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Associations of dietary riboflavin
iIntake with coronary heart
disease in US adults: a
cross-sectional study of NHANES
2007-2018

Qiqi Jin, Shanjiang Chen and Xiaojun Ji*

Department of Cardiology, Wenzhou Central Hospital, Wenzhou, China

Objective: There is currently little study on the relationship between dietary
riboflavin intake and coronary heart disease (CHD) risk.

Methods: Using information from the National Health and Nutrition Examination
Survey (NHANES) between 2007 and 2018, we carried out a cross-sectional
study. Dietary riboflavin intake and CHD risk were examined using weighted
univariate and multivariable logistic regression. To learn more about the
connection between dietary riboflavin intake and CHD risk, subgroup analyses
and interactions were conducted. Next, the potential non-linear association
was visually described using restricted cubic spline (RCS).

Results: The risk of CHD was inversely correlated with dietary riboflavin
consumption. The multivariable odds ratio (OR) with 95% confidence interval
(CI) for the risk of CHD was 0.52 (95%Cl: 0.34-0.81, Pyeng = 0.009) for the highest
vs. lowest tertiles of riboflavin. This protective effect of dietary riboflavin on CHD
was influenced by gender, drinking status and serum folate concentration. A
non-linear inverse connection (P noninearity < 0.001) was shown using RCS
analysis between riboflavin intake and the risk of CHD.

Conclusion: Our research suggested that consuming more riboflavin in your
diet may lessen the risk of CHD. The results improved the current knowledge
base and supplied potential implications for dietary recommendations and
health policy.

KEYWORDS

riboflavin, coronary heart disease, CHD, National Health and Nutrition Examination,
cross-sectional study

1 Introduction

Coronary heart disease (CHD) is a chronic and intricate illness with a high morbidity and
mortality (1). It is primarily caused by the development of fatty deposits in the coronary
arteries, which can ultimately result in a myocardial infarction or stroke (2). From 1990 to
2019, there was an estimated increase in the global mortality rate of CHD from 106.47 per
100,000 to 118.10 per 100,000, with a proportion of deaths to total deaths rising from 12.21 to
16.17%, emerging CHD as a significant global health concern (3, 4). Given the serious
consequences associated with CHD, it is imperative to ascertain efficacious non-pharmaceutical
interventions that can effectively mitigate its incidence.
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Diet plays a crucial role in the development and prevention of
CHD, and various dietary elements, such as dietary omega-3 (3),
inflammatory index (5), vitamin K (6), magnesium (7), L-arginine (8),
and fiber (9), calcium (10), vitamin D (10), vitamin A (11) and
pistachios (12) have been scientifically proven to be associated with
the development of CHD. B vitamins, a set of water-soluble vitamins,
are vital in the degradation of homocysteine (Hcy), and elevated Hcy
level has been recognized as a standalone risk factor for CHD (13, 14).
So, the deficiency of B vitamins might be link to the prevalence of
CHD. However, most current research centered on the relationship of
vitamin B6, vitamin B12, and folic acid with CHD, and few studies
focused on the association between riboflavin and CHD (15, 16).

Riboflavin (vitamin B2), a member of vitamin B family, is present
in several plant and animal foods such as enriched flour, meat, milk,
eggs, nuts, and green vegetables (17). Humans lack the ability to
synthesize riboflavin and must acquire it through food or
supplementation (18). Riboflavin is a essential constituent of
coenzymes that participate in the processes of cellular proliferation,
energy production, and adipose tissue degradation (19). According to
researches, riboflavin deficiency has been linked to the onset of several
cardiovascular conditions outside CHD, including stroke (20, 21),
myocardial infarction (22), and heart failure (23). Additionally, those
who consumed more riboflavin had a reduced mortality rate from
cardiovascular disease than those who consumed less (24). In order to
investigate the connection of dietary riboflavin intake with CHD risk
in adults, we conducted this study using a sizable sample from the
National Health and Nutrition Examination Survey (NHANES).

2 Methods
2.1 Study population

The NHANES survey assessed the nutritional and health condition
of the U.S. population by conducting interviews, physical examinations,
and laboratory tests. It employed a sophisticated sampling design that is
multilevel, stratified, and clustered, ensuring that the sample is highly
representative of the overall population (25). The protocol
implementations of the study were evaluated and approved by the ethics
review committee of the National Center for Health Statistics (NCHS).
Additionally, all participants in the study submitted informed permission
forms (26). The study utilized openly accessible NHANES data and did
not necessitate any supplementary ethical clearance or authorization (3).

This study combined data from six consecutive biennial cycles
(2007-2018), encompassing a total of 59,842 participants. We gradually
removed individuals under the age of 18 (n = 23,262), pregnant/nursing
women (1 = 580), those with extreme calorie intakes (1 = 4,296), those
lacking information on CHD diagnosis (n =1,741), those with
inaccurate or incomplete 24-h recall dietary data (n = 1,889), and those
missing covariates variables data (n = 7,349). Finally, the study included
a total of 20,725 individuals (10,156 men and 10,569 women). Figure 1
and Supplementary Table S1 illustrated the intricate procedure.

2.2 Self-reported history of CHD outcome

The diagnosis of CHD used in this study was based on the self-
reports provided by the participants. In the health-related
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questionnaire, they were asked “Have you been told by a doctor or
other health professional that you have CHD?” If an individual
responds “yes,” it would indicate an adverse outcome for CHD.

2.3 Assessment of dietary riboflavin intake

Diet-related questionnaires were used to measure the amount
of riboflavin consumed through diet. The automated multiple-pass
method (AMPM) used in these questionnaires allowed for a
potential discrepancy in the acquired nutritional intake data from
the actual intake of within 10% (27). For the first time in an
interview, participants were asked to recollect what they had eaten
and drunk over the previous 24 h. To set up the second visit, a
phone call was placed between days three and ten. The Food Intake
Analysis System (FIAS) and United States Department of
Agriculture (USDA) survey nutrient database were utilized to
encode and transform dietary data into total nutrient intake, and
minimize the differences in participants’ dietary riboflavin intake.
The 24-h dietary supplement usage component was performed
following the 24-h dietary survey for food and beverage
consumption. The average intake from two 24-h food surveys and
two 24-h supplement surveys was used to calculate the dietary
riboflavin consumption.

2.4 Covariates

In this study on dietary factors and cardiovascular disease, several
variables were included as covariates to mitigate potential confounding
effects, refer to previous studies (28, 29). Some socioeconomic status
variable (such as age), health status variables (such as hypertension),
and health behavior variables (such as drinking status), were
incorporated. We also adjusted for the overall intake of energy.
Additionally, considering the interaction between folate and riboflavin
during metabolism, we further adjusted serum folate concentration
(30). Supplementary Table S2 presented comprehensive categorizations
of all covariates.

2.5 Statistical analysis

In this study, we employed R software (version 4.3.2) and SPSS
version 27.0 for the main statistical analysis. New sample weights
were created by integrating continuous data from 62-year cycles, in
accordance with the NHANES analysis criteria (31).

Categorical variables were shown as number (n) and percentages
(%), and continuous variables were represented in the baseline data
by means and standard deviation (SD). Then, to evaluate the
variations in individual characteristics between the groups with and
without CHD outcomes, the student’s t-test and Chi-square test
were used.

The weighted logistic regression models were used to investigate
the correlations between dietary riboflavin intake and the risk of
CHD. In models, the subjects were divided into three equally spaced
groups: Tertile 1 (<1.65 mg/day), Tertile 2 (1.65 to 2.78 mg/day), and
Tertile 3 (>2.78 mg/day) based on he distribution of riboflavin intake,
dietary riboflavin intake was treated as the independent variable, and
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FIGURE 1
Flow chart of the screening process for the selection of eligible participants. NHANES, National Health and Nutrition Examination Survey.

stroke event was treated as the dependent variable. Model 1 adjusted
for age and sex, Model 2 adjusted for all factors in
Supplementary Table S1 with the exception of serum folate
concentration, and Model 3 incorporated serum folate concentration
additionally. Subgroup analyses and interactions were carried out to
investigate the stability of the outcomes. To explore dose-response

relationship, dietary riboflavin intake was examined as a continuous
variable, and restricted cubic splines (RCS) model with 3 knots (at
the 5th, 50th, and 95th percentiles) was used to handle the non-linear
correlations between stroke event and dietary riboflavin intake. The
study’s findings were statistically significant when the two-sided p
value was less than 0.05.
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3 Results
3.1 Basic characteristics of all participants

20,725 individuals in all made up the research. Of them, 9,404
(45.38%) were Non-Hispanic White, 4,158 (20.06%) were
Non-Hispanic Black, 2,094 (10.10%) were other race, and 3,011
(14.53%) were Mexican Americans. The participants’ average age was
49.65 + 17.47 years. Of these 20,725, 850 (4.10%) had a CHD incident.
The distribution characteristics of the groups with and without CHD
result were compared, and the results were shown in Table 1. The
individuals included in the CHD cases were found to be older,
primarily male, non-smokers, obese, married or cohabiting, drinkers,
and had higher rates of hypercholesterolemia and hypertension.
Additionally, it was clear that CHD patients demonstrated a lower
intake of riboflavin and higher level of serum folate concentration
than non-CHD patients.

3.2 Association between dietary riboflavin
intake and the risk of CHD

Table 2 presented the findings of the logistic regression analysis
conducted to examine the relationship between dietary riboflavin
intake and CHD risk. In the crude model, dietary riboflavin intake
was not correlated with the risk of CHD. In Model 1, a higher dietary
riboflavin intake was associated with a reduced risk of CHD. People
who consumed more riboflavin in their diet (Tertile 3) had a 41%
lower incidence of CHD than those who consumed less (Tertile 1).
The associated odds ratio (OR) with 95% confidence interval (CI)
was 0.59 (0.45-0.76) for Tertile 3. Model 2 continued to identify a
negative correlation between riboflavin consumption and the risk of
CHD. In contrast to Tertile 1, those who consumed riboflavin
through their diets in Tertile 3 had an OR (95%CI) of 0.53 (0.38-
0.83) for CHD risk. Model 3 further reinforced the inverse
correlation between dietary riboflavin and CHD risk by adjusting for
serum folate levels. Compared to low level (Tertile 1) of riboflavin
intake, the OR (95% CI) for high level (Tertile 3) was 0.52 (0.34-
0.81) for CHD risk.

3.3 The results of subgroup analyses and
interactions

Subsequently, we performed the subgroup analyses and
interactions, and the resulting p values and ORs (95% Cls) were
visually represented through forest plots in Figure 2. The protective
effect of dietary riboflavin intake on CHD risk was not influenced by
age, body mass index, smoking or not, and the status of hypertension,
diabetes and hypercholesterolemia. The inverse correlation of
riboflavin with CHD was more significant for older individuals,
participants with body mass index between 25 and 30, non-smokers,
participants with hypertension or hypercholesterolemia and
participants without diabetes.

The results of interactions shown that there was a significant
interaction riboflavin  intake

of dietary with  gender
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(Pinteraction = 0.026), drinking status (Piperaction = 0.006), and serum
folate concentration (Piyeraction = 0.027). In the subgroup analysis by
gender, dietary riboflavin was negatively associated with CHD risk
in both men and women, and this inverse association was only
observed in drinkers in the subgroup analysis of drinking status. In
the subgroup analysis of serum folate concentration, we found a
protective effect of dietary riboflavin on CHD risk only in people
with low serum folate levels but not in people with high serum
folate levels.

3.4 Nonlinear association

A clear L-shaped dose-response connection was seen between the
intake of riboflavin in the diet and the risk of CHD, as indicated by a
p value of <0.001 for non-linearity (Figure 3). This indicated that an
increase in dietary riboflavin intake was associated with a considerable
decrease in the risk of CHD when the daily intake was below 10.50 mg,
while the intake reached 10.50 mg/day, the risk of CHD remained
relatively stable.

4 Discussion

This was the first study, as far as we know, to comprehensively
investigate the associations between dietary riboflavin intake and
CHD risk using NHANES data, filling a gap in the existing literature
on riboflavin and CHD. The prevalence of CHD was 4.10% in this
study. The results of multivariate logistic regression revealed a
correlation between a decreased risk of CHD and a higher dietary
riboflavin intake. Subgroup analyses results indicated that the negative
relationship between dietary riboflavin intake and the risk of CHD
may be influenced by gender, drinking status, and serum folate
concentration (Piperacion < 0.05). Additionally, a non-linear inverse
association between riboflavin intake and the risk of CHD was
indicated by RCS curves.

The protective effect of riboflavin on CHD may be due to its
involvement in C1 metabolism by its two active cofactor forms, flavin
adenine dinucleotide (FAD) and flavin mononucleotide (FMN)
(Figure 4) (32). FAD is a co-factor for methylenetetrahydrofolate
(MTHFR), which facilitates the
5,10-methylenetetrahydrofolate  to

reductase conversion of
5-methyltetrahydrofolate.
5-Methyltetrahydrofolate donates a methyl group, allowing Hcy to
be converted back into methionine (33, 34). FMN is needed to
produce pyridoxal phosphate (the active coenzyme form of vitamin
B6), which serves as a cofactor of cystathionine -synthase and other
trans-sulfuration enzymes (32). Riboflavin shortage may cause a rise
in Hey levels, which is a independent predictor of cardiovascular
disease (35).

In the folate C1 metabolic cycle, riboflavin is frequently
disregarded in favor of folate, vitamin B12, and vitamin B6, but it is
essential for those who have the homozygous mutant 677TT genotype
in MTHEFR, which affects roughly 10% of persons globally (36). A
lower affinity for FAD cofactors is caused by the 677C — T variation
in the MTHEFR gene, which lowers enzyme activity (37). According
to statistics, those with the MTHFR 677TT genotype exhibit low
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TABLE 1 Characteristics of participants by CHD status, NHANES 2007-2018.

10.3389/fnut.2024.1467889

Characteristics Overall CHD Non-CHD P value
Number of subjects (%) 20,725 (100.00) 850 (100.00) 19,875 (100.00)
Gender (%)! <0.001
Male 10,156 (49.00) 584 (68.71) 9,572 (48.16)
Female 10,569 (51.00) 266 (31.29) 10,303 (51.84)
Race (%)! <0.001
Mexican American 3,011 (14.53) 71 (8.35) 2,940 (14.79)
Other Hispanic 2058 (9.93) 68 (8.00) 1990 (10.01)
Non-Hispanic White 9,404 (45.38) 554 (65.18) 8,850 (44.53)
Non-Hispanic Black 4,158 (20.06) 105 (12.35) 4,053 (20.39)
Other Race 2094 (10.10) 52 (6.12) 2042 (10.27)
Age (%)' <0.001
18-39 6,790 (32.76) 14 (1.65) 6,776 (34.09)
40-59 7,010 (33.82) 134 (15.76) 6,876 (34.60)
>60 6,925 (33.41) 702 (82.59) 6,223 (31.31)
Body mass index (%)" <0.001
<25 kg/m? 5,851 (28.23) 182 (21.41) 5,669 (28.52)
25-30 kg/m* 6,807 (32.84) 289 (34.00) 6,518 (32.79)
>30 kg/m* 8,067 (38.92) 379 (44.59) 7,688 (38.68)
Educational level (%)* <0.001
<High school 1810 (8.73) 114 (13.41) 1,696 (8.53)
High school 7,500 (36.19) 345 (40.59) 7,155 (36.00)
>High school 11,415 (55.08) 391 (46.00) 11,024 (55.47)
Smoking status (%)" <0.001
Yes 5,190 (25.04) 387 (45.53) 4,803 (24.17)
No 15,535 (74.96) 463 (54.47) 15,072 (75.83)
Drinking status (%)" 0.964
Yes 14,059 (67.84) 576 (67.76) 13,483 (67.84)
No 6,666 (32.16) 274 (32.24) 6,392 (32.16)
Poverty-income ratio (%) 0.219
<1.00 4,272 (20.61) 161 (18.94) 4,111 (20.68)
>1.00 16,453 (79.39) 689 (81.06) 15,764 (79.32)
Recreational activity (%) <0.001
Vigorous 4,683 (22.60) 64 (7.53) 4,619 (23.24)
Moderate 5,532 (26.69) 249 (29.29) 5,283 (26.58)
Other 10,510 (50.71) 537 (63.18) 9,973 (50.18)
Work activity (%)" <0.001
Vigorous 4,192 (20.23) 116 (13.65) 4,076 (20.51)
Moderate 4,564 (22.02) 191(22.47) 4,373 (22.00)
Other 11,969 (57.75) 543 (63.88) 11,426 (57.49)
Sleeping disorder (%) <0.001
Yes 637 (3.07) 268 (31.53) 369 (1.86)
No 20,088 (96.93) 582 (68.47) 19,506 (98.14)
Marital Status (%)" <0.001
Married/Living with partner 12,424 (59.95) 532 (62.59) 11,892 (59.83)
(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2024.1467889

Characteristics Overall CHD Non-CHD P value
Widowed/Divorced/Separated 4,554 (21.97) 279 (32.82) 4,275 (21.51)

Never married 3,747 (18.08) 39 (4.59) 3,708 (18.66)

Diabetes status(%)* <0.001
Yes 3,670 (17.71) 362 (42.59) 3,308 (16.64)

No 17,055 (82.29) 488 (57.41) 16,567 (83.36)

Hypertension status(%)" <0.001
Yes 11,307 (54.56) 718 (84.47) 10,589 (53.28)

No 9,418 (45.44) 132 (15.53) 9,286 (46.72)

Hypercholesterolemia status(%)" <0.001
Yes 7,579 (36.57) 690 (81.18) 6,889 (34.66)

No 13,146 (63.43) 160 (18.82) 12,986 (65.34)

Below riboflavin RDA (%)’ 3,367 (16.25) 131 (15.41) 3,236 (16.28) 0.535
Dietary riboflavin intake (mg/day)? 3.92+9.75 3.73 £6.81 3.93+9.85 0.039
Total energy intake (kcal/d)? 2047.83 £ 815.54 1884.86 + 698.31 2054.80 + 819.48 <0.001
Serum folate concentration (nmol/l)? 43.58 +32.19 54.28 +38.12 43.13 +31.83 <0.001

CHD, coronary heart disease; NHANES, National Health and Nutrition Examination Survey.

'Chi-square test was used to compare the percentage between participants with and without CHD.

2Student’s t-test was used to compare the mean values between participants with and without CHD.

TABLE 2 Weighted ORs (95%Cls) for CHD according to tertiles of dietary riboflavin intake, NHANES 2007-2018.

Intake cutoff

Cases/participants®

Crude?

Model 12 Model 22 Model 32

OR (95%Cl)

OR (95%Cl) OR (95%Cl) OR (95%Cl)

Dietary riboflavin intake (mg/day)

Tertile 1 (low) < 1.65 255/6908 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Tertile 2 1.65-2.78 294/6909 1.00 (0.77-1.31) 0.79 (0.58-1.06) 0.76 (0.53-1.09) 0.74 (0.51-1.07)
Tertile 3 (high) >2.78 301/6908 0.99 (0.77-1.28) 0.59 (0.45-0.76)** 0.53 (0.38-0.83)** 0.52 (0.34-0.81)**
Prend <0.001 <0.001 0.001 0.009

OR, odd ratio; CI, confidence interval; CHD, coronary heart disease; NHANES, National Health and Nutrition Examination Survey. Model 1 adjusted for age and gender. Model 2 adjusted for

gender, race, age, body mass index, educational level, marital status, smoking status, poverty-income ratio, sleeping disorder, drinking status, hypertension status, work activity, recreational
activity, hypercholesterolemia status, diabetes status, and dietary energy intake. Model 3 added serum folate concentration on the basis of model 2. Results were dietary-weighted. *p<0.05;

##p<0.01.
'Cases of CHD/number of participants in tertiles.
*Calculated using binary logistic regression.

folate concentrations and a high plasma Hcy level, as well as a 70%
decrease in MTHEFR activity when compared to those with the
MTHER 677CC genotype (38-40). A higher riboflavin status can
stabilize the variant form of the enzyme by either preventing the FAD
cofactor from exiting the active site or facilitating its prompt
replacement, particularly in individuals with low folate levels (41).
This just clarified the interaction of serum folate concentration on the
inverse association of dietary riboflavin with CHD found in our
study, and the protective effect of dietary riboflavin on CHD was
more pronounced in the group with low serum folate level. we also
found an interactive effect of drinking status on the association
between dietary riboflavin and CHD, possibly because alcohol
consumption affects riboflavin absorption and exacerbates riboflavin
deficiency (24, 42). Gender had an effect of riboflavin intake on CHD
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risk may be due to differences in hormone levels between men
and women.

In this study, the mean dietary riboflavin intake of
participants was found to exceed the Recommended Dietary
Allowance (RDA) recommendations of 1.30 mg/day for adult
men and 1.10 mg/day for adult women (43). According to the
dose-response results, the risk of coronary heart disease
gradually decreased with the increase of riboflavin intake, and
the protective effect of riboflavin against coronary heart disease
became statistically significant in the range of riboflavin slightly
above RDA. In this study, when riboflavin intake reached
10.50 mg/d, the reduced risk of coronary heart disease reached
a plateau, which may be because that the conversion of riboflavin
into active FAD and FMN is limited (44). This suggested that
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10.3389/fnut.2024.1467889

Subgroup OR (95% CI) P-interaction
Gender 0.026
Male —_—— 0.50 (0.31,0.79)
Femal — 0.44 (0.21,0.90)
Age 0.214
18-39 ’ @ 0.41 (0.03,6.20)
40-59 —— 0.40 (0.18, 0.86)
>60 —— 0.56 (0.36, 0.87)
Body mass index 0.473
<25 kg/m’ ' - 0.52 (0.24, 1.20)
25-30 kg/m2 —e— 0.40 (0.22, 0.73)
>30 kg/m’ —————— 0.62 (0.34, 1.10)
Smoking status 0.646
Yes ' © 0.71 (0.41, 1.24)
No —e— 0.38 (0.22, 0.65)
Drinking status 0.006
Yes —— 0.52 (0.35, 0.77)
No ' @ 0.48 (0.21, 1.06)
Serum folate concentration 0.027
<(36.70 nmol/1 —— 0.30 (0.14, 0.67)
>36.70 nmol/1 —_——1— 0.77 (0.52, 1.15)
Diabetes status 0.650
Yes [ @ 0.93 (0.53, 1.64)
No —— 0.51(0.33,0.79)
Hypertension status 0.700
Yes —O— 0.57 (0.39, 0.82)
No ' O 0.35(0.12, 1.06)
Hypercholesterolemia status 0.871
Yes —e———1 0.49 (0.28, 0.84)
No ' O 0.81(0.41, 1.60)
-0.20 0.30 0.80 1.30 1.80 2.30
FIGURE 2
Subgroup analyses for the relationship between dietary riboflavin intake and CHD. OR, odd ratio; Cl, confidence interval; CHD: coronary heart disease.

people at high risk of CHD can appropriately consume riboflavin
more than RDA.

The finding in this study that riboflavin had a protective effect on
CHD was consistent with some studies. Li et al. confirmed that
riboflavin intake was inversely linked to all-cause mortality and
cardiovascular disease mortality using the data from 10,480 adults,
and the association was influenced by folate consumption (24).
Another report from rat experiment revealed that a lack of riboflavin
can cause cardiovascular illness by increasing levels of cardiac
biomarkers and decreasing mitochondrial membrane potential (45).
A case-control study compared biochemical markers of 30 patients
having acute myocardial infarction with 30 healthy people, and found
that riboflavin kinase levels were substantial increased in patients
with acute myocardial infarction (22). Folate appeared to be the most
important determinant of Hcy metabolism, and has been
demonstrated to reduce Hcy levels by about 25% in the general
population (46). In McNulty’s paper, riboflavin supplementation was
found to dramatically lower plasma Hcy by 22% in individuals with
the TT genotype and by up to 40% in those with the lowest riboflavin
status at baseline (47). Riboflavin’s effect in lowering Hcy was also
established in 197 premature cardiovascular disease patients by
lowering blood pressure, particularly in TT genotype individuals

Frontiers in Nutrition

(48). Our findings were also consistent with previous studies on B
vitamins and cardiovascular health, which revealed that a higher
intake of B vitamins had a protective impact against on CHD (15,
16, 49).

This study has a number of benefits. First off, given the huge
sample size used, it was sufficient to produce a trustworthy result and
accurate statistical power. Second, we used RCS analysis in our work
to show that the dietary riboflavin intake and CHD have nonlinear
connections. The trends of RCS curves and cutoff values may offer
new information to health policy makers. Thirdly, we conducted
subgroup analyses and interactions, took into account and adjusted
for known potential risk factors for CHD, and produced more
compelling results.

Nonetheless, it is also necessary to clarify a few of this study’s
drawbacks. It is difficult to conclude about causation from cross-
sectional data because the order of exposure and consequence
could not be determined. Additionally, memory bias may have
been introduced by using recall questionnaires to collect data on
total dietary element intakes and CHD outcomes. Finally,
we were unable to completely exclude the possibility that the
the result of unmeasured

observed associations were

confounding variables.
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5 Conclusion

In conclusion, our findings implied that people who consumed
more riboflavin had a lower risk of CHD. In particular, among the
population of older, non-smokers, non-diabetics, those with
hypertension and hypercholesterolemia, or those with a BMI of
25-30 kg/m?, CHD risk was more closely related to riboflavin intake.
Gender, drinking status and serum folate concentration might be an
interaction factor influencing the effect of riboflavin intake on CHD
risk. Given the global rise in the prevalence of CHD, this hypothesis
might pave the way for future interventional research to investigate
the influence of riboflavin intake on CHD.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary material.

Ethics statement

The studies involving humans were approved by ethics review
committee of the National Center for Health Statistics. The studies
were conducted in accordance with the local legislation and
Written
participation was not required from the participants or the

institutional requirements. informed consent for

participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

QJ: Conceptualization, Formal analysis, Software, Validation,
Writing - original draft. SC: Conceptualization, Methodology,

References

1. Wu L, Shi Y, Kong C, Zhang J, Chen S. Dietary inflammatory index and its
association with the prevalence of coronary heart disease among 45,306 US adults.
Nutrients. (2022) 14:553. doi: 10.3390/nu14214553

2. Bjorkegren JLM, Lusis AJ. Atherosclerosis: recent developments. Cell. (2022)
185:1630-45. doi: 10.1016/j.cell.2022.04.004

3. Zhao M, Xiao M, Tan Q, Ji ], Lu E. Association between dietary omega-3 intake and
coronary heart disease among American adults: the NHANES, 1999-2018. PLoS One.
(2023) 18:¢0294861. doi: 10.1371/journal.pone.0294861

4. Chelikam N, Vyas V, Dondapati L, Iskander B, Patel G, Jain S, et al. Epidemiology,
burden, and Association of Substance Abuse Amongst Patients with Cardiovascular
Disorders: National Cross-Sectional Survey Study. Cureus. (2022) 14:€27016. doi:
10.7759/cureus.27016

5. Zhao Z, Li L, Gao X, Hu G, Liu G, Tao H, et al. High dietary inflammatory index is
associated with decreased plaque stability in patients with coronary heart disease. Nutr
Res. (2023) 119:56-64. doi: 10.1016/j.nutres.2023.08.007

6. Haugsgjerd TR, Egeland GM, Nygard OK, Vinknes KJ, Sulo G, Lysne V, et al.
Association of dietary vitamin K and risk of coronary heart disease in middle-age adults:
the Hordaland health study cohort. BMJ Open. (2020) 10:€035953. doi: 10.1136/
bmjopen-2019-035953

7. Zhao L, Hu M, Yang L, Xu H, Song W, Qian Y, et al. Quantitative association
between serum/dietary magnesium and cardiovascular disease/coronary heart disease
risk: a dose-response Meta-analysis of prospective cohort studies. J Cardiovasc
Pharmacol. (2019) 74:516-27. doi: 10.1097/FJC.0000000000000739

8. Bahadoran Z, Mirmiran P, Tahmasebinejad Z, Azizi E. Dietary L-arginine intake
and the incidence of coronary heart disease: Tehran lipid and glucose study. Nutr Metab
(Lond). (2016) 13:23. doi: 10.1186/s12986-016-0084-z

Frontiers in Nutrition

10.3389/fnut.2024.1467889

Supervision, Validation, Writing - original draft. XJ: Data curation,
Investigation, Project administration, Visualization, Writing — original
draft, Writing - review & editing.

Funding

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

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.

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.2024.1467889/
full#supplementary-material

9. Wu 'Y, Qian Y, Pan Y, Li P, Yang ], Ye X, et al. Association between dietary fiber
intake and risk of coronary heart disease: a meta-analysis. Clin Nutr. (2015) 34:603-11.
doi: 10.1016/j.cInu.2014.05.009

10. Morvaridzadeh M, Sepidarkish M, Fazelian S, Rahimlou M, Omidi A, Ardehali SH,
et al. Effect of calcium and vitamin D co-supplementation on blood pressure: a systematic
review and Meta-analysis. Clin Ther. (2020) 42:e45-63. doi: 10.1016/j.clinthera.2020.01.005

11. Rahimlou M, Mirzaei K, Keshavarz SA, Hossein-Nezhad A. Association of
circulating adipokines with metabolic dyslipidemia in obese versus non-obese
individuals. Diabetes Metab Syndr. (2016) 10:560-5. doi: 10.1016/j.dsx.2015.09.015

12. Ghanavati M, Rahmani ], Clark CCT, Hosseinabadi SM, Rahimlou M. Pistachios
and cardiometabolic risk factors: a systematic review and meta-analysis of randomized
controlled clinical trials. Complement Ther Med. (2020) 52:102513. doi: 10.1016/j.
ctim.2020.102513

13. Muzaffar R, Khan MA, Mushtaq MH, Nasir M, Khan A, Haq IU, et al.
Hyperhomocysteinemia as an independent risk factor for coronary heart disease.
Comparison with conventional risk factors. Braz. | Biol. (2021) 83:e249104. doi:
10.1590/1519-6984.249104

14. Tinelli C, Di Pino A, Ficulle E, Marcelli S, Feligioni M. Hyperhomocysteinemia as
a risk factor and potential nutraceutical target for certain pathologies. Front Nutr. (2019)
6:49. doi: 10.3389/fnut.2019.00049

15. Jayedi A, Zargar MS. Intake of vitamin B6, folate, and vitamin B12 and risk of coronary
heart disease: a systematic review and dose-response meta-analysis of prospective cohort
studies. Crit Rev Food Sci Nutr. (2019) 59:2697-707. doi: 10.1080/10408398.2018.1511967

16. Cui R, Iso H, Date C, Kikuchi S, Tamakoshi A. Dietary folate and vitamin b6 and
B12 intake in relation to mortality from cardiovascular diseases: Japan collaborative
cohort study. Stroke. (2010) 41:1285-9. doi: 10.1161/STROKEAHA.110.578906

frontiersin.org


https://doi.org/10.3389/fnut.2024.1467889
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2024.1467889/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1467889/full#supplementary-material
https://doi.org/10.3390/nu14214553
https://doi.org/10.1016/j.cell.2022.04.004
https://doi.org/10.1371/journal.pone.0294861
https://doi.org/10.7759/cureus.27016
https://doi.org/10.1016/j.nutres.2023.08.007
https://doi.org/10.1136/bmjopen-2019-035953
https://doi.org/10.1136/bmjopen-2019-035953
https://doi.org/10.1097/FJC.0000000000000739
https://doi.org/10.1186/s12986-016-0084-z
https://doi.org/10.1016/j.clnu.2014.05.009
https://doi.org/10.1016/j.clinthera.2020.01.005
https://doi.org/10.1016/j.dsx.2015.09.015
https://doi.org/10.1016/j.ctim.2020.102513
https://doi.org/10.1016/j.ctim.2020.102513
https://doi.org/10.1590/1519-6984.249104
https://doi.org/10.3389/fnut.2019.00049
https://doi.org/10.1080/10408398.2018.1511967
https://doi.org/10.1161/STROKEAHA.110.578906

Jinetal.

17. Powers HJ. Riboflavin (vitamin B-2) and health. Am ] Clin Nutr. (2003)
77:1352-60. doi: 10.1093/ajcn/77.6.1352

18.Liu M, Zhou C, Zhang Z, Li Q, He P, Zhang Y, et al. Inverse association between
riboflavin intake and new-onset hypertension: a Nationwide cohort study in China.
Hypertension. (2020) 76:1709-16. doi: 10.1161/HYPERTENSIONAHA.120.16211

19. Suwannasom N, Kao I, Pruf$ A, Georgieva R. Riboflavin: the health benefits of a
forgotten natural vitamin. Int J Mol Sci. (2020) 21:Baumler H.:950. doi: 10.3390/
ijms21030950

20.Zou YX, Zhang XH, Su FY, Liu X. Importance of riboflavin kinase in the
pathogenesis of stroke. CNS Neurosci Ther. (2012) 18:834-40. doi:
10.1111/j.1755-5949.2012.00379.x

21. Bjerklund G, Peana M, Dadar M, Lozynska I, Chirumbolo S, Lysiuk R, et al. The
role of B vitamins in stroke prevention. Crit Rev Food Sci Nutr. (2022) 62:5462-75. doi:
10.1080/10408398.2021.1885341

22.Cao Y, Luo E, Peng ], Fang Z, Liu Q, Zhou S. KMT2B-dependent RFK transcription
activates the TNF-a/NOX2 pathway and enhances ferroptosis caused by myocardial
ischemia-reperfusion. J Mol Cell Cardiol. (2022) 173:75-91. doi: 10.1016/j.
yjmcc.2022.09.003

23.Xu Q, Cao Y, Zhong X, Qin X, Feng J, Peng H, et al. Riboflavin protects against
heart failure via SCAD-dependent DJ-1-Keap1-Nrf2 signalling pathway. Br ] Pharmacol.
(2023) 180:3024-44. doi: 10.1111/bph.16184

24.Li M, Shi Z. Riboflavin intake inversely associated with cardiovascular-disease
mortality and interacting with folate intake: findings from the National Health and
nutrition examination survey (NHANES) 2005-2016. Nutrients. (2022) 14:345. doi:
10.3390/nu14245345

25.Wu Y, Li S, Wang W, Zhang D. Associations of dietary vitamin B1, vitamin B2,
niacin, vitamin B6, vitamin B12 and folate equivalent intakes with metabolic syndrome.
Int ] Food Sci Nutr. (2020) 71:738-49. doi: 10.1080/09637486.2020.1719390

26. 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) 56:1-37.

27. Thompson FE, Dixit-Joshi S, Potischman N, Dodd KW, Kirkpatrick SI, Kushi LH,
et al. Comparison of interviewer-administered and automated self-administered 24-
hour dietary recalls in 3 diverse integrated health systems. Am ] Epidemiol. (2015)
181:970-8. doi: 10.1093/aje/kwu467

28.Luan M, Wang J, Liang K, Li B, Liu K. Association between the intake of dietary
n3 and né fatty acids and stroke in US adults: a cross-sectional study of NHANES
2007-2018. PLoS One. (2023) 18:€0293893. doi: 10.1371/journal.pone.0293893

29. Sun P, Wang Z, Li B, Chen S. Association of Dietary Magnesium Intake with the
risk of stroke among adults. Int Heart J. (2023) 64:1002-9. doi: 10.1536/ihj.23-299

30. McNulty H, Strain JJ, Hughes CF, Ward M. Riboflavin, MTHFR genotype and
blood pressure: a personalized approach to prevention and treatment of hypertension.
Mol Asp Med. (2017) 53:2-9. doi: 10.1016/j.mam.2016.10.002

31.Wu Y, Li S, Wang W, Zhang D. Associations of dietary B vitamins intakes with
depression in adults. Int ] Vitam Nutr Res. (2023) 93:142-53. doi:
10.1024/0300-9831/a000720

32. McMahon A, McNulty H, Hughes CE, Strain JJ, Ward M. Novel approaches to
investigate one-carbon metabolism and related B-vitamins in blood pressure. Nutrients.
(2016) 8:720. doi: 10.3390/nu8110720

33. Selhub J, Miller JW. The pathogenesis of homocysteinemia: interruption of the
coordinate regulation by S-adenosylmethionine of the remethylation and transsulfuration
of homocysteine. Am J Clin Nutr. (1992) 55:131-8. doi: 10.1093/ajcn/55.1.131

Frontiers in Nutrition

10

10.3389/fnut.2024.1467889

34. McNulty H, Strain JJ, Pentieva K, Ward M. C(1) metabolism and CVD outcomes
in older adults. Proc Nutr Soc. (2012) 71:213-21. doi: 10.1017/S0029665111003387

35. Wald DS, Law M, Morris JK. Homocysteine and cardiovascular disease: evidence
on causality from a meta-analysis. BMJ. (2002) 325:1202-6. doi: 10.1136/
bmj.325.7374.1202

36. Wilcken B, Bamforth F, Li Z, Zhu H, Ritvanen A, Renlund M, et al. Geographical
and ethnic variation of the 677C>T allele of 5,10 methylenetetrahydrofolate reductase
(MTHFR): findings from over 7000 newborns from 16 areas world wide. ] Med Genet.
(2003) 40:619-25. doi: 10.1136/jmg.40.8.619

37. Guenther BD, Sheppard CA, Tran P, Rozen R, Matthews RG, Ludwig ML. The
structure and properties of methylenetetrahydrofolate reductase from Escherichia coli
suggest how folate ameliorates human hyperhomocysteinemia. Nat Struct Biol. (1999)
6:359-65. doi: 10.1038/7594

38. Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews RG, et al. A
candidate genetic risk factor for vascular disease: a common mutation in
methylenetetrahydrofolate reductase. Nat Genet. (1995) 10:111-3. doi: 10.1038/
ng0595-111

39. Molloy AM, Daly S, Mills JL, Kirke PN, Whitehead AS, Ramsbottom D, et al.
Thermolabile variant of 5,10-methylenetetrahydrofolate reductase associated with low
red-cell folates: implications for folate intake recommendations. Lancet. (1997)
349:1591-3. doi: 10.1016/S0140-6736(96)12049-3

40. Holmes MV, Newcombe P, Hubacek JA, Sofat R, Ricketts SL, Cooper J, et al. Effect
modification by population dietary folate on the association between MTHFR genotype,
homocysteine, and stroke risk: a meta-analysis of genetic studies and randomised trials.
Lancet. (2011) 378:584-94. doi: 10.1016/S0140-6736(11)60872-6

41. McNulty H, Ward M, Hoey L, Hughes CFE, Pentieva K. Addressing optimal folate
and related B-vitamin status through the lifecycle: health impacts and challenges. Proc
Nutr Soc. (2019) 78:449-62. doi: 10.1017/50029665119000661

42.Kim CI, Roe DA. Development of riboflavin deficiency in alcohol-fed hamsters.
Drug Nutr Interact. (1985) 3:99-107.

43.Li H, Krall JR, Frankenfeld C, Slavin M. Nutritional intake of riboflavin (vitamin
B2) and migraine: a cross-sectional analysis of the National Health and nutrition
examination survey (NHANES) 2001-2004. Nutr Neurosci. (2023) 26:1068-77. doi:
10.1080/1028415X.2022.2126760

44, Balasubramaniam S, Christodoulou J, Rahman S. Disorders of riboflavin
metabolism. J Inherit Metab Dis. (2019) 42:608-19. doi: 10.1002/jimd.12058

45. Udhayabanu T, Karthi S, Mahesh A, Varalakshmi P, Manole A, Houlden H, et al.
Adaptive regulation of riboflavin transport in heart: effect of dietary riboflavin deficiency
in cardiovascular pathogenesis. Mol Cell Biochem. (2018) 440:147-56. doi: 10.1007/
s11010-017-3163-1

46. Homocysteine Lowering Trialists' Collaboration. Dose-dependent effects of folic
acid on blood concentrations of homocysteine: a meta-analysis of the randomized trials.
Am J Clin Nutr. (2005) 82:806-12. doi: 10.1093/ajcn/82.4.806

47. McNulty H, Dowey le RC, Strain JJ, Dunne A, Ward M, Molloy AM, et al. Riboflavin
lowers homocysteine in individuals homozygous for the MTHER 677C->T polymorphism.
Circulation. (2006) 113:74-80. doi: 10.1161/CIRCULATIONAHA.105.580332

48. Horigan G, McNulty H, Ward M, Strain JJ, Purvis ], Scott JM. Riboflavin lowers blood
pressure in cardiovascular disease patients homozygous for the 677C-->T polymorphism in
MTHER. ] Hypertens. (2010) 28:478-86. doi: 10.1097/HJH.0b013e328334c126

49.Li B, Hu M, Ma Y, Sun X, Wu D, Jing F, et al. Association between vitamin E,
vitamin B6, and vitamin B12 with coronary heart disease. Sci Rep. (2024) 14:19960. doi:
10.1038/s41598-024-68413-8

frontiersin.org


https://doi.org/10.3389/fnut.2024.1467889
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1093/ajcn/77.6.1352
https://doi.org/10.1161/HYPERTENSIONAHA.120.16211
https://doi.org/10.3390/ijms21030950
https://doi.org/10.3390/ijms21030950
https://doi.org/10.1111/j.1755-5949.2012.00379.x
https://doi.org/10.1080/10408398.2021.1885341
https://doi.org/10.1016/j.yjmcc.2022.09.003
https://doi.org/10.1016/j.yjmcc.2022.09.003
https://doi.org/10.1111/bph.16184
https://doi.org/10.3390/nu14245345
https://doi.org/10.1080/09637486.2020.1719390
https://doi.org/10.1093/aje/kwu467
https://doi.org/10.1371/journal.pone.0293893
https://doi.org/10.1536/ihj.23-299
https://doi.org/10.1016/j.mam.2016.10.002
https://doi.org/10.1024/0300-9831/a000720
https://doi.org/10.3390/nu8110720
https://doi.org/10.1093/ajcn/55.1.131
https://doi.org/10.1017/S0029665111003387
https://doi.org/10.1136/bmj.325.7374.1202
https://doi.org/10.1136/bmj.325.7374.1202
https://doi.org/10.1136/jmg.40.8.619
https://doi.org/10.1038/7594
https://doi.org/10.1038/ng0595-111
https://doi.org/10.1038/ng0595-111
https://doi.org/10.1016/S0140-6736(96)12049-3
https://doi.org/10.1016/S0140-6736(11)60872-6
https://doi.org/10.1017/S0029665119000661
https://doi.org/10.1080/1028415X.2022.2126760
https://doi.org/10.1002/jimd.12058
https://doi.org/10.1007/s11010-017-3163-1
https://doi.org/10.1007/s11010-017-3163-1
https://doi.org/10.1093/ajcn/82.4.806
https://doi.org/10.1161/CIRCULATIONAHA.105.580332
https://doi.org/10.1097/HJH.0b013e328334c126
https://doi.org/10.1038/s41598-024-68413-8

	Associations of dietary riboflavin intake with coronary heart disease in US adults: a cross-sectional study of NHANES 2007–2018
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Self-reported history of CHD outcome
	2.3 Assessment of dietary riboflavin intake
	2.4 Covariates
	2.5 Statistical analysis

	3 Results
	3.1 Basic characteristics of all participants
	3.2 Association between dietary riboflavin intake and the risk of CHD
	3.3 The results of subgroup analyses and interactions
	3.4 Nonlinear association

	4 Discussion
	5 Conclusion

	References

