25]. A linear model with a maximum of two 
joinpoints was used in the analysis. Each joinpoint denotes 
a statistically significant change in the trend [24]. 

Second, regional variations in mammography performance 
were analyzed across 237 districts (Si, Gun, and Gu), 
excluding 13 districts without BC screening institutions. 
A ‘Si’ is a small-to-medium-sized city outside of a 
metropolitan area, a ‘Gun’ is a district in less urbanized 
area, and a ‘Gu’ is a district within a large city [26]. Box 
plots were used to visualize the variation in performance by 
region over four years (2009, 2013, 2017, and 2020). All 
analyses were stratified into four age groups: 40–49, 50–59, 
60–69, and 70 years.

The statistical significance level was set at P < 0.05. All 
statistical analyses were performed using the SAS statistical 
software (version 9.4; SAS Institute Inc., Cary, NC, USA). 
The crude rates obtained from SAS were input into the 
Joinpoint program (version 5.2.0.0. April 2024; Statistical 
Methodology and Applications Branch, Surveillance Research 
Program, National Cancer Institute, Bethesda, MD, USA), 
where APC and AAPC were calculated.

RESULTS

Mammography Utilization in a National Breast Cancer 
Screening Program, 2009–2020

Between 2009 and 2020, the number of participants 
who underwent mammography was 42165405, increasing 
from 2821132 in 2009 to 3596204 in 2020 (Table 1). 
Among women who underwent BC screening, 30.5% were 
40–49 years, 32.2% were 50–59 years, 23.2% were 60–69 
years, and 14.1% were ≥70 years. In 2009, women aged 
40–49 represented 34.6% of BC screening participants, 
while those aged ≥70 comprised 11.6%. However, in 2020, 
the percentage of women aged 40–49 participating in 
screenings decreased to 26.5%, whereas that of women 
aged ≥70 increased to 15.3%.

Performance Results and DBR of Screening 
Mammography, 2009–2020

In 2020, the RR and PPV were 11.2% and 2.8%, 
respectively (Table 2). The sensitivity, specificity, and FPR 
were 68.9%, 89.1%, and 10.9%, respectively. The CDR and 
ICR were 3.1 per 1000 and 1.6 per 1000, respectively. The 
DBR was 55.9%. 

The trend in performance metric results for mammographic 
screening at the KNCSP over 12 years was as follows (Fig. 1): 
the RR showed a downward trend after 2017 (APC [95% CI], 
-8.0% [-10.8% to -5.8%]). In contrast, an overall upward 
trend was observed in the PPV, which further increased after 
2017 (APC: 9.2% from 2009 to 2017 and 14.8% from 2017 
to 2020). Sensitivity did not change significantly after 2014, 

Table 1. Number of screening institutions and participants undergoing mammography by age and year

Screening 
year

Institutions
Participants by age group 

Total 40–49 years 50–59 years 60–69 years 70 years or over
2009 1954 2821132 976790 (34.6) 910673 (32.3) 606706 (21.5) 326963 (11.6)
2010 2128 2758047 949646 (34.4) 891596 (32.3) 581643 (21.1) 335162 (12.2)
2011 2288 3228705 1042572 (32.3) 1104847 (34.2) 668966 (20.7) 412320 (12.8)
2012 2404 3214715 1010201 (31.4) 1071681 (33.3) 690122 (21.5) 442711 (13.8)
2013 2467 3290138 1046324 (31.8) 1093482 (33.2) 692755 (21.1) 457577 (13.9)
2014 2501 3442834 1058931 (30.8) 1118436 (32.5) 767838 (22.3) 497629 (14.5)
2015 2546 3652977 1128600 (30.9) 1176299 (32.2) 834766 (22.9) 513312 (14.1)
2016 2624 3901778 1180533 (30.3) 1240360 (31.8) 918030 (23.5) 562855 (14.4)
2017 2736 3997314 1194269 (29.9) 1262357 (31.6) 949570 (23.8) 591118 (14.8)
2018 2850 4025231 1133736 (28.2) 1279159 (31.8) 999110 (24.8) 613226 (15.2)
2019 2941 4236330 1205925 (28.5) 1298691 (30.7) 1069756 (25.3) 661958 (15.6)
2020 3010 3596204 952259 (26.5) 1108906 (30.8) 983903 (27.4) 551136 (15.3)
Total 30449 42165405 12879786 (30.5) 13556487 (32.2) 9763165 (23.2) 5965967 (14.1)

Values are presented as number (%)
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specificity increased slightly after 2016 (APC, 1.0% from 
2016 to 2020), and the FPR showed downward trends after 
2017 (APC [95% CI], -8.3% [-10.8% to -6.0%]). The CDR 
and ICR showed continuous upward trends after 2009 (APC 
[95% CI]: 7.3% [6.8% to 7.8%] and 5.2% [4.5% to 5.9%], 
respectively). Finally, although the DBR slowed after 2011, a 
general upward trend was observed (APC: 6.7% from 2009 to 
2011 and 2.2% from 2011 to 2020). 

Age-Stratified Performance Results of Screening 
Mammography, 2009–2020

Figures 2–5 and Supplementary Tables 1–4 shows the 
trends in BC screening performance according to age group. 
The RR, FPR, CDR, ICR, and DBR were higher in women 
aged 40–49 years than in older women, whereas the PPV, 
sensitivity, and specificity were comparatively lower. Over 
time, the PPV, DBR, CDR, and ICR increased across all 
age groups. The metrics that demonstrated age-related 

Fig. 1. Trends in breast cancer screening performance and DBR, 2009–2020. The APC provided on the right side of the figure, with values 
expressed as percentages, was calculated to quantitatively measure longitudinal changes from baseline to the joinpoint. A linear model 
with a maximum of two joinpoints was used in the analysis. A negative APC value indicated a decrease over time, whereas a positive 
value indicated an increase. *P < 0.05, corresponds to the periods indicated by solid lines in the graphs; the periods marked with dotted 
lines are statistically insignificant. DBR = dense breast rate, APC = annual percentage change, CI = confidence interval, CDR = cancer 
detection rate per 1000 examinations, ICR = interval cancer rate per 1000 negative examinations, RR = recall rate, FPR = false-positive 
rate, PPV = positive predictive value

Table 2. Performance metrics of breast cancer screening and DBR by year

Indicators 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 AAPC (95% CI)
RR, % 17.18 15.05 14.56 14.66 14.53 14.91 14.61 14.17 13.99 13.02 11.92 11.17 -3.73% (-4.21, -3.2)*
PPV, %   0.84   1.00   1.06   1.19   1.30   1.36   1.50   1.64   1.80   2.05   2.30   2.77 10.7% (9.66, 11.41)*
Sensitivity, % 67.30 65.32 64.39 66.09 67.15 68.34 68.68 67.64 68.81 68.86 68.89 68.93 0.25% (0.12, 0.39)*
Specificity, % 82.93 85.07 85.56 85.48 85.62 85.25 85.56 86.01 86.21 87.20 88.31 89.09 0.62% (0.52, 0.71)*
FPR, % 17.07 14.93 14.44 14.52 14.38 14.75 14.44 13.99 13.79 12.80 11.69 10.91 -3.87% (-4.33, -3.35)*
CDR, ‰   1.45   1.50   1.54   1.75   1.89   2.02   2.19   2.33   2.51   2.67   2.75   3.10 7.30% (6.79, 7.81)*
ICR, ‰   0.85   0.94   1.00   1.05   1.08   1.10   1.17   1.30   1.32   1.39   1.41   1.57 5.19% (4.48, 5.91)*
DBR, % 40.50 44.72 45.93 47.40 48.77 49.76 50.74 52.09 53.73 54.16 55.16 55.89 2.96% (2.68, 3.19)*

*P < 0.05. 
DBR = dense breast rate, AAPC = average annual percent change, CI = confidence interval, RR = recall rate, PPV = positive predictive value, 
FPR = false positive rate, CDR = cancer detection rate per 1000 examinations, ICR = interval cancer rate per 1000 negative examinations 
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Fig. 2. Age-stratified performance in breast cancer screening for women aged 40–49 years, 2009–2020. The APC provided on the right 
side of the figure, with values expressed as percentages, was calculated to quantitatively measure longitudinal changes from baseline to 
the joinpoint. A linear model with a maximum of two joinpoints was used in the analysis. A negative APC value indicated a decrease over 
time, whereas a positive value indicated an increase. *P < 0.05, corresponds to the periods indicated by solid lines in the graphs; the 
periods marked with dotted lines are statistically insignificant. APC = annual percentage change, CI = confidence interval, DBR = dense 
breast rate, CDR = cancer detection rate per 1000 examinations, ICR = interval cancer rate per 1000 negative examinations, RR = recall 
rate, FPR = false-positive rate, PPV = positive predictive value

differences in the trends were the RR, FPR, specificity, and 
sensitivity. The RR and FPR decreased in women aged 40–49 
years, after 2016, and in women aged ≥50 years, after 2017. 
The specificity increased in women aged 40–49 years after 
2016, 50–59 years after 2015, and 60 years after 2017. 
Sensitivity showed no statistically significant difference 
between women in their 40s and 50s; however, it steadily 
increased among women over 60 years in the past 12 years.

Regional Variations in Performance Metrics and DBRs of 
Screening Mammography 

Figure 6 illustrates variations in performance metrics 
across 237 regions in Korea for 2009, 2013, 2017, and 
2020. The standard deviation (SD) and interquartile range 
(IQR) of the RR for mammography screening in 2009 were 
11.1 and 14.3, respectively, which decreased to 6.4 and 6.8 
by 2020. The SD of the PPV increased from 1.9 in 2009 to 6.8 
in 2020, and the IQR increased from 0.8–2.4. The SD and 
IQR of sensitivity, specificity, and FPR decreased in 2020 
compared with 2009, whereas the SD and IQR of the CDR 
and ICR increased in 2020 compared to 2009. 

We also analyzed the distribution of performance 

indicators stratified by age group (Supplementary Table 5). 
Women aged 40–49 years exhibited greater regional variations 
in the RR, specificity, FPR, and ICR than those observed in 
older age groups. Women aged ≥70 years had an increased 
IQR of RR, specificity, FPR, and DBR compared to women in 
younger age groups.

DISCUSSION

We analyzed 42 million screening mammograms performed 
on women aged ≥40 years in Korea through the KNCSP 
from 2009 to 2020. First, we compared the performance 
of the mammography screening program in Korea with 
international benchmarks and examined trends in 
performance metrics over 12 years. In 2020, mammography 
performance metrics showed significant improvements 
compared to 2009. The RR (11.2%), specificity (89.1%), 
and CDR (3.1‰) were within acceptable ranges for the NMD 
and met BCSC [6-9] benchmarks. However, the sensitivity 
(68.9%) and PPV (2.8%) remained low [6-9]. Second, we 
analyzed regional variations in mammography performance 
across Korea’s districts in four years: 2009, 2013, 2017, and 
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Fig. 4. Age-stratified performance in breast cancer screening for women aged 60–69 years, 2009–2020. The APC provided on the right 
side of the figure, with values expressed as percentages, was calculated to quantitatively measure longitudinal changes from baseline to 
the joinpoint. A linear model with a maximum of two joinpoints was used in the analysis. A negative APC value indicated a decrease over 
time, whereas a positive value indicated an increase. *P < 0.05, corresponds to the periods indicated by solid lines in the graphs; the 
periods marked with dotted lines are statistically insignificant. APC = annual percentage change, CI = confidence interval, CDR = cancer 
detection rate per 1000 examinations, DBR = dense breast rate, ICR = interval cancer rate per 1000 negative examinations, RR = recall 
rate, FPR = false-positive rate, PPV = positive predictive value

Fig. 3. Age-stratified performance in breast cancer screening for women aged 50–59 years, 2009–2020. The APC provided on the right 
side of the figure, with values expressed as percentages, was calculated to quantitatively measure longitudinal changes from baseline to 
the joinpoint. A linear model with a maximum of two joinpoints was used in the analysis. A negative APC value indicated a decrease over 
time, whereas a positive value indicated an increase. *P < 0.05, corresponds to the periods indicated by solid lines in the graphs; the 
periods marked with dotted lines are statistically insignificant. APC = annual percentage change, CI = confidence interval, CDR = cancer 
detection rate per 1000 examinations, DBR = dense breast rate, ICR = interval cancer rate per 1000 negative examinations, RR = recall 
rate, FPR = false-positive rate, PPV = positive predictive value
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Fig. 5. Age-stratified performance in breast cancer screening for women aged 70 or older, 2009–2020. The APC provided on the right side 
of the figure, with values expressed as percentages, was calculated to quantitatively measure longitudinal changes from baseline to the 
joinpoint. A linear model with a maximum of two joinpoints was used in the analysis. A negative APC value indicated a decrease over 
time, whereas a positive value indicated an increase. *P < 0.05, corresponds to the periods indicated by solid lines in the graphs; the 
periods marked with dotted lines are statistically insignificant. APC = annual percentage change, CI = confidence interval, CDR = cancer 
detection rate per 1000 examinations, DBR = dense breast rate, ICR = interval cancer rate per 1000 negative examinations, RR = recall 
rate, FPR = false-positive rate, PPV = positive predictive value

2020. Over time, regional differences in the RR, sensitivity, 
specificity, and FPR decreased, whereas variations in the 
PPV, CDR, and ICR increased.

Among the performance metrics for mammography 
reported by Lee et al. [15] in Korea, the sensitivity in 
2010 was 80.2%, whereas our results showed a sensitivity 
of 65.3%. The previous study differed in that it was based 
on 130000 mammography results (2005–2010) from 11 
institutions [15]. In contrast, our sensitivity results are 
comparable to those observed in a cohort from a screening 
center (2011–2018) with 200000 cases, which reported a 
sensitivity of 64.0% for women in their 40s and a sensitivity 
of 79.8% for women aged ≥50 years [18]. Compared to 
Japan, another East Asian country, in 2009, the RR (10.5% 
vs. 17.2%) was higher, while the sensitivity (73.7% vs. 
67.3%), specificity (89.4% vs. 82.9%), CDR (2.8% vs. 1.5%), 
and PPV (2.6% vs. 0.8%) were relatively lower [27]. 

In BC screening studies, cancer is considered an interval 
cancer if it is diagnosed within a defined time period after 
screening mammography (e.g., 1, 2, or 3 years), depending 
on the study. In Canada, annual screening for women with 
dense breasts resulted in an ICR of 0.9 per 1000 compared 

with an incidence rate of 2.9 per 1000 for women following 
standard biennial screening policies [28]. The ICR in the 
UK was 3.1 per 1000 women at 3-year intervals [29]. 
The ICR for mammography, including various screening 
intervals, reportedly ranges from 0.5–5 per 1000. The ICR 
in Korea has steadily increased since 2009, reaching 1.6 
in 2020 [28-30]. To maintain continuity and comparability 
with previous studies conducted in Korea, we defined the 
period of interval cancer occurrence as one year [15-17]. 
Screening techniques and intervals can influence the ICR 
[30,31]. The ICR can vary as much as 28% when the most 
and least restrictive definitions are used [32]. Therefore, 
caution should be exercised when comparing the ICR of 
other BC screening programs, and various intervals should 
be calculated collectively [30-32].

In large-scale screening mammography programs, 
reducing recalls can increase the ICR and PPV because 
the probability of false-positive results increases with the 
number of recalls [29,33,34]. Over the past 12 years, the 
RR has decreased, whereas the PPV and ICR have increased 
in Korea. These changes have been significant since 2017. 
Previous literature reviews have shown that increases in the 
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RR are not directly associated with an improved CDR [33,35]. 
However, the CDR may increase as the RR increases within a 
low range of RR (up to approximately 8%) [33,36]. Korea’s 
RR has steadily declined but remains higher than other 
benchmarks [6-9]. Additionally, cancer incidence affects 
performance metrics, including the CDR and ICR [37]. The 
number of women newly diagnosed with BC in Korea has 
increased from 13399 in 2009 to 24806 in 2020 [38]. The 
performance metrics of mammography should be interpreted 

considering the increasing incidence of BC.
Our study showed that the proportion of dense breasts 

increased steadily from 2009 to 2020. An increase in the 
DBR among women is associated with changes in the 
prevalence of several factors, including smoking, drinking, 
lack of exercise, early menarche, premenopausal status, 
nulliparity, no history of breastfeeding, and obesity 
[39]. These factors associated with dense breasts and 
BC incidence overlapped, and 96% of the variation in BC 

Fig. 6. Regional variations in performance of screening mammography. The bottom, middle, and top borders of the boxes represent the 
25th, 50th, and 75th percentiles across all districts, while circles indicate outliers and diamonds represent national averages. SD = standard 
deviation, IQR = interquartile range



321

Trends and Regional Variations in Mammography Performance

https://doi.org/10.3348/kjr.2024.0866kjronline.org

incidence was explained by the variation in the prevalence 
of dense breasts in Korea [39]. Additionally, more than 
half of the women in our study were in their 40s and 50s 
and the proportion of dense breasts was higher than that 
of fatty breasts. Younger age and higher breast density 
were associated with higher RRs, FPRs, and ICRs and lower 
PPVs and specificities, negatively affecting performance in 
mammography screening [16,33,39]. Compared to other 
age groups, women in their 40s exhibited the most notable 
decrease in RRs and the most significant increase in PPVs, 
while the CDR and ICR increased the most in those aged over 
70 years. Although the CDR and ICR increase with breast 
density [16,40], the trend shift observed in women over 
70 years of age, who generally exhibit lower breast density, 
is concerning [11]. Therefore, it is necessary to develop a 
tailored screening strategy that considers differences in 
performance metrics for BC screening based on age.

Regional variation in healthcare serve is an indirect measure 
of performance and quality within the healthcare system 
[41,42]. In Western countries, disparities in mammography 
screening utilization have been reported at the city level 
[43-45]. Although an earlier study could not explain the 
source of the association between screening mammography 
performance and geography, it identified variations in the 
geographic location of radiology practices, suggesting the 
need for further investigation [6]. Consequently, investigating 
geographic variations in mammography screening may help 
improve early detection strategies [45,46]. 

We observed variations in mammography performance 
metrics across administrative district in Korea. The regional 
variation in the RR, sensitivity, specificity, and FPR for 
mammography screening decreased from 2009 to 2020. 
In contrast, the regional variation in the PPV, CDR, and 
ICR increased during the same period [47], exhibiting 
an annual upward trend at low mean values. When mean 
values are low, even small absolute changes can lead to 
large relative changes, making regional variations more 
volatile, particularly in metrics with low mean values. Our 
results could serve as baseline data for establishing regional 
targets to enhance the quality of mammography screening.

Our study has some limitations. First, we did not include 
mammography in opportunistic cancer screening. In 2019, 
63.8% of the eligible population participated in the KNCSP 
to assess the presence of BC [48]. Second, we could not 
distinguish between pathological types of invasive breast 
carcinoma. The most prevalent type of BC is categorized 
into invasive ductal carcinoma (IDC) and ductal carcinoma 

in situ (DCIS). Pure IDC and IDC combined with DCIS may 
exhibit different biological behaviors, potentially leading 
to varying outcomes [49]. Third, the performance of 
mammography may be related to the frequency of national 
screening mammography between 2009 and 2020. However, 
we did not account for the variability in participants’ 
screening frequency. Fourth, due to limited resources, we 
did not evaluate associations between equipment type or 
participant factors that could influence mammography. 
Further studies involving larger populations are needed to 
determine differences in mammography performance based 
on participant factors and equipment types.

In conclusion, this research provides crucial baseline 
data for BC screening management. The specificity and 
CDR for screening mammography in the KNCSP from 2009 
to 2020 were comparable to those observed in Western 
women. However, the RR was suboptimal despite showing 
improvements over this period. The PPV and sensitivity 
remained low, indicating the need for continuous monitoring 
of these metrics in the future. Furthermore, although regional 
variations in RR, sensitivity, specificity, and FPR decreased 
in 2020 compared to 2009, areas that have consistently 
been outliers need to be identified and addressed. Additional 
analyses are also necessary to elucidate the factors 
contributing to these variations.
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