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Abstract
Objective: To determine if specific dietary patterns are associated with breast
cancer (BC) risk in Chinese women.
Design: Latent class analysis (LCA) was performed to identify generic dietary pat-
terns based on daily food-frequency data.
Setting: The Chinese Wuxi Exposure and Breast Cancer Study (2013–2014).
Participants: A population-based case–control study (695 cases, 804 controls).
Results: Four dietary patterns were identified, Prudent, Chinese traditional,
Western and Picky; the proportion in the controls and cases was 0·30/0·32/
0·16/0·23 and 0·29/0·26/0·11/0·33, respectively. Women in Picky class were char-
acterised by higher extreme probabilities of non-consumption of specific foods,
the highest probabilities of consumption of pickled foods and the lowest proba-
bilities of consumption of cereals, soya foods and nuts. Compared with Prudent
class, Picky class was associated with a higher risk (OR= 1·42, 95 % CI 1·06,
1·90), while the relevant association was only in post- (OR = 1·44, 95 % CI 1·01,
2·05) but not in premenopausal women. The Western class characterised by
high-protein, high-fat and high-sugar foods, and the Chinese traditional class char-
acterised by typical consumption of soya foods andwhitemeat over redmeat, both
of them showed no difference in BC risk compared with Prudent class did.
Conclusions: LCA captures the heterogeneity of individuals embedded in the pop-
ulation and could be a useful approach in the study of dietary pattern and disease.
Our results indicated that the Picky class might have a positive association with the
risk of BC.
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A multitude of in-vitro studies had reported the effect of
individual-specific dietary components on breast cancer
(BC)(1). Nutritional studies have historically been focusing
on specific nutrients or foods in isolation and oversimpli-
fied the complexity of foods(2,3). The high degree of inter-
correlation among various nutrients and foods makes it
difficult to attribute effects to a single independent compo-
nent; the interpretation and application of results were lim-
ited(4,5). Now in nutrition epidemiology, the critical concept
of food synergy has been convinced that nutrients exist in a
purposeful biological sense in food, delivering their combi-
nations reflect biological functionality.

Creating dietary patterns that inherently account for
interactions among micronutrients and estimate overall
dietary effects may provide a more robust approach for
determining associations between disease and diet(6,7). In
general, dietary patterns are typically derived using two
main approaches, ‘a priori approach’ by using a predefined
dietary pattern and fitting the data into the indices, as Diet
Quality Index(8,9), or ‘a posteriori approach’ by data-driven
statistical reduction techniques explores dietary patterns, as
cluster analysis, factor analysis (FA) and principal compo-
nent analysis(9,10). Both ‘a priori’ and ‘a posteriori’
approaches had been widely used for defining dietary pat-
terns associated with various health outcomes. As
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with ‘a priori’ defined dietary indices was associated with
reducing BC risk(11,12), the Western dietary pattern derived
by FA was linked with increasing the risk of BC(13–15).
Although various methods have been developed to
explore dietary patterns in different populations, there
were still some challenges in accurately identifying dietary
patterns(16–18), including reducing the complex multidi-
mensional nutritional data down to meaningful observed
dietary patterns, dealing with the heterogeneity of individ-
uals embedded in the studied population and classifying
each participant into a specific dietary pattern(19,20).

Latent class analysis (LCA) is a person-centred, data-
driven analytic approach(18,21). LCA identifies the patterns
of relations among a set of observed variables and classifies
similar individuals into specific latent classes, which leads
subjects to highly similar in class but uniquely different
from the members of other classes(22). Compared with ‘var-
iable-oriented’ approaches, as FA/principal component
analysis, that characterise the overall sample, ‘person-
centred’ approaches model distinct configurations of
heterogeneity within the sample, which could identify
distinct, unknown patterns in subtypes of individuals from
multidimensional data, capturing heterogeneity within
and between groups. Moreover, LCA allows adjustment
for covariates, quantifies member class probability and
assessment of the goodness of fit(23,24).

Therefore, the study aims to use LCA to identify distinct
classes of dietary patterns in Chinese women and evaluate
whether specific dietary patterns are associated with BC
risk and whether these associations will be affected by
menopause status.

Methods

Study design and subjects
Chinese Wuxi Exposure and Breast Cancer Study (2013–
2014) is a population-based case–control study. The sub-
jects were all women who lived in Wuxi city, Jiangsu
Province, China, for more than 5 years, as previously
reported(25). According to the cancer registration system,
newly diagnosed BC patients within 1 year were selected
as the case group. All cases were identified according to
the International Classification of Diseases for Oncology
(ICD-10, code C50). Patients with secondary or recurrent
BC were excluded. For those with multiple incident can-
cers, we only included those with BC as the first diagnosed
original malignancy. Controls were selected from the local
population registry system and matched to the cases by the
same residence area and age (range of ±5 years), excluding
individuals with any cancer history.

From November 2013 to November 2014, a total of 1410
newly diagnosed BC cases were identified, 1072 cases
meeting the inclusion criteria and 818 of them were
recruited in the current study, the response rate was
76·3 % (818/1072). Moreover, 1072 controls were selected

and 935 of them participated, with a response rate of 87·2 %
(935/1072), conducted as a frequency-matched case–
control study (Fig. 1). The study protocol was approved
by the Institutional Review Boards of Jiangsu CDC, and
written informed consent was obtained from all subjects.

Data collection
Demographic, lifestyle characteristics, menstrual and repro-
ductive events, dietary intake, disease history and physical
activity-related data were collected during the person-to-
person interviews conducted by trained interviewers.
Anthropometric measures were obtained by trained person-
nel following a standardprotocol. The usual dietwas assessed
by a validated, semi-quantitative FFQ, which included 149
items along with the recipes commonly used in China, a
detailed description given(26). Physical activity was measured
by referencing the Global Physical Activity Questionnaire(27).
Nutrient and energy intake were calculated through the
Chinese Food Composition Database (2018, 6th version).

Dietary patterns derived by latent class analysis
Dietary intakeassessment includedwhether the foodwas con-
sumed, consumption frequency (times per day/week/month/
year) and the average amount of food consumption at each
time. The 149 food items in the FFQwere classified into eight-
een predefined food groups based on similarities in nutrient
profile and culinary usage, including rice/flour, cereals, fried
foods, red meat, poultry, aquatic products, eggs, milk, fruits,
vegetables, soya foods, nuts, cakes, sugar strengthened bever-
age, fresh juice, soft drink, pickled foods and coffee.

LCA identifies the number of ‘latent’ classes that describe
the association between manifest variables. LCA estimates
two key sets of parameters for categorical outcomes and
covariates, respectively(28): conditional probabilities (or
called response probability) of observer indicators under
a given class (e.g., the probability of red meat consumption
among women adhering to Western class) and the regres-
sion coefficients predicting class membership (e.g., to dif-
ferentiate between two subjects under the same energy
intake but with different types of food consumption per
day, as 250 g/d fire food and 1000 g/d rice respectively,
with same 8368 kJ/d (2000 kcal/d)). Two sets of parameters
were given to predict the posterior probability of belonging
to each class for each subject(29).

Since the probability of food items consumption often
had a typical spike at 0 for non-consumers and constrained
between 0 and 1 for consumers, we categorised the derived
food group consumption into four levels: tertiles of non-
zero consumption and no consumption (calculated from
controls). Because there were< 20 % of women consumed
sugar strengthened beverage, fresh juice, soft drink or cof-
fee, we set the consumption of these foods as binary var-
iables (consumed or no). While rice/flour was consumed
almost ubiquitously, there were only tertiles of consump-
tion and no non-consumption category.
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LCA was used to derive dietary patterns of food groups
based on the dietary data from controls, adjusted for energy
intake (kcal/d). The dietary classes were interpreted and
named according to the conditional probabilities of food
group intake. The number of classes was determined using
the Bayesian information criterion, Lo-Mendel-Rubin likeli-
hood ratio (LMR) test and entropy value to identify the
best-fitting model with statistical fit balance and parsimony.
Finally, we predicted the probabilities of class membership
for controls and cases, assigning them to the specific latent
class (dietary pattern) for which the probability is the highest.

Statistical analysis
All analyses were stratified by menopausal status at diagno-
sis for cases or enrollment for controls.Womenwere consid-
ered to be postmenopausal as an absence ofmenstruation in
the past 12months.

Associations between exposures (dietary pattern as a
nominal predictor) and the outcomes (BC) were estimated
in terms of adjustedOR and corresponding 95 %CI using the
logistic regression model. All models were adjusted for age
at diagnosis for cases or enrollment for controls (by years),
area (urban, rural), education (ordered as illiterate and pri-
mary, middle and high school, university and above),
tobacco smoking (no or yes: including smoking and sec-
ond-hand smoking� 3d/week), tea intake (no or yes:� 3
d/week), alcohol intake (no or yes:� 3 d/week), moderate

physical activity (min/d), oral contraceptives use (no or yes:
current use or ever use), hormone replacement therapy
(HRT) (no or yes: current use or ever use), family history
of BC (no or yes: in a first-degree relative), history of benign
breast disease (noor yes: including lactationmastitis, plasma
cell mastitis, cyclomastopathy, fibroadenoma of breast,
galactocele), age at menarche (by years), parity (ordered
as 0, 1, 2 or � 3), age at first full-term delivery (by years),
breast-feeding (no or yes), height (by cm), BMI (kg/m2)
and energy intake (kcal/d). Postmenopausal stratification
analysis was further adjusted for the menopausal age (by
years). Furthermore, to examine whether the association
between dietary patterns and BC risk was affected by
well-established or suspected non-dietary BC risk factors,
we conducted stratified analysis and interaction test by
selected covariates which can cause a change in the OR
of interest by at least 10%, including age, education, tobacco
smoking, alcohol intake, HRT, age at menarche, age at first
full-termdelivery,menopausal age, family history of BC, his-
tory of benign breast disease, parity, energy intake, BMI and
height (stratification based on the median of controls distri-
bution). The Pfor interaction was calculated by the likelihood
ratio test.

Finally, to assess the impact of classification quality,
we also excluded women with low predicted probabil-
ities of the class membership (< (K–1)/K in LCA with
K classes) for their assigned dietary class as a sensitivity
analysis.

Chinese Wuxi Exposure and
Breast Cancer Study

Newly diagnosed BC
cases within 1 year

(Nov 2013 to Nov 2014)

Cases
n 1072

Controls
n 1072

Cases
n 818

Controls
n 935

Cases
n 695

Controls
n 804

Matching:
Same residence area
Age (range of �5 years)
No cancer history

Exclusions
Refuse to participant: 137

Exclusions
Refuse to participant: 254

Exclusions
46 missing information on
lifestyle, anthropometric,
medical history and reproductive
history data
77 extreme values in total calorie
intake (<500 or >5,000 kcal)

Exclusions
56 missing information on
lifestyle, anthropometric, medical 
history and reproductive history 
data
75 extreme values in total calorie
intake (<500 or >5,000 kcal)

Fig. 1 Flow chart of the participants, the Chinese Wuxi Exposure and Breast Cancer Study
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The LCA was conducted using MPLUS (V8.3; Muthén &
Muthén), and other statistical analyses were conducted using
R version 4.0.0 (The R Project for Statistical Computing, USA;
https://www.r-project.org/). All P values quoted were
2-sided, and < 0·05 was considered as statistically significant.

Results

Of the participants interviewed (818 cases, 935 controls),
we excluded seventy-seven cases and seventy-five controls
because of extreme values in total energy intake (< 500 or
> 5000 kcal) and forty-six cases and fifty-six controls miss-
ing information on adjusting covariant variables. No signifi-
cant difference among demographic characteristics was
found between excluded participants and remained ones.
The results presented here were based on 695 cases and
804 controls who have complete information on FFQ
and possible covariates included for an adjustment. The
education level of the cases lower than that of the controls,
the overweight rate, family history of BC and history of
benign breast disease of cases was higher than that of
the controls (P< 0·01) (Table 1).

Dietary patterns derived by latent class analysis
Latent class models were fitted for two to six classes, and
finally, four dietary pattern classes were chosen. Because
when the LCA model retains four classes, the value of
Bayesian information criterion is the smallest, the Lo-
Mendel-Rubin likelihood ratio test reaches a significant level
and the entropy value (0·836) is ideal. The proportion of
each class after dividing into four categories is also balanced.
Therefore, based on the balance of statistical fit and
parsimony, we believe that the four-class model is appropri-
ate (see online supplementary material, Supplemental
Table 1). Figure 2 shows the conditional probabilities of
Chinese women taking each food group in each class. A
food group in high (third tertile) consumption (Fig. 2a)
had a probability close to 1 in a given latent class, suggesting
women in that class were likely to take more of that specific
food. The food group in no consumption (Fig. 2b) with a
probability close to 1 indicated that women took food less
often (see online supplementary material, Supplemental
Table 2). We named the four chosen classes as Prudent diet
consumers, Western diet consumers, Chinese traditional
diet consumers and Picky diet consumers.

Characteristics of dietary patterns
The Prudent class was characterised by a high probability
of consuming healthy foods such as cereals, aquatic prod-
ucts, fruits, vegetables, soya foods and nuts. The Chinese
traditional class was featured by the preference of white
meat (as poultry) over redmeat and the general willingness
to take soya foods, with the lowest probabilities in non-
consumption of the specific foods. Western class shows

the highest probability of consuming a high-protein,
high-fat and high-sugar foods such as fried meat or eggs,
cakes, soft drinks, coffee, as well as soya foods.
Compared with other classes, women in the Picky class
were characterised by higher extreme probabilities of
non-consumption of specific foods. In addition, women
in the Picky class showed the highest probabilities of con-
sumption of pickled foods and the lowest probabilities of
consumption of cereals, soya foods and nuts (see online
supplementary material, Supplemental Table 3). Overall,
by conditional probability, 29·0, 31·9, 15·7 and 23·4 % of
womenwere characterised by Prudent class, Chinese tradi-
tional class, Western class and Picky class, respectively.
Women characterised by Western class demonstrated a
significantly higher amount of energy intake than those
the other three classes did (Western: 2226·71� 414·84
kcal/d, Chinese traditional: 1630·53� 283·57 kcal/d,
Prudent: 1860·84� 280·99 kcal/d, Picky: 1555·98� 272·89
kcal/d). Additionally, we compared the socio-demographic
characteristics within the identified latent classes and found
significant differences between the classes (see online supple-
mentary material, Supplemental Table 4).

Association between dietary pattern and breast
cancer risk
Regarding the Prudent class as the reference group, the
Picky class showed an independent risk effect on BC with
an OR of 1·46 (95 % CI 1·01, 2·05) among postmenopausal
women, whereas Western class (OR= 0·87, 95 % CI 0·54,
1·43) and Chinese traditional class (OR= 0·90, 95 % CI
0·63, 1·29) showed no difference, while no relevant associ-
ation was found in premenopausal women (Table 2).
Because the associations of BC risk with LCA-driven dietary
patterns were not found among premenopausal women,
stratified analysis and interaction tests were restricted only
to the postmenopausal women. As shown in Table 3, we
found that the associations of dietary patterns with BC risk
were affected by some well-established or suspected non-
dietary BC risk factors, that is, the Picky class was strongly
associated with increased risk of BC among women who
were age< 60 (years), drink alcohol, never use of HRT,
age of menarche� 16 (years), age at first full-term delivery
� 25(years), menopausal age� 55, had a history of benign
breast disease, parity < 2 or height < 155 cm.

Sensitivity analysis
The sensitivity analysis of dietary classification quality was
assessed by excludingwomen (20·98 % of controls, 27·48 %
of cases) with a low predicted probability (< 0·75) of the
class membership. However, none of the associations
between dietary classes and BC risk changed substantially.

Finally, we analysed the impact of selection bias
caused by non-responders on the results; the possible
selection bias would not change the existing conclu-
sions. Through telephone follow-up, we investigated
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Table 1 Characteristics of cases and controls for analysis, stratified by menopausal status

All Premenopausal Postmenopausal

Case (n 695).
Control
(n 804) Case (n 224)

Control
(n 332) Case (n 471)

Control
(n 472)

Variable n % n % P* n % n % P* n % n % P*

Age at enrollment (years)
< 50 282 40·58 339 42·16 0·22 201 89·7 288 86·7 0·31 81 17·2 51 10·8 0·01
50–60 180 25·90 228 28·36 18 8·0 39 11·7 162 34·4 189 40·0
> 60 233 33·53 237 29·48 5 2·2 5 1·5 228 48·4 232 49·2
Mean 55·07 54·42 0·27 44·65 44·79 0·81 60·03 61·20 0·05
SD 11·27 11·28 6·69 6·96 9·47 8·45

Area
Urban 380 54·68 454 56·47 0·49 119 53·13 182 54·82 0·69 261 55·41 272 57·63 0·49
Rural 315 45·32 350 43·53 105 46·88 150 45·18 210 44·59 200 42·37

Educational level
Illiterate and primary 223 32·09 199 24·75 < 0·01 35 15·6 24 7·2 < 0·01 188 39·9 175 37·1 0·13
Middle and high school 301 43·31 290 36·07 124 55·4 126 38·0 177 37·6 164 34·7
University and above 171 24·60 315 39·18 65 29·0 182 54·8 106 22·5 133 28·2

Tobacco smoking
No 291 41·87 348 43·29 0·58 76 33·9 126 38·0 0·33 215 45·6 222 47·0 0·67
Yes 404 58·13 456 56·72 148 66·1 206 62·0 256 54·4 250 53·0

Alcohol intake
No 645 92·81 738 91·79 0·46 205 91·52 293 88·25 0·22 440 93·42 445 94·28 0·58
Yes 50 7·19 66 8·21 19 8·48 39 11·75 31 6·58 27 5·72

Tea intake
No 563 81·01 619 76·99 0·06 179 79·91 242 72·89 0·06 384 81·53 377 79·87 0·52
Yes 132 18·99 185 23·01 45 20·09 90 27·11 87 18·47 95 20·13

Moderate physical activity (min/d)
Mean 16·42 16·33 0·90 15·19 13·89 0·22 17·00 18·05 0·28
SD 14·38 13·60 13·00 11·54 14·98 14·65

Oral contraceptives use
No 132 18·99 147 18·28 0·73 41 18·3 63 19·0 0·84 91 19·3 84 17·8 0·55
Yes 563 81·00 657 81·72 183 81·7 269 81·0 380 80·7 388 82·2

Hormone replacement therapy
No 659 94·82 774 96·27 0·17 212 94·6 316 95·2 0·78 447 94·9 458 97·0 0·10
Yes 36 5·18 30 3·73 12 5·4 16 4·8 24 5·1 14 3·0

Family history of breast cancer
No 621 89·35 764 95·02 < 0·01 197 87·9 313 94·3 0·01 424 90·0 451 95·6 < 0·01
Yes 74 10·65 40 4·98 27 12·1 19 5·7 47 10·0 21 4·4

History of begin disease
No 424 61·01 550 68·41 < 0·01 113 50·4 183 55·1 0·28 311 66·0 367 77·8 < 0·01
Yes 271 38·99 254 31·59 111 49·6 149 44·9 160 34·0 105 22·2

Age at menarche
10–14 203 29·21 244 30·35 0·89 94 42·0 148 44·6 0·67 109 23·1 96 20·3 0·58
15–16 267 38·42 305 37·94 90 40·2 121 36·4 177 37·6 184 39·0
17–22 225 32·37 255 31·72 40 17·9 63 19·0 185 39·3 192 40·7
Mean 15·65 15·64 0·97 14·93 14·95 0·91 15·99 16·13 0·23
SD 1·83 1·88 1·68 1·65 1·81 1·89
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Table 1 Continued

All Premenopausal Postmenopausal

Case (n 695).
Control
(n 804) Case (n 224)

Control
(n 332) Case (n 471)

Control
(n 472)

Variable n % n % P* n % n % P* n % n % P*

Parity
0 9 1·29 11 1·37 0·61 2 0·9 5 1·5 0·30 7 1·5 6 1·3 0·74
1 383 55·11 467 58·08 171 76·3 269 81·0 212 45·0 198 41·9
2 219 31·51 228 28·36 47 21·0 50 15·1 172 36·5 178 37·7
≥ 3 84 12·09 98 12·19 4 1·8 8 2·4 80 17·0 90 19·1

Age at first full-term delivery
≤ 25 349 50·22 406 50·50 0·18 129 57·6 183 55·1 0·05 220 46·7 223 47·2 0·81
25–29 317 45·61 378 47·01 88 37·4 147 44·3 229 49·8 231 48·9
> 29 29 4·17 20 2·49 7 3·1 2 0·6 22 4·7 18 3·8
Mean 24·59 24·56 0·84 24·11 24·38 0·16 24·82 24·69 0·47
SD 2·65 2·49 2·40 2·10 2·74 2·73

Breast-feeding
No 237 34·10 248 30·85 0·18 48 21·4 58 17·5 0·24 189 40·1 190 40·3 0·97
Yes 458 65·90 556 69·15 176 78·6 274 82·5 282 59·9 282 59·7

Height (cm)
Mean 156·90 156·76 0·62 158·05 158·75 0·14 156·35 155·35 < 0·01
SD 5·29 5·64 5·26 5·50 5·22 5·32
BMI
Underweight (< 18·5) 15 2·16 13 1·62 < 0·01 7 3·1 7 2·1 0·02 8 1·7 6 1·3 < 0·01
Normal (18·5–23·9) 266 38·27 406 50·50 104 46·4 193 58·1 175 37·2 221 46·8
Overweight (> 24) 414 59·57 385 47·89 113 50·4 132 39·8 288 61·1 245 51·9
Mean 24·95 24·08 < 0·01 24·44 23·63 0·01 25·20 24·39 < 0·01
SD 3·54 3·14 3·62 3·12 3·87 3·12
Energy intake (kcal/d)
Mean 1733·61 1782·24 0·14 1765·11 1873·51 0·06 1718·63 1718·05 0·99
SD 642·77 639·87 645·95 676·68 641·40 605·19
Menopause age
Mean 49·23 49·44 0·49
SD 4·30 5·00

*P-values are calculated based on the χ2 test or t test.
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the reasons for non-respondents and fill them with
random sampling from existing samples based on their
characteristics, using fully conditional specification
multivariate imputation by the chained equations
method(30) (see online supplementary material,
Supplemental ‘Selection bias analysis’).

Discussion

In the current study, we applied a novel approach LCA to
identify the generic dietary patterns in the Chinese female
population and evaluated their associations with the risk of
BC. We found that the Picky class contributed an additional

Chinese traditional Western

Prudent Pickv Prudent Pickv

Chinese traditional Western
Rice/Flour

Cereals
Fried foods

Red meat
Poultry
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Eggs
Milk
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Red meat

Poultry
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Eggs
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Fruits
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Fresh juice
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Fruits
Vegetables
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Pickled foods
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Rice/Flour
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Eggs
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(a) (b)

Fig. 2 Food consumption level conditional probabilities of dietary pattern class. (a) High consumption conditional probability of dietary
pattern class. (b) No conditional consumption probability of dietary pattern class

Table 2 OR and 95% CI for the association of latent class analysis (LCA)-derived dietary patterns and breast cancer risk

Dietary patterns Case/Control Crude OR* 95% CI Adjusted OR*,† 95% CI
Pinteraction

Diet × menopause‡

All (n 1499)
Prudent 204/241 1·00 Reference 1·00 Reference 0·0131
Chinese traditional 184/257 0·85 0·65, 1·10 0·86 0·65, 1·14
Western 79/125 0·75 0·53, 1·05 0·76 0·53, 1·09
Picky 228/181 1·49 1·14, 1·95 1·42 1·06, 1·90

Stratified by menopausal status
Premenopausal (n 556)
Prudent 66/91 1·00 Reference 1·00 Reference
Chinese traditional 65/115 0·78 0·51, 1·21 0·76 0·47, 1·23
Western 29/74 0·54 0·32, 0·92 0·62 0·35, 1·11
Picky 64/52 1·70 1·05, 2·75 1·45 0·84, 2·48

Postmenopausal (n 943)
Prudent 138/150 1·00 Reference 1·00 Reference
Chinese traditional 119/142 0·91 0·65, 1·27 0·90 0·63, 1·29
Western 50/51 1·07 0·68, 1·68 0·87 0·54, 1·43
Picky 164/129 1·38 1·00, 1·92 1·44 1·01, 2·05

*OR were derived from the logistic regression model.
†Adjusted for age, area, education, tobacco smoking, tea intake, alcohol intake, moderate physical activity, oral contraceptives use, hormone replacement therapy, family
history of breast cancer, history of benign breast disease, age at menarche, parity, age at first full-term delivery, breast-feeding, height, BMI, energy intake, postmenopausal
additional adjusted for the menopausal age.
‡Pfor interaction between dietary patterns and menopause was derived from a likelihood ratio test.
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Table 3 Associations between postmenopausal breast cancer risk and latent class analysis (LCA)-derived dietary patterns, stratified by suspected non-dietary breast cancer risk factors

Dietary pattern, adjusted*

Chinese traditional Western Picky

Subgroup Cases/Controls Prudent OR 95% CI OR 95% CI OR 95% CI Pfor interaction†

Age (years) 0·0980
< 60 225/213 1·0 0·91 0·53, 1·55 0·93 0·47, 1·83 2·24 1·26, 4·01
≥ 60 246/259 1·0 1·05 0·62, 1·77 0·74 0·33, 1·63 1·18 0·72, 1·94

Education (years) 0·4774
< 7 188/175 1·0 1·12 0·63, 1·99 1·11 0·49, 2·50 1·21 0·72, 2·03
> 7 283/297 1·0 0·82 0·54, 1·24 1·05 0·61, 1·81 1·55 1·00, 2·39

Tobacco smoking 0·7529
No 215/222 1·0 0·77 0·47, 1·26 1·10 0·51, 2·35 1·21 0·76, 1·94
Yes 256/250 1·0 1·06 0·67, 1·67 1·07 0·61, 1·90 1·57 0·99, 2·47

Alcohol 0·6378
No 440/445 1·0 0·89 0·63, 1·26 1·03 0·64, 1·65 1·43 1·02, 2·00
Yes 31/27 1·0 1·02 0·23, 4·47 1·25 0·22, 7·08 0·74 0·16, 3·39

Hormone replacement therapy 0·4616
No 447/458 1·0 0·97 0·69, 1·37 1·08 0·67, 1·73 1·44 1·03, 2·01
Yes 24/14 1·0 0·25 0·04, 1·47 0·69 0·12, 4·08 1·67 0·15, 18·88

Age of menarche (years) 0·6776
< 16 177/173 1·0 0·81 0·46, 1·42 0·80 0·37, 1·76 1·04 0·55, 1·98
≥ 16 294/299 1·0 0·99 0·62, 1·59 0·90 0·47, 1·72 1·60 1·03, 2·47

Age at first full-term delivery (years) 0·1053
< 25 297/304 1·0 0·75 0·47, 1·20 0·74 0·38, 1·43 1·15 0·72, 1·83
≥ 25 174/168 1·0 1·08 0·56, 2·08 1·08 0·47, 2·46 2·54 1·34, 4·83

Menopausal age (years) 0·0724
< 55 206/193 1·0 1·11 0·62, 2·00 1·13 0·53, 2·44 1·25 0·70, 2·23
≥ 55 265/279 1·0 0·77 0·48, 1·24 0·64 0·32, 1·25 1·77 1·10, 2·85

Family history of breast cancer 0·8357
No 311/367 1·0 0·91 0·64, 1·29 1·08 0·67, 1·75 1·39 0·99, 1·95
Yes 160/105 1·0 0·71 0·18, 2·84 0·54 0·12, 2·52 1·35 0·30, 6·13

History of benign breast disease 0·0085
No 424/451 1·0 1·26 0·81, 1·94 1·08 0·58, 2·01 1·45 0·95, 2·23
Yes 47/21 1·0 0·47 0·23, 0·97 0·38 0·15, 0·98 2·45 1·06, 5·62

Parity 0·2537
< 2 219/204 1·0 1·24 0·72, 2·15 1·38 0·68, 2·80 1·88 1·03, 3·44
≥ 2 252/268 1·0 0·77 0·46, 1·30 0·48 0·22, 1·05 1·27 0·79, 2·05

Energy (kcal) 0·1133
< 1655 256/236 1·0 0·75 0·44, 1·27 0·63 0·26, 1·52 1·56 0·94, 2·58
≥ 1655 215/236 1·0 1·06 0·62, 1·82 0·92 0·49, 1·71 0·99 0·56, 1·75

BMI (kg/m2) 0·7609
< 24 183/227 1·0 0·76 0·43, 1·34 0·79 0·38, 1·65 1·48 0·86, 2·54
≥ 24 288/245 1·0 1·07 0·65, 1·76 0·94 0·46, 1·89 1·39 0·84, 2·31

Height (cm) 0·6745
< 155 169/222 1·0 1·05 0·58, 1·90 0·86 0·35, 2·14 2·01 1·14, 3·56
≥ 155 302/250 1·0 0·86 0·53, 1·38 0·81 0·44, 1·50 1·27 0·78, 2·06

*Adjusted for age, area, education, tobacco smoking, tea intake, alcohol intake, moderate physical activity, oral contraceptives use, hormone replacement therapy, family history of breast cancer, history of benign breast disease, age at
menarche, parity, age at first full-term delivery, breast-feeding, height, BMI, energy intake, menopausal age.
†Pfor interaction between dietary patterns and non-dietary BC risk factors was derived from a likelihood ratio test.
Note: in this study, not all the food groups had a third tertile level (e.g., sugar strengthened beverage, fresh juice, etc. were binary) as the title states. And for food groups that had four levels, there is one non-consumption category.
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risk to BC (OR= 1·42, 95 %CI 1·06, 1·90), while the relevant
association was only in post- (OR= 1·44, 95 % CI 1·01,
2·05) but not in premenopausal women. The Western class
and Chinese traditional classes were not associated with
beneficial or adverse effects on BC risk compared with
the Prudent class.

In nutritional epidemiology, data-driven methods such
as FA/principal component analysis were widely used
for nutritional data reduction, but the challenges in accu-
rately identifying dietary patterns across population still
exist. For these ‘variable-oriented’ methods, food items
are grouped according to the degree of association
between each other, operating by partitioning variance
between measured variables(31,32). However, in most of
the cases, the asymmetric distribution of variables reflecting
food consumption caused by the heterogeneity of individ-
uals in the diet will hinder the full capture of generic dietary
patterns in the studied population(16,17). Because this type
of method performs on the square of simple correlation
coefficients between variables, skewed distribution results
in the sum of squares of simple correlation coefficients
between variables being much smaller than the sum of
squares of partial correlation coefficients, and the lower
variance contribution will make it challenging to capture
the information about the relationship between the varia-
bles of interest(33).

Therefore, considering that the source of heterogeneity
is from the individuals of the studied population rather
than the diet measurement variables themselves, studying
‘person-centred’ instead of ‘variable-oriented’ may be
more effective(34). We compared the results of LCA and
FA based on the same data sets (online supplementary
material, Supplemental ‘Comparison between LCA and
FA’). We found that the classification of dietary patterns
was roughly similar to the previous study based on the
FA approach, which demonstrates LCA and FA identified
similar dietary patterns when presented with the same
data set. However, heterogeneity embedded in the study
population leads to an unreliable result of FA; a low origi-
nal variance (45·21 %) may affect obtained findings. In
contrast, LCA with an ideal entropy value (0·836) ensures
the accuracy of classification (> 90 %). Additionally, we
compared the alternate Mediterranean Diet score to the
highly data-driven LCA results; as ‘a priori’ approach, it
could better capture specific dietary characteristics under
an identified actual dietary pattern. We found that the
alternate Mediterranean Diet score indices seemed similar
to the Prudent dietary pattern in terms of its correlation
with specific foods (online supplementary material,
Supplementary ‘Comparison between LCA and DQI’).
The comparison demonstrates that under the premise that
LCA is conducive to identifying the heterogeneity in differ-
ent subpopulations, it also has a good performance in
understanding the combination of food consumption
and capturing the diet characteristics in a specific dietary
pattern.

The results of the association between dietary patterns
and BC risk were not consistent in Western popula-
tion(1,13–15). Inverse associations with Prudent dietary pat-
tern and positive associations with the Western dietary
pattern of BC risk have been found in many studies.
However, some studies also reported contradictory find-
ings(1,13–15). Similarly, the current research on Asian wom-
en’s dietary patterns and BC risk has not reached a
consistent conclusion(35–39). In our study, no difference
between BC risk and Prudent class, Western class or
Chinese traditional class was found. Although the charac-
teristics of the three dietary patterns were different, we
have found some commonalities. Compared with Picky
class, the probability of soya foods intake in Prudent,
Chinese and Western was relatively higher. Soya isofla-
vones may reduce the risk of BC by preferentially binding
the oestrogen-dependent mechanism of oestrogen recep-
tor-b relative to oestrogen receptor-α(40), as well as the oes-
trogen-independent mechanism of inhibiting the nuclear
transcription factor �B DNA binding activity and the Akt
signalling pathway(41). We did not find Western class had
a positive association with BC risk in the current study, a
possible reason for that might be the relatively high con-
sumption of polyphenols foods such as soya foods and nuts
in the Chinese women of Western class. Besides, Chinese
women’s average red meat intake (19·32 g/1000 kcal/d)
was much lower than that among Asian Americans
(34·5 g/1000 kcal/d)(42), which was different from a typical
Western diet pattern among Western populations.

What deserves attention in the current study is the Picky
class. We first found women’s compliance with this dietary
pattern was with a higher BC risk among postmenopausal
women compared with those of Prudent class. Women in
Picky class were characterised by higher extreme probabil-
ities of non-consumption of specific foods, the highest
probabilities in consumption of pickled foods and the low-
est probabilities in consumption of cereals, soya foods and
nuts. Therefore, we suspected that the high BC risk of Picky
class might come from an imbalance diet that could lead to
loss of certain vital nutrients and high consumption of
pickled foods that are prone to inflammation.

For BC, the observed heterogeneity of risk affected by
menopausal status was particularly substantial, as it hinted
at relative contributions of oestrogens, progesterone, insulin
and insulin-like growth factor 1 (IFG-1) in mediating the
association(43). The meaningful findings were concentrated
in the postmenopausal womenpopulation;while during the
postmenopausal period, oestrogens appear to be a domi-
nant driver. Therefore, a potential biological mechanism
may explain the null finding among premenopausal
women: the ovaries are a predominant site of oestrogen syn-
thesis in the premenopausal period; the additional contribu-
tion of diet factors to the circulating pool of oestrogens (i.e.,
oestrone, oestradiol, oestriol) may be negligible. Not only
the amount of oestrogens from adipocytes is far smaller,
but also the form of oestrogens (i.e., oestrone rather than
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oestradiol) is less biologically potent(44). However, the con-
clusion of the association between dietary patterns and
breast cancer differed by the menopausal status was not
consistent(45); also, this meaningless premenopausal associ-
ationmay be because of the sample size, a small sample size
reduces the power of the study and increase the margin of
error, more in-depth and cross-validation studies are
needed. Furthermore, among postmenopausal women,
we found that the association between diet and BC risk
could be affected by some well-established or potential
non-dietary risk factors, the interaction between these fac-
tors and compliance with Picky dietary pattern associated
with BC risk appears to be complicated and some factors
increased the risk of association between Picky dietary pat-
tern andBC risk, but someothersweakened this association.
Notably,we found that the Picky patternwas at higher risk in
non-alcohol drinkers and non-HRT users, implying that
some strong independent risk factors for BC may mask
the association between diet and BC risk. For example, oes-
trogens appear to be a dominant driver of BC in postmeno-
pausal women. In the absence of excess oestrogens from
the ovaries and HRT, variation in oestrogen levels because
of the different dietary patterns may be sufficient to distin-
guish the risk of BC. In contrast to HRT users, exogenous
oestrogens from HRT may raise plasma oestrogens to the
extent that endogenous oestrogens from the diet have a little
incremental effect. Further work should assess associations
of BC risk and the concentrations of these nutrients in
plasma, which may be more predictive for vivo situation
and interpretative for disease risk and biological mechanism.

However, several limitations also should be noted. First,
data were collected from a case–control study, which might
be partially influencedby thebiases inherent in case–control
designs, included selection bias, recall bias, residual con-
founding and reverse causality. We only included newly
diagnosed BC patients and design the question carefully
to reduce the recall bias, and the dietary preference was col-
lected based on composite measures in which it was less
likely to cause information bias on specific foods/food
groups. We try to reduce the influence of residual con-
founding on conclusions through stratified analysis. Also,
we analysed the potential effect of selection bias in the cur-
rent study, and it does not change the conclusion. Another
limitation is the lack of information on the receptor status of
breast tumours, which might lead to an underestimated
impact of diet on BC risk. However, some studies reported
that the associations between dietary patterns and BC risk
did not change substantially by receptor status(46,47).
Lastly, the results obtained through LCA tend to be highly
data-driven and require cross-validationwith other indepen-
dent samples in the future.

Conclusions

In conclusion, we found that LCA is a useful approach to
capture dietary patterns within complex dietary data of

high inter-individual variation and to derive interpretable
dietary patterns suitable for associating with health out-
comes. Our findings further support the hypothesis that
the combinations of specific dietary factors protect against
BC and may be involved in the mechanisms of action on
breast carcinogenesis.
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