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Nutritional Interventions for Managing Chronic
Inflammation: A Comprehensive Review of Dietary Strategies
and Their Impact on Gut Microbiota.
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Abstract

Background: Chronic inflammatory disorders, including conditions such as metabolic syndrome, type 2
diabetes (T2DM), and cardiovascular disease (CVD), significantly impact global health, contributing to
morbidity and mortality. This review investigates nutritional interventions aimed at managing
inflammation associated with these chronic diseases.

Methods: A systematic search was performed across multiple electronic databases, including PubMed,
Cochrane, Embase, and CINAHL, focusing on articles published until 2023.

Results: The review highlights that dietary patterns rich in fiber, particularly those resembling the
Mediterranean diet and plant-based diets, are linked to lower levels of inflammation, as indicated by
reduced C-reactive protein (CRP) levels. High-fiber diets enhance gut microbiota diversity and promote the
proliferation of beneficial bacteria, which are instrumental in producing short-chain fatty acids (SCFAs) that
have anti-inflammatory properties. Results demonstrate that dietary modifications leading to increased
fiber intake can significantly improve clinical outcomes in individuals with chronic inflammatory
conditions, particularly T2ZDM. However, the effectiveness of different dietary approaches varies, with plant-
based diets often showing superior benefits compared to Mediterranean diets.

Conclusion: The study concludes that dietary strategies, particularly those increasing fiber intake, are
promising adjuncts for managing chronic inflammation and improving health outcomes in affected
populations. These findings underscore the importance of dietary interventions in public health strategies
aimed at reducing the burden of chronic inflammatory diseases.
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Introduction

Chronic inflammatory disorders, characterized as non-infectious conditions in which chronic
inflammation significantly contributes to their genesis and development, are a primary source of morbidity
globally, diminishing both quality of life and lifespan [1]. Inflammation significantly contributes to
metabolic syndrome, type 2 diabetes (T2DM), and cardiovascular disease (CVD) [1]. It is also essential to
autoimmune illnesses like rheumatoid arthritis (RA), which are linked to a heightened risk of metabolic
syndrome, type 2 diabetes mellitus (T2DM), and cardiovascular disease (CVD) [2-4]. C-reactive protein
(CRP) serves as an inflammatory marker, with greater levels associated with a heightened risk of chronic
diseases and overall mortality. Thus, mitigating inflammation results in a decrease in cardiovascular events
and their risk factors [5-8].

Lifestyle variables, including smoking, poor food, and lack of physical exercise, are significant risk
factors for chronic inflammation, and alterations in these areas might avert 70-90% of diverse chronic
illnesses [1,9]. Among these risk variables, food behavior significantly contributes to mortality and
disability-adjusted life years [10]. Mediterranean diets, characterized by high consumption of fruits,
vegetables, and other plant-based foods, together with high-fiber diets (including fiber supplementation),
are linked to decreased inflammatory levels [11,12].

A mechanism influencing the pro- or anti-inflammatory effects of food is its intermediary influence on
the makeup and metabolic activity of the gut microbiota [13]. The gut microbiome comprises many species,
including bacteria, viruses, protozoa, and fungi, found in the large intestine. The microbiome performs
several activities, including digestion, metabolite production, and interaction with the immune system to
facilitate its growth and regulate inflammatory responses [13-15]. The composition and ratio of bacterial
species may vary considerably according to several circumstances, including health state, with a
microbiome exhibiting more microbial diversity linked to improved health [14,16].

Moreover, gut microbiome dysbiosis, characterized by an imbalance in the composition and function of
the gut microbial population, is associated with chronic inflammatory conditions, including autoimmune
and metabolic illnesses [16,17]. Increasing data indicates that microbiome dysbiosis might compromise
intestinal barrier integrity, affecting the mucus layer and epithelial cell junctions, hence leading to
heightened intestinal permeability [13,18]. This enables the transport of detrimental microbiome-derived
and environmental elements into the mucosal layer and systemic circulation, hence exacerbating host
immune responses and chronic inflammatory conditions [13,18].

A healthy microbiome is defined by its richness and diversity; nevertheless, the ideal makeup of a
healthy gut microbiome remains ambiguous and seems to differ across individuals [16,17]. Figure 1
summarizes particular bacterial genera and species typically linked to health, partly owing to their anti-
inflammatory properties, contrasted with those recognized as opportunistic pathogens capable of eliciting
pro-inflammatory responses [19-37]. A common trait of beneficial anti-inflammatory bacteria is their
capacity to generate short-chain fatty acids (SCFA), including butyrate, acetate, and propionate [38]. In vitro
and murine models have shown that short-chain fatty acids (SCFAs) regulate intestinal inflammation by
enhancing transepithelial resistance, altering several signaling pathways, and suppressing pro-
inflammatory cytokines while promoting anti-inflammatory cytokines [20]. Conversely, Proteobacteria,
including Escherichia coli, Shigella, and Collinsella are linked to chronic inflammatory disorders [27,28]. For
certain bacteria, shown in the intersecting region of the Venn diagram in Figure 1, the impact of their
functions on the host—whether advantageous or detrimental—depends on variables such as their
prevalence and environmental conditions [29].
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Figure 1. A Venn diagram categorizes different bacterial genera (bold) and species as anti-
inflammatory (left circle), pro-inflammatory (right circle), or both (intersection of circles) based
on their prevalence and environmental context.

Diet is a significant factor in modifying the gut microbiota [17]. High-fiber diets, such as vegetarian,
vegan, and Mediterranean, characterized by reduced red meat intake and elevated unsaturated fatty acids,
correlate with more advantageous microbiome composition, enhanced microbial diversity, and an
abundance of health-promoting bacteria, including Bifidobacteria, Lactobacillus, Prevotella, Eubacterium,
and Roseburia, alongside increased levels of short-chain fatty acids (SCFAs) [39,40]. In contrast, Western
diets, marked by elevated levels of animal fat and protein and decreased fiber content, exhibit a general
reduction in total bacteria, Bifidobacteria, Lactobacillus, and Eubacterium, with an increase in pathogenic
Proteobacteria [41]. Daily fiber consumption is crucial for the microbiome alterations linked to food [43].
In the gastrointestinal tract, non-digestible carbohydrates are fermented by the microbiome to produce
short-chain fatty acids (SCFAs), whereas some dietary fibers, termed prebiotics, preferentially promote the
proliferation of beneficial bacteria in the colon, enhancing host health [41,43,44].

Dietary therapies designed to mitigate inflammatory chronic illnesses and enhance the microbiota
show promise. Nevertheless, the area continues to evolve, and the significant variety of research has made
the formulation of definitive findings challenging in the past [45]. This comprehensive review seeks to
assess the impact of dietary interventions on chronic inflammatory illnesses and the microbiome, as well
as the degree to which the microbiome influences the link between these dietary interventions and chronic
inflammatory diseases.

Methods

A comprehensive search was conducted in the electronic databases: PubMed, Cochrane, Embase, and
CINAHL until July 2021, without any date constraints. Search phrases about food (e.g., “Diet,” “Nutrition,”
“Fiber”), microbiome (e.g, “Microbiota,” “Gastrointestinal microbiome”), and chronic inflammatory
disorders (e.g., “Autoimmune disease,” “
Refer to Supplement S1 for the comprehensive search technique for each database. Only articles in the

English language were included, and duplicate items were omitted.

Inflammation,” “Diabetes,” “heart disease”) were amalgamated.
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Clinical advantages seen with high-fiber diets

Dietary therapies that increase fiber intake seem to be most helpful in enhancing disease-specific
outcomes and positively modifying the gut microbiota in individuals with chronic inflammatory illnesses,
particularly type 2 diabetes mellitus (T2DM). Plant-based nutritional therapies, including vegetarian and
vegan diets, have regularly shown superior efficacy in enhancing clinical and microbiome outcomes
compared to other dietary interventions, such as Mediterranean dietary patterns. Moreover, increased fiber
consumption resulting from a comprehensive dietary modification had greater advantageous benefits than
fiber intake via supplementation. Moreover, a hypothesis may be proposed that modifications to the gut
microbiota might serve as a mediating component in the observed variations in disease-specific outcomes
after dietary treatments. Studies demonstrating a favorable disease response showed a more significant
increase in short-chain fatty acid-producing bacteria, perhaps contributing to the anti-inflammatory
benefits.

This comprehensive study underscores the advantageous impact of increased fiber consumption for
individuals with chronic inflammatory conditions. The results align with epidemiological studies indicating
that increased fiber intake and greater adherence to a plant-based dietary pattern correlate with a
decreased risk and incidence of T2DM and CVD [46-51]. Fiber consumption progressively escalates from
healthy omnivore diets to plant-based diets [52]. The augmentation of fiber may explain the documented
clinical advantages of vegan and vegetarian diets on T2DM, CVD, and RA in this systematic review. Low-
carbohydrate diets, which restrict the consumption of fiber-rich fruits, starchy vegetables, legumes, and
whole grains, have been widely used in the management of T2DM. While these diets demonstrate efficacy
in achieving T2DM remission after six months relative to other diets, their advantages wane by 12 months.
Furthermore, largely animal-based diets correlate with an elevated risk of cardiovascular disease and death
[53,54].

The Mediterranean diet, characterized by a mostly plant-based approach that prioritizes healthy fats and
limited animal products, is recognized as a beneficial dietary pattern linked to a decreased risk of chronic
illnesses, including cardiovascular disease, and lower all-cause mortality rates [55,56]. This analysis
indicates that Mediterranean diets were successful in improving clinical outcomes for people with T2DM
but had a limited or inconsistent impact on patients with RA and IBD. Furthermore, Candela et al. [57]
demonstrated that a vegan macrobiotic diet yielded a higher daily fiber intake (+15 g/day) and was more
efficacious in decreasing fasting blood glucose (FBG) and C-reactive protein (CRP) compared to a
Mediterranean diet. Recent research by Barnard et al. indicated that a low-fat vegan diet was more effective
in diminishing metabolic risk factors and insulin resistance than a Mediterranean diet [58]. The variable
outcomes of Mediterranean diets may stem from significant discrepancies in their interpretation and
implementation, with some iterations being more abundant in animal-based goods and deficient in fiber
compared to others [59].

Among the 11 trials that used fiber supplementation, only two showed substantial clinical advantages
[59,60]. Notably, the fiber interventions comprised supplementation with whole foods abundant in fiber
(e.g., germinated barley foodstuff and a functional food supplement containing dehydrated nopal, chia
seeds, and inulin), whereas the alternative fiber supplements consisted of isolated fibers (e.g., FOS, GOS,
inulin, and psyllium). The comprehensive high-fiber dietary regimens were more efficacious in enhancing
disease-specific outcomes compared to supplementation. Thus, substances other than fiber may also play
arole in the therapeutic advantages of high-fiber diets. Conversely, King et al. demonstrated that a psyllium
fiber supplementation of 25-30 g/day was as beneficial as a high-fiber diet in lowering CRP levels [12]. The
trials mentioned may not have administered sufficiently large doses (ranging from 5.5 to 16.5 g/day) to
demonstrate an impact. Moreover, different varieties of fiber have diverse biological consequences. Gel-
forming fibers (e.g., beta-glucans, psyllium) enhance glycemic regulation and reduce serum cholesterol,
whereas other fiber types, including insoluble fiber (e.g., wheat bran) and soluble, non-viscous fiber (e.g.,
inulin, wheat dextrin, oligosaccharides, and resistant starches), lack these attributes [61]. A varied whole-
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food dietary regimen including different forms of fiber may potentially enhance the reported therapeutic
outcomes.

While not covered in this review, more evidence exists on the impact of dietary treatments on
chronic diseases in studies that did not assess changes in microbiome makeup. Mediterranean and other
plant-based diets have shown a reduction in clinical outcomes for rheumatoid arthritis, type 2 diabetes
mellitus, inflammatory bowel disease, and cardiovascular disease. Numerous studies demonstrate the
advantages of low FODMAP dietary treatments for IBD [62].

High-fiber diets may enhance microbial diversity and the population of short-chain fatty acid-
producing bacteria

Overall, high-fiber whole-diet treatments yielded more advantageous microbiome results than low-
fiber diets and fiber supplements. Seventy percent of high-fiber dietary treatments demonstrated a
favorable alteration of the microbiome by enhancing variety, augmenting the prevalence of SCFA-producing
bacteria, and/or reducing pathogenic bacteria [63-66]. Among the fiber supplement treatments, six out of
the eleven studies showed a favorable alteration in the microbiome, three of which used synbiotic
interventions. Both low-FODMAP trials adversely impacted the microbiota, although two other low-fiber
diets showed some advantageous changes [52-55]. These results align with recent research indicating that
high-fiber, low-fat plant-based diets might enhance the prevalence of advantageous polysaccharide-
digesting bacterial species [41]. Nonetheless, given the established prebiotic properties of the several fiber
supplements used in the included trials (GOS, FOS, and psyllium), a favorable alteration in the microbiota
would have been anticipated in these investigations as well [43]. Differences in baseline individual
microbiota makeup may influence the efficacy of dietary interventions or fiber supplements in individuals.
Moreover, variables like age, physical activity, stress, and environmental conditions, together with dietary
elements such as fat and protein consumption, might modify the microbiome and possibly affect the
outcomes of the research analyzed [41].

Notwithstanding fiber consumption, the studies analyzed that assessed SCFAs indicated a general
reduction in SCFA levels. Despite the surprising nature of these findings, the measurement of fecal amounts
of SCFAs, as conducted in these investigations, is an imprecise procedure [43]. The rate of SCFA formation
cannot be reliably measured due to many variables, including the absorption of SCFAs in the gut [67]. This
evaluation indicated that trials with substantial therapeutic responses had enhanced alpha diversity and a
tendency for more advantageous alterations in the microbiome compared to those lacking significant
clinical benefits. Therefore, it may be inferred that the detected rise in SCFA-producing bacteria may have
contributed to the reduction of inflammation, therefore facilitating the noted enhancements in disease-
specific outcomes. Nevertheless, these discoveries are just trends and need more validation in further study.
Other metabolites produced by microbes that provide a favorable benefit to the host, referred to as
postbiotics, may have anti-inflammatory activity [108]. This study primarily focused on SCFAs; however,
further research should explore other postbiotics and their possible mediatory function between the
microbiome and host health.

The core microbiome is established early in childhood (between 4 to 36 months) and is regarded as
highly stable but yet vulnerable to alterations from the age of two to three years forward [16]. The limited
period of the research analyzed (median 12 weeks, range 2-107 weeks) might just reflect short-term
impacts on the microbiota. The research does not ascertain whether dietary treatments may induce
persistent alterations to the robust adult microbiome.

Methodological Considerations

This systematic review has many strengths. Initially, it offers a comprehensive perspective on chronic
inflammatory illnesses, facilitating a deeper comprehension of the impact of dietary treatments on the
common pathophysiology of the affected disease groups. Comparing research on the relative change of
disease-specific outcomes allows for a broad assessment of the impact of various dietary treatments on
chronic inflammatory disorders, which could otherwise remain undetected. Sorting the studies into dietary
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groups based on fiber intake provides an overview of the effects of various fiber treatments. Despite the
absence of correlations, stratifying the research into "responder” and "non-responder” groups generates a
hypothesis on the possible mediatory effects of the microbiota.

Although efforts have been made to provide a comprehensive perspective on chronic inflammatory
illnesses, comparing research remains challenging owing to the many disease-specific outcomes and
features used. While inflammation contributes to the pathophysiology of the specified disease categories,
these diseases exhibit distinct features. T2DM is a metabolic illness characterized by inflammatory
elements, while IBD and RA are autoimmune inflammatory diseases. This review's approach allows for the
formulation of a general hypothesis on advantageous dietary patterns for chronic inflammatory illnesses;
nevertheless, direct comparisons across disease types are now unfeasible.

The variability in outcomes extends beyond disease categories to include IBD research; for instance, a
wide array of outcomes was used to measure disease activity. Given that drugs affect the microbiota variably
and several medications were used in the studies, it is essential to interpret the results with care. Moreover,
short-term fiber supplementation may exacerbate gastrointestinal symptoms and disease activity in
individuals with inflammatory bowel disease (IBD), hence complicating the comparison of fiber
intervention outcomes in IBD patients to those in other illnesses [60,61]. Therefore, in patients with IBD,
high-fiber diets that include fiber gradually may be most advantageous, since this facilitates adaptation of
the gut microbiota, therefore alleviating abdominal discomfort. Given that low-fiber diets, including low-
FODMAP, adversely affect the microbiome without enhancing disease activity, IBD patients should approach
these diets with care [52,53]. Finally, variations in group size among research should be acknowledged as a
drawback. A total of 62% of the studies included had less than 50 enrolled people, 27% had between 50
and 100 participants, and 10% had more than 100 participants. Small research populations may be
insufficient for microbiome analysis because of the considerable inter-individual variability of the
microbiome [68].

Conclusion

Owing to the variability of the studies, only patterns can be seen between dietary treatments, disease-
specific outcomes, and microbiome outcomes in comparative analyses. Moreover, the results should be
evaluated judiciously and can only serve to generate supplementary hypotheses and stimulate further
study.

This research was limited to dietary treatments including whole food modifications or fiber
supplementation. Nonetheless, it is recognized that several dietary elements, including protein and fat, may
similarly affect the microbiome [40,44]. Furthermore, not all research documented the changes in specific
dietary components, such as fiber, complicating the correct comparison of dietary treatments.

Ultimately, the area of microbial science is very young and rapidly advancing. Consequently, there
are several constraints associated with the methodologies used in microbiome research [66]. At present,
16S ribosomal RNA (16S rRNA) sequencing is the predominant technique for the analysis of bacterial
species. This approach is superior, particularly in comparison to gas-liquid chromatography or FISH. This
methodology exhibits flaws in species-level categorization; hence, future microbiome research should
prioritize full metagenome sequencing methods [68].

Future research should use a comprehensive approach including several chronic inflammatory
disorders to better understand the impact of dietary treatments. To do this with more precision,
standardized outcomes must be used to quantify disease-specific results, and dietary evaluations should be
utilized to provide data on changes in nutrient consumption. Additional dietary intervention studies are
essential in chronic inflammatory illnesses (IBD, RA, and CVD) to ascertain if the observed patterns are
universally relevant to chronic inflammatory diseases or are particular to individual conditions.
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