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Anhui Dietary Patterns & Primary Liver Cancer (PLC) Risk Association

Study Context & Methodology Identified Dietary Patterns & Risk Estimates Primary Outcome
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Conclusion: Region-specific dietary patterns in Anhui,characterized by high refined grains, alcohol, and preserved foods, are
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significantly associated with increased PLC risk.

Abstract

Aim: Primary liver cancer (PLC) remains an important public health concern in Anhui
Province, China. Whether dietary habits distinctive to this region are associated with the
risk of PLC remains to be investigated. This study aimed to identify characteristic dietary
patterns among the adult population in Anhui and examine their associations with PLC risk.

Methods: Using data from a geographically representative community sample (n = 2,548),
dietary patterns were derived using hierarchical clustering and principal component
analysis based on food frequency questionnaires and were structurally validated. A 1:2
matched case-control study (277 PLC cases, 554 controls) was used to assess the
associations between these patterns and PLC risk.

Results: Four dietary patterns were identified. The high refined grain-low whole grain
pattern [odds ratio (OR) = 4.60; 95% confidence interval (Cl): 2.27, 9.33], the alcohol and
preserved food co-consumption pattern (OR = 2.41; 95%Cl: 1.27, 4.54), and the red
meat-poultry-aquatic product pattern (OR = 2.18; 95%Cl: 1.22, 3.90) were associated with
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increased PLC risk. In sensitivity analyses, red meat and Chinese liquor appeared to be primary risk contributors
within their respective patterns, whereas whole grains, fruits, vegetable oils, and tea appeared to have protective
associations. The diverse plant-based pattern was not significantly associated with PLC risk.

Conclusion: Several dietary patterns reflecting local consumption habits in Anhui were associated with PLC risk.
These findings suggest the value of region-specific dietary assessment in elucidating lifestyle contributors to PLC.

INTRODUCTION

Primary liver cancer (PLC) is a major public health challenge in Anhui Province, where incidence and
mortality rates have consistently exceeded the national average'"”. While hepatitis B virus (HBV) vaccination
and control programs have contributed to a national decline in PLC, the persistent regional disparity
suggests the potential role of other modifiable factors, with diet being of particular interest”’.

The dietary landscape in Anhui is shaped by its regional culinary traditions, notably Huizhou cuisine'.
Characteristic features include the frequent use of cooking oils, strong seasoning, cooking methods such as
braising and stewing that often involve prolonged heating, and regular consumption of preserved foods,
including salted meats and pickled vegetables'®”. In addition, the region has a rich tea culture and a strong
tradition of soybean product consumption®®. These dietary patterns may collectively influence long-term
health outcomes, yet their association with PLC risk has not been evaluated using a dietary pattern approach.

Although prior studies have examined isolated dietary components, such as red meat, alcohol, or specific
nutrients, in relation to PLC®"*, these approaches may overlook the synergistic and cumulative effects of
foods consumed in combination. While established dietary patterns (e.g., Mediterranean or Western-type
diets) have been linked to PLC in other populations, region-specific patterns reflecting local dietary practices
in Anhui remain poorly characterised and underexplored in etiological research"*'*!. Notably, Anhui
Province reports a slightly higher PLC burden than the national average'"?, yet the underlying reasons for
this disparity remain unclear. Given the high and persistent burden of PLC in Anhui, identifying
region-specific dietary patterns that may influence PLC risk is warranted.

To address this gap, the present study aimed to identify characteristic “Huizhou-style” dietary patterns
among the adult population in Anhui using hierarchical clustering analysis (HCA) and principal component
analysis (PCA). This approach was designed to capture sparse and interpretable patterns from locally
consumed food groups, drawing conceptually on the rationale of the Treelet Transform framework"*'”.. The
structural consistency and stability of the derived patterns were further evaluated in an internal validation set
generated by randomly splitting the study population in a 3:1 ratio. These empirically derived patterns were
subsequently examined in a matched case-control study to assess their associations with PLC risk. By
integrating local dietary context into nutritional epidemiology, this work provides insights into potentially
modifiable dietary factors related to the elevated PLC burden in Anhui.

METHODS
Study population
Population for dietary pattern derivation and validation

Dietary patterns were derived from a population-based sample of 3,080 adults in Anhui Province, using data
collected from July 2020 to July 2022. The ethics review board of Anhui Medical University approved the
study protocol (Protocol Number: 20200897). Of these participants, 2,942 were from the Anhui Liver Disease
Study, and the remaining 138 were volunteers from various regions in Anhui"*". Individuals with abnormal
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energy intake (> 3,500 or < 600 kcal/day for females and > 4,200 or < 800 kcal/day for males; n = 532) were
excluded, leaving 2,548 participants for analysis. The sample was randomly split into a discovery set (n =
1,911, 75%) and an internal validation set (n = 637, 25%) to assess structural consistency and stability of the
identified patterns, as shown in Supplementary Figure 1.

Participant selection for the case-control study

A case-control study was conducted to assess the associations between the derived dietary patterns and PLC
risk, as illustrated in Figure 1. PLC case data were obtained from multiple hospitals across the central,
western, and southern regions of Anhui Province via the Anhui Liver, Gastric, and Colorectal Cancer Study
between October 2020 and July 2024. The ethics review board of Anhui Medical University approved the
study protocol (Protocol Number: 81250626). PLC diagnosis was confirmed based on histopathological
evidence, computed tomography, or magnetic resonance imaging in accordance with national clinical
guidelines. To reduce bias, patients who did not complete the food frequency questionnaire (FFQ, n = 17),
reported substantial changes in dietary habits within the past year (n = 263), or had abnormal energy intake
(n = 27) were excluded. Consequently, 277 eligible cases were included in the final analysis.

Controls were selected from the aforementioned community population. After excluding 532 individuals
with abnormal energy intake, 500 with missing HBV status, and 42 with any history of malignancy, a total of
2,006 potential controls remained. For each case, 2 controls were randomly selected from these individuals
and matched on gender and age (+ 2 years), yielding a 1:2 matched case-control dataset.

Dietary assessment

Baseline dietary information was collected using a regionally validated 141-item FFQ designed for the Anhui
population*?°. The FFQ was administered through face-to-face interviews by trained researchers.
Participants reported the average frequency of consumption for a standardized portion size of each food item
based on their dietary habits over the past year, with frequencies categorized into 9 levels ranging from
“never” to “3 times per day”. Average daily food intake was estimated by multiplying the consumption
frequency by the specified portion size for each food item.

Food group

The food items were aggregated into 20 predefined food groups based on nutritional similarity and culinary
usage in the Anhui region (e.g., “refined grains” and “Chinese liquor”). Self-reported preference for salty
taste was also included as a variable in the pattern analysis. Supplementary Table 1 shows the description of
the 20 food groups and salty taste preference.

Covariate assessment

Information on age, gender, education level, smoking status, alcohol consumption, physical activity, and
annual household income was collected via a self-report questionnaire. Body mass index (BMI) was
calculated as weight (kg) divided by height squared (m?*). Physical activity was quantified as metabolic
equivalent of tasks (MET)-hours/week. Diabetes status was defined as a self-reported physician diagnosis of
diabetes or a fasting blood glucose level 2 7.0 mmol/L. HBV infection status was determined at baseline using
an enzyme-linked immunosorbent assay.

Post hoc power analysis

A post hoc power calculation was performed to assess the statistical power of the study. Based on the
observed sample size (277 cases and 554 controls), the exposure prevalence in controls for the
highest-vs.-lowest tertile comparison (p, = 0.50), and a two-sided o of 0.05, the estimated power ranged from

80.9% to 87.2% for detecting an odds ratio (OR) of 1.7 across the 4 dietary patterns.
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Liver cancer cases (n = 584) Control population (7 = 3080)

Individuals were excluded if
they did not complete in

Individuals were excluded if FFQ (1 =0).
thez/ did not complete in FFQ Individuals had abnormal
(n=17). energy intake (7 = 532).

Individuals had changed their
dietary habits (7 = 263).
Individuals had abnormal
energy intake (n = 27).

Individuals with missing
data on HBV were excluded
(n=1500).

Individuals with any history
of malignancy (n = 42).

n=277 n= 2,006

1:2 matched case-control

study (n=831)

Figure 1. Flowchart of participant selection for the 1:2 matched case-control study. Abnormal energy intake was defined as > 3,500 or <
600 kcal/day for females and > 4,200 or < 800 kcal/day for males. Controls were individually matched to cases by age and gender. FFQ:
Food frequency questionnaire; HBV: hepatitis B virus; PLC: primary liver cancer.

Statistical analysis

Dietary pattern derivation and validation

To account for differences in energy intake, food group intakes were adjusted using the nutrient density
method (g/1,000 kcal)”". The adjusted variables were then log-transformed to improve normality and reduce
the influence of outliers™. Finally, all variables (including food groups and salty taste preference) were
standardized to z-scores to ensure equal variance contribution in the subsequent pattern extraction’,
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Dietary patterns were derived from the discovery set using a hybrid HCA-PCA approach designed to yield

[17

sparse and interpretable loading structures, informed by the Treelet Transform framework"”. Specifically,
the Pearson correlation matrix among dietary variables was computed, with inter-variable distance defined
as 1-|r|. Variables were then grouped using Ward’s hierarchical clustering. For each resulting cluster,
suitability for local PCA was assessed using the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s test;
clusters with KMO 2 0.5 and Bartlett’s test P < 0.001 were subjected to local PCA, and the first principal
component (PC1) was retained as the cluster-specific pattern score””. Non-zero loadings were restricted to
variables within each cluster to enhance interpretability. To ensure consistent interpretation across
resampling procedures, the PC1 loading vector was sign-aligned by constraining the element with the largest
absolute loading to be positive. The optimal number of patterns (k) was determined based on average

silhouette width, variance explained, and nutritional interpretability, yielding 4 stable dietary patterns.

The consistency and stability of the identified dietary patterns were evaluated through a two-step approach.
First, to assess internal consistency, dietary patterns were independently derived in the validation set (n =
637) using the same approach applied to the discovery set. The resulting loading matrices were compared
with those from the discovery set using Tucker’s Congruence Coefficient (TCC), which quantifies the cosine
similarity between factor loadings and is suitable for comparing sparse structures. A TCC threshold of 2 0.95
was used to define high structural congruence between the 2 independent sub-samples™. Second, to assess
internal stability, a resampling analysis was conducted within the discovery set. This involved 200 iterations
of random subsampling (drawing 80% of the sample without replacement). Pattern stability was assessed
using the mean Jaccard coefficient, with values > 0.60 indicating acceptable stability".

Case-control study analysis

Baseline characteristics were summarised using medians and interquartile ranges (IQRs) for continuous
variables and frequencies for categorical variables. Differences between groups were assessed using the
Wilcoxon rank-sum test for continuous variables and the chi-square test for categorical variables. Missing
covariate data (< 10% for any variable) were imputed using the multivariate imputation by chained
equations, assuming data were missing at random. Five imputed datasets were generated, and regression
analyses were performed in each imputed dataset with estimates combined using Rubin’s rules. For the
case-control analysis, individual food group intakes were first standardised using the mean and standard
deviation parameters estimated from the discovery set. For each participant, the score for a given dietary
pattern was calculated as the sum of the standardised intakes of the food groups multiplied by their
corresponding loading coefficients derived from the discovery set"?”). Higher scores indicated greater
adherence to the corresponding dietary pattern. The association between dietary patterns and PLC risk was
evaluated using conditional logistic regression to estimate ORs and 95% confidence intervals (CIs),
accounting for the 1:2 matched design. Dietary pattern scores were categorised into tertiles according to the
distribution among controls, and linear trends were tested using the median score of each tertile. Model 1
was unadjusted, while Model 2 was adjusted for education, annual household per capita income, energy
intake, marital status, smoking status, alcohol drinking, physical activity, BMI, diabetes, and HBV infection
at baseline. Additionally, a pattern-level component-exclusion sensitivity analysis was performed to assess
the robustness of the associations. Specifically, pattern scores were recalculated by setting the loading
coefficient of one food group to zero while retaining the original weights for all other groups™®. The
multivariable models were then re-estimated using these modified scores to obtain the corresponding ORs.
Additional HBV-negative subgroup and interaction analyses were conducted according to HBV infection
status using unconditional logistic regression with Firth’s penalised likelihood.
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Table 1. Loadings of food groups, variance explained by dietary patterns in the discovery set (n =1,911)*2

Variance
Dietary pattern . Description Loadin
ypP explained (%) P g
. High refined grain-low whole grain . ) .
Dietary patternl 12.70 pattern Whole grains (-0.71), refined grains (0.71)
Tubers (0.37), dark vegetables (0.34), cucurbitaceous
vegetables (0.34), allium vegetables (0.24), legumes and
Dietary pattern2 8.50 Diverse plant-based pattern legume products (0.40), mushrooms and algae (0.41), fruits
(0.34), eggs (0.19), dairy products (0.22), nuts and seeds
(0.24)
Dietary pattern3 548 Red meat-poultry-aquatic product Red meat (Q.56), poultry (0.58), Fish and shellfish (0.51),
pattern vegetable oils (-0.32)
Alcohol and preserved food Chinese liquor (0.29), salty taste preference (0.02), tea
Dietary pattern4 6.89 P (0.33), pickled vegetables (0.61), salt-cured meat and fish
co-consumption pattern
(0.66)
Cumulative explained 3657

variance

"Walues represent the sparse loading coefficients for each variable within the identified patterns. Positive loadings indicate a direct association with
the pattern, while negative loadings indicate an inverse association; ?Salty taste preference was included as a standardised categorical variable in
the model.

All statistical analyses were performed using R software (version 4.5.0). Analyses were conducted primarily
using the tidyverse, cluster, survival, psych, mice, tableone, ggplot2, and epiR packages. A two-sided P < 0.05
was considered statistically significant.

RESULTS

Characteristics of the Anhui population

A total of 2,548 participants were included, comprising 1,911 in the discovery set and 637 in the validation
set. The 2 sets were generally comparable in baseline characteristics. The proportion of females was similar in
the discovery and validation sets (59.6% vs. 59.2%), and no significant differences were observed in age,
education level, annual household per capita income, marital status, smoking status, alcohol drinking, BMI,
energy intake, physical activity, or diabetes prevalence. (all P > 0.05) [Supplementary Table 2].

Dietary patterns derived in the discovery set

We identified 4 dietary patterns in the discovery set (n = 1,911) [Table 1]. The clustering solution showed a
low average silhouette width (0.07) [Supplementary Figure 2]. The KMO values for the 4 variable clusters
were 0.50, 0.81, 0.66, and 0.52, respectively, and Bartlett’s tests were all significant (P < 0.001), supporting the
suitability of local PCA within each cluster. These 4 dietary patterns explained 12.70%, 8.50%, 8.48%, and
6.89% of the total dietary variability, respectively, and 36.57% of the total variance in food intake overall. The
first dietary pattern, labeled the high refined grain-low whole grain pattern, was characterised by high
positive loadings for refined grains (0.71) and a negative loading for whole grains (-0.71). The second dietary
pattern, designated the diverse plant-based pattern, was characterised by high intakes of dark vegetables
(0.34), cucurbitaceous vegetables (0.34), legumes and legume products (0.40), and mushrooms and algae
(0.41). The third dietary pattern, termed the red meat-poultry-aquatic product pattern, featured high
loadings for poultry (0.58), red meat (0.56), and fish and shellfish (0.51), along with a negative loading for
vegetable oils (-0.32). The fourth dietary pattern, the alcohol and preserved food co-consumption pattern,
was characterised by the co-consumption of salt-cured meat (0.66), pickled vegetables (0.61), tea (0.33), and
Chinese liquor (0.29).

Pattern consistency and internal stability
The consistency and stability of the derived dietary patterns were confirmed [Supplementary Table 3]. In the
validation set (n = 637), the patterns showed high consistency compared with those in the discovery set, with
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Table 2. Characteristics of PLC cases and matched controls in the Anhui population2?

Cases Controls P SMD
No. of participants 277 554
Female (%) 235 235 1.00 < 0.01
Age (years) 58 (53,67) 58 (53,67) 0.91 < 0.01
Education (%) <0.01 0.35
Primary school or below 26.4 40.4
Junior high school 58.8 46.2
Senior high school or above 13.4 13.4
NA 1.4 0.0
Income (%) <0.01 0.26
<10, 000 Yuan 44.8 48.0
10,000-20,000 Yuan 25.6 262
>20, 000 Yuan 235 245
NA 6.1 13
Married (%) 91.0 86.3 0.10 0.17
Smoking status (%) 0.65 0.06
Never smokers 49.5 48.6
Former or current smokers 49.5 50.9
NA 11 0.5
Alcohol drinking (%) 0.67 0.10
Never or light drinkers 67.5 66.6
Moderate drinkers 16.6 17.0
Heavy drinkers 13.4 12.3
NA 25 42
BMI (kg/m?) 22.8(20.6,25.4) 24.6(22.7,27.1) <0.01 0.56
Energy intake (kcal/day) 1,838 (1,420, 2326) 2,601(2,072,3,181) <0.01 0.93
Physical activity (METs-h/week) 94 (59, 154) 129 (83, 206) <0.01 0.35
HBYV infection (%) 45.1 52 <0.01 1.03
Diabetes (%) 6.1 14.8 <0.01 0.29

'Continuous variables were presented as median (IQR), while categorical variables are presented as %; ?Values of polytomous variables may not
sum to 100% due to missing values or rounding; 3P values were derived from the Wilcoxon rank-sum test for continuous variables and the
chi-square test for categorical variables. BMI: Body mass index; HBV: hepatitis B virus; MET: metabolic equivalent of task; IQR: interquartile range;
PLC: primary liver cancer.

TCC values of 1.00, 0.98, 1.00, and 0.99, respectively. Furthermore, internal stability assessed via iterative
subsampling in the discovery set yielded Jaccard coefficients ranging from 0.62 to 1.00, indicating acceptable
to high stability.

Characteristics of cases and controls
Following age and gender matching, the final analysis included 277 PLC cases and 554 controls. The 2 groups
had identical gender distributions (23.5% female) and comparable median ages (58 years; IQR: 53, 67).

Compared with controls, cases had higher education levels and lower household income, BMI (22.8 kg/m? vs.
24.6 kg/m?), total energy intake (1,838 kcal/day vs. 2,601 kcal/day), and physical activity (94
MET-hours/week vs. 129 MET-hours/week). Regarding clinical history, the prevalence of HBV infection was
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Table 3. Associations between dietary pattern scores and the risk of PLC in the 1:2 matched case-control study (n = 831)"23

OR (95%CI)
Pfrend
T T2 T3

High refined grain-low whole grain pattern
Model 1 1 (reference) 3.44 (2.13,5.55) 4.83(3.02,7.72) <0.01
Model 2 1 (reference) 3.41(1.63,7.13) 4.60 (2.27,9.33) <0.01
Diverse plant-based pattern
Model 1 1 (reference) 0.87 (0.60, 1.28) 1.69 (1.19, 2.40) <0.01
Model 2 1 (reference) 0.66 (0.30,1.43) 1.73 (0.86, 3.46) 0.12
Red meat-poultry-aquatic product pattern
Model 1 1 (reference) 1.38 (0.95, 2.02) 212 (1.45,3.11) <0.01
Model 2 1 (reference) 1.41(0.78, 2.56) 2.18 (1.22,3.90) <0.01
Alcohol and preserved food co-consumption pattern
Model 1 1 (reference) 0.66 (0.44,0.98) 1.64 (114, 2.35) <0.01
Model 2 1 (reference) 0.79 (0.41,1.50) 2.41(1.27,4.54) <0.01

"Model 1 was unadjusted. Model 2 was adjusted for education (primary school or below, junior high school, senior high school or above), annual
household per capita income (< 10,000 Yuan, 10,000-20,000 Yuan, > 20,000 Yuan), energy intake (kcal/day, continuous), marital status,
smoking status (never, former or current), alcohol drinking (never or light, moderate, heavy), physical activity (continuous), BMI (continuous),
diabetes, HBV infection at baseline; 2For each participant, the score for a given dietary pattern was calculated as the sum of the standardised intakes
of the food groups multiplied by their corresponding loading coefficients derived from the discovery set. Higher scores indicated greater conformity
to the corresponding dietary pattern; 3The trend tests were conducted using the median value of each tertile as a continuous variable. BMI: Body
mass index; OR: odds ratio; Cl: confidence interval; PLC: primary liver cancer.

higher in cases than in controls (45.1% vs. 5.2%), whereas the prevalence of diabetes was lower in cases than
in controls (6.1% vs. 14.8%) (all P < 0.05). No significant differences were observed in marital status, smoking
status, or alcohol consumption between the 2 groups (all P > 0.05) [Table 2].

Association between dietary patterns and PLC risk

The associations between the 4 identified dietary patterns and PLC risk are presented in Table 3. In the
multivariable-adjusted model (Model 2), comparing the highest vs. lowest tertiles, 3 of the 4 dietary patterns
showed positive associations with PLC risk: the high refined grain-low whole grain pattern (OR = 4.60;
95%Cl: 2.27, 9.33), the alcohol and preserved food co-consumption pattern (OR = 2.41; 95%CI: 1.27, 4.54),

and the red meat-poultry-aquatic product pattern (OR = 2.18; 95%ClI: 1.22, 3.90) (all P, , < 0.05). Conversely,

tren
the diverse plant-based pattern showed no statistical association (OR = 1.73; 95%CI: 0.86, 3.46). A Bayesian
information criterion (BIC)-based Bayes factor analysis for this pattern yielded BF | = 5.68, indicating that

the data provided greater support for the null model.

Component-exclusion sensitivity analyses

Component exclusion sensitivity analyses [Figure 2] showed that the observed associations were largely
driven by specific food groups. For the high refined grain-low whole grain pattern, excluding refined grains
attenuated the association, whereas excluding whole grains strengthened it. For the diverse plant-based
pattern, a positive association was observed after excluding legumes and legume products, mushrooms and
algae, eggs, or fruits. The association for the red meat-poultry-aquatic product pattern was no longer
observed after excluding vegetable oils, but was strengthened when poultry was excluded. Similarly, for the
alcohol and preserved food co-consumption pattern, the association was attenuated after excluding Chinese
liquor or pickled vegetables, but was strengthened when tea was excluded.
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Component exclusion OR (95% CI) P trend
High refined grain-low whole grain pattern
Original ——— 460(2.27,9.33) <0.01

Exclude whole grains ———539(2.61,11.14) <0.01

Exclude refined grains —— 2.80(1.43,5.48) <0.01

Diverse plant-based pattern

Original —— 1.73(0.86,3.46) 0.12
Exclude tubers —i—o— 1.31(0.67,2.56) 0.40
Exclude dark vegetables - 1.57 (0.81,3.05) 0.17
Exclude cucurbitaceous vegetables —E—.— 1.60 (0.81,3.15) 0.14
Exclude allium vegetables —i—o— 1.72 (0.84,3.50) 0.10
Exclude legumes and legume products i—o— 2.15(1.08,4.26) 0.02
Exclude mushrooms and algae —— 216 (1.08,4.30) 0.02
Exclude fruits i ——— 298(1.40,6.33) <0.01
Exclude eggs —— 2.13(1.04,4.36) 0.03
Exclude dairy products i—-— 1.98 (0.99,3.96) 0.05
Exclude nuts and seeds —— 1.76 (0.89,347) 0.07
Red meat-poultry-aquatic product pattern i
Original | —— 2.18(1.22,3.90) <0.01
Exclude red meat i—o— 1.93(1.10,3.39) 0.02
Exclude poultry | —— 2.79 (1.563,5.08) <0.01
Exclude fish and shellfish i—.— 1.87(1.03,3.38) 0.04
Exclude vegetable oils ﬂ:—o— 1.65(0.94,2.92) 0.09
Alcohol and preserved food co-consumption pattern i
Original | —— 2.41(1.27,4.54) <0.01
Exclude Chinese liquor —:'— 1.04 (0.59,1.82) 0.92
Exclude salty taste preference i—-— 214 (1.14,4.05) 0.01
Exclude tea . — 2.53 (1.34,4.77)  <0.01
Exclude pickled vegetables - 1.71(0.81,3.63) 0.39
Exclude salt-cured meat and fish i—o— 218 (1.11,4.30) 0.02
051 2 5 10

Figure 2. Forest plot of the component-exclusion sensitivity analyses for the associations between dietary pattern scores and the risk of
PLC in the 1:2 matched case-control study (n = 831). The model was adjusted for education (primary school or below, junior high school,
senior high school or above), annual household per capita income (< 10,000 Yuan, 10,000-20,000 Yuan, > 20,000 Yuan), energy intake
(kcal/day, continuous), marital status, smoking status (never, former or current), alcohol drinking (never or light, moderate, heavy),
physical activity (continuous), BMI (continuous), diabetes, HBV infection at baseline. The component exclusion approach involved
iteratively recalculating the pattern scores by setting the loading of the specified food group to zero while retaining the original weights for
all other loadings. The trend tests were conducted using the median value of each tertile as a continuous variable. BMI: Body mass index;
OR: odds ratio; Cl: confidence interval; PLC: primary liver cancer; HBV: hepatitis B virus.

Subgroup analysis

In the HBV-negative subgroup, the associations between dietary patterns and PLC risk were generally
consistent with the primary results. No statistical interaction between dietary pattern and HBV infection
status was observed for any of the 4 dietary patterns [Supplementary Table 4].
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DISCUSSION

This study, employing a two-stage HCA-PCA approach, identified 4 major dietary patterns among adults in
Anhui and examined their associations with PLC risk. We found that the high-refined-grain-low
whole-grain pattern, the alcohol-and-preserved-food co-consumption pattern, and the
red-meat-poultry-aquatic-product pattern were independently associated with an increased PLC risk. These
associations appeared to be primarily attributable to specific components (Chinese liquor and pickled
vegetables in the alcohol-and-preserved-food co-consumption pattern; red meat and vegetable oils for the
red-meat-poultry-aquatic product pattern) and to a relative absence of potentially protective components
(whole grains in the refined grain pattern). Given the imbalance in HBV infection between cases and
controls at baseline, subgroup analyses were conducted according to HBV status. The associations observed
in the HBV-negative subgroup were consistent with the main results; no statistical interaction was detected.
The HBV-positive subgroup included very few controls (1 = 29); therefore, the corresponding estimates were
considered insufficiently informative and were not presented due to limited statistical power. Overall, these
findings suggest that dietary patterns characterised by higher intake of refined grains, alcohol, pickled
vegetables, vegetable oils, and meat may be relevant to PLC risk in this population.

The high-refined-grain-low whole-grain pattern, characterised by high-refined-grain and low whole-grain
intake, was associated with increased PLC risk. Numerous prospective studies, including data from the
Nurses' Health Study and the Health Professionals Follow-up Study, have reported an inverse association
between higher whole grain intake and the risk of PLC**. In contrast, evidence on refined grains is more
limited. The Women's Health Initiative Observational Study and Nurses’ Health Study found a positive
association between total refined grain intake and PLC risk">*. It is noteworthy that the dietary context in
China differs substantially from that of Western populations. While whole grains in Western diets often
include oats, barley, and whole wheat, the predominant staples in China, particularly in southern and eastern
regions such as Anhui, remain refined rice and wheat products, with whole grain consumption being
low"**, In this context, the observed pattern may reflect poorer carbohydrate quality and lower fiber intake,
which may partly help explain the positive association observed in our study”**”. These findings suggest that,
in this specific dietary setting, reducing reliance on refined staple foods while increasing whole-grain intake
may represent a relevant dietary strategy to improve overall carbohydrate quality and potentially lower PLC
risk.

The alcohol and preserved food co-consumption pattern, characterised by higher intake of Chinese liquor
and salt-cured foods, was associated with an increased risk of PLC in our study. Existing evidence from
large-scale cohorts in China has consistently reported a positive dose-response association between alcohol
consumption and PLC, suggesting alcohol as an important contributor to this pattern®. Mechanistically,
although alcohol-related and metabolic fatty liver disease arise from different initial triggers, they share
downstream pathways including oxidative stress, chronic inflammation, fibrosis, and gut-liver axis
dysfunction, all of which may contribute to hepatocarcinogenesis™. Our sensitivity analyses showed that the
association was no longer observed after excluding Chinese liquor or pickled vegetables from the pattern
score. In contrast, exclusion of tea strengthened the association, consistent with previous meta-analyses
reporting an inverse association between tea consumption and PLC risk!*>*l. Finally, exclusion of salt-cured
meat and fish, or a salty taste preference, attenuated the risk estimate. These findings are consistent with the
epidemiological literature, in which preserved foods and salt intake have been associated with increased
cancer risk. For instance, a case-control study in Guangdong, China, identified a positive association between
a preserved food-related dietary pattern and PLC, and other studies have similarly reported elevated risks of
ovarian cancer and nasopharyngeal carcinoma associated with high intake of preserved foods and salt in
China, the United Kingdom, and Japan'****. Overall, these findings suggest that higher consumption of
Chinese liquor and preserved foods, along with lower tea intake, may be associated with an increased risk of
PLC in this population.
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The red meat-poultry-aquatic product pattern, characterised by high intakes of red meat, poultry, fish, and
shellfish, was associated with an increased risk of PLC in our study. This finding is consistent with results
from a hospital-based case-control study in the United States, a case-control study in China, the prospective
UK Biobank study, and a meta-analysis, all of which reported positive associations between meat-dominant
dietary patterns and PLC risk!"**»*>*?) In our component-exclusion sensitivity analyses, the positive
association persisted after excluding red meat, fish, and shellfish, but was attenuated and became
non-significant after excluding vegetable oils; by contrast, the association was strengthened when poultry was
excluded. These findings are partly consistent with evidence from the National Institutes of Health -
American Association of Retired Persons (NIH-AARP) Diet and Health Study, in which replacing red meat
with poultry was associated with a lower risk of PLC, whereas replacing poultry with red meat was associated
with a higher risk!”). They are also consistent with findings from the Nurses’ Health Study, suggesting an
inverse association between unsaturated fatty acid intake and PLC risk™*®. Although prior studies have often

12,13,49

reported inverse or null associations for fish intake! |, the association observed after excluding fish and
shellfish from our analysis may reflect the internal composition and correlation structure of this dietary
pattern in the Anhui population, rather than a direct influence of fish and shellfish. This observation
highlights the importance of interpreting pattern-based associations in light of local dietary context and the
correlation structure of co-consumed foods. This suggests that, in this specific Anhui dietary context, the
adverse effects of higher red meat intake and lower vegetable oil-related pattern expression may partly offset
any potential benefit associated with co-consumed poultry products. Our findings suggest the dietary
practice of appropriately reducing red meat frequency and portion size, while encouraging substitution with

poultry and increasing the intake of vegetable oils.

The diverse plant-based pattern, characterised by high intake of vegetables, legumes and legume products,
fruits, and other plant-derived foods, was not associated with PLC risk in our study (BF , = 5.68). This
finding differs from many previous studies, suggesting that higher intakes of plant foods are generally
associated with a lower risk of PLC. For example, a case-control study in Guangdong and a prospective
cohort study in Shanghai reported inverse associations between vegetable-based dietary patterns and
PLC!"»#%. A case-control study from the United States found that the inverse association between a prudent
dietary pattern and PLC risk was more evident among women'**.. However, some studies from Shanghai
have also suggested that certain vegetables may be positively associated with PLC risk"*'!. In our
component-exclusion sensitivity analyses, a positive association with PLC risk emerged after excluding fruits,
legumes and legume products, mushrooms and algae, or eggs, whereas the exclusion of other plant-based
components did not change the association. These findings are consistent with previous research on fruits,
legumes and legume products, mushrooms and algae, or eggs'">*»*>**. Several features of our study may help
reconcile this discrepancy. One possibility is that the observed association may be subject to survivor bias
and protopathic bias"*>**). Additionally, local cooking practices in Anhui often involve high-temperature
stir-fries with oil and salt, rather than consumption in raw or minimally processed forms. Such preparation
methods may reduce the levels of heat-sensitive nutrients and alter the nutritional profile of vegetables**"!.
Studies in Hong Kong have identified stir-fried vegetables as a major dietary source of acrylamide'*®..
Furthermore, high-temperature cooking may also promote the formation of advanced glycation end
products and other heat-induced compounds'®’. Notably, our sensitivity analysis provides some support for
this interpretation. Excluding fruits revealed a positive association with PLC risk. This suggests that raw,
antioxidant-rich fruits may partly offset the observed association within the pattern. Given this, we may need
to focus not only on increasing the intake of plant-based foods but also on how foods are prepared and
paired in the real world. For instance, suggesting fruit intake, reducing added oil and salt during vegetable
preparation, and adopting less intensive cooking methods when feasible may help align plant-based eating

with risk reduction.
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The primary strength of this study is the use of an FFQ that has been validated for reliability and validity,
supporting the accuracy of the dietary assessment">*°!. Additionally, the inclusion of PLC cases from a
multicenter dataset enhances the representativeness of the study population. However, several limitations
should be acknowledged. First, although we enrolled newly diagnosed PLC cases and excluded individuals
with recent changes in dietary habits, total energy intake still differed between cases and controls. Therefore,
the inherent case-control design precludes causal inference and may be susceptible to reverse causality.
Second, protopathic bias is a particular concern, especially regarding the diverse plant-based patterns. Third,
residual confounding cannot be ruled out. In particular, we lacked direct biomarkers of aflatoxin B1
exposure, detailed residence-based exposure information, and HCV data for the PLC case group. Therefore,
both the grain-related associations and potential etiologic heterogeneity by viral hepatitis status should be
interpreted with caution. Fourth, the component-exclusion analyses were intended to describe dietary
structure and assess robustness, and should not be interpreted as reflecting the independent association of
individual food groups. Finally, because dietary structures differ across regions, the generalizability of our
findings requires further validation in other populations. Prospective cohort studies incorporating
multi-omics approaches are needed to clarify the underlying biological mechanisms.

In conclusion, this study identified several dietary patterns associated with PLC risk in the Anhui population.
Our findings suggest that dietary patterns characterised by refined grains, red meat, and the co-consumption
of Chinese liquor and preserved foods were associated with an increased risk of PLC. These results highlight
the need to consider region-specific dietary habits and cultural contexts when understanding PLC etiology.
Further validation in prospective cohort studies is warranted.
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