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ABSTRACT
We aimed to examine the association between dietary isoflavone intake and the risk of breast 
cancer recurrence and summarize evidence on the role of dietary isoflavone intake in breast 
cancer prognosis. This prospective study included 592 breast cancer survivors who completed 
a dietary assessment. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated 
using Cox proportional hazards models. Of the studies published until May 31, 2023, that 
were searched in PUBMED and EMBASE databases, 14 studies were selected. Adjusted HRs 
were combined using fixed- or random-effects models. During the median follow-up of 
4.3 years, 47 recurrences were identified. The HR (95% CI) for recurrence comparing the 
highest versus the lowest tertile of isoflavones intake was 1.29 (0.60–2.78). In a meta-analysis 
of previously published data and ours, dietary isoflavone intake was associated with a better 
breast cancer prognosis. The combined HRs (95% CIs) comparing the extreme categories 
were 0.81 (0.67–0.98) for recurrence and 0.85 (0.76–0.96) for all-cause mortality. A nonlinear 
inverse association was observed between isoflavone intake and the risk of recurrence and 
all-cause mortality. Our study suggests that dietary isoflavone intake is associated with a 
favorable prognosis in breast cancer survivors and warrants further investigation.

Introduction

Female breast cancer is the most commonly diagnosed 
cancer worldwide, with an estimated 2.3 million new 
cases in 2020, and is the leading cause of cancer-related 
deaths in women (1). In Korea, there was a contin-
uously increasing incidence rate of breast cancer 
between 1999 and 2019, and it was the most common 
incident and second most prevalent cancer among 
women in 2019 (2). The 5-year relative survival rate 
in patients with breast cancer in Korea improved from 
79.3% in 1993–95 to 93.6% in 2015–19 (2). To reduce 
the global burden of breast cancer, more research is 
needed on modifiable lifestyle factors contributing to 

improvements in treatment responses, quality of life, 
and long-term outcomes in patients with breast cancer 
(3). Research on breast cancer survivorship has grown 
with an increased number of survivors; however, evi-
dence remains inadequate for making lifestyle recom-
mendations for breast cancer survivors (4).

Isoflavones, mainly found in soy, are plant-derived 
compounds with a structure similar to that of 
estradiol-17β (5). Isoflavones may act as selective 
estrogen receptor (ER) modulators with both estro-
genic and antiestrogenic activities (6,7). A suggestive 
inverse association between dietary isoflavone intake 
and breast cancer prognosis has been reported in a 
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few cohort studies that were mainly conducted in US 
and Chinese women (8,9). No significant associations 
were observed between dietary isoflavone intake and 
breast cancer recurrence in a previous Korean study 
with a small sample size and short follow-up period 
(10). Evidence from epidemiological studies does not 
suggest any adverse effects of isoflavones on breast 
cancer progression or treatment response. In in vitro 
and in vivo studies, however, conflicting results exist 
regarding the effects of isoflavone on hormone-sensitive 
breast cancer and on the therapeutic agents for treat-
ing breast cancer (11). Therefore, additional evidence 
is needed to gain a better understanding of the role 
of isoflavones in breast cancer prognosis among dif-
ferent populations, and by breast cancer subtypes.

In this study, we aimed to investigate the associa-
tion between dietary isoflavone intake and the risk 
of breast cancer recurrence in Korean women whose 
soy consumption is generally high. Furthermore, we 
summarized the data from previous studies and ours, 
on the role of dietary isoflavone intake in the risk of 
breast cancer recurrence, breast cancer-specific mor-
tality, and all-cause mortality, using a meta-analysis.

Materials and Methods

Study Population

In this prospective study, female breast cancer survi-
vors were recruited from six hospitals in Korea 
between September 2012 and November 2017. Women 
who underwent breast cancer surgery at least 6 months 
before study entry and had histologically confirmed 
in situ or invasive breast cancer were eligible. Among 
the 821 enrolled women, 675 completed a dietary 
assessment and structured questionnaire survey. No 
significant differences were observed in clinical char-
acteristics between women with and without dietary 
data. We further excluded women who reported dupli-
cate meals (n = 4) or consumed implausible extreme 
energy intake values (at least three SDs above or 
below the mean log-transformed energy intake, n = 1). 
We included participants who had been diagnosed 
with American Joint Committee on Cancer (AJCC) 
stages 0–III breast cancer and did not have recurrence 
or any other cancer before enrollment. Consequently, 
597 participants were eligible for analysis. We excluded 
five women who were not followed-up after the initial 
survey. This study was approved by the Institutional 
Review Boards of Seoul National University Hospital 
(H-1111-080-387 and H-2010-019-1161), National 
Cancer Center, Korea (NCC2014-0101), Soonchunhyang 
University Hospital (SCHBC2014-12-004-001), Jeonbuk 

National University Hospital (CUH2014-05-002-005), 
Keimyung University Dongsan Medical Center 
(DSMC2015-03-026), and Konkuk University Medical 
Center (KUH1020068). All the participants provided 
written informed consent.

Data Collection

Post-diagnosis diet was assessed using a 3-day dietary 
record (n = 571) or food frequency questionnaires 
(FFQs) (n = 21). For the 3-day dietary record, partic-
ipants were asked to record all food and beverages 
consumed over 3 days, including two weekdays and 
one weekend day, and dietary data were analyzed 
using the Computer-Aided Nutritional Analysis 
Program (CAN-pro) version 4.0, developed by the 
Korean Nutrition Society (12). Participants were asked 
to report their average frequency of consumption of 
each food item over the past year and their usual 
portion size using the semi-quantitative FFQ devel-
oped for Korean breast cancer survivors (13). The 
FFQ used in our study had acceptable reproducibility 
and validity (14). Total isoflavone intake (mg/day) 
was estimated using the flavonoid database of com-
mon Korean foods (KFDB) (15), and protein intake 
from soy foods (g/day) and the mean daily intake of 
energy and nutrients were estimated using the nutrient 
database of the Korean Nutrition Society (16) and the 
Rural Development Administration of Korea (17,18).

Using a structured questionnaire, the participants’ 
information on age, educational level, and lifestyle 
and reproductive factors was collected. Body mass 
index (BMI) at baseline was calculated by dividing 
body weight (kg) by the square of height (m2); BMI 
at diagnosis was used when the baseline data were 
unavailable. The time spent performing physical activ-
ities (per week) was obtained from participants and 
a metabolic equivalent (MET) value was assigned to 
each physical activity based on the classification by 
Ainsworth et  al. (19,20). Total physical activity 
(MET-hours/week) was calculated by summing the 
weighted values. Adherence scores to the American 
Cancer Society (ACS) guidelines on diet for cancer 
prevention, which are also recommended for cancer 
survivors, were calculated (21). The highest quartile 
of dietary intakes of vegetables/fruits and whole grains 
or the lowest quartile of dietary intake of red/pro-
cessed meat was assigned a value of 4. The overall 
adherence scores to the ACS guidelines ranged from 
3 to 12, with higher scores indicating higher adher-
ence to the guidelines. Data on dietary supplement 
use in the past year, including the supplement type, 
product name, amount, and frequency, were collected. 
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No one reported the use of either soy or isoflavone 
supplements. Clinical information, including stage, 
time since surgery, hormone receptor status, disease 
history, and menopausal status at diagnosis, was 
obtained from the medical records of each hospital.

The primary endpoint was the risk of recurrence, 
defined as any ipsilateral, contralateral, local, regional, 
or distant recurrence and a second cancer. Outcome 
information was obtained during active follow-up and 
from medical records of each hospital between 
December 2019 and November 2020. The clinical out-
come information was obtained for 592 women. Five 
women died before November 2020 but had either 
developed distant recurrence or a second cancer; 
therefore, the dates of these endpoints were considered 
as the case occurrence time points. Person-years were 
calculated from the date of study entry to the date 
of recurrence. Breast cancer survivors without recur-
rence were censored either at the end of follow-up 
or on the date of last contact (1.7%, n = 10).

Statistical Analysis

Dietary soy and isoflavone intakes data were 
log-transformed and adjusted for total energy intake 
using the residual method (22). Participant character-
istics are described according to tertiles of isoflavone 
intake. Hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for recurrence were estimated using Cox 
proportional hazards models. Dietary intakes of iso-
flavone, soy protein, and soy food were analyzed both 
in tertiles (with the lowest tertile as a reference) and 
continuously (per 10-unit increment for isoflavone 
and soy food and 5 g/d increment for soy protein). 
The proportional hazard assumption was tested using 
interaction terms between follow-up time and tertiles 
of exposure. The proportional hazard assumption was 
not violated. Multivariable models were adjusted for 
age at baseline (years, continuous), energy intake 
(kcal/day, continuous), center (A or others), breast 
cancer stage (0–I, II, or III), ER status (positive or 
negative), time since surgery (<2, ≥ 2 years), meno-
pausal status at diagnosis (pre- and postmenopausal), 
and history of hypertension, type 2 diabetes, or car-
diovascular disease (CVD) (no, yes). Models were 
additionally adjusted for BMI (<23, 23–<25, and 
≥25 kg/m2), physical activity (tertiles of METs-hours/
week), ACS diet guidelines score (tertiles), alcohol 
drinking (never, ever), dietary supplement use (no, 
yes), and educational levels (high school or below, 
college or above). P-values for the trends were calcu-
lated by assigning the median value to each category 
of dietary exposure, as a continuous variable, in the 

model. Sensitivity analyses were restricted to women 
with ER-positive tumors or those who were 
post-menopausal at baseline. We conducted an anal-
ysis by excluding participants who experienced recur-
rence within the first year of follow-up to consider 
the possibility of reverse causation. Sensitivity analyses 
were also conducted by excluding those who had been 
diagnosed with breast cancer stage 0. All statistical 
tests and corresponding P values were two-sided, and 
P values < 0.05 were considered statistically signifi-
cant. All statistical analyses were conducted using the 
SAS statistical software package, version 9.4 (SAS 
Institute, Inc., Cary, NC).

Meta-Analysis

A literature search was conducted by the first author 
(SS) in the PUBMED and EMBASE databases on May 
31, 2023. The following search terms were used: 
“((polyphenol* OR flavonoid* OR phytoestrogen* OR 
isoflavone* OR isoflavonoid* OR soy OR soybean OR 
genistein OR daidzein OR glycitein OR equol) AND 
(breast cancer OR breast neoplasm OR breast carci-
noma) AND (prognosis OR recurrence OR survival 
OR mortality OR death OR outcome)).” The search 
was restricted to original articles involving human 
participants published in English. After screening the 
articles’ titles and abstracts, the full texts of eligible 
articles were assessed. Articles were retained if they 
met the following inclusion criteria: (1) cohort studies 
(either prospective or retrospective); (2) women with 
breast cancer; (3) investigated the associations between 
dietary soy (foods, protein) or isoflavone intake and 
the risk of breast cancer recurrence, breast 
cancer-specific mortality, or all-cause mortality; and 
(4) reported HRs and corresponding 95% CIs. If mul-
tiple published reports from the same study were 
available, only the one with the most detailed infor-
mation on exposure and outcomes was included in 
the analysis. Any uncertainties were discussed with 
the last author (JEL). This meta-analysis adhered  
to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines (23). 
The following information was extracted from each 
article: first author, year of publication, study name, 
country, study design, follow-up period, age of par-
ticipants, dietary assessment method, timing of dietary 
assessment (pre- or post-diagnostic), sample size, 
number of events, range of exposure, association mea-
sure of the highest to the lowest category, and adjust-
ment variables. For the dose-response meta-analysis, 
we further retrieved the midpoint of the dose, number 
of participants and events, and association measures 
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for each exposure level (≥ 3 categories). In the 
European Prospective Investigation into Cancer and 
Nutrition (EPIC) study, the risk estimates of breast 
cancer-specific mortality and all-cause mortality were 
expressed as log2-transformed pre-diagnostic isofla-
vone intakes’ values (24). Therefore, unpublished risk 
estimates for each quartile compared to the lowest 
quartile of raw dietary isoflavone intake were obtained 
from the first author.

We estimated the pooled effect sizes to summarize 
the evidence from published studies and the current 
analysis of dietary isoflavone or soy intake with breast 
cancer prognosis. Log-transformed relative risks and 
their standard errors were calculated using HRs and 
their 95% CIs. Pooled estimates were calculated from 
the effect estimates of at least two studies using 
fixed-effects (25,26) and random-effects models (27). 
Summary estimates were visualized using forest plots, 
and the weight of each study was calculated as the 
inverse of the variance of the risk estimate (28). 
Categorical meta-analysis was conducted using the 
estimates of the highest compared to the lowest cat-
egories. A dose-response meta-analysis was conducted 
based on the methods suggested by Greenland and 
Longneker (29) and Orinsini et  al. (30). The 
dose-response association of a 5- or 10-unit increment 
between dietary exposure and breast cancer prognosis 
was examined. The midpoint value or median of each 
category was assigned to the exposure level and con-
sidered as the corresponding HR estimates. When the 
lowest or highest category was open-ended, the lowest 
category was set at half the upper limit, while the 
highest category was assumed to have the same inter-
val as the preceding category. When studies examined 
the association using nutrient density intake (per 
1,000 kcal), the median value of isoflavone intake (mg/
day) for each category was used (9), or the density 
value was multiplied by the estimated median energy 
intake and divided by 1,000 (31). A restricted cubic 
spline dose-response model was fitted with three  
knots (10th, 50th, and 90th percentiles) (32,33). In 
the EPIC study, dietary isoflavone intake was esti-
mated as the sum of the available forms (aglycones, 
glycosides, or esters), depending on the form in which 
they occur in foods, based on the Phenol-Explorer 
database (24). Therefore, we also conducted a sensi-
tivity analysis by excluding the EPIC study to examine 
the dose-response relationship between breast cancer 
outcomes and isoflavone intake as aglycones. Subgroup 
analyses were conducted to examine potential inter-
actions by the timing of dietary assessment, meno-
pausal status, ER status, geographic location, and 
sources of isoflavones. The Q-test was used to test 

for subgroup differences (34). Heterogeneity was ana-
lyzed using the I2 index (35,36) and possible publi-
cation bias was examined using funnel plots and 
Egger’s test (37,38). The “meta” (39), “dmetar” (34), 
“dosresmeta,” and “rms” (32) packages in R software 
(version 4.1.2; R Foundation for Statistical Computing, 
Vienna, Austria) were used to conduct the 
meta-analyses. P values < 0.05 were considered sta-
tistically significant.

Results

Prospective Study Results

The mean age of the 592 participants was 51.57 years 
(SD, 7.96), and the mean time interval between 
dietary assessment and breast cancer surgery was 
3.32 years (SD, 2.69) (Table 1). The mean daily intakes 
of isoflavone, soy protein, and soy foods were 
22.83 mg/day, 7.93 g/day, and 76.22 g/day, respectively. 
Women with a higher isoflavone intake were more 
likely to be older than those with a lower isoflavone 
intake. In addition, levels of physical activity, adher-
ence score to the ACS guidelines on diet, the pro-
portions of postmenopausal women at enrollment and 
women who had ever had chronic diseases increased 
with increasing levels of isoflavone intake. There were 
no significant differences in the clinical characteristics 
of patients with breast cancer across the tertiles of 
isoflavone intake. During a median follow-up of 
4.3 years, 47 recurrences were identified. Overall, no 
significant association was observed between soy or 
isoflavone intake and the risk of recurrence among 
Korean breast cancer survivors (Table 2). The HRs 
(95% CIs) for comparing extreme tertiles for isofla-
vone, soy protein, and soy food were 1.29 (0.60–2.78), 
0.87 (0.40–1.89), and 1.03 (0.48–2.19), respectively. 
Each 10 mg/day increment in isoflavone intake was 
not associated with recurrence (HR: 0.97, 95% CI 
0.82–1.15). The HRs (95% CIs) for each 5 g/d and 
10 g/d increment in soy protein and soy food were 
0.89 (0.67–1.17) and 0.99 (0.94–1.05), respectively. 
Similar results were found among women with 
ER-positive breast cancer or post-menopausal status 
(Supplementary Table 1). When we excluded women 
whose breast cancer recurred within the first year of 
follow-up (n = 12), we found similar results to those 
in the main analysis. The HRs (95% CIs) for com-
paring extreme tertiles for isoflavone, soy protein, and 
soy food were 1.48 (0.59–3.71), 0.85 (0.35–2.09), and 
1.47 (0.58–3.72), respectively. In the sensitivity analysis 
after excluding women who had been diagnosed with 
breast cancer stage 0 (n = 13), the HRs (95% CIs) for 

https://doi.org/10.1080/01635581.2023.2279220
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comparing extreme tertiles were 1.39 (0.63–3.05) for 
isoflavone, 0.92 (0.41–2.03) for soy protein, and 1.09 
(0.50–2.35) for soy food.

Meta-analysis Results

The flow of the study inclusion process is illustrated 
in Figure 1. The titles and abstracts of potentially 
relevant articles were screened, and 17 full-text articles 
were assessed for eligibility. Consequently, three  
articles (40–42) that did not meet the inclusion cri-
teria were excluded. Fifteen studies (14 from the lit-
erature and the present study) were included in the 

meta-analysis. The After Breast Cancer Pooling Project 
(ABCPP) included pooled data on isoflavone intake 
and breast cancer prognosis from the following three 
prospective cohort studies (43): the Shanghai Breast 
Cancer Survival Study (SBCSS) (44), Life After Cancer 
Epidemiology (LACE) Study (41), and the Women’s 
Healthy Eating and Living (WHEL) Study (45). The 
estimates from the ABCPP were included in the 
meta-analysis of isoflavone intake and the risk of 
recurrence, breast cancer-specific mortality, and 
all-cause mortality (43). When specific estimates were 
not reported in the pooled study, we used the avail-
able estimates from individual studies. The summary 

Table 1.  Baseline characteristics of breast cancer survivors according to tertiles of dietary isoflavone intake: Korean breast cancer 
survivor study.
Characteristics All (n = 592) T1 (n = 197) T2 (n = 198) T3 (n = 197)

Age at baseline, years 51.57 ± 7.96 49.96 ± 8.02 52.12 ± 8.07 52.63 ± 7.58
Time since surgery, years 3.32 ± 2.69 3.22 ± 2.26 3.39 ± 2.70 3.35 ± 3.07
Dietary intake
 E nergy, kcal/day 1735 ± 458 1693 ± 388 1751 ± 510 1761 ± 467
 I soflavone, mg/day 22.83 ± 20.83 6.88 ± 3.90 18.31 ± 7.46 43.31 ± 23.21
  Soy protein, g/day 7.93 ± 6.45 3.04 ± 1.93 6.97 ± 3.00 13.78 ± 7.29
  Soy food, g/day 76.22 ± 68.72 29.21 ± 18.25 65.57 ± 33.17 133.9 ± 84.37
Body mass index, kg/m2 23.08 ± 2.77 23.28 ± 2.97 23.23 ± 2.64 22.74 ± 2.67
Physical activity, METs-hr/wk 36.20 ± 36.37 31.50 ± 30.10 36.71 ± 41.47 40.39 ± 36.25
ACS diet guidelines score 7.52 ± 2.21 7.04 ± 2.17 7.40 ± 2.26 8.13 ± 2.05
Dietary supplement use
  No 193 (33.10) 62 (31.79) 62 (32.29) 69 (35.20)
  Yes 390 (66.90) 133 (68.21) 130 (67.71) 127 (64.80)
Alcohol consumption
  Never 248 (42.11) 71 (36.22) 89 (44.95) 88 (45.13)
 E ver 341 (57.89) 125 (63.78) 109 (55.05) 107 (54.87)
Smoking status
  Never 504 (92.65) 163 (91.06) 176 (94.62) 165 (92.18)
 E ver 40 (7.35) 16 (8.94) 10 (5.38) 14 (7.82)
Educational level
  High school or below 404 (68.59) 121 (62.37) 141 (71.21) 142 (72.08)
  College or above 185 (31.41) 73 (37.63) 57 (28.79) 55 (27.92)
Menopausal status at diagnosis
  Premenopause 375 (63.45) 134 (68.02) 127 (64.14) 114 (58.16)
  Postmenopause 216 (36.55) 63 (31.98) 71 (35.86) 82 (41.84)
Menopausal status at enrollment
  Premenopause 75 (12.69) 35 (17.77) 22 (11.11) 18 (9.18)
  Postmenopause 516 (87.31) 162 (82.23) 176 (88.89) 178 (90.82)
History of chronic diseasesa

  No 466 (78.72) 169 (85.79) 153 (77.27) 144 (73.10)
  Yes 126 (21.28) 28 (14.21) 45 (22.73) 53 (26.90)
AJCC Stage
  0 13 (2.22) 4 (2.06) 5 (2.55) 4 (2.04)
 I  276 (47.10) 92 (47.42) 93 (47.45) 91 (46.43)
 II  233 (39.76) 75 (38.66) 75 (38.27) 83 (42.35)
 III  64 (10.92) 23 (11.86) 23 (11.73) 18 (9.18)
PR status
  Negative 222 (38.01) 82 (42.05) 68 (34.69) 72 (37.31)
  Positive 362 (61.99) 113 (57.95) 128 (65.31) 121 (62.69)
ER status
  Negative 151 (25.81) 55 (28.21) 52 (26.40) 44 (22.80)
  Positive 434 (74.19) 140 (71.79) 145 (73.60) 149 (77.20)
Current hormone therapy useb

  No 64 (14.78) 21 (15.00) 19 (13.10) 24 (16.22)
  Yes 369 (85.22) 119 (85.00) 126 (86.90) 124 (83.78)

Data are expressed as mean ± SD or number (%).
ACS, American Cancer Society; AJCC, American Joint Committee on Cancer; ER, estrogen receptor; METs-hr/wk, metabolic equivalent tasks-hours/week; 

PR, progesterone receptor.
aHistory of hypertension, type 2 diabetes, or cardiovascular disease.
bAnalysis was limited to women with ER + breast cancer.
The number of participants did not sum up to the total because information was unavailable for some variables.
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of the studies included in this meta-analysis is pre-
sented in Supplementary Table 2. Of the 15 included 
studies, 12 (or 14 if individual studies from the 
ABCPP were counted) investigated the association 
between dietary isoflavone intake and breast cancer 
prognosis: five (7) studies, including ours, were on 
breast cancer recurrence (9,10,43,46); six (8) were on 
breast cancer-specific mortality (9,24,31,43,47,48), and 
nine (11) on all-cause mortality (9,24,31,43,46,48–51). 
Three Chinese studies examined the association 
between soy protein intake and all-cause mortality 
(44,49,50). Three Korean studies, including ours, 
examined the association between soy food intake and 
breast cancer recurrence (10,52). Two studies exam-
ined the association between soy food intake and 
all-cause mortality (31,52). All studies, except for that 
by Boyapati et  al. (47) were included in the dose- 
response meta-analysis.

A previous study of 339 Korean breast cancer sur-
vivors observed no significant association between 
pre-diagnostic isoflavone intake and breast cancer 
recurrence (10). In a Chinese study, an inverse asso-
ciation was observed between soy isoflavone intake 
and breast cancer recurrence among post-menopausal 
women, but not among pre-menopausal women (46). 
In the Hong Kong Breast Cancer Survival Study 
(HKBCSS), women in the second quartile of 
post-diagnostic isoflavone intake had a significantly 

lower risk of recurrence than those in the lowest quar-
tile (9). In the ABCPP study, a pooled analysis of US 
and Chinese women revealed a significant inverse 
association between dietary isoflavone intake and 
breast cancer recurrence (43). Dietary isoflavone 
intake has not been clearly shown to be associated 
with breast cancer-specific mortality in previous stud-
ies. However, in three cohort studies, a significant 
risk reduction was observed in the moderate category 
of isoflavone intake (9,24,43). A significant inverse 
association (48–51) or no association (31,43,46) has 
been reported between isoflavone intake and all-cause 
mortality. Consistent with breast cancer-specific mor-
tality, two cohort studies showed a significant risk 
reduction in all-cause mortality in the moderate iso-
flavone intake category (9,24).

Overall, a higher isoflavone intake was associated 
with a lower risk of recurrence and all-cause mortality 
(Figure 2 and Table 3). In the random-effects models, 
the combined HRs (95% CIs) comparing extreme  
categories of isoflavone intake were 0.81 (0.67–0.98, 
I2 = 36%) for recurrence (Figure 2A) and 0.85 (0.76–
0.96, I2 = 52%) for all-cause mortality (Figure 2C). 
In the fixed-effects models, each 10 mg/day increment 
in isoflavone intake was associated with a 7% reduc-
tion in the risk of recurrence (combined HR: 0.93, 
95% CI 0.90–0.97) and all-cause mortality (HR: 0.93, 
95% CI 0.89–0.98) (Table 3). When we fitted a 

Table 2.  Hazard ratios (HRs) and 95% confidence intervals (CIs) of breast cancer recurrence according to dietary isoflavone or 
soy intake: Korean breast cancer survivor study.

Energy-adjusted intake Tertile 1 Tertile 2 Tertile 3
P for 
trend Continuous

Isoflavone
  Median intake, mg/day 7.5 17.3 35.9 per 10 mg/d increment
  No. of event/at risk 12/197 16/198 19/197 47/592
  Person-years 916.2 873.6 951.6 2741.4
 A ge-adjusted HRs (95% CIs) Reference 1.41 (0.66–2.99) 1.57 (0.76–3.25) 0.26 1.00 (0.86–1.16)
  Multivariate HRs (95% CIs)a Reference 1.33 (0.61–2.89) 1.33 (0.63–2.80) 0.53 0.98 (0.83–1.15)
  Multivariate HRs (95% CIs)b Reference 1.44 (0.65–3.16) 1.29 (0.60–2.78) 0.65 0.97 (0.82–1.15)
Soy protein
  Median intake, g/day 2.9 6.6 12.5 per 5 g/d increment
  No. of event/at risk 14/197 17/198 16/197 47/592
  Person-years 897.5 890.1 953.8 2741.4
 A ge-adjusted HRs (95% CIs) Reference 1.23 (0.60–2.53) 1.10 (0.53–2.29) 0.86 0.99 (0.78–1.27)
  Multivariate HRs (95% CIs)a Reference 1.09 (0.52–2.29) 0.94 (0.45–1.98) 0.81 0.92 (0.71–1.20)
  Multivariate HRs (95% CIs)b Reference 1.03 (0.48–2.17) 0.87 (0.40–1.89) 0.67 0.89 (0.67–1.17)
Soy food
  Median intake, g/day 26.4 57.4 111.9 per 10 g/d increment
  No. of event/at risk 14/197 16/198 17/197 47/592
  Person-years 902.6 890.3 948.5 2741.4
 A ge-adjusted HRs (95% CIs) Reference 1.17 (0.57–2.41) 1.18 (0.58–2.41) 0.68 1.00 (0.96–1.05)
  Multivariate HRs (95% CIs)a Reference 1.27 (0.61–2.66) 1.11 (0.54–2.30) 0.87 1.00 (0.95–1.05)
  Multivariate HRs (95% CIs)b Reference 1.20 (0.57–2.54) 1.03 (0.48–2.19) 0.98 0.99 (0.94–1.05)

CIs; confidence intervals, HRs; hazard ratios.
aModels were adjusted for age at baseline (years, continuous), energy intake (kcal/day, continuous), center (A or others), breast cancer stage (0–I, II, or 

III), estrogen receptor status (positive or negative), time since surgery (<2, ≥2 years), menopausal status at diagnosis (pre- and postmenopausal), and 
history of chronic diseases (no, yes).

bModels were additionally adjusted for body mass index (<23, 23–<25, and ≥25 kg/m2), physical activity (tertiles of metabolic equivalents-hours/week), 
American Cancer Society diet guidelines scores (tertiles), alcohol drinking (never, ever), dietary supplement use (no, yes), and educational levels (high 
school or below, college or above).

https://doi.org/10.1080/01635581.2023.2279220
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restricted cubic spline curve by including studies on 
recurrence or all-cause mortality, we observed evi-
dence of a nonlinear relationship in the fixed effects 
models (P for nonlinearity < 0.001) (Figure 3). The 
greatest risk reduction was observed when the intake 
increased from very low levels to approximately 20 mg/
day. A similar nonlinear relationship was observed 
when the analysis was restricted to studies in which 
the isoflavone intake was aglycone. There were no 
significant associations between isoflavone intake and 
the risk of breast cancer-specific mortality in either 
the categorical or dose-response meta-analysis (Figure 
2B and Table 3). Three studies were eligible for the 
meta-analysis of the association between soy protein 
intake and all-cause mortality. The combined HRs 
(95% CIs) for the risk of all-cause mortality were 0.68 
(0.56–0.83) comparing extreme categories (Figure 4A) 
and 0.89 (0.84–0.95) per 5 g/day increment of soy 
protein intake (Table 3). For soy food intake, no sig-
nificant association was observed with breast cancer 
recurrence (Figure 4B) or all-cause mortality 
(Figure 4C).

There were no significant differences in subgroups 
of the timing of dietary assessment, menopausal sta-
tus, ER status, geographic location, or sources of iso-
flavones (Supplementary Table 3). Although the test 
for difference did not reach statistical significance 
level, the inverse association between isoflavone  
intake and recurrence was more pronounced in 

post-menopausal (combined HR: 0.71, 95% CI 0.60–
0.85) than in premenopausal women (P value for 
subgroup differences = 0.08).

There was no evidence of possible publication bias 
for the association between isoflavone intake and 
recurrence, breast cancer-specific mortality, or all-cause 
mortality based on the funnel plot and Egger’s test 
(Egger test P-value > 0.10, each).

Discussion

In this meta-analysis of our current and six prospec-
tive studies, we found an inverse association between 
isoflavone intake and recurrence among breast cancer 
survivors. A significantly lower risk of all-cause mor-
tality was observed with high isoflavone intake. A 
meta-analysis of three studies also reported an inverse 
association of soy protein with mortality. Furthermore, 
we observed an inverse association between isoflavone 
intake and risk of recurrence and all-cause mortality 
combined in a nonlinear manner. When the 
meta-analysis was limited to women with ER-positive 
breast cancer or post-menopausal women, no adverse 
associations were observed. Although our study of 
592 breast cancer survivors did not show significant 
associations of post-diagnostic isoflavone or soy intake 
with breast cancer recurrence, the small number of 
endpoints partly due to the large proportion of 
early-stage patients, a shorter follow-up, and a small 

Figure 1.  Flow diagram of study selection for meta-analysis.
Number in brackets refers to individual studies in the pooled study (43).

https://doi.org/10.1080/01635581.2023.2279220
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sample size, may have limited our potential to detect 
an association.

Evidence from experimental studies suggests a ther-
apeutic role for isoflavones in various cancers, mainly 
by altering apoptosis, the cell cycle, and angiogenesis, 
and inhibiting metastasis (11,53). In in vitro studies 
on breast cancer cell lines, genistein, a major isofla-
vone, inhibited cell growth, induced apoptosis (54), 
and sensitized cells to the effects of therapeutic agents 
(55,56). An experimental animal study reported that 
genistein injections in rats during the prepubertal 
period showed a protective effect against chemically 
induced mammary cancer (57). However, adverse 
effects have been reported both in vitro (58,59) and 

in vivo (58,60,61). These results suggest that genistein 
may stimulate cell proliferation and abrogate the effects 
of therapeutic agents. However, the current study and 
meta-analysis did not show any adverse associations. 
In this meta-analysis, a higher isoflavone intake was 
associated with a lower risk of recurrence and all-cause 
mortality. Our meta-analysis suggests a nonlinear 
inverse association between isoflavone intake and 
breast cancer prognosis. In addition, we found no 
significant adverse association between dietary isofla-
vone intake and breast cancer prognosis among women 
with ER-positive breast cancers and tamoxifen users.

Evidence from observational studies (62) and ran-
domized clinical trials (63) have shown that soy 

Figure 2.  Forest plots of prospective associations comparing the highest versus the lowest intakes. (A) Isoflavone intake and risk 
of recurrence (defined as a local or regional recurrence, distant recurrence or metastasis, or a new primary cancer); (B) Isoflavone 
intake and risk of breast cancer-specific mortality; and (C) Isoflavone intake and risk of all-cause mortality. The diamond represents 
the combined point estimate, while horizontal lines represent the 95% confidence interval.
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protein intake lowers circulating cholesterol levels, 
which may result in CVD prevention. Also, a poten-
tial anti-inflammatory activity of soy protein was 
observed in experimental studies (64, 65). Because 
CVD is one of the major causes of death in breast 
cancer patients and CVD and breast cancer share 
risk factors (66), it is possible that favorable lipid or 
inflammatory profile provides protection from mor-
tality among breast cancer patients.

In our subgroup meta-analysis, no significant dif-
ference was observed between pre- and post-diagnostic 
isoflavone intakes in terms of breast cancer prognosis. 
In two cohort studies that assessed both pre- and 
post-diagnostic isoflavone intakes, the association of 
post-diagnostic intake with all-cause mortality was 
similar to that of pre-diagnostic intake (9, 51), which 
aligns with our observation. In our study, the inverse 
association between isoflavone intake and recurrence 

Table 3.  Combined hazard ratios (HRs) and 95% confidence intervals (CIs) in the meta-analysis.
HR (95% CI)

No. Case/total Fixed effects Random effects I2, %

Isoflavone intake
  Breast cancer recurrence
    Highest vs. lowest category 5 (7) 1,742/12,429 0.78 (0.68–0.88) 0.81 (0.67–0.98) 36
    Per 10 mg/d increment 5 (7) 1,742/12,429 0.93 (0.90–0.97) 0.95 (0.85-1.06) 57
  Breast cancer-specific mortality
    Highest vs. lowest category 6 (8) 2,483/29,201 0.94 (0.83–1.08) 0.94 (0.83–1.08) 0
    Per 10 mg/d increment 5 (7) 2,187/27,746 0.99 (0.92–1.07) 1.00 (0.90–1.12) 0
 A ll-cause mortality
    Highest vs. lowest category 9 (11) 5,283/35,471 0.87 (0.79–0.95) 0.85 (0.76–0.96) 52
    Per 10 mg/d increment 9 (11) 5,283/35,471 0.93 (0.89–0.98) 0.89 (0.79–1.00) 67
Soy protein intake
   All-cause mortality
     Highest vs. lowest category 3 647/5,886 0.68 (0.56–0.83) 0.68 (0.56–0.83) 7
     Per 5 g/d increment 3 647/5,886 0.89 (0.84–0.95) 0.89 (0.84–0.95) 39
Soy food intake
  Breast cancer recurrence
     Highest vs. lowest category 3 133/1,537 0.65 (0.40–1.06) 0.64 (0.33–1.24) 46
     Per 10 g/d increment 3 133/1,537 0.95 (0.88–1.02) 0.90 (0.75–1.08) 72
 A ll-cause mortality
     Highest vs. lowest category 2 839/4,448 0.99 (0.77–1.26) 0.51 (0.09–2.81) 78
     Per 10 g/d increment 2 839/4,448 0.89 (0.72–1.10) 0.82 (0.50–1.35) 78

Number in brackets refers to individual studies in the pooled study (43).

Figure 3.  Pooled dose-response relation between isoflavone intake and risk of recurrence and all-cause mortality. Data were mod-
eled using restricted cubic spline models with three knots in a multivariate fixed-effects dose-response model (I2  =  56%). Dash 
lines represent the 95% confidence intervals for the fitted nonlinear trend (solid line). The dotted line represents the linear trend. 
The estimates for recurrence were included if the studies reported the recurrence results, and if otherwise, the estimates for 
all-cause mortality were reported. The value of 7 mg/day (50th percentile) served as the referent value.
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tended to be stronger in post-menopausal women 
than in pre-menopausal women. Disease progression 
differs between patients with breast cancer diagnosed 
before and after menopause (67, 68) and the effects 
of dietary factors on breast cancer risk and prognosis 
may differ according to the menopausal status (4).

In this prospective analysis, we had a low rate of 
loss to follow-up and a relatively decent sample size 
compared to previous Asian studies that examined 
the association between dietary isoflavone intake and 
the risk of recurrence. However, we had a small num-
ber of recurrences and deaths because approximately 
50% of breast cancers were diagnosed at stage I. 
Second, measurement errors in dietary assessments 
may be present. Third, there is a possibility of reverse 
causality. Although the results of sensitivity analysis 
by excluding women who experienced recurrence 
within the first year were similar to those of the main 
analysis, further confirmation is warranted due to the 

limited number of events. Finally, residual and unmea-
sured confounding factors could not be ruled out.

To our knowledge, this is the most updated and 
comprehensive meta-analysis summarizing the find-
ings of cohort studies on the role of dietary isoflavone 
intake in the prognosis of breast cancer survivors. 
This meta-analysis included a limited number of stud-
ies on soy protein and soy intakes, for the subgroup 
analyses. Moreover, reverse causality between 
post-diagnostic isoflavone intake and breast cancer 
prognosis is possible, even though most studies did 
not include women with advanced breast cancer. 
Breast cancer is a heterogeneous disease and levels of 
isoflavone intake vary across countries. Although 
potential sources of heterogeneity were explored in 
subgroup analyses, results should be interpreted with 
caution due to the limited number of studies available. 
Nonetheless, our results suggest potential benefits of 
soy and isoflavones in breast cancer survivors and 

Figure 4.  Forest plots of prospective associations comparing the highest versus the lowest intakes. (A) Soy protein intake and risk 
of all-cause mortality; (B) Soy food intake and risk of recurrence (defined as a local or regional recurrence, distant recurrence or 
metastasis, or a new primary cancer); and (C) Soy food intake and risk of all-cause mortality; The diamond represents the com-
bined point estimate, while horizontal lines represent the 95% confidence interval.



Nutrition and Cancer 11

warrant further studies from different populations to 
draw general conclusions.

This meta-analysis that included our current study 
and previously published studies supports the hypoth-
esis that dietary isoflavone intake is associated with 
favorable prognosis in breast cancer survivors. Further 
prospective and interventional studies are warranted 
to confirm the role of dietary soy and isoflavone 
intakes in breast cancer survival.
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