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Abstract

Introduction: Systemic inflammation is a key contributor to the pathogenesis of chronic diseases,
including cardiovascular disease (CVD), type 2 diabetes mellitus (T2DM), and cancer. Elevated
markers such as C-reactive protein (CRP) and interleukin-6 (IL-6) are associated with increased risk
of these diseases. Dietary fiber has been linked to reduced inflammation through its impact on gut
microbiota and production of anti-inflammatory short-chain fatty acids (SCFAs). However,
prospective data on this relationship are limited.

Methods: A prospective observational study was conducted with 200 participants aged 25—65, of
whom 183 completed the study (91.5% retention). Dietary fiber intake was assessed bi-weekly using
24-hour recalls and categorized into tertiles: low (<12 g/day), moderate (12-25 g/day), and high (>25
g/day). Fasting blood samples were collected at baseline and every two months to measure CRP and
IL-6 levels using high-sensitivity assays. Linear mixed-effects models evaluated the association
between fiber intake and changes in inflammatory markers, adjusting for age, sex, BMI, and physical
activity.

Results: Participants in the high fiber intake group exhibited the largest reductions in CRP (-1.3 = 0.7
mg/L) and IL-6 (-1.2 £ 0.6 pg/mL), compared to moderate (-0.8 = 0.6 mg/L and -0.6 = 0.5 pg/mL,
respectively) and low intake groups (+0.2 £ 0.5 mg/L and +0.3 £ 0.4 pg/mL, respectively). Changes
were statistically significant (p<0.001). Reductions were more pronounced in participants with
overweight or obesity.

Conclusion: Higher dietary fiber intake was associated with significant reductions in systemic
inflammation, highlighting its potential as a cost-effective intervention for mitigating chronic disease
risk. Public health strategies should prioritize increasing dietary fiber consumption to improve
population health outcomes.

Introduction

Systemic inflammation has emerged as a significant factor in the pathogenesis of chronic diseases,
including cardiovascular disease (CVD), type 2 diabetes mellitus (T2DM), and certain cancers.
Elevated markers of systemic inflammation, such as C-reactive protein (CRP) and interleukin-6 (IL-
6), are consistently associated with an increased risk of these non-communicable diseases (1,2). While
pharmacological interventions targeting inflammation have shown promise in reducing chronic
disease risk, dietary modifications represent a cost-effective and widely applicable strategy for
mitigating inflammation.

Dietary fiber, a non-digestible carbohydrate derived from plant-based foods, has been linked to
numerous health benefits, including weight regulation, improved metabolic health, and reduced
inflammation (3). Dietary fiber is thought to exert anti-inflammatory effects primarily through its role
in modulating gut microbiota composition and promoting the production of short-chain fatty acids
(SCFAs), which influence systemic inflammation (4,5). However, much of the current evidence
regarding dietary fiber and inflammation is derived from cross-sectional or short-term studies,
limiting causal inference (6).

This prospective study aims to address these limitations by evaluating the impact of dietary fiber
intake on systemic inflammatory markers, specifically CRP and IL-6, over six months. By examining
a diverse cohort of adults, this research seeks to elucidate the potential role of dietary fiber as a
modifiable factor in reducing systemic inflammation and chronic disease risk.
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Chronic low-grade systemic inflammation is a critical biological mechanism underpinning the
development of several non-communicable diseases. CRP and IL-6 are reliable biomarkers of
systemic inflammation, with elevated levels associated with an increased risk of CVD, T2DM, and
mortality (1,2). CRP, an acute-phase protein synthesized in the liver, is regulated by IL-6 and is a
sensitive indicator of systemic inflammation (7). Elevated IL-6, a pro-inflammatory cytokine,
contributes to endothelial dysfunction, insulin resistance, and tumorigenesis (8).
Dietary factors have garnered significant attention for their role in modulating inflammation. Among
these, dietary fiber has been highlighted for its potential to reduce systemic inflammation through
several mechanisms. Fiber fermentation by gut microbiota produces SCFAs, such as butyrate, which
strengthen gut barrier integrity, reduce endotoxemia, and suppress pro-inflammatory cytokines (4,5).
Observational studies have demonstrated inverse associations between dietary fiber intake and
systemic inflammatory markers, but prospective data are sparse (3,6).
Despite recommendations for daily fiber intake of 25-30 g for adults, average consumption remains
suboptimal in many populations (9). Addressing this gap through dietary interventions may provide a
non-invasive approach to reducing inflammation and its associated health risks.
The current body of evidence underscores the need for further investigation into the relationship
between dietary fiber and systemic inflammation. Cross-sectional studies have established
correlations between fiber intake and lower CRP and IL-6 levels, but these studies cannot establish
temporality or causality (3,6). Randomized controlled trials have shown short-term benefits of fiber
supplementation on inflammation, but their generalizability is limited due to small sample sizes and
specific population groups (10).
A prospective observational study allows for the evaluation of real-world dietary habits over an
extended period, providing insight into the long-term impact of dietary fiber on systemic
inflammation. Understanding this relationship could inform dietary guidelines and public health
strategies aimed at reducing chronic disease risk through modifiable lifestyle factors. Furthermore,
investigating the potential differential effects of fiber on inflammation in subgroups, such as
individuals with obesity or metabolic syndrome, could provide targeted recommendations.
This study will contribute to the growing evidence base by prospectively examining the association
between dietary fiber intake and systemic inflammatory markers in a diverse adult population over six
months.
Aim
This study aims to evaluate the relationship between dietary fiber intake and systemic inflammatory
markers, specifically C-reactive protein (CRP) and interleukin-6 (IL-6), in adults aged 25-65 over a
six-month period.
Materials and Methods
Study Design
This study was a prospective observational cohort study conducted over six months, designed to
evaluate the association between dietary fiber intake and systemic inflammatory markers in adults.
Ethical approval was obtained from the [Institutional Review Board], and all participants provided
written informed consent before enrollment.
Study Population
Participants were recruited from local clinics, community centers, and online advertisements. The
inclusion and exclusion criteria were as follows:
e Inclusion Criteria:
o Adults aged 25-65 years.
o No history of chronic inflammatory diseases (e.g., theumatoid arthritis, inflammatory
bowel disease).
o Not taking anti-inflammatory medications or supplements known to influence
inflammation (e.g., corticosteroids, omega-3 supplements).
e Exclusion Criteria:

o Significant dietary restrictions limiting fiber intake (e.g., low-carbohydrate diets).

o Weight fluctuations >5% within three months before enrollment.

o Recent infections or acute illnesses within the past two weeks.
A total of 200 participants were enrolled, with 183 completing the study (91.5% retention rate).
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Dietary Assessment

Dietary fiber intake was assessed bi-weekly using 24-hour dietary recalls conducted via structured
interviews. Participants were trained to estimate portion sizes using standardized visual aids. Dietary
recalls were analyzed using the USDA FoodData Central database, and total dietary fiber intake
(grams per day) was calculated. Participants were categorized into tertiles of fiber intake for analysis:
low (<12 g/day), moderate (12-25 g/day), and high (>25 g/day).

Inflammatory Marker Measurements

Fasting blood samples were collected from participants at baseline and at two-month intervals
(Months 2, 4, and 6). Samples were processed and stored at -80°C until analysis.

1. C-reactive protein (CRP): CRP was measured using a high-sensitivity CRP assay (hsCRP),
which provides accurate quantification of low-grade systemic inflammation.

2. Interleukin-6 (IL-6): IL-6 levels were quantified using an enzyme-linked immunosorbent
assay (ELISA) with a detection limit of 0.5 pg/mL.

Covariates
To account for potential confounding factors, the following covariates were measured:

e Body Mass Index (BMI): Calculated as weight (kg) divided by height (m?), measured at
each study visit.

e Physical Activity: Assessed bi-weekly using the International Physical Activity
Questionnaire (IPAQ), which categorizes activity levels as low, moderate, or high.

e Lifestyle Factors: Data on smoking status, alcohol consumption, and medication use were
collected via standardized questionnaires.

Statistical Analysis
Data were analyzed using SPSS (version 26.0). The primary outcome was the relationship between
dietary fiber intake and changes in CRP and IL-6 levels over six months.

1. Descriptive Statistics: Baseline characteristics were summarized using means and standard
deviations for continuous variables and frequencies for categorical variables.

2. Linear Mixed-Effects Models: These were used to assess the association between fiber
intake and inflammatory markers, accounting for repeated measures and adjusting for age,
sex, BMI, and physical activity.

3. Subgroup Analyses: Stratified analyses were conducted to evaluate the effects of fiber intake
in individuals with overweight/obesity (BMI > 25).

4. Sensitivity Analyses: Models were tested for robustness by excluding participants with
extreme dietary changes or baseline inflammatory levels in the highest quintile.

Statistical significance was set at p<0.05

Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki. All participants received
detailed information about the study procedures, risks, and benefits, and were free to withdraw at any
time. Blood sample collection and handling adhered to biosafety and ethical standards.

Results

The study cohort had a mean age of 45.3 £ 11.2 years, encompassing a diverse group of midlife
adults. This wide age range likely included individuals at varying risk levels for chronic diseases
associated with systemic inflammation. The mean BMI of the participants was 27.4 + 4.5 kg/m?,
indicating that the majority were overweight, a condition closely linked to low-grade inflammation
and heightened inflammatory marker levels. The study population had a slightly higher proportion of
women, constituting 54% of the participants, ensuring a gender-balanced analysis. Baseline
measurements showed elevated levels of C-reactive protein (CRP) and interleukin-6 (IL-6), with
mean values of 3.2 + 1.8 mg/L and 4.5 £ 2.3 pg/mL, respectively. The elevated CRP values, exceeding
the threshold for low-grade systemic inflammation (CRP > 3 mg/L), suggest that the cohort was at an
increased risk of inflammation-related chronic conditions, making them a suitable population for this
investigation.
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Table 1: Baseline Characteristics of Participants

Characteristic Mean = SD
Age (years) 453+11.2
BMI (kg/m?) 274445
Female (%) 54%
Baseline CRP (mg/L) 32+1.8
Baseline IL-6 (pg/mL) 45+23

Participants in the lowest tertile of fiber intake (<12 g/day) exhibited a mean increase in CRP and IL-6
levels over six months (+0.2 = 0.5 mg/L and +0.3 + 0.4 pg/mL, respectively). This indicates that low
dietary fiber intake may exacerbate systemic inflammation over time. In contrast, participants with
moderate fiber intake (12-25 g/day) experienced notable reductions in both markers, with mean
changes of -0.8 = 0.6 mg/L for CRP and -0.6 = 0.5 pg/mL for IL-6. These findings suggest that even
modest increases in dietary fiber can have an anti-inflammatory effect. The greatest reductions were
observed in the high fiber intake group (>25 g/day), where CRP decreased by -1.3 £ 0.7 mg/L and IL-
6 by -1.2 + 0.6 pg/mL, representing the strongest anti-inflammatory impact. This dose-dependent
response highlights the potential benefits of consuming fiber-rich diets in reducing systemic
inflammation. The observed changes in inflammatory markers were statistically significant across all
tertiles (p<<0.001), underscoring the robustness of these associations.
Table 2: Changes in Inflammatory Markers by Fiber Intake

Tertile of Fiber Intake CRP Change (mg/L) p-value IL-6 Change (pg/mL) p-value
Low (<12 g/day) +0.2+0.5 +0.3+04

Moderate (12-25 g/day) -0.8+0.6 <0.001 -0.6+0.5 <0.001
High (>25 g/day) -1.3+£0.7 -1.2+0.6
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Discussion

This study highlights the significant association between dietary fiber intake and systemic
inflammation, as measured by reductions in C-reactive protein (CRP) and interleukin-6 (IL-6) levels
over six months. The findings demonstrate a dose-response relationship, where higher fiber intake
was linked to greater reductions in inflammatory markers, supporting the hypothesis that dietary fiber
exerts anti-inflammatory effects. These results are consistent with existing literature and provide new
insights into the long-term impact of fiber on systemic inflammation in a diverse population.

The most substantial reductions in CRP and IL-6 were observed in participants consuming more than
25 g/day of dietary fiber, suggesting that high fiber intake may significantly attenuate systemic
inflammation. Moderate fiber intake also yielded notable reductions, while low fiber intake was
associated with slight increases in inflammatory markers. These findings suggest that even modest
increases in fiber consumption can confer measurable anti-inflammatory benefits, underscoring the
importance of public health strategies aimed at improving dietary habits.

Mechanistically, dietary fiber is believed to influence inflammation through its impact on the gut
microbiota. Fiber fermentation produces short-chain fatty acids (SCFAs), such as butyrate, which
enhance intestinal barrier function and reduce endotoxemia, thereby lowering systemic inflammation
(4,11). Furthermore, SCFAs have been shown to modulate immune responses by suppressing the
production of pro-inflammatory cytokines, including IL-6 (12). These mechanisms likely explain the
observed improvements in inflammatory markers with higher fiber intake.

The findings align with earlier cross-sectional studies that reported inverse associations between fiber
intake and inflammatory markers (3,6). For example, King et al. demonstrated lower CRP levels in
individuals with higher fiber consumption in a nationally representative U.S. cohort (3). However, this
study builds on prior research by prospectively evaluating changes in inflammation over time, thereby
strengthening the evidence for a causal relationship.

Randomized controlled trials have also demonstrated short-term reductions in inflammatory markers
with fiber supplementation (10,13). While these trials provide strong evidence for the efficacy of
specific fiber interventions, the present study offers valuable insights into the effects of real-world
dietary patterns, enhancing the generalizability of the findings. Interestingly, the anti-inflammatory
effects of dietary fiber were more pronounced in individuals with overweight or obesity, as observed
in secondary analyses. This may be attributable to the higher baseline levels of systemic inflammation
typically present in this population, providing a greater window for improvement. These findings
suggest that dietary fiber may be particularly beneficial for reducing inflammation in at-risk
populations, such as those with metabolic syndrome.

Despite its strengths, the study has limitations. First, dietary intake was assessed using 24-hour
recalls, which are subject to recall bias and may not capture habitual dietary patterns. Second, the
observational design precludes definitive causal inferences, although the prospective nature of the
study mitigates this limitation to some extent. Third, confounding factors, such as unmeasured dietary
components or lifestyle behaviors, could have influenced the results despite statistical adjustments.
Finally, the study did not distinguish between soluble and insoluble fiber, which may have differential
effects on inflammation.Future research should explore the effects of specific types of dietary fiber on
systemic inflammation in randomized controlled trials. Additionally, studies investigating the
interaction between fiber intake, gut microbiota composition, and systemic inflammation could
elucidate underlying mechanisms. Long-term interventions that evaluate clinical outcomes, such as
the incidence of cardiovascular events or diabetes, would further strengthen the evidence base.
Conclusion

This study demonstrates that higher dietary fiber intake is associated with significant reductions in
systemic inflammation, as evidenced by decreases in CRP and IL-6 levels. The findings emphasize
the potential of dietary fiber as a cost-effective, accessible intervention for reducing inflammation and
mitigating chronic disease risk. Public health initiatives should prioritize increasing fiber consumption
to improve population health, particularly among individuals with overweight or obesity who are at
greater risk of inflammation-related conditions.
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