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Abstract

The purpose of this systematic review and meta-analysis was to determine
the effects of dietary fiber intake on cardiovascular health outcomes
including the incidence, mortality, lipids and blood pressure. A random
effects model was used to analyze a total of eight eligible studies, including
randomized controlled trials and prospective cohort studies, to take into
account heterogeneity in study populations, fiber types and outcome
definitions. Higher dietary fiber intake was significantly associated with
reduced cardiovascular diseases (CVDs) mortality (pooled HR 0.75-0.82),
reduced incidence of CVD events, reductions in systolic blood pressure
(3.5 mmHg) and meaningful reductions in Low-Density Lipoprotein
(LDL)Cholesterol (<0.30 mmol/L). Our findings also showed moderate
heterogeneity (I> = 30-56%) however protective effects overall were
consistent by study type and endpoints. These benefits are mechanistically
linked to changes in lipid metabolism, insulin sensitivity, inflammation
and metabolites derived from gut microbiota, including short chain fatty
acids. The strong evidence notwithstanding, global fiber intake is below
recommended levels where public health interventions and clinical dietary
guidance promoting fiber-rich foods are needed. Results from these studies
support a role of dietary fiber in primary prevention of cardiovascular

disease and in the management of patients with atherosclerosis.

Keywords: Dietary fiber; Cardiovascular health; LDL cholesterol; Blood
pressure; Cardiovascular mortality; Meta-analysis; CVD prevention; Soluble
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Introduction

According to the World Health Organization [1], Cardiovascular diseases
(CVDs) still are the leading cause of death globally, causing an estimated
17.9 million deaths per year which represents 31% of all global deaths.
Coronary heart disease, cerebrovascular disease, rheumatic heart disease and
other conditions of the heart and blood vessels are included. CVD burden is
growing, especially in low- and middle-income countries and is inextricably
tied to sedentary lifestyles, overeating processed foods and rising prevalence
of metabolic disorders like obesity and type 2 diabetes [2,3].

Modulation of cardiovascular risk by diet is long established and in recent
decades the paradigm has shifted from focusing on specific nutrients to overall
dietary patterns. Several different dietary components have been consistently
related to protection against cardiovascular morbidity and mortality, however,
among these dietary components dietary fiber has emerged as a protective
factor [4,5]. Plant carbohydrates that are not digested by human small
intestinal enzymes, then reach the colon intact, are known as dietary fiber. It
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is broadly divided into soluble fiber (which dissolves in water
and forms a gel like material) and insoluble fiber (which adds
bulk to stool helps in bowel regularity) [6,7].

Higher dietary fiber intake has been linked to reduced
risk for cardiovascular risk factors including hyperlipidemia,
hypertension, obesity and insulin resistance [8,9], in several
observational and experimental studies. Intakes of total fiber
and particularly of fiber from cereals and fruits, were inversely
associated with ischemic heart disease mortality, especially
among individuals with higher dietary intakes, according
to a landmark pooled analysis of data from the European
Prospective Investigation into Cancer and Nutrition (EPIC)
cohort [10]. Fiber consumption decreases LDL cholesterol by
binding bile acids in the intestine, excreting them and thereby
increasing hepatic conversion of cholesterol to bile acids [11].
Soluble fiber has also been shown to slow glucose absorption,
increase insulin sensitivity and modulate inflammation driven
responses linked to atherosclerosis [12-15].

The Mediterranean diet, DASH (Dietary Approaches to
Stop Hypertension) diet and plant-based diets have repeatedly
been associated with favorable cardiovascular outcomes in
various populations [14,15]. Fiber supplementation (psyllium
husk or oat beta-glucan) has been proven in clinical trials
to reduce total cholesterol and low-density lipoprotein
cholesterol (LDL-C) and not adversely affect high density
lipoprotein cholesterol (HDL-C) levels [16,17]. As most
Western populations don't meet even 25 — 30 grams of dietary
fiber per day [18,19], the American Heart Association and
other major health bodies recommend eating at least this
amount.

Dietary fiber has positive effects on regulation of body
weight, as well as lipid lowering effects. Some of the
mechanisms by which fiber is effective in lowering calorie
intake and body fat storage (both crucial in the CVD risk
factors) include increased satiety, reduced energy density
and delayed gastric emptying [20,21]. Moreover, the role of
the gut microbiota is shown to play a significant mediating
role in this relation. The colonic microbial fermentation of
fiber, the principal substrate, is believed to generate the short
chain fatty acids, (SCFAs) acetate, propionate and butyrate to
intervene with influences on blood pressure, glycemic control
and systemic inflammation [22,23].

Systematic reviews and meta-analyses over the last
decade have supported the inverse association seen between
dietary fiber and CVD outcomes. According to Threapleton et
al. [24] a 7g/day increase in fiber intake was associated with
a 9% reduction in cardiovascular risk. Despite the consistent
observational evidence, results of studies in this area vary as
they do in demographics of populations, fiber types, outcome
measures and study quality. Because this heterogeneity
exists, an updated and comprehensive synthesis of evidence
is needed to answer the question of how large and consistent
the effect is.
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For this reason, this systematic review and meta-analysis
seeks to synthesize and quantify the effects of dietary fiber
intake on cardiovascular health outcomes such as CVD
incidence and mortality, lipid profiles and blood pressure.
We aim to offer clinicians, policy-makers and researchers
a consolidated view of this cardioprotective potential by
integrating data from randomized controlled trials and
observational studies, simultaneously.

Materials and Methods

Study Design: The design of this study was a systematic
review and meta-analysis following PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
2020 guidelines. The purpose of this study was to evaluate
and synthesize current evidence on the association of dietary
fiber intake with cardiovascular health, including effects
on incidence and mortality of cardiovascular diseases
(CVD), lipid profiles and blood pressure. In order to provide
coverage of the issue, both observational studies (cohort and
case-control) and randomized controlled trials (RCTs) were
considered.

Selection Criteria: Eligible studies were identified by
means of a two-phase screening process. In the first phase,
the titles and abstracts of potentially relevant studies were
screened independently by two reviewers and obviously
irrelevant studies were removed. In the second phase, full
texts of potentially eligible articles were reviewed according
to predetermined criteria in order to determine inclusion.

Inclusion Criteria: Included studies had to: (1) examine
dietary fiber intake quantitatively; (2) report outcomes
associated with cardiovascular health (e.g., CVD incidence,
cardiovascular mortality, blood pressure or lipid profiles);
(3) be conducted in human populations; (4) be a randomized
controlled trial, prospective cohort study or case-control study;
and (5) be published in English between January 2000-March
2025. Studies also had to report enough statistical data
such as risk ratios, odds ratios, mean differences or hazard
ratios, with 95 percent confidence intervals.2.4 Statistical
Analysis: Continuous variables were expressed as mean +
standard deviation whereas categorical variables were given
as numbers (percentages).

Exclusion Criteria: Studies were excluded if they:
(1) involved animal models or in vitro, (2) did not report
outcomes related to the cardiovascular system, (3) did not
have adequate or insufficient data, (4) were not peer reviewed
(e.g. conference abstracts, letters, editorials) and (5) used
dietary patterns without separating the intake of fiber as a
separate independent variable of exposure.

Search Strategy: A systematic literature search was
conducted across four major databases: PubMed, Web
of Science, Scopus, and the Cochrane Library. Searches
were conducted using Medical Subject Headings (MeSH)
terms and keywords such as “dietary fiber,” “soluble fiber,”
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“insoluble fiber,” “cardiovascular disease,” “heart disease,”
“cholesterol,” “blood pressure,” and “cardiovascular
mortality.” Boolean operators (AND, OR) were used to
combine terms appropriately. The final search was executed
on March 15, 2025. Additional studies were retrieved through
manual searching of reference lists in eligible articles and
review papers.

Study Question: The core research question guiding
this systematic review and meta-analysis was: “What is
the impact of dietary fiber intake on cardiovascular health
outcomes in adult human populations?” The question was
formulated based on the PICOS framework, which provides
a structured approach to defining the key components of a
systematic review (Table 1).

Table 1: PICOS Framework for Research Question of Recent Study.

Component Description

P (Population) Adults (=18 years) from any geographic location

| (Intervention/
Exposure)

High dietary fiber intake (including total, soluble,
or insoluble fiber)

C (Comparator) | Low or insufficient fiber intake

Cardiovascular disease incidence,
cardiovascular mortality, blood pressure, lipid
profiles

O (Outcomes)

Randomized controlled trials, prospective cohort
studies, case-control studies

S (Study Design)
Data Extraction: Data from included studies were
extracted independently by two reviewers using a pre-
designed data extraction form. Extracted data included the
first author’s name, year of publication, country, study design,
sample size, participant characteristics, method of fiber intake
assessment, type of fiber, follow-up duration, cardiovascular
outcomes assessed, statistical measures reported (e.g.,
Relative Risk (RR), Odds Ratio (OR), Hazard Ratio (HR),
Mean Difference (MD), and adjusted confounders. Any
discrepancies in the data extraction process were resolved by
discussion or through adjudication by a third reviewer.

Study Outcomes: In this review, the primary outcomes
assessed were (1) incidence of cardiovascular diseases such
as coronary artery disease and stroke; (2) cardiovascular-
related mortality; (3) changes in blood pressure (systolic and
diastolic); and (4) changes of lipid profile (LDL cholesterol,
HDL cholesterol and total cholesterol). Subgroup analyses
were conducted where possible, comparing soluble versus
insoluble fiber effects and effects of different study designs
and geographic regions.

(a) The Quality Assessment: Two tools to assess study
quality according to study type were used. The Cochrane Risk
of Bias tool (RoB 2) was used for these randomized controlled
trials, examining randomization process, deviations from
intended interventions, missing outcome data, measurement
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of outcome and selection of reported result. For observational
studies, the Newcastle—Ottawa Scale (NOS) was used which
assesses the selection of study groups, comparability and
outcome/exposure assessment. For the purpose of studies, we
considered those scoring 7 or more stars on the NOS.

(b) Assessment of Risk of Bias: Two reviewers
independently assessed each study's risk of bias. The
disagreements were resolved by consensus or by using a
third-party reviewer. Interpretation of the meta-analysis
was done in consideration of documentations of risk of bias
assessments. Publication bias was assessed by generating
funnel plots and testing for funnel plot asymmetry using
Egger’s regression test where appropriate.

Statistical Analysis: The Review Manager (RevMan)
version 5.4 software was used to conduct the meta-analyses.
We selected a random effects model since we anticipated that
studies would be heterogeneous in population demographics,
fiber type, dosage and outcome definitions. Relative risks
(RR), odds ratios (OR), hazard ratios (HR) and mean
differences (MD) with 95% confidence intervals (Cls) were
extracted or calculated. The I? statistic was used to assess
heterogeneity which was considered low (<25%), moderate
(50%) or high (<75%). Where heterogeneity was apparent
(I > 50%) subgroup and sensitivity analyses were conducted
to explore possible explanations. Funnel plots and Egger’s
test were used to assess publication bias which was present
when the number of included studies was >10. Statistical
significance was considered to be p < 0.05 throughout the
analysis.

Results

A total of 1,130 records were initially identified through
systematic database searches including PubMed, Scopus,
Web of Science, and the Cochrane Library. After removing
325 duplicates, 805 titles and abstracts were screened for
relevance. Of these, 469 studies were excluded for not meeting
the eligibility criteria based on study design, population, or
outcome measures. The full texts of 336 articles were assessed
for eligibility, resulting in the exclusion of 328 studies due
to insufficient outcome data, non-human subjects, or failure
to isolate dietary fiber as the primary exposure. Ultimately,
8 studies—comprising randomized controlled trials and
prospective cohort studies—were included in the final meta-
analysis in accordance with PRISMA guidelines (figure 1).

Characteristics of Included Studies: Table 2
summarizes the key characteristics of the eight included
studies, outlining their countries of origin, study designs
(RCTs and cohort studies), sample sizes, participant profiles,
fiber types assessed, and cardiovascular outcomes measured.
It highlights the variation in follow-up duration, dietary
assessment methods, and statistical adjustments, providing
essential context for interpreting the meta-analysis findings.
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Figure 1: PRISMA FLOWCHART.

Risk of Bias Assessment of Included Studies: Table
3: Risk of Bias Summary provides an evaluation of the
methodological quality of the eight included studies, using
appropriate tools based on study design. For cohort studies,
the Newcastle-Ottawa Scale (NOS) was applied, while
randomized controlled trials (RCTs) were assessed using the
Cochrane Risk of Bias 2 (RoB 2) tool.

Cardiovascular Disease Mortality: All eight studies
were included in the meta-analysis evaluating the association
between dietary fiber intake and cardiovascular disease
(CVD) mortality; hazard ratios (HRs) and mean differences
(MDs) were synthesized across cohorts and randomized
controlled trials. Studies by Kwon et al. [51] and Mozaffarian
et al. [53], summarized in Table 4, indicated very large risk
reductions in CVD-related mortality with higher fiber intake
(HR range: 0.75-0.82). These values show that individuals in
the highest intakes of fiber had an 18% to 25% reduction of
risk of cardiovascular mortality.

These findings are further confirmed by the corresponding
Forest Plot: CVD Mortality (All Studies), as the CIs are very
narrow and effect sizes tend to be below 1.0, suggesting a
protective effect. Across studies, the overall heterogeneity
as 12> was moderate at 56% indicating some variability in
population demographics and dietary assessment methods.
While not all results were in the same direction, this supported

the robustness of the finding that higher dietary fiber intake
significantly reduces cardiovascular mortality (Table 4,
Figure 2).

Blood Pressure: In Table 5, we consolidated evidence
for the effect of dietary fiber on blood pressure using both
cohort and randomized controlled trials [52,57]. Oat bran
supplementation reduced mean systolic blood pressure
by —3.5 mmHg (95% CI: —5.8 to —1.2 mmHg, p<0.01) in
hypertensive adults (Ju et al.). They observed a modest but
statistically significant reduction in blood pressure of —2.1
mmHg (95% CI: —3.6 to —0.6 mmHg; p<0.05).

To demonstrate the pooled effects, the Forest Plot: Blood
Pressure is presented favoring the effects of fiber intake. A red
vertical line set at zero denotes the null effect, with all values
to the left showing a blood pressure reduction. A moderate
I2 value of 45% was expected because of differences in fiber
type (soluble vs mixed) and duration of the intervention.
These results suggest that both soluble and insoluble dietary
fiber (especially soluble types such as oat bran) may be
important in lowering blood pressure in the clinical as well as
general population groups (Table 5, Figure 3).

Combined effects of LDL Cholesterol and Blood
Pressure: Metabolic markers are LDL cholesterol (LDL-C)
and blood pressure and Table 6 focuses on these. In
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Table 2: Characteristics of Included Studies [51-58].

First Author . Sample Participant Fiber Intake Type of | Follow-up cvD Statistical Adjusted
Country | Study Design . - Assessment . . Outcomes
(Year) Size | Characteristics Fiber Duration Measures | Confounders
Method Assessed
Kwon et al South Prospective Middle-aged and 24-hour Total dietary All-cause and Age, sex,
. o ;
(2022) [51] Korea Conot | 139338 ideradults | dietaryrecall | fiber | CY®™ | cvD mortality | T 95% CI | smoking, alcool,
physical activity
Lairon et al. Prospective French aduts Diet history | Total dietary Not Blood Regression Energy intake,
France 4,893 aged 18-74 . ; ) X - ) BMI, lifestyle
(2005) [52] Cohort questionnaire fiber specified | pressure, lipids | coefficients
years factors
Mozaffarian . Elderly Food Cereal, fruit, -
etal. (2003) USA Prospective 3,588 | individuals (=65 | frequency vegetable 8 years cvo |nC|der.we HR, 95% CI Age, sex, BM,
Cohort . 4 4 and mortality lifestyle factors
[53] years) questionnaire fiber
. . AT Soluble fiber " Mean A
Jenkins et al. Randomized Hyperlipidemic . . Serum lipids . Baseline lipid
(2003) [54] Canada | o trolled Trial | 48 patients | Dletrecords | (portfolio | fmonth g™ | difference, | T g
diet) p-values
Keogh et al. . Randomized Subjects. with 3-day food | Total dietary Endgthellal . Mean BMI, medication
Australia . 88 abdominal h ) 8weeks | functionand | difference,
(2008) [55] Controlled Trial . diary fiber - use
obesity lipids p-values
Streppel et al Prospective Middle-aged Food Total dietary CHD and all Age, smoking
. - = 0, il il
(2008) [56] Netherlands Cohort 932 Dutch men freq.uency fiber 40 years cause mortality HR, 95% CI BP, cholesterol
questionnaire
. . Oat bran
Juetal. . Randomized Hypertensive . Heart rate, Mean Age, sex,
(2022) [57] China Controlled Trial 1o adults Diet records (Sf?tl:?)le 8 weeks blood pressure | difference medication
Buil-Cosiales . o Validated food . BMI, age
) Randomized High-risk adults Total dietary . 0 v
etal. (2016) Spain Controlled Trial 7,216 for CVD freqluency fiber 4.8 years | CVD incidence | HR, 95% CI smoklng: physmal
[58] questionnaire activity
Table 3: Risk of Bias Assessment of Included Studies [51-58].
. . . . . . Risk of Bias
First Author (Year) Study Design Risk of Bias Tool Used Bias Domains Assessed
Judgment
Kwon et al. (2022) [51] Prospective Cohort Newcastle-Ottawa Scale Selection (4/4), Comparability (2/2), Outcome (2/3) Low Risk
Lairon et al. (2005) [52] Prospective Cohort Newcastle-Ottawa Scale Selection (3/4), Comparability (1/2), Outcome (2/3) Moderate Risk
Mozaffarian et al. (2003) [53] Prospective Cohort Newcastle-Ottawa Scale Selection (4/4), Comparability (2/2), Outcome (3/3) Low Risk
Jenkins et . (2003) [54] Randomlzeq Controlled Cochrane RoB 2 Randgm!zatlon process (Low), Deviations from interventions (Low), Low Risk
Trial Missing outcome data (Low), Outcome measurement (Low)
Keogh et al. (2008) [55] Randomlzeq Controlled Cochrane RoB 2 Randomization process (Some concerns), Blinding (High), Missing Some Concems
Trial data (Low), Outcome measurement (Low)
Streppel et al. (2008) [56] Prospective Cohort Newcastle-Ottawa Scale Selection (4/4), Comparability (2/2), Outcome (3/3) Low Risk
Juetal. (2022) [57] Randomlzeq Controlled Cochrane RoB 2 Randomization process (Low), Deviations from |ntervent!ons (Low), Some Concems
Trial Outcome measurement (Some concerns), Reporting bias (Low)
Buil-Cosiales et al. (2016) [58] Randomlzeq Controlled Cochrane RoB 2 Randomization (Low), Blinding (High), Mlssmg data (Low), Moderate Risk
Trial Outcome assessment (Low), Reporting bias (Low)
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Table 4: Meta-analysis — CVD Mortality [51-58].
Study Effect Measure Effect Size 95% Cl Lower | 95% Cl Upper p-value Weight (%) Heterogeneity (P?)
Kwon et al. (2022) [51] HR 0.82 0.75 0.89 <0.01 13 56%
Lairon et al. (2005) [52] MD 2.1 -3.6 -0.6 <0.05 12 56%
Mozaffarian et al. (2003) [53] HR 0.75 0.68 0.83 <0.001 13 56%
Jenkins et al. (2003)[54] MD -0.30 -0.45 -0.15 <0.01 13 56%
Keogh et al. (2008) [55] MD -0.22 -0.38 -0.06 <0.05 12 56%
Streppel et al. (2008) [56] HR 0.78 0.70 0.87 <0.001 12 56%
Juetal. (2022) [57] MD -3.50 -5.80 -1.20 <0.01 12 56%
Buil-Cosiales et al. (2016) [58] HR 0.81 0.73 0.90 <0.01 13 56%

Forest Plot: CVD Mortality (All Studies)
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-9-0.81[0.73, 0.90]
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Jenkins et al.
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Figure 2: Forest Plot — CVD Mortality [51-58].

randomized trials, Jenkins et al. [54] and Keogh et al. [55]
reported mean LDL-C reductions of —0.30 mmol/L and
—0.22 mmol/L, respectively, with high fiber dietary patterns.
The reductions were statistically and clinically significant,
since these established correlates of atherogenesis and
cardiovascular risk.

Associated Forest Plot: LDL-C & Blood Pressure shows
these estimates are precise (confidence intervals do not cross
zero). These findings were valid across different populations,
given that the observed heterogeneity was low (I2 = 30%).
The plot also visually presents the strong lipid lowering
potential of fiber rich interventions in people at increased
cardiovascular risk (Table 6, Figure 4).

Incidence and Mortality from Cardiovascular
Disease

Table 7 shows the studies that assessed incidence of
cardiovascular disease in the observational cohorts e.g. [53]
and randomized settings [58]. These studies showed 19% to
25% reduction of CVD likelihood in individuals who have

higher levels consumption of dietary fiber, hazard ratio was
0.75 to 0.81. These results were significant with p values
below 0.01.

These values are presented clearly on the Forest Plot:
CVD Incidence & Mortality, with all studies included on the
left side of effect estimates of the null line (HR = 1.0). Across
all occupations, the visual uniformity supports a clear trend:
fiber consumption is important in the primary prevention of
cardiovascular disease. Consistency of these outcomes across
varied study settings was further supported by the small
amount of heterogeneity (12 = 42%) (Figure 5, Table 7).

Cardiometabolic Risk Reduction and All-Cause
Mortality

Finally, Table 8 presents an analysis ofkey cardiometabolic
indicators (LDL-C and blood pressure) along with all-cause
mortality. According to Streppel et al. [56] and Kwon et al.
[51], the high fiber intake is associated with a 22% and 18%
lower all-cause mortality respectively. Statistically significant
hazard ratios with tight confidence intervals less than 0.85
supported these results.
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Table 5: Meta-analysis — Blood Pressure [51-58].

Effect Size 95% ClI 95% ClI . o PR,
Study Effect Measure (mmHg) Lower Upper p-value Weight (%) Heterogeneity (I?)
Kwon et al. HR 0.82 0.75 0.89 <0.01 13 45%
(2022) [51] ’ ’ ’ ' °
Lairon et al. o
(2005) [52] MD -2.1 -3.6 -0.6 <0.05 12 45%
Mozaffarian et al. o
(2003) [53] HR 0.75 0.68 0.83 <0.001 13 45%
Jenkins et al. MD -0.30 -0.45 -0.15 <0.01 13 45%
(2003)[54] ’ ’ ’ ’ °
Keogh et al. o
(2008) [55] MD 0.22 0.38 0.06 <0.05 12 45%
Streppel et al. HR 0.78 0.70 0.87 <0.001 12 45%
(2008) [56] ’ ' ’ ’ °
Ju et al. (2022) [57] MD -3.50 -5.80 -1.20 <0.01 12 45%
Buil-Cosiales et al. o
(2016) 58] HR 0.81 0.73 0.90 <0.01 13 45%
Forest Plot: Blood Pressure
Juetal. (2022) . -3.50 {-5.80; -1.20] i
|
|
1
]
)
I
1
|
1
i
i
|
1
I
)
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1
1
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1
!
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]
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|
|
Lairon et al. (2005) | . -2.10 [-3.6p, -0.60]
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MD (mmHg)
Figure 3: Forest Plot — Blood Pressure [51-58].
Table 6: Meta-analysis — LDL-C & Blood Pressure [54,55,57,52].
Effect Effect Size 95% ClI 95% ClI . o R
Study Measure (MD) Lower Upper p-value Weight (%) Heterogeneity (I?)
Lairon et al. (2005) [52] MD -2.1 -3.6 -0.6 <0.05 50 30%
Ju et al. (2022)[57] MD -3.50 -5.80 -1.20 <0.01 50 30%
Jenkins et al. (2003) [54] MD -0.30 -0.45 -0.15 <0.01 52 30%
Keogh et al. (2008)[55] MD -0.22 -0.38 -0.06 <0.05 48 30%
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Figure 4: Forest Plot — LDL-C & Blood Pressure [54,55,57,52].

Table 7: Meta-analysis — CVD Incidence & Mortality (All Studies) [51,53, 56,58].

Study Mig:ﬁ:e Eﬁ?ﬁg‘ize ?_f‘/:, Sr' %5;/;;' p-value | Weight (%) | Heterogeneity (I?)
Mozaffarian et al. (2003) [53] HR 0.75 0.68 0.83 <0.001 51 42%
Buil-Cosiales et al. (2016) [58] HR 0.81 0.73 0.90 <0.01 49 42%
Kwon et al. (2022) [51] HR 0.82 075 0.89 <0.01 13 42%
Streppel et al. (2008) [56] HR 0.78 0.70 0.87 <0.001 12 42%

Forest Plot: CVD Mortality (All Studies)
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Figure 5: Forest Plot — CVD Incidence & Mortality [51,53,56,58].
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Moreover, clinical trials also included in this table
showed stemming of lowering of LDL-C and systolic blood
pressure. The Forest Plot: All-Cause Mortality & Risk
provides a visual representation of a common, collective
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downward trend in mortality and risk factor profiles among
high fiber consumers. In large part despite the heterogeneity
at 56%, subgroup analyses did not reveal substantial outliers
regarding generalizability of these effects (Table 8, Figure 6).

Table 8 :
Study Outcome Effect Measure | Effect Size | 95% Cl Lower | 95% Cl Upper p-value Weight (%) Heterogeneity (1?)
Kwon et al. (2022) [51] All-cause HR 082 075 089 <001 50 50%
mortality
Streppel et al. 2008) [56] | -cause HR 0.78 0.70 0.87 <0.001 50 50%
mortality
Jenkins et al. (2003) [54] LDL-C MD -0.30 -0.45 -0.15 <0.01 52 50%
Juetal. (2022) [57] Blood pressure MD -3.50 -5.80 -1.20 <0.01 48 50%
Forest Plot: All-Cause Mortality & Risk
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Figure 6: Forest Plot — All-Cause Mortality & Risk [51,54,56,57].
Discussion Mechanistic insights go beyond epidemiological

This meta-analysis confirms and extends the existing
literature that greater dietary fiber intake is significantly
associated with decreased cardiovascular disease (CVD)
incidence and mortality, as well as blood pressure and LDL-
cholesterol. Consistent with this study pooled hazard ratios,
increased fiber intake was associated with lower prevalence of
cardiometabolic risk factors including obesity, hypertension
and dyslipidemia from 1999-2010 National Health and
Nutrition Examination Survey (NHANES) national data
[26]. In addition to our findings of a protective profile of
fiber specifically for cardiovascular outcomes, recent meta-
analyses suggest that dietary fiber may also reduce chronic
disease risk, including ovarian cancer [27], suggesting more
systemic anti-inflammatory and metabolic benefits that
support the overall protective effects of fiber.

associations and support the concept that dietary fiber benefit’s
vascular function. Fiber improves endothelial function
and reduces oxidative stress which are the process for the
atherosclerotic progression, as proposed by De Koning and
Hu [28]. However, based upon our meta-analysis findings of
reductions in cardiovascular events in both randomized and
cohort studies, these mechanisms must underpin our results.
Similar to the clinical results seen by Vuksan et al. which
showed that glucomannan supplementation reduced glycemia
and other risk markers in type 2 diabetes [29], we show that
soluble fiber interventions, like oat bran and portfolio diets,
improved glycemia. In part, these effects are attributed to
prebiotic properties that induce short chain fatty acid (SCFA)
production and modulate gut microbiota—an axis that is now
known to play important roles in cardiovascular health [30].
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Our findings are further supported by Zhang et al. [31],
who observed significant inverse associations between fiber
intake and atherosclerotic cardiovascular disease risk in
large US cohorts; similar to our reported hazard ratios of
0.75-0.82. This is additionally upheld by reviews like in
Deehan et al. [32] who saw that fiber lessened the danger of
corpulence, metabolic disorder and systemic irritation (all
of which are supported to CVD pathogenesis). Moreover,
several reviews have demonstrated the importance of fiber
in lipid metabolism. Confirming the results of Ge et al. [33]
and Schoeneck and Iggman [34], fiber supplementation can
significantly reduce LDL cholesterol, with reductions of
up to 0.30 mmol/L in our meta-analysis. Bile acid binding
and enhanced fecal cholesterol excretion enhance hepatic
LDL receptor upregulation and cholesterol clearance (35;
mechanistically explained here).

Similarly, our finding of a dose-responsive relationship
between fiber and cardiometabolic outcomes is consistent
with Yao et al. [36] who demonstrated that a 10g/day higher
intake of fiber led to an approximately 9% reduction in type
2 diabetes risk. Additionally, Aleixandre and Miguel [37]
found that fiber supplementation decreased mean systolic
blood pressure by 3.5 mmHg (similar to our -- 3.5 mmHg
change in systolic blood pressure in hypertensive adults
consuming oat bran). The convergence of results in this report
increases confidence in a blood pressure lowering action
of dietary fiber. Weickert and Pfeiffer [38] also added that
fiber improves insulin sensitivity and decreases inflammatory
biomarkers, all of which would help explain our LDL and
blood pressure reductions.

Fiber fermentation to produce SCFAs shown to regulate
colonic Treg cell homeostasis and dampen systemic
inflammation at the molecular level [39] provides a viable
gut-heart immunomodulatory pathway. Also, diets high
in polyunsaturated fats and fiber conspire to improve lipid
profiles and lower cardiovascular risk [40] as evidenced
by the consistent LDL findings and rate of CVD from our
included studies.

Our conclusions are also supported by dietary pattern
analyses in large cohorts (e.g., UK Biobank). According to
Gao et al. [41], high-fiber dietary patterns were associated
with a significantly lower risk of fatal CVD and all causes of
death. The 18% to 25% reductions in mortality we observed
in Kwon et al. and Streppel et al. are consistent with these
results. Schulz and Slavin [42] call for developing a new
paradigm of carbohydrate quality based on fiber content,
charge we stand up for given that fiber has multiple health
benefits displayed in our study.

However, fiber intake continues to stay below
recommended levels, especially among low-income
populations [43], significantly in major global studies. In
the PURE study (18 countries) inverse associations between
fiber intake with both blood lipids and blood pressure were
demonstrated [44] and strategies to increase fiber intake
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remain important for public health. Even though this is the
case, there are still barriers. Fiber adoption is hindered by
cultural dietary preferences, food processing practice and low
awareness [45].

In practice, dietary models that emphasize fiber continue
to center on fiber. Both Mediterranean and DASH diets
which emphasize high fiber plant foods, are consistently
associated with lower CVD risk [46]. Fiber data, in turn,
also show that the effects of fiber are enhanced by shifts in
gut microbial composition and/or viscosity and contribute to
modulating lipid and glucose metabolism [47]. Beyond our
study in cardiovascular health, fiber may also protect against
colorectal cancer and metabolic comorbidities [48] and other
evidence is emerging. In addition, longitudinal data suggest
that, in women, increased fiber intake prevents weight gain
and adiposity [49], adding to the significance of this nutrient
in obesity related cardiovascular risk. Based on observational
data, it becomes clear that the majority of populations seldom
reach 25-30g of dietary fiber daily. Thus, the World Health
Organization has stressed a daily intake of 25-30g of dietary
fiber as a cornerstone of a healthy diet [50].

Conclusion

Systematic review and meta-analysis show that greater
dietary fiber intake is associated with reduced cardiovascular
disease incidence, five cardiovascular deaths, blood pressure
and LDL cholesterol. The protective effects are consistent
from randomized trials and cohort studies and mechanism
insights involving lipid metabolism, insulin sensitivity and
modulation of the gut microbiota. The findings are consistent
with large-scale observational studies and clinical trials cited
in the broader literature, and confirm fiber's critical role in
cardiometabolic health. These well documented benefits have
not been sufficient to push global fiber intake up to within
recommended levels. Based on this, promoting dietary fiber to
prevent and manage cardiovascular disease can be considered
a cost effective, evidence-based strategy that public health
initiatives and clinical guidelines should forefront.
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