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Abstract
Adopting a healthy dietary pattern may be an initial step in combating inflammation-related chronic diseases; however, a comprehensive
synthesis evaluating current evidence is lacking. This umbrella review aimed to summarise the current evidence on the effects of dietary patterns
on circulating C-reactive protein (CRP) levels in adults. We conducted an exhaustive search of the Pubmed, Scopus and Epistemonikos
databases, spanning from their inception to November 2023, to identify systematic reviews and meta-analyses across all study designs.
Subsequently, we employed a random-effectsmodel to recompute the pooledmean difference.Methodological qualitywas assessed using the A
Measurement Tool to Assess Systematic Reviews 2 (AMSTAR 2) checklist, and evidence certainty was categorised as non-significant, weak,
suggestive, highly suggestive or convincing (PROSPERO: CRD42023484917). We included twenty-seven articles with thirty meta-analyses of
seven dietary patterns, fifteen of which (50 %) exhibited highmethodological quality. The summary effects of randomised controlled trials (RCT)
found that theMediterranean diet was themost effective in reducing circulating CRP levels, followed by Vegetarian/Vegan and Energy-restricted
diets, though the evidence was of weak quality. In contrast, Intermittent Fasting, Ketogenic, Nordic and Paleolithic diets did not show an inverse
correlation with circulating CRP levels. Some results from combined interventional and observational studies, as well as solely observational
studies, also agreed with these findings. These dietary patterns show the potential in reducing CRP levels in adults, yet the lack of high-quality
evidence suggests future studies may alter the summary estimates. Therefore, further well-conducted studies are warranted.
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Low-grade inflammation refers to a condition marked by
increased levels of inflammatory indicators, including C-reactive
protein (CRP)(1). This chronic, low-grade inflammation is
significantly involved in the various co-morbidities linked to
numerous chronic diseases, such as type 2 diabetes(2), dyslipide-
mia(3), stroke(4), cardiovascular disorders(5), certain types of
cancer(6) and all-cause mortality(7). The rising prevalence of these
chronic diseases among the ageing global population burdens
both the economy and healthcare systems significantly(8).
Consequently, it is critical to determine intervention priorities
that enhance healthy ageing and thwart or postpone the onset of
chronic diseases associated with inflammation.

Dietary patterns provide an alternative perspective to the
conventional analysis of single nutrient intake, potentially
enabling the development of more holistic dietary guidelines
for health promotion, disease prevention and treatment(9).

Indeed, dietary patterns are key in regulating chronic inflam-
mation and influencing chronic disease risk through mecha-
nisms such as gut microbiome modulation, oxidative stress and
energy balance(10,11). The pro- or anti-inflammatory properties of
dietary patterns and their components are central to these
mechanisms. Healthy dietary patterns, particularly adherence to
a Mediterranean diet or consuming foods like vegetables and
fruits, as well as macro/micronutrients such as n-3 PUFA and
vitamins C and E, have been demonstrated to mitigate systemic
inflammation(12,13). Conversely, the predominant Western
dietary pattern, characterised by high intake of refined grains,
red meat, refined sugar and saturated fats, has been associated
with a pro-inflammatory response and an increase in circulating
inflammatory biomarkers(14). Therefore, adopting a healthy
dietary pattern may serve as an initial step towards mitigating
inflammation-associated chronic diseases.
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During the past decade, numerous systematic reviews,
including meta-analyses of prospective studies, have accumu-
lated evidence concerning the associations between various
dietary patterns and circulating CRP levels(15–17). These findings
hold significant implications for advancing our understanding of
preventive and therapeutic strategies for chronic diseases
intricately associated with inflammation. However, as of now,
no comprehensive synthesis has assessed the overall strength,
precision and methodological quality of these systematic
reviews and meta-analyses. Consequently, this umbrella review
aims to consolidate and synthesise existing evidence frommeta-
analysis studies on dietary patterns and their impact on
circulating CRP levels in the general adult population. Our
findings bolster the evidence for the robust effectiveness of anti-
inflammatory dietary patterns in lowering the incidence of
chronic diseases, partially achieved by the mechanism of
decreasing circulating CRP levels.

Materials and methods

The authors collectively established the protocol a priori,
and comprehensive details of the protocol governing this
systematic review were prospectively registered on PROSPERO
(CRD42023484917). Adherence to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guideline is
observed in this umbrella review, with a corresponding PRISMA
checklist provided for reference. Our research endeavour was
systematically designed to address the following inquiry: ‘Among
adult populations, which dietary patterns, as determined through
a comprehensive analysis of existing evidence, effectivelymitigates
circulating CRP levels, and furthermore, which of these dietary
patterns demonstrates the most pronounced reduction (from both
observational research and randomized controlled trials
(RCTs))?’ The formulation of this specific research question was
structured in accordance with the PICOS (Participants,
Interventions, Control, Outcomes, Study Design) principle, with
detailed specifications provided in Table 1.

Search strategy

In this study, we executed an umbrella review encompassing
meta-analyses of observational studies (cross-sectional, case–
control and cohort studies) as well as randomised controlled trial
(RCT), with a focus on evaluating the efficacy of diverse dietary
interventions on circulating CRP levels in adult populations. The
lead author conducted a systematic search of the Pubmed,
Scopus and Epistemonikos databases, spanning from their
inception to November 15, 2023. The methodology for this
search strategy was enhanced by examining the reference lists of
pertinent original articles, review articles and meta-analyses.
This manual scrutiny was conducted to identify publications
that could potentially meet the eligibility criteria. The search
algorithm utilised in the present umbrella review was collabo-
ratively formulated by the entire research team, with details
provided in the online Supplementary Table S1 for reference.
All search results were then imported into Microsoft Excel® for
Windows for duplicate removal. In the process of study
selection, two independent investigators (VTQC and NDK)
systematically conducted a three-phase parallel screening
encompassing titles, abstracts and full texts of all retrieved
studies, adhering to predefined inclusion and exclusion criteria.
Any discrepancies in the selection process were addressed
through a consensus-based approach. In instances where
consensus was unattainable, a third investigator (TQD) was
entrusted with making the definitive decision.

Eligibility criteria

Data extraction. Data extraction from each meta-analysis was
carried out using a custom-designed spreadsheet to systemati-
cally record quantitative data. This spreadsheet, developed in
Microsoft Excel® for Windows, underwent a preliminary pilot
test on five randomly selected papers to ensure methodological
consistency and concordance among the authors. Data extracted
from each eligible article included: (1) first author’s name
and publication year; (2) dietary patterns studied; (3) character-
istics of included publications, such as number of studies,

Table 1. PICOS criteria for inclusion and exclusion of studies

Parameter Inclusion criterion Exclusion criterion

Population Adults aged over 18 years. Children, adolescents, and lactating or pregnant women.
Intervention All specific dietary patterns with designated names (e.g. the

Mediterranean diet, Vegetarian diet, Vegan diet and Intermittent
Fasting diet).

A study evaluating the impact of individual nutrient components,
micronutrients, vitamins, phytochemicals via diets or food
supplements (e.g. polyphenols, carotenoids, vitamin C, n-3 and
n-3 PUFA) as well as general diets (e.g. healthy dietary patterns,
Western dietary patterns and traditional dietary patterns).

Comparison No dietary intervention or any specific diets, dietary patterns or
dietary interventions.

The study employed dietary patterns combined with additional
interventions in the control group (e.g. exercise)

Outcome C-reactive protein (CRP) or/and high-sensitivity C-reactive protein
(hsCRP).

Inflammatory biomarkers other than CRP, such as TNF-α.

Study
design

≥ 2 meta-analyses of RCT or longitudinal observational studies,
including cohort studies, case–cohort studies, nested case–control
and cross-sectional studies.

(1) Systematic reviews without meta-analytic evidence synthesis;
(2) meta-analyses not published as peer-reviewed articles in
international scientific journals; (3) meta-analyses lacking
appropriate data (e.g. effect size and 95% CI) or insufficient for
quantitative synthesis; (4) absence of full-text papers (only
abstracts, conference papers, letters, commentaries and notes);
(5) animal and/or in vitro studies; (6) publications in languages
other than English.

PICOS, Participants, Interventions, Control, Outcomes, Study Design; RCT, randomised controlled trial.
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case/intervention numbers, total participant count, databases
searched, search period, published duration of original studies,
registration status, funding sources and countries; (4) meta-
analysis results, including pooled estimate size with 95 % CI,
heterogeneity and publication bias assessment. In instances
where this information was not readily available in the included
articles, it was diligently extracted from the primary studies
themselves. In cases where studies implemented supplementary
interventions beyond a specified time frame, data extraction was
confined exclusively to values pertinent to the dietary inter-
vention. Regarding the inflammatory biomarker CRP, which has
been quantified as either CRP or hsCRP in various studies, this
work uniformly refers to both terms as CRP for consistency and
clarity(16). The data extraction process was conducted by three
authors (TQD, VTQC and NDK), with independent verification
carried out by two other authors (NTHH and VTQC). Any
discrepancies encountered during this phase were resolved
through thorough discussion among the involved authors.

Assessment of methodological quality of the systematic
reviews. The methodological quality of the included systematic
reviews andmeta-analyses was appraised through the utilisation
of AMeasurement Tool to Assess Systematic Reviews 2 (AMSTAR
2)(18). This instrument comprises sixteen items, encompassing
seven critical domains (items 2, 4, 7, 9, 11, 13 and 15) and
nine non-critical domains (items 1, 3, 5, 6, 8, 10, 12, 14 and
16), specifically designed to gauge review quality and
confidence. Responses to each item were assessed as ‘Yes’
‘No’ or ‘Partial Yes’ (indicating partial adherence to the standard).
Subsequently, the included systematic reviews and meta-
analyses were classified into the following tiers: high quality
(zero or one non-critical weakness); moderate quality (more
than one non-critical weakness); low quality (exhibiting one
critical flaw with or without non-critical weaknesses) and
critically low quality (manifesting more than one critical flaw
with or without non-critical weaknesses). This task of bias
assessment in each included systematic reviews and meta-
analysis was independently undertaken by two authors (TQD
and NDK). Any discrepancies that arose during this assessment
were identified and resolved through collaborative discussion.

Assessment of quality of evidence. Consistent with earlier
umbrella reviews, meta-analyses that demonstrated nominally
significant associations were categorised into four levels of
evidence: convincing, highly suggestive, suggestive, weak or
non-significant association, as per previously established
critera(19,20). In summary, these criteria endeavour to evaluate
the degree of statistical significance, the amount of evidence, the
consistency of findings and the absence of indications of bias. A
P-value equal to or greater than 0·05 indicates the absence of a
statistically significant association. Online Supplementary Table
S2 details the exhaustive criteria utilised for ascertaining the level
of evidence.

Data analysis. To ascertain the pooled effect of intervention
diets v. control groups on the CRP inflammatory biomarker, we
combined the results from meta-analysis studies by classifying
diet type as a categorical variable and by study designs (RCT,

observational studies and a combination of both these study
designs). Consequently, we computed the effect size by
evaluating the differences in means (95 % CI) of inflammatory
biomarker concentrations using the DerSimonian and Laird
random-effects model(21). The intention was to conduct a meta-
analysis once data from a minimum of two studies became
available. Summary estimates and their corresponding 95 % CI
were generated employing a random-effects model, which
allocates weight to each study in accordance with its individual
inverse variance. To assess the degree of inconsistency among
studies or the extent of variability in the effects, also referred
to as statistical heterogeneity, we employed the I2 statistic.
I2 quantifies the proportion of variability in effect estimates
attributable to heterogeneity rather than sampling error. Values
of≥ 50 % and≥ 75 % indicate substantial and pronounced
heterogeneity, respectively(21). In order to detect potential
publication bias, we generated and scrutinised a funnel plot,
evaluating asymmetry through visual inspection. Furthermore, if
there were three or more studies available, we conducted
Egger’s regression asymmetry test(22). This test allowed us to
estimate small-study effects, which refer to whether smaller
studies tended to yield higher risk estimates than larger ones.
A P-value of< 0·10 was construed as indicative of the presence
of small-study effects. All statistical analyses were performed
using Stata software version 17 (StataCorp).

Patient and public involvement. The inception of the research
question, the structuring of the study design, the interpretation of
results and the composition of the manuscript were executed
without involvement from patients or the public.

Results

Identification and selection of relevant literature

Our systematic literature search yielded a total of 4850
publications, from which 2263 duplicates were subsequently
removed. The process of study selection, along with the reasons
for exclusion, is delineated in a flow chart presented in Fig. 1.
Initial screening of titles and abstracts from the remaining
2587 citations resulted in the exclusion of 2412 citations.
Further scrutiny through full-text assessment of the remaining
175 publications led to the exclusion of an additional 148
publications. Additionally, a systematic reviewwas incorporated
into our analysis following its identification in the reference list of
the included reviews. Ultimately, twenty-seven meta-analyses
encompassing thirty reanalysed effect sizes pertaining to seven
dietary patterns were deemed appropriate for inclusion in this
umbrella review.

Description of included meta-analyses

The summary presents the descriptive characteristics of included
reviews related to various dietary patterns, as illustrated in Fig. 2
and online Supplementary Table S3. These reviews were
published between 2011 and 2023, with more than half (n 14,
51·9 %) emerging post-2020 (Fig. 2(a)). The quantity of data-
bases searched varied from a minimum of 2, comprising 10 % of
the total, to a maximum of 7, accounting for 6·7 %. The
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predominant number of datasets used was 4, constituting 36·7 %
of the total (Fig. 2(b)). The principal databases employed for
compiling research were PubMed/Medline (28·0 %), the
Cochrane Library (16·8 %), Scopus (13·1 %), Embase (12·1 %)
and the Web of Science (11·2 %) (Fig. 2(c)). The time frame for
the primary article searches within the included review articles
extended from the inception of the database until 2011–2023
(Fig. 2(d)). Additionally, nineteen reviews (63·3 %) had a
registered protocol (Fig. 2(e)), and twenty reviews (66·7 %)
received support from governmental or non-governmental
entities (Fig. 2(f)). All reviews selected for inclusion were
derived from articles published in peer-reviewed academic
journals.

Online Supplementary Table S3 presents an analysis of
twenty-seven reviews, indicating that the number of primary
studies included in each review varied from 2 to 19. A substantial
majority, twenty reviews (74·1 %), consisted of published meta-
analyses of RCT. The participant cohort sizes also varied
substantially, ranging from a minimum of 56 to a maximum of

7099 participants. This diversity was alsomirrored in the range of
intervention groups (28–3779 participants) and control groups
(28–5041 participants). The mean age of participants within the
primary studies ranged from 18 to 77 years, with a predominantly
focus on cohorts representative of the general population.
Nonetheless, a subset of the reviews specifically targeted
populations afflicted with overweight or obesity(23–25), cancer(26)

and various chronic diseases(27–29).
Geographically, the primary studies were distributed across

six continents: Africa, Asia, Europe, North America, Oceania and
South America, covering a total of thirty countries. The most
substantial proportion of these studies was conducted in the USA
(17·29 %), followed by Italy and Brazil (each 7·52 %), Sweden
and Australia (each 6·77 %) and Germany (6·02 %), as shown in
online Supplementary Table S3.

The dietary patterns explored within the intervention groups
of these included reviews were classified into seven principal
categories: Vegetarian/Vegan diets(16,17,24,30–32), Paleolithic
diet(15,29,33), Intermittent Fasting diet(23,34–37), Energy-restricted

Fig. 1. PRISMA flow diagram of the literature selection process. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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diet(25,34), Mediterranean diet(27,28,38–41), Nordic diet(42,43) and
Ketogenic diet(26,44–46).

The methodological quality of the incorporated
meta-analyses

The results of the methodological quality assessment are
presented in online Supplementary Table S4 and Fig. S1.
Among the retrieved meta-analyses, fifteen (50 %) were
classified as having high methodological quality, five (16·7 %)
as moderate, seven (23·3 %) as low and three (10 %) as critically
low. The majority of the meta-analyses demonstrated either low
or critically low confidence in their findings, predominantly due
to non-compliance with two critical domains: first, a notable
absence of a pre-established review protocol prior to execution
(10 of 11, 90·9 %), and second, a lack of employed a robust
technique for the evaluation and incorporation of bias risk in the
individual studies during result interpretation (3 of 11, 27·3 %).
Furthermore, most of the included systematic reviews and meta-
analyses failed to disclose the funding sources of the included
primary studies and did not sufficiently elucidate the rationale

behind their selection of specific study designs for inclusion in
the systematic reviews and meta-analyses.

Effects of dietary patterns on circulating C-reactive
protein levels

Table 2 and online Supplementary Fig. S2–5 delineate the
recalculated mean difference (MD) with their corresponding
95 % CI alongside the calibre of evidence for the correlation
between dietary patterns and circulating CRP levels. Collectively,
none of these associations attained classifications as either
strong, highly suggestive or even suggestive in terms of evidence
quality. In a detailed breakdown, weak evidence was attributed
to 42·9 % (n 3) of the comparative analyses, whereas 57·1 % (n 4)
were categorised under non-significant evidence.

For RCT, the Mediterranean diet exhibited the most
significant reduction in adult circulating CRP levels (MD:
−0·71 mg/l; 95 % CI −1·22, −0·19; I2= 76·98 %). Following this,
the Vegetarian/Vegan and Energy-restricted diets also demon-
strated reductions in circulating CRP levels, although the effects
were less pronounced (MD: −0·55 mg/l; 95 % CI −0·85, −0·26;
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Fig. 2. General descriptive characteristics of the included meta-analyses in this umbrella review.
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Table 2. Summary of estimates with 95% CI and evidence quality for the effectiveness of dietary patterns in lowering circulating CRP levels in general adult populations
(Mean difference and 95% confidence intervals)

No. Dietary patterns
Meta-analysis
studies, n

Primary
studies, n

Searching
databases,
n (mean)

Intervention
groups, n

Control
groups, n

Total
samples

Recalculated
MD* 95% CI P I2 (%)

Quality of the
evidence

1 Mediterranean dieta 6 55 4·2 9074 5649 14 723 –0·61 –0·95, −0·26 <0·001 82·44 Weak evidence
2 Mediterranean dietb 4 37 4·4 4725 3795 8520 –0·71 –1·22, −0·19 <0·001 76·98 Weak evidence
3 Vegetarian/Vegan

dietsa
8 93 2·9 6335 12 146 18 481 –0·43 –0·60, −0·25 0·01 50·04 Weak evidence

4 Vegetarian/Vegan
dietsb

4 28 3 1075 922 1997 –0·55 –0·85, −0·26 0·05 8·52 Weak evidence

5 Vegetarian/Vegan
dietsc

4 65 2·8 5260 11 224 16 484 –0·37 –0·59, −0·15 0·02 68·39 Weak evidence

6 Energy-restricted
dietb

2 19 4·5 624 519 1143 –0·09 −0·30, 0·12 0·02 81·73 Weak evidence

7 Intermittent Fasting
dietb

5 27 4·0 709 578 1287 –0·03 −0·06, −0·00 0·87 0 Non-significant

8 Ketogenic dietsa 4 19 4·3 541 641 1182 –0·05 –0·46, 0·36 0·33 27·65 Non-significant
9 Ketogenic dietsb 2 7 5 234 247 481 0·36 –0·53, 1·25 0·36 0 Non-significant
10 Ketogenic dietsd 2 12 3·5 307 394 701 –0·21 –0·36, −0·05 0·31 3 Non-significant
11 Nordic dietb 2 11 3·5 708 708 1416 –0·19 –0·71, 0·32 0·45 0 Non-significant
12 Paleolithic dietb 3 18 4·7 1051 1044 2095 –0·41 –0·63, −0·19 0·34 0 Non-significant

CRP, C-reactive protein; MD, mean difference.
The recalculated MD has been derived from a an amalgamation of both cross-sectional studies and RCT/controlled clinical trial, b exclusively from RCT, c exclusively from cross-sectional studies and d exclusively from controlled clinical trial.
Recalculated MD along with their respective 95% CI were computed employing random-effects models. The findings from this umbrella review were categorised into five levels: convincing, highly suggestive, suggestive, weak or non-
significant association, based on criteria detailed in online Supplementary Table S2.
* Unit of CRP levels in effect size calculations: mg/l.
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I²= 8·52 % andMD:−0·09mg/l; 95 %CI−0·30, 0·12; I²= 81·73 %,
respectively). All these findings were characterised by weak
evidence quality. In stark contrast, diets such as Intermittent
Fasting, Ketogenic, Nordic and Paleolithic showed no inverse
correlation with circulating CRP levels, with the evidence for
these dietary patterns remaining consistently non-significant.

In observational studies and controlled clinical trials, the
recalculated MD values were determined only for Vegetarian/
Vegan andKetogenic diets due to the limited number of included
meta-analyses. Consistent with RCT findings, adherence to
Vegetarian/Vegan diets was associated with a reduction in
circulating CRP levels (MD: −0·37 mg/l; 95 % CI −0·59, −0·15;
I²= 68·39 %), though this was supported by weak evidence
quality. Conversely, Ketogenic diets did not show similar effects
(MD: −0·21 mg/l; 95 % CI −0·36, −0·05; I²= 3 %).

Finally, the combined results from meta-analyses of obser-
vational studies and RCT revealed strong consistency in the
order and magnitude of dietary effects on circulating CRP levels,
mirroring the findings from RCT. Specifically, the Mediterranean
diet showed the most significant reduction in adult circulating
CRP levels (MD: −0·61 mg/l; 95 % CI −0·95, −0·26; I² = 82·44 %),
while Vegetarian/Vegan diets also demonstrated reductions,
though less pronounced (MD: −0·43 mg/l; 95 % CI −0·60, −0·25;
I²= 50·04 %). All these findings were supported by weak
evidence quality. Additionally, the Ketogenic diets exhibited
limited efficacy in reducing circulating CRP levels.

Publication bias

Evidence suggestive of potential publication bias, as discerned
through the asymmetry observed in the funnel plots, has been
detected in relation to the associations between the
Mediterranean diet and Vegetarian/Vegan diets regarding their
impact on the reduction of circulating CRP levels when
compared with other dietary interventions (see online
Supplementary Fig. S6–7). Furthermore, except for the
Energy-restricted diet, which had a limited number of reviews,
we conducted an Egger test for the Mediterranean and
Vegetarian/Vegan diets. The results revealed small-study effects
for both diets, with P-values of 0·0082 and 0·0029, respectively.

Discussion

Principal findings

The present umbrella review has systematically synthesised
evidence derived from diverse study designs, with a specific
focus on elucidating the effectiveness of various dietary patterns
in ameliorating circulating CRP levels. By combining our findings
with the results of meta-analyses of RCT, our analysis yielded
weak quality evidence suggesting that Mediterranean,
Vegetarian/Vegan and Energy-restricted diets are inversely
associated with circulating CRP levels in diverse adult popula-
tions with various health statuses. Furthermore, the combined
results of meta-analyses from observational studies and RCT for
the Mediterranean and Vegetarian/Vegan diets, as well as the
meta-analyses from solely observational studies for the
Vegetarian/Vegan diet, were consistent with those obtained

from RCT. To the best of our knowledge, this review represents
the inaugural effort to comprehensively synthesise extant meta-
analyses, appraise the methodological quality of these pub-
lications and critically assess the overall quality of evidence
pertaining to all relevant dietary patterns within this topic.

Interpretation in light of evidence

Adherence to the Mediterranean diet entails regular consump-
tion of characteristic foods beneficial against inflammation and
oxidation, such as fatty fish, vegetables, legumes, fresh fruits,
nuts and olive oil(47). This well-researched diet is globally
recognised for its health benefits, particularly in reducing the risk
of non-communicable diseases like heart disease, diabetes and
cancer(48). The elucidation of these health benefits can be
partially attributed to the diet’s multifaceted capability to reduce
circulating levels of CRP in adult populations. This reduction is
achieved through a series of biological processes, which include
the modulation of lipid mediators, the alleviation of oxidative
stress, alterations in gut microbiota composition and the
suppression of inflammation-associated pathways. First, the
Mediterranean diet, replete with n-3 fatty acids derived from
sources such as salmon and mackerel, alongside oleic acid
obtained from olive oil, exerts an influence on the composition
of cell membrane phospholipids. This leads to a decrease in the
synthesis of inflammatory eicosanoids and cytokines, thereby
attenuating systemic inflammation and the levels of circulating
CRP(49). Second, the diet’s abundant antioxidant constituents –
comprising vitamins C and E, β-carotene, and a plethora of
polyphenols present in fruits, vegetables and nuts – counteract
oxidative stress. This is achieved through the neutralisation of
free radicals and the inhibition of the NF-κB signalling pathway,
culminating in a reduced production of pro-inflammatory
cytokines and a consequent decrease in circulating CRP
levels(50). Third, the high dietary fibre content of the
Mediterranean diet, sourced from legumes and whole grains,
exerts a significant influence on the gut microbiota. This dietary
fibre undergoes fermentation by the gut microbiota into SCFA,
including butyrate, propionate and acetate. These SCFA interact
with G-protein-coupled receptors on immune cells, modulating
their function and diminishing the release of pro-inflammatory
cytokines, which may result in a systemic reduction in
inflammation and a subsequent potential decrease in circulating
CRP levels(51). Finally, the diet’s rich endowment of polyphenols,
particularly flavonoids, plays a pivotal role in modulating
inflammatory signalling pathways. They are known to inhibit
the activity of enzymes like cyclo-oxygenase-2 (COX-2) and
lipoxygenase and downregulate the production of pro-inflam-
matory mediators like TNF-α and IL-6(52), which might be
upstream of CRP synthesis in the liver.

The observed diminution in circulating CRP levels among
adults adhering to Vegetarian and Vegan diets, which bear
resemblance to the Mediterranean diet, can be principally
ascribed to the profuse presence of antioxidants and phyto-
chemicals. These substances are derived from a robust
consumption of fruits, vegetables, nuts and whole grains,
effectively attenuating oxidative stress and inflammation(53,54).
Additionally, akin to the Mediterranean dietary pattern, these
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dietary regimens exert a considerable influence on the
composition of gut microbiota. They encourage the proliferation
of beneficial bacterial strains capable of producing anti-
inflammatory SCFA, which potentially contribute to the noted
reduction in circulating CRP levels(55). Distinguishing themselves
from the Mediterranean diet, Vegetarian and Vegan diets often
result in lower body weight and reduced adiposity compared
with omnivorous diets. This differencemay be illuminated by the
fact that adipose tissue, especially visceral fat, is capable of
producing pro-inflammatory cytokines, which elevate circulat-
ing CRP levels. Thus, the typically lower body weight and
diminished fat mass associated with Vegetarian and Vegan diets
are crucial in potentially reducing circulating CRP levels(56,57).
Vegetarian and, particularly, Vegan diets are characterised by a
substantial intake of PUFA, notably n-3 fatty acids sourced from
foods like flaxseeds, chia seeds and walnuts. These fatty acids
possess well-documented anti-inflammatory properties, offering
a potential avenue for the reduction of circulating CRP levels(58).
Furthermore, the exclusion of heme iron and N-glycolylneur-
aminic acid (Neu5Gc) – compounds predominantly present in
redmeat and linked to inflammation –marks a distinctive feature
of Vegetarian and Vegan diets(59). This avoidance may
potentially contribute to the lower circulating CRP levels
observed in individuals adhering to these dietary patterns.
Lastly, several additional mechanisms have been postulated,
encompassing enhanced insulin sensitivity(60), heightened nitric
oxide production(61) and the presence of phytochemicals and
alkaloids(62). Collectively, these mechanisms play a role in
attenuating inflammation and, consequently, may contribute to
the reduction in circulating CRP levels.

Energy-restricted diets have been associated with the
reduction of circulating CRP levels in humans, although the
exact mechanisms have not been clearly elucidated. A plausible
explanation for this phenomenon is the substantial weight loss
frequently observed in individuals adhering to such diets.
Weight loss, particularly the reduction of adipose tissue, can lead
to a decrease in pro-inflammatory cytokines produced by
adipocytes(63). Additionally, energy-restricted diets are conjec-
tured to exert a mitigative effect on cellular senescence, a
phenomenon intimately associated with ageing and inflamma-
tion. This effect is thought to occur through the preservation of
cellular integrity and the prevention of cellular damage. The
proposed mechanisms facilitating this protective effect include
the reduction of oxidative stress and inflammation, as well as the
enhancement of autophagy(64). These processes collectively
contribute to the maintenance of cellular health and may thus
play a role in attenuating the systemic inflammatory response, as
evidenced by reduced circulating CRP levels.

Limitations of the included meta-analyses and prospective
research trajectories

In this umbrella review, we systematically identify significant
research gaps and underline the necessity for methodologically
rigorous meta-analyses. First, an observation was made regard-
ing the relatively limited number of meta-analytic articles
available on the subject, indicating that this field of research is
still nascent and merits further empirical investigation. Second, a

proportion of the meta-analyses (fourteen out of thirty), each
involving≤ 5 primary studies, reveal evidence of small-study
effects or the potential for publication bias(15,16,23,28,29,35,37–40,43–
46). Third, a substantial portion of these meta-analyses acknowl-
edges the lack of clearly established criteria for inclusion and
exclusion, as well as for intervention designs, which encompass
critical elements such as intervention duration, age, sex, dosage
and the health status of participants in their included primary
studies. Furthermore, the definition of dietary patterns displayed
heterogeneity and experienced variability across various
geographical and cultural contexts, as exemplified by the
Mediterranean diet(27), Vegetarian diet(17) and Nordic
diet(43). Dietary research encounters inherent methodological
challenges such as the measurement and quantification of
dietary intakes(35,36), as well as issues pertaining to recall bias,
misreporting, misclassification and measurement error(16,30,32,35).
These lack of precision have led to notable heterogeneity in the
assessment of dietary patterns and their influence on inflamma-
tion markers(15,23,24,26,27,30,32,35–37,40–43,45). Fourth, the majority of
both primary studies and systematic reviews omitted descrip-
tions of dietary compliance, which has the potential to lead to an
underestimation of the true intervention effects and introduce
complexity in the interpretation of these studies(15,17,29,30,38).
Finally, the uniformity of isoenergetic diets across study arms
was inconsistent, posing challenges in differentiating the effects
of dietary pattern alterations on reduced energy intake and,
consequently, their potential influence on circulating CRP
levels(23,25,27,33,40,43).

Future research should prioritise harmonising methodologies
to evaluate adherence to various dietary patterns and stand-
ardising assessment criteria and definitions of these diets. To
facilitate this, the establishment of international research guide-
lines is suggested. Our analysis confirms the need for a more
unified and standardised methodological approach in future
studies, emphasising detailed documentation of intervention
protocols, definition of dietary patterns, baseline participant
characteristics, sample sizes and outcome data. Implementing
this structured approach is expected to significantly enhance the
accuracy of assessing how dietary patterns affect circulating CRP
levels and the associated metabolic processes. Despite some
methodological weaknesses in the meta-analyses reviewed, a
clear trend emerges: adherence to Mediterranean, Vegetarian/
Vegan and Energy-restricted diets is consistently associated with
lower levels of circulating CRP, and none of the studies reviewed
suggest these diets negatively affect inflammatory markers.
Lastly, we recommend that researchers pre-register their study
protocols on platforms like PROSPERO to ensure high
methodological standards.

Strengths and limitations

Our umbrella review had several strengths. It was the first
comprehensive analysis of meta-analyses assessing the effect of
dietary patterns on reducing circulating CRP levels. Efforts were
made to minimise bias, such as recalculating all meta-analyses
using a random-effects method and having two authors
independently conduct the review process. Additionally, we
assessed the methodological quality and evidence strength of all
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identified associations using validated tools. This process helped
identify significant research gaps and inform future research
directions.

This umbrella review also had several limitations. First, we
were unable to perform subgroup analyses (e.g. by age, sex and
geographical location) and sensitivity analyses (e.g. excluding
high-risk studies) due to limited subgroup data and a scarcity of
available meta-analyses. Second, the quality of our umbrella
review and its conclusions may be influenced by the
heterogeneity among the included meta-analyses, specifically
regarding the measurement of dietary exposure in the primary
studies varied, leading to differences in questionnaires, analyti-
cal approaches and baseline circulating CPR levels. Furthermore,
the paucity of prospective studies within these meta-analyses
and our umbrella review exacerbates issues of limited statistical
robustness, the risk of publication bias and the overall
diminished credibility of the evidence. Consequently, further
large-scale and high-quality intervention trials are needed to
accurately gauge the influence of dietary patterns on the
modulation of circulating CRP levels in a general adult cohort.
Third, in our review, the majority of studies predominantly
featured Western participants, a situation partly attributable to
the exclusive inclusion of studies published in English.
Additionally, numerous studies over the past decades have
consistently indicated that a Western diet is associated with
sustained systemic inflammation(65). These limitations raise
concerns regarding the applicability of our findings to diverse
ethnic groups and communities with limited resources. Finally,
the reliability of our review depended on the included meta-
analyses and, indirectly, on primary studies.

Conclusions

Given the escalating prevalence of chronic diseases linked to
inflammation, there exists a necessity for empirically grounded
recommendations concerning the health implications of various
dietary patterns. Notwithstanding the acknowledged limitations
of the current literature, our findings provide further substantia-
tion for the protective influence of dietary patterns against
elevated circulating CRP levels in the diverse adult population,
encompassing a range of health conditions. Specifically, our
review highlights that adherence to healthy dietary patterns,
encompassing the Mediterranean, Vegetarian/Vegan and
Energy-restricted diets, exhibits a discernible association with
reduced circulating CRP levels. These observed associations
offer robust mechanistic evidence regarding the potential anti-
inflammatory properties of these dietary patterns. However,
none of these dietary patterns examined in our study received a
high-quality evidence rating; all were deemed to have weak
quality evidence, primarily attributed to the limited number of
meta-analyses included. From a public health perspective, it
implies that these dietary patterns accommodating individual
contextual factors such as culture, food availability and taste
preferences may yield analogous reductions in circulating CRP
levels, mirroring the observations presented in this review.

To enhance the evidential certainty regarding the impact of
dietary patterns on circulating CRP levels in adults, future studies
should prioritise minimising bias. This can be achieved through

increased incorporation of RCT that examine the long-term
effects of dietary interventions, while also including isoenergetic
comparisons between intervention and control groups.
Additionally, forthcoming primary research should adhere to
standardised methodologies, conduct comprehensive analyses
and provide meticulous reporting of baseline participant
characteristics, dietary pattern definitions, sample sizes and data
collection procedures. Such measures will facilitate a more
precise quantification of the association between various dietary
patterns and not only circulating CRP levels but also other
inflammation markers and disease outcomes in specific study
populations. Finally, future systematic reviews and meta-
analyses need to follow current guidelines for conducting and
reporting included studies to ensure methodological rigour and
transparency.

Acknowledgement

The authors would like to express our gratitude to the authors of
the included studies.

This research did not receive any specific grant from funding
agencies in the public, commercial or not-for-profit sectors.

D. Q. T. and K. N. D.: Conceptualisation andMethodology. D.
Q. T. and V. T. Q. C.: Data curation and Writing – Original draft
preparation. K. N. D., V. T. Q. C. and H. T. H. N.: Visualisation
and Investigation. D. Q. T. and K. N. D.: Supervision. V. T. Q. C.
and H. T. H. N.: Software and Validation. All of the authors:
Writing – Reviewing and Editing.

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Since this was a review study, no permission from the ethical
committee was necessary.

Supplementary material

For supplementary material/s referred to in this article, please
visit https://doi.org/10.1017/S0007114524001648

References

1. Calder PC, Ahluwalia N, Albers R, et al. (2013) A consideration
of biomarkers to be used for evaluation of inflammation in
human nutritional studies. Br J Nutr 109, S1–S34.

2. Schmidt MI, Duncan BB, Sharrett AR, et al. (1999) Markers of
inflammation, prediction of diabetes mellitus in adults (ath-
erosclerosis risk in communities study): a cohort study. Lancet
353, 1649–1652.

3. Dongway AC, Faggad AS, Zaki HY, et al. (2015) C-reactive
protein is associated with low-density lipoprotein cholesterol,
obesity in type 2 diabetic Sudanese.Diabetes Metab Syndr Obes
8, 427–435.

4. Elkind MS, Tai W, Coates K, et al. (2006) High-sensitivity
C-reactive protein, lipoprotein-associated phospholipase A2,
outcome after ischemic stroke. Arch Intern Med 166,
2073–2080.

5. Ridker PM (2009) C-reactive protein: eighty years from
discovery to emergence as a major risk marker for cardio-
vascular disease. Clin Chem 55, 209–215.

Review of dietary patterns and C-reactive protein 791

https://doi.org/10.1017/S0007114524001648  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114524001648
https://doi.org/10.1017/S0007114524001648


6. Ridker PM, Rifai N, Rose L, et al. (2002) Comparison of
C-reactive protein, low-density lipoprotein cholesterol levels in
the prediction of first cardiovascular events. N Engl J Med 347,
1557–1565

7. Zong G, Gao A, Hu FB, et al. (2016) Whole grain intake,
mortality from all causes, cardiovascular disease, cancer: a
meta-analysis of prospective cohort studies. Adv Nutr 7,
1052–1065.

8. Shang X, Liu J, Zhu Z, et al. (2023) Healthy dietary patterns and
the risk of individual chronic diseases in community-dwelling
adults. Nat Commun 14, 6704.

9. Allison DB, Bassaganya-Riera J, Burlingame B, et al. (2015)
Goals in Nutrition Science 2015–2020. Lausanne, Switzerland:
Frontiers Media SA. p. 26.

10. Tosti V, Bertozzi B & Fontana L (2018) Health benefits of the
Mediterranean diet: metabolic and molecular mechanisms.
J Gerontol: Series A 73, 318–326.

11. Cryan JF, O’Riordan KJ, Cowan CSM, et al. (2019) The
microbiota-gut-brain axis. Physiol Rev 99, 1877–2013.

12. Bonaccio M, Cerletti C, Cerletti C, et al. (2015) Mediterranean
diet, low-grade subclinical inflammation: the Moli-Sani study.
Endocr Metab Immune Disord Drug Targets 15, 18–24.

13. Estruch R (2010) Anti-inflammatory effects of the
Mediterranean diet: the experience of the PREDIMED study.
Proc Nutr Soc 69, 333–340.

14. Lopez-Garcia E, Schulze MB, Fung TT, et al. (2004) Major
dietary patterns are related to plasma concentrations ofmarkers
of inflammation and endothelial dysfunction. Am J Clin Nutr
80, 1029–1035.

15. Ghaedi E, Mohammadi M, Mohammadi H, et al. (2019) Effects
of a paleolithic diet on cardiovascular disease risk factors: a
systematic review and meta-analysis of randomized controlled
trials. Adv Nutr 10, 634–646.

16. Menzel J, Jabakhanji A, Biemann R, et al. (2020) Systematic
review and meta-analysis of the associations of vegan and
vegetarian diets with inflammatory biomarkers. Sci Rep 10,
21736.

17. Haghighatdoost F, Bellissimo N, Totosy De Zepetnek JO, et al.
(2017) Association of vegetarian diet with inflammatory
biomarkers: a systematic review and meta-analysis of obser-
vational studies. Public Health Nutr 20, 2713–2721.

18. Shea BJ, Reeves BC, Wells G, et al. (2017) AMSTAR 2: a critical
appraisal tool for systematic reviews that include randomised or
non-randomised studies of healthcare interventions, or both.
BMJ 358, j4008.

19. Fusar-Poli P & Radua J (2018) Ten simple rules for conducting
umbrella reviews. Evid Based Ment Health 21, 95–100.

20. Veettil SK, Wong TY, Loo YS, et al. (2021) Role of diet in
colorectal cancer incidence: umbrella review of meta-analyses
of prospective observational studies. JAMA Netw Open 4,
e2037341.

21. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials.
Control Clin Trials 7, 177–188.

22. Egger M, Davey Smith G, Schneider M, et al. (1997) Bias in
meta-analysis detected by a simple, graphical test. BMJ 315,
629–634.

23. Park J, Seo YG, Paek YJ, et al. (2020) Effect of alternate-day
fasting on obesity and cardiometabolic risk: a systematic review
and meta-analysis. Metab Clin Exp 111, 154336.

24. Chiavaroli L, Nishi SK, Khan TA, et al. (2018) Portfolio dietary
pattern and cardiovascular disease: a systematic review and
meta-analysis of controlled trials. Prog Cardiovasc Dis 61,
43–53.

25. Kemalasari I, Fitri NA, Sinto R, et al. (2022) Effect of calorie
restriction diet on levels of C reactive protein (CRP) in obesity: a

systematic review and meta-analysis of randomized controlled
trials. Diabetes Metab Syndrome: Clin Res Rev 16, 102388.

26. Amanollahi A, Khazdouz M, Malekahmadi M, et al. (2023)
Effect of ketogenic diets on cardio-metabolic outcomes in
cancer patients: a systematic review and meta-analysis of
controlled clinical trials. Nutr Cancer 75, 95–111.

27. Schwingshackl L & Hoffmann G (2014) Mediterranean dietary
pattern, inflammation and endothelial function: a systematic
review and meta-analysis of intervention trials. Nutr Metab
Cardiovasc Dis 24, 929–939.

28. Mayr HL, Tierney AC, Thomas CJ, et al. (2018) Mediterranean-
type diets and inflammatory markers in patients with coronary
heart disease: a systematic review and meta-analysis. Nutr Res
50, 10–24.

29. Sohouli MH, Fatahi S, Lari A, et al. (2022) The effect of
paleolithic diet on glucose metabolism and lipid profile among
patients with metabolic disorders: a systematic review and
meta-analysis of randomized controlled trials. Crit Rev Food Sci
Nutr 62, 4551–4562.

30. Craddock JC, Neale EP, Peoples GE, et al. (2019) Vegetarian-
based dietary patterns and their relation with inflammatory and
immune biomarkers: a systematic review and meta-analysis.
Adv Nutr 10, 433–451.

31. Jiao J, Xu JY, Zhang W, et al. (2015) Effect of dietary fiber on
circulating C-reactive protein in overweight and obese adults: a
meta-analysis of randomized controlled trials. Int J Food Sci
Nutr 66, 114–119.

32. Reynolds AN, Akerman AP & Mann J (2020) Dietary fibre and
whole grains in diabetes management: systematic review and
meta-analyses. PLoS Med 17, e1003053.

33. Santesso N, Akl EA, Bianchi M, et al. (2012) Effects of higher- v.
lower-protein diets on health outcomes: a systematic review
and meta-analysis. Eur J Clin Nutr 66, 780–788.

34. Wang X, Yan Q, Liao Q, et al. (2020) Effects of intermittent
fasting diets on plasma concentrations of inflammatory
biomarkers: a systematic review and meta-analysis of random-
ized controlled trials. Nutrition 79–80, 110974.

35. Bonnet JP, Cardel MI, Cellini J, et al. (2020) Body composition,
and cardiometabolic risk: a systematic review and meta-
analysis of randomized trials. Obesity (Silver Spring) 28,
1098–1109.

36. Turner L, Charrouf R, Martínez-Vizcaíno V, et al. (2024) The
effects of time-restricted eating v. habitual diet on inflammatory
cytokines and adipokines in the general adult population: a
systematic review with meta-analysis. Am J Clin Nutr 119,
206–220.

37. Kamarul Zaman M, Teng N, Kasim SS, et al. (2023) Effects of
time-restricted eating with different eating duration on anthro-
pometrics and cardiometabolic health: a systematic review and
meta-analysis. World J Cardiol 15, 354–374.

38. Wu PY, Chen KM & Tsai WC (2021) The Mediterranean dietary
pattern and inflammation in older adults: a systematic review
and meta-analysis. Adv Nutr 12, 363–373.

39. Nordmann AJ, Suter-Zimmermann K, Bucher HC, et al. (2011)
Meta-analysis comparing Mediterranean to low-fat diets for
modification of cardiovascular risk factors. Am J Med 124,
841–851.e2.

40. Koelman L, Egea Rodrigues C & Aleksandrova K (2022) Effects
of dietary patterns on biomarkers of inflammation and immune
responses: a systematic review and meta-analysis of random-
ized controlled trials. Adv Nutr 13, 101–115.

41. Papadaki A, Nolen-Doerr E &Mantzoros CS (2020) The effect of
theMediterranean diet onmetabolic health: a systematic review
and meta-analysis of controlled trials in adults. Nutrients 12,
1–21.

792 D. Q Tran et al.

https://doi.org/10.1017/S0007114524001648  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114524001648


42. Sakhaei R, Ramezani-Jolfaie N,MohammadiM, et al. (2019) The
healthy Nordic dietary pattern has no effect on inflammatory
markers: a systematic review and meta-analysis of randomized
controlled clinical trials. Nutrition 58, 140–148.

43. Massara P, Zurbau A, Glenn AJ, et al. (2022) Nordic dietary
patterns and cardiometabolic outcomes: a systematic review
and meta-analysis of prospective cohort studies and rando-
mised controlled trials. Diabetologia 65, 2011–2031.

44. Steckhan N, Hohmann CD, Kessler C, et al. (2016) Effects of
different dietary approaches on inflammatory markers in
patients with metabolic syndrome: a systematic review and
meta-analysis. Nutrition 32, 338–348.

45. Bueno NB, de Melo IS, de Oliveira SL, et al. (2013) Very-low-
carbohydrate ketogenic diet v. low-fat diet for long-termweight
loss: a meta-analysis of randomised controlled trials. Br J Nutr
110, 1178–1187.

46. Santos FL, Esteves SS, da Costa Pereira A, et al. (2012)
Systematic review and meta-analysis of clinical trials of the
effects of low carbohydrate diets on cardiovascular risk factors.
Obes Rev 13, 1048–1066.

47. Bach-Faig A, Berry EM, Lairon D, et al. (2011) Mediterranean
diet pyramid today. Science and cultural updates. Public Health
Nutr 14, 2274–2284.

48. Guasch-Ferré M & Willett WC (2021) The Mediterranean
diet and health: a comprehensive overview. J Intern Med 290,
549–566.

49. Serhan CN (2014) Pro-resolving lipid mediators are leads for
resolution physiology. Nature 510, 92–101.

50. Bowie AG & O’Neill LAJ (2000) Vitamin C inhibits NF-κB
activation by TNF via the activation of p38 mitogen-activated
protein kinase. J Immunol 165, 7180–7188.

51. Maslowski KM, Vieira AT, Ng A, et al. (2009) Regulation of
inflammatory responses by gut microbiota, chemoattractant
receptor GPR43. Nature 461, 1282–1286.

52. Scoditti E, CalabrisoN,MassaroM, et al. (2012)Mediterranean diet
polyphenols reduce inflammatory angiogenesis through MMP-9
and COX-2 inhibition in human vascular endothelial cells: a
potentially protective mechanism in atherosclerotic vascular
disease and cancer. Arch Biochem Biophys 527, 81–89.

53. Łuszczki E, Boakye F, Zielińska M, et al. (2023) Vegan diet:
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