
Yu et al. Nutrition Journal           (2025) 24:17  
https://doi.org/10.1186/s12937-024-01060-x

REVIEW Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc-​nd/4.​0/.

Nutrition Journal

The impact of dietary patterns on gut 
microbiota for the primary and secondary 
prevention of cardiovascular disease: 
a systematic review
Junwen Yu1, Yue Wu1, Zheng Zhu1,2,3* and Hongzhou Lu4* 

Abstract 

Background  Previous studies found that it is promising to achieve the protective effects of dietary patterns on car-
diovascular health through the modulation of gut microbiota. However, conflicting findings have been reported 
on how dietary patterns impact gut microbiota in individuals either established or at risk of cardiovascular dis-
ease (CVD). Our systematic review aimed to explore the effect of dietary patterns on gut microbiota composition 
and on risk factors for CVD in these populations.

Methods  We systematically searched seven databases, including PubMed/MEDLINE, MEDLINE (Ovid), Embase (Ovid), 
CINHAL (EBSCO), Web of Science, CNKI (Chinese), and Wanfang (Chinese), covering literature from inception to Octo-
ber 2024. Studies were included if they focused on adults aged 18 years and older with CVD or at least two CVD risk 
factors, implemented dietary pattern interventions, and incorporated outcomes related to microbiome analysis. The 
risk of bias for included studies was assessed using the revised Cochrane risk of bias tool (RoB2) for randomized trials 
and the Risk Of Bias In Non-randomised Studies of Interventions (ROBINS-I) for non-randomized studies. Changes 
in the relative abundance of the gut microbiome were summarized at various taxonomic levels, including phylum, 
class, order, family, genus, and species. Random-effects meta-analysis was conducted to analyze the mean difference 
in cardiometabolic parameters pre- and post-intervention.

Results  Nineteen studies were identified, including 17 RCT and two self-controlled trails. Risk of bias across the stud-
ies was mixed but mainly identified as low and unclear. The most frequently reported increased taxa were Faecalibac-
terium (N = 8) with plant-rich diets, Bacteroides (N = 3) with restrictive diets, and Ruminococcaceae UCG 005 and Alistipes 
(N = 9) with the polyphenol-rich diets. The most frequently reported decreased taxa were Parabacteroides (N = 7) 
with plant-rich diets, Roseburia (N = 3) with restrictive diets, and Ruminococcus gauvreauii group (N = 6) with the poly-
phenol-rich diets. Plant-rich diets showed a significant decrease in total cholesterol (TC) with a mean difference 
of -6.77 (95% CI, -12.36 to -2.58; I2 = 84.7%), while restrictive diets showed a significant decrease in triglycerides (TG) 
of -22.12 (95% CI, -36.05 to -8.19; I2 = 98.4%).
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Conclusions Different idetary patterns showed distinct impacts on gut microbiota composition. Plant-rich diets 
pro-moted the proliferation of butyrate-producing bacteria, suggesting unfavorable prospects for modulating gut 
microbi-ota and butyrate production through dietary interventions to enhance cardiovascular health. Further 
research is war-ranted to investigate the long-term effects of dietary patterns on clinical endpoints, such as CVD 
events or mortality.

Review registration Registration number: CRD42024507660
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Background
Cardiovascular disease (CVD) remains the leading cause 
of global mortality, contributing significantly to reduced 
quality of life and excess health system costs [1]. Accord-
ing to the Global Burden Disease Study, cases of total 
CVD, CVD-related deaths, and years lived with disabil-
ity doubled from 1990 to 2019. Concurrently, disability-
adjusted life years (DALYs) and years of life lost among 
CVD patients also increased significantly [1]. Amidst its 
multifaceted etiology, which includes environmental, 
metabolic, and behavioral risk factors, the crucial role of 
dietary patterns in the management of CVD has garnered 
increasing recognition [2]. Dietary patterns are defined 
as the amounts, proportions, variety, or combinations of 
different foods, beverages, and nutrients in the diet, and 
the frequency with which they are habitually consumed 
[3]. A healthy dietary pattern consists of nutrient-dense 
forms of foods and beverages across all food groups, 
in recommended amounts, and within calorie limits 
[3]. Unhealthy dietary patterns accounted for 6.58 mil-
lion cardiovascular deaths (95% CI: 2.27–9.52 million) 
and contributed to an all-cause DALYs rate of 2,340 per 
100,000 (95% CI: 836–3,380 per 100,000) in 2021 [4]. 
There is an urgent need for comprehensive strategies 
aimed at mitigating the burden of CVD through targeted 
dietary interventions [5, 6].

All individuals, regardless of their CVD risk status, can 
benefit from healthy diet, which focuses on increasing 
consumption of fruits, vegetables, whole grains, fat-free 
or low-fat dairy, lean proteins, and oils, and on decreasing 
consumption of foods high in sodium, saturated or trans 
fats, and added sugars [7]. Given the growing knowledge 
of the synergy between nutrients and their food sources, 
dietary guidelines have shifted from focusing on isolated 
nutrients to broader dietary patterns. Previous studies 
have highlighted the potential cardiovascular health ben-
efits associated with dietary patterns such as the Medi-
terranean, Dietary Approaches to Stop Hypertension 
(DASH), vegetarian, Nordic, and low-fat diets, while also 
indicating that Western and high-fat diets may elevate 
the risk of CVD [8–10]. It is evident that multiple die-
tary patterns can be beneficial for cardiovascular health, 
although there is significant variability in the outcomes of 
dietary interventions.

The existence of the Gut-Heart Axis makes this issue 
more complicated. Gut microbiota play an important 
role in the digestive process and contribute to the absorp-
tion of nutrients and metabolites, potentially modulating 
host immune and metabolic functions, and influenc-
ing cardiovascular health [11]. An imbalance in the gut 
microbiota composition has been linked to a higher risk 
of major cardiovascular events, such as atherosclero-
sis, heart failure, and stroke [12, 13]. The gut microbi-
ota can both influence and be influenced by virtually all 
known cardiovascular risk factors [12]. Diet is one of the 
most important modulators of gut microbiota composi-
tion and function [14]. Recent studies have implicated a 
potential link between dietary patterns, gut microbiota, 
and cardiovascular health outcomes, suggesting that the 
gut microbiome may mediate the beneficial effects of 
specific dietary patterns on CVD risk [15, 16]. It is prom-
ising to achieve the protective effects of dietary patterns 
on cardiovascular health through the modulation of gut 
microbiota.

However, current findings on the impact of dietary 
patterns on gut microbiota present conflicting results. 
Santos-Marcos et  al. [17] observed a decrease in the 
levels of Roseburia with the Mediterranean diet, while 
other studies reported an increase [16, 18]. Additionally, 
Ghosh et al. [18] noted an increase in Bacteroides follow-
ing the Mediterranean diet, whereas Di et al. [19] found 
results contradicting this observation. How diet patterns 
influenced the gut microbiota to improve cardiovascular 
health remains unclear.

Therefore, the aim of our systematic review and meta-
analysis was to explore the effects of dietary patterns on 
both the relative abundance of gut microbiota and key 
microbiota-mediated CVD risk factors in individuals 
with established CVD or at risk of CVD. By synthesizing 
existing literature, we hope to identify dietary strategies 
that may mitigate CVD risk by modulating gut microbi-
ota composition and function.

Methods
The Joanna Briggs Institute (JBI) Reviewer’s Manual 
[20] and the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [21]
were employed to guide the methodology and reporting
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of this systematic review. The review was registered prior 
to its start in the PROSPERO international prospective 
register of systematic reviews (CRD42024507660).

Search strategy
A three-step comprehensive search strategy was con-
ducted to identify both published and gray literatures in 
English and Chinese. The initial search was performed 
on PubMed/MEDLINE to identify synonyms and index 
terms, with the aim of formulating the final search 
strategy for all databases. After the final search strategy 
gained approved from all authors and a librarian, a com-
prehensive search was independently performed by two 
authors (JY & YW) across several databases, including 
PubMed/MEDLINE, MEDLINE (Ovid), Embase (Ovid), 
CINHAL (EBSCO), Web of Science, CNKI (Chinese), 
and Wanfang (Chinese). Grey literature was searched 
via Google Scholar and Baidu Scholar (Chinese). In Pub-
Med/MEDLINE, we combined MeSH terms (“Diet” AND 
“Gastrointestinal Microbiome” AND “Cardiovascular 
Diseases”) with free words [(“Dietary pattern” OR “Die-
tary intervention” OR “Diet management”) AND (“gut 
microbio*” OR “gut intestinal microbio*” OR “gastroin-
testinal flora”) AND (“cardiovascular disease*” OR “ath-
eroscleros*” OR “heart disease*”)]. The search time frame 
was set from inception to October 2024. The search strat-
egies used for all databases are presented in Supplemen-
tary Table S1. Finally, two authors (JY & YW) conducted 
an extra search through manual inspection of the refer-
ences in all included studies.

Inclusion and exclusion criteria
Studies were included if they: (1) focused on populations 
aged 18  years and older with cardiovascular diseases 
(CVD) or those at risk for CVD [7] (possessing at least 
two CVD risk factors). CVD encompassed conditions 
such as atherosclerosis, coronary heart disease, myo-
cardial infarction, stroke, acute coronary syndrome, and 
carotid endarterectomy. The recommendation statement 
from the US Preventive Services Task Force suggests that 
individuals at increased risk of CVD should be defined as 
having two or more risk factors, including hypertension 
or elevated blood pressure, dyslipidemia, abnormal blood 
glucose levels, and overweight/obesity [7]. (2) imple-
mented dietary pattern interventions in the interven-
tion and/or control groups. (3) incorporated outcomes 
comprising microbiome analysis, such as 16S rRNA gene 
sequencing or shotgun metagenomic sequencing. (4) 
were randomized or nonrandomized clinical trials. (5) 
were published in English or Chinese. Studies involving 
interventions with prebiotics, probiotics, or synbiotics 
were excluded.

Study screening and selection
All records identified from the databases were imported 
into EndNote (Clarivate Analytics, PA, USA). After 
removing duplicates, the screening process consisted 
of two phases. In the primary screening, two review-
ers (JY & YW) independently assessed the titles and 
abstracts of the records against the predefined inclusion 
and exclusion criteria. This initial review aimed to iden-
tify potentially relevant studies for further evaluation. In 
the secondary screening, the same reviewers conducted a 
detailed assessment of the full texts of the selected stud-
ies to confirm eligibility based on the inclusion crite-
ria. Any discrepancies between the reviewers’ decisions 
during this stage were discussed until a consensus was 
reached. The reasons for exclusion at this stage were doc-
umented to ensure transparency in the selection process.

Risk of bias appraisal
The risk of bias of included studies was assessed using the 
revised Cochrane risk of bias tool (RoB2) for randomized 
trails and the Risk Of Bias In Non-randomised Studies—
of Interventions (ROBINS-I) for non-randomized studies 
of interventions [22, 23]. Two reviewers (JY&YW) inde-
pendently appraised the studies, and any disagreements 
were discussed to reach a consensus.

Data extraction
Data extraction was independently performed by two 
reviewers (JY&YW), including authors, year of publica-
tion, country, study design, study duration, participants 
characteristics, sample size, dietary intervention and 
control group diet, cardiometabolic parameter outcomes, 
methods of evaluating gut microbiota, and changes in gut 
microbiota composition.

Results were extracted when significant changes in the 
relative abundance of the gut microbiome were observed 
pre- and post-intervention. These results were then sum-
marized at various taxonomic levels, including phylum, 
class, order, family, genus, and species. Due to the lim-
ited availability and absence of standard deviation for 
fold change values, a meta-analysis of gut microbiome 
composition was not feasible. To explore the effects of 
different dietary patterns, subgroup analyses were further 
conducted within the plant-rich diets (the plant-based, 
Mediterranean, and whole grain diets) and restrictive 
diets (low-fat and fasting diets).

Meta‑analysis
Studies sharing the same dietary interventions and out-
comes were included in the meta-analysis. To compare 
the effects of dietary interventions across studies, dietary 
patterns were categorized into three groups: plant-rich 
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diets (including plant-based, vegetarian, 50% fruits 
and vegetables, Mediterranean, and whole grain diets), 
restrictive diets (including low-fat and fasting diets), and 
polyphenol-rich diets. Stata 17.0 (College Station, TX) 
was used to perform the analyses.

Mean difference (95% confidence interval [CI]) 
between baseline and post-intervention changes in 
cardiometabolic parameters were calculated for body 
mass index (BMI), weight, waist, systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), glucose, total 
cholesterol (TC), high-density lipoprotein-cholesterol 
(HDL-C), low-density lipoprotein-cholesterol (LDL-C), 
and triglycerides (TG). We employed the DerSimonian 
and Laird weighted random effects model to estimate 
the pooled results of cardiometabolic outcomes, which 
is particularly suitable for our analysis due to the het-
erogeneity among the included studies regarding dietary 
interventions and participant characteristics [24]. Sta-
tistical heterogeneity among the included studies was 
estimated using the I2 statistic. A two-sample t-test was 
used to evaluate the differences between the plant-rich 
diets group and the restrictive diets group for the above 
parameters. A p value of less than 0.05 indicates statisti-
cal significance.

We conducted several sensitivity analyses to check the 
robustness of findings. First, we performed a leave-one-
out sensitivity analysis by sequentially removing each 
individual trial from the analysis to explore the poten-
tial influence of an outlier. Second, we used fixed-effects 
models to verify the robustness of the pooled results 
obtained from the random-effects models. A two-sample 
t-test was used to evaluate the differences between the
results of the two models. Since there were fewer than
ten trials available for the meta-analysis, Egger’s test was
not conducted for assessing the risk of publication bias.

Certainty of evidence
The certainty of evidence was rated as high, moderate, 
low, or very low using the Grading of Recommendations, 
Assessment, Development, and Evaluations (GRADE) 
approach [25]. Randomized and non-randomized 
experimental trials were  initially assessed as  high-qual-
ity  evidence. We then used the five GRADE criteria to 
potentially downgrade the initial rating: risk of bias, 
inconsistency, indirectness, imprecision, and publication 
bias.

Results
Literature search
The PRISMA flowchart is shown in Fig.  1. A total of 
12,893 studies were identified in the database search. 
After removing duplicates and initially screening titles 

and abstracts, 69 studies were selected. After full text 
review, 19 studies were included in our systematic review.

Characteristics of eligible studies
Table  1 shows the characteristics of the included stud-
ies. Among the 19 included studies, 9 were parallel RCTs 
[26–34], 8 were crossover RCTs [35–42], and two were 
self-controlled trails [43, 44]. Five studies were conducted 
in Spain [28–30, 32, 38], followed by the United States 
(n = 3) [41, 43, 44], Sweden (n = 2) [36, 37], Denmark 
(n = 2) [39, 42], Italy (n = 2) [34, 40], Australia (n = 1) [35], 
Mexico (n = 1) [26], China (n = 1) [27], Germany (n = 1) 
[31], and Netherlands (n = 1) [33]. The sample sizes 
ranged from 17 [44] to 362 [32]. The baseline age of par-
ticipants ranged from a mean of 22.2 ± 3.4 years [44] to a 
median of 67 (63–70) years [36]. Three studies only con-
tained male participants [29, 30, 37]. Four studies [28–30, 
36] enrolled participants diagnosed with CVD diagnosed,
four studies [31, 38, 39, 44] enrolled participants with
metabolic syndrome, and seven studies [26, 27, 32, 34, 35,
41, 42] included participants with at least three CVD risk
factors.

Seven studies described the Mediterranean diets [28–
30, 32, 35, 38, 40], followed by the low-fat diets (n = 5) 
[26, 28–30, 35], the plant-based diets (n = 4) [36, 40, 43, 
44], the whole grain diets (n = 4) [33, 37, 39, 42], the fast-
ing diets (n = 2) [27, 31], and the polyphenol-rich diets 
(n = 2) [34, 41]. Among the studies that conducted the 
Mediterranean diet intervention, four studies [28–30, 
35] used the low-fat diet as the control group, and one
[40] used the vegetarian diet as control. Among the stud-
ies conducted the whole grain diet intervention, three
[33, 39, 42] of them used a refined grain diet as control,
and one compared whole grain rye diet and whole grain
wheat diet [37]. The intervention duration ranged from
6 days [43] to 2 years [28, 29], with 15 studies lasting no
more than 3 months [26, 27, 31–44].

Eleven studies reported the outcome of cardiometa-
bolic parameters, with the most reported measures 
being TC, TG, HDL-C, and LDL-C (n = 10) [26, 27, 30, 
32, 36–38, 42–44] and weight (n = 9) [26, 27, 32, 36, 38, 
39, 42–44]. All of the studies used 16S rRNA sequencing 
method for gut microbiome analysis, and 2 studies fur-
ther used shotgun metagenomic sequencing [31, 42]. A 
variety of methods were used to calculate the α-diversity 
of gut microbiota, including Faith’s phylogenetic diver-
sity (n = 8) [29, 30, 33, 35, 36, 38, 39, 41], Shannon index 
(n = 8) [26, 27, 31, 32, 38, 40, 42, 43], Chao 1 (n = 7) [26, 
29–32, 39, 43], observed operational taxonomic units 
(n = 6) [26, 27, 29, 38, 39, 41], Simpson index (n = 5) [27, 
31, 38, 40, 43], the Pielou’s evenness (n = 2) [35, 41], and 
the ACE estimator (n = 1) [43]. The β-diversity was cal-
culated using the weighted UniFrac distance (n = 8) [26, 
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27, 30, 32, 33, 39–41], the unweighted UniFrac distance 
(n = 5) [26, 27, 29, 30, 32], and Bray–Curtis distance 
(n = 4) [31, 32, 38, 40].

Risk of bias assessment
Figure  2 shows the results of the study’s risk of bias 
assessment. There were four studies [28–30, 34] demon-
strated potential biases related to randomization, while 
three studies [31, 38, 41] exhibited concerns due to miss-
ing outcome data. Both non-RCTs inadequately con-
trolled for significant confounding variables [43, 44].

Cardiometabolic parameters
Figure  3 shows the results of meta-analysis on clinical 
cardiometabolic outcomes. Detailed information can 
be found in Table S2, Table S3 and Figure S1. Ten stud-
ies, including 14 dietary intervention groups that evalu-
ated clinical cardiometabolic outcomes, were included 
in our meta-analysis. Among these 14 groups, eight were 
plant-rich diets interventions (three plant-based diets 

[36, 43, 44], three Mediterranean diets [30, 32, 38], and 
two whole grain diets [39, 42]), while six were restric-
tive diet interventions (five low-fat diets [26, 30] and one 
fasting diets [27]). Results showed that plant-rich diets 
significantly reduce TC (mean difference, −6.77; 95% 
CI, −12.36 to −2.58; I2, 84.7%), LDL-C (−4.37, −7.59 to 
−1.16, 65.1%), and weight (−0.45, −0.77 to −0.13, 0.0%). 
Restrictive diets significantly reduce TG (−22.12, −36.05 
to −8.19, 98.4%), TC (−8.74, −12.72 to −4.76, 94.1%), 
blood glucose (−7.13, −12.01 to −2.25, 99.4%), waist 
circumference (−4.25, −5.52 to −2.98, 95.7%), weight 
(−4.02, −5.26 to −2.77, 94.7%), and BMI (−1.59, −2.18 
to −0.99, 97.7%). The restrictive diets group showed sig-
nificantly greater reductions in BMI (t = 3.77, p = 0.0002), 
weight (t = 5.22, p < 0.0001), waist circumference (t = 4.55, 
p < 0.0001), and blood glucose (t = 2.25, p = 0.0248) com-
pared to the plant-rich diets group.

In the leave-one-out analysis, we found that no sin-
gle trial significantly influenced the estimations (Figure 
S2). In addition, pooled results showed no significant 

Fig. 1  Flow diagram of the selection process
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differences between random- or fixed- effects models 
(Table S4).

Certainty of evidence
Table 2 shows the certainty of evidence regarding plant-
rich diets and restrictive diets on cardiometabolic param-
eters. Reasons for the downgrade are listed in Table S5. 
Twelve pieces of evidence were downgraded by one level 
due to a high risk of bias. Additionally, ten pieces of evi-
dence were downgraded by one level due to inconsist-
ency, indicated by an I2 exceeding 90%. Furthermore, 
eight pieces of evidence were downgraded by one level 
due to imprecision, indicated by a sample size did not 
meet the optimal information size criterion or less than 
400.

Microbiome results
 Changes in the relative abundance of gut microbiota 
were extracted from 17 studies [27–37, 39–44]. Table S6 
and Figure S3-10 show detailed information on signifi-
cant changes in the gut microbiome following dietary 
interventions.

Increase in relative abundance following diet interventions
At the phylum level, changes in Firmicutes phylum were 
the most frequently reported across all three dietary 
patterns (N = 66 for plant-rich diets [28–30, 32, 35–37, 
40, 42, 43], 18 for restrictive diets [27, 29–31], and 69 
polyphenol-rich diets [34, 41]). Compared to the other 

two dietary patterns, the plant-rich diets increased the 
relative abundance of Euryarchaeota (N = 3) and Verru-
comicrobia (N = 1), while the restrictive diets increased 
Lactococcus (N = 1) and Spirochaetes (N = 1), and the 
polyphenol-rich diets increased Tenericutes (N = 5).

At the order level, all three dietary patterns increased 
the relative abundance of Bacteroidales, Clostridiales, 
Coriobacteriales, Eubacteriales, Lactobacillales, and 
Oscillospirales. Compared to the other two dietary 
patterns, the plant-rich diets increased the relative 
abundance of Burkholderiales (N = 1), Caulobacte-
rales (N = 1), Eggerthellales (N = 3), Methanobacteriales 
(N = 2), Monoglobales (N = 2), Veillonellales (N = 2) and 
Verrucomicrobiales (N = 1), while the restrictive diets 
increased Actinomycetales (N = 1), Erysipelotrichales 
(N = 1), Flavobacteriales (N = 1), Pasteurellales (N = 1) 
and Pseudomonadales (N = 3), and the polyphenol-rich 
diets increased Desulfovibrionales (N = 4), Mollicutes 
(N = 3), and Rhodospirillales (N = 1). The other two 
dietary patterns increased the abundance level of Bifi-
dobacteriales (N = 3 and 1), except the polyphenol-rich 
diets.

At the genus level, the most frequently reported 
increased taxa were Faecalibacterium (N = 8) [28, 29, 
42, 43] and Roseburia (N = 6) [29, 30, 32, 37, 43] fol-
lowing the plant-rich diets, Bacteroides (N = 3) [29, 31] 
and Prevotella (N = 3) [28–30] following the restrictive 
diets, and Ruminococcaceae UCG 005 (N = 9) [41], Alis-
tipes (N = 9) [41], and Ruminococcus (N = 8) [41] fol-
lowing the polyphenol-rich diets.

Fig. 2  Risk of bias of included studies. A Results of parallel randomized controlled trials; B Results of cross over randomized controlled trials; C 
Results of non-randomized controlled trials
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Decrease in relative abundance following diet interventions
At the phylum level, all three dietary patterns resulted 
in a decreased relative abundance of taxa within 

Actinomycetota, Bacteroidota, Firmicutes, and Proteo-
bacteria. Compared to the other two dietary patterns, 
the plant-rich diets reduced the relative abundance of 

Fig. 3  Forest plots of effects of dietary patterns on clinical parameters. A Pooled effects of plant-rich diets on clinical parameters; B Pooled effects 
of restrictive diets on clinical parameters
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Cyanobacteria (N = 1) and Lentisphaerota (N = 1), while 
the restrictive diets reduced Acidobacteria (N = 2) and 
Chloroflexi (N = 4).

At the order level, the most frequently reported 
decreased taxa were observed in Bacteroidales (N = 29) 

[30, 32, 36, 39, 40, 42, 43] following the plant-rich diets, 
and Clostridiales following restrictive diets (N = 13) 
[27, 29–31] and polyphenol-rich diets (N = 18) [34, 
41]. Compared to the other two dietary patterns, the 
plant-rich diets reduced the relative abundance of 

Table 2  Certainty of evidence table

Abbreviation: BMI body mass index, CVD cardiovascular disease, DBP diastolic blood pressure, HDL-C high-density lipoprotein, LDL-C low density lipoprotein, SBP 
systolic blood pressure, TC total cholesterol, TG triglyceride
a Downgrade by one or two level if the included studies were at high risk of bias
b Downgrade by one level if the sample size did not meet the optimal information size criterion or if it is less than 400

Certainty assessment Summary of findings

Outcomes Risk of biasa Indirectness Inconsistency Imprecisionb Publication 
bias

GRADE Relative effect 
(95%CI)

Number of 
participants 
(studies)

Plant-rich diets
  BMI 0 0 0 -1 0 ⊕⊕⊕○ Moderate 

certainty evidence
-0.09 (-0.24, 0.06) 283 (3)

  Weight 0 0 0 -1 0 ⊕⊕⊕○ Moderate 
certainty evidence

-0.45 (-0.77, -0.13) 432 (7)

  Waist 0 0 0 -1 0 ⊕⊕⊕○ Moderate 
certainty evidence

-0.70 (-1.42, 0.01) 401 (6)

  SBP -1 0 0 -1 0 ⊕⊕○○ Low cer-
tainty evidence

-1.69 (-3.91, 0.54) 231 (5)

  DBP -1 0 0 -1 0 ⊕⊕○○ Low cer-
tainty evidence

-0.49 (-2.34, 1.36) 231 (5)

  Glucose 0 0 0 -1 0 ⊕⊕⊕○ Moderate 
certainty evidence

-0.24 (-3.06, 2.58) 389 (6)

  TC 0 0 0 0 0 ⊕⊕⊕⊕ High cer-
tainty evidence

-6.77 (-12.36, -1.18) 420 (7)

  HDL-C 0 0 0 -1 0 ⊕⊕⊕○ Moderate 
certainty evidence

-0.02 (-1.81, 1.78) 420 (7)

  LDL-C 0 0 0 0 0 ⊕⊕⊕⊕ High cer-
tainty evidence

-4.37 (-7.59, -1.16) 420 (7)

  TG 0 0 0 -1 0 ⊕⊕⊕○ Moderate 
certainty evidence

-5.90 (-14.38, 2.57) 420 (7)

Restrictive diets
  BMI -1 0 -1 0 0 ⊕⊕○○ Low cer-

tainty evidence
-1.59 (-2.18, -0.99) 475 (5)

  Weight -1 0 -1 0 0 ⊕⊕○○ Low cer-
tainty evidence

-4.02 (-5.26, -2.77) 475 (5)

  Waist -1 0 -1 0 0 ⊕⊕○○ Low cer-
tainty evidence

-4.25 (-5.52, -2.98) 475 (5)

  SBP -1 0 -1 0 0 ⊕⊕○○ Low cer-
tainty evidence

-4.01 (-8.74, 0.71) 475 (5)

  DBP -1 0 -1 0 0 ⊕⊕○○ Low cer-
tainty evidence

-2.68 (-6.18, 0.81) 475 (5)

  Glucose -1 0 -1 0 0 ⊕⊕○○ Low cer-
tainty evidence

-7.13 (-12.01, -2.25) 485 (6)

  TC -1 0 -1 0 0 ⊕⊕○○ Low cer-
tainty evidence

-8.74 (-12.72, -4.76) 485 (6)

  HDL-C -1 0 -1 0 0 ⊕⊕○○ Low cer-
tainty evidence

-0.24 (-2.00, 1.52) 485 (6)

  LDL-C -1 0 -1 0 0 ⊕⊕○○ Low cer-
tainty evidence

-1.14 (-5.99, 3.71) 485 (6)

  TG -1 0 -1 0 0 ⊕⊕○○ Low cer-
tainty evidence

-22.12 (-36.05, -8.19) 485 (6)
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Acidaminococcales (N = 3), Burkholderiales (N = 3), Des-
ulfovibrionales (N = 3), Peptostreptococcales (N = 2) and 
Victivallales (N = 1), while the restrictive diets reduced 
Acidothermales (N = 2), Actinomycetales (N = 2), Hypho-
microbiales (N = 1), Ktedonobacterales (N = 2), Pas-
teurellales (N = 1), and Solibacterales (N = 1), and the 
polyphenol-rich diets reduced Selenomonadales (N = 2).

At the genus level, the most frequently reported 
decreased taxa were Parabacteroides (N = 7) [32, 36, 
39, 40, 43], Ruminococcus (N = 4) [32, 33, 39, 42], Lach-
nospira (N = 4) [37, 39], and Bacteroides (N = 4) [39, 43] 
following the plant-rich diets, Roseburia (N = 3) [30, 31], 
Alistipes (N = 2) [27, 31], Clostridium (N = 2) [29, 31], and 
Eubacterium (N = 2) [31] following the restrictive diets, 
and Ruminococcus gauvreauii group (N = 6) [41], Rumini-
clostridium (N = 5) [41], and Ruminococcaceae UCG 013 
(N = 5) [41] following the polyphenol-rich diets.

Subgroup analysis
Within the plant-rich diets, the most frequently reported 
increased taxa were Blautia (N = 3) [43] and Anaerostipes 
(N = 3) [40, 43] following the plant-based diets, Roseburia 
(N = 3) [29, 30, 32], Parabacteroides (N = 3) [28–30], and 
Faecalibacterium (N = 3) [28, 29] following the Mediter-
ranean diets, and Faecalibacterium (N = 3) [42] and Cop-
rococcus (N = 2) [37, 42] following the whole grain diets. 
The most frequently reported decreased taxa were Para-
bacteroides (N = 4) [36, 43] and Bacteroides (N = 3) [43] 
following the plant-based diets, Parabacteroides (N = 2) 
[32, 40] for the Mediterranean diets, and Lachnospira 
(N = 4) [37, 39] and Ruminococcus (N = 3) [39, 42] follow-
ing the whole grain diets.

Within the restrictive diets, the most frequently 
reported increased taxa were Prevotella (N = 3) [28–30] 
following the low-fat diets, and Roseburia (N = 2) [27, 31], 
Clostridium (N = 2) [31], and Bacteroides (N = 2) [31] fol-
lowing the fasting diets. The most frequently reported 
decreased taxa were Streptococcus (N = 1) [29], Roseburia 
(N = 1) [30], and Clostridium (N = 1) [29] following the 
low-fat diets, and Roseburia (N = 2) [31], Eubacterium 
(N = 2) [31], and Alistipes (N = 2) [27, 31] following the 
fasting diets.

Discussion
This is the first systematic review to provide a compre-
hensive understanding of the impact of dietary pat-
terns on gut microbiota and cardiometabolic indicators 
in individuals with established CVD or at risk of CVD. 
Our findings highlighted the distinct effects of plant-
rich, restrictive, and polyphenol-rich dietary patterns 
on the composition of gut microbiota. A plant-rich 
diet was shown to increase the relative abundance of 
butyrate-producing bacteria, including Faecalibacterium 

prausnitzii and Roseburia, which are known to play pro-
tective roles in various forms of CVD. Additionally, both 
restrictive diets and plant-rich diets significantly reduced 
cardiometabolic risk factors, with restrictive diets show-
ing greater efficacy. These results underscore the poten-
tial of dietary interventions to modulate gut microbiota 
and improve both primary and secondary prevention of 
CVD.

Our results indicated that plant-rich diets may lead 
to an increase in the relative abundance of Faecalibac-
terium. This aligns with findings from previous studies 
[45, 46]. Furthermore, our subgroup analysis revealed 
that this increase mainly occurred in individuals follow-
ing whole grain and Mediterranean diets. This may be 
because these two dietary patterns are rich sources of 
resistant starch (RS), which is found abundantly in whole 
grains, chickpeas, and tuberous vegetables. RS, a type 
of fiber resistant to digestion in the small intestine, has 
been previously found to be associated with the prolifera-
tion of Faecalibacterium [47]. It suggests that plant-rich 
diets could be considered as an intervention strategy for 
individuals who require modulation of Faecalibacterium 
abundance. However, as highlighted by a recent system-
atic review, the effects of the Mediterranean diet and 
other plant-rich diets on gut microbiota composition 
remain inconclusive due to substantial heterogeneity in 
study design and findings [48]. This suggests that while 
plant-rich diets hold promise as an intervention strategy 
for modulating Faecalibacterium abundance, the effects 
may vary depending on the specific context and individ-
ual variability.

Among restrictive diets, the fasting diet was shown to 
increase the relative abundance of Bacteroides among 
individuals with metabolic syndrome, aligning with find-
ings observed in healthy adults with normal or obese 
BMI [49]. Additionally, we identified a study reporting 
an increase in Bacteroides abundance following a low-fat 
diet intervention [29]. However, contrasting this observa-
tion, prior evidence suggested that animal-based or typi-
cal Western diets, characterized by their high protein and 
fat content, were associated with elevated Bacteroides 
abundance [50, 51]. This discrepancy may be attributed 
to individual variations and racial/ethnic diversity. Mor-
eresearch is warranted to elucidate the impact of low-
fat diets on Bacteroides abundance and the underlying 
mechanisms.

A plant-rich diet was found to exert beneficial effects on 
the proliferation of butyrate-producing bacteria, notably 
Faecalibacterium prausnitzii and Roseburia. This is par-
tially supported by the findings of a previous systematic 
review, which suggested that while the Mediterranean 
diet may influence bacterial abundance and fecal butyrate 
concentrations [48]. Faecalibacterium prausnitzii and 
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Roseburia, which belong to the Firmicutes phylum, were 
the most frequently reported to increase significantly fol-
lowing plant-rich dietary interventions. These bacteria 
may degrade the cellulose and hemicellulose components 
of plant material, which are subsequently fermented into 
short-chain fatty acids (SCFAs), including butyrate [52]. 
Faecalibacterium prausnitzii, in particular, is recognized 
as one of the most abundant producers of butyrate, a cru-
cial SCFA [53]. There is substantial evidence suggesting 
that SCFAs, particularly butyrate, play important roles 
in various CVD [54, 55]. Reduced production of butyrate 
and lower abundance of Faecalibacterium have been 
observed in hypertensive patients [56]. Furthermore, 
butyrate could inhibit the development of atherosclerosis 
by enhancing plaque stability and reducing the adhesion 
and migration of pro-inflammatory macrophages [57]. 
The Roseburia-fiber-butyrate axis could reduce athero-
sclerotic plaque sizes without impacting cholesterol and 
triglyceride levels. Additionally, it interacts with dietary 
plant polysaccharides to mitigate systemic inflamma-
tion and improve atherosclerosis [58]. Butyrate also 
plays a vital role in reducing circulating cholesterol lev-
els by stimulating the secretion of lipoproteins containing 
apoA-IV, thereby facilitating reverse cholesterol trans-
port [59]. Additionaly, Roseburia can activate fatty acid 
oxidation and de novo synthesis, while inhibiting lipoly-
sis, leading to reduced circulating lipid plasma levels and 
body weight [60]. These findings highlight the potential 
cardioprotective effects of a plant-rich diet mediated by 
the modulation of gut microbiota and SCFA production. 
It is promising to manipulate SCFA production through 
dietary interventions to decrease the potential cardiovas-
cular risk for both healthy individuals and patients with 
existing cardiovascular conditions.  Further research is 
warranted to elucidate the underlying mechanisms and 
assess the clinical implications of plant-rich diets in the 
prevention and management of CVD.

Our findings revealed that both restrictive diets and 
plant-rich diets significantly reduced TC, LDL-C, and 
body weight. Notably, restrictive diets were more effec-
tive in lowering BMI, weight, waist circumference, and 
blood glucose levels among individuals with established 
CVD or at risk of CVD. This aligns with a previous 
umbrella review, which demonstrated the association 
of intermittent fasting with successful weight loss and 
metabolic benefits in adults with obesity [61]. Addition-
ally, low-fat diets appear to be more effective for weight 
loss and reducing both systolic and diastolic blood pres-
sure compared to standard diets, and they outperform 
low-carbohydrate diets in lowering LDL-C levels [62]. 
The benefits of low-fat diets may be due to the reduc-
tion of high-energy-dense foods, such as fats, which 
helps lower total energy intake, a key factor for weight 

loss [63]. Studies suggest that low-energy–density diets 
are effective in reducing weight, lowering inflammation, 
and improving cardiovascular risk factors [64]. How-
ever, simply restricting high-energy-dense foods without 
increasing low-energy-dense alternatives may result in 
greater hunger and cravings, making it harder to sustain 
the diet in the long term [63]. While low-fat diets have 
their advantages, they can also lower HDL-C, which is 
associated with increased coronary heart disease risk 
[65]. Additionally, the reduction in fat intake often leads 
to an increase in carbohydrate consumption, which can 
trigger carbohydrate-induced hypertriglyceridemia [66]. 
This potential downside of a simple restrictive diet diets 
should be considered when evaluating their effectiveness 
for long-term cardiovascular prevention. Therefore, we 
cannot unequivocally recommend restrictive diets as the 
optimal strategy for CVD prevention without consider-
ing these limitations.

Our analysis indicated that plant-rich diets have rela-
tively lower efficacy in reducing cardiometabolic risk 
factors compared to low-fat diets. This may be attrib-
uted to the absence of energy intake restriction in the 
included studies. Previous studies have found that diets 
rich in fruits and vegetables, without a compensatory 
reduction in total energy intake, may not lead to sig-
nificant weight loss [67]. Reductions in waist circum-
ference and visceral fat were primarily observed when 
Mediterranean diets were energy-restricted, with even 
then, the effect sizes were only marginal [68]. Similarly, 
a long-term intervention with an unrestricted-calorie, 
high-vegetable-fat Mediterranean diet resulted in slight 
reductions in bodyweight and an increase in waist cir-
cumference [69]. However, it is important to emphasize 
that healthy plant foods, such as extra virgin olive oil and 
nuts, may still be associated with a substantially lower 
risk of CVD [70]. The high-fiber foods in plant-rich diets 
may decrease the level of inflammatory biomarkers [71], 
which are associated with improved endothelial function 
and a lower risk of atherosclerosis, ultimately benefiting 
cardiovascular health. The U.S. Dietary Guidelines Advi-
sory Committee advocates the Mediterranean and veg-
etarian diets as optimal dietary patterns for preventing 
common chronic non-communicable diseases [72]. For 
individuals who do not seek weight loss, the Mediterra-
nean diets may still offer cardiovascular health benefits. 
In contrast, restrictive diets, such as low-fat diets and 
fasting, may inherently promote greater reductions in 
cardiometabolic risk factors by reducing overall energy 
intake. While the studies included in this analysis did not 
explicitly report energy intake, it is plausible that low-
fat diets, due to their reduction in the consumption of 
calorie-dense fats, and fasting diets, by limiting the fre-
quency of food intake, lead to lower caloric consumption, 
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thereby enhancing their effectiveness in improving meta-
bolic health. Therefore, the findings from our study sug-
gest that both plant-rich diets and restrictive diets hold 
promise as viable dietary patterns for losing weight and 
improving cardiometabolic health. Combining plant-rich 
diets with calorie restriction may offer synergistic ben-
efits, potentially amplifying their effectiveness in pro-
moting weight loss and improving metabolic parameters. 
Future research, particularly RCTs, should investigate 
the long-term effects of these dietary patterns on clinical 
endpoints such as CVD events or mortality.

Limitations
First, our meta-analysis was restricted to clinical param-
eters due to the limited availability of fold change values 
for gut microbiota and the absence of their standard devi-
ations. Consequently, we could only describe gut micro-
biota alterations focusing on the occurrence of changes 
and the frequency of significant alterations, rather than 
quantitatively assessing the absolute extent of microbiota 
changes. Second, the heterogeneity among the included 
studies in terms of interventions and control groups 
makes it challenging to provide definitive recommenda-
tions on which dietary pattern-induced gut microbiota 
changes are most advantageous for cardiovascular health. 
Third, our inclusion criteria limited studies to those pub-
lished in English and Chinese, thus caution is advised 
when generalizing the ducks.

Conclusion
Our systematic review highlighted the different impacts 
of plant-rich diets, restrictive diets, and polyphenol-rich 
diets on gut microbiota in individuals with established 
CVD or at risk of CVD. The plant-rich diets were shown 
to promote the proliferation of butyrate-producing bacte-
ria Faecalibacterium prausnitzii and Roseburia. Butyrate 
plays an important role in inhibiting the development of 
various CVD and in reducing circulating cholesterol lev-
els. It is promising to increase the production of butyrate 
through dietary interventions to reduce potential cardio-
vascular risks.  Policymakers should prioritize and pro-
mote plant-rich diets through public health campaigns 
and nutritional guidelines. Furthermore, the restrictive 
diets showed more effective in improving cardiometa-
bolic factors compared to the plant-rich diets. However, 
when using low-fat diets for CVD prevention, it is impor-
tant to consider their potential limitations and long-term 
effects. F urther r esearch i s w arranted t o e lucidate t he 
underlying mechanisms and investigate the long-term 
effects o f d ietary p atterns o n c linical e ndpoints s uch a s 
CVD events or mortality.
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