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Abstract: Soy intake is associated with lower breast cancer risk in observational studies concerning
Asian women, however, no randomized controlled trials (RCT) have been conducted among Asian
women living in Asia. This three-armed RCT assessed the effects of one-year soy isoflavone (ISF)
intervention on mammographic density (MD) change among healthy peri- and postmenopausal
Malaysian women. This study was registered at ClinicalTrials.gov (NCT03686098). Participants were
randomized into the 100 mg/day ISF Supplement, 50 mg/day ISF Diet, or control arm, and assessed
for change in absolute and relative dense area from digital mammograms conducted at enrolment and
after 12 months, compared over time across study arms using Kruskal-Wallis tests. Out of 118 women
enrolled, 91 women completed the intervention, while 27 women (23%) were lost in follow up. The
ISF supplement arm participants observed a larger decline in dense area (−1.3 cm2), compared to the
ISF diet (−0.5 cm2) and control arm (−0.8 cm2), though it was not statistically significant (p = 0.48).
Notably, among women enrolled within 5 years of menopause; dense area declined by 6 cm2 in the
ISF supplement arm, compared to <1.0 cm2 in the control arm (p = 0.13). This RCT demonstrates a
possible causal association between soy ISF intake and MD, a biomarker of breast cancer risk, among
Asian women around the time of menopause, but these findings require confirmation in a larger trial.

Keywords: Soy isoflavones; mammographic density; randomized controlled trial; breast cancer

1. Introduction

Globally, breast cancer continues to be the most common cancer in women and a
leading cause of cancer-related deaths [1]. Asian women are experiencing a rapid rise
in incidence, by up to a 6% increase annually [2], that has been attributed to changes in
reproductive factors and westernization of lifestyles [3–5]. Therefore, there is an urgent
need to identify effective primary prevention strategies that could reduce the number of
Asian women diagnosed with breast cancer in the near future. Drugs that are aromatase
inhibitors and selective estrogen receptor modulators, such as tamoxifen and raloxifene,
are actively studied for primary prevention of breast cancer in populations with higher
incidence of breast cancer [6], but the risk of side effects could outweigh the benefits among
Asian women with lower risk.

Dietary interventions, such as soy intake, may be an important strategy for breast
cancer risk reduction in this region. Asian populations with historically lower breast cancer
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incidence have soy-rich diets, up to 10-fold more compared to Caucasian women [7]. Soy
foods are rich in isoflavones (ISFs), which are natural phytoestrogens and selective estrogen
receptor modulators [8]. ISFs are hypothesized to compete with endogenous estrogen to
selectively bind to estrogen receptor sites. However, they exert a weaker effect compared
to endogenous estrogen, and therefore, reduce estrogen exposure [8,9]. Studies have
demonstrated that soy isoflavones may be equally as effective as hormone replacement
therapy in minimizing conditions association with the menopausal transition, such as
osteoporosis and somatic-vegetative symptoms [10,11]. Observational studies of Asian
women have consistently reported that high soy intake is associated with between 14 and
41% lower relative risk of breast cancer [7,12–14].

To date, there are no intervention studies of soy isoflavones with breast cancer occur-
rence as the primary endpoint because it requires large cohorts followed over long periods
of time, making such studies expensive and difficult. Instead, randomized controlled trials
(RCTs) have tested interventions of 80–120 mg of soy isoflavones on biomarkers of breast
cancer risk among Caucasian women, such as mammographic density (MD), but have
consistently reported null or small effects [15–21]. MD represents the area or volume of
fibro-glandular tissue in the breast that is radiologically visible on a mammogram image.
In a meta-analysis of RCTs that use MD as a biomarker of breast cancer risk, high doses
of isoflavones were associated with a small, non-significant protective effect, particularly
among post-menopausal women [15].

There are a few hypotheses that were proposed to explain the lack of a clinically
meaningful effect in previous RCTs. First, the RCTs used purified and concentrated soy ISF
supplements instead of traditionally consumed soy foods made from whole soybeans [22].
Second, the protective effect seen among Asian women may be due to lifelong exposure
to soy, particularly in adolescence [16,18,19,23]. Furthermore, there may be population
differences in the ability to metabolize soy ISFs into potentially more potent metabolites [24,
25]. These hypotheses suggests that the causal association between soy ISF intake and
breast cancer risk may be elucidated in a study of Asian women living in Asia.

Thus, we conducted a randomized controlled trial to determine if a soy ISF interven-
tion, either consuming 100 mg/day of soy isoflavone supplement or 50 mg/day of soy
ISFs through dietary sources of soy, could reduce breast cancer risk among peri- and post-
menopausal Malaysian women, using MD as a biomarker of risk. To our knowledge, this is
the first interventional trial of soy isoflavone intake, using both dietary and supplement
sources of isoflavones, on breast cancer risk among Asian women living in Asia where soy
foods are accessible, affordable, and palatable.

2. Materials and Methods
2.1. Study Participants

The Malaysian Soy and Mammographic Density (MiSo) Study is a three-armed,
randomized controlled trial with no blinding and no placebo control. Peri- and post-
menopausal Malaysian women between 45 and 65 years old were invited to participate
in the trial between November 2018 and December 2019 at a private tertiary hospital in
Malaysia (Subang Jaya Medical Centre). Participants were recruited from an established
research database of women attending mammography screening at Subang Jaya Medical
Centre and University Malaya Medical Centre, as well as by opportunistic recruitment via
social media. All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional research committees and with
the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
The study protocol and source documents were approved by the Ramsay Sime Darby
Independent Ethics Committee (Reference number: 201805.1), and the study is registered
with the Malaysian National Medical Research Register (NMRR-18-287-40385) and Clinical-
Trials.gov (NCT03686098). All participants signed the informed consent form prior to any
study procedures.
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A total of 177 women signed the informed consent form and were screened for eligi-
bility (Figure 1), of whom 3 women did not complete eligibility screening and 56 women
reported one or more exclusion criteria. Women were excluded from the study if they
reported a menstrual period in the past 3 months (premenopausal) or use of hormone
replacement therapy in the past 6 months (n = 10). They were excluded for medical con-
ditions including a history of cancer (n = 1); current management of gout, diabetes, or
hyperthyroidism (n = 17); history of gastrointestinal disorders or intolerance to soy (n = 5);
or if they reported a history of benign breast disease or presented with abnormal mam-
mogram findings during eligibility screening (n = 18). Women were also excluded if they
were screened by mammography in the past 12 months (n = 5) or if they reported daily
intake of any type of soy foods (excluding condiments such as soy sauce) or soy-based
supplements (n = 5). Upon enrollment, participants were assigned to an intervention arm
using a digitally-generated randomization list, in which participants were randomized
based on the order in which they enrolled. The study manager and study coordinator
generated the random allocation sequence, enrolled, and assigned participants to their
intervention. We used a stratified, block randomization approach to account for potential
differences in distribution by ethnicity and menopausal status. A total of 118 women were
randomized to receive either a daily soy ISF supplement (100 mg of soy ISFs daily), a high
soy diet (50 mg of soy ISFs daily), or no addition to their diet (control arm).
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reported are calculated with the number of women who received allocated intervention as the
denominator.

2.2. Data Collection

A structured questionnaire was used to collect information about participant charac-
teristics at enrolment, including socio-demographic profiles, reproductive factors, physical
activity, and medical history. The questions were adapted from a questionnaire previously
used in this study population, as described elsewhere [26]. The frequency and inten-
sity of physical activity reported in the structured survey was converted into metabolic



Nutrients 2023, 15, 299 4 of 16

equivalent of task (MET) hours/week, using a previously reported methodology in this
population [27]. Height and weight were measured using a floor scale and were used to
calculate body mass index (kg/m2). Waist and hip circumference were measured using a
standard measuring tape and were used to calculate waist-to-hip ratio.

To assess for dietary changes over the study period, a semi-quantitative food fre-
quency questionnaire (FFQ) was adapted from a questionnaire validated for use among
Malaysians [28]. Using the Malaysian and Singaporean Food Composition databases,
information about frequency and portion of intake was converted to daily calorie intake
(kcal/day) as well as daily protein, fat, carbohydrates [29,30], and soy ISF intake [31].
Compliance and adverse events were assessed monthly using phone calls, online surveys,
and study site visits.

2.3. Intervention and Compliance

Women in the ISF supplement arm were asked to consume 2 soy ISF supplement
tablets once daily. Each tablet of the supplement contained 125 mg of soybean (Glycine
max) standardized extract that delivered 50 mg of ISFs (consisting of 92% daidzein and 8%
genistein in aglycone weight). Women in the ISF diet arm were asked to consume two daily
servings of soy foods, and each serving delivered approximately 25 mg of ISFs. Women
in the ISF diet arm were provided with a food guide containing serving sizes of common
soy foods, as well as a cash subsidy of RM95/month to purchase soy foods. Women in the
control arm were asked to continue their regular diet and were advised to limit foods rich
in soy ISFs to a maximum of three servings per week, consistent with regular intake in this
cohort [26]. Compliance in the ISF supplement arm was determined by tablet count and
was defined as intake of ≥80% of allocated supplements. Compliance in the ISF diet arm
and control arm were determined from dietary soy isoflavone intake self-reported in the
FFQ and were defined as intake of ≥40 mg/day and <40 mg/day of soy ISFs, respectively.

2.4. Outcome Measurements

The primary outcome in this trial was change in mammographic density (MD) over
the study period. Mammography was conducted at enrolment and at Month 12 at the study
site, using a single full-field digital mammography machine (Hologic Selenia Mammog-
raphy System, Hologic Inc., Marlborough, MA, USA). MD was estimated from processed
digital mammogram images using Stratus, a fully-automated software that is described
elsewhere [32]. To standardize for possible differences in breast position during imaging,
all mammogram images for each woman were aligned prior to MD estimation [32]. We
reported dense area (defined as the total area of fibro-glandular tissue or radiodensity
observable on the mammogram image, cm2) and percent density (dense area ÷ total breast
area × 100%). All MD measures were an average of MD measured for left and right breasts
and for both view positions (craniocaudal and mediolateral). The absolute MD change
was calculated by subtracting MD estimated at enrolment from MD estimated at Month 12.
The relative MD change was defined as the absolute change divided by MD estimated at
enrolment and multiplied by 100%.

To ease comparison to the published literature, we also calculated absolute and relative
MD change using dense volume estimates from a commonly used mammographic density
measurement software (VolparaTM). It is important to note that image alignment was not
possible for VolparaTM analyses.

2.5. Statistical Analysis

Sample size calculations estimated that a total enrolment of 228 women (76 per arm)
were required to detect a 2.5% difference in percent density change between any two arms
at 80% power and considering a 5.0% standard deviation [33]. Bonferroni correction for
multiple comparisons was also considered. This study reached 52% of the enrolment target.

Standard descriptive statistics were used to describe differences across the study
arms. Fisher’s Exact tests were used for categorical and ordinal variables. Due to small
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sample sizes and skewed distributions, Kruskal-Wallis tests were used to test for differences
across study arms for continuous variables. Wilcoxon-rank-sum tests were used to test for
within-women changes over time.

Kruskal-Wallis tests were also used to compare mammographic density change across
study arms. The primary analysis included all women who completed the study (n = 90).
The per-protocol analysis was restricted to women who were compliant with the inter-
vention (n = 68). Sensitivity analyses were conducted to assess the effect of (1) excluding
women with low MD at enrolment (lowest 25th percentile of the distribution), (2) excluding
women with high habitual soy isoflavone intake at enrolment (highest 25th percentile of the
distribution), and (3) isoflavone dosage, defined as quartiles of total reported soy isoflavone
intake at Month 12 (including from diet and supplements). The primary analysis was
further stratified to assess the effect of time since menopause (<5 vs. ≥5 years) on MD
change across the study arms.

All hypothesis testing was two-sided, and a p-value of <0.05 was considered statis-
tically significant. All statistical tests were conducted in the R statistical environment,
v4.0.3.

3. Results
3.1. Follow Up during the Study Period

In this randomized controlled trial to investigate the association between soy isoflavone
intake and mammographic density as a biomarker of breast cancer risk, 118 women were
enrolled and randomized into three study arms (Figure 1). With an average follow up
period of 13.3 months, a total of 91 women (77.1%) completed the study (Table 1).

Table 1. Follow up among participants who received allocated intervention.

Distribution of Participants by Study Arm

Description of Follow Up Overall
(n = 118)

ISF Supplements
(n = 41)

ISF Diet
(n = 38)

Control
(n = 39) p Value

Follow up status, n (%)
Completed 91 (77.1) 28 (68.3) 30 (78.9) 33 (84.6) 0.225
Lost in follow up 27 (22.9) 13 (31.7) 8 (21.1) 6 (15.4)

Duration of follow up, months, median (IQR)
Completed 13.3 (1.4) 13.5 (1.7) 13.2 (1.3) 13.2 (1.2) 0.651
Lost in follow up 6.2 (8.8) 6.4 (9.3) 4.1 (5.9) 8.1 (2.6) 0.354

Reasons for failure to follow up, n (%)
Adverse events 13 (48.1) 8 (61.5) 4 (50.0) 1 (16.7) 0.332
No longer interested 7 (25.9) 2 (15.4) 3 (37.5) 2 (33.3)
COVID-19 pandemic 7 (25.9) 3 (23.1) 1 (12.5) 3 (50.0)

Up to 23% of women were lost in follow up (Table 1). Between 21 and 32% of women
in the intervention arms were lost in follow up, compared to only 15% in the control arm
(p = 0.23). Furthermore, women in the ISF supplement and diet intervention arms were
more likely to be lost due to adverse events (61.5% and 50.0% vs. 16.7%), whereas in the
control arm, most women were lost due to the COVID-19 pandemic (50.0% vs. 23.1% and
12.5%). However, these differences were not statistically significant.

Importantly, the women who completed the study were similar to those who were
lost in follow up (Supplementary Table S1). This suggests that failure to follow up did
not significantly impact randomization. However, it is important to note that there were
differences in MD at enrolment between those who were lost in follow up and those who
completed the study for both dense area (19.2 cm2 vs. 14.6 cm2, p = 0.07) and percent
density (21.0% vs. 12.7%, p = 0.03).

3.2. Description of Participants in the Primary Analysis

A total of 90 women were included in the primary analysis (Figure 1). As described in
Table 2, women were 57 years old on average and were mostly of Chinese ethnicity (78.9%).
Most women completed tertiary education (67.8%), and there was equal distribution by
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income category. Almost half of women reported that their last menstrual period was
within 5 years of enrolment into the study (41.1%). However, women in the intervention
arms reported a later age at last menstrual period compared to women in the control arm,
though this was not statistically significant (51–52 years old vs. 49 years old, p = 0.08).
Apart from this, all other patient characteristics were evenly distributed across study arms.

Table 2. Distribution of completed participants (n = 90) by study arm.

Distribution by Study Arm

Characteristics Overall
(n = 90)

ISF Supplements
(n = 27)

ISF Diet
(n = 30)

Control
(n = 33) p Value

Demographic
Age in years, median (IQR) 57 (6.0) 58 (5.0) 56 (5.8) 56 (8.0) 0.470
Ethnicity, n (%)

Chinese 71 (78.9) 20 (74.1) 25 (83.3) 26 (78.8) 0.781
Indian 11 (12.2) 5 (18.5) 2 (6.7) 4 (12.1)
Malay 8 (8.9) 2 (7.4) 3 (10.0) 3 (9.1)

Education, n (%)
Up to secondary 28 (31.1) 8 (29.6) 12 (40.0) 8 (24.2) 0.410
Tertiary 61 (67.8) 18 (66.7) 18 (60.0) 25 (75.8)

Monthly household income, n (%)
<RM 5000 33 (36.7) 10 (37.0) 12 (40.0) 11 (33.3) 0.987
RM 5000–10,000 28 (31.1) 8 (29.6) 9 (30.0) 11 (33.3)
>RM 10,000 26 (28.9) 8 (29.6) 8 (26.7) 10 (30.3)

Reproductive
No. of children, n (%)

None 17 (18.9) 5 (18.5) 7 (23.3) 5 (15.2) 0.746
1–2 40 (44.4) 11 (40.7) 15 (50.0) 14 (42.4)
>3 32 (35.6) 10 (37.0) 8 (26.7) 14 (42.4)

Menopausal status at enrolment, n (%)
Peri-menopause 9 (10.0) 4 (14.8) 2 (6.7) 3 (9.1) 0.618
Post-menopause 81 (90.0) 23 (85.2) 28 (93.3) 30 (90.9)
Age at last menstrual period, median (IQR) 51 (5.5) 52 (4.0) 51 (5.0) 49 (5.0) 0.079
Years since last menstrual period, n (%)

Less than 5 years 37 (41.1) 10 (37.0) 14 (46.7) 13 (39.4) 0.736
5 years or more 50 (55.6) 16 (59.3) 15 (50.0) 19 (57.6)

History of hysterectomy or oophorectomy,
n (%) 10 (11.1) 2 (7.4) 2 (6.7) 6 (18.2) 0.310

Use of oral contraceptives, n (%) 29 (32.2) 8 (29.6) 11 (36.7) 10 (30.3) 0.847
Family history and screening
1◦ Family history, n (%)

Any cancer 42 (46.7) 16 (59.3) 13 (43.3) 13 (39.4) 0.289
Breast cancer 11 (12.2) 5 (18.5) 3 (10.0) 3 (9.1) 0.475

Last mammogram, n (%)
1–2 years 27 (30.0) 8 (29.6) 10 (33.3) 9 (27.3) 0.405
More than 2 years 59 (65.6) 18 (66.7) 17 (56.7) 24 (72.7)
Never 4 (4.4) 1 (3.7) 3 (10.0) 0 (0)

Lifestyle factors at enrolment
BMI, kg/m2, n (%)

<25 (low) 53 (58.9) 15 (55.6) 17 (56.7) 21 (63.6) 0.800
≥25 (high) 37 (41.1) 12 (44.4) 13 (43.3) 12 (36.4)

Physical activity, MET-hours/week, n (%)
≤10 (low) 46 (51.1) 16 (59.3) 13 (43.3) 17 (51.5) 0.663
>10 (moderate/high) 41 (45.6) 11 (40.7) 15 (50.0) 15 (45.5)

Mammographic density at enrolment,
median (IQR)

Dense area, cm2 14.6 (18.7) 19.9 (15.0) 11.3 (19.3) 7.6 (18.1) 0.172
Percent density, % 12.7 (22.1) 14.5 (21.4) 9.0 (21.0) 7.8 (22.4) 0.200
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Twelve percent of women reported at least one first degree family member with breast
cancer. For many women (65.6%), their last mammogram was more than 2 years ago. Four
women reported that this was their first mammogram. Forty-one percent of women were
obese or overweight at enrolment, and most women (51.1%) reported low levels of physical
activity. These risk factors were evenly distributed across study arms.

Notably, women in the ISF supplement arm had higher MD measures for both absolute
density (19.9 cm2 vs. 11.3 cm2 and 7.6 cm2, p = 0.17) and percent density (14.5% vs. 9.0%
and 7.8%, p = 0.20). However, the differences across study arms were not statistically
significant.

We also assessed for changes in body measurements and diet over the study period
(Table 3). We observed no significant changes in weight, BMI, or waist-to-hip ratio across
study arms. As expected, there were significant dietary changes. The increase in total
calorie intake in the ISF diet arm, from 1586 to 1789 kcal/day (p = 0.10), likely corresponded
to the increase in protein intake (by 16.5 g/day, p = 0.006) and fat intake (by 7.4 g/day,
p = 0.04) due to the dietary soy intervention. In the ISF supplement arm, we observed a
decrease in total calorie intake, from 1528 to 1496 kcal/day (p = 0.01), due to a decrease
in protein intake (p = 0.04) and fat intake (p = 0.02). We observed no significant dietary
changes for women in the control arm.

Table 3. Changes to body measurements and dietary intake over the intervention period (n = 90).

Distribution by Study Arm, Median (IQR)

Measures ISF Supplements
(n = 27)

ISF Diet
(n = 30)

Control
(n = 33) parm

Weight, kg
At enrolment 61.2 (11.8) 59.1 (12.9) 58.5 (13.3) 0.931
After 12 months 61.5 (15.5) 60.9 (14.7) 58.8 (14.2) 0.956

pchange 0.999 0.524 0.290
BMI, kg/m2

At enrolment 24.2 (5.2) 24.0 (4.2) 23.0 (5.5) 0.941
After 12 months 24.2 (5.7) 24.3 (5.8) 24.0 (5.3) 0.967

pchange 0.878 0.503 0.272
Waist-to-hip ratio

At enrolment 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.545
After 12 months 0.8 (0.1) 0.9 (0.1) 0.9 (0.1) 0.834

pchange 0.934 0.598 0.177
Calorie intake, kcal/day

At enrolment 1528.1 (333.2) 1586.5 (686.1) 1528.7 (727.1) 0.816
After 12 months 1496.2 (525.1) 1788.9 (692.8) 1556.4 (848.4) 0.200

pchange 0.012 0.097 0.708
Carbohydrate intake, g/day

At enrolment 223.4 (91.9) 239.8 (137.9) 232.6 (132.2) 0.946
After 12 months 228.1 (93.2) 257.6 (109.8) 242.8 (122.5) 0.382

pchange 0.097 0.330 0.881
Protein intake, g/day

At enrolment 58.3 (22.2) 54.4 (23.6) 56.7 (30.0) 0.424
After 12 months 51.5 (29.2) 70.9 (23.6) 59.6 (25.7) 0.004

pchange 0.044 0.006 0.408
Fat, g/day

At enrolment 43.0 (20.4) 37.0 (20.5) 39.3 (24.3) 0.084
After 12 months 42.5 (17.2) 44.4 (22.9) 39.3 (33.3) 0.830

pchange 0.021 0.040 0.315
Soy isoflavone intake, mg/day
At enrolment 27.9 (25.6) 17.6 (26.4) 15.3 (17.2) 0.121
After 12 months 101.4 (55.6) 82.3 (39.1) 18.1 (19.2) <0.001

pchange <0.001 <0.001 0.062
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There were subtle differences in soy isoflavone intake at enrolment (Table 3). Women
in the ISF Supplement arm reported higher habitual isoflavone intake compared to women
in the ISF diet and control arms (27.9 mg vs. 17.6 mg and 15.3 mg per day, p = 0.12), but the
difference across arms is small and not statistically significant. As expected, soy isoflavone
intake increased significantly for women in the ISF supplement arm (from 27.9 mg/day to
101.4 mg/day, p < 0.01) and ISF diet arm (from 17.6 mg/day to 82.3 mg/day, p < 0.01) but
not in the control arm (from 15.3 mg/day to 18.1 mg/day, p = 0.06). The main food sources
of soy isoflavones consumed in the study were soymilk, soybean curd, and tofu.

3.3. Change in Mammographic Density over the Study Period

Women in the ISF Supplement arm appeared to have a larger absolute decline in
dense area over time, by 1.3 cm2 compared to 0.5 cm2 in the ISF diet arm and 0.8 cm2

in the control arm, but the difference was small and not statistically significant (p = 0.48,
Table 4). There were no significant differences by relative change in dense area (p = 0.99).
Similarly, no statistically significant associations were noted for percent density measures
(Supplementary Table S2) as well as VolparaTM dense volume measures (Supplementary
Table S3).

Table 4. Change in dense area during the study period, by study arm (n = 90).

Change in Dense Area, Median (IQR)

Study arm, by Type of Analysis n Absolute Change
(cm2) p Value Relative Change

(%) p Value

All completed participants
ISF Supplement 27 −1.3 (7.3) 0.479 −11.5 (43.8) 0.999
ISF Diet 30 −0.5 (4.5) −10.9 (48.1)
Control 33 −0.8 (6.3) −17.8 (51.6)

Per-protocol participants †

ISF Supplement 15 −0.5 (8.4) 0.659 −11.1 (51.5) 0.935
ISF Diet 24 −0.5 (4.5) −10.9 (47.6)
Control 29 −0.6 (6.3) −17.8 (54.0)

Sensitivity analyses
Excl. low MD at enrolment ‡

ISF Supplement 23 −1.7 (7.6) 0.449 −11.5 (35.5) 0.372
ISF Diet 20 −0.9 (5.0) −2.3 (28.9)
Control 21 −1.0 (8.8) −6.9 (47.4)

Excl. high enrolment isoflavone
intake §

ISF Supplement 16 −0.9 (6.2) 0.573 −10.3 (37.4) 0.908
ISF Diet 20 −0.5 (4.7) −7.9 (49.8)
Control 29 −0.8 (6.3) −17.8 (50.3)

By total isoflavone intake
<18 mg/day 23 −0.8 (5.5) 0.555 −20.7 (55.8) 0.610
18–61 mg/day 22 −1.8 (6.9) −11.9 (56.0)
61–101 mg/day 21 −1.3 (3.2) −9.4 (34.9)
>101 mg/day 24 −0.2 (6.9) −7.4 (50.1)

† Reporting >80% compliance at end of study. ‡ Excluding the first 25th percentile of the distribution for
mammographic density (<5.5 cm2). § Excluding the last 25th percentile of the distribution (>32.7 mg/day for
isoflavone intake at baseline).

We conducted several sensitivity analyses to test the robustness of our observations.
First, limiting the analysis to those who were compliant to the intervention (per-protocol
analysis) did not improve the associations for both absolute change (p = 0.66) and relative
change (p = 0.94), nor did excluding women with high isoflavone intake at enrolment.
Second, based on the observation that women with low MD were most likely to observe
the small-to-no absolute change (Supplementary Figure S1), we excluded women with
low MD at enrolment. This did not affect the observed differences in absolute MD change
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across study arms but resulted in a more pronounced difference for relative MD change
(p = 0.37). Finally, we grouped women based on their total isoflavone intake (from diet and
supplements) reported at Month 12. We found that the greatest absolute decline in MD
was observed among women with moderate isoflavone intake (18–61 mg/day), followed
by women with high isoflavone intake (61–101 mg/day) per day. There was little change
in MD for women with very high isoflavone intake (>101 mg/day). On the contrary,
the greatest relative change was observed for women with the lowest isoflavone intake
compared to higher intake (−20.7% vs. 7–11%, p = 0.61). However, these observations were
not statistically significant. It is important to note that up to 43% of women in the control
arm reported isoflavone intake of between 18 and 61 mg/day (Supplementary Table S4).

We further stratified the analysis by time since menopause at enrolment. For women
with a shorter duration since menopause (<5 years), there was a large absolute decline in
mammographic density among women in the ISF supplement arm (−5.9 cm2 vs. −1.1 cm2

in the ISF diet arm and −0.8 cm2 in the control arm, p = 0.13, Figure 2a). We also observed
a dose-response relationship among these women when assessed by quartiles of total
isoflavone intake, where the largest effect was observed for women with highest isoflavone
intake (Figure 2b). However, these associations were based on a small sample size and were
not statistically significant. For women who reported more than 5 years since menopause,
on the other hand, we observed little change in MD and no differences between study arms
(Figure 2a). In contrast to women with a shorter duration since menopause, women who
underwent menopause more than 5 years ago observed an increase in MD with very high
isoflavone intake (>101 mg/day, p = 0.08, Figure 2b).
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3.4. Changes in Mammographic Density over Time

We observed that the decline in MD prior to the intervention, over an average of
5–7 years, appeared to be greater for women in the control arm (−9.4 cm2) compared to
women in the ISF diet arm (−8.3 cm2) and ISF supplement arm (−6.5 cm2, p = 0.47, Table 5).
However, the opposite was observed during the 1-year study period, where the largest
decline was observed among the ISF supplement arm (−1.9 cm2) followed by the ISF diet
arm (−0.7 cm2), with little change in the control arm (0.1 cm2, p = 0.23).

Table 5. Change in dense area over time (n = 62).

Description of Previous Mammogram and
Change over Time

Distribution of MD Change by Study Arm

ISF Supplements
(n = 19)

ISF Diet
(n = 21)

Control
(n = 22) p Value

Duration since previous mammogram in
years, median (IQR) 5.4 (2.1) 6.7 (1.5) 6.0 (2.1) 0.103

Menopause status at previous mammogram,
n (%)
Pre-menopause 8 (42.1) 4 (19.0) 8 (36.4) 0.593
Peri-menopause 3 (15.8) 5 (23.8) 4 (18.2)
Post-menopause 7 (36.8) 11 (52.4) 9 (40.9)

Dense area in previous mammogram, cm2,
median (IQR)

29.3 (24.3) 32.6 (27.5) 33.7 (31.0) 0.901

Absolute change in dense area (cm2), median
(IQR)
Change prior to intervention −6.5 (8.4) −8.3 (14.6) −9.4 (11.7) 0.470
Change during intervention −1.9 (7.4) −0.7 (5.0) 0.1 (6.8) 0.225

Relative change in dense area (%), median
(IQR)
Change prior to intervention −11.8 (57.9) −39.7 (31.8) −33.0 (30.3) 0.292
Change during intervention −15.5 (35.4) −7.4 (34.7) −2.5 (32.9) 0.460

3.5. Adverse Events

Of the 118 participants who were enrolled and randomized, 62.7% reported at least
one adverse event during the study period (Table 6). In this unblinded study, adverse
events were most reported among women in the intervention arms (78–82% vs. 28% in
the control arm, p < 0.001). Common complaints include gastrointestinal problems (19.5%,
p < 0.001), skin rash (10.2%, p = 0.07), joint pains (7.6%, p = 0.06), weight gain (6.8%, p = 0.17),
and numbness (2.5%, p = 0.11). Most of these complaints were more common with higher
dietary soy intake, except for joint pain and numbness, which were more common with
supplement intake. There were also a few serious adverse events in the ISF supplement
arm over the study period, including one case of post-menopausal bleeding, two cases of
ruptured brain aneurysms, and a breast cancer diagnosis.



Nutrients 2023, 15, 299 11 of 16

Table 6. List of reported adverse events among participants who received allocated intervention.

Distribution of Participants by Study Arm

Adverse Events Overall
(n = 118)

ISF
Supplements

(n = 41)

ISF Diet
(n = 38)

Control
(n = 39) p Value

Overall 74 (62.7) 32 (78.0) 31 (81.6) 11 (28.2) <0.001

Probably related
Gastrointestinal complaints 23 (19.5) 10 (24.4) 12 (31.6) 1 (2.6) 0.001
Skin rash 12 (10.2) 4 (9.8) 7 (18.4) 1 (2.6) 0.070
Joint pains 9 (7.6) 5 (12.2) 4 (10.5) 0 (0) 0.062
Weight gain 8 (6.8) 2 (4.9) 5 (13.2) 1 (2.6) 0.169
Numbness 3 (2.5) 3 (7.3) 0 (0) 0 (0) 0.106

Uncertain
High blood uric acid 4 (3.4) 3 (7.3) 1 (2.6) 0 (0) 0.268
Back pain 4 (3.4) 3 (7.3) 1 (2.6) 0 (0) 0.268
Headache 3 (2.5) 1 (2.4) 2 (5.3) 0 (0) 0.422
High blood glucose 2 (1.7) 0 (0) 1 (2.6) 1 (2.6) 0.542
High liver function tests 2 (1.7) 2 (4.9) 0 (0) 0 (0) 0.328
Changes to the breast 2 (1.7) 0 (0) 1 (2.6) 1 (2.6) 0.543
Vaginal discharge 2 (1.7) 2 (4.9) 0 (0) 0 (0) 0.328
Sleep disturbance 2 (1.7) 2 (4.9) 0 (0) 0 (0) 0.328

Uncertain, serious
Brain aneurysm 2 (1.7) 2 (4.9) 0 (0) 0 (0) 0.328
Breast cancer 1 (0.8) 1 (2.4) 0 (0) 0 (0) 0.322
Post-menopausal bleeding 1 (0.8) 0 (0) 1 (2.6) 0 (0) 0.322

Unrelated
Infection 26 (22.0) 10 (24.4) 9 (23.7) 7 (17.9) 0.788
Surgery 6 (5.1) 2 (4.9) 2 (5.3) 2 (5.1) 0.999
High blood pressure 5 (4.2) 2 (4.9) 1 (2.6) 2 (5.1) 0.999
Injury/accident 3 (2.5) 1 (2.4) 1 (2.6) 1 (2.6) 0.999

4. Discussion

In a randomized controlled trial of 90 healthy peri- and postmenopausal Malaysian
women, we found no statistically significant differences in annual MD change for women
with or without the soy isoflavone intervention. However, we found that high soy
isoflavone intake may benefit women who are perimenopausal or recently menopausal,
where an annual decline of up to 6 cm2 was observed among women on the 100 mg/day
ISF supplement compared to the 1 cm2 decline in the control arm.

We demonstrated a possible modest association between regular soy isoflavone intake
and MD change among Asian women. These observations were substantiated in within-
women analysis prior to the intervention for a subset of 62 women for whom a pre-
enrolment mammogram was available. Despite some inconsistencies in observational
studies [34,35], MD change is reported to be a good proxy for breast cancer risk in clinical
trials of endocrine therapy response [36]. For example, studies of tamoxifen for primary
prevention of breast cancer have shown that a 10% decline in percent density over a period
of 1.5 years was associated with a 63% lower relative risk of breast cancer [37]. However,
little is known about the impact of more subtle changes in MD, such as that observed in
this study.

The association between moderate soy isoflavone intake and MD in our study is
consistent with the published literature among Asian women, where habitual intake of
at least 10 mg/day of isoflavones or 10 g/day of soy foods was associated with 10–16%
lower relative risk of breast cancer [13,38,39]. In other studies, doses of up to 40 mg/day
were required to show a protective effect [40]. In our study, however, the moderate intake
of soy isoflavones among women in the control arm likely resulted in smaller effect sizes
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observed for women in intervention arms. Nevertheless, the findings here suggest that
with sufficient sample size and an appropriate control arm, a causal association between
moderate soy isoflavone intake and breast cancer risk might be established among Asian
women.

Our findings are in contrast to previous clinical trials of predominantly Caucasian
women, where intervention doses of up to 120 mg/day of soy isoflavones have yielded
no significant impact on MD measures [16–21]. The lack of association in these studies
was attributed to the use of soy supplements rather than soy foods made from whole
soy beans [22]. Soy foods may contain other nutritional components that may increase
the potency of soy isoflavones, and they tend to be consumed several times over the
day, resulting in continuous exposure [16,19,41]. By having both a high dose supplement
arm and a moderate dose soy food arm in our study, we postulate that the effect of
soy isoflavones on mammographic density does not depend on how the isoflavones are
consumed, either through supplements or dietary intake.

Researchers have also suggested that the lack of effect seen in clinical trials of post-
menopausal women [16–21] is because it misses the critical window for soy intake, which
is hypothesized to be during adolescence [42–44]. Here, we show that the timing around or
soon after menopause could be a critical window for soy isoflavone intake. Similar observa-
tions were noted recently in a low-dose tamoxifen study, where a protective effect on MD
was only observed among older pre-menopausal women but not among post-menopausal
women [45]. As women experience menopause, the breast undergoes a process of lobular
involution, where the fibro-glandular tissue (radiologically dense tissue) progressively
transforms into fat (radiologically non-dense tissue) [46]. Therefore, women naturally expe-
rience the greatest MD decline over the menopausal transition [47]. Furthermore, higher
rates of decline during this time were shown to be associated with reduced breast cancer
risk [48,49]. This supports our hypothesis that high soy isoflavone intake among women
around the time of menopause could meaningfully reduce post-menopausal breast cancer
risk. Conversely, we demonstrate that very high isoflavone intake long after menopause
may be harmful to breast health. However, due to the small sample sizes in our study, these
findings will require confirmation in a larger RCT that is powered to investigate differences
by more refined intervals of time since menopause to better understand the window of
susceptibility for soy intake.

This is the first RCT to investigate the effect of soy isoflavones on breast cancer risk
among Asian women living in Asia, where soy is commonly available and is already part
of dietary intake. To our knowledge, we are also the first to show that a soy intervention
may specifically benefit women during or soon after menopause, possibly coinciding with
the lobular involution of the breasts. Further investigation of this hypothesis may provide
insight into the biological mechanism of how soy isoflavones affect breast cancer risk.
An important strength of this trial is that all mammograms were conducted on a single
digital mammography unit, and mammograms for each woman was aligned prior to MD
estimation, thereby ensuring a robust measurement of MD change for each woman.

This trial had some limitations. First, we were only able to enroll 52% of our desired
sample size, and therefore, this study is underpowered to detect any meaningful difference
in MD change across study arms. Additionally, up to 23% of women were lost in follow
up. Though the rate of loss is comparable to previously published dietary intervention
studies [50], this loss was not at random in our study and limited our ability to conduct
intention-to-treat analyses. Poor recruitment and failure to follow up were further exacer-
bated by the COVID-19 pandemic and corresponding national lockdowns during the study
period. These events may have also led to periods of poor compliance. Second, despite
our best efforts to recruit women with low soy intake, some women in the control arm
reported moderate intake of soy isoflavones, which may have attenuated any real effect
of the study intervention on MD in this study. Third, the use of self-reported measures
of intake of soy supplements or dietary soy may have led to exposure misclassification.
Finally, many women experiencing the isoflavone interventions reported adverse events,
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though most reported mild symptoms. Notably, there were several instances of serious
adverse events among women in the ISF supplement arm. Previous studies of up to 120
mg/day of soy isoflavones from supplements have reported no serious events [15], and
therefore, our findings are likely due to chance. Nonetheless, a more robust assessment of
the safe and effective dosing range for soy isoflavones is required.

5. Conclusions

We demonstrate a plausible causal association between soy isoflavone intake and
mammographic density change, as a biomarker of breast cancer risk, among Asian women
around or soon after menopause. However, due to the limited sample size in this trial,
the findings should be interpreted with caution and require confirmation in a larger trial
of Asian women that appropriately accounts for the habitual intake of soy isoflavones in
this population. Nonetheless, it suggests that a diet rich in soy isoflavones could be an
important, cost-effective, and acceptable primary prevention strategy for breast cancer risk
in a region that is currently observing alarming increases in breast cancer incidence.
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participants who completed and those who were lost in follow up; Table S2: Change in area-based
percent mammographic density over the study period (n = 90); Table S3: Change in dense volume
over the study period (n = 90); Table S4: Distribution of total soy isoflavone intake at Month 12 by
study arm; Figure S1: Distribution of MD change by MD at enrolment for dense area and percent
density.
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10. Ţiţ, D.M.; Pallag, A.; Iovan, C.; Furău, G.; Furău, C.; Bungău, S. Somatic-vegetative Symptoms Evolution in Postmenopausal
Women Treated with Phytoestrogens and Hormone Replacement Therapy. Iran J. Public Health 2017, 46, 1528.

11. Tit, D.M.; Bungau, S.; Iovan, C.; Cseppento, D.C.N.; Endres, L.; Sava, C.; Sabau, A.M.; Furau, G.; Furau, C. Effects of the Hormone
Replacement Therapy and of Soy Isoflavones on Bone Resorption in Postmenopause. J. Clin. Med. 2018, 7, 297. [CrossRef]

12. Trock, B.J.; Hilakivi-Clarke, L.; Clarke, R. Meta-Analysis of Soy Intake and Breast Cancer Risk. J. Natl. Cancer Inst. 2006, 98,
459–471. [CrossRef] [PubMed]

13. Wang, Q.; Liu, X.; Ren, S. Tofu intake is inversely associated with risk of breast cancer: A meta-analysis of observational studies.
PLoS ONE 2020, 15, e0226745. [CrossRef] [PubMed]

14. Chen, M.; Rao, Y.; Zheng, Y.; Wei, S.; Li, Y.; Guo, T.; Yin, P. Association between soy isoflavone intake and breast cancer risk for
pre- and post-menopausal women: A meta-analysis of epidemiological studies. PLoS ONE 2014, 9, e89288. [CrossRef] [PubMed]

15. Hooper, L.; Madhavan, G.; Tice, J.A.; Leinster, S.J.; Cassidy, A. Effects of isoflavones on breast density in pre-and post-menopausal
women: A systematic review and meta-analysis of randomized controlled trials. Hum. Reprod. Update 2010, 16, 745–760.
[CrossRef] [PubMed]

16. Wu, A.H.; Spicer, D.; Garcia, A.; Tseng, C.C.; Hovanessian-Larsen, L.; Sheth, P.; Martin, S.E.; Hawes, D.; Russell, C.; MacDonald,
H.; et al. Double-blind randomized 12-month soy intervention had no effects on breast MRI fibroglandular tissue density or
mammographic density. Cancer Prev. Res. 2015, 8, 942–951. [CrossRef]

17. Delmanto, A.; Nahas-Neto, J.; Traiman, P.; Uemura, G.; Pessoa, E.C.; Nahas, E.A.P. Effects of soy isoflavones on mammographic
density and breast parenchyma in postmenopausal women: A randomized, double-blind, placebo-controlled clinical trial.
Menopause 2013, 20, 1049–1054. [CrossRef]

18. Maskarinec, G.; Verheus, M.; Steinberg, F.M.; Amato, P.; Cramer, M.K.; Lewis, R.D.; Murray, J.M.; Young, R.L.; Wong, W.W.
Various doses of soy isoflavones do not modify mammographic density in postmenopausal women. J. Nutr. 2009, 139, 981–986.
[CrossRef]

19. Maskarinec, G.; Takata, Y.; Franke, A.A.; Williams, A.E.; Murphy, S.P. A 2-year soy intervention in premenopausal women not
change mammographic densities. J. Nutr. 2004, 134, 3089–3094. [CrossRef]

20. Maskarinec, G.; Williams, A.E.; Carlin, L. Mammographic densities in a one-year isoflavone intervention. Eur. J. Cancer Prev. 2003,
12, 165–169. [CrossRef]

21. Verheus, M.; Van Gils, C.H.; Kreijkamp-Kaspers, S.; Kok, L.; Peeters, P.H.M.; Grobbee, D.E.; Van Der Schouw, Y.T. Soy protein
containing isoflavones and mammographic density in a randomized controlled trial in postmenopausal women. Cancer Epidemiol.
Biomark. Prev. 2008, 17, 2632–2638. [CrossRef]

22. Nagata, C. Factors to consider in the association between soy isoflavone intake and breast cancer risk. J. Epidemiol. 2010, 20, 83–89.
[CrossRef] [PubMed]

http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1016/S2214-109X(20)30215-1
http://www.ncbi.nlm.nih.gov/pubmed/32710860
http://doi.org/10.1056/NEJMp0708307
http://doi.org/10.1093/jnci/djv107
http://doi.org/10.1097/00001648-199503000-00017
http://doi.org/10.1038/sj.bjc.6604145
http://doi.org/10.3390/nu11112649
http://doi.org/10.3390/biom11081176
http://www.ncbi.nlm.nih.gov/pubmed/34439842
http://doi.org/10.3390/jcm7100297
http://doi.org/10.1093/jnci/djj102
http://www.ncbi.nlm.nih.gov/pubmed/16595782
http://doi.org/10.1371/journal.pone.0226745
http://www.ncbi.nlm.nih.gov/pubmed/31910211
http://doi.org/10.1371/journal.pone.0089288
http://www.ncbi.nlm.nih.gov/pubmed/24586662
http://doi.org/10.1093/humupd/dmq011
http://www.ncbi.nlm.nih.gov/pubmed/20511398
http://doi.org/10.1158/1940-6207.CAPR-15-0125
http://doi.org/10.1097/GME.0b013e3182850270
http://doi.org/10.3945/jn.108.102913
http://doi.org/10.1093/jn/134.11.3089
http://doi.org/10.1097/00008469-200304000-00011
http://doi.org/10.1158/1055-9965.EPI-08-0344
http://doi.org/10.2188/jea.JE20090181
http://www.ncbi.nlm.nih.gov/pubmed/20173308


Nutrients 2023, 15, 299 15 of 16

23. Maskarinec, G.; Ju, D.; Morimoto, Y.; Franke, A.A.; Stanczyk, F.Z. Soy Food Intake and Biomarkers of Breast Cancer Risk: Possible
Difference in Asian Women? Nutr. Cancer 2017, 69, 146–153. [CrossRef] [PubMed]

24. Fuhrman, B.J.; Teter, B.E.; Barba, M.; Byrne, C.; Cavalleri, A.; Grant, B.J.; Horvath, P.J.; Morelli, D.; Venturelli, E.; Muti, P.C.
Equol status modifies the association of soy intake and mammographic density in a sample of postmenopausal women. Cancer
Epidemiol. Biomark. Prev. 2008, 17, 33–42. [CrossRef] [PubMed]

25. Tseng, M.; Byrne, C.; Kurzer, M.S.; Fang, C.Y. Equol-producing status, isoflavone intake, and breast density in a sample of U.S.
Chinese women. Cancer Epidemiol. Biomark. Prev. 2013, 22, 1975–1983. [CrossRef]

26. Tan, M.M.; Ho, W.K.; Yoon, S.Y.; Mariapun, S.; Hasan, S.N.; Shin-Chi Lee, D.; Hassan, T.; Lee, S.Y.; Phuah, S.Y.; Sivanandan, K.;
et al. A case-control study of breast cancer risk factors in 7,663 women in Malaysia. PLoS ONE 2018, 13, e0203469. [CrossRef]

27. Soh, W.H.; Rajaram, N.; Mariapun, S.; Eriksson, M.; Fadzli, F.; Ho, W.K.; Mohd Taib, N.A.; Hall, P.; Teo, S.H. Physical activity and
mammographic density in an Asian multi-ethnic cohort. Cancer Causes Control. 2018, 29, 883–894. [CrossRef]

28. Ali Zainuddin, A.; Nadzri Jai, A.; Baharuddin, A.; Mahadir Naidu, B.; Ying Ying, C.; Siew Man, C.; Nordin, F.; Hashim, H.; Guat
Hiong, T.; Yi Yi, K.; et al. National Health and Morbidity Survey 2014: Malaysian Adult Nutrition Survey. Volume 1: Methodology and
General Findings; Institute for Public Health (IKU): Selangor, Malaysia, 2014.

29. Singapore Health Promotion Board. Energy & Nutrient Composition Search 2011. Available online: https://focos.hpb.gov.sg/
eservices/ENCF/ (accessed on 22 January 2021).

30. Institute for Medical Research. Food Compositon Database Module Industry 1997. Available online: https://myfcd.moh.gov.my/
myfcd97/ (accessed on 27 October 2020).

31. Franke, A.A.; Hankin, J.H.; Yu, M.C.; Maskarinec, G.; Low, S.H.; Custer, L.J. Isoflavone levels in soy foods consumed by
multiethnic populations in Singapore and Hawaii. J. Agric. Food Chem. 1999, 47, 977–986. [CrossRef]

32. Eriksson, M.; Li, J.; Leifland, K.; Czene, K.; Hall, P. A comprehensive tool for measuring mammographic density changes over
time. Breast Cancer Res. Treat. 2018, 169, 371–379. [CrossRef]

33. Samavat, H.; Ursin, G.; Emory, T.H.; Lee, E.; Wang, R.; Torkelson, C.J.; Dostal, A.M.; Swenson, K.; Le, C.T.; Yang, C.S.; et al. A
randomized controlled trial of green tea extract supplementation and mammographic density in postmenopausal women at
increased risk of breast cancer. Cancer Prev. Res. 2017, 10, 710–718. [CrossRef]

34. Azam, S.; Eriksson, M.; Sjölander, A.; Hellgren, R.; Gabrielson, M.; Czene, K.; Hall, P. Mammographic Density Change and Risk
of Breast Cancer. J. Natl. Cancer Inst. 2020, 112, 391–399. [CrossRef]

35. Mokhtary, A.; Karakatsanis, A.; Valachis, A. Mammographic Density Changes over Time and Breast Cancer Risk: A Systematic
Review and Meta-Analysis. Cancers 2021, 13, 4805. [CrossRef] [PubMed]

36. Shawky, M.S.; Martin, H.; Hugo, H.J.; Lloyd, T.; Britt, K.L.; Redfern, A.; Thompson, E.E.W. Mammographic density: A potential
monitoring biomarker for adjuvant and preventative breast cancer endocrine therapies. Oncotarget 2017, 8, 5578. [CrossRef]
[PubMed]

37. Cuzick, J.; Warwick, J.; Pinney, E.; Duffy, S.W.; Cawthorn, S.; Howell, A.; Forbes, J.F.; Warren, R.M.L. Tamoxifen-induced reduction
in mammographic density and breast cancer risk reduction: A nested case-control study. J. Natl. Cancer Inst. 2011, 103, 744–752.
[CrossRef]

38. Qin, L.-Q.; Xu, J.-Y.; Wang, P.-Y.; Hoshi, K. Soyfood Intake in the Prevention of Breast Cancer Risk in Women: A Meta-Analysis of
Observational Epidemiological Studies; Center for Academic Publications Japan: Tokyo, Japan, 2006; Volume 52, pp. 428–436.

39. Zhao, T.T.; Jin, F.; Li, J.G.; Xu, Y.Y.; Dong, H.T.; Liu, Q.; Xing, P.; Zhu, G.L.; Xu, H.; Miao, Z.F. Dietary isoflavones or isoflavone-rich
food intake and breast cancer risk: A meta-analysis of prospective cohort studies. Clin. Nutr. 2019, 38, 136–145. [CrossRef]

40. Wei, Y.; Lv, J.; Guo, Y.; Bian, Z.; Gao, M.; Du, H.; Yang, L.; Chen, Y.; Zhang, X.; Wang, T.; et al. Soy intake and breast cancer risk: A
prospective study of 300,000 Chinese women and a dose–response meta-analysis. Eur. J. Epidemiol. 2020, 35, 567–578. [CrossRef]
[PubMed]

41. Khan, S.A.; Chatterton, R.T.; Michel, N.; Bryk, M.; Lee, O.; Ivancic, D.; Heinz, R.; Zalles, C.M.; Helenowski, I.B.; Jovanovic, B.D.;
et al. Soy isoflavone supplementation for breast cancer risk reduction: A randomized phase II trial. Cancer Prev. Res. 2012, 5,
309–319. [CrossRef] [PubMed]

42. Korde, L.A.; Wu, A.H.; Fears, T.; Nomura, A.M.Y.; West, D.W.; Kolonel, L.N.; Pike, M.C.; Hoover, R.N.; Ziegler, R.G. Childhood
soy intake and breast cancer risk in Asian American women. Cancer Epidemiol. Biomark. Prev. 2009, 18, 1050–1059. [CrossRef]

43. Messina, M. Impact of Soy Foods on the Development of Breast Cancer and the Prognosis of Breast Cancer Patients. Complement
Med. Res. 2016, 23, 75–80. [CrossRef]

44. Lee, S.A.; Shu, X.O.; Li, H.; Yang, G.; Cai, H.; Wen, W.; Ji, B.T.; Gao, J.; Gao, Y.T.; Zheng, W. Adolescent and adult soy food intake
and breast cancer risk: Results from the Shanghai Women’s Health Study. Am. J. Clin. Nutr. 2009, 89, 1920–1926. [CrossRef]

45. Eriksson, M.; Czene, K.; Conant, E.F.; Hall, P. Use of Low-Dose Tamoxifen to Increase Mammographic Screening Sensitivity in
Premenopausal Women. Cancers 2021, 13, 302. [CrossRef]

46. Ghosh, K.; Hartmann, L.C.; Reynolds, C.; Visscher, D.W.; Brandt, K.R.; Vierkant, R.A.; Scott, C.G.; Radisky, D.C.; Sellers, T.A.;
Pankratz, V.S.; et al. Association between mammographic density and age-related lobular involution of the breast. J. Clin. Oncol.
2010, 28, 2207–2212. [CrossRef] [PubMed]

47. Boyd, N.; Martin, L.; Stone, J.; Little, L.; Minkin, S.; Yaffe, M. A Longitudinal Study of the Effects of Menopause on Mammographic
Features1 | Cancer Epidemiology, Biomarkers & Prevention|American Association for Cancer Research. Cancer Epidemiol.
Biomark. Prev. 2002, 11, 1048–1053.

http://doi.org/10.1080/01635581.2017.1250924
http://www.ncbi.nlm.nih.gov/pubmed/27918846
http://doi.org/10.1158/1055-9965.EPI-07-0193
http://www.ncbi.nlm.nih.gov/pubmed/18199709
http://doi.org/10.1158/1055-9965.EPI-13-0593
http://doi.org/10.1371/journal.pone.0203469
http://doi.org/10.1007/s10552-018-1064-6
https://focos.hpb.gov.sg/eservices/ENCF/
https://focos.hpb.gov.sg/eservices/ENCF/
https://myfcd.moh.gov.my/myfcd97/
https://myfcd.moh.gov.my/myfcd97/
http://doi.org/10.1021/jf9808832
http://doi.org/10.1007/s10549-018-4690-5
http://doi.org/10.1158/1940-6207.CAPR-17-0187
http://doi.org/10.1093/jnci/djz149
http://doi.org/10.3390/cancers13194805
http://www.ncbi.nlm.nih.gov/pubmed/34638289
http://doi.org/10.18632/oncotarget.13484
http://www.ncbi.nlm.nih.gov/pubmed/27894075
http://doi.org/10.1093/jnci/djr079
http://doi.org/10.1016/j.clnu.2017.12.006
http://doi.org/10.1007/s10654-019-00585-4
http://www.ncbi.nlm.nih.gov/pubmed/31754945
http://doi.org/10.1158/1940-6207.CAPR-11-0251
http://www.ncbi.nlm.nih.gov/pubmed/22307566
http://doi.org/10.1158/1055-9965.EPI-08-0405
http://doi.org/10.1159/000444735
http://doi.org/10.3945/ajcn.2008.27361
http://doi.org/10.3390/cancers13020302
http://doi.org/10.1200/JCO.2009.23.4120
http://www.ncbi.nlm.nih.gov/pubmed/20351335


Nutrients 2023, 15, 299 16 of 16

48. Maskarinec, G.; Ju, D.; Horio, D.; Loo, L.W.M.; Hernandez, B.Y. Involution of breast tissue and mammographic density. Breast
Cancer Res. 2016, 18, 128. [CrossRef]

49. Milanese, T.R.; Hartmann, L.C.; Sellers, T.A.; Frost, M.H.; Vierkant, R.A.; Maloney, S.D.; Pankratz, V.S.; Degnim, A.C.; Vachon,
C.M.; Reynolds, C.A.; et al. Age-related lobular involution and risk of breast cancer. J. Natl. Cancer Inst. 2006, 98, 1600–1607.
[CrossRef] [PubMed]

50. Desroches, S.; Lapointe, A.; Ratté, S.; Gravel, K.; Légaré, F.; Turcotte, S. Interventions to enhance adherence to dietary advice for
preventing and managing chronic diseases in adults. Cochrane Database Syst. Rev. 2013, 2013, CD008722. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1186/s13058-016-0792-3
http://doi.org/10.1093/jnci/djj439
http://www.ncbi.nlm.nih.gov/pubmed/17105983
http://doi.org/10.1002/14651858.CD008722.pub2

	Introduction 
	Materials and Methods 
	Study Participants 
	Data Collection 
	Intervention and Compliance 
	Outcome Measurements 
	Statistical Analysis 

	Results 
	Follow Up during the Study Period 
	Description of Participants in the Primary Analysis 
	Change in Mammographic Density over the Study Period 
	Changes in Mammographic Density over Time 
	Adverse Events 

	Discussion 
	Conclusions 
	References

