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Background: Evidence of the association between dietary pattern and outcomes of breast 
cancer was limited in Asian women, including Chinese.
Patients and Methods: A prospective cohort study was initiated among Chinese breast 
cancer patients to investigate lifestyle habits and outcomes of breast cancer. At each follow- 
up, validated food frequency questionnaires (FFQ) were used to assess patients’ dietary 
intake. This study included 1226 patients with invasive early-stage breast cancer with 
detailed data at 18-month follow-up after cancer diagnosis. Factor analysis was used to 
derive dietary patterns, whereby two dietary patterns were identified. Cox proportional 
hazards models were used to investigate associations between dietary patterns and time to 
outcome, including breast cancer recurrence, overall mortality and breast cancer-specific 
mortality.
Results: With a median follow-up time of 54.1 months, 165 patients had breast cancer 
recurrence and 98 deaths occurred. Two dietary patterns were identified: “Western dietary 
pattern” characterized by high intake of refined grains and cakes, red and processed meat and 
oil; “healthy dietary pattern” characterized by high consumption of vegetables and fruits. 
Participants in the highest tertile of “Western dietary pattern” did not have a higher risk of 
breast cancer recurrence (Ptrend = 0.89), overall mortality (Ptrend = 0.48) and breast cancer- 
specific mortality (Ptrend = 0.75). Similarly, a null association existed between “healthy 
dietary pattern” and outcomes of breast cancer.
Conclusion: Neither dietary pattern was associated with risk of breast cancer recurrence, 
all-causes death or death from breast cancer. Prospective follow-up is still needed to further 
confirm the association between specific dietary pattern and outcomes of breast cancer.
Keywords: breast cancer, dietary pattern, recurrence, mortality, Chinese women

Introduction
Worldwide, breast cancer is the most common malignancy in female.1 For breast 
cancer patients, anti-cancer treatment is associated with a series of immediate as well 
as late toxicities, which may last for years after breast cancer treatment; these include 
cardiovascular disease and osteoporosis.2 Moreover, breast cancer survivors were more 
likely to have a second primary cancer than healthy controls.3 The heightened risk of 
secondary primary cancer may be explained by a combination of risk factors, including 
lifestyle factors, environmental exposures, genetic predisposition, as well as the effects 
of the initial cancer treatment.4,5 Over the past 40 years, the incidence of female breast 
cancer in East Asia has increased rapidly,6 and the disease has become the leading 
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cancer among women in Hong Kong.7 Further, notable dif-
ferences have been reported in age-specific incidences of 
breast cancer between East and West.8 The peak age of breast 
cancer has been reported to be much younger in East Asians 
than Western women.9 As the risk of cardiotoxicity increases 
with age, with old age per se having more comorbidities, the 
causes of mortality in Asian women with breast cancer may 
differ from their Western counterparts.10 For instance, statis-
tical analysis has shown that the mortality trends tend to be 
more favorable for women aged under 50 than those who 
were 50 years or older in the Asia-Pacific region.6

The potential long-term anti-cancer side effects and 
patients’ comorbid conditions underscored the importance 
of survivorship care for breast cancer survivors. Adopting 
healthy lifestyles, including healthy dietary pattern, has 
become an important goal in the long-term management 
of breast cancer survivors. As individuals take meals with 
a variety of foods and a combination of nutrients, dietary 
pattern analysis has emerged to investigate the overall 
dietary habits.11,12 A series of studies have investigated 
the association between dietary patterns and cancer risk, 
while meta-analyses have shown that healthy dietary pat-
tern might be associated with a reduced risk of breast 
cancer.13–16 However, evidence on the association between 
healthy dietary pattern and breast cancer outcomes 
remains limited. Two studies have evaluated the dietary 
pattern after diagnosis and breast cancer outcome among 
women in the United States (US).17,18 The results showed 
that higher adherence to a prudent dietary pattern, char-
acterized by higher intakes of fruits, vegetables and whole 
grain, was associated with a reduced risk of non-breast 
cancer mortality.17,18 In addition, a third study investigated 
the dietary pattern at pre-diagnosis and survival among 
post-menopausal breast cancer survivors in Germany.19 

Patients with higher adherence to healthy dietary pattern, 
characterized by high intake of vegetables, fruits and 
vegetable oil, had lower total mortality.19 To date, only 
one study has been conducted among Chinese women to 
investigate the adherence to dietary recommendations and 
the outcomes of breast cancer.20

Based on a prospective cohort of Hong Kong women 
with early-stage breast cancer, this study aimed to identify 
the post-diagnosis dietary pattern assessed at 18-month 
follow-up after cancer diagnosis; thereafter, it aimed to 
investigate the association between specific dietary pattern 
and outcomes of breast cancer patients.

Patients and Methods
Study Cohort
The Hong Kong NTEC-KWC Breast Cancer Survival 
Study (HKNKBCSS) is a prospective cohort study 
among Chinese breast cancer patients.21–23 It aims to 
investigate the associations between lifestyle factors, espe-
cially soy isoflavone intake with breast cancer recurrence 
and mortality. Eligible patients were of any age distribu-
tion, had histologically confirmed invasive breast cancer 
with the American Joint Committee on Cancer (AJCC) 
stage I–III having diagnosed no more than 12 months 
before study entry,24 mentally stable, Chinese women, 
able to read Chinese, and did not have a prior history of 
breast or other cancers. The study was approved by the 
Joint CUHK-NTEC Clinical Research Ethics Committee 
and the KWC Research Ethics Committee of the Chinese 
University of Hong Kong and the Hong Kong Hospital 
Authority.

Participants were recruited from two regional cancer 
centers in Hong Kong (Prince of Wales Hospital and 
Princess Margaret Hospital). These two hospitals take 
care of about one-third of all incident breast cancer cases 
each year in Hong Kong. Newly diagnosed breast cancer 
patients who were receiving treatment in these two hospi-
tals were screened. Between January 2011 and 
February 2014, 2890 Chinese women with newly diag-
nosed breast cancer attended new case clinics in those 
two hospitals. After checking the medical records, a total 
of 2003 women were eligible for this study. Individual 
potential patients were provided with an invitation letter 
to the study. They were then contacted by phone and were 
invited into the study within the next two weeks. Among 
all eligible subjects, 1462 cases provided written informed 
consent and participated in the study (response rate: 
73.0%). Among the remaining cases, 513 (25.6%) refused 
to participate, 18 (0.9%) could not be contacted and 10 
(0.5%) refused treatment for breast cancer.

Consented patients were interviewed at baseline, 18- 
month, 36-month and 60-month after breast cancer diagnosis. 
During follow-up interviews, patients were reassessed with the 
same questionnaires conducted at baseline assessment. 
A telephone call would be made prior to the planned interview, 
which would coincide with their scheduled clinic follow-up.

As of January 2019, the 60-month follow-up interview 
had been completed. The average time between the first 
interview and the latest interview was 57.1 months. This 
study was based on the dietary data assessed at 18-month 
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follow-up (which was conducted between 12 and 24 
months after breast cancer diagnosis). In total, 1310 
patients completed this interview (participation 
rate 89.6%).

Data Collection of Socio-Demographic 
Characteristics and Other Co-Variables
The baseline and follow-up interviews were conducted 
face-to-face by trained interviewers. During each inter-
view, validated questionnaires were used to assess dietary 
intake, physical activity and quality of life (QoL). Physical 
activity was measured by a validated modified Chinese 
Baecke questionnaire.25 European Organization for 
Research and Treatment of Cancer Core Cancer Quality 
of Life Questionnaire (EORTC QLQ-C30) was used to 
measure the QoL. Detailed methods for dietary assess-
ments are described below. Structured questionnaires 
were used to obtain detailed information on socio- 
demographic characteristics (age, marital status, occupa-
tion, education, household income), reproductive history, 
menopausal status, use of alternative complementary med-
icine, history of benign breast disease, family history of 
breast cancer in first-degree relatives, active and passive 
smoking, alcohol use and prior medical history. 
Anthropometric measurements including body weight 
and height were measured based on standard protocol. 
Based on body mass index (BMI) classification of the 
Asia-Pacific region, patients can be categorized into 4 
groups as follows: underweight <18.5 kg/m2, normal 
18.5–22.9 kg/m2, overweight 23–24.9 kg/m2, obese 
≥25kg/m2.26

Dietary Intake and Dietary Pattern 
Assessment
At 18-month follow-up assessment, patients were asked to 
report their dietary intake over the previous year. Within 
a face-to-face interview, a validated food frequency ques-
tionnaires (FFQ) was used to collect information on dietary 
intake.27 The FFQ contained 109 food items, and 
a commonly used portion size was specified for each food 
item. Patients reported the frequency of consumption and 
average amount of each food item. In order to help patients 
clearly estimate their intake, food photographs with indivi-
dual food portions were provided at the interview. Total 
energy intake was calculated based on a reference book 
named Chinese Food Composition Tables.28 To reduce the 
complexity of dietary data, the 109 food items in the FFQ 

were combined into 17 groups based on the similarity of food 
type and nutrient profiles as well as local eating habits in 
Chinese population. The original absolute food intake was 
standardized by serving per day before performing factor 
analysis to avoid problems arising from different measure-
ment units and different intake amount. Principal component 
and factor analysis were used to derive dietary patterns based 
on the daily consumption of the 17 food groups. Extraction of 
principal components was followed by an orthogonal trans-
formation (Varimax rotation function) to achieve a simple 
structure with good interpretability. The food groups retained 
were based on an eigenvalue greater than 1.0, the scree plot 
and the interpretability of the factors.

The derived factors were labeled based on the variables 
of food groups with the highest factor loading as well as 
the interpretation of the data.29 Factor loadings represent 
correlation coefficients between the food groups and the 
dietary pattern. For each participant, dietary pattern score 
was calculated using the regression method, first summing 
intakes of all the food groups, and then weighted by factor 
loading.11 It represented the individual’s level of confor-
mity with this dietary pattern; a high score suggested good 
conformity with that pattern. Furthermore, complementary 
analysis was performed to assess the robustness of the 
dietary patterns identified, in which the original absolute 
food intake was measured in grams/day in factor analysis.

Data Collection of Clinical Information 
and Breast Cancer Outcome
Hospital medical records were reviewed to obtain diagnosis 
and treatment information. These included age at diagnosis, 
tumor histology, AJCC stage version 7.0,24 estrogen receptor 
(ER) and progesterone receptor (PR) status, HER2 status, 
and treatment history (mastectomy or breast conserving 
surgery, adjuvant chemotherapy, radiotherapy, endocrine 
therapy and anti-HER2 targeted therapy). Information 
about disease progression and survival status was collected 
by reviewing medical records annually. In addition, inter-
viewers also asked patients about their disease status during 
follow-ups through face-to-face interview. For those who 
defaulted follow-up, telephone contacts were made to the 
patients or their next of kin, and their statuses were updated. 
In this study, patients who had ipsilateral/contralateral/local/ 
regional invasive recurrence, distant recurrence or secondary 
primary breast cancer were defined as recurrence. Overall 
mortality was defined as death from any cause. Breast can-
cer-specific mortality was defined as breast cancer-related 
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death. Mortality from other causes was determined by 
excluding mortality from breast cancer.

Statistical Analysis
Data on sociodemographic and clinical characteristics 
were summarized as patient number (n) and percentages 
(%) for categorical variables, and means with standard 
deviations for continuous variables. Patients were categor-
ized into three groups according to the tertiles of factor 
score in each dietary pattern (tertile 1, tertile 2 and ter-
tile 3). Dietary characteristics of participants were com-
pared among three groups using one-way ANOVA. Cox 
proportional hazards models were used to investigate 
associations between dietary patterns and time to out-
come. In multivariable model, adjustments were made 
for age at 18-month follow-up (years, continuous), total 
number of comorbidities at 18-month follow-up (0, 1, ≥2), 
stage at diagnosis (I, II, III, I–III without detail), ER status 
(positive, negative, missing), PR status (positive, nega-
tive, missing), HER2 status (positive, negative, missing), 
histology [invasive ductal carcinoma (IDC), invasive lob-
ular carcinoma (ILC), others], chemotherapy (yes, no), 
radiotherapy (yes, no), adjuvant hormonal therapy usage 
at 18-month follow-up (yes, no), menopausal status at 18- 
month follow-up (pre-menopausal, peri/post-menopausal) 
, BMI group at 18-month follow-up (<18.5, 18.5–22.9, 
23–24.9 and ≥25 kg/m2), level of physical activity at 18- 
month follow-up (MET-hours/week, continuous) and total 
energy intake at 18-month follow-up (kcal/day, continu-
ous). Person-time was calculated from the date of 18- 
months follow-up until event/censoring. In analyses of 
breast cancer-specific mortality, subjects who died of 
causes other than breast cancer were censored. 
Schoenfeld residual-based test was used to test for viola-
tions of proportional hazards.30 All analyses were per-
formed using SPSS 26.0; and P value <0.05 based on 
a two-sided analysis was considered statistically 
significant.

Results
Patients’ Socio-Demographic, Breast 
Cancer and Lifestyle Characteristics
Of the 1310 patients who completed interview at 18-month 
follow-up, 1226 patients were included in the present ana-
lysis. Patients who were excluded had an implausible dietary 
intake (energy intake estimates <500 or >4000 kcal per day, 
n = 4), incomplete QoL data (n=3) or had in-situ disease 

(n=77). Patients who were included in this study showed 
similar baseline characteristics as in the whole cohort. The 
last follow-up date of this study was December 31, 2018, 
and median follow-up time was 54.1 months (range: 3.1–-
79.9). In total, 165 patients had a breast cancer recurrence. 
For overall mortality, 98 deaths occurred, 88 were due to 
breast cancer and 10 were due to other causes.

The baseline socio-demographic, clinical and lifestyle 
characteristics of patients included in this analysis are 
provided in Table 1. The mean age of the patients at 
diagnosis was 52.3 years [standard deviation (SD): 9.0]. 
Nearly half (45.6%) of patients were within normal BMI, 
20.7% were overweight, and 28.5% were obese. 
Majority (61.0%) of the participants had no comorbidity. 
Nearly 80% of patients had parity. At diagnosis, more 
than half (51.5%) of the patients were pre-menopausal, 
while the corresponding figure decreased to 19.7% at 18- 
month follow-up. The proportions of stage I, II and III at 
diagnosis were 31.6%, 48.2% and 19.7%, respectively. 
Nearly 90% of patients had IDC. The proportions of 
patients who received adjuvant chemotherapy, radiother-
apy and endocrine therapy were 81.8%, 70.6% and 
76.5%, respectively. The mean level of physical activity 
was 10.1 MET-hours/week (SD: 13.4), and mean energy 
intake was 1361.7 kcal/day (SD: 392.8).

Two Major Dietary Patterns Identified
Two major dietary patterns were identified by factor ana-
lysis (Table 2), and absolute values >0.25 were shown in 
bold. The first pattern, termed “Western dietary pattern”, 
was characterized by high factor loadings for refined grain, 
red meat, oil, fish and seafood, cakes and snacks, pro-
cessed meat and eggs. The second, termed “healthy dietary 
pattern”, was characterized by high factor loadings for 
leafy vegetables, non-leafy vegetables, fruits, potatoes 
and legumes. These two factors explained 38.38% of the 
total variance (26.23% and 12.15%, respectively).

Dietary Characteristics of Each Dietary 
Pattern
The dietary characteristics of each dietary pattern are 
summarized in Table 3. Women with high “Western diet-
ary pattern” scores were also characterized by higher 
intake of fat and cholesterol. In contrast, women with 
high “healthy dietary pattern” scores consumed higher 
amounts of protein and fiber.
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Table 1 Socio-Demographic and Clinical Characteristics of Patients (n=1226)

Characteristics Number of Patients Frequency, %

Age at diagnosis, years, mean (SD) 52.3 (9.0)

Age at 18-minth follow-up, years, mean (SD) 53.8 (9.0)

Follow-up time, months, median (range) 54.1 (3.1–79.9)

Education level

High school or below 1049 85.6

College or above 177 14.4

Marital status

Married or cohabitation 867 70.7
Unmarried or divorced or widowed 359 29.3

Household income, HKD/month
<15,000 576 47.0

15,000–29,999 388 31.6

≥30,000 262 21.4

BMI at follow-up, kg/m2

Underweight (<18.5) 64 5.2
Normal (18.5–22.9) 559 45.6

Overweight (23–24.9) 254 20.7

Obese (≥25) 349 28.5

Number of comorbidities

None 748 61.0
1 318 25.9

≥2 160 13.1

Parity, %

0 274 22.3

1 280 22.8
2 456 37.2

≥3 216 17.6

Menopausal status at diagnosis

Premenopausal 631 51.5

Postmenopausal 595 48.5

Menopausal status at follow-up

Premenopausal 242 19.7
Postmenopausal 948 80.3

AJCC stage at diagnosis
I 387 31.6

II 591 48.2

III 242 19.7
I–III without detail 6 0.5

Histology

IDC 1099 89.6

ILC 38 3.1
Others 89 7.3

(Continued)
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Clinical Outcome According to the 
Tertiles of Factor Score in Each Dietary 
Pattern
In multivariate-adjusted analyses, “Western dietary pattern” 
was not significantly associated with breast cancer recurrence 
(Table 4; Ptrend = 0.89). In cox proportional hazards models, 
the tertiles of “Western dietary pattern” was not associated 
with overall mortality (Ptrend = 0.48). Similarly, a higher 
intake of the “Western dietary pattern” was not associated 
with breast cancer-specific mortality (Ptrend = 0.75).

The association between “healthy dietary pattern” and 
breast cancer outcome was also investigated by Cox pro-
portional hazards models (Table 5). No association was 
observed between this dietary pattern and breast cancer 
recurrence (Ptrend = 0.99). In addition, the highest tertile of 

“healthy dietary pattern” was not related to overall death 
(Ptrend = 0.20) or death from breast cancer (Ptrend = 0.30).

Similar analyses were undertaken among patients with 
IDC (Supplementary Table 1, 2), while patients with inva-
sive lobular carcinoma (ILC, n=38) and others’ histology 
(n=89) were not analyzed due to small patient number. 
Furthermore, stratification analyses were undertaken by 
hormone receptor (HR) status (HR positive vs HR nega-
tive; patients with unknown HR status were not included 
into analysis, n =32; Supplementary Table 3–6). The 
results were constant across all tumor types.

Discussion
In this longitudinal cohort study of Chinese early-stage breast 
cancer patients, patients were periodically interviewed at four 

Table 1 (Continued). 

Characteristics Number of Patients Frequency, %

ER status

Positive 902 73.6

Negative 292 23.8
Missing 32 2.6

PR status
Positive 692 56.4

Negative 497 40.5

Missing 37 3.0

HER2 status

Positive 333 27.2
Negative 852 69.5

Missing 41 3.3

Type of surgery

Mastectomy 795 64.8

Conservation 431 35.2

Chemotherapy

Yes 994 81.1
No 232 18.9

Radiation therapy
Yes 865 70.6

No 361 29.4

Hormone therapy

Yes 938 76.5
No 288 23.5

Physical activity level, MET-hours/week, mean (SD) 10.1 (13.4)

Energy intake, kcal/day, mean (SD) 1361.7 (392.8)

Abbreviations: SD, standard deviation; HKD, Hong Kong dollars; BMI, body mass index; AJCC, American Joint Committee on cancer; IDC, invasive ductal carcinoma; ILC, 
invasive lobular carcinoma; ER, estrogen receptor; PR, progesterone receptor; HER 2, human epidermal-growth-factor receptor 2; MET, metabolic equivalent of task.
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time-points, during which they were prospectively followed 
up for disease recurrence and death status. Based on dietary 
assessment at 18-month follow-up, this study investigated 
dietary pattern and breast cancer outcome among Chinese 
breast cancer patients. In this study, two dietary patterns 
were identified. Cox proportional hazards models were used 
to investigate the correlations between dietary pattern and 
outcomes of breast cancer. Neither dietary pattern was asso-
ciated with risk of breast cancer recurrence, all-causes death or 
death from breast cancer.

A number of studies and meta-analyses have investi-
gated the association between dietary patterns and the risk 
of breast cancer.13–16 In a recently published meta- 
analysis, Western dietary pattern has been suggested to 
be associated with increased risk of both IDC and ILC of 
the breast, while Mediterranean diet pattern may be asso-
ciated with decreased risk.16

Not having focused on individual dietary components, 
this study analyzed dietary pattern to investigate the overall 
dietary habits after breast cancer diagnosis. Two dietary 
patterns, termed “Western dietary pattern” and “healthy 
dietary pattern”, have been identified. They have similar 
dietary characteristics that described in two previous studies 
among women with breast cancer in the US, ie, the Nurses’ 
Health Study (NHS) and Life After Cancer Epidemiology 
(LACE) Study.17,18 The present results are consistent with 
the findings of the NHS, which showed that Western and 

prudent dietary patterns were unrelated to all-cause or 
breast cancer-specific mortality.17 However, the association 
between dietary patterns and death from causes other than 
breast cancer was different. The NHS and LACE studies 
both found that higher intakes of the prudent pattern and 
lower intakes of the Western pattern might reduce the risk of 
mortality from causes unrelated to breast cancer. This 
inconsistency may be explained by different rates of mor-
tality from causes other than breast cancer. Even though the 
three studies all investigated dietary intake during immedi-
ate survival, from 1.5 to 3.25 years after cancer diagnosis, 
the causes of mortality were different. After a median fol-
low-up of 4.5 years, the major causes of death were breast 
cancer (88/98, 89.8%) in the present study, while only 
a small proportion of patients died of other causes (10/98, 
10.2%). Of note, the corresponding figures of the two stu-
dies in the US were different: 58.5% and 41.5% (after 
a median of 9 years of follow-up) in NHS, 56.6% and 
44.4% (after a median of 6.3 years of follow-up) in LACE 
study, respectively. The lower proportion of patients having 
died of other causes in this study may be partly explained by 
the following reasons. Firstly, the peak age incidence of 
breast cancer was much younger in East Asian than Western 
counterparts; that is, the peak age was around 50 years in 
Hong Kong, Japan, Korea, and Taiwan, in contrast to 
approximately 70 years in the US.9 In fact, the mean ages 
of the present cohort and the two US cohorts also reflect 

Table 2 Food Group Loadings for the Two Major Dietary Patterns Identified by Principal Component Analysis

Foods/Food Groups Factor 1 Western Dietary Pattern Factor 2 Healthy Dietary Pattern

Refined grain 0.72 0.24
Whole grain −0.33 0.13

Cakes and snacks 0.30 0.03

Poultry 0.16 −0.03
Red meat 0.48 0.04

Processed meat 0.27 −0.07

Fish and seafood 0.41 0.14
Eggs 0.26 0.04

Dairy products 0.24 −0.05
Leaf vegetables −0.29 0.93

Non-leaf vegetables 0.08 0.49

Potato −0.03 0.31
Fruits 0.01 0.39

Legumes 0.05 0.28

Soya 0.24 0.18
Oil 0.41 0.12

Nuts 0.06 0.23

Variance explained (%) 26.23 12.15

Note: Absolute values of factor loadings >0.25 are shown in bold.
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such discrepancy, which were 52 years compared to 58–59 
years, respectively. It is more likely that elderly patients die 
of causes other than breast cancer, eg cardiovascular 
disease.10 Secondly, distinctive racial and potential mole-
cular profiles may result in different clinical outcomes. 
Thirdly, differences exist between the timing of diagnosis 

and treatment in these three cohorts. The present cohort 
enrolled patients between 2011 and 2014, while the NHS 
and the LACE studies included patients diagnosed decades 
ago, from 1982 to 1998 and from 2000 to 2002, 
respectively.17,18 In recent decades, treatment strategies 
have been revolutionized, clinicians have aroused more 

Table 3 Dietary Characteristics According to the Tertiles of Each Dietary Pattern Score (n=1226)

Western Dietary Pattern Healthy Dietary Pattern

Tertile 1 
(n=408)

Tertile 2 
(n=410)

Tertile 3 
(n=408)

Ptrend Tertile 1 
(n=409)

Tertile 2 
(n=409)

Tertile 3 
(n=408)

Ptrend

Food groups, grams/1000kcals/day, mean

Refined grain 313.30 335.59 335.80 <0.01 334.27 334.11 316.33 0.02

Whole grain 23.53 11.41 6.55 <0.01 13.15 13.55 14.79 0.17

Cakes and snacks 5.97 7.41 8.99 <0.01 8.46 7.09 6.82 <0.01

Poultry 4.63 5.30 6.16 0.04 6.59 5.41 4.10 <0.01

Red meat 35.22 44.95 50.83 <0.01 45.57 44.85 40.58 0.02

Processed meat 1.32 1.87 3.00 <0.01 2.73 1.96 1.50 <0.01

Fish and seafood 43.95 44.00 43.22 0.73 41.38 45.06 44.72 0.12

Eggs 11.99 12.22 12.97 0.19 13.47 12.83 10.87 <0.01

Dairy products 12.51 12.22 12.25 0.97 13.43 11.68 11.87 0.27

Leaf vegetables 322.64 207.93 157.13 <0.01 156.55 225.46 305.76 <0.01

Non-leaf 

vegetables

77.59 63.77 58.08 <0.01 49.55 65.39 84.53 <0.01

Potato 23.92 17.91 14.58 <0.01 12.90 19.40 24.13 <0.01

Fruits 186.33 144.16 123.44 <0.01 139.16 152.58 162.18 <0.01

Legumes 7.27 6.70 6.27 0.10 4.95 6.57 8.73 <0.01

Soya 33.34 36.96 34.79 0.62 34.22 33.59 37.29 0.29

Oil 0.85 0.92 1.01 <0.01 1.02 0.90 0.86 <0.01

Nuts 6.74 5.80 4.76 <0.01 4.22 5.17 7.91 <0.01

Nutrients, nutrient/1000kcals/day, mean

Energy intake, 

kcal

1083.69 1314.73 1686.77 <0.01 1155.07 1354.67 1575.73 <0.01

Protein, g 43.55 42.67 42.27 <0.01 41.16 43.07 44.26 <0.01

Fat, g 32.32 34.54 36.62 <0.01 35.36 33.94 34.17 0.03

Carbohydrate, g 143.82 137.56 132.09 <0.01 136.10 138.69 138.68 0.08

Fiber, g 12.70 10.37 9.23 <0.01 9.30 10.68 12.32 <0.01

Cholesterol, g 144.27 156.71 167.33 <0.01 165.09 160.14 143.04 <0.01
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attention to manage patients’ comorbidities and options of 
treatment regimens with less cardiotoxic agents have been 
considered. Such changes in practice may help breast can-
cer patients reduce the risk of death from other causes.

Several studies have also evaluated whether adherence 
to dietary recommendations was associated with breast 
cancer outcomes. The Women’s Health Initiative (WHI) 
and the Health, Eating, Activity, and Lifestyle (HEAL) 
studies both enrolled women with breast cancer in the 
US and showed that higher adherence to Healthy Eating 
Index-2005 (HEI-2005) after breast cancer diagnosis was 
associated with reduced risk of overall mortality.31,32 

However, the associations between better quality diets 
and death from breast cancer were inconsistent with both 
null and protective effects being reported.31,32 Recently, 
another report from the Shanghai Breast Cancer Survival 

Study (SBCSS) has also investigated possible benefits of 
adherence to dietary recommendations on outcomes of 
breast cancer in Chinese women. Using dietary data 
assessed at the 5-year post-diagnosis, this study con-
structed adherence scores to Chinese Food Pagoda 
(CHFP)-2007, CHFP-2016, modified Dietary Approaches 
to Stop Hypertension (DASH), and HEI-2015. The results 
suggested that higher adherence scores to CHFP and 
DASH were related to reduced risk of overall death and 
breast cancer-specific recurrence or death. However, asso-
ciations with adherence to HEI-2015 were not 
significant.20 Although the above-mentioned study and 
the present study both examined the potential effect of 
dietary intake and outcomes of breast cancer in Chinese 
women, there are several differences between them. 
Firstly, different methods were applied to evaluate dietary 

Table 4 Cox Proportional Hazards Models to Investigate Association of Tertiles of “Western Dietary Pattern” and Outcomes of 
Breast Cancer (n=1226)

Tertiles No. of 
Patients

Recurrence Overall Death Death from Breast Cancer

No. of 
Events

HR (95% 
CI)

Ptrend No. of 
Events

HR (95% 
CI)

Ptrend No. of 
Events

HR (95% 
CI)

Ptrend

Unadjusted Model

Tertiles 1 408 50 1 [Reference] 0.80 33 1 [Reference] 0.64 28 1 [Reference] 0.94

Tertiles 2 410 60 1.20 

(0.81–1.78)

35 1.01 

(0.62–1.63)

32 1.09 

(0.65–1.81)

Tertiles 3 408 55 1.06 

(0.70–1.59)

30 0.89 

(0.54–1.46)

28 0.98 

(0.58–1.66)

Model 1

Tertiles 1 408 50 1 [Reference] 0.52 33 1 [Reference] 0.32 28 1 [Reference] 0.38

Tertiles 2 410 60 1.08 

(0.72–1.62)

35 0.89 

(0.55–1.45)

32 0.94 

(0.56–1.58)

Tertiles 3 408 55 0.88 

(0.58–1.33)

30 0.78 

(0.47–1.29)

28 0.79 

(0.46–1.35)

Model 2

Tertiles 1 408 50 1 [Reference] 0.89 33 1 [Reference] 0.48 28 1 [Reference] 0.75

Tertiles 2 410 60 1.14 

(0.74–1.74)

35 0.88 

(0.53–1.49)

32 0.96 

(0.55–1.67)

Tertiles 3 408 55 1.03 

(0.61–1.75)

30 0.79 

(0.41–1.52)

28 0.90 

(0.45–1.77)

Notes: Cox proportional hazards models were used to investigate association of tertiles of dietary patterns and time to outcome. Model 1 were adjusted by age at 18- 
month follow-up (continuous), stage at diagnosis, ER status, PR status, HER2 status, histology, chemotherapy, radiotherapy and adjuvant hormonal therapy usage at 18-month 
follow-up. Model 2 were adjusted by age at 18-month follow-up (continuous), total number of comorbidities at 18-month follow-up, stage at diagnosis, ER status, PR status, 
HER2 status, histology, chemotherapy, radiotherapy, adjuvant hormonal therapy usage at 18-month follow-up, menopausal status at 18-months follow-up, BMI at 18-month 
follow-up (continuous), level of physical activity at 18-month follow-up (continuous) and total energy intake at 18-month follow-up (continuous). 
Abbreviations: HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER 2, human epidermal-growth-factor receptor 2; BMI, body 
mass index.
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intake. The present study investigated patients’ adherence 
to two specific dietary patterns, while the SBCSS evalu-
ated the adherence to several dietary guidelines. Secondly, 
the two studies enrolled patients diagnosed at different 
periods of time; with the present study having enrolled 
patients who were diagnosed nearly 10 years later (from 
2011 to 2014, as opposed to being from 2002 to 2006 for 
the SBCSS). Treatment and management strategies for 
breast cancer have improved during this period, which 
might have an impact on the causes of mortality. In addi-
tion, the follow-up time-points also differed. There is 
a possibility that dietary intake has different effects on 

short- and long-term breast cancer outcomes. Thirdly, 
these two studies assessed patients’ dietary intakes at 
different survival intervals, 1.5 years and 5 years, respec-
tively. Fourthly, the two studies enrolled Chinese women 
in different areas, Hong Kong and Shanghai; although both 
are big cities in China, lifestyle habits may be different. 
Also, the medical systems in the two cities, ie, the policy 
for drug approval and medical expenditure systems, were 
different. These could possibly impact on patients’ 
outcome.

Apart from observational studies, two large interven-
tional trials have investigated the effect of diets low in fat 

Table 5 Cox Proportional Hazards Models to Investigate Association of Tertiles of “Healthy Dietary Pattern” and Outcome of Breast 
Cancer (n=1226)

Tertiles No. of 
Patients

Recurrence Overall Death Death from Breast Cancer

No. of 
Events

HR (95% 
CI)

Ptrend No. of 
Events

HR (95% 
CI)

Ptrend No. of 
Events

HR (95% 
CI)

Ptrend

Unadjusted Model

Tertiles 1 409 61 1 
[Reference]

0.41 31 1 
[Reference]

0.59 28 1 
[Reference]

0.66

Tertiles 2 409 49 0.80 
(0.54–1.19)

32 0.99 
(0.60–1.63)

29 0.99 
(0.59–1.68)

Tertiles 3 408 55 0.85 
(0.58–1.26)

35 1.14 
(0.70–1.85)

31 1.12 
(0.67–1.87)

Model 1

Tertiles 1 409 61 1 

[Reference]

0.50 31 1 

[Reference]

0.46 28 1 

[Reference]

0.67

Tertiles 2 409 49 0.80 

(0.54–1.19)

32 1.03 

(0.62–1.72)

29 0.96 

(0.57–1.63)

Tertiles 3 408 55 0.88 

(0.59–1.30)

35 1.20 

(0.74–1.96)

31 1.12 

(0.67–1.88)

Model 2

Tertiles 1 409 61 1 

[Reference]

0.99 31 1 

[Reference]

0.20 28 1 

[Reference]

0.30

Tertiles 2 409 49 0.86 

(0.57–1.30)

32 1.15 

(0.68–1.93)

29 1.07 

(0.62–1.86)

Tertiles 3 408 55 1.01 

(0.64–1.59)

35 1.45 

(0.82–2.56)

31 1.37 

(0.76–2.49)

Notes: Cox proportional hazards models were used to investigate association of tertiles of dietary patterns and time to outcome. Model 1 were adjusted by age at 18- 
month follow-up (continuous), stage at diagnosis, ER status, PR status, HER2 status, histology, chemotherapy, radiotherapy and adjuvant hormonal therapy usage at 18-month 
follow-up. Model 2 were adjusted by age at 18-month follow-up (continuous), total number of comorbidities at 18-month follow-up, stage at diagnosis, ER status, PR status, 
HER2 status, histology, chemotherapy, radiotherapy, adjuvant hormonal therapy usage at 18-month follow-up, menopausal status at 18-month follow-up, BMI at 18-month 
follow-up (continuous), level of physical activity at 18-month follow-up (continuous) and total energy intake at 18-month follow-up (continuous). 
Abbreviations: HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER 2, human epidermal-growth-factor receptor 2; BMI, body 
mass index.
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and/or high in vegetables, fruits and fiber on outcomes of 
breast cancer.33,34 In the Women’s Intervention Nutrition 
study (WINS), a total of 2437 women with early-stage 
breast cancer were randomly assigned to a dietary inter-
vention group or a control group.33 After a median follow- 
up of 5 years, participants randomized to low-fat diet had 
a 6-pound lower in mean body weight than the control 
group. The low-fat diet was also related to a reduced 
relative risk of recurrence by 24%.33 The other study, the 
Women’s Healthy Eating and Living (WHEL) study, 
assessed the effect of a diet very high in vegetables, fruits 
and fiber while low in fat on breast cancer prognosis.34 

After a mean follow-up of 7.3 years, the results showed 
that such interventional dietary adaptation did not reduce 
the risk of breast cancer recurrence or mortality.34 These 
two randomized trials reported inconsistent results; as 
such, dietary modification, to date, cannot be translated 
into clinical practice.

The mechanisms for associations between specific dietary 
pattern and cancer outcome are not entirely understood. It has 
been reported that dietary components could modify inflam-
matory status through both pro-inflammatory and anti- 
inflammatory mechanisms,35–37 which may be associated 
with breast cancer growth.38 In the present study, although 
no significant association was found between the two dietary 
patterns and breast cancer outcome or all-cause mortality, 
healthy dietary habits remain to be encouraged for all breast 
cancer survivors, as it may reduce the risk of mortality from 
other causes. Several guidelines have established dietary 
recommendations for cancer survivors, eg, the American 
Society of Clinical Oncology (ASCO) has recommended 
that primary care clinicians should counsel breast cancer sur-
vivors to achieve a dietary pattern that is high in vegetables, 
fruits, whole grains and legumes while low in saturated fat.39

Based on a longitudinal study design, this study pro-
spectively collected patients’ dietary intake and obtained 
complete data on cancer recurrence and mortality. In 
addition, this study comprehensively recorded informa-
tion on social-demographic, breast cancer characteristics 
and treatments information; these have allowed us to 
adjust potential confounders in the survival analysis. 
Furthermore, dietary assessments of all participants 
were homogeneously undertaken in a narrow window 
using a validated FFQ. The 18-month follow-up assess-
ment was an important time-point, which evaluate 
patients’ dietary intake during 6 to 18 months after cancer 
diagnosis. This was the time when breast patients had just 
completed intense anti-cancer therapy, when they started 

to adjust to live as a cancer survivor. There are a few 
limitations in the present study. Firstly, no association 
was found between the tested dietary patterns and out-
comes in the present analysis, this might be due to the 
relatively short follow-up time, with only 165 patients 
having developed recurrence and 98 deaths being 
recorded. As the survival of early-stage breast cancer 
has improved, longer follow-up time for survival analysis 
is essential. In addition, since the number of non-breast 
cancer-related deaths was very few, the data were not 
mature enough to adequately analyze this aspect. 
Secondly, during our enrollment procedure, around 27% 
of the eligible participants refused to participate in this 
study. This might result in a selection bias for the study 
cohort. Thirdly, a number of patients might have changed 
their diet between the follow-ups. As the present study 
aimed to investigate the association between dietary 
intake assessed at 18-month follow-up and outcomes of 
breast cancer, we have not taken into account the changes 
in patients’ diet between the follow-ups. However, our 
previously published data suggested that breast cancer 
survivors in this cohort would have made dietary changes 
at the time of diagnosis or soon thereafter, with no major 
change observed at 36-months.21 Hence, we believe that 
the dietary intake at 18-month follow-up could reflect 
patients’ dietary habits at post-diagnosis to a great extent. 
Last but not least, similar to other studies on dietary 
patterns, some arbitrary decisions existed in identifying 
dietary patterns, eg, food grouping, method of factor 
rotation and labeling of dietary patterns.40 Furthermore, 
the resulting dietary patterns depend heavily on the way 
the diet is now being quantified, and the identified dietary 
patterns may vary by using various operationalizations of 
dietary variables.

Conclusions
Based on a longitudinal cohort study, this was the first 
study to investigate post-diagnosis dietary patterns and 
outcomes of breast cancer among Chinese breast cancer 
patients. Two dietary patterns have been identified, namely 
“Western dietary pattern” and “healthy dietary pattern”. 
Cox proportional hazards models have shown that neither 
of these dietary patterns was associated with risk of breast 
cancer recurrence, all-causes death, or death from breast 
cancer. Further prospective follow-up is still needed to 
further confirm the association between specific dietary 
patterns and breast cancer-specific outcomes and all- 
cause mortality.
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