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Background: A multitude of studies has suggested a possible link between the

intake of dietary micronutrients and the incidence of constipation. Nevertheless,

there exists a significant gap in research that specifically addresses the

relationship between vitamin B2 and constipation. The present investigation

seeks to explore the possible correlation between dietary intake of vitamin B2

and chronic constipation in adult participants surveyed in the National Health

and Nutrition Examination Survey (NHANES).

Methods: This research leveraged data from the NHANES conducted between

2005 and 2010. Dietary intake information was obtained from participants

through 24 h dietary recall interviews. Various statistical approaches, including

weighted logistic regression, interaction tests, subgroup analyses, and restricted

cubic spline, were utilized to examine the relationship between dietary vitamin

B2 consumption and the occurrence of constipation.

Results: A comprehensive multiple logistic regression analysis that accounted

for various confounding factors indicated that individuals with the highest

quartile of vitamin B2 intake exhibited a significantly reduced risk of experiencing

constipation (OR = 0.63; 95% CI, 0.47–0.84) in comparison to those situated

in the lowest quartile. Furthermore, a continuous assessment of vitamin B2

intake demonstrated an inverse relationship with constipation (OR = 0.89, 95%

CI, 0.81–0.98). The implementation of restricted cubic splines suggested a

linear association between vitamin B2 consumption and constipation (P-non-

linear = 0.7297, P-overall = 0.0224). Notably, subgroup analyses uncovered

a significant interaction effect between vitamin B2 intake and alcohol

consumption regarding constipation (P for interaction = 0.012).

Conclusion: This investigation highlights an inverse relationship between the

dietary intake of vitamin B2 and constipation within the adult population of

the United States.
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1 Introduction

Constipation is a commonly encountered symptom linked to
various chronic diseases, negatively impacting the physiological
functions within the human body. The persistence of chronic
constipation not only intensifies the burden on healthcare systems
but also increases the associated costs of treatment (1, 2). In
recent years, shifts in lifestyle and dietary habits have contributed
to a notable rise in the prevalence of functional constipation,
thereby posing a considerable threat to the health and wellness
of those affected. An emerging synthesis of systematic evidence
and meta-regression revealed that the worldwide prevalence of
constipation is roughly 14% (3). Moreover, chronic constipation
can result in several complications, including hemorrhoids,
intestinal obstruction, and anal fissures, which place significant
demands on healthcare resources and public health systems (4, 5).

While constipation pathogenesis involves multiple
determinants, nutritional components remain a well-characterized
modulator in its development. Studies indicate that specific
dietary components, including soluble fiber and essential trace
elements like vitamin B1, vitamin E, magnesium, selenium, and
phosphorus (6–10), may contribute to mitigating the risk of
chronic constipation. B vitamins, as water-soluble micronutrients,
serve as enzymatic cofactors mediating fundamental biochemical
transformations in metabolic homeostasis. Due to the body’s
inability to store these vitamins, they must be replenished daily.
These vitamins function as coenzymes in numerous enzymatic
processes and support a range of physiological cellular functions.
An insufficient supply of B vitamins adversely affects mitochondrial
metabolism of amino acids, glucose, and fatty acids through the
citric acid cycle and the electron transport chain. This deficiency,
in turn, impacts essential bodily systems, including the nervous
and digestive systems (11). Vitamin B2, commonly known as
riboflavin, is a crucial nutrient that primarily functions as a
cofactor in the form of flavin adenine dinucleotide and flavin
adenine mononucleotide in a wide array of enzymatic reactions
across various life forms. Its significance in metabolic processes
is underscored by its role in promoting electron transfer during
biological oxidation-reduction reactions (12). A deficiency in
riboflavin can adversely affect iron absorption, the metabolism
of tryptophan, mitochondrial functionality, the health of the
gastrointestinal tract, and the utilization of other vitamins, while it
is also linked to various skin conditions (13).

Vitamin B2 (niacin) plays an important role in gastrointestinal
health. Studies have shown that vitamin B2 can affect
gastrointestinal function and health through a variety of
mechanisms. Research indicates that vitamin B2 may play a role
in regulating inflammatory processes within the gastrointestinal
system, which in turn could affect bowel movement and the
consistency of stool (14, 15). Furthermore, vitamin B2 has
been correlated with particular bacterial taxa recognized as
indicator species, such as Fecalibacterium prausnitzii and
Roseburia intestinalis, which are essential for maintaining gut
health, primarily through the synthesis of butyrate (16, 17). In
poultry studies, the supplementation of vitamin B2 significantly
regulated the cecal microbiota, increasing the abundance of
health-promoting bacterial populations such as Bifidobacteria,
and promoting the production of butyrate, a health-promoting

metabolite, in the cecal environment (18). In addition, there was
a significant negative correlation between vitamin B2 intake and
Helicobacter pylori infection. Increased dietary intake of vitamin
B2 may be associated with a lower seropositivity rate of H. pylori,
suggesting that vitamin B2 may have a protective effect on gastric
health (19). Vitamin B2 may also exert neuroprotective effects by
inhibiting glutamate release from nerve endings, which may affect
the neural regulation of the gastrointestinal tract. This inhibition is
associated with a decrease in voltage-dependent calcium channel
activity (20).

Considering the insufficient research on the potential benefits
of vitamin B2 for intestinal health and its relationship with
constipation, there is an evident need for comprehensive research
in this domain. Therefore, this study evaluated the association
between vitamin B2 and constipation in adults in the United States.

2 Materials and methods

2.1 Study population

The National Health and Nutrition Examination Survey
(NHANES) is a comprehensive study conducted by the National
Center for Health Statistics, which operates under the auspices
of the Centers for Disease Control and Prevention (CDC)
in the United States. This survey is designed to gather data
from a representative cross-section of the American populace.
The structure of the questionnaire employs stratification, a
multistage design, and a probabilistic sampling methodology.
Individuals taking part in the study undergo interviews that cover
demographic, socio-economic, and health-related aspects at mobile
medical examination facilities. This initial phase is followed by
an extensive medical examination and laboratory evaluations.
All participants provided their written informed consent, and
the study protocol received clearance from the Ethics Review
Board of the CDC.

NHANES cycles from 2005 to 2010 included a sample of 31,034
individuals. To maintain the integrity of the data and to specifically
target the relevant adult demographic for our investigation, a set of
exclusion criteria was systematically applied. This study excluded
participants who were younger than 20 years of age or had missing
information on bowel health questionnaire (n = 16,495), dietary
intake (n = 4,420), or other covariates (n = 1,594). Consequently,
a total of 8,525 individuals were identified as eligible participants
for the present study. The enrollment process of these participants
is depicted in Figure 1, which presents a flowchart detailing the
selection process.

2.2 Variables

2.2.1 Assessment of constipation
The definition of constipation is determined by referring to the

self-reported defecation frequency or by assessing the consistency
of the stool through the Bristol Stool Pattern Scale (BSFS) (21, 22).
Previous studies have indicated a weak association between stool
consistency and the frequency of defecation; however, the current
investigation seeks to amalgamate these two variables to provide a
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FIGURE 1

Flow diagram of study cohort selection from NHANES: 2005–2010.

more thorough assessment of constipation. Data regarding bowel
habits were gathered from three cycles of the National Health
and Nutrition Examination Survey (NHANES) conducted between
2005 and 2010, utilizing the Bristol Stool Form Scale (BSFS) for
evaluation. This scale features cards displaying a range of colored
images and descriptions that delineate seven distinct types of stools,
which were employed to gauge the consistency of stools. Based
on the Bristol Stool Form Scale, stool types 1 (identified as hard,
nut-like lumps) and 2 (sausage-shaped yet lumpy) are classified
as indicative of constipation, while stool types 3 through 7 are
linked to non-constipated conditions. The assessment of defecation
frequency was conducted by asking participants, “How often do
you typically have bowel movements each week?” In this study,
the diagnostic criteria for constipation comprised: (1) BSFS type
I-II stool consistency, or (2) bowel movement frequency < 3
episodes weekly. Participants fulfilling ≥ 1 criterion were assigned
to the constipation cohort (n = 803), with others constituting the
non-constipated control group (n = 7,722).

2.2.2 Assessment of vitamin B2 intake
Dietary vitamin B2 quantification employed duplicate 24 h

dietary recalls administered non-consecutively. Initial assessments
were conducted via face-to-face interviews, with telephone-based

follow-up completed 3–10 days post-baseline. Consequently, in
instances where an individual provided both 24 h dietary recalls,
we calculated the average intake of vitamin B2 based on the
data from these two recalls. In cases where only one recall was
completed, we relied solely on the information gathered from
the initial 24 h dietary recall. Dietary energy consumption was
estimated using the United States Food and Nutrient Database for
Dietary Studies. Absolute vitamin B2 intake was energy-adjusted
via residual regression modeling to account for within-person
variability (23). Participants in this dietary survey were asked
to assess their food intake from the previous day by indicating
whether it was “much less than usual,” “usual” or “much more than
usual.” The study included only participants who answered “usual”
(24). Considering the effects of dietary fiber and water intake on
constipation and other B vitamins, they were included as covariates.

2.2.3 Covariates
We identified variables that could serve as potential covariates,

informed by prior research findings. The variables included in
our analysis were age, gender, educational level, race/ethnicity,
poverty-to-income ratio (PIR), body mass index (BMI), total fiber
intake (g), water intake (including total tap water and total bottled
water intake, g), as well as smoking and alcohol consumption
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habits, along with the status of diabetes and hypertension.
NHANES classified race/ethnicity into four distinct categories:
non-Hispanic white, non-Hispanic black, Mexican American, and
other. Education level was classified into three categories: less than
high school, high school or equivalent, and college or higher. PIR
was stratified into three classifications: less than 1.3, ranging from
1.3 to 3.5, and 3.5 or greater, and ≥ 3.5 was categorized as follows:
under 25, between 25 and 30, and exceeding 30 kg/m2. Regarding
smoking habits, individuals were categorized as either non-smokers
or smokers. A moderate alcohol consumer is characterized as a
male who ingests fewer than two alcoholic beverages daily or
a female who consumes less than one daily. A heavy alcohol
consumer is identified as a male who drinks two or more beverages
per day or a female who has one or more drinks each day.
Diabetes was identified through the use of diabetes medication or
insulin, self-reported history, fasting glucose levels over 7 mmol/L,
glycohemoglobin A1c levels above 6.5%, random blood glucose
levels of 11.1 mmol/L or higher, or 2 h OGTT blood glucose
levels of 11.1 mmol/L or higher. Hypertension was identified
based on three criteria: current antihypertensive treatment, a
healthcare professional’s diagnosis, or an average blood pressure of
≥ 140/90 mmHg.

2.3 Statistical analysis

In accordance with the analytic guidelines established by the
National Health and Nutrition Examination Survey (NHANES),
the analyses incorporated sample weights, stratification, and
clustering techniques to appropriately address the complexities
associated with the survey design. The baseline characteristics
categorized by quartiles of vitamin B2 intake were reported as
weighted means accompanied by standard deviations (SD) for
continuous variables, while categorical variables were presented as
weighted percentages with their respective SD. In this investigation,
Vitamin B2 intake was segmented into quartiles, designating the
lowest quartile as the reference category. The chi-square test
was employed for categorical variables, and Analysis of Variance
(ANOVA) was utilized for continuous variables. Trend tests were
conducted to evaluate the trend of the quartiles (P for trend).
A weighted logistic regression model was applied to evaluate
the relationship between vitamin B2 intake and the incidence
of constipation. Model 1 represented the unadjusted analysis,
whereas Model 2 included adjustments for demographic variables
including age, sex, educational attainment, race/ethnicity, and
Poverty Income Ratio (PIR). Model 3 further adjusted for Body
Mass Index (BMI), smoking status, alcohol consumption, total
fiber intake, water intake, diabetes status, and hypertension status.
Additionally, we performed restricted cubic spline (RCS) analyses
to investigate potential non-linear associations between vitamin
B2 intake and constipation. In many practical applications, the
relationship between variables is not a simple linear one but rather a
complex non-linear one. By using RCS, these complex relationships
can be described more accurately, thereby improving the model’s
fit. RCS has significant advantages in handling non-linear and
periodic data, and can be combined with other statistical methods
to enhance the interpretability and predictive accuracy of models.

The study also engaged in stratified and interaction analyses
to assess possible variations in these associations across diverse

demographic factors such as age groups, race/ethnicity, educational
background, PIR, smoking habits, alcohol consumption, and
obesity status (where obesity is defined as a BMI < 30 kg/m2

and non-obesity as a BMI ≥ 30 kg/m2). Statistical analyses were
conducted using R version 4.4.2, with all statistical tests being
two-tailed and a significance level established at P < 0.05.

3 Results

3.1 Characteristics of the participants

This study encompassed a total of 8,525 individuals from
NHANES conducted between 2005 and 2010, with an average age
of 51.15 years. The fundamental characteristics of the participants
are outlined in Table 1. Those situated in the highest quartile of
vitamin B2 intake exhibited a tendency to be younger, male, non-
Hispanic white, smokers, and possessed lower educational level and
BMI. The mean vitamin B2 consumption among the participants
was recorded at 2.15 mg.

3.2 Association between vitamin B2
intake and constipation

Table 2 illustrates the findings derived from the logistic
regression weighted model that explored the association between
vitamin B2 consumption and the incidence of constipation. In the
unadjusted model 1, those in the highest quartile of vitamin B2
intake exhibited a significantly reduced likelihood of experiencing
constipation (OR = 0.38; 95% CI, 0.29–0.50) when compared to
participants in the lowest quartile. This association persisted in
model 2 (OR = 0.62; 95% CI, 0.46–0.83). In the fully adjusted
model 3, individuals within the highest quartile of vitamin B2
intake continued to demonstrate a lower risk of constipation
(OR = 0.63; 95% CI, 0.47–0.84) relative to those in the lowest
quartile. Furthermore, a notable inverse relationship was observed
between continuous vitamin B2 intake and constipation in model 3
(OR = 0.89, 95% CI, 0.81–0.98).

In addition, we performed restricted cubic spline (RCS)
analyses to further investigate the associations between vitamin B2
intake and constipation. In model 3, following full adjustments, a
linear relationship was identified between vitamin B2 intake and
constipation (P-non-linear = 0.7297, P-overall = 0.0224; Figure 2).

3.3 Subgroup analysis

The results of subgroup analyses to assess the association
between vitamin B2 and constipation were presented in Table 3.
This inverse association persisted in the subgroup analysis based
on age group, sex, PIR, and in non-Hispanic white, as well as
in participants currently smoking, with non-obesity. However,
a significant interaction between vitamin B2 intake and alcohol
consumption for constipation was observed (P interaction = 0.012).
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TABLE 1 Baseline characteristics stratified by quartile of vitamin B2 intake.

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value

Age, years 47.18 (45.96, 48.39) 49.60 (48.46, 50.73) 48.70 (47.75, 49.64) 47.15 (45.91, 48.39) 0.001

BMI, kg/m2 28.66 (28.24, 29.08) 28.96 (28.47, 29.44) 28.74 (28.36, 29.13) 28.40 (28.00, 28.80) 0.13

Sex, % < 0.001

Female 70.46 (68.29, 72.62) 60.75 (57.77, 63.74) 48.43 (45.87, 50.99) 31.88 (29.13, 34.63) –

Male 29.54 (27.38, 31.71) 39.25 (36.26, 42.23) 51.57 (49.01, 54.13) 68.12 (65.37, 70.87) –

Race/ethnicity, % < 0.001

Non-Hispanic white 60.34 (54.82, 65.85) 76.15 (72.68, 79.61) 80.56 (76.82, 84.30) 85.01 (82.35, 87.67) –

Non-Hispanic black 17.90 (15.05, 20.75) 9.05 (7.16, 10.93) 6.04 (4.67, 7.40) 4.80 (3.62, 5.98) –

Mexican American 9.74 (7.11, 12.36) 6.51 (4.85, 8.17) 6.14 (4.32, 7.97) 4.48 (3.10, 5.86)

Other race 12.03 (8.71, 15.34) 8.30 (6.31, 10.29) 7.26 (5.25, 9.28) 5.70 (4.37, 7.04)

Educational level, % < 0.001

Less than high school 22.88 (20.21, 25.55) 15.27 (12.97, 17.58) 13.10 (10.98, 15.22) 13.03 (11.16, 14.90) –

High school or equivalent 26.80 (24.00, 29.61) 25.69 (23.16, 28.23) 23.27 (20.69, 25.85) 23.39 (20.53, 26.26) –

College or more 50.32 (47.27, 53.37) 59.03 (55.57, 62.49) 63.63 (59.67, 67.58) 63.58 (59.98, 67.17) –

Poverty to income ratio, % < 0.001

< 1.3 27.28 (24.57, 29.99) 16.89 (14.56, 19.22) 13.16 (10.98, 15.34) 15.21 (13.26, 17.15) –

1.3–3.49 39.73 (37.19, 42.27) 37.75 (34.30, 41.19) 33.86 (30.66, 37.07) 33.10 (29.85, 36.34) –

≥ 3.5 32.99 (30.00, 35.97) 45.37 (41.55, 49.18) 52.98 (48.87, 57.08) 51.70 (48.48, 54.91) –

Smoke, % 0.02

No 57.04 (53.65, 60.44) 54.16 (51.45, 56.87) 53.72 (50.19, 57.25) 50.20 (46.81, 53.58) –

Yes 42.96 (39.56, 46.35) 45.84 (43.13, 48.55) 46.28 (42.75, 49.81) 49.80 (46.42, 53.19) –

Alcohol intake, % < 0.001

None 36.30 (32.91, 39.68) 28.13 (25.48, 30.78) 23.16 (20.37, 25.95) 23.39 (20.42, 26.36) –

Low to moderate 45.25 (42.07, 48.43) 50.15 (47.43, 52.87) 56.59 (52.95, 60.23) 57.58 (53.74, 61.42) –

Heavy 18.45 (15.90, 21.00) 21.72 (19.58, 23.86) 20.26 (17.61, 22.90) 19.03 (16.99, 21.07) –

Diabetes, % 0.001

No 85.51 (83.10, 87.91) 85.39 (83.42, 87.37) 87.28 (85.43, 89.14) 90.00 (88.57, 91.42) –

Yes 14.49 (12.09, 16.90) 14.61 (12.63, 16.58) 12.72 (10.86, 14.57) 10.00 (8.58, 11.43) –

Constipation < 0.001

No 86.01 (83.65, 88.37) 90.43 (88.99, 91.87) 92.38 (91.15, 93.61) 94.22 (92.73, 95.70) –

Yes 13.99 (11.63, 16.35) 9.57 (8.13, 11.01) 7.62 (6.39, 8.85) 5.78 (4.30, 7.27) –

Hypertension, % 0.13

No 60.04 (56.83, 63.25) 60.98 (57.96, 64.00) 63.51 (60.27, 66.76) 64.96 (61.30, 68.62) –

Yes 39.96 (36.75, 43.17) 39.02 (36.00, 42.04) 36.49 (33.24, 39.73) 35.04 (31.38, 38.70) –

Data are presented as mean (SD) or n (%). BMI, body mass index.

4 Discussion

In this comprehensive nationwide cross-sectional study
utilizing data from the NHANES 2005–2010, we explored the
relationship between dietary intake of vitamin B2 and the
prevalence of constipation. The weighted logistic regression
analysis revealed a significant inverse correlation (OR = 0.38; 95%
CI, 0.29–0.50), indicating that higher vitamin B2 consumption
is associated with lower risk of constipation. Furthermore, the
restricted cubic spline analysis demonstrated a linear correlation

between vitamin B2 intake and constipation incidence. Notably,
subgroup analyses uncovered an interaction effect between alcohol
consumption and the association of vitamin B2 intake with
constipation, revealing that individuals who currently consume
alcohol showed a significantly stronger protective influence from
dietary vitamin B2.

The initial approach to managing chronic constipation
generally involves modifications to diet and lifestyle. Consequently,
there is an urgent requirement to intensify research initiatives in
this domain to improve the handling of this condition. Throughout
the years, researchers have increasingly documented possible
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TABLE 2 Association between vitamin B2 and constipation.

Case/n OR (95% CI)

Continuous Model 1 Model2 Model 3

803/8525 0.77 (0.69, 0.85)*** 0.89 (0.81, 0.98)* 0.89 (0.81, 0.98)*

Categories

Q1 287/2134 1.00 (reference) 1.00 (reference) 1.00 (reference)

Q2 201/2131 0.65 (0.49, 0.86)** 0.79 (0.58, 1.07) 0.81 (0.60, 1.10)

Q3 182/2129 0.51 (0.38, 0.67)*** 0.71 (0.52, 0.98)* 0.73 (0.53, 1.01)

Q4 133/2131 0.38 (0.29, 0.50)*** 0.62 (0.46, 0.83)** 0.63 (0.47, 0.84)**

P for trend – < 0.001 0.003 0.003

Model 1 was a crude model. Model 2 was adjusted for age, sex, race/ethnicity, education level and PIR. Model 3 was further adjusted for BMI, smoker, drinker, total fiber intake, water intake,
diabetes status and hypertension status. BMI, body mass index; PIR, poverty to income ratio. ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001.

TABLE 3 Subgroup analysis of the association between dietary vitamin B2 intake and constipation.

Subgroup Quartile 1 Quartile 2 Quartile 3 Quartile 4 P
interaction

Age 0.896

20–59 years Ref 0.72 (0.52, 1.00) 0.70 (0.51, 0.98) 0.62 (0.43, 0.90)

≥ 60 years Ref 0.96 (0.61, 1.52) 0.75 (0.46, 1.24) 0.55 (0.35, 0.87)

Sex

Female Ref 1.11 (0.86, 1.44) 0.78 (0.49, 1.19) 0.65 (0.31, 0.89) 0.184

Male Ref 0.69 (0.41, 1.15) 0.51 (0.31, 0.85) 0.34 (0.19, 0.59)

Race/ethnicity

Non-Hispanic white Ref 0.93 (0.67, 1.28) 0.67 (0.50, 0.91) 0.59 (0.38, 0.93) 0.067

Others Ref 0.81 (0.54, 1.21) 0.74 (0.49, 1.12) 0.67 (0.43, 1.04)

Education level 0.395

Less than high school Ref 0.81 (0.49, 1.34) 0.75 (0.42, 1.35) 0.47 (0.25, 0.87)

High school or above Ref 0.84 (0.60, 1.16) 0.72 (0.53, 0.97) 0.64 (0.45, 0.91)

PIR 0.287

< 2.5 Ref 0.84 (0.60, 1.19) 0.90 (0.62, 1.31) 0.63 (0.42, 0.95)

≥ 2.5 Ref 0.71 (0.46, 1.08) 0.55 (0.35, 0.88) 0.51 (0.30, 0.87)

Smoking status 0.197

No Ref 0.93 (0.65, 1.35) 0.97 (0.65, 1.45) 0.68 (0.45, 1.05)

Yes Ref 0.78 (0.54, 1.12) 0.62 (0.40, 0.97) 0.57 (0.41, 0.77)

Alcohol consumption 0.012

No Ref 1.05 (0.66, 1.67) 1.03 (0.62, 1.69) 1.04 (0.62, 1.74)

Yes Ref 0.74 (0.52, 1.04) 0.59 (0.44, 0.78) 0.48 (0.33, 0.70)

Obesity status 0.736

Obesity Ref 1.04 (0.63, 1.70) 0.87 (0.50, 1.52) 0.59 (0.33, 1.08)

Non-obesity Ref 0.75 (0.55, 1.04) 0.72 (0.49, 1.06) 0.64 (0.46, 0.91)

Adjustments included age, sex, race/ethnicity, education level, and PIR BMI, smoker, drinker, total fiber intake, water intake, diabetes status, and hypertension status. BMI, body mass index;
PIR, poverty to income ratio.

correlations between chronic constipation and dietary influences
by conducting thorough examinations of the NHANES database
(25–29). The study by Jiang et al. demonstrated that the intake
of dietary flavonoids is linked to a reduced risk of constipation
among adults in the United States, with a notably consistent
association observed for anthocyanins (30). Similarly, research by

Zhao et al. identified a positive correlation between the dietary
inflammatory index and constipation, highlighting its potential
importance in assessing chronic constipation conditions (31). Cai
et al. (6) have elucidated a correlation between dietary vitamin E
intake and the occurrence of chronic constipation among adults
in the United States. Collectively, these findings underscore the
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FIGURE 2

The association between vitamin B2 intake and constipation in the fully adjusted model. Adjustments included age, sex, race/ethnicity, education
level, and PIR BMI, smoker, drinker, total fiber intake, water intake, diabetes status, and hypertension status. BMI, body mass index; PIR, poverty to
income ratio.

significance of integrating a diverse range of dietary indicators in
the evaluation of chronic constipation.

Riboflavin, a constituent of the vitamin B complex, is found in
a variety of plant and animal-based foods, including enriched green
vegetables, nuts, meat, milk, eggs, and flour (32). Since humans lack
the ability to produce riboflavin internally, it is necessary for them
to acquire it through their diet or through supplementation (33).
This vitamin plays a crucial role as a fundamental element of
coenzymes that participate in processes such as cell growth, energy
metabolism, and the breakdown of fat tissue (17).

The possible correlation between vitamin B2 consumption
and constipation encompasses several aspects that warrant further
academic investigation. The generation of reactive oxygen species
(ROS) and the ensuing oxidative stress are pivotal in the
pathogenesis and progression of numerous diseases, including
those affecting the intestines. An overabundance of ROS can
inflict damage on cellular structures and molecules, such as
lipids, proteins, and DNA, which ultimately contributes to the
development of intestinal diseases (34–36). Oxidative stress has the
potential to compromise the functionality of interstitial cells of cajal
and induce apoptosis, thereby impairing intestinal motility and
potentially contributing to the pathogenesis of constipation (37).
Riboflavin, often neglected as an antioxidant, may exert its

antioxidant effects either through its conversion from the reduced
to the oxidized form or by serving as a crucial element within
the glutathione redox cycle (38). Studies have shown that 3 weeks
of riboflavin supplementation resulted in a reduction in systemic
oxidative stress, mixed anti-inflammatory effects, and improved
clinical symptoms by changing the composition of the gut flora
in Crohn’s patients (39). In a study on broiler chickens, vitamin
B2 supplementation significantly increased the abundance of
health-promoting bacteria in the cecum, such as Bifidobacteria,
and promoted the production of health-promoting metabolites
like butyrate (18). Further research is needed to confirm the
relationship between riboflavin and oxidative stress, gut microbiota
and constipation.

Prior research has shown that riboflavin possesses anti-
inflammatory and antioxidant properties in animal models
afflicted with Crohn’s disease (25, 26, 40). Additional
experimental investigations involving animal models have
further indicated that riboflavin showcases anti-inflammatory
characteristics, as evidenced by a decrease in the synthesis of pro-
inflammatory cytokines such as tumor necrosis factor-alpha and
interleukin-6 (17). These anti-inflammatory attributes may play a
significant role in safeguarding the intestinal mucosa, consequently
enhancing overall intestinal health and functionality.
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Furthermore, vitamin B2 may influence gut health by
regulating the function and composition of gut microbiota.
Research indicated vitamin B2 can affect the metabolic activities
and bacterial composition of gut microorganisms, thereby
positively impacting host health (41). For example, vitamin
B2 may maintain the equilibrium of the gut microbiome by
fostering the proliferation of beneficial bacterial populations while
simultaneously suppressing the growth of detrimental bacteria.
A systematic review and meta-analysis investigating the effects
of vitamin or mineral supplementation on chronic constipation
in adults demonstrated that magnesium oxide supplementation
significantly enhanced various constipation-related outcomes. This
improvement is attributed to its mechanism of action, which
involves water retention in the intestinal lumen, resulting in
fecal expansion and softening (42). Compared to the control
group, the likelihood of a positive treatment response increased by
332%. It has been hypothesized that vitamin C supplementation
may ameliorate symptoms of constipation. This hypothesis is
derived from limited evidence suggesting that high doses of
vitamin C can induce diarrhea, potentially exerting a laxative effect
that could be advantageous in the management of constipation
(43). A case-control study has shown that vitamin D deficiency
is associated with chronic functional constipation caused by
intestinal motility disorders (44). And vitamin B2 may affect
constipation through biological mechanisms such as oxidative
stress and regulation of the intestinal flora. The consumption
of alcohol is known to adversely affect metabolic processes and
nutrient absorption, particularly impairing the uptake of various
B vitamins. Subgroup analysis revealed an interaction effect of
alcohol consumption on the relationship between vitamin B2
intake and constipation. Current drinkers may be associated with
a lower risk of constipation. This might be due to the following
several biological mechanisms. Alcohol consumption has been
shown to augment the secretion of gastric acid and digestive
fluids, leading to an elevated water content in the intestinal
lumen. This physiological response prevents excessive desiccation
of the stool and facilitates regular bowel movements (45). The
maintenance of intestinal fluid homeostasis is crucial for ensuring
normal stool consistency. Consequently, moderate alcohol intake
may contribute to the retention of sufficient intestinal moisture,
thereby diminishing the risk of constipation (46). Moreover,
alcohol consumption has been shown to modify the composition
of the gut microbiota, notably by increasing the prevalence of
pathogenic bacteria while decreasing the abundance of beneficial
microbial populations. This dysbiosis can alter the intestinal milieu,
potentially impairing the absorption of nutrients and fluids, thereby
leading to an increase in bowel movements (47, 48). Subramanian
and colleagues demonstrated in an animal experiment that long-
term exposure to ethanol through the Lieber DeCarli ethanol diet
would inhibit the absorption of vitamin B2 in the intestines of
male Wistar rats (49). At the molecular level, alcohol reduced the
protein expression of the vitamin B2 transporter and the levels of
heteronuclear RNA (hnRNA), the latter serving as an indicator of
transcriptional activity. Further research is necessary to enhance
the understanding of the inhibitory effects of alcohol on vitamin
B2 absorption and its relationship to constipation.

This study has several limitations. Firstly, NHANES collected
cross-sectional data, precluding the determination of causal
relationships between vitamin B2 intake and constipation.

Secondly, self-reported dietary 24 h recall data per person may
be limited to characterizing diet over a person’s lifespan and are
subject to measurement errors due to large day-to-day variations
in food intake. Thirdly, despite adjusting for a comprehensive
array of potential confounders, the influence of unmeasured
or residual confounding factors cannot be entirely excluded.
Fourthly, excluding individuals with incomplete data may lead to
potential selective bias.

5 Conclusion

In summary, our study reveals a negative correlation between
dietary vitamin B2 consumption and chronic constipation among
the general adult populace. Future research necessitates large-scale,
multicenter, and high-quality studies to validate these findings
and to further elucidate the molecular mechanisms underlying the
effects of vitamin B2 on constipation. Healthcare professionals are
advised to prioritize the promotion of a well-balanced diet as an
initial therapeutic approach, preceding medical interventions.
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