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Results: Among 720 eligible participants (mean age 52.44+14.30 years; body mass index
23.82+3.46 kg/m?), colorectal adenoma was identified in 266 (36.9%). Higher intake of B-carotene
and vitamin A was associated with a significantly lower prevalence of colorectal adenoma (p for
trend <0.05). Adjusted ORs for the highest versus lowest quartile were 0.43 (95% confidence in-
terval [Cl], 0.20 to 0.91) for B-carotene and 0.34 (95% Cl, 0.15 to 0.76) for vitamin A. Conversely,
higher retinol intake was linked to increased adenoma prevalence (OR, 2.16; 95% CI, 1.09 to
4.29), particularly among individuals with high-fat diets. Meta-analysis confirmed a protective as-
sociation for B-carotene (OR, 0.60; 95% Cl, 0.46 to 0.78), but not for vitamin A or retinol.

Conclusions: We demonstrated an inverse association between -carotene and colorectal ad-
enoma prevalence, whereas the effects of vitamin A and retinol appeared to vary depending on
dietary context. These findings highlight the complex influence of dietary pattern and nutrient
sources on colorectal adenoma risk. (Gut Liver, Published online August 8, 2025)
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INTRODUCTION established pathway of colorectal carcinogenesis, in which

oxidative is thought to play a significant role." Oxidative
The colorectal adenoma-carcinoma sequence is a well- stress arises when the production of free radicals and
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reactive oxygen species exceeds the cellular antioxidant
defense capacity.” Excess reactive oxygen species can dam-
age genomic and mitochondrial DNA, induce molecular
mutations, and dysregulate key signaling pathways.’ These
changes may promote abnormal cellular proliferation and
contribute to the initiation and progression of colorectal
adenoma.

Antioxidants, which neutralize free radicals, and miti-
gate oxidative damage, have garnered attention, as poten-
tial chemopreventive agents. Fruits, vegetables, and whole
grains are major dietary sources of dietary antioxidants,
such as B-carotene, vitamin A, vitamin C, vitamin E, and
selenium. Accordingly, dietary antioxidant intake has
been proposed as a strategy to reduce cellular damage, and
modulate immune function, and potentially suppress the
development of colorectal neoplasia.**

Since the 1980s, numerous epidemiological studies have
explored the role of antioxidants in gastrointestinal cancer
prevention.”” Observational and experimental studies,
including case-control studies, cohort, and randomized
controlled trials, have reported mixed outcomes,"”"* and
meta-analyses have not conclusively established their effec-
tiveness.'*'® These inconsistencies arise from population
differences, dietary variations, supplement use, and study
designs, leading to substantial heterogeneity. In particular,
research on antioxidant intake and colorectal adenomas,
which are precursor lesions to cancer, is relatively lim-
ited. Moreover, many studies rely on self-reported cancer
screening outcomes rather than colonoscopy-confirmed
diagnoses, which may reduce accuracy.

In this study, we investigated the associations between
dietary intake of B-carotene, vitamin A, and retinol and the
prevalence of colorectal adenomas, using data from self-
reported food frequency questionnaires (FFQs) admin-
istered prior to colonoscopy. In addition, we conducted a
meta-analysis incorporating case-control and cohort stud-
ies to contextualize our findings. This integrated approach
aims to clarify the role of specific antioxidant nutrients in
colorectal adenoma prevention and inform future dietary
recommendations.

1,142 Enroliment at baseline

MATERIALS AND METHODS

1. Study design and participants

This study included participants who underwent gas-
trointestinal endoscopy at eight hospitals in Korea (July
2021 to October 2023). Participants, aged >19, were asked
to complete a detailed questionnaire on demographics,
medical history, lifestyle, and dietary intake before elective
endoscopy. We excluded individuals with missing infor-
mation on colorectal adenoma diagnosis (n=377) or those
diagnosed with colorectal cancer (n=19). Additionally,
participants with missing FFQ data (n=11), or implausible
energy intake (<360.1 kcal/day or 29,290 kcal/day, cor-
responding to more than 3 standard deviations above or
below the mean of the log-transformed energy intake)
(n=15) were excluded. After these exclusions, a total of 720
participants were included in the analysis (Fig. 1). This
study shares part of the participant cohort with our previ-
ous study examining dietary calcium intake and colorectal
adenoma risk.”” This study was approved by the Institu-
tional Review Board of each hospital; Chonnam National
University Hospital (CNUH-2021-250), Chungnam Na-
tional University Sejong Hospital (CNUSH 2021-08-002),
Donguk University Hospital (DUIH 2021-03-030-005),
Kyungpook National University Hospital (KNUH 2021-
05-011), Chungbuk National University Hospital (CBNUH
2021-07-027-001), Kangwon National University Hospital
(KNUH-A-2021-05-011-012), Eulji University Hospital
(EMCS 2022-12-015), and Jeju National University Hospi-
tal (2021-06-005). All subjects participated voluntarily and
provide informed consent.

2. FFQ-assessment of B-carotene, vitamin A, and

retinol intake

Dietary intake of B-carotene, vitamin A, and retinol
were assessed using a validated semiquantitative 113-item
FFQ, developed for the Korean population by the Korea
National Health and Nutrition Examination Survey Team
of the Korean Centers for Disease Control and Prevention
based on 1-day 24-hour data collected from adults aged
>19 years in the fourth Korea National Health and Nutri-
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422 Exclusion factors
377 No colonoscopy results
19 Colorectal cancer
" 11 Missing FFQ
15 Implausible energy (+3 standard deviation,
<360.1 kcal/day or 29,290 kcal/day)

Fig. 1. CONSORT (Consolidated
Standards of Reporting Trials) flow

720 Participants included in analysis
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diagram for subjects of this study.
FFQ, food frequency questionnaire.
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tion Examination Survey (2007 to 2009).” The validation
and reliability of the FFQ have been previously described.”
Participants reported the frequency and quantity of each
food item consumed over the past year. Dietary intake
was calculated by multiplying consumption frequency by
portion size and nutrient content from the eighth edition
Korean Food Composition Table.” To distinguish between
performed vitamin A (retinol) and provitamin A carot-
enoids (such as B-carotene), each nutrient was analyzed

separately using data from the Korean Food Composition
Table.

1) Data analysis
(1) Assessment of covariates

Participants completed a structured questionnaire on
sociodemographic, lifestyle, and clinical characteristics, in-
cluding age, sex, education, smoking status, physical activ-
ity, colon polyp history, hypertension, diabetes, and aspirin
use. Smoking history included smoking status, pack-years,
age at initiation, and age at cessation. Physical activity was
assessed using metabolic equivalent of tasks (METs) hours
per week.” Body mass index was calculated from height
and weight measured at each hospital. Diabetes and hyper-
tension were defined based on a self-reported diagnosis or
medication use. Alcohol intake (g/day) was estimated from
ethanol content in beer, soju, wine, and rice wine over the
past year.

(2) Ascertainment of colorectal adenomas

Colorectal adenomas were confirmed by trained gas-
troenterologists through colonoscopy and histopathology.
Anatomic subsites were classified as proximal (cecum,
ascending, and transverse colon) and distal (descending,
sigmoid colon, and rectum). Due to the limited rectal ade-
noma cases (n=9), they were merged with the distal group.
Advanced adenomas were defined as lesions with villous
components, a diameter of 210 mm, or the presence of
high-grade dysplasia.

(3) Statistical analysis

Dietary intakes of B-carotene, vitamin A, and retinol
were energy-adjusted using the residual model.” Odds
ratio (OR) and 95% confidence intervals (CIs) were calcu-
lated using multivariate logistic regression models to assess
the association with the colorectal adenoma prevalence.
Participants were categorized into quartiles, and trend tests
used median quartile values as continuous variables.

Multivariate logistic regression models were adjusted
for the covariates described above, including demographic,
lifestyle, and dietary factors. Additional adjustments were
made for dietary calcium and fiber intake. Missing pack-

years (7% past smokers, 1% current smokers) were handled
separately, and other missing categorical values (<5%) were
imputed using the modal category. Subgroup analyses were
conducted by colorectal subsite (proximal vs distal), red/
processed meat intake, and total fat intake to assess effect
modification.

Vitamin A intake was primarily analyzed in retinol
equivalents (RE; ugRE/day), and sensitivity analyses us-
ing retinal activity equivalents (RAE) were conducted to
account for differences in bioavailability across vitamin A
sources. The conversion was performed using the formula
to account for bioavailability differences:*

Vitamin A (ug RAE)=retinol (ug)+(p-carotene
(ug)/12)+(other provitamin A carotenoids (ug)/24).

All statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute, Cary, NC, USA), and two-sided p-
values of <0.05 were considered statistically significant.

2) Meta-analysis
(1) Data sources and searches

A structured search of PubMed was conducted by two
independent investigators (J.C. and J.K.) for studies pub-
lished between January 1, 1991, and December 31, 2023.
To ensure reliability, two blinded assessors independently
evaluated study quality, unaware of study outcomes or au-
thorship. Stratified analyses and meta-regression assessed
study design, sample size, and geographic region to address
heterogeneity.

Studies were identified using Medical Subject Headings
(MeSH) and keywords based on the following two search
strategies. The first strategy included: (1) B-carotene or vi-
tamin A or retinol; (2) adenoma or polyp or polyps; and (3)
colorectal or colon or rectal or colorectum or large bowel.
The second strategy included: (1) antioxidant or micronu-
trient or nutrient or nutritional; (2) adenoma or polyp or
polyps; and (3) colorectal or colon or rectal or colorectum
or large bowel. Additionally, reference lists of relevant ar-
ticles were reviewed for further studies.

(2) Study selection and quality assessment

Studies on the association between dietary intake of
[-carotene, vitamin A, and retinol and colorectal adenoma
were included if they: (1) had a case-control or cohort de-
sign, and (2) reported OR or relative risk (RR) estimates
with 95% ClIs. Excluded studies included animal and mo-
lecular/genetic studies, and clinical studies assessing only
supplemental intake, reporting only blood/tissue levels,
lacking variability measures, or not written in English.
Two reviewers independently extracted key study data, in-
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cluding design, population, sample size, dietary exposure,
outcomes, and risk estimates, using a standardized form.
Study quality was assessed using the Newcastle-Ottawa
Scale,” and discrepancies were resolved by consensus.

(3) Data extraction

Data extracted from the articles included: first author,
published year, country, study design, sex, sample size (cas-
es/controls or total participants), endpoint (first adenoma,
recurrent adenoma, or both), nutrient type, fully adjusted
ORs or RRs (95% Cls) for the highest versus lowest intake
group, and adjusted covariates. For studies reporting both
hospital-based and population-based controls, population-
based data were used.” Studies with separate results for
first and recurrent adenoma were treated independently,
as participant groups differed.”® The meta-analysis was
performed in accordance with the Meta-analysis of Obser-
vational Studies in Epidemiology guidelines.”

(4) Statistical analysis

We used a random-effects model (DerSimonian &
Laird) to calculate RRs and 95% CIs for colorectal ad-
enoma.” Q and I” statistics assessed heterogeneity, with
study weights assigned inversely to variance. For sensitiv-
ity analyses, we examined studies focusing on either first-
occurrence or recurrent adenoma. Publication bias was
evaluated using Egger’s regression asymmetry test and
funnel plot, but only for dietary B-carotene and vitamin A
due to the limited number of retinol studies. We conducted
subgroup analyses by geographic region (North America,
Europe, Asia) and meta-regression to explore regional
effects. All statistical analyses were performed using the
R version 4.2.2 (R Foundation for Statistical Computing,
Vienna, Austria) with the software package ‘meta’” Two-
sided p values of less than 0.05 were considered statistically
significant.

RESULTS

The study included 392 men and 328 women, with a
mean age of 52.44+14.30 years and a mean body mass
index of 23.82+3.46 kg/m’. Colorectal adenoma was de-
tected in 266 participants. While all participants met the
recommended (3-carotene intake (430 to 7,000 ng), the
reference group (1st quartile) had vitamin A intake below
the recommended range (500 to 3,000 ug).” Baseline char-
acteristics of this study population are presented in Table 1.
Supplementary Tables 1-3 provide detailed characteristics
stratified by quartiles of dietary B-carotene, vitamin A, and
retinol intake, respectively.
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Table 2 shows the prevalence of colorectal adenoma by
quartiles of dietary B-carotene, vitamin A, and retinol in-
take, adjusted for covariates. Model 1 adjusted for age, sex,
and total energy intake. Model 2 further adjusted for study
center, body mass index, smoking status, physical activities,
educational level, history of colon polyp resection, years
since last colonoscopy, hypertension, diabetes, aspirin use,
and family history of colorectal cancer. Model 3 addition-
ally adjusted for dietary calcium and dietary fiber intake.

Higher dietary intake of B-carotene and vitamin A was
significantly associated with lower colorectal adenoma
prevalence (p for trend <0.05 in all models). In contrast,
higher retinol intake was associated with an increased
prevalence of colorectal adenoma. In Model 3, participants
in the highest quartile of B-carotene and vitamin A intake

Table 1. Baseline Characteristics of Participants

Characteristic Total (n=720)
Age, yr 52.44+14.30
BMI, kg/m?’ 23.82+3.46
Physical activity (MET-hours/wk]) 23.42+33.34
Sex
Male 392 (54.4)
Female 328 (45.6)
Education level
Below high school 103 (14.3)
High school 273 (37.9)
College or more 341 (47.4)
Missing 3(0.4)
Smoking status
Never 409 (56.8)
Past 191 (26.5)
Current 119 (16.5)
Missing 1(0.1)
History of colon polyp resection
Never 376(52.2)
<2yr 160(22.2)
>2to 4yr 91(12.6)
>hyr 86(11.9)
Missing 7(1.0)
Years since last colonoscopy
First time 178 (24.7)
<lyr 224.(31.1)
>Tto3yr 166 (23.1)
>3y 149 (20.7)
Missing 3(0.4)
Family history of colorectal cancer
Yes 90(12.5)
No 627 (87.1)
Missing 3(0.4)
Hypertension 212 (29.4)
Diabetes 106 (14.7)
Taking aspirin 42(5.8)

Data are presented as meanSD or number (%).
BMI, body mass index; MET, metabolic equivalent task.
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Table 2. Associations between Dietary Intake of -Carotene, Vitamin A and Retinol and Colorectal Adenoma

Quartile 1 (n=180) Quartile 2 (n=180) Quartile 3 (n=180) Quartile 4 (n=180) p for trend

B-Carotene

No. of cases 76 67 59 64

Median (IQR), ug/day 1,451 (1,115-1,688) 2,281 (2,104-2,477) 3,101 (2,876-3,372) 4,711 (4,078-5,860)

Model 1 1 0.82(0.52-1.31) 0.62 (0.39-1.00) 0.58 (0.35-0.94) 0.02

Model 2 1 0.93 (0.55-1.54) 0.69 (0.41-1.18) 0.61(0.35-1.05) 0.05

Model 3 1 0.74(0.41-1.31) 0.49 (0.25-0.95) 0.43 (0.20-0.91) 0.03
Vitamin A

No. of cases 82 b4 57 63

Median (IQR), ugRE/day 341.1(271.5-395.8) 504.5 (460.2-532.1) 654.3(611.3-699.1) 929.0 (824.4-1,142.3)

Model 1 1 0.66 (0.42-1.05) 0.55 (0.34-0.88) 0.52 (0.32-0.85) 0.01

Model 2 1 0.77 (0.47-1.29) 0.59 (0.35-1.00) 0.58 (0.33-1.00) 0.04

Model 3 1 0.55 (0.30-1.00) 0.36 (0.18-0.72) 0.34(0.15-0.76) 0.02
Retinol

No. of cases 72 69 60 65

Median (IQR), ug/day 48.7 (36.9-58.3) 79.6 (73.0-86.9) 108.4(101.6-116.6) 166.2 (144.2-201.8)

Model 1 1 1.29 (0.81-2.06) 1.13(0.70-1.81) 1.22(0.76-1.94) 0.55

Model 2 1 1.37 (0.83-2.28) 1.27(0.77-2.10) 1.50 (0.90-2.52) 0.17

Model 3 1 1.58 (0.92-2.70) 1.69 (0.94-3.05) 2.16(1.09-4.29) 0.04

Data are presented as odds ratio (95% confidence interval).

Model 1 was adjusted for age (years, continuous), sex (male, female), and total energy intake (kcal/day, continuous). Model 2 was further adjusted
for center, body mass index (kg/m? continuous), smoking status (never, past smoker with <18.4 pack-years, past smoker with >18.4 pack-years,
past smoker with missing pack-years, current smoker with <16.5 pack-years, current smoker with >16.5 pack-years), physical activities (MET-
hours/week, continuous), educational level (below high school, high school, college or more), alcohol intake (g/day, continuous), history of colon
polyp resection [never, <2 years, >2 to <4 years, and >4 years), years since most recent colonoscopy (first time, <1 year, >1 to <3 years, and >3 years),
hypertension (yes, no), diabetes (yes, no), taking aspirin (yes, no), and family history of colorectal cancer (yes, no). Model 3 was further adjusted for
variables listed in Model 2 and dietary calcium intake (quartiles), dietary fiber intake (quartiles).

IQR, interquartile range; RE, retinol equivalents; MET, metabolic equivalent task.

showed 57% and 66% lower prevalence of adenoma, re-
spectively, compared to the lowest quartile (p for trend 0.03
and 0.02). Retinol intake was associated with more than
a two-fold increase in prevalence in the highest quartile
(p for trend 0.04). The inverse association for B-carotene
and vitamin A intake were most pronounced in the distal
colon and rectum, whereas no significant associations were
found in the proximal colon (Supplementary Table 4).

1. Interaction between nutrient and red meat intake

on colorectal adenoma prevalence

Table 3 presents the association between nutrient intake
and colorectal adenoma prevalence stratified by red meat
consumption. No statistically significant interactions were
observed (p for interaction>0.05). However, the inverse as-
sociations of 3-carotene and vitamin A intake with adeno-
ma prevalence appeared stronger among participants with
higher red meat consumption (>62 g/day), with significant
trends observed in fully adjusted models (p for trend=0.05
and p for trend=0.02, respectively). In contrast, retinol in-
take showed a positive trend in adenoma prevalence in the
high red meat group, although this did not reach statistical
significance.

2. Interaction between nutrient and fat intake on

colorectal adenoma prevalence

Table 4 presents the interaction between nutrient intake
and dietary fat intake. Although (-carotene and vitamin
A intake were associated with a decreasing trend in ad-
enoma prevalence in both high-fat (>46 g/day) and low-fat
(<46 g/day) groups, the interactions were not statistically
significant (p for interaction>0.05). Notably, retinol intake
showed a significant positive association with adenoma
prevalence in the high-fat intake group (p for trend=0.01),
suggesting that a high-fat diet may potentiate the risk as-
sociated with higher retinol consumption.

3. Meta-analysis

The literature search yielded 392 citations: 286 from
keyword group 1 and 106 from keyword group 2. After ini-
tial screening, 32 papers were selected, with four additional
studies identified through manual searching. Following
removal of duplicates (n=9) and exclusion of irrelevant
studies (n=16), a total of 12 studies—including our own—
were included in the meta-analysis (Fig. 2). Specifically,
eight studies reported on B-carotene intake,””* eight on
23336340 and five on retinol.*****"" Our study
contributed data to all three analyses (Table 5). The qual-
ity assessment for each included study is summarized in

vitamin A,
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392 Articles identified through PubMed searching
286 Keyword 1
106 Keyword 2

360 Exclusions
32 Other nutrient
89 Case report/review/meta-analysis

4

32 Full-text articles screened

A 4

233 Other methodology
6 No English text available

4 Hand searching

A 4

9 Duplicated

4 4

27 Full-text articles screened

1 Our study

16 Exclusions
13 No dietary intake/only supplement intake

} !

12 Articles included in meta-analysis

3 Overlapped population

Fig. 2. Flow diagram of the systematic literature search on the relationship between the risk of colorectal adenoma and dietary -carotene, vitamin A,

and retinol intake.

Supplementary Table 5.

The pooled analysis demonstrated that higher 3-carotene
intake was significantly associated with a lower prevalence
of colorectal adenoma, with a pooled RR of 0.60 (95% CI,
0.46 to 0.78), accompanied by moderate heterogeneity
(I’=56%, p=0.03) (Table 6, Fig. 3). The protective effect was
more pronounced in studies conducted in Asian (RR, 0.32;
95% CI, 0.18 to 0.58) and North American populations (RR,
0.72; 95% CI, 0.65 to 0.81), with no heterogeneity observed
within these regions (Table 6, Fig. 4). In contrast, studies
from Europe reported a pooled RR of 0.45 (95% CI, 0.14
to 1.48) with substantial heterogeneity (I’=86%, p<0.01),
suggesting regional variability. Meta-regression analysis in-
dicated a marginally significant regional interaction (p for
interaction=0.06) for B-carotene intake.

For dietary vitamin A intake, the pooled RR was 0.79
(95% CI, 0.53 to 1.17), indicating no significant association
with colorectal adenoma risk. However, substantial hetero-
geneity was observed across studies (I’=72%, p<0.01) (Table
6, Fig. 5). Regional subgroup analyses showed pooled RR
of 0.82 (95% CI, 0.36 to 1.85) for Europe (I’=63%, p=0.07),
0.67 (95% CI, 0.39 to 1.14) for North America, and 0.82
(95% CI, 0.41 to 1.66) for Asia. No significant heterogene-
ity was detected in the latter two regions (Table 6, Fig. 6).
Meta-regression analysis did not identify any significant
regional interaction (p for interaction=0.92). Regarding
dietary retinol intake, the pooled RR was 1.03 (95% CI, 0.73
to 1.48), suggesting no significant association with colorec-

8 www.gutnliver.org

tal adenoma risk (Table 6, Fig. 7). Moderate heterogeneity
was present (I°=52%, p=0.08).

Publication bias was not detected in the analyses of di-
etary B-carotene intake and vitamin A intake, as confirmed
by funnel plot evaluation and Egger’s test (p>0.05) (Supple-
mentary Fig. 1).

DISCUSSION

This study examined the association between dietary
f-carotene, vitamin A, and retinol intake and the preva-
lence of colorectal adenoma through FFQ analysis and
colonoscopy. We found that higher dietary [3-carotene and
vitamin A intake were associated with a lower prevalence
of colorectal adenoma, while higher retinol intake showed
an increasing trend. Our meta-analysis supported a protec-
tive effect of dietary B-carotene intake but did not find a
significant association for vitamin A. The results for reti-
nol intake varied across studies, suggesting that regional,
genetic and study specific factors may influence the out-
comes, highlighting the need for further investigation.

Despite evidence from several studies suggesting that
f3-carotene and vitamin A may reduce the risk of colorectal

32-35,37,39 . . .
results across studies have been inconsis-

adenoma,
28,40,42-46 . . . . e

tent. These discrepancies may arise from variations

in nutrient intake methods, cooking methods, dietary pat-

terns, and lifestyle factors. For instance, Giovannucci et
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Table 6. Meta-Analyses of the Highest versus Lowest Quartiles Dietary Intake of B-Carotene, Vitamin A, and Retinol and Colorectal Adenoma

-Carotene intake Vitamin A intake Retinol intake

No. of Pooled RR
studies (95% ClI)

Subgroup N of  Pooled RR
studies (95% Cl)

No. of Pooled RR

2(0 ~
studies  (95%Cl) Pkl el

(%) p-value (%) p-value

All 8  0.60(0.46-0.78) 56 0.03 8 0.79(053-1.17) 72  <0.01 5 1.03(0.73-1.48) 52 0.08
Region

North America 4  0.72(0.65-0.81) 0 0.97 3 0.67(0.39-1.14) 56 0.13 1 1.01(0.74-1.39)  NA

Europe 2 045(0.14-1.48) 86  <0.01 2 0.82(0.36-1.85) 63 0.07 1 1.10(0.70-1.80) NA

Asia 2 032(0.18-058) O 0.35 3 0.82(0.41-1.66) 79  <0.01 3 0.94(0.40-2.23) 76 0.02

Forest plots of these results are available in Table 6. Egger’s test for publication bias: p=0.11 for 3-carotene, p=0.60 for vitamin A, and p=0.72 for
retinol. p for interaction by region: p=0.06 for B-carotene, p=0.92 for vitamin A, and p=0.98 for retinol.
RR, relative risk; Cl, confidence interval; NA, not applicable.

Study Year Country Sex Relative risk RR  95% ClI Weight
Enger et al. 1996 USA C —) 0.80 [0.40;1.30] 11.7%
Breuer-Katschinski et al. 2001 Germany C - | 0.24 [0.11; 0.50] 8.5%
Steck-Scott et al. 2004 USA C —i—I—— 0.75 [0.49;1.15] 16.0%
Senesse et al. 2005 France C —— 0.80 [0.50;1.30] 14.5%
Ramadas 2010 Malaysia C -— 0.21 [0.07; 0.59] 5.1%
Jung et al. 2013 USA M = 3 0.72 [0.64;0.81] 25.7%
Jacobs et al. 2023 USA C ——— 0.65 [0.48; 1.90] 9.7%
Our study 2024 Korea C <—I—i— 0.39 [0.19; 0.82] 8.9%
1
Random effects model ‘ 0.60 [0.46;0.78] 100.0%

H . 2: 0, = r T
Heterogeneity: 1'=56%, p=0.03 02 05 1 2 35
Fig. 3. Forest plot of lowest versus highest quartiles of dietary B-carotene intake in observational studies. The black squares indicate the study-
specific RRs; the horizontal lines represent the 95% Cls. The size of each square is proportional to the study weight. The dashed line shows the
overall pooled RR, and the diamonds indicate the 95% Cls of the pooled RRs. M, men; C, combined sex; RR, relative risk; Cl, confidence interval.

Study Year Country Sex Relative risk RR  95% ClI Weight
North America 1

Enger et al. 1996 USA C — 0.80 [0.40;1.30] 11.7%
Steck-Scott et al. 2004 USA C —i—I—— 0.75 [0.49;1.15] 16.0%
Jung et al. 2013 USA M :. 0.72 [0.64;0.81] 25.7%
Jacobs et al. 2023 USA C —— 0.65 [0.48; 1.90] 9.7%

Random eﬁectszmodel L 4 0.72 [0.65;0.81] 63.0%
Heterogeneity: 1'=0%, p=0.97

Europe
Breuer-Katschinski et al. 2001 Germany C —_— 0.24 [0.11; 0.50] 8.5%
Senesse et al. 2005 France C ——— 0.80 [0.50;1.30] 14.5%
Random effects model e —— 0.45 [0.14; 1.48] 23.0%
Heterogeneity: 1'=86%, p<0.01 i
Asia i
Ramadas 2010 Malaysia C < = ] 0.21 [0.07; 0.59] 5.1%
Our study 2024 Korea C R 0.39 [0.19; 0.82] 8.9%
Random eﬁectszmodel ’i 0.32 [0.18;0.58] 14.0%
Heterogeneity: 1'=0%, p=0.35 !

1

1
Random effects model - 0.60 [0.46;0.78] 100.0%
Heterogeneity: 1°=56%, p=0.03 0.1 0.5 1 2

Fig. 4. Forest plot for lowest versus highest quartiles of dietary B-carotene intake in observational studies according to region. The black squares
indicate the study-specific RRs; the horizontal lines represent the 95% Cls. The size of each square is proportional to the study weight. The dashed
line shows the overall pooled RR, and the diamonds indicate the 95% Cls of the pooled RRs. M, men; C, combined sex; RR, relative risk; Cl, confi-
dence interval.
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Study Year Country Sex Relative risk RR 95% ClI Weight
Olsen et al. 1994 Denmark C 4.::.‘; 0.65 [0.40; 1.10] 13.4%
Enger et al. 1996 USA C T 0.90 [0.50; 1.50] 12.9%
Breuer-Katschinski et al. 2001 Germany C —I—i—— 0.51 [0.23; 1.11] 10.3%
Nagata et al. 2001  Japan M o —il— 1.51 [1.04; 2.20] 14.9%
Nagata et al. 2001  Japan w —— 1.25 [0.73; 2.18] 13.0%
Almendingen et al. 2001  Norway C - 4.30 [0.80; 21.60] 4.3%
Steck-Scott et al. 2004 USA C —— 0.52 [0.33; 0.83] 13.9%
Ramadas et al. 2010 Malaysia C < L : 0.54 [0.17; 1.73] 7.0%
Our study 2024  Korea C ~—— 0.31 [0.14; 0.68] 10.2%
1
1
Random effects model —— 0.79 [0.53; 1.17] 100.0%
Heterogeneity: I2=72%, p<0.01 f T T !
0.2 0.5 1 2 3.5

Fig. 5. Forest plot of lowest versus highest quartiles of dietary vitamin A intake in observational studies. The black squares indicate the study-spe-
cific RRs; the horizontal lines represent the 95% Cls. The size of each square is proportional to the study weight. The dashed line shows the overall
pooled RR, and the diamonds indicate the 95% Cls of the pooled RRs. p for heterogeneity <0.01. M, men; W, women; C, combined sex; RR, relative
risk; Cl, confidence interval.

Study Year Country Sex Relative risk RR 95% ClI Weight
Europe 1
Olsen et al. 1994 Denmark C ——— 0.65 [0.40; 1.10] 13.4%
Breuer-Katschinski et al. 2001 Germany C i ; 0.51 [0.23; 1.11] 10.3%
Almendingen et al. 2001  Norway C i——» 4.30 [0.80; 21.60] 4.3%
Random effects model e ——— 0.82 [0.36; 1.85] 28.1%
Heterogeneity: I2=63%, p=0.97 1

1

1
North America i
Enger et al. 1996 USA C —E—.—— 0.90 [0.50; 1.50] 12.9%
Steck-Scott et al. 2004 USA C —a— 0.52 [0.33; 0.83] 13.9%
Random effects model —~—l 0.67 [0.39; 1.14] 26.9%
Heterogeneity: 1°=56%, p=0.13 i

1
Asia i
Nagata et al. 2001  Japan M C—— 1.51 [1.04; 2.20] 14.9%
Nagata et al. 2001  Japan w — 1.25 [0.73; 2.18] 13.0%
Ramadas et al. 2010 Malaysia C < i ; 0.54 [0.17; 1.73] 7.0%
Our study 2024 Korea C —— 0.31 [0.14; 0.68] 10.2%

Random effects model ¢ 0.82 [0.41; 1.66] 45.1%

Heterogeneity: I2=79%, p<0.01 !

Random effects model ———— 0.79 [0.53; 1.17] 100.0%

Heterogeneity: I°=72%, p<0.01 0.2 0.5 1

N -

Fig. 6. Forest plot for lowest versus highest quartiles of dietary vitamin A intake in observational studies according to region. The black squares
indicate the study-specific RRs; the horizontal lines represent the 95% Cls. The size of each square is proportional to the study weight. The dashed
line shows the overall pooled RR, and the diamonds indicate the 95% Cls of the pooled RRs. M, men; W, women; C, combined sex; RR, relative
risk; Cl, confidence interval.

Study Year Country Sex Relative risk RR  95% CI Weight
Lubin et al. 1997 Israel C 1 0.90 [0.50;1.60] 19.5%
Senesse et al. 2005 France C 0 1.10 [0.70;1.80] 23.7%
Ramadas 2010 Malaysia C : 0.36 [0.13;1.04] 9.1%
Jacobs et al. 2023 USA C 1.01 [0.74;1.39] 30.9%
Our study 2024 Korea C — 2.05 [1.06;3.98] 16.9%

{

{
Random effects model 1.03 [0.73;1.48] 100.0%
Heterogeneity: °=52%, p=0.08 f T J T !

03 05 1 2 3.5

Fig. 7. Forest plot of lowest versus highest quartiles of dietary retinol intake in observational studies. The black squares indicate the study-specific
RRs; the horizontal lines represent the 95% Cls. The size of each square is proportional to the study weight. The dashed line shows the overall
pooled RR, and the diamonds indicate the 95% Cls of the pooled RRs. p for heterogeneity=0.08. C, combined sex; RR, relative risk; Cl, confidence
interval.
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al.” observed an inverse association between B-carotene
and colorectal adenoma only in men, whereas Tseng et al.”’
found an inverse association for folate, iron, vitamin A,
and vitamin C intake in women, but a protective effect of
high doses of vitamin E in men. Additionally, the protec-
tive effect of B-carotene appears to depend on smoking or
alcohol consumption.”*** These findings suggest that the
impact of antioxidants can vary by sex, behavior, physiolo-
gy, and bioavailability differences.” Our meta-analysis fur-
ther demonstrated that the protective effect of 3-carotene
was more pronounced in studies conducted in Asia and
America compared to Europe (Fig. 4), where considerable
heterogeneity was observed.

The inverse association for B-carotene and vitamin A
intake was most evident in the distal colon and rectum,
while no significant associations were found in the proxi-
mal colon (Supplementary Table 4). These subsite-specific
differences may reflect distinct biological mechanisms or
exposure patterns, although their clinical relevance re-
mains uncertain.

To explore how dietary context influences nutrient
effects, we conducted a subgroup analysis stratified by
red meat intake. Interestingly, the inverse associations of
[-carotene and vitamin A with colorectal adenoma were
more pronounced among individuals with higher red meat
consumption. Although this may seem counterintuitive,
it suggests that certain antioxidants could exert context-
specific protective effects in environments characterized by
elevated oxidative stress, such as diets rich in red meat.

In contrast, higher retinol intake was associated with
increased adenoma prevalence. This finding is inconsis-
tent with some previous studies reporting no significant
association with dietary retinol intake.’>”****!
considering serum levels of retinol binding protein 4 have

However,

been linked to an increased risk of colorectal adenoma, it
is plausible that higher retinol intake may indirectly con-
tribute to adenoma development through mechanisms
involving retinol binding protein 4. Additionally, it is pos-
sible that the observed association reflects broader dietary
pattern rather than the direct effect of retinol itself. In our
study population, major dietary sources of retinol included
liver, egg, yolks, and full-fat dairy products-foods typi-
cally associated with animal-based, high-fat diets, while
[-carotene is abundant in vegetables such as carrots, spin-
ach, and pumpkin. These contrasting dietary patterns may
partly explain the divergent association observed. These
findings underscore the complexity of dietary interactions
and highlight the importance of considering overall dietary
composition, including both protective and risk-enhancing
factors, when evaluating nutrient roles in colorectal neo-
plasia.

12 www.gutnliver.org

Many studies assessing antioxidant efficacy have relied
on supplementary intake, which may not reflect the syner-
gic effects present in whole foods.”*******® Fruits and veg-
etables contain a broad spectrum of antioxidants that may
enhance nutrient absorption and biological activity when
consumed together.*”' In contrast, supplements consist of
isolated, highly purified compounds, which may lack these
synergistic interactions. Additionally, substantial variation
in supplement doses and nutrient combinations across
studies limit conclusions regarding their effectiveness.”
These limitations reinforce the value of focusing future
search on whole-food-based antioxidant intake.

A key strength of our study is its use of colonoscopy-
confirmed adenoma diagnosis, unlike many studies relying
on self-reported questionnaires. Additionally, we con-
ducted a meta-analysis, integrating our results with case-
control and cohort studies to enhance the generalizability
of our findings.

Nevertheless, several limitations should be considered.
Our study was based on a single ethnic population with a
relatively small sample size, although participants were re-
cruited from multiple centers across the country to capture
dietary diversity. As a survey-based study, dietary intake
data may have misclassification errors. However, FFQs were
completed before colonoscopy, minimizing bias, and the
FFQs has been validated for the Korean population with
proven reliability over year of research.”’ While this cross-
sectional design limits causal inference, we adjusted for pre-
vious colorectal adenoma history, and plan to conduct long-
term follow-up studies to verify causal relationships. Lastly,
we did not evaluate interactions with other antioxidants or
genetic variants affecting nutrient metabolism.

In summary, our study found that higher dietary
f-carotene and vitamin A intake were associated with a
lower prevalence of colorectal adenoma, while higher di-
etary retinol intake was linked to an increased prevalence.
These effects varied by dietary composition, particularly
in relation to red meat and fat intake. These findings sup-
port the potential role of dietary modification-especially
increasing B-carotene and vitamin A intake and limiting
retinol-rich animal-based foods-in colorectal adenoma
prevention. Future prospective studies incorporate genetic
analyses and broader antioxidant profiles are warranted to
refine dietary guidelines and inform targeted nutritional
strategies.
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