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Association of dietary index for
gut microbiota and
cardiovascular diseases in
American adults: evidence from
National Health and Nutrition
Examination Survey 1999-2018

Hong Luo*, Wujie Xia and Liya Pan*

Department of Cardiology, The Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou
Medical University, Wenzhou, China

Background: As a significant health burden, cardiovascular disease (CVD)
contributes substantially to global disease and death rates. While the gut
microbiota has been linked to CVD, its dietary influence remains unclear. The
Dietary index for gut microbiota (DI-GM) evaluates diet-related impacts on
microbiota diversity. This study explores the relationship between DI-GM and
the risk of CVD.

Methods: Using National Health and Nutrition Examination Survey (NHANES)
data spanning 1999-2018, this cross-sectional study included 39,181 adults
aged 20 years or older, among whom were individuals with CVD. DI-GM, based
on dietary recall, was calculated to assess microbiota diversity. Multivariable
weighted logistic regression explored the association between DI-GM and
CVD, with trend tests, subgroup analyses, smoothed curves, and multiple
imputation ensuring robustness. Mediation analysis examined the role of body
mass index (BMI).

Results: A total of 39,181 participants (mean age: 47.15 years) were included,
with 49.18% female and 50.82% male. Higher DI-GM levels correlated with
a decreased prevalence of CVD (DI-GM: OR = 0.95, 95% Cl = 0.92-0.98).
Compared to participants with DI-GM scores of 0-3, those with DI-GM >6 had
significantly lower CVD risk (OR = 0.82, 95% Cl = 0.71-0.94). Restricted cubic
spline analysis showed a linear association between DI-GM and CVD. A significant
mediating effect of BMI was observed (proportion of mediation: 16.27%, 95%
Cl: 9.11%—35.48%).

Conclusions: An inverse association was found between the DI-GM index and
CVD prevalence, where increased DI-GM scores corresponded to a lower CVD
risk, partly mediated by reductions in BMI.

KEYWORDS
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Introduction

Cardiovascular disease (CVD) is the leading cause of death globally (1). responsible for
approximately 18 million deaths annually—accounting for over 30% of all global mortality,
according to the World Health Organization (2, 3). While hypertension, smoking, and
metabolic disorders are established risk factors (4-7), growing evidence highlights the
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important role of dietary patterns in shaping cardiovascular health.
Among emerging mechanisms, the gut microbiota has gained
attention in recent research, with findings showing its role in
modulating metabolism, inflammation, and vascular function (8-
10).

Diet is a primary modulator of gut microbiota composition
and diversity, and may influence cardiovascular outcomes via
microbial metabolites and inflammatory pathways. In particular,
short-chain fatty acids (SCFAs) and trimethylamine N-oxide
(TMAO), generated through microbial fermentation, have been
linked to blood pressure regulation, lipid metabolism, and
systemic inflammation—processes central to CVD development
(11). Building on this diet-microbiota-CVD axis, Kase et al.
reviewed studies on diet-microbiota interactions and identified
14 dietary components that influence gut microbiota (12). This
led to the creation of the Dietary Index for Gut Microbiota (DI-
GM), a tool that evaluates diet quality based on its impact on gut
microbiota diversity. DI-GM includes 10 beneficial components
(e.g., fiber, fermented dairy, and plant-based foods) and four
harmful components (e.g., red meat and processed foods).
Although DI-GM has been associated with conditions such as
depression, constipation, and diabetes (13-15), its relationship with
CVD remains underexplored.

Despite increasing interest in the gut microbiota’s role in
cardiometabolic health, no study has specifically examined the
association between the DI-GM and CVD in a nationally
representative population. Therefore, this study aims to investigate
the association between DI-GM and CVD among U.S. adults
using NHANES data, and to explore the potential mediating
role of body mass index (BMI). Our findings may offer novel
insights into the interplay between diet quality, gut microbiota, and
cardiovascular risk.

Materials and methods

Data source

This study utilized data from the National Health and
Nutrition Examination Survey (NHANES), which was conducted
from 1999 to 2018. NHANES, managed by the National Center
for Health Statistics (NCHS), is an ongoing, cross-sectional survey
aimed at assessing the health and nutritional status of the non-
institutionalized U.S. population (16). The survey uses a complex,
multistage probability sampling design involving stratification and
clustering to ensure national representativeness. Data collection
includes structured household interviews, standardized physical

Abbreviations: CVD, cardiovascular disease; DI-GM, dietary index for gut
microbiota; NHANES, National Health and Nutrition Examination Survey;
NCHS, National Center for Health Statistics; STROBE, Strengthening
the Reporting of Observational Studies in Epidemiology; MECs, mobile
examination centers; SCFAs, short-chain fatty acids; TMAQ, trimethylamine
MET,
metabolic equivalent of task; OR, odds ratios; Cl, confidence interval; RCS,
restricted cubic spline; AMPM, Automated Multiple-Pass Method; DASH,

N-oxide; PIR, poverty-to-income ratio; BMI, body mass index;

dietary approaches to stop hypertension; HEI, Healthy eating index; MDS,

Mediterranean diet score.
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examinations in mobile examination centers (MECs), and
laboratory tests. Approved by the NCHS Ethics Review Board, the
data are publicly available, with written consent obtained from all
participants. The survey follows the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines.
Additional details about NHANES can be found at https://www.

cdc.gov/nchs/nhanes.

Study population

Our analysis used NHANES data from 1999 to 2018, focusing
on participants aged 20 years and older (n = 55,081). Exclusion
criteria were based on missing data in the following variables:
components of the DI-GM index (n = 6,346), cardiovascular
disease (CVD; n = 6), BMI (n = 757), demographic information
(n = 4,505), and data on smoking status, physical activity, alcohol
intake, hypertension, hyperlipidemia, and diabetes mellitus (n =
4,286). After applying these exclusions, 39,181 participants were
considered in the final analysis (Figure 1).

Definitions of CVD

CVD was defined based on self-reported physician diagnoses
using standardized questionnaires administered by trained
the NHANES household
Participants were asked whether a doctor or other health

interviewers  during interview.
professional had ever told them that they had any of the following
conditions: (1) congestive heart failure, (2) coronary heart
disease, (3) angina (angina pectoris), (4) heart attack (myocardial
infarction), or (5) stroke. An affirmative response to any of these
five questions was used to classify the participant as having CVD.
This definition is consistent with previous studies using NHANES

data to assess CVD prevalence and risk.

Measurement of dietary index for gut
microbiota

The DI-GM serves as a dietary quality index aimed at
assessing how dietary patterns influence gut microbiota diversity. It
comprises 14 food items or nutrients, classified as either beneficial
or unfavorable for gut health. Beneficial components, which
promote a healthy microbiome, include avocado, fiber, broccoli,
cranberries, chickpeas, fermented dairy, coffee, soy, and whole
grains, along with green tea (though NHANES did not specifically
record green tea consumption). Unfavorable components, which
may harm microbiota diversity, include red and processed meats,
refined grains, and diets high in fat (>40% of total energy from fat)
(12). Dietary data for DI-GM calculation were obtained through
the USDA’s 24-h recall method (Automated Multiple-Pass Method,
AMPM), conducted by trained interviewers. This method records
all foods and beverages consumed by participants in the previous
24 h, with standardized protocols to minimize bias.

For scoring, beneficial components received a score of 1 if
intake was greater than the sex-specific median, and 0 if below. For
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| 55,081 participants aged >20 years

6,346 without complete components of DI-GM
> 6 without available cardiov. lar di
757 without the BMI data

r

47,972 with available exposure,
outcome information

4,505 with unavailable demographic data
4,286 with unavailable other covariate data

| 39,181 available for analysis |

FIGURE 1
The study's flow diagram. DI-GM, dietary index for gut microbiota;
BMI, body mass index.

unfavorable components, a score of 1 was assigned if consumption
was below the median (or if fat intake was <40% of total energy),
and 0 if above. The individual scores were combined to generate
the overall DI-GM score, which ranges from 0 to 13. The scores
are categorized into four groups: 0-3, 4, 5, and >6, with higher
scores indicating more favorable dietary patterns for gut health.
Comprehensive details regarding the components and scoring
criteria can be found in Supplementary Table S1.

Definitions of BMI

BMI was determined by dividing weight (kg) by height
squared (m?).

Assessment of covariates

Covariate data were gathered using baseline questionnaires
completed by trained professionals. Participants provided details
on age, gender, race, marital status, education and poverty-to-
income ratio (PIR). Smoking status was classified as current,
former, or never, and drinking status was grouped as never,
former, light, moderate, or heavy. Physical activity was quantified
based on the Metabolic Equivalent of Task (MET). Hypertension
criteria included systolic blood pressure >140 mmHg, diastolic >90
mmHg, physician diagnosis, or ongoing use of antihypertensive
drugs. Hyperlipidemia was defined by hypertriglyceridemia (>150
mg/dl), abnormal cholesterol levels, or use of lipid-lowering
medications. Diabetes was determined by diagnosis, fasting glucose
>7.0 mmol/L, HbAlc >6.5%, or the use of diabetes drugs.

Statistical analysis
Due to the complex multistage cluster survey design of

NHANES, we chose the dietary day one weights from NHANES
(1999-2018) as our sample weights, using the codes “WTDR4YR”
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(1999-2002) and “WTDRD1” (2003-2018). Specifically, for 1999-
2002, weights were calculated as 2/10 x WTDR4YR, and for
2003-2018, as 1/10 x WTDRDI.

Participant characteristics were stratified by the presence or
absence of cardiovascular disease (CVD). Categorical variables
were reported as unweighted counts with weighted proportions,
while continuous variables were expressed as means with standard
errors (SE). The Wilcoxon rank-sum test was used for continuous
variables in complex survey data, and the Rao-Scott chi-square
test was applied for categorical variables. Weighted multivariable
logistic regression estimated the association between DI-GM and
CVD, providing odds ratios (OR) with 95% confidence intervals
(CIs). Crude models were not adjusted for potential confounders.
Model 1 accounted for age and gender, while Model 2 additionally
controlled for race, marital status, education level, and PIR. Model 3
further adjusted for smoking and drinking status, physical activity,
hypertension, diabetes, hyperlipidemia, and energy intake. DI-GM
was categorized into four groups (0-3, 4, 5, >6) to examine the
effect of DI-GM on CVD risk. To explore potential nonlinear
relationships, a restricted cubic spline model was used, adjusting
for variables in Model 3. Subgroup analyses were performed by
categorizing participants based on age, gender, smoking status,
hypertension, diabetes, and hyperlipidemia, with adjustments
following Model 3. Sensitivity analyses excluded participants with
extreme energy intake (<500 or >5,000 kcal per day).

All analyses were performed using R 4.2.2 (R Foundation) and
Free Statistics 2.1, with statistical significance set at P < 0.05.

Results

Baseline characteristics of study subjects

Table I presents the baseline characteristics of the study
subjects, representing 182.46 million U.S. adults with a mean age
of 47.15 years (SE, 0.21). Among them, 16.14 million individuals
were identified with CVD. Compared to those without CVD,
individuals with CVD were significantly older, more likely to be
male, have lower levels of physical activity, higher BMI, and a
higher prevalence of hypertension, diabetes, and hyperlipidemia.
Additionally, the CVD group exhibited less favorable dietary
patterns in terms of gut microbiota, as indicated by lower scores
for beneficial dietary components and higher scores for unfavorable
dietary components.

Association between DI-GM and
cardiovascular diseases

Table 2 shows no significant association between DI-GM and
CVD in the unadjusted model (OR = 1.00, 95% CI: 0.98-1.03,
P = 0.768). However, in the fully adjusted model (Model III,
adjusted for age, gender, race/ethnicity, education, marital status,
PIR, smoking, drinking, physical activity, hypertension, diabetes,
hyperlipidemia, and energy intake), each one-point rise in DI-
GM was linked to a 5% decrease in CVD prevalence (OR =
0.95, 95% CI: 0.92-0.98). For categorical analysis, DI-GM was
grouped into four categories: 0-3, 4, 5, and >6, with the 0-3 group
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TABLE 1 Characteristics of the NHANES 1999-2018 participants.

10.3389/fnut.2025.1604891

Characteristics Total Without CVD CVD
N = 182,456,881 n = 166,315,366 n = 16,141,515
Age, years 47.15(0.21) 45.50 (0.20) 64.19 (0.32) <0.001
Gender (%)
Male 19,703 (49.18) 17,172 (48.68) 2,531 (54.35) <0.001
Female 19,478 (50.82) 17,628 (51.32) 1,850 (45.65)
Race (%)
Non-Hispanic White 18,376 (70.52) 15,838 (69.91) 2,538 (76.83) <0.001
Non-Hispanic Black 8,020 (10.54) 7,125 (10.49) 895 (11.04)
Mexican American 6,575 (7.68) 6,093 (8.02) 482 (4.14)
Other Hispanic 3,024 (4.94) 2,763 (5.11) 261 (3.24)
Other race 3,186 (6.32) 2,981 (6.48) 205 (4.75)
Education level (%)
Less than 9th grade 4,235 (5.08) 3,523 (4.63) 712 (9.77) <0.001
9-11th grade 5,647 (10.75) 4,858 (10.26) 789 (15.80)
High School or equivalent 9,133 (24.10) 8,032 (23.73) 1,101 (27.93)
Some college 11,409 (31.69) 10,253 (32.01) 1,156 (28.31)
College graduate or above 8,757 (28.38) 8,134 (29.37) 623 (18.19)
Marital status (%)
Married or living with a partner 23,666 (62.91) 21,165 (63.17) 2,501 (60.31) 0.008
Living alone 15,515 (37.09) 13,635 (36.83) 1,880 (39.69)
PIR (%)
<1.30 11,729 (21.26) 10,134 (20.50) 1,595 (29.08) <0.001
1.31-3.50 14,955 (35.23) 13,161 (34.75) 1,794 (40.18)
>3.50 12,497 (43.51) 11,505 (44.75) 992 (30.74)
Smoking status (%)
Current 20,872 (53.16) 19,196 (54.67) 1,676 (37.66) <0.001
Former 9,948 (25.13) 8,133 (23.70) 1,815 (39.86)
Never 8,361 (21.71) 7,471 (21.63) 890 (22.48)
Drinking status (%)
Never 5,387 (11.03) 4,761 (10.85) 626 (12.81) <0.001
Former 6,902 (14.31) 5,457 (12.84) 1,445 (29.54)
Mild 13,131 (35.81) 11,633 (35.74) 1,498 (36.51)
Moderate 5911 (17.24) 5,552 (18.02) 359 (9.20)
Heavy 7,850 (21.61) 7,397 (22.55) 453 (11.94)
Physical activity, MET-min/week 720.00 (63.00, 2,646.00) 756.00 (105.00, 2,880.00) 240.00 (0.00, 1,440.00) <0.001
BMI (%) 28.80 (0.07) 28.65 (0.07) 30.34 (0.16) <0.001
Hypertension (%) 16,758 (37.77) 13,362 (34.25) 3,396 (74.05) <0.001
Diabetes mellitus (%) 6,740 (12.75) 5,018 (10.52) 1,722 (35.79) <0.001
Hyperlipidemia (%) 27,509 (69.58) 23,752 (67.90) 3,757 (86.92) <0.001
DI-GM, Mean (SE) 4.58 (0.02) 4.58 (0.02) 4.59 (0.03) 0.34
(Continued)
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TABLE 1 (Continued)

Characteristics Total Without CVD CVvD
N = 182,456,881 n = 166,315,366 n= 16,141,515
DI-GM, n (in millions), %
0-3 10,140 (24.30) 9,111 (24.36) 1,029 (23.68) 0.076
4 10,091 (25.10) 8,975 (25.26) 1,116 (23.50)
5 9,392 (23.90) 8,262 (23.71) 1,130 (25.80)
>6 9,558 (26.70) 8,452 (26.67) 1,106 (27.03)
Beneficial to gut microbiota Mean 2.28 (0.02) 228 (0.02) 2.22(0.03) 0.032
(SE)
Unfavorable to gut microbiota 230 (0.01) 2.29 (0.01) 237 (0.02) 0.002
Mean (SE)

All means and SEs for continuous variables and percentages for categorical variables were weighted.
NHANES, National Health and Nutrition Examination Survey; CVD, cardiovascular disease; PIR, Poverty—income ratio; MET, metabolic equivalent; BMI, body mass index; SE, standard error;
DI-GM, dietary index for gut microbiota.

TABLE 2 Association between DIGM index and CVD in NHANES 1999-2018.

Variables Crude model Model | Model Il Model Il
OR (95% P-value OR (95% P-value OR (95% P-value OR (95% P-

Cl) Cl) Cl) Cl) value

DI-GM 1.00 (0.98, 0.768 0.89 (0.86, <0.001 0.93 (0.90, <0.001 0.95 (0.92, 0.003
1.03) 0.91) 0.96) 0.98)

DI-GM group

0-3 Reference Reference Reference Reference

4 0.96 (0.86, 0.440 0.77 (0.68, <0.001 0.81 (0.72, 0.001 0.83 (0.73, 0.006
1.07) 0.87) 0.92) 0.95)

5 1.12 (1.00, 0.058 0.78 (0.68, <0.001 0.88 (0.76, 0.069 0.91 (0.78, 0.182
1.26) 0.90) 1.01) 1.05)

>6 1.04 (0.92, 0.512 0.61 (0.54, <0.001 0.75 (0.66, <0.001 0.82 (0.71, 0.004
1.18) 0.70) 0.85) 0.94)

P for trend 0.156 <0.001 <0.001 0.021

Beneficial to gut 0.96 (0.92, 0.021 0.84 (0.81, <0.001 0.91 (0.87, <0.001 0.93 (0.89, <0.001

microbiota 0.99) 0.88) 0.94) 0.97)

Unfavorable to gut 1.08 (1.03, 0.002 0.97 (0.93, 0.282 0.98 (0.93, 0.374 0.98 (0.93, 0.590

microbiota 1.13) 1.02) 1.03) 1.04)

Crude model: no other covariates were adjusted. Model I: Adjust for age, gender. Model II: Adjust for age, gender, race, education, marital status, PIR. Model III: Adjust for age, gender, race,
education, marital status, PIR, smoke, drinking status, physical activity, hypertension, diabetes mellitus, hyperlipidemia, energy.

DIGM, dietary index for gut microbiota; CVD, cardiovascular disease; NHANES, National Health and Nutrition Examination Survey; OR, odds ratio; CI, confidence interval; Ref, reference;
PIR, Poverty-income ratio.

serving as the reference, participants with DI-GM > 6 showed a
significant negative association with CVD prevalence (OR = 0.82,
95% CI = 0.71-0.94). Furthermore, a higher score for beneficial gut
microbiota components was linked to a significant decrease in CVD
prevalence (OR = 0.93, 95% CI = 0.89-0.97), while no significant
link was observed between unfavorable gut microbiota components
and CVD.

Meanwhile, the restricted cubic spline (RCS) analysis
showed a linear relationship between DI-GM and CVD (P
for non-linearity = 0.431; Figure 2). Additionally, both the
0.235) and unfavorable
0.694) dietary components for

beneficial (P for non-linearity =
(P for
gut microbiota

non-linearity =
showed a linear association with CVD

(Supplementary Figures S1, S2).

Frontiersin Nutrition

Subgroup analysis of DI-GM and
cardiovascular diseases

Figure 3 presents the subgroup analyses by age, gender,
smoking status, hypertension, diabetes, and hyperlipidemia.
Significant interactions were observed for gender (P for interaction
< 0.001) and age (P for interaction = 0.021), but no significant
interactions were found for the other subgroups. Specifically, the
OR for males was 1.00 (95% CI: 0.95-1.05), indicating no significant
association, whereas the OR for females was 0.91 (95% CI: 0.87-
0.95), suggesting a significant inverse relationship. These results
highlight that gender and age may influence the link between DI-
GM and CVD. Overall, the subgroup analyses demonstrated a
consistent negative association between DI-GM and CVD across
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FIGURE 2
Association between DI-GM and CVD in NHANES 1999-2018 participants. Data were fitted by a survey-weighted multivariable logistic regression
model based on restricted cubic splines. Solid and dashed lines represent the predicted value and 95% confidence intervals. They were adjusted for
age, gender, race, education, marital status, PIR, smoke, drinking status, physical activity, hypertension, diabetes mellitus and hyperlipidemia. DI-GM,
dietary index for gut microbiota; CVD, cardiovascular disease; PIR, poverty income ratio; OR, odds ratio; Cl, confidence interval.

most groups, supporting the generalizability and robustness of the
DI-GM across diverse populations.

Sensitivity analysis

After multiple imputation, the association between DI-GM
and CVD remained significant (Model III: OR = 0.97, 95%
CI = 0.95-0.99), with DI-GM > 6 also showing a significant
relationship (Model III: OR = 0.87, 95% CI = 0.79-0.95),
as detailed in Supplementary Table S2. Furthermore, excluding
participants with extreme energy intake resulted in a final sample
of 38,302, and the association between DI-GM and CVD persisted
(Supplementary Table S3).

Mediation analysis

Figure 4 illustrates the results of the mediation analysis
evaluating BMI as a mediator in the association between DI-GM
and CVD. Higher DI-GM scores were associated with lower BMI

Frontiersin Nutrition

(B = —0.38, 95% CI: —0.44 to —0.32, P < 0.001), indicating an
inverse relationship. In turn, higher BMI was positively associated
with increased odds of CVD (OR = 1.02, 95% CI = 1.01-1.03, P <
0.001). BMI explained 16.27% (95% CI = 9.11-35.48%, P = 0.002)
of the relationship between DI-GM and CVD, suggesting that part
of the protective association between DI-GM and CVD may be
explained through its influence on BMI.

Discussion

Our study found that higher DI-GM scores were linked to
a reduced prevalence of CVD, particularly after adjusting for
confounders. A one-point increase in DI-GM correlated with a 5%
reduction in CVD risk, and participants with DI-GM >6 had a
significantly lower CVD prevalence. Beneficial dietary components
were inversely related to CVD, while BMI partially mediated this
association. Subgroup analysis revealed stronger associations in
females and variations by age. These results highlight the potential
of DI-GM as a dietary marker for CVD prevention, with BMI acting
as a mediator.
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Subgroup Total Event (%) OR (95%CI) P for interaction
Age,years
<65 29621 1705(5.8) 0.93(0.88, 0.98) —e— 0.021
265 9560 2676 (28) 0.98(0.94, 1.02) —e—

Gender
Male 19703 2531 (12.8) 1.00(0.95, 1.05) —@®— <0.001
Female 19478 1850 (9.5)  0.91(0.87, 0.95) —o—

Smoking status

Current 9216  757(82)  0.95(0.89, 1.01)
Former 4522  805(17.8)  1.01(0.95, 1.06)
Never 3638 424 (11.7)  0.88(0.82, 0.96)
Hyperlipidemia

No 11672 624 (5.3) 0.91(0.83, 0.99)
Yes 27509 3757 (13.7) 0.97(0.93, 1.00)
Hypertension

No 22423 985 (4.4) 0.93(0.86, 1.00)
Yes 16758 3396 (20.3) 0.97(0.94, 1.01)

Diabetes mellitus

No 32441 2659 (8.2)  0.96(0.92, 1.00)
Yes 6740 1722 (25.5) 0.95(0.90, 1.01)
FIGURE 3

Subgroup analyses of the association between DI-GM and CVD among participants. Adjusted for age, gender, race, education, marital status, PIR,
smoke, drinking status, physical activity, hypertension, diabetes mellitus and hyperlipidemia. DI-GM, dietary index for gut microbiota; CVD,
cardiovascular disease; PIR, poverty income ratio; OR, odds ratio; Cl, confidence interval.

—— 0.036
—e—
——
—— 0.098
—e

—— 0.726
——
—e— 0.809
——
[ |
0.71 1.0

OR (95%Cl)

CVD remains to be a major cause of global morbidity and
mortality, with recognized risk factors including hypertension,
dyslipidemia, smoking, and physical inactivity (17-20). Despite
advancements in prevention and treatment, these factors alone
do not fully explain the increasing incidence of CVD, prompting
growing interest in diet and gut microbiota. Recent studies
emphasize that dietary patterns, particularly those rich in fruits,
whole grains, vegetables and healthy fats, can substantially
lower the risk of CVD by improving metabolic health and
modulating gut microbiota composition (21-24). The gut
microbiota, in turn, has been shown to play a crucial role in
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cardiovascular health (11), with lower microbial diversity linked
to conditions such as obesity, diabetes, and coronary artery
disease (25-28).

Most existing research has focused either on individual
nutrients or microbiota composition in relation to CVD. For
instance, the Dietary Approaches to Stop Hypertension (DASH)
diet, which emphasizes high fruit, vegetable, and low-fat dairy
intake, has been associated with reduced CVD risk in multiple
cohorts (29). Other studies have explored the role of specific
microbial metabolites, such as trimethylamine-N-oxide (TMAO),
in promoting atherosclerosis and thrombosis (30, 31). However,
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Proportion of mediation 16.27%
95%CI 9.11% to 35.48%, P=0.002

OR(95%CI ) 0.95(0.92. 0.98), P=0.002

FIGURE 4

Mediation analysis of BMI in the association between DI-GM and
CVD. The models were adjusted for age, gender, race, education,
marital status, PIR, smoke, drinking status, physical activity,
hypertension, diabetes mellitus and hyperlipidemia. BMI, body mass
index; DI-GM, dietary index for gut microbiota; CVD, cardiovascular
disease; PIR, poverty income ratio; Cl, confidence interval.

few studies have integrated dietary patterns with microbiota
diversity to assess their combined impact on CVD risk.

The DI-GM is a novel dietary index that captures the
influence of diet on gut microbiota, a key factor in overall health.
Emerging evidence suggests that DI-GM is not only associated with
gastrointestinal conditions like constipation but also with broader
health outcomes, including metabolic disorders, depression, stroke
and increased diabetes risk (13-15, 32, 33). By identifying dietary
factors that shape gut microbial diversity, DI-GM provides insights
into how specific eating habits may influence health and can
serve as a predictive tool for stratifying risk, especially for diseases
like CVD. For example, high-fat diets reduce the abundance of
beneficial Bacteroidetes while increasing Firmicutes, disrupting
energy metabolism (34). In contrast, fiber-rich foods like whole
grains, legumes, and fruits support beneficial bacteria such as
Bifidobacteria and Lactobacilli, which produce short-chain fatty
acids and improve insulin sensitivity (35).

While several dietary indices, such as the Healthy Eating
Index (HEI), Mediterranean Diet Score (MDS), and DASH diet,
have been developed to assess overall diet quality (23, 29, 36),
they do not specifically address the relationship between diet and
gut microbiota. Furthermore, their correlations with microbiota
diversity and richness remain inconsistent. Recent studies further
support the relevance of diet-microbiota interactions to metabolic
health. For example, De Matteis et al. (37) reported that
lower adherence to a microbiota-supportive Mediterranean diet
was associated with increased visceral adiposity and adverse
anthropometric indicators. In addition, another study found that
low adherence to such dietary patterns was linked to a higher risk of
gastrointestinal cancers (38), highlighting the broader implications
of microbiota-targeted diets beyond cardiovascular disease. These
findings reinforce the value of DI-GM as a focused, microbiota-
sensitive index that may help explain dietary contributions to a
range of chronic disease outcomes. DI-GM, therefore, offers a
more targeted approach by linking diet to microbiota diversity and
CVD risk.
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BMI appears to play a partial mediating role in the relationship
between DI-GM and CVD. Our findings suggest that the beneficial
effects of DI-GM on cardiovascular health may be partly attributed
to its influence on weight management, as a healthier diet may
contribute to lower BMI, which in turn reduces CVD risk. However,
it is important to note that BMI explains only part of the
relationship, implying that DI-GM may exert direct effects on CVD
through other mechanisms, such as inflammation or metabolic
regulation, beyond weight management alone.

The relationship between DI-GM and CVD involves multiple
mechanisms, primarily through the “gut-heart axis.” Diets
with high DI-GM, abundant in fiber and plant-based foods,
encourage the growth of beneficial bacteria that produce short-
chain fatty acids (SCFAs) like butyrate, known for their anti-
inflammatory properties. By reducing systemic inflammation,
SCFAs help mitigate the development of atherosclerosis and other
cardiovascular conditions (39). Moreover, DI-GM diets improve
metabolic health by enhancing glucose metabolism, regulating lipid
profiles, and lowering blood pressure (40, 41), all of which are
crucial for cardiovascular health. The gut microbiota also influences
obesity, a key CVD risk factor, by affecting energy metabolism
and fat storage, potentially reducing BMI and overall CVD risk.
In addition to SCFAs, other microbiota-derived metabolites such
as TMAO, bile acids, and aromatic amino acids play critical
roles in cardiovascular regulation. TMAO, for example, promotes
vascular inflammation and atherosclerotic plaque formation, while
altered BA signaling can affect lipid metabolism and blood
pressure regulation. These metabolites act through pathways
involving TLR4-NLRP3, FXR, and GPCRs, linking diet-induced
microbiota shifts to host cardiovascular outcomes (42). Future
research should aim to elucidate these mechanistic pathways
using prospective cohort designs or randomized controlled
dietary trials.

Gender differences in the effects of DI-GM on CVD risk
were also observed in our subgroup analysis. Specifically, DI-GM
appeared to have a more pronounced protective effect against
CVD in women compared to men. This difference may be due
to hormonal variations, differences in dietary habits, and gender-
specific differences in gut microbiota composition. Estrogen,
for example, has been shown to influence the gut microbiome
(43) and may enhance the beneficial effects of a high DI-GM
diet. Furthermore, women may be more sensitive to dietary
patterns due to hormonal fluctuations that impact metabolism and
inflammatory responses (44).

This study has several strengths. To our knowledge, it is the first
to explore the association between DI-GM, a dietary quality index
linked to gut microbiota diversity, and CVD, while also examining
the mediating role of BMI. We utilized nationally representative
data from the NHANES, which employs rigorous quality control
and a complex multistage sampling design, thereby enhancing
the generalizability of our findings to the U.S. adult population.
The large sample size and inclusion of diverse demographic
subgroups improve statistical power and allow for subgroup
and sensitivity analyses. Furthermore, multiple imputation for
missing data and robust adjustment for confounders strengthen
the internal validity of our results. However, several limitations
should be acknowledged. First, its cross-sectional design prevents
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determination of causal relationships between DI-GM and CVD.
Longitudinal cohort studies or randomized trials are needed to
confirm these associations. Second, confounding effects from
unmeasured or unknown variables may still exist, despite efforts
to control for confounders. Third, while DI-GM was derived
from 14 foods, NHANES data did not include specific tea types,
limiting the inclusion of related dietary parameters. Lastly, the
use of self-reported 24-h dietary records and questionnaires to
assess DI-GM and CVD may introduce recall bias. Nonetheless, the
consistency across sensitivity analyses supports the robustness of
the observed associations.

Conclusions

In this study, higher DI-GM scores were significantly associated
with lower prevalence of CVD, and this association was partially
mediated by lower BMI. These findings suggest that dietary
patterns linked to gut microbiota may play a role in CVD
risk. Further longitudinal or interventional studies are needed to
validate these associations and explore potential mechanisms.

Data availability statement

Publicly available datasets were analyzed in this study. These
survey data are free and publicly available, and can be downloaded
directly from the NHANES website (http://www.cdc.gov/nchs/
nhanes.htm) by users and researchers worldwide.

Ethics statement

The studies involving humans were approved by National
Center for Health Statistics Ethics Review Board. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation was
not required from the participants or the participants legal
guardians/next of kin in accordance with the national legislation
and institutional requirements.

Author contributions

HL: Conceptualization, Data curation, Formal analysis,
Methodology, Writing - original draft, Writing - review & editing.
WX: Data curation, Formal analysis, Writing - original draft,

References
1. GBD 2021 Stroke Risk Factor Collaborators. Global, regional, and
national burden of stroke and its risk factors, 1990-2021: a systematic

analysis for the global burden of disease study 2021. Lancet Neurol. (2024)
23:973-1003. doi: 10.1016/S1474-4422(24)00369-7

2. GBD 2021 Diseases and Injuries Collaborators. Global incidence, prevalence,
years lived with disability (YLDs), disability-adjusted life-years (DALYs), and healthy
life expectancy (HALE) for 371 diseases and injuries in 204 countries and territories

Frontiersin Nutrition

10.3389/fnut.2025.1604891

Writing - review & editing. LP: Conceptualization, Data curation,
Formal analysis, Funding acquisition, Methodology, Writing —
original draft, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

We thank the Second Affiliated Hospital and Yuying Children’s
Hospital of Wenzhou Medical University for supporting our work.
We express our appreciation to the NHANES administration for
facilitating access to the pertinent data on the NHANES website.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation
of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.
1604891/full#supplementary-material

and 811 subnational locations, 1990-2021: a systematic analysis for the global burden of
disease study 2021. Lancet. (2024) 403:2133-61. doi: 10.1016/S0140-6736(24)00757-8

3. Ciccone MM, Aquilino A, Cortese E Scicchitano P, Sassara M, Mola E,
et al. Feasibility and effectiveness of a disease and care management model
in the primary health care system for patients with heart failure and diabetes
(Project Leonardo). Vasc Health Risk Manag. (2010) 6:297-305. doi: 10.2147/VHR
M.§9252

frontiersin.org


https://doi.org/10.3389/fnut.2025.1604891
http://www.cdc.gov/nchs/nhanes.htm
http://www.cdc.gov/nchs/nhanes.htm
https://www.frontiersin.org/articles/10.3389/fnut.2025.1604891/full#supplementary-material
https://doi.org/10.1016/S1474-4422(24)00369-7
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.2147/VHRM.S9252
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Luo et al.

4. Fuchs FD, Whelton PK. High blood pressure and cardiovascular disease.
Hypertens. (2020) 75:285-92. doi: 10.1161/HYPERTENSIONAHA.119.14240

5. Messner B, Bernhard D. Smoking and cardiovascular disease: mechanisms of
endothelial dysfunction and early atherogenesis. Arterioscler Thromb Vasc Biol. (2014)
34:509-15. doi: 10.1161/ATVBAHA.113.300156

6. Khan SS, Ning H, Wilkins JT, Allen N, Carnethon M, Berry JD, et al. Association
of body mass index with lifetime risk of cardiovascular disease and compression of
morbidity. JAMA Cardiol. (2018) 3:280-7. doi: 10.1001/jamacardio.2018.0022

7. Yun J-S, Ko S-H. Current trends in epidemiology of cardiovascular disease
and cardiovascular risk management in type 2 diabetes. Metab Clin Exp. (2021)
123:154838. doi: 10.1016/j.metabol.2021.154838

8. Danneskiold-Samsee NB, Dias de Freitas Queiroz Barros H, Santos R, Bicas JL,
Cazarin CBB, Madsen L, et al. Interplay between food and gut microbiota in health and
disease. Food Res Int. (2019) 115:23-31. doi: 10.1016/j.foodres.2018.07.043

9. Liu X, Wang X, Zhang P, Fang Y, Liu Y, Ding Y, et al. Intestinal homeostasis in
the gut-lung-kidney axis: a prospective therapeutic target in immune-related chronic
kidney diseases. Front Immunol. (2023) 14:1266792. doi: 10.3389/fimmu.2023.1266792

10. Rajeev R, Seethalakshmi PS, Jena PK, Prathiviraj R, Kiran GS, Selvin J.
Gut microbiome responses in the metabolism of human dietary components:
implications in health and homeostasis. Crit Rev Food Sci Nutr. (2022) 62:7615-
31. doi: 10.1080/10408398.2021.1916429

11. Kasahara K, Rey FE. The emerging
metabolism on  cardiovascular  disease.  Curr
50:64-70. doi: 10.1016/j.mib.2019.09.007

12. Kase BE, Liese AD, Zhang J, Murphy EA, Zhao L, Steck SE. The development
and evaluation of a literature-based dietary index for gut microbiota. Nutrients. (2024)
16:1045. doi: 10.3390/nu16071045

13. Huang Y, Liu X, Lin C, Chen X, Li Y, Huang Y, et al. Association between the
dietary index for gut microbiota and diabetes: the mediating role of phenotypic age
and body mass index. Front Nutr. (2025) 12:1519346. doi: 10.3389/fnut.2025.1519346

microbial
(2019)

role
Opin

of gut
Microbiol.

14. Zhang X, Yang Q, Huang J, Lin H, Luo N, Tang H. Association of the newly
proposed dietary index for gut microbiota and depression: the mediation effect of
phenotypic age and body mass index. Eur Arch Psychiatry Clin Neurosci. (2024)
275:1037-48. doi: 10.1007/s00406-024-01912-x

15. Zhang Z, Bi C, Wu R, Qu M. Association of the newly proposed dietary index for
gut microbiota and constipation: a cross-sectional study from NHANES. Front Nutr.
(2025) 12:1529373. doi: 10.3389/fnut.2025.1529373

16. Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J. National health
and nutrition examination survey: plan and operations, 1999-2010. Vital Health Stat 1.
(2013) 1-37.

17. Ananth CV, Rutherford C, Rosenfeld EB, Brandt JS, Graham H, Kostis W],
et al. Epidemiologic trends and risk factors associated with the decline in mortality
from coronary heart disease in the United States, 1990-2019. Am Heart ]. (2023)
263:46-55. doi: 10.1016/j.ahj.2023.05.006

18. He J, Zhu Z, Bundy JD, Dorans KS, Chen J, Hamm LL. Trends in cardiovascular
risk factors in us adults by race and ethnicity and socioeconomic status, 1999-2018.
JAMA. (2021) 326:1286-98. doi: 10.1001/jama.2021.15187

19. Joseph P, Leong D, McKee M, Anand SS, Schwalm J-D, Teo K, et al. Reducing the
global burden of cardiovascular disease, part 1: the epidemiology and risk factors. Circ
Res. (2017) 121:677-94. doi: 10.1161/CIRCRESAHA.117.308903

20. Kaminsky LA, German C, Imboden M, Ozemek C, Peterman JE, Brubaker PH.
The importance of healthy lifestyle behaviors in the prevention of cardiovascular
disease. Prog Cardiovasc Dis. (2022) 70:8-15. doi: 10.1016/j.pcad.2021.12.001

21. Kahleova H, Levin S,
and  cardiovascular  disease.
61. doi: 10.1016/j.pcad.2018.05.002

Barnard ND. Vegetarian dietary patterns
Prog  Cardiovasc ~ Dis. ~ (2018)  61:54—

22. Dietary Guidelines Advisory Committee, Dietary Patterns Subcommittee.
Dietary Patterns and Risk of Cardiovascular Disease: A Systematic Review. Alexandria,
VA: USDA Nutrition Evidence Systematic Review (2020). Available online at: http://
www.ncbi.nlm.nih.gov/books/NBK578519/ (accessed March 4, 2025).

23. Sanches Machado d’Almeida K, Ronchi Spillere S, Zuchinali P, Corréa Souza
G. Mediterranean diet and other dietary patterns in primary prevention of heart
failure and changes in cardiac function markers: a systematic review. Nutrients. (2018)
10:58. doi: 10.3390/nu10010058

Frontiersin

10

10.3389/fnut.2025.1604891

24. Wang P, Song M, Eliassen AH, Wang M, Fung TT, Clinton SK, et al.
Optimal dietary patterns for prevention of chronic disease. Nat Med. (2023) 29:719-
28. doi: 10.1038/541591-023-02235-5

25. Yang Q, Lin SL, Kwok MK, Leung GM, Schooling CM. The roles of 27 genera of
human gut microbiota in ischemic heart disease, type 2 diabetes mellitus, and their
risk factors: a Mendelian Randomization Study. Am ] Epidemiol. (2018) 187:1916-
22. doi: 10.1093/aje/kwy096

26. Luo Q, Hu Y, Chen X, Luo Y, Chen ], Wang H. Effects of gut microbiota
and metabolites on heart failure and its risk factors: a two-sample Mendelian
Randomization Study. Front Nutr. (2022) 9:899746. doi: 10.3389/fnut.2022.899746

27. Zhang W, Zhang S, Zhao E, Du J, Wang Z. Causal relationship between gut
microbes and cardiovascular protein expression. Front Cell Infect Microbiol. (2022)
12:1048519. doi: 10.3389/fcimb.2022.1048519

28. Jia J, Dou P, Gao M, Kong X, Li C, Liu Z, et al. Assessment of
causal direction between gut microbiota-dependent metabolites and cardiometabolic
health: a bidirectional Mendelian randomization analysis. Diabetes. (2019) 68:1747-
55. doi: 10.2337/db19-0153

29. Chiavaroli L, Viguiliouk E, Nishi SK, Blanco Mejia S, Raheli¢ D, Kahleova H,
et al. Dietary pattern and cardiometabolic outcomes: an umbrella review of systematic
reviews and meta-analyses. Nutrients. (2019) 11:338. doi: 10.3390/nu11020338

30. Guan X, Sun Z. The role of intestinal flora and its metabolites in heart failure.
Infect Drug Resist. (2023) 16:51-64. doi: 10.2147/IDR.S390582

31. HuangR, Yan L, Lei Y. The gut microbial-derived metabolite trimethylamine n-
oxide and atrial fibrillation: relationships, mechanisms, and therapeutic strategies. Clin
Interv Aging. (2021) 16:1975-86. doi: 10.2147/CIA.S339590

32. Zheng Y, Hou J, Guo S, Song J. The association between the dietary index for gut
microbiota and metabolic dysfunction-associated fatty liver disease: a cross-sectional
study. Diabetol Metab Syndr. (2025) 17:17. doi: 10.1186/s13098-025-01589-9

33. LiuJ, Huang S. Dietary index for gut microbiota is associated with stroke among
US adults. Food Funct. (2025) 16:1458. doi: 10.1039/D4FO04649H

34. Perpétuo JP, Wilasco MIDA, Schneider ACR. The role of intestinal microbiota in
energetic metabolism: new perspectives in combating obesity. Clin Biomed Res. (2015)
35:196-9. doi: 10.4322/2357-9730.60358

35. Giacco R, Giulio BD, Vitale M, Cozzolino R. Functional foods: can food
technology help in the prevention and treatment of diabetes? Food Nutr Sci. (2013)
4:827-37. doi: 10.4236/fns.2013.48108

36. Shan Z, Li Y, Baden MY, Bhupathiraju SN, Wang DD, Sun Q, et al. Association
between healthy eating patterns and risk of cardiovascular disease. JAMA Intern Med.
(2020) 180:1090-100. doi: 10.1001/jamainternmed.2020.2176

37. De Matteis C, Crudele L, Battaglia S, Loconte T, Rotondo A, Ferrulli R, et al.
Identification of a novel score for adherence to the Mediterranean diet that is inversely
associated with visceral adiposity and cardiovascular risk: the chrono med diet score
(CMDS). Nutrients. (2023) 15:1910. doi: 10.3390/nu15081910

38. De Matteis C, Crudele L, Gadaleta RM, Di Buduo E, Novielli F, Petruzzelli
S, et al. Low adherence to Mediterranean diet characterizes metabolic patients with
gastrointestinal cancer. Nutrients. (2024) 16:630. doi: 10.3390/nu16050630

39. Eslick S, Thompson C, Berthon B, Wood L. Short-chain fatty acids as anti-
inflammatory agents in overweight and obesity: a systematic review and meta-analysis.
Nutr Rev. (2022) 80:838-56. doi: 10.1093/nutrit/nuab059

40. Rivera K, Gonzalez L, Bravo L, Manjarres L, Andia ME. The gut-heart axis:
molecular perspectives and implications for myocardial infarction. Int ] Mol Sci. (2024)
25:12465. doi: 10.3390/ijms252212465

41. Shariff S, Kwan Su Huey A, Parag Soni N, Yahia A, Hammoud D,
Nazir A, et al. Unlocking the gut-heart axis: exploring the role of gut
microbiota in cardiovascular health and disease. Ann Med Surg. (2024)
86:2752-8. doi: 10.1097/MS9.0000000000001744

42. Zhu Y, Shui X, Liang Z, Huang Z, Qi Y, He Y, et al. Gut microbiota metabolites
as integral mediators in cardiovascular diseases (review). Int ] Mol Med. (2020)
46:936-48. doi: 10.3892/ijmm.2020.4674

43. Lephart ED, Naftolin F. Estrogen action and gut microbiome metabolism in
dermal health. Dermatol Ther. (2022) 12:1535-50. doi: 10.1007/s13555-022-00759-1

44. Peters BA, Santoro N, Kaplan RC, Qi Q. Spotlight on the gut
microbiome in menopause: current insights. Int ] Women’s Health. (2022)
14:1059-72. doi: 10.2147/IJWH.S340491


https://doi.org/10.3389/fnut.2025.1604891
https://doi.org/10.1161/HYPERTENSIONAHA.119.14240
https://doi.org/10.1161/ATVBAHA.113.300156
https://doi.org/10.1001/jamacardio.2018.0022
https://doi.org/10.1016/j.metabol.2021.154838
https://doi.org/10.1016/j.foodres.2018.07.043
https://doi.org/10.3389/fimmu.2023.1266792
https://doi.org/10.1080/10408398.2021.1916429
https://doi.org/10.1016/j.mib.2019.09.007
https://doi.org/10.3390/nu16071045
https://doi.org/10.3389/fnut.2025.1519346
https://doi.org/10.1007/s00406-024-01912-x
https://doi.org/10.3389/fnut.2025.1529373
https://doi.org/10.1016/j.ahj.2023.05.006
https://doi.org/10.1001/jama.2021.15187
https://doi.org/10.1161/CIRCRESAHA.117.308903
https://doi.org/10.1016/j.pcad.2021.12.001
https://doi.org/10.1016/j.pcad.2018.05.002
http://www.ncbi.nlm.nih.gov/books/NBK578519/
http://www.ncbi.nlm.nih.gov/books/NBK578519/
https://doi.org/10.3390/nu10010058
https://doi.org/10.1038/s41591-023-02235-5
https://doi.org/10.1093/aje/kwy096
https://doi.org/10.3389/fnut.2022.899746
https://doi.org/10.3389/fcimb.2022.1048519
https://doi.org/10.2337/db19-0153
https://doi.org/10.3390/nu11020338
https://doi.org/10.2147/IDR.S390582
https://doi.org/10.2147/CIA.S339590
https://doi.org/10.1186/s13098-025-01589-9
https://doi.org/10.1039/D4FO04649H
https://doi.org/10.4322/2357-9730.60358
https://doi.org/10.4236/fns.2013.48108
https://doi.org/10.1001/jamainternmed.2020.2176
https://doi.org/10.3390/nu15081910
https://doi.org/10.3390/nu16050630
https://doi.org/10.1093/nutrit/nuab059
https://doi.org/10.3390/ijms252212465
https://doi.org/10.1097/MS9.0000000000001744
https://doi.org/10.3892/ijmm.2020.4674
https://doi.org/10.1007/s13555-022-00759-1
https://doi.org/10.2147/IJWH.S340491
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Association of dietary index for gut microbiota and cardiovascular diseases in American adults: evidence from National Health and Nutrition Examination Survey 1999–2018
	Introduction
	Materials and methods
	Data source
	Study population
	Definitions of CVD
	Measurement of dietary index for gut microbiota
	Definitions of BMI
	Assessment of covariates
	Statistical analysis

	Results
	Baseline characteristics of study subjects
	Association between DI-GM and cardiovascular diseases
	Subgroup analysis of DI-GM and cardiovascular diseases
	Sensitivity analysis
	Mediation analysis

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


