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Abstract

Background: The relationship between dietary fiber intake and cancer outcomes, including incidence, recur-
rence, and mortality, is crucial for understanding cancer prevention strategies.
Methods: An umbrella review was conducted, analyzing existing systematic reviews and meta-analyses 
from PubMed, Embase, and the Cochrane Database of Systematic Reviews. This included data from 26 
meta-analyses based on 2,107 unique articles, covering 52 observational study outcomes. The quality of the 
studies was assessed using the AMSTAR 2 tool.
Results: High fiber intake significantly lowers the risk of cancers affecting the digestive, reproductive, and 
urinary systems, including esophageal adenoma, squamous cell carcinoma, gastric, pancreatic, colon, rectal, 
colorectal adenoma, breast, ovarian, endometrial, prostate, renal cell, and bladder cancers. Findings esti-
mated that the risk of Colon cancer between total dietary fiber (TDF) was 0.74 (95% confidence interval 
[CI]: 0.67–0.82), and the risk of Colorectal cancer between TDF was 0.88 (95% CI: 0.82–0.94). TDF was also 
found to be protective against Barrett’s esophagus and esophagus cancer, esophageal adenomas, and esoph-
agus squamous cell carcinoma, with effect sizes of 0.52 (95% CI: 0.43–0.64), 0.50 (95% CI: 0.37–0.67), and 
0.53 (95% CI: 0.31–0.90), respectively. Conversely, increased intake of cereal fiber was associated with a higher 
incidence of renal cell carcinoma and endometrial cancer. Dose–response analyses revealed that increments of 
2.5, 5, or 10 g per day in dietary fiber could lead to different levels of risk reduction for these cancers. Meta-
regression suggested an optimal fiber intake range of 7–36 g per day for colon cancer prevention. However, the 
overall study quality was predominantly rated as ‘very low’.
Conclusions: Higher dietary fiber intake is linked to reduced cancer risk and improved outcomes. These find-
ings highlight dietary fiber’s importance in cancer prevention and care.
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Popular scientific summary
•  What’s new: This umbrella review demonstrates a strong inverse relationship between high dietary 

fiber intake and the risk of several cancers, particularly in the digestive, reproductive, and urinary 
systems.

•  Implications: Increasing daily fiber consumption, within an optimal range of 7–36 g, could 
 significantly reduce colon cancer incidence, recurrence, and mortality. Public health strategies 
should emphasize dietary fiber intake as a key component of cancer prevention and care.
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Dietary fiber, a fundamental component of human 
health and often referred to as the ‘seventh nutri-
ent’, is derived from various sources such as 

grains, vegetables, fruits, nuts, and others (1). It is classified 
into soluble dietary fiber (SDF) and insoluble dietary fiber 
(IDF) types based on water solubility and origin. IDF pri-
marily consists of cell wall components like cellulose, lignin, 
and hemicellulose, while SDF encompasses non-cellulosic 
polysaccharides like gums and mucilages (2). Research 
indicates that higher dietary fiber intake may reduce the 
risk of cancers such as colorectal, breast, and endometrial 
cancer (3–5). The Food and Drug Administration (FDA) 
recognizes the health benefits, stating that higher fiber con-
sumption can potentially decrease cancer incidence (6). 
Recently, systematic reviews and meta-analyses have been 
published, revealing mixed findings. Some studies suggest 
dietary fiber may reduce mortality in cancer patients, while 
others report no effect or even potential harm (7–10). An 
umbrella review, which synthesizes all available evidence, 
can help address these discrepancies. This review aims to 
provide recommendations for the use of dietary fiber in the 
context of cancer care.

Methods

Umbrella review methods
A detailed search was performed to locate systematic 
reviews and meta-analyses that explore the connection 
between dietary fiber consumption and cancer risk. Data 
from these selected studies were meticulously extracted to 
analyze the associations. The included studies were thor-
oughly evaluated with the AMSTAR 2 tool to verify the 
reliability and validity of the results. This research was 
registered with PROSPERO, under the registration num-
ber CRD42023445992, to ensure transparency and adher-
ence to established protocols.

Literature search
An in-depth literature search was performed until August 
9, 2024, using databases such as PubMed, Embase, and 
the Cochrane Database of Systematic Reviews. The 
detailed search strategy employed for this review is docu-
mented in Supplementary Material Table S1.

Eligibility criteria
Only English-language reviews focusing on adults aged 
18 and above were included. The original studies within 
the systematic reviews and meta-analyses consisted of 
randomized controlled trials, cohort studies, and case–
control studies. Meta-analyses were included if  they 
provided relative risk, odds ratio (OR), or risk ratio 
(RR) with 95% confidence intervals (CIs), assessing the 
impact of fiber interventions on cancer risk or mortality. 
Individual data extraction was conducted for each distinct 

cancer outcome. When multiple meta-analyses from the 
same population with consistent methodologies and find-
ings were present, the one with the largest sample size was 
given priority, unless the study’s quality was questionable. 
Dose-response analyses were also taken into account, with 
preference given to the most recent study; if  unavailable, 
both earlier and later studies were considered. The study 
was inclusive, without any gender or racial restrictions.

This umbrella review applied stringent inclusion and 
exclusion criteria to ensure high methodological stan-
dards. We excluded non-systematic reviews, narrative 
reviews, studies based on animal cells, and umbrella 
reviews. Only systematic reviews and meta-analyses eval-
uating the effect of dietary fiber on cancer outcomes 
in human populations were included. Studies focusing 
on complex interventions that combined dietary fiber 
with other dietary patterns or food products containing 
non-fiber ingredients were also excluded. Furthermore, 
we removed duplicate meta-analyses that reported iden-
tical findings if  they were based on the same original data 
but had a smaller sample size or lower quality. To ensure 
relevance, books, editorials, letters, and studies with 
incomplete abstracts or inadequate data for evaluating 
cancer outcomes were excluded. A detailed list of exclu-
sions is available in Supplementary Material Table S2.

Data extraction
Initially, two reviewers (XH and XC) independently 
assessed titles and abstracts based on set inclusion and 
exclusion criteria, followed by a full-text review of the 
qualifying articles. Any discrepancies between the review-
ers were resolved through discussion or by consulting a 
third researcher (RP). The extracted information included 
the first author’s name, publication year, country, and 
types of dietary fiber (total, soluble, insoluble, vegetable, 
fruit, cereal, legume, and bran) as well as intake levels, 
duration, and cancer type. The outcomes assessed were 
cancer incidence, recurrence, all-cause mortality, and 
specific mortality. We documented key study design fea-
tures, including type, sample size, and effect measures 
such as RR, OR, and hazard ratio (HR), all with 95% 
CIs. Heterogeneity was analyzed using the I2 statistic and 
Cochran’s Q test P-value. The chosen effect model was 
documented, and potential publication bias was assessed. 
For dose-response assessments, relevant dietary fiber 
intake levels were extracted.

Methodology quality
Two reviewers (XH and JH) evaluated the methodologi-
cal integrity of  the included studies through the utiliza-
tion of  AMSTAR, a validated and reliable measurement 
tool for evaluating the quality of  systematic reviews 
and meta-analyses. The methodological integrity of  the 
included studies was evaluated using the AMSTAR 2 
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tool, which consists of  16 domains covering key quality 
measures, including the risk of  bias, study selection, and 
data synthesis. We focused particularly on seven criti-
cal domains (questions 2, 4, 7, 9, 11, 13, and 15), which 
directly assess the robustness of  systematic reviews. 
Studies were graded as ‘high’ quality if  they had no crit-
ical flaws, ‘moderate’ if  they had multiple non-critical 
flaws, ‘low’ for one critical flaw, and ‘very low’ if  they 
exhibited multiple critical flaws (11).

Data analysis
The association between dietary fiber and cancer was 
analyzed by extracting effect sizes and 95% CIs from the 
chosen studies. We endeavored to elucidate the sources 
of statistical heterogeneity, employing meta-regression 
to identify effect modification. This study compiles data 
from a systematic review of pertinent original research 
articles focusing on significant outcomes. A total of 21 
studies, meeting established criteria, were included, pro-
viding data on daily fiber intake (g/day) for both experi-
mental and control groups, RR (HR, and OR), and 95% 
CIs. For each study, we computed the log OR alongside 
its standard error. To evaluate the influence of dietary 
fiber intake on the occurrence of significant findings, 
we employed a linear regression model, differentiating 
between experimental and control groups. Our analy-
sis employed a random effects model (Random Effects 
Model, RE), and we reported the Z-distribution and log 
OR for a comprehensive understanding.

Results

Characteristics of meta-analyses
The initial search yielded 2,107 unique articles, which 
were narrowed down to 65 after the initial screening. 
Further exclusions were made due to incorrect exposure 
or design (n = 14), unreported effect sizes (n = 2), lack of 
detailed data (n = 4), and duplication of outcomes and 
studies (n = 19). This process resulted in the final selection 
of 26 meta-analyses, all of which were observational stud-
ies. A total of 52 distinct outcomes were extracted from 
these studies (Fig. 1). The primary focus was on colorectal 
cancer (n = 19), followed by breast cancer (n = 9), renal 
cell carcinoma (RCC) (n = 5), esophageal cancer (ESCA) 
(n = 3), all cancers combined (n = 5), endometrial cancer 
(n = 3), liver cancer (n = 3), gastric cancer (n = 1), ovarian 
cancer (n = 1), adenocarcinomas (n = 1), bladder cancer 
(n = 1), and rectal cancer (n = 1). The studies analyzed 
various types of dietary fiber, including total dietary fiber 
(TDF, n = 22), cereal dietary fiber (CDF, n = 7), vegeta-
ble dietary fiber (VDF, n = 6), fruit dietary fiber (FDF, 
n = 5), legume dietary fiber (LDF, n = 4), SDF (n = 4), 
and IDF (n = 4). Figures 2–5 illustrate forest plots depict-
ing associations between different levels of dietary fiber 

intake and specific cancer types. Figure 6 presents an 
overview of 13 dose-response analyses, detailing the con-
nections between daily intake of various types of dietary 
fiber and multiple cancers. The detailed exclusion list is 
available in Supplementary Material Table S2.

Main result

Gastrointestinal cancers outcomes

Colorectal adenoma and cancer
Dietary fiber reduces the incidence and recurrence of 
colorectal adenomas and cancers and reduces mortality 
and improves survival associated with colorectal cancer 
(Figs. 2 and 6). Ramezani’ team found that Insoluble fiber 
showed significant protection for the malignancy-related 
mortality (HR: 0.80, 95% CI: 0.73–0.88) (12). Nucci’s 
Team and Ben’s Team found that TDF intake reduced 
the risk of colorectal adenoma (OR: 0.71, 95% CI: 0.68 
to 0.75) (13). The summary relative risks for cereal, vege-
table, and FDFs were 0.97 (95% CI: 0.93–1.01), 0.93 (95% 
CI: 0.84–1.04), and 0.84 (95% CI: 0.76–0.94), respectively 
(14). High vs. low TDF intake was linked to a reduced inci-
dence of colorectal cancer (RR: 0.88, 95% CI: 0.82–0.94); 
the RR for cereal, vegetable, legume, and FDFs was 0.90 
(95% CI: 0.83–0.96), 0.98 (95% CI: 0.91–1.06), 0.89 (95% 
CI: 0.78–1.02), and 0.94 (95% CI: 0.85–1.04), respectively 
(15). Combining different types of dietary fiber, a 10 g/
day increase in CDF resulted in a 3% higher recurrence 

Fig. 1. Literature screening process.
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rate (RR: 1.03, 95% CI: 0.62–1.71), while VDF showed a 
reduced recurrence rate (RR: 0.84, 95% CI: 0.71–0.98). A 
similar trend was observed for FDF (RR: 0.78, 95% CI: 
0.65–0.93) (16). TDF increments of 10 g/day were linked 

to lower recurrence rates (RR: 0.90, 95% CI: 0.86–0.94). 
Specific types of fiber showed varied effects, with CDF 
(RR: 0.90, 95% CI: 0.83–0.97), VDF (RR: 0.98, 95% 
CI: 0.91–1.06), LDF (RR: 0.62, 95% CI: 0.27–1.42), 

Fig. 2. Non-dose-response relationship between various types of dietary fiber intake and various gastrointestinal cancers. Comparisons 
are highest versus lowest, estimates are relative risks, and effect models are random unless noted otherwise. T, total study; C, cohort 
study; CC, case–control study; CI, confidence interval; NA, not available; EC, esophagus cancer; ESCC, esophagus squamous cell car-
cinoma; ICC, intrahepatic cholangiocarcinoma; HCC, hepatocellular carcinoma; IR, incident rate; SM, specific mortality rate; ACM, 
all-cause mortality rate; TDF, total dietary fiber; CDF, cereal dietary fiber; VDF, vegetable dietary fiber; LDF, legume dietary fiber; 
FDF, fruit dietary fiber; SDF, soluble dietary fiber; IDF, insoluble dietary fiber; *Odds ratio; **Hazard ratio; #summary relative risks.

Fig. 3. Non-dose-response relationship between various types of dietary fiber intake and various reproductive cancers. 
Comparisons are highest versus lowest, estimates are relative risks, and effect models are random unless noted otherwise. T, 
total study; C, cohort study; CC, case–control study; CI, confidence interval; NA, not available; IR, incident rate; CDR, crude 
death rate; ACM, all-cause mortality rate; TDF, total dietary fiber; CDF, cereal dietary fiber; VDF, vegetable dietary fiber; LDF, 
legume dietary fiber; FDF, fruit dietary fiber; SDF, soluble dietary fiber; IDF, intolerable dietary fiber.
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SDF (RR: 0.78, 95% CI: 0.66–0.92), and IDF (RR: 0.77, 
95% CI: 0.67–0.88) dietary fibers all exhibiting different 
impacts (3, 15). The highest dietary fiber consumption in 
colorectal cancer patients was linked to lower all-cause 
mortality (HR: 0.76, 95% CI: 0.65–0.88) and colorectal 
cancer-specific mortality (HR: 0.78, 95% CI: 0.63–0.97) 
(17). Gianfredi’s team reported that the RR for colon can-
cer was 0.74 (95% CI: 0.67–0.82), and for rectal cancer, it 
was 0.77 (95% CI: 0.66–0.89) (18, 19). A significant sta-
tistical association was found between TDF intake and 
the log odds of colon cancer outcomes (Supplementary 
Material Figure S1). The model demonstrated strong 

predictive power, with an explained variance (R²) of 0.75 
(Supplementary Material Table S3). The meta-regres-
sion analysis yielded the equation: Y = −0.308 + 0.025 
× Experimental group- 0.039 × Control group. For the 
experimental group, the log OR of colon cancer incidence 
rate increased slightly with higher daily fiber intake, indi-
cating a positive correlation. Conversely, for the control 
group, the log OR decreased with higher daily intake, indi-
cating an inverse relationship. The model suggests that the 
optimal range for preventing colon cancer occurrence is 
likely within 7–36 g/day (Fig. 7). This range is based on the 
balance between the positive correlation observed in the 

Fig. 4. Non-dose-response relationship between various types of dietary fiber intake and various genitourinary cancers. 
Comparisons are highest versus lowest, estimates are relative risks, and effect models are random unless noted otherwise. T, total 
study; C, cohort study; CC, case–control study; CI, confidence interval; NA, not available; IR, incident rate; TDF, total dietary 
fiber; CDF, cereal dietary fiber; VDF, vegetable dietary fiber; LDF, legume dietary fiber; FDF, fruit dietary fiber; *Odds ratio.

Fig. 5. Non-dose-response relationship between various types of dietary fiber intake and all cancers. Comparisons are highest 
versus lowest, estimates are relative risks, and effect models are random unless noted otherwise. T, total study; C, cohort study; 
CC, case–control study; CI, confidence interval; NA, not available; CDR, crude death rate; ACM, all-cause mortality rate; TDF, 
total dietary fiber; CDF, cereal dietary fiber.

Fig. 6. Dose-response relationship between dietary fiber intake and multiple cancers. T, total study; C, cohort study; CC, case–
control study; CI, confidence interval; NA, not available; CDR, crude death rate; IR, incident rate; RR, relapse rate; TDF, total 
dietary fiber; CDF, cereal dietary fiber; VDF, vegetable dietary fiber; FDF, fruit dietary fiber; *Odds ratio; ** Hazard ratio. 
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experimental group and the inverse relationship noted in 
the control group.

Esophageal adenocarcinoma
Findings from meta-analyses suggest that increased 
consumption of  dietary fiber markedly lowers the risk 
of  Barrett’s esophagus (GERD) and ESCA. People con-
suming the highest levels of  fiber exhibited a significant 
risk reduction compared to those with the lowest intake 
(RR: 0.52, 95% CI: 0.43–0.64) (20) (Fig. 2). GERD, a 
precancerous condition, is crucial in the progression 
of  ESCA. Another analysis indicated that the greatest 
fiber consumption was linked to a lower risk of  ESCA 

(HR: 0.50, 95% CI: 0.37–0.67) and ESCA (HR: 0.53, 
95% CI: 0.31–0.90). A dose-response analysis revealed a 
31% decrease in ESCA risk for each 10 g/day increase in 
fiber intake (RR: 0.69, 95% CI: 0.61–0.79) (20) (Fig. 6).

Gastric cancer
Increased consumption of  TDF substantially low-
ers the risk of  developing gastric cancer. According 
to Zhang’s study, individuals with the highest TDF 
intake had a significantly lower risk of  gastric cancer 
than those with the lowest intake (OR: 0.58, 95% CI: 
0.49–0.67) (21) (Fig. 2). Furthermore, an analysis of 
the dose-response relationship indicated that each 10 

Fig. 7. Meta-Regression Analysis of Dietary fiber intake and colon cancer incident rate. The X-axis represents the daily intake 
of dietary fiber (g/day), and the Y-axis is the Log odds ration of colon cancer incidence rate. (A) Experimental Group and (B) 
Control Group.
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g/day increment in dietary fiber intake led to a reduc-
tion in gastric cancer incidence (OR: 0.56, 95% CI: 
0.45–0.71) (21) (Fig. 6).

Pancreatic cancer
Mao’s study examined the impact of  dietary fiber con-
sumption on pancreatic cancer across 13 case-control 
studies and one cohort study. The findings revealed 
a strong inverse association between risk of  pancre-
atic cancer and high fiber intake (OR: 0.52, 95% CI: 
0.44–0.61) (22). Additionally, the dose-response analy-
sis demonstrated that each 10 g/day increase in dietary 
fiber consumption was associated with a 12% reduction 
in pancreatic cancer risk (OR: 0.88, 95% CI: 0.84–0.92) 
(22) (Fig. 2).

Liver cancer
Dietary fiber has been found to have an inverse relation-
ship with the risk of  liver cancer. According to Watling’s 
study, different types of  liver cancer exhibited varying 
associations with TDF risk. Intrahepatic cholangiocar-
cinoma (ICC) was linked to an HR of  1.20 (95% CI: 
064–2.24) and hepatocellular carcinoma (HCC) to an 
HR of  0.62 (95% CI: 0.45–0.86). Moreover, individuals 
with the highest intake of  TDF experienced a 17% lower 
cancer mortality rate compared to those with the lowest 
intake (HR: 0.83, 95% CI: 0.69–1.01) (23). Furthermore, 
the dose-response analysis revealed that every 10 g/day 
increase in dietary fiber consumption was linked to a 
significant 17% decrease in the risk of  developing liver 
cancer (HR: 0.83, 95% CI: 0.77–0.91) (23).

Reproductive system cancers outcomes

Breast cancer outcomes
A meta-analysis showed that higher TDF intake is 
associated with a reduced breast cancer incidence rate 
(RR: 0.88, 95% CI: 0.83–0.93) (24) (Fig. 3). Analysis 
revealed a 4% reduction in breast cancer risk per addi-
tional 10 g/day of  TDF (RR: 0.96, 95% CI: 0.92–0.98) 
(24) (Fig. 6). Moreover, each 10 g/day boost in CDF 
intake was linked to a 9% decrease in breast cancer risk 
(RR: 0.91, 95% CI: 0.79–1.04) (25) (Fig. 6). Huang’s 
research indicated that the highest fiber consumption 
was tied to a 37% reduction in breast cancer mortality 
from all causes (RR: 0.63, 95% CI: 0.52–0.77) and a 
28% reduction in breast cancer-specific mortality (RR: 
0.78, 95% CI: 0.54–0.96) (26) (Fig. 3). A detailed review 
of  different fiber types showed varied risk reductions: 
CDF (RR: 0.97, 95% CI: 0.93–1.01), FDF (RR: 0.93, 
95% CI: 0.89–0.96), VDF (RR: 0.95, 95% CI: 0.90–
1.00), LDF (RR: 0.97, 95% CI: 0.92–1.03), SDF (RR: 
0.90, 95% CI: 0.84–0.96), and IDF (RR: 0.93, 95% CI: 
0.86–1.00) (27) (Fig. 3).

Ovarian cancer
A meta-analysis of 567,742 participants and 8,200 ovar-
ian cancer cases demonstrated that increased TDF con-
sumption is linked to a decreased risk of ovarian cancer. 
Specifically, those consuming the most dietary fiber had 
a marked risk reduction relative to those with the low-
est intake (RR: 0.70, 95% CI: 0.57–0.87) (28) (Fig. 3). 
Furthermore, the dose-response analysis showed that 
every additional 5 g/day of dietary fiber intake corre-
sponded to a 3% decrease in ovarian cancer risk (RR: 
0.97, 95% CI: 0.95–0.99) (28) (Fig. 6).

Endometrial cancer
An analysis of 16 studies with 6,563 cases revealed that 
greater dietary fiber consumption is linked to a lower inci-
dence of endometrial cancer (RR: 0.86, 95% CI: 0.78–0.93) 
(29) (Fig. 3). Another study by Kangning Chen’s group 
revealed that the highest intake of VDF, compared to the 
lowest, yielded an RR of 0.88 (95% CI: 0.68–1.13) for 
endometrial cancer (5). In contrast, the highest consump-
tion of grain dietary fiber compared to the lowest was 
linked to an RR of 1.06 (95% CI: 0.58–1.32) for endome-
trial cancer (5) (Fig. 3).

Prostate cancer
A comprehensive analysis of five cohort studies and 12 
case-control studies, totaling 255,026 participants and 
13,484 cases, investigated the relationship between dietary 
fiber consumption and prostate cancer. The results indi-
cated an inverse relationship between high and low intake 
of TDF and the risk of prostate cancer (OR: 0.89, 95% 
CI: 0.77–1.01) (30) (Fig. 3).

Genitourinary cancers outcomes

Renal cell carcinoma
A review of  12 studies demonstrated that individu-
als with the highest intake of  dietary fiber had a lower 
risk of  RCC compared to those with the lowest intake 
(RR: 0.82, 95% CI: 0.72–0.92) (31) (Fig. 4). In a specific 
analysis by Tian-bao Huang, different types of  dietary 
fiber showed varied associations with RCC risk. FDF 
was linked to an RR of  0.92 (95% CI: 0.80–0.92), VDF 
to an RR of  0.70 (95% CI: 0.49–1.00), grain fiber to an 
RR of  1.04 (95% CI: 0.91–1.18), and LDF to an RR 
of  0.80 (95% CI: 0.69–0.93) (32) (Fig. 4). Furthermore, 
increasing LDF intake by 2.5 g/day corresponded to a 
12% decrease in RCC risk (RR: 0.88, 95% CI: 0.61–1.25) 
(32) (Fig. 6).

Bladder cancer
An analysis covering 574,726 participants and 3,214 cases 
investigated the connection between dietary fiber intake 
and bladder cancer. Results showed that the highest TDF 
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consumption was tied to a lower incidence of bladder 
cancer compared to the lowest consumption (33) (Fig. 4). 
Furthermore, dose-response analysis indicated that every 
additional 5 g/day of dietary fiber intake corresponded 
to a decreased risk of bladder cancer (HR: 0.96, 95% CI: 
0.94–0.98) (33) (Fig. 6).

All cancer mortality outcomes
Yao’s study found that the inverse correlation between 
cancer mortality was specifically observed for TDF 
(RR: 0.82, 95% CI: 0.77–0.87) and CDF (RR: 0.86, 
95% CI: 0.83–0.90), whereas the current study did not 
reveal any significant connection between the intake of 
insoluble or soluble fiber and cancer mortality (RR: 
0.92, 95% CI: 0.74–1.14) and (RR: 0.97, 95% CI: 0.63–1.51) 
(34), respectively. Additional findings showed an 
inverse relationship between cereal fiber intake and all-
cause mortality risk (RR: 0.81, 95% CI: 0.79–0.83) (35) 
(Fig. 5). The dose-response analysis demonstrated that 
for every 10 g/day increase in TDF intake, cancer mor-
tality decreased by 9% (RR: 0.91, 95% CI: 0.88–0.93) 
(34) (Fig. 6).

Evaluation of systematic review quality
The AMSTAR-2 scale was employed to assess the quality 
of the 24 included studies. One study (4%) on colorectal 
cancer was rated ‘high’ quality, one study (4%) on pan-
creatic cancer was rated ‘medium’ quality, three studies 
(12%) received ‘low’ quality ratings, and 19 studies (80%) 
were categorized as ‘very low’ quality. Detailed evaluation 
results are available in Supplementary Material Table S4. 
The AMSTAR-2 tool, a widely recognized instrument, 
was used to evaluate the quality of systematic reviews and 
meta-analyses, focusing on 16 criteria with an emphasis 
on seven key areas: question formulation, study inclusion, 
study exclusion, risk of bias, outcome bias, reporting 
bias, and other biases. Many studies did not adequately 
describe the selection of included study types and lacked 
lists of excluded studies with justifications for their exclu-
sion. Figures 2–6 display the AMSTAR-2 scores for the 
24 meta-analyses.

Heterogeneity
Heterogeneity among the included meta-analyses was 
substantial, with approximately 60% of cancer outcomes 
exhibiting significant heterogeneity (I2 > 50% or P-value 
from Cochran’s Q test < 0.1). We identified several sources 
of heterogeneity, including differences in study settings, 
geographic regions, ethnicities, participant age, sex, study 
quality, and sample sizes as well as variations in fol-
low-up duration and the extent of confounding adjust-
ments. For example, studies analyzing colorectal cancer 
outcomes showed marked variation due to differences in 
dietary fiber sources (e.g. cereal vs. vegetable fiber) and 

populations from Western versus Asian countries. This 
heterogeneity influences the overall reliability of our con-
clusions, particularly where the variability across studies 
was higher, suggesting that results should be interpreted 
with caution. Meta-regression analysis was employed to 
investigate effect modification, and while certain factors 
such as fiber type were significant, residual heterogeneity 
persisted, indicating the need for further research to clar-
ify the optimal levels of dietary fiber intake.

Discussion

Main findings and possible explanations
The quality of the included meta-analyses was systemat-
ically assessed using the AMSTAR-2 tool, revealing that 
the majority of studies (80%) were rated as ‘very low’ 
quality, primarily due to methodological flaws such as 
inadequate handling of heterogeneity and insufficiently 
reported risk of bias. Only one study was rated ‘high’ 
quality, and this was focused on colorectal cancer out-
comes. The low methodological quality of most studies 
suggests that bias – especially publication bias and selec-
tion bias – may have influenced the results, potentially 
overstating the protective effect of dietary fiber in some 
cancer types. For instance, studies that did not adequately 
account for confounders such as baseline dietary habits 
or lifestyle factors may have introduced bias, complicating 
the interpretation of results for cancers such as breast and 
endometrial cancers. Given the suboptimal quality of the 
evidence base, conclusions regarding the protective effects 
of dietary fiber should be approached with caution, and 
future high-quality systematic reviews and meta-analyses 
are necessary to strengthen the evidence. Therefore, due 
caution should be exercised when interpreting the sig-
nificant associations observed between dietary fiber 
consumption and certain cancer risks. Additionally, 
the study findings showed that individuals with higher 
dietary fiber intake were at a lower risk of several types 
of cancer compared to those with lower fiber intake, sug-
gesting that dietary fiber may possess a certain degree of 
cancer-preventive efficacy.

Our study demonstrated that higher dietary fiber con-
sumption is associated with reduced incidence, mortality, 
and recurrence rates of multiple cancers. These include 
gastrointestinal cancers such as esophageal adenocarci-
noma, stomach cancer, and colorectal cancer (3, 12,–15, 
15–21); liver cancer (23); reproductive system cancers like 
breast, ovarian, and endometrial cancers (5, 24, 26–29); 
and urinary system cancers, including prostate cancer, 
RCC, and bladder cancer (22, 30–33). Additionally, a 
notable decrease in overall cancer mortality was observed 
(34, 35). It is particularly emphasized that we have found 
the optimal dietary fiber intake for preventing colon can-
cer occurrence is most likely within 7–36 g/day.
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Consistent with the previous research, our study 
reinforced the connection between elevated fiber con-
sumption and a lower likelihood of various illnesses, par-
ticularly those affecting the digestive, reproductive, and 
urinary systems. This aligns with the findings of Andrew 
Reynolds’ team, who, through a rigorous examination of 
185 prospective studies and 58 clinical trials, underscored 
the protective role of increased fiber intake in guarding 
against cancers linked to the gastrointestinal and repro-
ductive systems (36). Moreover, our results on genitouri-
nary cancers are consistent with a significant long-term 
cohort study involving 491,841 American male and 
female participants, which found that higher intake of 
dietary fiber and fiber-dense plant foods was significantly 
linked to a decreased risk of RCC (37).

Our research consistently shows that dietary fiber is 
associated with lower incidence, recurrence, and mortality 
rates of colorectal cancer, leading to positive outcomes. 
This protective effect is attributed to fiber’s multifaceted 
functions, including its capacity to physically expel carcin-
ogens from the digestive system, promoting cell elimina-
tion, and modulating the gut environment for a healthier 
mucosal barrier (38). The transformation of fiber into 
short-chain fatty acids like butyrate, acetate, and propi-
onate amplifies its protective benefits by fortifying gut 
barrier integrity, triggering apoptosis in cancer cells, and 
suppressing tumor growth (39, 40). Additionally, fiber mit-
igates gut inflammation, a key driver of carcinogenesis, by 
regulating cell proliferation (2, 41). Beyond the gastroin-
testinal tract, fiber enhances gut microbiota diversity and 
functionality, enhancing overall gut barrier function and 
reducing systemic inflammation (42, 43). Fiber increases 
stool volume and speeds up transit time, thereby reducing 
the gut lining’s exposure to potential carcinogens. This 
mechanism also applies to other gastrointestinal cancers, 
such as stomach and ESCA (39). Fiber’s impact on pan-
creatic cancer is less studied, but preliminary evidence 
suggests a similar protective mechanism (44). Further 
investigation is necessary to fully elucidate the scope of 
fiber’s protective effects against various gastrointestinal 
cancers.

Dietary fiber is essential in preventing reproductive sys-
tem cancers by modulating hormone levels and improving 
insulin sensitivity, both of which are critical for reducing 
cancer risk. Epidemiological studies show a strong link 
between high fiber consumption and decreased breast can-
cer mortality, attributed to fiber’s capacity to reduce circu-
lating estrogen levels (27). Fiber binds to estrogen in the 
colon, enhancing its excretion and decreasing reabsorp-
tion, while also inhibiting β-glucuronidase activity, which 
hydrolyzes conjugated estrogens (45, 46). This reduction 
in estrogen availability significantly reduces breast can-
cer development. Studies suggest a connection between 
increased fiber consumption and a reduced likelihood of 

ovarian cancer by lowering blood estrogen concentrations 
and enhancing the protective effects of lignans and phy-
toestrogens (47). Fiber’s impact on glycemic control and 
insulin sensitivity aids in regulating insulin-like growth 
factor 1, which, when elevated, promotes cell proliferation 
and inhibits apoptosis, contributing to ovarian cancer 
risk (48). For endometrial cancer prevention, consuming 
dietary fiber is crucial for weight control since obesity 
heightens the risk by affecting hormone and growth fac-
tor levels. Fiber aids in regulating body fat and manag-
ing insulin resistance, particularly in abdominal obesity, 
thereby reducing hyperinsulinemia and lowering the risk 
of endometrial cancer (49). Furthermore, fiber’s interac-
tion with bile acids contributes to cancer prevention by 
reducing reabsorption in the liver, leading to increased 
cholesterol utilization for bile acid production and subse-
quent plasma cholesterol decrease (50). This consequently 
lowers the likelihood of hormone-driven malignancies, 
including endometrial carcinoma, highlighting the role of 
fiber in a preventive diet (51).

Our study found that dietary fiber intake positively 
influenced the incidence of urinary tract cancers. Recent 
studies indicate that an elevated consumption of dietary 
fiber may exhibit a preventive role in certain urogenital 
cancers, such as prostate, kidney, and bladder, through 
its regulatory effects on hormones and inflammation. 
Fiber’s protective mechanism is multifaceted, particularly 
in prostate cancer, where it may lower the risk by mod-
ulating hormonal balance. Lignans found in fiber-rich 
foods, for instance, have been associated with a decreased 
risk due to their influence on sex hormone-binding glob-
ulin, which governs hormone activity linked to cancer 
development (30, 52). In kidney cancer, specifically RCC, 
dietary fiber’s impact lies in its capacity to stabilize blood 
sugar levels, preventing hyperglycemia, a factor that can 
fuel cancer growth. Vegetables and legumes, rich in fiber, 
contribute significantly to this protection by regulating 
post-meal glucose and insulin responses (37, 53). Bladder 
cancer incidence may also be reduced by dietary fiber, as it 
helps lower the glycemic load, thereby mitigating the car-
cinogenic effects of hyperglycemia and hyperinsulinemia 
(54, 55). While some studies yield inconclusive results, the 
general trend suggests a potential protective effect of fiber 
intake in cancer prevention. Therefore, incorporating 
fiber-rich foods into a comprehensive cancer prevention 
strategy is of paramount importance.

However, there were some unexpected findings in our 
study. Our research suggests a potential positive correla-
tion between the consumption of grain fiber, FDF, and 
IDF and the incidence of colorectal cancer. The influence 
of IDF on gut flora metabolism and carcinogen bind-
ing varies across different sites of colorectal malignancy, 
affecting cancer occurrence rates, as per studies (56, 57). 
Future research should further investigate the role of fiber 
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solubility in confirming this uneven effect. Additionally, 
inconsistent findings were observed, particularly about 
the influence of grain fiber on uterine and renal cell 
cancer risks. Chen’s research highlighted inconsistencies 
linking grain fiber consumption and endometrial cancer 
risk. This discrepancy might arise because grain fiber is 
not considered an isolated nutrient within the study; ele-
vated grain fiber intake could indicate increased carbohy-
drate consumption, which raises the likelihood of obesity 
and uterine cancer (58–60). Factors affecting Tian-bao 
Huang’s study include variations in Food Frequency 
Questionnaire items, differences in geographical locations, 
study design variations, and adjustments for confounding 
factors. These elements might explain the unexpected cor-
relation between grain fiber consumption and the risk of 
RCC.

Advantages and drawbacks of the research
The present research provided an in-depth analysis of this 
relationship between fiber consumption and cancer out-
comes, emphasizing incidence, mortality, and recurrence 
rates across various cancer types. By conducting separate 
analyses for different fiber types, we were able to discern 
their potential impact on cancer risk, thereby informing 
targeted nutritional recommendations and intervention 
strategies. The dose-response evaluation in our study 
quantified the correlation of fiber consumption with can-
cer likelihood, providing valuable insights into the extent 
to which dietary fiber affects health. We prioritized stud-
ies with large sample sizes and excluded redundant data 
to minimize bias, enhancing the reliability of our findings.

Although our study has significant methodological 
strengths, it also has limitations. There is a possibility that 
incomplete data retrieval from the databases included in 
our review resulted in the omission of pertinent studies. 
Another potential scenario is that only the outcomes 
related to colorectal cancer exhibit statistical significance, 
whereas the meta-regression analyses of  other outcomes 
fail to meet expectations, thereby limiting the compre-
hensiveness of  the manuscript. Furthermore, our study 
comprised 26 meta-analyses, all based on observational 
studies, and did not address the challenges inherent 
in cohort and case-control research, such as recall and 
selection biases, which may affect the reliability of  the 
findings.

Conclusions
The results of our study support public health initiatives 
that highlight the importance of dietary fiber in reduc-
ing cancer risk and offer proof of a notable link between 
fiber consumption and colorectal cancer incidence. These 
findings guide the creation of public health strategies and 
personalized nutrition recommendations. However, our 
research primarily encompasses studies from Europe and 

North America, with a limited number from Asia and 
other regions. Compared to other areas, there is a clear 
relationship between Western diets (rich in fats, sugars, and 
animal products) and an increased risk of colorectal can-
cer and ovarian cancer, among others (61). Consequently, 
there may be significant geographical variations in our 
findings. For instance, Vincenza Gianfredi’s research into 
the effects of dietary fiber on colorectal cancer reveals 
a higher negative correlation in Western countries com-
pared to Asia (19). A study conducted in North America 
also found a significant negative correlation between total 
fiber intake and the risk of ovarian cancer (28). Therefore, 
we believe that reducing the intake of high-sugar, high-fat 
diets by residents of Western countries may lower the risk 
of various cancers. In addition, studies by Jing Zhao (17), 
Daniele Nucci (13), and others have found that fiber intake 
has a higher protective effect in male colorectal cancer 
patients when analyzed by gender. The possible reason for 
this result is the gender difference in dietary habits, as pre-
vious research has shown that men typically consume less 
dietary fiber than women. Therefore, it is recommended 
that male colorectal cancer patients should increase their 
intake of dietary fiber to resist cancer. In addition, Sumei 
Chen (24) has indicated that the intake of dietary fiber is 
significantly related to a reduced risk of developing breast 
cancer, especially in postmenopausal women. Although 
no connection was observed in pre-menopausal women, 
the protective effect will also increase with an increase in 
dietary fiber intake (24). Additionally, studies have shown 
that soluble fiber is consistent in its effect on breast can-
cer risk in both pre- and post-menopausal women (26). 
Due to significant geographical variations, which largely 
contribute to heterogeneity, the evidence we have col-
lected is limited, and further research is needed into the 
factors affecting breast cancer risk within dietary fiber. 
Furthermore, the European Prospective Investigation 
into Cancer and Nutrition (EPIC) reported that as fiber 
intake increases, the risk of colorectal cancer decreases 
linearly (15). However, a study conducted in Utah, USA, 
on White CRC patients found that higher fiber intake 
was associated with the opposite of CRC survival rates. 
Due to their lifestyle that prohibits alcohol, coffee, or 
tobacco, this unique population characteristic may affect 
the comparability and generalizability of the study results 
(17). Therefore, understanding these differences in geog-
raphy, diet, and lifestyle can help narrow the differences 
in research results, reduce the cancer burden on different 
populations, and provide effective information for public 
health interventions.
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