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ABSTRACT
There have been few studies examining the connection between dietary riboflavin intake and stroke. We aimed to investigate the 
prevalence of stroke and the association between dietary riboflavin intake and stroke in the United States population. Participants 
in this extensive, cross-sectional study were drawn from the National Health and Nutrition Examination Survey (NHANES) con-
ducted between 2007 and 2018. Questionnaires and 24-h recall interviews were used to gather information on stroke events and 
dietary intake. To assess the relationships between riboflavin intake and stroke risk, multivariate logistic regression, restricted 
cubic spline, and subgroup analysis were used. The incidence of stroke was 3.67% among the 20,776 participants in the research. 
We discovered that a higher riboflavin consumption was linked to a decreased risk of stroke in people in the United States after 
controlling for all specified factors. For stroke risk, the odds ratio (OR; 95% confidence interval) for those with the highest ribofla-
vin intake was 0.57 (95% CI: 0.38–0.85) compared to those with the lowest intake. Additionally, an L-shaped relationship between 
riboflavin intake and stroke risk was discovered by the study, with an inflection point at roughly 4.95 mg/day. According to our 
research, the risk of stroke was inversely correlated with a high riboflavin consumption. To validate our findings and investigate 
the causal links, more research is required.

1   |   Introduction

Stroke is a common neurological condition that can originate 
from structural abnormalities in vascular tissues, which pro-
duce parenchymal hemorrhage and subsequent neuronal injury, 
or from a reduced blood supply to the brain because of occlusion 
or stenosis (Shehjar et al. 2003). Stroke's high rates of morbid-
ity, death, and disability make it a major public health problem 
(Feigin et al. 2022). Statistics show that between 1990 and 2019, 
the prevalence of stroke increased by 85% worldwide, with 1.01 
million stroke epidemic cases in 2019 (Roth et  al.  2020; GBD 
2019 Stroke Collaborators 2021). Stroke claims the lives of over 
86.5 out of every 100,000 persons annually (Mai and Liang 2020). 
Even stroke survivors may experience cognitive, linguistic, and 
strength impairments (Huang et  al.  2018). Additionally, the 

projected yearly global cost of stroke exceeds $89.1 billion, put-
ting a significant burden on health care systems and having a 
huge socioeconomic impact (Owolabi et al. 2022). Therefore, re-
ducing the prevalence of stroke requires identifying factors that 
may be prevented and controlled.

Dietary patterns and stroke have become increasingly linked 
and have attracted a lot of attention (Teng et al. 2024). Previous 
research has examined the associations between stroke risk 
and dietary inflammatory index (Mao et  al.  2024), copper 
(Yang et  al.  2022), magnesium (Sun et  al.  2023), potassium 
(Fang et  al.  2000), zinc (Huang et  al.  2024), vitamin C (Tang 
et  al.  2022), vitamin B6 (Wang et  al.  2024), and vitamin B12 
(Yahn et al. 2021). Notably, not enough research has been done 
on the connection between dietary riboflavin (vitamin B2) 
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consumption and stroke, but the benefits of riboflavin in the 
treatment of stroke have already been reported (Silva-Araújo 
et al. 2024; Betz et al. 1994). The human body cannot produce 
riboflavin on its own (Mohedano et al. 2019). Although certain 
gut bacteria can synthesize small amounts, this endogenous 
production is insufficient to meet physiological requirements 
(Liu et al. 2020). Therefore, adequate riboflavin status must be 
obtained primarily through a balanced diet or supplements. As 
a cofactor for methylenetetrahydrofolate reductase (MTHFR), 
riboflavin deficiency may lead to homocysteine (Hcy) accumu-
lation (Strain et al. 2004; McNulty et al. 2019). Elevated Hcy lev-
els are an independent risk factor for stroke (Strain et al. 2004; 
McNulty et al. 2019), suggesting that optimizing riboflavin in-
take may represent a modifiable dietary strategy for stroke risk 
reduction.

Given that the relationship between dietary riboflavin con-
sumption and stroke risk has not been fully investigated, this 
study sought to fill the knowledge gaps by examining dietary 
riboflavin consumption and the dose–response relationship 
between dietary riboflavin intake and stroke in people in the 
United States.

2   |   Methods

2.1   |   Study Population

Evaluating the nutritional and health status of non-
institutionalized people in the United States was the main objec-
tive of the National Center for Health Statistics' (NCHS) biennial 
NHANES nationwide program. Its primary objective was to 
gain a comprehensive understanding of contemporary disease 
trends and offer data for developing public health policies. All 
NHANES data was publicly available at no cost at https://​www.​
cdc.​gov/​nchs/​nhanes/​index.​htm. Participants gave written in-
formed consent, and the NCHS Ethics Review Committee ap-
proved the protocol (Qiu et al. 2024).

For this investigation, data was gathered from 59,842 peo-
ple throughout six successive NHANES cycles (2007–2018). 
The following particular exclusion criteria were used (1): 
Age < 20 years (n = 25,072); (2): Women who were pregnant 
or breastfeeding (n = 580); (3): Stroke diagnosis not obtained 
(n = 51); (4): Dietary information not received (n = 3936); (5): 
Inappropriate energy intake (n = 166); (6): Covariates data 
missing (n = 9261). A total of 20,776 participants were chosen 
for additional investigation following a thorough data screen-
ing process. A thorough flowchart that illustrated the study 
participant recruitment process is shown in Figure  1 and 
Table S1.

2.2   |   Assessment of the Dietary Riboflavin Intake

Two 24-h recall interviews were used to document each par-
ticipant's nutritional intake for the NHANES dataset. Three 
to ten days following the first in-person interview, a telephone 
interview was conducted. Dietary data was encoded and con-
verted into total nutrient consumption using the United States 
Department of Agriculture (USDA) survey nutrient database. 

The 24-h dietary supplement usage component was performed 
following the 24-h dietary survey for food and beverage con-
sumption. Dietary riboflavin consumption was determined by 
averaging the intake from two 24-h meal surveys and two 24-h 
supplement surveys. Additionally, dietary riboflavin intake 
was divided into four groups according to quartile (Quartile 
1: < 25th percentile, Quartile 2: 25–50th percentile, Quartile 
3: 50–75th percentile and Quartile 4: ≥ 75th percentile) (Wu 
et al. 2020; Jin et al. 2024), and was divided into two groups 
according to recommended dietary allowance (RDA, 1.3 mg/
day for males and 1.1 mg/day for females) (Dietary guidelines 
for Americans 2020).

2.3   |   Assessment of Stroke

We categorized stroke outcome based on self-reported survey 
replies. In interviews, participants were asked, “Has a doctor 
or other health professional ever told you that you have had a 
stroke?” An stroke result would be deemed to have occurred if 
the respondent selected “Yes” (Qiu et al. 2024).

2.4   |   Covariates

We sought to include a wide variety of factors known to skew 
stroke outcomes, drawing on prior research and biological con-
siderations. These covariates included age, gender, race, sleep-
ing disorder, education level, poverty-income ratio (PIR), body 
mass index (BMI), marital status, work activity, recreational ac-
tivity, smoking status, drinking status, diabetes, hypertension, 
hypercholesterolemia, dietary energy intake, dietary fat intake, 
and serum folate concentration. Table S2 provided a thorough 
explanation and classification of the covariates.

2.5   |   Statistical Analysis

For the primary statistical analysis in this investigation, we used 
SPSS version 27.0 and Stata 15.0 (StataCorp, College Station, TX). 
New sample weights were established by integrating continuous 
data from six 2-year cycles in accordance with the NHANES 
analysis requirements (Wu et al. 2020).

While categorical variables were shown as numbers (n) and per-
centages (%) in the baseline data, continuous variables were rep-
resented by means and standard deviations. The variations in 
individual characteristics between the groups with and without 
stroke outcomes were then evaluated using the student's t-test 
and chi-square test.

Regarding riboflavin intake, the four groups were Quartile 1 
(< 1.42 mg/day), Quartile 2 (1.42 to 2.11 mg/day), Quartile 3 (2.11 
to 3.26 mg/day), and Quartile 4 (≥ 3.26 mg/day). The logistic 
regression model was used to investigate the relationships be-
tween dietary riboflavin intake and stroke risk. Model 1 was 
adjusted for age and sex, while Model 2 was adjusted for every 
variable listed in Table  S1. Subgroup and interaction analyses 
were used to assess the results' stability. We used the restricted 
cubic splines (RCS) model to address the non-linear correlations 
between response variables and continuous variables. When the 
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two-sided p value was less than 0.05, the study's conclusions 
were deemed statistically significant.

3   |   Results

3.1   |   Characteristics of the Study Population

A total of 59,842 NHANES participants from 2007 to 2018 
were first included in the current analysis. The inclusion 
and exclusion criteria finally resulted in the enrollment of 
20,776 people with food recall data. The average age of all 
research participants was 49.67 years, and slightly less than 
half (49.04%) of the group was male. 763 of them (3.67%) had 
previously experienced a stroke. Individuals with a history 
of stroke also had higher odds of having diabetes (39.19% vs. 
16.95%), hypertension (86.37% vs. 53.37%), hypercholester-
olemia (62.25% vs. 35.65%), and being older (65.66 years vs. 

49.06 years). Those who experienced a stroke also had lower 
dietary riboflavin intakes (3.65 mg/day vs. 3.94 mg/day), with 
the study population's mean dietary riboflavin consumption 
being 3.85 mg/day. Comprehensive clinical and demographic 
data were shown in Table 1.

3.2   |   Multivariate Regression Analyses

Table  2 displays the findings of the logistic regression study 
that examined the relationship between dietary riboflavin in-
take and stroke risk according to quartiles of intake. In both 
the basic model and Model 1, a higher dietary riboflavin in-
take was associated with a decreased risk of stroke; those who 
consumed more riboflavin (Quartile 4) had a 41% and 56% 
lower risk of stroke, respectively, than those who consumed 
less (Quartile 1). Comparing Quartile 4 to Quartile 1, the cor-
responding odds ratios (ORs) with 95% confidence intervals 

FIGURE 1    |    Flow chart of the screening process for the selection of eligible participants. NHANES: National Health and Nutrition Examination 
Survey.
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TABLE 1    |    Characteristics of participants by stroke status, NHANES 2007–2018.

Characteristics Overall Stroke Non-stroke p

Number of subjects (%) 20,776 (100.00) 763 (100.00) 20,013 (100.00)

Gender (%)a

Male 10,188 (49.04) 372 (48.75) 9816 (49.05) 0.883

Female 10,588 (50.96) 391 (51.25) 10,197 (50.95)

Race (%)a

Mexican American 3020 (14.54) 63 (8.26) 2957 (14.78) < 0.001

Other Hispanic 2066 (9.94) 49 (6.42) 2017 (10.08)

Non-Hispanic White 9420 (45.34) 405 (53.08) 9015 (45.05)

Non-Hispanic Black 4168 (20.06) 197 (25.82) 3971 (19.84)

Other Race 2102 (10.12) 49 (6.42) 2053 (10.26)

Age (%)a

20–39 6799 (32.73) 34 (4.46) 6765 (33.80) < 0.001

40–59 7026 (33.82) 173 (22.67) 6853 (34.24)

≥ 60 6951 (33.46) 556 (72.87) 6395 (31.95)

Body mass index (%)a

< 25 kg/m2 5861 (28.21) 179 (23.46) 5682 (28.39) 0.006

25–30 kg/m2 6825 (32.85) 254 (33.29) 6571 (32.83)

≥ 30 kg/m2 8090 (38.94) 330 (43.25) 7760 (38.77)

Educational level (%)a

< High school 1817 (8.75) 106 (13.89) 1711 (8.55) < 0.001

High school 7526 (36.22) 356 (46.66) 7170 (35.83)

> High school 11,433 (55.03) 301 (39.45) 11,132 (55.62)

Smoking status (%)a

Yes 5203 (25.04) 282 (36.96) 4921 (24.59) < 0.001

No 15,573 (74.96) 481 (63.04) 15,092 (75.41)

Drinking status (%)a

Yes 14,094 (67.84) 478 (62.65) 13,616 (68.04) 0.002

No 6682 (32.16) 285 (37.35) 6397 (31.96)

Poverty-income ratio (%)a

< 1.00 4274 (20.57) 185 (24.25) 4089 (20.43) 0.011

≥ 1.00 16,502 (79.43) 578 (75.75) 15,924 (79.57)

Recreational activity (%)a

Vigorous 4692 (22.58) 35 (4.59) 4657 (23.27) < 0.001

Moderate 5543 (26.68) 179 (23.46) 5364 (26.80)

Other 10,541 (50.74) 549 (71.95) 9992 (49.93)

Work activity (%)a

Vigorous 4204 (20.23) 100 (13.11) 4104 (20.51) < 0.001

Moderate 4571 (22.00) 141 (18.48) 4430 (22.14)

Other 12,001 (57.76) 522 (68.41) 11,479 (57.36)

(Continues)
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(CIs) were 0.59 (0.43–0.79) and 0.44 (0.33–0.61) in the crude 
model and Model 1. The association between riboflavin in-
take and stroke risk remained negative in Model 2. Compared 
to Quartile 1, the ORs (95% CIs) for stroke risk were 0.52 
(0.35–0.77), 0.56 (0.39–0.81), and 0.57 (0.38–0.85) for those 
who ingested riboflavin through their diet in Quartiles 2, 3, 
and 4.

The associations between the dietary riboflavin intake categorized 
based on RDA and stroke risk were presented in Table 3. In Model 
2, compared to people whose dietary riboflavin intakes were below 
the RDA, those with intake meeting the RDA had a lower risk of 
stroke, with OR (95% CI) of 0.67 (0.49–0.91).

3.3   |   Subgroup Analyses

The findings of subgroup analyses and interactions were dis-
played in a forest plot in Figure 2. Those aged 40–59 years those 
with a BMI between 25 and 30 kg/m2, those who drank at least 
12 times last year, those being males, and those who did not have 
hypertension, diabetes, or hypercholesterolemia were more 
likely to have an inverse relationship between riboflavin and 
stroke. Interaction studies revealed that the preventive effect of 

dietary riboflavin against stroke was unaffected by gender, age, 
BMI, smoking or drinking status, blood folate concentration, di-
abetes, hypertension, or hyperlipidemia status.

3.4   |   Dose–Response Analyses

A RCS function with three knots was used in a fully adjusted 
logistic regression model to examine the relationship between 
dietary riboflavin intake and stroke risk. The results indicated 
an L-shaped trend (p = 0.007 for nonlinearity) of dietary ribofla-
vin intake with the stroke risk, depicted in Figure 3. An inflec-
tion point was identified at 4.95 mg/day in the threshold effect of 
dietary riboflavin intake on stroke risk.

4   |   Discussion

To the best of our knowledge, this was the first large cross-
sectional study to look at the link between stroke and dietary ribo-
flavin intake. The prevalence of stroke was 3.67% in this study. Our 
findings showed that dietary intake of riboflavin was inversely re-
lated to the risk of stroke. The subgroup analysis suggested that 
this inverse association was more pronounced in males, those with 

Characteristics Overall Stroke Non-stroke p

Sleeping disorder (%)a

Yes 656 (3.16) 127 (16.64) 529 (2.64) < 0.001

No 20,120 (96.84) 636 (83.36) 19,484 (97.36)

Marital status (%)a

Married/living with partner 12,452 (59.93) 403 (52.82) 12,049 (60.21) < 0.001

Widowed/divorced/separated 4572 (22.01) 303 (39.71) 4269 (21.33)

Never married 3752 (18.06) 57 (7.47) 3695 (18.46)

Diabetes status (%)a

Yes 3692 (17.77) 299 (39.19) 3393 (16.95) < 0.001

No 17,084 (82.23) 464 (60.81) 16,620 (83.05)

Hypertension status (%)

Yes 11,339 (54.58) 659 (86.37) 10,680 (53.37) < 0.001

No 9437 (45.42) 104 (13.63) 9333 (46.63)

Hypercholesterolemia status (%)a

Yes 7610 (36.63) 475 (62.25) 7135 (35.65) < 0.001

No 13,166 (63.37) 288 (37.75) 12,878 (64.35)

Dietary riboflavin intake (mg/day)b 3.85 ± 9.74 3.65 ± 9.66 3.94 ± 11.64 0.039

Dietary fat intake (g/day)b 77.91 ± 37.95 70.34 ± 37.35 78.19 ± 37.94 < 0.001

Total energy intake (kcal/day)b 2047.76 ± 815.73 1806.69 ± 782.25 2056.95 ± 815.58 < 0.001

Serum folate concentration (nmol/L)b 43.18 ± 32.17 41.39 ± 61.63 43.59 ± 30.42 < 0.001

Abbreviation: NHANES, National Health and Nutrition Examination Survey.
aChi-square test was used to compare the percentage between participants with and without stroke.
bStudent's t-test was used to compare the mean values between participants with and without stroke.

TABLE 1    |    (Continued)
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ages between 40 and 59 years old, those with BMI between 25 and 
30 kg/m2, those who drank at least 12 times last year, and partic-
ipants without hypertension, diabetes, and hypercholesterolemia. 
Furthermore, RCS curves showed a non-linear inverse relation-
ship between riboflavin intake and stroke risk.

Elevated plasma Hcy levels are a well-established risk factor 
for stroke, with studies showing that a 25% reduction in Hcy 
corresponds to a 19% decrease in stroke risk (Homocysteine 
Studies Collaboration  2002). Riboflavin plays a critical role 
in Hcy metabolism as an essential component of the coen-
zymes flavin adenine dinucleotide (FAD) and flavin mono-
nucleotide (FMN) (Bjørklund et  al.  2022; Zaric et  al.  2019). 
Specifically, FAD serves as a cofactor for methylenetetrahydro-
folate reductase (MTHFR), which catalyzes the conversion of 
5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate—a 
key methyl donor in the remethylation of Hcy to methionine 
(Selhub and Miller 1992; McNulty et al. 2012). Meanwhile, FMN 
is required for generating pyridoxal phosphate (the active form 
of vitamin B6), which supports the trans-sulfuration pathway 

via cystathionine β-synthase (Strain et  al.  2004). Beyond Hcy 
regulation, riboflavin deficiency may increase stroke risk by im-
pairing myelin synthesis, potentially leading to demyelination 
(Plantone et al. 2021). Additionally, in the situation of ischemia/
anoxia, riboflavin exhibits neuroprotective effects by mitigating 
oxidative stress, reducing inflammation, and promoting neural 
repair (Silva-Araújo et al. 2024).

In the Hcy metabolic pathway, riboflavin is frequently disre-
garded, yet it is crucial for individuals whose MTHFR gene con-
tains the 677C → T variant (McNulty et al. 2006). The MTHFR 
677TT genotype has an average frequency of 12% worldwide 
(Brattström et  al.  1998). The MTHFR gene with the 677C → T 
variant is more likely to break into monomers and lose the FAD 
prosthetic group during dilution, which lowers enzyme activ-
ity when compared to the MTHFR 677CC genotype (Yamada 
et al. 2001). The MTHFR enzyme activity in TT cells is roughly 
50% that of CC cells when there is sufficient folate and riboflavin 
present (Strain et al. 2004). The mutant version of the enzyme 
can be stabilized by a greater riboflavin status, which can either 

TABLE 2    |    Weighted ORs (95% CIs) for stroke according to quartiles of dietary riboflavin intake, NHANES 2007–2018.

Intake cutoff Cases/participantsa

Crudeb Model 1b Model 2b

OR (95% CI) OR (95% CI) OR (95% CI)

Dietary riboflavin intake (mg/day)

Quartile 1 (low) < 1.42 225/5198 1 (ref) 1 (ref) 1 (ref)

Quartile 2 1.42–2.11 163/5192 0.50 (0.36–0.71)** 0.47 (0.32–0.68)** 0.52 (0.35–0.77)**

Quartile 3 2.11–3.26 196/5192 0.53 (0.39–0.72)** 0.47 (0.34–0.65)** 0.56 (0.39–0.81)**

Quartile 4 (high) ≥ 3.26 179/5194 0.59 (0.43–0.79)** 0.44 (0.33–0.61)** 0.57 (0.38–0.85)**

ptrend < 0.001 < 0.001 < 0.001

Note: Model 1 adjusted for age and gender. Model 2 adjusted for gender, body mass index, race, age, smoking status, educational level, marital status, poverty-income 
ratio, sleeping disorder, drinking status, hypertension status, recreational activity, work activity, hypercholesterolemia status, diabetes status, dietary energy intake, 
dietary fat intake and serum folate concentration. Results were dietary-weighted.
Abbreviations: CI, confidence interval; NHANES, National Health and Nutrition Examination Survey; OR, odd ratio.
aCases of stroke/number of participants in quartiles.
bCalculated using binary logistic regression.
**p < 0.01.

TABLE 3    |    Weighted ORs (95% CIs) for stroke according to RDA of dietary riboflavin intake, NHANES 2007–2018.

Intake cutoff
Cases/

participantsa

Crudeb Model 1b Model 2b

OR (95% CI) OR (95% CI) OR (95% CI)

Dietary riboflavin intake (mg/day)

Below the RDA < 1.1 for females 
and < 1.3 for males

144/3374 1 (ref) 1 (ref) 1 (ref)

Met the RDA ≥ 1.1 for females 
and ≥ 1.3 for males

619/17402 0.64 (0.51–0.82)** 0.51 (0.39–0.67)** 0.67 (0.49–0.91)*

Note: Model 1 adjusted for age and gender. Model 2 adjusted for gender, body mass index, race, age, smoking status, educational level, marital status, poverty-income 
ratio, sleeping disorder, drinking status, hypertension status, recreational activity, work activity, hypercholesterolemia status, diabetes status, dietary energy intake, 
dietary fat intake and serum folate concentration. Results were dietary-weighted.
Abbreviations: CI, confidence interval; NHANES, National Health and Nutrition Examination Survey; OR, odd ratio; RDA, recommended dietary allowance.
aCases of stroke/number of participants in quartiles.
bCalculated using binary logistic regression.
*p < 0.05. 
**p < 0.01.
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stop the FAD cofactor from leaving the active site or enable its 
prompt replacement (McNulty et al. 2019; Holmes et al. 2011). 
The inverse association between dietary riboflavin and stroke 
may be more significant in individuals with the MTHFR 677TT 
genotype, but genotype information was not collected in the 
NHANES database.

Erythrocyte glutathione reductase activation coefficient 
(EGRac) is regarded as a more reliable biomarker of riboflavin 
status than dietary intake (McAuley et al. 2016), but this mea-
sure is not available in the NHANES database. The correla-
tion between riboflavin intake and EGRac has been discussed 
in many articles with inconsistent results. Two cross-sectional 
studies with a small sample size found no significant associa-
tion between dietary riboflavin intake and the value of EGRac 
(Aljaadi et al. 2021; Mataix et al. 2003), whereas multiple inter-
vention trials demonstrated an inverse relationship (Boisvert 
et  al.  1993; Suboticanec et  al.  1990; Powers et  al.  2011; Bates 
et al. 1982). Given that the null associations primarily stem from 
cross-sectional studies with limited sample sizes—and consid-
ering that humans cannot synthesize riboflavin endogenously—
we propose that EGRac is indeed responsive to long-term 
riboflavin intake but may not reflect short-term fluctuations in 
dietary supply. The dose–response analysis revealed an inverse 
relationship between riboflavin intake and stroke risk, with op-
timal protection observed at 4.95 mg/day—a level higher than 
the RDA (1.3 mg/day for adult men; 1.1 mg/day for adult women) 
(Li et al. 2023). This may be because the RDA is set as the min-
imum safe level to weigh metabolic needs and prevention of de-
ficiency (Turck et al. 2017), whereas the higher “effective dose” 
found in the study only targets stroke health benefits.

This study's conclusion that riboflavin was linked to the risk of 
stroke was in line with other research. In a 1994 study on rat 

FIGURE 2    |    Subgroup analyses for the relationship between dietary riboflavin intake and stroke. CI, confidence interval; OR, odd ratio.

FIGURE 3    |    Restricted cubic spline model of the odds ratios of stroke 
with dietary riboflavin intake. The dashed lines represent the 95% con-
fidence intervals.
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stroke models, Betz and associates demonstrated that riboflavin 
pretreatment decreased the development of oedema brought on 
by ischaemia (Betz et al. 1994). When Gariballa and Ullegaddi 
examined stroke patients in the acute phase right after the in-
farct, they discovered that a significant percentage of them had 
poor riboflavin status with the values of EGRac greater than 1.3 
(Gariballa 2007). In a clinical trial of 50 stroke patients, those 
treated with 20 mg of intravenous riboflavin had significantly 
lower blood glutamate levels at discharge and slightly greater 
improvement in clinical disability (da Silva-Candal et al. 2018). 
A single study reported reduced vitamin B2 levels in stroke pa-
tients compared to controls (Ullegaddi et al. 2005).

Our research has a number of advantages. Firstly, using a large, 
cross-sectional, and well-established dataset, we have added re-
liable evidence to the research of the riboflavin association with 
stroke. Second, we performed subgroup analyses and interac-
tions, considered and corrected for established possible stroke 
risk variables, and generated more convincing findings. Third, 
our study made sure that the data was representative of the 
country's population by taking into account the intricate sam-
pling design and NHANES weights. Finally, this study provided 
evidence that appropriate doses of riboflavin intake may be po-
tential strategies for preventing stroke.

Before evaluating the data, a few caveats should be noted. First 
of all, because this study was cross-sectional, it would be difficult 
to fully rule out any confounding variables, which would restrict 
its capacity to prove causation. Second, even though two 24-h di-
etary recalls were used to collect dietary data, recall bias could 
still exist. Third, there was no riboflavin serum data and MTHFR 
genotype data in the database. Fourth, there might be a few more 
confounders that were impossible to completely rule out, such as 
other elements of a balanced diet and a healthy lifestyle.

5   |   Conclusion

Our findings indicated that dietary intake of riboflavin was in-
versely related to the risk of stroke, especially in males, those with 
ages between 40 and 59 years old, those with BMI between 25 and 
30 kg/m2, those who drank at least 12 times last year, and partici-
pants without hypertension, diabetes, and hypercholesterolemia. 
Given the escalating global stroke burden, these findings sug-
gested riboflavin supplementation might represent a promising 
preventive strategy for specific at-risk populations, though further 
interventional studies were warranted to validate this hypothesis.
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