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Abstract

Background: We examined the association between annual mammographic density change (MDC) and breast cancer (BC)
risk, and how annual MDC influences the association between baseline mammographic density (MD) and BC risk.

Methods: We used the Karolinska Mammography Project for Risk Prediction of Breast Cancer cohort of Swedish women
(N=43810) aged 30-79 years with full access to BC risk factors and mammograms. MD was measured as dense area (cm?) and
percent MD using the STRATUS method. We used the contralateral mammogram for women with BC and randomly selected
a mammogram from either left or right breast for healthy women. We calculated relative area MDC between repeated exami-
nations. Relative area MDC was categorized as decreased (>10% decrease per year), stable (no change), or increased (>10% in-
crease per year). We used Cox proportional hazards regression to estimate the association of BC with MDC and interaction
analysis to investigate how MDC modified the association between baseline MD and BC risk. All tests of statistical significance
were two-sided.

Results: In all, 563 women were diagnosed with BC. Compared with women with a decreased MD over time, no statistically
significant difference in BC risk was seen for women with either stable MD or increasing MD (hazard ratio = 1.01, 95%
confidence interval = 0.82 to 1.23, P=.90; and hazard ratio = 0.98, 95% confidence interval = 0.80 to 1.22, P= .90, respectively).
Categorizing baseline MD and subsequently adding MDC did not seem to influence the association between baseline MD and
BCrisk.

Conclusions: Our results suggest that annual MDC does not influence BC risk. Furthermore, MDC does not seem to influence
the association between baseline MD and BC risk.

Mammographic density (MD) is a strong risk factor for breast
cancer (BC) (1,2). The dense part of the breast consists of epithe-
lial tissue and stroma and appears bright on a mammogram,
whereas fat tissue appears dark (3). Women with mammograms
where the dense tissue occupies more than 75% of a mammo-
gram have a 4-6 times greater risk of BC compared with women
with dense tissue occupying less than 5% (1,4). Most studies on
the association of MD and BC risk have involved only a single
measure of density with a large variation in time between BC
and time of last negative mammogram (1,5). However, MD is a
dynamic trait that typically declines with increasing age (6), a
physiological phenomenon called involution (7,8). We have
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previously shown, on average, MD decreases by 1 cm?/y (9). An
apparent paradox is that MD decreases with age in most women
whereas BC incidence increases. One explanation could be that
MD change (MDC), rather than a MD measure at a single point
in time, is a better measure of BC risk. Our hypothesis was that
women who do not experience a density decrease over time
have a higher risk of BC compared with women in whom a de-
crease is seen.

A few studies have evaluated the association between MDC
and BC risk. However, the results are conflicting, and all previ-
ous studies have important limitations such as inability to in-
vestigate MDC and risk of BC among premenopausal women,
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because screening in most countries starts at the age of 50 years
(10-12); using retrospective case-control sampling, which is
more susceptible to bias than the prospective cohort design (10-
13); using an obsolete imaging technique (screen-film mam-
mography instead of full-field digital mammography) (10); using
a semi-automated, reader-dependent measure of density (11,
14); not aligning images before density measures are performed
(15); and using a qualitative and crude measurement of MD
(Breast Imaging Reporting and Data System [BI-RADS]| score)
(14).

In the current study, we were able to address all of these lim-
itations. We investigated 43810 women from the unique pro-
spective Karolinska Mammography Project for Risk Prediction of
Breast Cancer (KARMA) cohort (16), and used a novel approach
when measuring density changes over time, to elucidate the as-
sociation between MDC with age and risk of BC separated by
menopausal status. Furthermore, we investigated if adding
MDC to a single baseline measure of MD may be a better method
to predict a woman’s risk of BC than using a baseline measure
alone.

Methods

Study Population

KARMA is a population-based prospective screening cohort (16).
All women invited for screening from January 2011 to March 2013
at four mammography units in the national mammography
screening program in Sweden were invited to participate in the
study. Women with a baseline mammogram (n =70874) were in-
cluded in this study. Informed consent was given for a continu-
ous collection of mammograms. Reasons for exclusion are given
in Figure 1, and the final analyses included 43810 women aged
30-79 years. All participants signed an informed consent, and the
ethical review board at Karolinska Institute approved the study.

MD Measurement

Processed mammograms from the mediolateral oblique view of
left and right breasts were collected from full-field digital mam-
mography systems. For women with BC, we used the mammo-
grams from the contralateral breast (ie, the breast not having a
tumor) and for women without BC, we randomly selected mam-
mograms from either left or right breast and followed MD of the
same breast to the end of follow-up. Dense area (cm? and percent
MD were measured using the STRATUS method (15). We chose to
present the results mainly using MD area because, in contrast to
percent MD, it is less influenced by body mass index (BMI) (17).
Nevertheless, for compatibility with other studies, we also pre-
sented results using percent MD. We chose to categorize women
according to baseline MD area and percent MD in quartile; how-
ever, we combined the two highest categories due to few women
in the highest quartile. An alternative would have been to use BI-
RADS categories A-D (18), but the distribution of women according
to that score makes subgroup analyses unstable.

STRATUS is a fully automated tool developed to analyze dig-
ital and analogue images using an algorithm that measures
density on all types of images regardless of vendor. STRATUS
uses threshold techniques and assesses image features from
the mammograms and estimates MD using machine learning.
STRATUS measures the MD density area and the breast area
and calculates the percent density from these measures (15). In
using the repeated mammograms from the same woman, it is

important to take technical differences between mammograms
into consideration. Supplementary Figure 1 (available online)
illustrates how the breast tissue from the same woman is pre-
sented in a mammogram at two points in time. Frame A
(Supplementary Figure 1, available online) shows that the same
amount of tissue is not found in two mammograms of the same
breast taken within minutes, which gives a false difference
when comparing density. To minimize the effect of this artifact,
mammograms were aligned before MD measurements (Frame
B). The concept of alignment and the method has been de-
scribed previously (15). In the current study, mammograms
from the same woman were aligned before density measures
were performed.

Covariates

At baseline, participants who completed an extensive web-
based questionnaire covering established risk factors associated
with BC mammograms taken within +3 months from the date
of answering the questionnaires were considered baseline
mammograms. Risk factors were categorized as: age at baseline
(<50, 50-60, >60years), BMI (<20, 20-24.9, 25-29.9, >30kg/m?),
smoking status (never, former, current), alcohol consumption
(0, 0.1-10, >10 g/d), physical activity (<40, 40-44.9, 45.0-49.9, >50
metabolic equivalent of task-h/d), age at first birth (<24.9, 25-
29.9, >30years), number of children (0, 1-2, >3), breast feeding
duration (<6, 6-12, >12months), time since last birth (<10,
>10years), age at menarche (<13, >13years), oral contraceptive
use (never, ever), menopausal hormone therapy (MHT) status
(never, former, current), family history of BC (yes, no), MD area
(<9, 9-20, >20 cm?), and percent MD (<5, 5-25, >25%) at base-
line. Women reporting no natural menstruation over the past
12 months before study entry or no menstruation due to oopho-
rectomy were considered postmenopausal. Women with miss-
ing information on menstruation status or having no
menstruation due to gynecological surgeries other than oopho-
rectomy were considered premenopausal if they were age
50years or younger and postmenopausal if older than 50 years.

Statistical Analyses

Cox proportional hazards regression was used, with age as the
underlying time scale, to estimate the association between
established risk factors for BC and BC risk. Hazard ratios (HRs)
and 95% confidence intervals (CIs) were reported. The
proportional-hazards assumption was tested using the
Schoenfeld residual test, and no major model violation was ob-
served. All associations were adjusted for age and BMI at
baseline.

To investigate the association between area MDC and risk of
BC, we carried out analyses in two steps. First, for each woman
and consecutive examinations, we calculated the relative area
MDC per year between each of the consecutive examinations.
Specifically, for two consecutive examinations at time points
(ie, ages) t1 and t2, with measured areas MDC, MD1, and MD2,
respectively, we defined the relative MDC per year as (MD2 —
MD1)/MD1/(t2 — t1). This relative (to MD1) measure reflects the
notion that a decrease with, for example, 10 cm? from MD1 =50
cm? is biologically more “dramatic” than a decrease with 10 cm?
from MD1 =100 cm? Relative area MDC was categorized as de-
crease (>10% decrease per year), stable (no change), and in-
crease (>10% increase per year) in agreement with previous
literature (19, 20). Second, we used Cox proportional hazard
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Women who completed the baseline
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(n=70874)
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- No informed consent (n = 34)

- Missing information on age and/or BMI (n = 4044)

- Prevalent breast cancer cases (n =2934)

- Women with previous cancers, except non melanoma skin
cancer (n = 3478)

- Breast enlargement and/or breast reduction (n = 3377)

- Other breast surgeries (n = 1195)

Women eligible for the study
(n=55812)

- Women with <2 examinations (n =12 002)

Women included in the study
(n=43810)

Figure 1. Reasons for exclusion of participants in the Karolinska Mammography Project for Risk Prediction of Breast Cancer (KARMA) cohort. BMI = body mass index.

regression to estimate the association of BC with relative area
MDC, treating relative MDC as a time-varying exposure in the
model. The proportional-hazards assumption was tested using
the Schoenfeld residual test, and no major model violation was
observed. The associations were adjusted for age, BMI, and
dense area (cm?) at baseline, assuming only main effects of (eg,
no interactions between) these covariates and relative MDC.
Finally, we repeated the analyses, allowing for interactions be-
tween relative MDC and baseline MD, to study how these jointly
influence the BC risk, and a global test was used to determine
the presence of interactions. The same analyses were per-
formed using percent density.

Finally, the Pearson correlation coefficient was used to as-
sess the association between baseline MD area and baseline
percent MD with baseline BMI. All statistical analyses were per-
formed with R version 3.4.1. P values, obtained from two-sided
Wald/maximum likelihood ratio tests, of less than .05 were con-
sidered statistically significant.

Results

Baseline Characteristics

Baseline characteristics are given in Table 1 for all 43810
women separated by BC status. The mean (SD) number of years
between first and last mammogram was 5.4(0.6) years. The
time interval between mammography rounds in this cohort was

18-24 months. The majority of women (77.6%) had completed
three or more rounds of mammography, and the maximum
number of the mammography rounds was five in this cohort.

A total of 563 women were diagnosed with BC during follow-
up. Women with BC were older, more likely to be smokers and
alcohol drinkers, and less likely to have a child before the age of
25 years compared with women without BC (Table 1). However,
the proportions of nulliparous women were more or less the
same in women with and without BC (13.3% and 14.1%, respec-
tively). Both groups of women tended to breastfeed longer than
a year. Finally, women with BC were more likely to have a first-
degree relative diagnosed with BC (22.2%) compared with
women without BC (13.3%) (Table 1).

Covariates and Risk of Breast Cancer

Premenopausal women with high BMI (>30kg/m?) had statistically
significantly lower risk of BC (HR = 0.47, 95% CI = 0.24 to 0.92) com-
pared with premenopausal women with low BMI (<20kg/m?
(Table 2). No association between BMI and BC was seen for post-
menopausal women, but the P value was statistically significant
when considering BMI as a continuous variable (P=.002). A statisti-
cally significant greater risk of BC was seen in older women, women
having their first child later in life, postmenopausal women using
MHT, and women with a first-degree relative with BC (Table 2).
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Table 1. Baseline characteristics for the 43 810 women included in the study separated by BC status®

Breast cancer, No. (%)

Characteristic Total No. (%) No Yes
No. of women 43810 43247 563
No. of screening examinations
2 rounds 10014 (22.8) 9675 (22.3) 339 (60.2)
>3 rounds 33796 (77.1) 33572 (77.6) 224 (39.7)
Age at baseline, mean (SD), y 53.7 (9.4) 53.6 (9.4) 57.3(9.4)
Menopausal status
Pre 20718 (47.2) 20518 (47.4) 200 (35.5)
Post 23092 (52.7) 22729 (52.55) 363 (64.4)
BMI, mean (SD), kg/m? 25.1 (4.1) 25.1 (4.1) 25.5 (4.1)
BMI, kg/m?
<20 2382 (5.4) 2347 (5.4) 35 (6.2)
20-24.9 22298 (50.8) 22045 (50.9) 253 (44.9)
25-29.9 13805 (31.5) 13603 (31.4) 202 (35.8)
>30 5325 (12.1) 5252 (12.1) 73 (12.9)
Smoking status
Never 21074 (48.1) 20826 (48.1) 248 (44.0)
Former 17234 (39.3) 16990 (39.2) 244 (43.3)
Current 5128 (11.7) 5060 (11.7) 68 (12.0)
Missing 374 (0.8) 371(0.8) 3(0.5)
Alcohol consumption, g/d, mean (SD), g/d 7.1(8.5) 7.1(8.5) 7.4 (8.2)
Alcohol consumption, g/d
0 7957 (18.1) 7861 (18.1) 9 (17.0)
0.1-10 26935 (61.4) 26584 (61.4) 351 (62.3)
>10 8192 (18.6) 8084 (18.6) 108 (19.1)
Missing 726 (1.6) 718 (1.6) 8(1.4)
Physical activity, MET-h/d, mean (SD), MET-h/d 42.5(6.2) 42.5 (6.2) 41.9 (5.6)
Physical activity, MET-h/d
<40 15263 (34.8) 15068 (34.8) 195 (34.6)
40.0-44.9 15245 (34.7) 15032 (34.7) 213 (37.8)
45.0-49.9 7769 (17.7) 7667 (17.7) 102 (18.1)
>50.0 4305 (9.8) 4268 (9.8) 37 (6.5)
Missing 1228 (2.8) 1212 (2.8) 16 (2.8)
Age at first birth, mean (SD), y 27.3(5.2) 27.3(5.2) 27.0 (5.0)
Age at first birth, y
> <25 12081 (27.5) 11931 (27.5) 150 (26.6)
3 25-29.9 13547 (30.9) 13363 (30.8) 184 (32.6)
5 >30 12348 (28.1) 12198 (28.2) 150 (26.6)
tm Missing 5834 (13.3) 5755 (13.3) 79 (14.0)
No. of births, mean (SD) .9 (1.0) .9 (1.0) .8(1.0)
No. of births
0 5416 (12.3) 6101 (14.1) 75 (13.3)
1-2 27249 (62.1) 20792 (48.0) 356 (63.2)
>3 10743 (24.5) 8582 (19.8) 128 (22.7)
Missing 402 (1.0) 398 (0.9) 4(0.7)
Breast-feeding duration, mean (SD), mo 18.8 (10.0) 18.9 (10.0) 17.4 (9.4)
Duration of breast-feeding, mo
<6 1780 (4.0) 1748 (4.0) 32(5. )
6-12 5201 (11.8) 5121 (11.8) 80 (14.2
>12 28218 (64.4) 27873 (64.4) 345 (61. 2)
Missing 2510 (5.7) 2485 (5.7) 25 (4.4)
Time since last birth, mean (SD), y 22.0 (11.8) 21.9 (11.8) 26.3 (11.8)
Time since last birth, y
<10 6751 (15.4) 6703 (15.4) 48 (8.5)
>10 31531 (71.9) 31093 (71.8) 438(77.7)
Missing 5528 (12.6) 5451 (12.6) 77 (13.6)
Age at menarche, mean (SD), y 13.0 (1.4) 13.0 (1.4) 13.1(1.4)
Age at menarche, y
<13 14840 (33.8) 14666 (33.9) 174 (30.9)
>13 27 842 (63.5) 27470 (63.5) 372 (66.0)
Missing 1128 (2.5) 1111 (1.4) 17 (3.0)

(continued)
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Table 1. (continued)

Breast cancer, No. (%)

Characteristic Total No. (%) No Yes
Contraceptive use
Never 5923 (13.5) 5824 (13.4) 99 (17.5)
Ever 37055 (84.5) 36598 (84.6) 457 (81.1)
Missing 832 (1.8) 825 (1.9) 7 (1.2)
MHT
Never user 33390 (76.2) 32999 (76.3) 391 (69.4)
Former user 5734 (13.0) 5638 (13.0) 96 (17.0)
Current user 1483 (3.3) 1448 (3.3) 35(6.2)
Missing 3203 (7.3) 3162 (7.3) 41(7.2)
Family history of BC
No 36755 (83.8) 36332 (84.0) 423 (75.1)
Yes 5883 (13.4) 5758 (13.3) 125 (22.2)
Missing 1172 (2.6) 1157 (2.6) 15 (2.6)

*BC = breast cancer; BMI = body mass index; MET = metabolic equivalent of task; MHT = menopausal hormone therapy.

Relative MD Change and Risk of BC

The risk of BC was more or less the same among women with
stable MD (HR =1.01, 95% CI = 0.82 to 1.23, P=.90) and women
with more than a 10% annual increase in MD (HR =0.98, 95% CI
= 0.80 to 1.22, P=.90) compared with women with an annual de-
crease greater than 10% in MD (Table 3). The same results were
seen among postmenopausal women. Among premenopausal
women, there was a weak but statistically nonsignificant asso-
ciation between annual increase in MD greater than 10% and
risk of BC (HR = 1.12, 95% CI = 0.77 to 1.64, P=.53) compared
with premenopausal women with an annual decrease in MD
greater than 10% (Table 3). Similar results were found using per-
cent MD (Supplementary Table 1, available online).

Only for women aged 4049 years did we see a tendency of a
difference in risk related to MDC. Women with an increase in
annual MD greater than 10% had a statistically nonsignificant
30% higher risk compared to perimenopausal women with
greater than 10% annual MD reduction (Supplementary Table 2,
available online).

Table 4 shows the joint effect of baseline MD and relative
area MDC on BC risk separated by menopausal status.
Women in the lowest category of baseline MD with a de-
crease in density over time were used as the reference. There
was a two to three times higher risk of BC when contrasting
the lowest and highest baseline MD among all women, re-
gardless of MDC (Table 4). Among premenopausal women,
there was a fourfold higher risk when comparing women at
high and low baseline MD, and no difference in risk was seen
when comparing the lowest and highest baseline MD in
women who did and did not experience a density decrease.
Among postmenopausal regardless of MDC, women with high
baseline MD (>20 cm?) had two times higher risk of BC than
postmenopausal women with low baseline MD (<9 cm?).
Similar results were seen when using percent density
(Supplementary Table 3, available online).

The correlation between baseline MD area and BMI was
p= —0.30 and the correlation between baseline percent MD
and BMI was p= —0.50. Both MD area and percent MD were
negatively correlated with BMI, but the correlation was stron-
ger for percent MD than MD area. Therefore, we chose to use
MD area in the main analyses because it is less influenced by
BMI.

Discussion

Using a large prospective cohort, we found no evidence for an
association between annual MDC and risk of BC. Furthermore,
MDC did not seem to influence the association between base-
line MD and BC risk. Our results suggest that risk of BC is depen-
dent on baseline MD, with no additional value of adding MDC.
Our results on association between established risk factors and
BC risk were as expected and in line with previous studies (21-
25), except that, among postmenopausal women, we did not see
an increased risk in women with higher BMIL.

The association between a single measure of MD and BC risk
has been investigated extensively, and we confirmed that high
MD at baseline is associated with an increased BC risk
(2,10,14,26). In contrast, studies of how MDC over time influen-
ces BC risk have been conflicting (10-14). The results from prior
studies, which used the contralateral breast for cases, are in
agreement with our findings that MDC does not influence the
risk of BC (11-13). Maskarinec et al. and Vachon et al. who con-
ducted case-control study designs with sufficient sample sizes
and appropriate quantitative MD measurements did not observe
any associations between percent MDC and risk of BC (11,12). In
agreement, Lokate et al. and van Gils et al. both observed a weak
but statistically nonsignificant association between MDC and BC
risk (10,13). Finally, in a large prospective cohort of more than
300000 women, Kerlikowske et al. found that women who did
not decrease in MD over time had a higher BC risk compared
with women who decreased (14). A major limitation of that
study was that MD was measured and compared only at two
time points using the BIRADS score, which is a qualitative and
rather crude measurement of MD. Another limitation of that
study was an inability to adjust for BMI due to missing data. We
previously showed that BMI is an important determinant of
MDC (9). However, in line with our findings, the highest BC risk
was observed for women who had the highest MD at first mam-
mogram, regardless of whether MD decreased at the last mam-
mogram (14).

To our knowledge, this is the first large population-based
study examining not only the association between annual MDC
and risk of BC but also investigating if adding MDC to a single
baseline measure of MD improves BC risk prediction. Strengths
of our study are the prospective population-based design, de-
tailed information on the established BC risk factors, access to
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Table 2. HR of established BC risk factors for all 43 810 women

Non-BC women, Women with Adjusted model*
Determinant No. (%) BC, No. (%) HR (95% CI) Pt
Total 43247 (100.0) 563 (100.0)
Age baseline, yt
<50 16 825 (38.9) 138 (24.5) 1.00 (Referent)
50-60 13722 (31.7) 181 (32.1) 1.59 (1.27 to 1.98) <.001
>60 12700 (29.3) 244 (43.3) 2.32 (1.88 to 2.85) <.001
Continuous <.001
Baseline dense area, cm?
<9 10416 (24.0) 105 (18.6) 1.00 (Referent)
9-20 8913 (20.6) 124 (22.0) 1.66 (1.27 t0 2.17) <.001
>20 23763 (54.9) 332 (58.9) 2.24 (1.76 to 2.85) <.001
Continuous <.001
Density at baseline, %
<5 9329 (21.5) 100 (17.7) 1.00 (Referent)
5-25 16626 (38.4) 236 (41.9) 1.74 (1.36 t0 2.22) <.001
>25 17 067 (39.4) 225 (40.0) 2.54 (1.92 t0 3.37) <.001
Continuous <.001
BMI, kg/m?§
<20 2347 (5.4) 35(6.2) 1.00 (Referent)
20-24.9 22045 (50.9) 253 (44.9) 0.75 (0.53 to 1.07) 12
25-29.9 13603 (31.4) 202 (35.8) 0.91 (0.64 to 1.31) 64
>30 5252 (12.1) 73 (12.9) 0.88 (0.58 to 1.32) 54
Continuous .08
BMI in premenopausal women, kg/m?
<20 1267 (6.1) 18 (9.0) 1.00 (Referent)
20-24.9 10961 (53.4) 100 (50.0) 0.61 (0.37 to 1.01) .05
25-29.9 5837 (28.4) 64 (32.0) 0.71 (0.42 to 1.20) 20
>30 2453 (11.9) 18 (9.0) 0.47 (0.24 to 0.92) .02
Continuous .27
BMI in postmenopausal women, kg/m?
<20 1080 (4.7) 17 (4.6) 1.00 (Referent)
20-24.9 11084 (48.7) 153 (42.1) 0.90 (0.54 to 1.49) 69
25-29.9 7766 (34.1) 138 (38.0) 1.13 (0.68 to 1.87) 62
>30 2799 (12.3) 55 (15.1) 1.26 (0.73 to 2.17) 39
Continuous .002
Smoking status
= Never 20826 (48.1) 248 (44.0) 1.00 (Referent)
=l Former 16990 (39.2) 244 (43.3) 1.05 (0.88 to 1.26) 54
2 Current 5060 (11.7) 68 (12.0) 1.08 (0.82 to 1.41) 56
o Alcohol consumption, g/d
0 7861 (18.1) 96 (17.0) 1.00 (Referent)
0.1-10 26584 (61.4) 351 (62.3) 1.13 (0.90 to 1.42) 29
>10 8084 (18.6) 108 (19.1) 1.05 (0.79 to 1.38) 72
Continuous .96
Physical activity, MET-h/d
<40 15068 (34.8) 195 (34.6) 1.00 (Referent)
40-44.9 15032 (37.7) 213 (37.8) 1.13 (0.93 to 1.38) 20
45.0-49.9 7667 (17.7) 102 (18.1) 1.17 (0.92 to 1.49) 19
>50.0 4268 (9.8) 37 (6.5) 0.79 (0.56 to 1.14) 21
Continuous 31
Age at first birth, y
<25 11931 (27.5) 150 (26.6) 1.00 (Referent)
25-29.9 13363 (30.8) 184 (32.6) 1.26 (1.01 to 1.56) .03
>30 12198 (28.2) 150 (26.6) 1.39 (1.10 to 1.77) .005
Continuous .05
No. of children
0 6101 (14.1) 75 (13.3) 1.00 (Referent)
1-2 20792 (48.0) 356 (63.2) 0.93 (0.72 to 1.19) .58
>3 8582 (19.8) 128 (22.7) 0.82 (0.62 to 1.10) 19
Continuous .15

(continued)
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Non-BC women,
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Women with Adjusted model*

Determinant No. (%) BC, No. (%) HR (95% CI) Pt
Breast-feeding duration, mo

<6 1748 (4.0) 32(5.6) 1.22 (0.85 to 1.76) .27

6-12 5121 (11.8) 80 (14.2) 1.09 (0.85 to 1.39) 48

>12 27 873 (64.4) 345 (61.2) 1.00 (Referent)

Continuous 13
Time since last birth, y

<10 6703 (15.4) 48 (8.5) 1.00 (Referent)

>10 31093 (71.8) 438 (77.7) 0.98 (0.66 to 1.46) .92

Continuous .98
Age at menarche, y

<13 14 666 (33.9) 174 (30.9) 1.00 (Referent)

>13 27470 (63.5) 372 (66.0) 1.06 (0.88 to 1.27) 49

Continuous 77
Contraceptive use

Never 5824 (13.4) 99 (17.5) 1.00 (Referent)

Ever 36598 (84.6) 457 (81.1) 0.90 (0.72 to 1.12) 36

MHT status||

Never user 14153 (62.2) 204 (56.1) 1.00 (Referent)

Former user 5004 (22.0) 92 (25.3) 1.01 (0.78 to 1.30) 92

Current user 1162 (5.1) 32(8.8) 1.86 (1.28 to 2.71) .001
Family history of BC

No 36332 (84.0) 423 (75.1) 1.00 (Referent)

Yes 5758 (13.3) 125 (22.2) 1.76 (1.44 to 2.15) <.001

*Adjusted model: age (continuous) and BMI (continuous) at baseline. BC = breast cancer; BMI = body mass index; CI = confidence interval; HR = hazard ratio; MET =

metabolic equivalent of task; MHT = menopausal hormone therapy.
1P value from two-sided maximum likelihood ratio test.

$Not adjusted for age at baseline.

§Not adjusted for BMI.

|[Among postmenopausal women only.

Table 3. HRs of BC risk in relation to change in MD area separated by menopausal status

All women

. (N'=43810; BC cases =563)
Relative MD area (cm?)

Premenopausal women
(N=20718; BC cases =200)

Postmenopausal women
(N'=23092; BC cases = 363)

change per year Person, years HR (95% CI)* Person, years HR (95% CI)* Person, years HR (95% CI)*
Decrease in MDt 172537 1.00 (Referent) 90289 1.00 (Referent) 82247 1.00 (Referent)
Stable MD+ 151618 1.01 (0.82 to 1.23) 83319 1.05 (0.76 to 1.47) 68298 1.00 (0.77 to 1.28)
Increase MD§ 129116 0.98 (0.80 to 1.22) 62369 1.12 (0.77 to 1.64) 66 747 0.95 (0.72 to 1.20)

*Adjusted for age (continuous), BMI (continuous), and MD area (continuous) at baseline. BC = breast cancer; BMI = body mass index; CI = confidence interval; HR = haz-

ard ratio; MD = mammographic density.

tDefined as an annual decrease of relative MD area by more than 10%.
tDefined as no annual relative mammographic density change.
§Defined as an annual increase of relative MDC by more than 10%.

mammograms from two or more examinations for each of the
participants, and repeated and longitudinal measurement of
MD after aligning images using the fully automated STRATUS
tool (15).

The study had a number of limitations. Information on BC
risk factors was based on a self-reported questionnaire and
therefore is prone to information bias. However, a substantial
differential misclassification is unlikely because women were
not aware of their MD or the potential association between BC
risk factors and MDC. Furthermore, answers were given before
diagnosis. We lacked longitudinal information on established
BC risk factors. All information on covariates was collected at
baseline or at the date of the first mammogram. Repeated
measures of BMI were only available for a subset of women

(n=7837). During the average follow-up of 5.4years, BMI
changed very little, on average 0.02kg/m?/y. We did not expect
dramatic changes in most of the risk factors, including repro-
ductive history, given the mean age of 53.7 years for the cohort
members. Only approximately 3% of the participants used MHT,
and it is therefore not likely that changes in use of MHT would
substantially affect our findings. Another limitation of this
study is that participants of the KARMA cohort were screening
attendants and are highly educated and tend to have a healthier
lifestyle than the participants of most studies. This may explain
the weak and statistically nonsignificant association of BMI and
postmenopausal BC risk.

Previous studies, which did not find any evidence of associa-
tion between MDC and risk of BC, suggested that reductions in
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Table 4. HR of BC risk in relation to categories of baseline MD and change in MD area

Baseline MD (cm?) Decrease in MD* HR (95% CI)t

All women
<9.0 1.00 (Referent)
9.0-20.0 2.29 (1.50 to 3.54)
>20 2.61 (1.74 to 3.91)
Premenopausal women
<9.0 1.00 (Referent)
9.0-20.0 3.37 (0.94 to 12.03)
>20 4.27 (1.31to 13.83)
Postmenopausal women
<9.0 1.00 (Referent)
9.0-20.0 2.25 (1.41 to 3.60)
>20 2.41 (1.53 to 3.79)

Stable MD$HR (95% CI)t

Increase in MD§HR (95% CI)t

Pinteraction H

20
1.66 (0.96 to 2.86) 1.17 (0.75 to 1.83)
1.67 (1.01 to 2.76) 1.94 (1.20 to 3.13)
2.70 (1.82 t0 4.02) 2.91 (1.90 to 4.48)
98
1.00 (0.10 to 9.96) 1.20 (0.26 to 5.38)
2.80 (0.70 to 11.26) 3.50 (0.94 to 13.01)
4.83 (1.50 to 15.65) 5.02 (1.51 to 16.64)
21

1.68 (0.95 to 2.95)
1.60 (0.92 to 2.74)
2.34 (1.50 to 3.64)

1.15 (0.72 to 1.83)
1.80 (1.06 to 3.05)
2.62 (1.60 to 4.31)

*Defined as an annual decrease of relative MD area by more than 10%. BC = breast cancer; BMI = body mass index; CI = confidence interval; HR = hazard ratio; MD =

mammographic density; MDC = mammographic density change.
tAdjusted for age (continuous) and BMI (continuous) at baseline.
1Defined as no annual relative MDC.

§Defined as an annual increase of relative MDC by more than 10%.
||P value from two-sided Wald test for interaction term.

density may occur at a young age, especially around meno-
pause. Thus, perimenopausal age may be the critical period to
investigate the association of MDC and risk of BC (10,12).
However, these researchers could not investigate the associa-
tion between MDC and risk of BC among premenopausal
women, because BC screening programs in most countries start
at the age of 50years (10-12). One of the earlier small studies,
composed of mostly premenopausal women, found a twofold
increase in risk for women who persisted at high categories of
density based on the Wolf density category (27). This is in agree-
ment with our results showing that perimenopausal women
(age 4049 years) who did not decrease in MD by more than 10%
per year had a statistically nonsignificant higher risk of BC com-
pared with perimenopausal women who decreased in MD.

We observed that, at fixed levels of baseline MD, the risk of BC
did not seem to be influenced by MDC. An explanation could be
that baseline MD is a strong risk factor, primarily based on the
cumulative exposure to female sex hormones during the preme-
nopausal part of life, and is not influenced by the subsequent
rate of density change. The vast majority of women experience
involution, that is, the process by which the breast epithelial tis-
sue is gradually converted to fatty tissue. Whether this conver-
sion is seen at more or less than 10% per year is of lesser
importance from a risk point of view compared with the baseline
MD.

As a conclusion, we found no evidence on the association
between MDC and risk of BC. Also, adding MDC to baseline MD
did not seem to strengthen the association between baseline
MD and risk of BC in our dataset. However, in line with previous
studies, we observed a weak and statistically nonsignificant as-
sociation between MDC and risk of BC among perimenopausal
women (age 4049 years), which indicates that change in MD at
a younger age might be of importance.
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