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INTRODUCTION

Mammographic density has been known to be an indepen-
dent risk factor for breast cancer. Some studies have shown that 
the risk of breast cancer in women with dense breasts is four- to 
six-fold higher than that in women with fatty breasts (1-3). 
Other studies have demonstrated that hormonal treatments 
(e.g., tamoxifen) can change the mammographic density and 
modify the breast cancer risk (4-6). Moreover, the sensitivity of 
mammography is lower in women with dense breasts com-
pared to those with fatty breasts because fibroglandular tissue 
(FGT) in dense breasts may obscure cancer (7, 8). For these 
reasons, the mammographic density assessment based on the 

American College of Radiology (ACR) Breast Imaging Report-
ing and Data System (BI-RADS) four-category system (almost 
entirely fat, scattered FGT, heterogeneously dense, or extremely 
dense) is routinely provided in mammographic reporting (9).

However, the use of BI-RADS categories has several limita-
tions. First, interobserver and intraobserver variabilities are 
substantial because the BI-RADS categories are based on sub-
jective assessment. Second, four broad categories limit the eval-
uation of small changes that might be clinically significant in 
the quantitative analysis of mammographic density. These limi-
tations were overcome by the development of quantitative 
methods, including the visual estimation of percentage density 
and semi-automated assessment (3, 10-12). These methods are 
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still limited by measurement variabilities due to subjective eval-
uation or thresholding and two-dimensional (2D)-based assess-
ment. Therefore, at present, volumetric breast density is assessed 
using a fully automated software. However, information about 
volumetric breast density is still limited that the associations of 
volumetric breast density with determinants for mammograph-
ic sensitivity or prognostic profile of clinicopathological factors 
has not been fully evaluated. The objective of this study was to 
evaluate the association of breast density with clinicopathologi-
cal factors in breast cancer patients using a fully automated soft-
ware for quantitative volumetric breast density. We also evaluat-
ed comparative associations of qualitative breast density assessed 
visually and assigned by the software with clinicopathological 
factors. 

Materials and Methods

Patients

This retrospective study was approved by the Institutional 
Review Board (IRB No. KNUCH 2017-07-020) of our institu-
tion, and requirement for written informed consent was waived. 
A total of 205 Korean women diagnosed with breast cancer un-
derwent curative surgery in our institution between January 
2015 and June 2016. Mammography was performed for all 
women in our institution prior to surgery for preoperative stag-
ing. Among the 220 initial patients, women with a history of 
resection of contralateral breast cancer (n = 10) and bilateral 
breast cancer (n = 5) were excluded. The remaining 205 pa-
tients were included in this study. 

Image Acquisition and Analysis

Mammography was performed using full-field digital mam-
mography units (Lorad Selenia, Hologic, Bedford, MA, USA). 
Mammograms comprised two standard views (craniocaudal and 
mediolateral oblique) for each breast. Volumetric breast density 
was measured by a United States Food and Drug Administra-
tion-approved, fully automated software (VolparaDensity, Vol-
para Algorithm version 1.5.12, Volpara Health Technologies, 
Wellington, the New Zealand). The results of the analysis using 
this software were obtained from the unaffected breast. The al-
gorithm of the VolparaDensity software was described in detail 
previously (13). This algorithm determines the attenuation of 

the X-ray between the image detector and the X-ray source by 
the pixel signals of the mammographic images. A pixel signal of 
pure fat tissue is used as a reference, and all other pixels are com-
pared to this reference for calculation of the thickness of fat tis-
sue and FGT. As the pixel dimension of the image is calculated, 
the volumes of fat and FGT are summed in the whole breast. 
Volumetric breast density is calculated as a percentage of the ra-
tio of the volume of FGT to the volume of the entire breast. For 
qualitative density assessment, the quantitative volumetric breast 
density is mapped to an automated density scale (Volpara Den-
sity Grade) using the VolparaDensity software and this scale is 
an approximation of the BI-RADS density scale. The threshold 
for grade a, b, c, and d was 0.0–4.5%, 4.5–7.5%, 7.5–15.5%, and 
≥ 15.5% (in percent dense volume), respectively. Visual density 
was also assessed by two radiologists (N.J. and W.H.K., with 2 
years and 10 years of experience, respectively) in consensus based 
on ACR BI-RADS four category system 4th edition (1: almost 
entirely fatty, 2: scattered fibroglandular densities, 3: heteroge-
neously dense, 4: extremely dense) (9). 

Data Collection and Analysis

The clinicopathological factors were obtained from the patient 
records. The clinical factors included age, method of detection 
(screening-detected vs. symptom-detected), presence of family 
history of breast cancer, menopausal status, presence of hor-
mone replacement therapy (HRT) experience, parity (nullipa-
rous vs. parous), and type of breast surgery (breast-conserving 
surgery vs. mastectomy). The histopathological factors included 
histologic type, histologic grade, lymphovascular invasion, es-
trogen receptor (ER) status, progesterone receptor (PR) status, 
human epidermal growth factor receptor (HER2) status, and 
axillary nodal status. The expression of ER, PR, and HER2 was 
assessed using immunohistochemical staining (Allred score). 
Allred scores > 2 were considered positive for ER or PR. An HER2 
score of 0 or 1 was considered negative (HER2-negative) and a 
score of 3 was assumed to be positive (HER2-positive). An HER2 
score of 2 was considered equivocal. In equivocal cases, silver-
enhanced in situ hybridization was performed, and an HER2/
chromosome enumeration probe 17 (CEP17) ratio ≥ 2.0 or an 
HER2/CEP17 ratio < 2.0 with an average HER2 copy number 
≥ 6.0 was considered positive (HER2-positive). Hormone re-
ceptor (HR)-positive status was defined as the presence of tu-
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mors expressing ER and/or PR.
The comparisons of breast/FGT volume, volumetric breast 

density, and mean BI-RADS (both visual and Volpara-assigned) 
grade according to clinical and histopathological factors were 
performed using t-test or analysis of variance test with Bonfer-
roni post-hoc analysis as appropriate. The comparison of the 
BI-RADS grades (both visual and Volpara-assigned) between 
the groups with screening-detected cancers and the groups with 
symptom-detected cancers was performed using the chi-square 
test for trend analysis. Statistical analyses were conducted using 
the software SPSS Statistics version 24.0 (IBM, Armonk, NY, 
USA) and MedCalc Statistical version 17.1 (MedCalc Software, 
Ostend, Belgium). p values of less than 0.05 were considered to 
indicate a statistically significant difference.

 

Results

The mean age of the 205 patients was 51.6 years (range, 29–80 
years). The mean breast and FGT volume was 500.9 cm3 (stan-
dard deviations, 258.6 cm3; range, 100.0–1927.4 cm3) and 60.5 

cm3 (standard deviations, 36.5 cm3; range, 16.4–207.7 cm3). The 
mean volumetric breast density was 13.5% (standard deviations, 
7.0%; range, 4.1–34.9%), which equated to an automated densi-
ty scale of c. Of the 205 patients, 115 (56.1%) patients had breast 
cancer diagnosed with symptoms, including palpable mass (n = 
107) and pain or nipple discharge (n = 8), and 90 (43.9%) pa-
tients had breast cancer diagnosed with screening mammogra-
phy or an additional ultrasound examination. Almost 50% of 
the patients (n = 98, 47.8%) were premenopausal. Other clinical 
and histopathological factors are described in Tables 1, 2. 

The mean volumetric breast density was significantly higher 
in patients with symptom-detected cancers than in those with 
screening-detected cancers (14.9% vs. 11.8%, p = 0.002). The 
patients aged 60–80 years had significantly lower FGT volume 
(41.8 cm3) than those aged 20–39 years (68.4 cm3) and 40–59 
years (64.5 cm3) (p = 0.014 and p = 0.001, respectively, in the 
post-hoc analysis). There was a stepwise reduction in volumet-
ric breast density with increasing age-the percentage of patients 
aged 20–39 years, 40–59 years, and 60–80 years with volumet-
ric breast density was 19.0%, 14.3%, and 7.7%, respectively (p < 

Table 1. Association of Breast Volume, FGT Volume, and Volumetric Breast Density with Clinical Factors in 205 Breast Cancer Patients
Breast Volume (cm3) p-Value FGT Volume (cm3) p-Value Breast Density (%) p-Value

Age, years 0.124 0.001 < 0.001
20–39 (n = 23) 459.4 (395.9) 68.4 (38.7) 19.0 (8.2)
40–59 (n = 142) 487.1 (236.4) 64.5 (38.3) 14.3 (6.5)
60–80 (n = 40) 573.7 (228.6) 41.8 (19.7) 7.7 (3.4)

Method of detection 0.271 0.078 0.002
Screening (n = 90) 523.4 (232.2) 55.5 (31.1) 11.8 (5.9)
Symptom (n = 115) 483.3 (277.3) 64.3 (40.0) 14.9 (7.5)

Family history of breast cancer 0.201 0.359 0.431
Absent (n = 191) 507.2 (258.7) 60.9 (37.3) 13.4 (7.1)
Present (n = 14) 414.0 (251.4) 54.2 (24.8) 14.9 (6.2)

Menopausal status 0.130 < 0.001 < 0.001
Premenopausal (n = 98) 472.1 (274.7) 75.2 (40.0) 17.6 (6.7)
Postmenopausal (n = 107) 527.2 (241.3) 47.0 (26.8) 9.8 (4.9)

HRT experience 0.561 0.699 0.542
Absent (n = 174) 496.6 (261.8) 60.0 (36.4) 13.7 (7.1)
Present (n = 31) 524.7 (242.8) 62.9 (38.0) 12.9 (6.6)

Parity 0.307 0.022 0.183
Nulliparous (n = 27) 560.8 (332.0) 75.0 (33.4) 15.2 (6.6)
Parous (n = 178) 491.8 (245.5) 58.3 (36.6) 13.3 (7.1)

Type of breast surgery 0.077 0.633 0.499
Breast-conserving (n = 163) 517.1 (270.1) 58.1 (35.6) 14.2 (7.0)
Mastectomy (n = 42) 437.9 (198.9) 61.1 (2.9) 13.4 (7.0)

Data are mean values, with standard deviations in parenthesis.
FGT = fibroglandular tissue, HRT = hormone replacement therapy
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0.05 in all post-hoc analyses). The family history or HRT expe-
rience was not associated with the breast volume, FGT volume, 
and volumetric breast density. The FGT volume and volumetric 
breast density were significantly lower in postmenopausal wom-
en compared with premenopausal women (FGT volume, 47.0 
cm3 vs. 75.2 cm3, p < 0.001; volumetric breast density, 9.8% vs. 
17.6%, p < 0.001), but no significant difference in breast volume 
was found between these two groups. The FGT volume was 
significantly lower in parous women compared with nulliparous 
women (58.3 cm3 vs. 75.0 cm3, p = 0.022), but no significant 
difference in breast volume and volumetric breast density was 
found between these two groups. The patients with mastectomy 
had a lower breast volume than those with breast-conserving 
surgery with borderline significance (437.9 cm3 vs. 517.1 cm3, p 
= 0.077). 

For BI-RADS breast density, the patients aged 60–80 years 
had significantly lower density than those aged 20–39 years and 
40–59 years in both visual grades and Volpara-assigned grades 

(both ps < 0.05) (Table 3). Mean breast density grade in patients 
with symptom-detected cancers was higher than those with 
screening-detected cancers for both visual and Volpara-assigned 
grades (p = 0.013 and p = 0.034). Mean breast density grade was 
significantly lower in postmenopausal women compared with 
premenopausal women for both visual and Volpara-assigned 
grades (both ps < 0.001). Other histopathological factors were 
not significantly associated with BI-RADS breast density (Table 4).

There was a trend toward higher density grade in patients with 
symptom-detected cancers compared with those with screen-
ing-detected cancers (Table 5, Figs. 1, 2) (p = 0.034 for Volpara-
assigned grade and p = 0.013 for visual grade). Subgroup analy-
ses according to clinical factors revealed that a higher mean breast 
density was found in patients with symptom-detected cancers 
compared with those with screening-detected cancers for sub-
group with age 40–59 years (p = 0.014), absent family history of 
breast cancer (p = 0.003), absent HRT experience (p < 0.001), 
and parous women (p < 0.001). For postmenopausal women, 

Table 2. Association of Breast Volume, FGT Volume, and Volumetric Breast Density with Histopathological Factors in 205 Breast Cancer Pa-
tients

Breast Volume (cm3) p-Value FGT Volume (cm3) p-Value Breast density (%) p-Value
Histologic type 0.754 0.259 0.736

Invasive ductal carcinoma (n = 165) 498.0 (244.0) 60.1 (35.9) 13.7 (7.3)
DCIS (n = 17) 480.6 (396.9) 51.3 (29.1) 12.3 (5.6)
Others (n = 23) 536.8 (245.4) 70.1 (44.8) 13.5 (5.7)

Histologic grade* 0.016 0.093 0.465
Low (n = 23) 645.4 (403.8) 76.6 (47.5) 13.8 (7.5)
Intermediate (n = 110) 472.6 (243.6) 60.4 (34.4) 14.3 (7.1)
High (n = 55) 488.8 (215.2) 56.8 (37.7) 12.9 (7.1)

Lymphovascular invasion* 0.344 0.604 0.154
Absent (n = 133) 513.6 (251.1) 62.2 (40.4) 13.2 (6.7)
Present (n = 55) 476.5 (225.4) 59.1 (27.7) 14.8 (8.1)

Hormone receptor status 0.442 0.492 0.976
Negative (n = 58) 480.6 (220.0) 57.8 (33.1) 13.5 (6.9)
Positive (n = 147) 208.9 (272.7) 61.5 (37.9) 13.6 (7.1)

HER2 status 0.126 0.699 0.185
Negative (n = 169) 511.3 (270.0) 60.0 (35.7) 13.2 (6.7)
Positive (n = 36) 452.2 (192.3) 62.8 (40.7) 15.2 (8.1)

Tumor size* 0.487 0.280 0.515
≤ 2 cm (n = 134) 494.8 (241.1) 59.5 (37.0) 13.4 (7.0)
> 2 cm (n = 54) 522.3 (251.6) 65.9 (37.1) 14.2 (7.4)

Axillary nodal status 0.632 0.109 0.235
Negative (n = 159) 496.2 (259.9) 58.3 (34.3) 13.2 (6.8)
Positive (n = 46) 517.0 (256.5) 68.1 (42.8) 14.6 (7.8)

Data are mean values, with standard deviations in parenthesis.
*Patients with only invasive carcinoma (n = 188).
DCIS = ductal carcinoma in situ, FGT = fibroglandular tissue, HER2 = human epidermal growth factor receptor 2
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there was a borderline significance between mean volumetric 
breast densities of patients with screening- and symptom-de-
tected cancers (p = 0.094) (Supplementary Table 1 in the online-
only Data Supplement). Subgroup analyses between patients 
with screening- and symptom-detected cancers according to the 
histopathological factors are demonstrated in Supplementary 
Table 2 in the online-only Data Supplement.

Discussion

The results of the analysis using a fully automated software 
indicated that volumetric breast density was significantly asso-
ciated with the mode of detection of breast cancer. This result is 
partly in line with the previous study by Destounis et al. (14) in 
which they found a higher volumetric breast density in patients 
with interval cancers (13.2% vs. 9.0%) than in patients with 
screening-detected cancers. In subgroups with different clinical 
factors, higher mean breast densities were consistently found in 
symptom-detected cancers with or without statistical signifi-

cance except for the subgroup aged 20–39 years and the sub-
group with ductal carcinoma in situ. These results may suggest 
that women with denser breasts have a higher risk of having 
symptom-detected cancer and this risk association may be seen 
across the variable clinico-histopathological factors. The 
strength of the present study is that we were able to show the 
association of volumetric breast density measured by commer-
cial automated software with risk having symptom-detected 
cancers in Asian countries in which the patients and breast 
cancer characteristics were different compared to other coun-
tries (15). However, future studies are needed to evaluate the 
association of volumetric breast density with the interval can-
cers and differences in mammographic sensitivity according to 
the threshold of volumetric breast density in Asian countries 
because symptom-detected cancers are not equivalent to inter-
val cancers.

In this study, we also found that the mean estimates of Volpa-
ra-assigned BI-RADS and visual BI-RADS density were higher 
in patients with symptom-detected cancers than in those with 

Table 3. Association of Breast Density Assessed Visually and Assigned by Volpara with Clinical Factors in 205 Patients
Visual BI-RADS p-Value Volpara-Assigned BI-RADS p-Value

Age, years < 0.001 < 0.001
20–39 (n = 23) 3.3 (0.6) 3.5 ± 0.7
40–59 (n = 142) 3.1 ± 0.5 3.2 ± 0.8
60–80 (n = 40) 2.6* (0.7) 2.5 ± 0.6*

Method of detection 0.013 0.034
Screening (n = 90) 2.9 ± 0.5 3.0 ± 0.8
Symptom (n = 115) 3.1 ± 0.6 3.2 ± 0.8

Family history of breast cancer 0.315 0.240
Absent (n = 191) 3.0 ± 0.6 3.1 ± 0.8
Present (n = 14) 3.1 ± 0.5 3.4 ± 0.6

Menopausal status < 0.001 < 0.001
Premenopausal (n = 98) 3.2 ± 0.5 3.6 ± 0.6
Postmenopausal (n = 107) 2.7 ± 0.6 2.7 ± 0.7

Hormone replacement therapy experience 0.414 0.280
Absent (n = 174) 3.0 ± 0.6 3.1 ± 0.8
Present (n = 31) 2.9 ± 0.8 3.0 ± 0.9

Parity 0.066 0.203
Nulliparous (n = 27) 3.2 ± 0.5 3.3 ± 0.7
Parous (n = 178) 3.0 ± 0.6 3.1 ± 0.8

Type of breast surgery 0.457 0.178
Breast-conserving (n = 163) 3.0 ± 0.6 3.1 ± 0.8
Mastectomy (n = 42) 3.0 ± 0.5 3.3 ± 0.7

Data are mean values, with standard deviations in parenthesis.
*p < 0.05 for groups with 20–39 years and 40–59 years.
BI-RADS = Breast Imaging Reporting and Data System
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screening-detected cancers. The association with breast density 
and clinical and histological factors was generally consistent 
between Volpara-assigned BI-RADS and visual BI-RADS den-
sity. Furthermore, the association strength of breast density with 
mode of detection appeared to be stronger in visual BI-RADS 
density than Volpara-assigned BI-RADS. These findings may 
suggest that visual BI-RADS density assessment is non-inferior 
to Volpara-assigned BI-RADS to predict the risk of having inter-
val cancers. 

In this study, our findings confirmed a previous observation 
about the determinants of breast density using a fully automat-
ed software in Korean women. We found that age and meno-
pausal status were strong determinants of volumetric breast 
density. The mean volumetric breast density in postmenopausal 
women was almost 50% of that in premenopausal women (9.8% 
vs. 17.6%). Boyd et al. (16) found that the difference in the per-
centage density between mammograms before and after meno-
pause using a 2D-based semi-automated tool was 3.3% reduc-
tion. The higher difference in volumetric breast density (7.8% 

Table 5. Volumetric Density Grade by the Method of Detection of 
Breast Cancer

Screening-Detected
(n = 90)

Symptom-Detected
(n = 115)

Volpara-assigned (%)

a 0 2 (1.7)

b 30 (33.3) 20 (17.4)

c 32 (35.6) 44 (38.3)

d 28 (31.1) 49 (42.6)

Visual (%)

a 1 (1.1) 2 (3.5)

b 17 (18.9) 7 (6.1)

c 65 (72.2) 80 (69.6)

d 7 (7.8) 24 (20.9)

For Volpara-assigned density, the quantitative volumetric breast density is 
mapped to an automated density scale (Volpara Density Grade) using the 
VolparaDensity software (Volpara Health Technologies, Wellington, the New 
Zealand). The threshold for grade a, b, c, and d was 0.0–4.5%, 4.5–7.5%, 
7.5–15.5%, and ≥ 15.5% (in percent dense volume), respectively. Visual 
density was assessed based on American College of Radiology Breast Im-
aging Reporting and Data System four category system 4th edition (1: al-
most entirely fatty, 2: scattered fibroglandular densities, 3: heterogeneously 
dense, and 4: extremely dense) (9). 

Table 4. Association of Breast Density Assessed Visually and Assigned by Volpara with Histopathological Factors in 205 Patients
Visual BI-RADS p-Value Volpara-Assigned BI-RADS p-Value

Histologic type 0.968 0.836
Invasive ductal carcinoma (n = 165) 3.0 ± 0.6 3.1 ± 0.8
DCIS (n = 17) 3.0 ± 0.4 3.0 ± 0.7
Others (n = 23) 3.0 ± 0.6 3.1 ± 0.8

Histologic grade* 0.992 0.440
Low (n = 23) 3.0 ± 0.3 3.1 ± 0.8
Intermediate (n = 110) 3.0 ± 0.6 3.2 ± 0.8
High (n = 55) 3.0 ± 0.7 3.0 ± 0.9

Lymphovascular invasion* 0.291 0.301
Absent (n = 133) 3.0 ± 0.6 3.1 ± 0.8
Present (n = 55) 2.9 ± 0.7 3.2 ± 0.8

Hormone receptor status 0.769 0.923
Negative (n = 58) 3.0 ± 0.5 3.1 ± 0.8
Positive (n = 147) 3.0 ± 0.7 3.1 ± 0.8

HER2 status 0.645 0.368
Negative (n = 169) 3.0 ± 0.6 3.1 ± 0.8
Positive (n = 36) 3.0 ± 0.7 3.2 ± 0.8

Tumor size 0.287 0.784
≤ 2 cm (n = 134) 3.0 ± 0.6 3.1 ± 0.8
> 2 cm (n = 54) 2.9 ± 0.7 3.1 ± 0.9

Axillary nodal status 0.462 0.426
Negative (n = 159) 3.0 ± 0.6 3.1 ± 0.8
Positive (n = 46) 3.0 ± 0.6 3.2 ± 0.8

*Patients with only invasive carcinoma (n = 188).
BI-RADS = Breast Imaging Reporting and Data System, DCIS = ductal carcinoma in situ, HER2 = human epidermal growth factor receptor 2
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reduction) found in our study was probably due to the syner-
gistic effect of menopause and aging. Future studies are needed 
to evaluate the effect of menopause on the change of volumetric 
breast density.

It is of note that the breast volumes of patients with mastecto-
my were lower than those of patients with breast-conserving sur-
gery, with borderline significance (437.9 cm3 vs. 517.1 cm3, p = 
0.077). This result suggests that breast volume measured on a 

fully automated software may help clinicians to decide on the 
type of breast surgery. Several techniques can measure breast 
volume using magnetic resonance imaging or other specialized 
tools, including 3D laser scanners and thermoplastic casting 
(17-19). The automated measurement of breast volume using 
mammography is fast and cost-effective. However, further 
studies are needed to evaluate whether the automated measure-
ment of breast volume using mammography can be used in the 

Fig. 1. Right (A) and left (B) craniocaudal mammograms in 49-year-old woman diagnosed with breast cancer for palpable mass in her left inner 
breast. A fully automated software (Volpara; Volpara Health Technologies, Wellington, the New Zealand) for volumetric breast density assessment 
shows that the percentage mammographic density of her right breast is 24.9% (Volpara-assigned BI-RADS grade d). Two radiologists assessed 
BI-RADS grade d for visual assessment in consensus.
BI-RADS = Breast Imaging Reporting and Data System

A B

A B

Fig. 2. Right (A) and left (B) craniocaudal mammograms in 60-year-old woman diagnosed with breast cancer patient detected in health screen-
ing in the left mid outer breast. A fully automated software (Volpara; Volpara Health Technologies, Wellington, the New Zealand) for volumetric 
breast density assessment shows that the percentage mammographic density of her right breast is 4.5% (Volpara-assigned BI-RADS grade b). 
Two radiologists assessed BI-RADS grade c for visual assessment in consensus.
BI-RADS = Breast Imaging Reporting and Data System
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preoperative planning of the type of breast surgery or the plan-
ning of breast reconstruction (20). 

Our study has several limitations. First, this study had a selec-
tion bias because all the subjects were breast cancer patients. 
Second, body mass index (BMI) is known to be inversely asso-
ciated with breast density. However, BMI information could 
not be obtained owing to the retrospective nature of our study. 
Third, due to the limited sample size or lack of data for progno-
sis, the prognostic significance of breast density remains elusive 
in our study. 

In conclusion, our study suggests that volumetric breast den-
sity is associated with the method of detection. The fully auto-
mated software VolparaDensity allowed the evaluation of the 
association of breast/FGT volume and volumetric breast densi-
ty with various clinicopathological factors. Our results indicat-
ed an inverse association of volumetric breast density with age 
and menopause. However, the association with breast density 
and clinical and histological factors was generally consistent 
between Volpara-assigned BI-RADS and visual BI-RADS den-
sity that may suggest visual BI-RADS density assessment is 
non-inferior to Volpara-assigned BI-RADS to demonstrate its 
association with clinical and histological factors. 

Supplementary Materials

The online-only Data Supplement is available with this article 
at http://dx.doi.org/10.3348/jksr.2018.79.1.18.
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205명의 유방암 환자에서 용적 유방 밀도와 임상적 및  
조직병리학적 인자와의 관련성 연구

정나리 · 김원화*

목적: 유방암 환자에서 용적 유방 밀도와 임상 및 병리학적 인자와의 연관성을 알아보고자 한다.

대상과 방법: 2015년 1월부터 2016년 6월까지 유방암 초기 진단을 위해 유방 촬영술을 시행한 총 205명의 한국인 유방

암 환자를 대상으로 하였다. 용적 유방 밀도는 완전 자동화된 상업적 방법(VolparaⓇ)을 사용하여 반대측 유방에서 측정하

였다. 용적 유방 밀도와 임상 및 병리학적 인자와의 연관성을 t-검정 및 분산분석(analysis of variance)을 적절하게 사용하

여 평가 하였다.

결과: 모든 환자에서 평균 용적 유방 밀도는 13.5% (범위, 4.1-34.9%)였다. 평균 용적 유방 밀도는 선별 검사로 확인된 

암 환자보다 증상이 있어 시행한 암 환자에서 유의하게 높았다(14.9% vs. 11.8%, p = 0.002). 평균 용적 유방 밀도는 나

이에 따라 감소하는 경향을 보였고 20-39세, 40-59세, 60-80세 환자의 밀도는 각각 19.0%, 14.3% 및 7.7%였다. 평

균 용적 유방 밀도는 폐경 전 여성보다 폐경 후 여성에서 유의하게 낮았다(9.8% vs. 17.6%, p ＜ 0.001). 조직학적 등급과 

호르몬 수용체 상태를 포함한 기타 임상 및 병리학적 요인들은 용적 유방 밀도와 관련이 없었다.

결론: 본 연구는 용적 유방 밀도가 암이 진단된 방법, 연령 및 폐경 상태와 관련되어 있음을 시사한다. 

칠곡경북대학교병원 영상의학과


