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Objectives: Over the past decade, research has reported that diet and gut health
affect anxiety symptoms through changes in the gut microbiota. Therefore, the
introduction of prebiotic and probiotic food favorable for the intestinal microbiota
is necessary to improve the mental health of the host. The purpose of this study
was to examine the contribution of prebiotic and probiotic foods to lowering
anxiety symptoms using a large, nationwide population-based database.

Materials and methods: The study population included 4,317 individuals
19 to 64years of age who participated in the Korean National Health and
Nutrition Examination Survey (KNHANES VII-3, 2019-2021). A food frequency
questionnaire was used to evaluate prebiotic and probiotic food consumption.
The Generalized Anxiety Disorder Assessment 7-item scale (GAD-7) assessed
the severity of anxiety symptoms. The effect of prebiotic and probiotic food
consumption on anxiety severity was analyzed using multiple logistic regression.

Results: Anxiety symptom severity was significantly lower in the highest prebiotic
and/or probiotic food consumption tertiles compared to the lowest food
consumption tertile. We also found a sex difference in the odds ratio for anxiety
symptoms. The consumption of prebiotic food was significantly associated with
the highest odds of anxiety among both men and women. However, probiotic
food had a significant beneficial effect on lowering anxiety symptoms in men
but not in women.

Conclusion: Our finding suggests that prebiotic and probiotic food consumption
might confer a beneficial influence on anxiety symptoms. Further research is
required for a deeper understanding into the mechanisms of the positive effects
of prebiotics and probiotics on anxiety.

KEYWORDS

probiotics, prebiotics, microbiome, anxiety, Korea National Health and nutrition
examination survey (KNHANES)

1 Introduction

Anxiety disorder appears to be highly prevalent globally (1). The number of diagnoses
have increased due, in part, to greater a perception of disease symptom manifestations but also
to the pace of modern life and changes in the population and society (2). Many studies have
been conducted about diet and mental health in the past decade. Evidence from previous
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research has shown that the importance of specific dietary patterns in
relation with anxiety. For example, high-fat and high-sugar Western
diets are associated with growing risk of mental illness including
anxiety and depressive disorders (3, 4), while adherence to the
Mediterranean dietary pattern can reduce the risk of several mental
illness (5). Other research suggested that sugar, artificial sweeteners,
and processed vegetable oils are associated with anxiety, while
omega-3 fatty acids, vitamin D, and high protein diets are thought to
be potential risk reducing dietary patterns (6). Several systematic
studies supported evidence that nutrition is a modifiable factor for
intervention in mental illness. (7).

Growing studies have indicated that anxiety symptoms could
be regulated by nutrition through gut microbiome alterations and
inflammation (8). Specific nutritional strategies affecting the gut
microbial ecosystem and regulating inflammation have been reported
to either increase or decrease anxiety levels. It has been suggested that
the microbiota interactions that influence inflammatory mediators in
the immune system, which might lead to chronic inflammation,
impairment in the normal functioning of the brain, and anxiety
symptoms (9). The focus on the neurobiology of anxiety and central
nervous system (CNS) connectivity in the gut has identified promising
mechanisms where microbial interference can induce signals that
regulate emotions and behaviors through fear and reward anticipation
circuits (2).

A mutualistic and symbiotic relation exists between humans and
the gut microbiota (10). The gut microbiota has been thought to have
interaction with the host central nervous system (CNS) through the
microbiota-gut-brain axis (8). The gut microbiota demonstrated
extensive effects on brain development, function, and behaviors in
animal models (11). Gut microorganisms can be adjusted by dietary
measures such as consuming probiotics and prebiotics (12). Probiotics
are defined as live microorganisms that promote a healthy
gastrointestinal tract and a healthy immune system of the host (13).
They are available in foods, including fermented vegetables and
fermented dairy products (14). Several studies suggested that
probiotics in a healthy diet were promising anxiolytic agents (15).
Other preclinical studies demonstrated that probiotic intake increased
the level of neurotransmitters including gamma-aminobutyric acid
(GABA) (16), serotonin, and its precursor (17), and brain-derived
neurotrophic factor (BDNF) (18) in mood disorders. Prebiotics are
defined as substrates that foster growth and/or activity of host
microorganisms (19), such as non-digestible carbohydrates or plant
polyphenols, that provide a health benefit. Foods with notable
prebiotic content included fruits, vegetables, and other edible plants,
which are good sources of carbohydrates (20). Prebiotics and
probiotics have an influence on the relation between the microbiota
and the brain and are defined as “psychobiotics” (15). They are
regarded as having not only cognitive, emotional, and systemic effects
but also anxiolytic effects (21).

To date, research has primarily focused on strategies to introduce
potential advantageous microbes in the form of probiotics or through
the consumption of prebiotics from food sources. However, evidence
supporting that specific probiotics and prebiotics can promote mental
health remains limited (22). While nutritional interventions have been
considered to improve normal CNS function (23), estimating the
impact of food exposure at a large population level is demanding. This
is partially owing to the small sample size problems, inhomogeneous
probiotic strains, and the diversity in duration of consumption. There
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are also other challenges in identifying the influence of diet on mental
health, especially in controlling the confounding factors of other
lifestyles, for example, physical activity, social support networks, and
culture. In this respect, we performed a large, nationwide population-
based cohort study to identify the regulatory effect of nutritional
interventions, especially prebiotics and probiotics, on anxiety. The
objective of this study was to examine the effect of prebiotic and
probiotic foods consumption on low anxiety severity using a well-
controlled, population-based data.

2 Methods
2.1 Data source and study population

We analyzed large population-based, nationwide data sets from
the Korean National Health and Nutrition Examination Survey
(KNHANES VII-3), 2019-2021, obtained by the Korea Centers for
Disease Control and Prevention. The KNHANES is a surveillance
system that evaluates the health condition, dietary habits, and dietary
intakes and patterns of a representative nationwide sample. All
KNHANES surveys were approved by the Institutional Review Board
(IRB) of the Korea Centers for Disease Control and Prevention, and
all participants signed a written informed consent prior to study
enrollment (IRB: 2018-01-03-5C-A).

The KNHANES consists of three principal components: a health
interview, a nutrition survey, and physical examinations (24). The
surveys collect a number of variables including demographic
characteristics, diet and health-related variables, anthropometric
measures, and biochemical profiles. We initially included 7,090
participants who completed the health interview, physical
examination, and food frequency questionnaire (FFQ). The study
population consisted of individuals aged over 19 years. Those who did
not complete the Generalized Anxiety Disorder-7 (GAD-7)
assessment, did not have information on the frequency of probiotic
and prebiotic food intake, and lacked other interview information
were excluded (n=2,773). Finally, 4,317 participants (1852 men and
2,465 women) were included in the analysis.

2.2 Assessment of prebiotic and probiotic
food consumption

Information on the consumption of prebiotic and probiotic foods
was collected by the FFQ. The FFQ have the advantage of being cost
effective and convenient in a large-scale epidemiological study. The
overall performance of FFQ appears to be an acceptable tool for
measuring the nutrient intakes in the Korean population (25). The
validity and reproducibility of the FFQ have been described elsewhere
(26). The FFQ in the KNHANES included 112 food items to estimate
the frequency of consuming. The types of prebiotic food included
fruits (excluding jams, sweetened fruits, and juices) and raw vegetables
(non-salted or non-starchy vegetables). The types of probiotic food
contained fermented vegetables, e.g., fresh pickles, kimchi, sauerkraut,
and other kinds of fermented vegetables. We classified prebiotic and
probiotic food into two groups: fruits and raw vegetables (prebiotic
food, P1) and raw and fermented vegetables (prebiotic and probiotic
food, P2). We tried to identify the anxiolytic effect of prebiotic foods
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(P1), and additive beneficial effects of probiotic foods by comparing
prebiotic foods (P1) and prebiotic and probiotic foods (P2).
Participants were divided into three groups according to the reported
frequency of consuming prebiotic and probiotic foods (Q1 the lowest
tertile, Q2 the middle tertile, Q3 the highest tertile).

2.3 Estimation of anxiety

The GAD-7 assessment is a practical, 7-item self-reported
questionnaire frequently used to measure the severity of anxiety
symptoms in primary care and research settings (27). The original
validation of the GAD-7 in a large clinical population showed that the
measure has good reliability (Cronbach’s alpha=0.92; test-retest-
reliability intraclass correlation =0.83), and good levels of criterion
and factorial validity. Total scores range from 8 to 40, with higher
scores suggesting higher levels of anxiety. A recommended cut-off
point indicating a high likelihood of GAD is 10 or greater, and scores
of 5, 10, and 15 are suggested to represent mild, moderate, and severe
levels of anxiety. A score of 10 or greater on the GAD-7 represents a
reasonable cut-off value for optimizing sensitivity (89%) and
specificity (82%) compared to a mental health professionals diagnosis
using the Diagnostic and Statistical Manual of Mental Disorders
(DSM)-V diagnostic criteria and a structured psychiatric interview.
The Korean version of GAD-7 has been considered as a reliable and
valid instrument in measuring anxiety (28).

2.4 Statistical analyses

The KNHANES was performed using a representative nationwide
sample of the Koreans applying a complex multistage stratified
sampling method. This study utilized stratification, clustering, and
sample weight variables for the statistical analysis and data
management using SPSS version 21.0 for Windows (SPSS, Inc., and
IBM Company, Chicago, IL, United States).

The participants were classified into either the high anxiety group
(HA) or the low anxiety group (LA) based on the cut off of total
GAD-7 scores. The demographic and clinical characteristics of the
individuals were shown as means (standard deviation [SD]) for
continuous variables and as numbers (%) for categorical variables.
Two-tailed tests were used in all cases, and statistical significance was
defined as p<0.05, with confidence intervals at 95%. Relationships
between each of these variables and anxiety were demonstrated by an
independent samples t-test for continuous variables and a chi-squared
test for categorical variables.

Based on prior studies (29, 30), we identified potential
confounders, including age, sex, marital status, educational level,
household income, lifestyle (smoking status, drinking status, aerobic
exercise, and anaerobic exercise), daily energy intake, and body mass
index (BMI). Participants were also classified by educational level as
follows: less than elementary school, middle school, high school, and
college or more. Participants were divided into monthly household
income quartiles as follows: the lowest (Q1), lower middle (Q2), upper
middle (Q3), and the highest (Q4). Smokers were defined as persons
who were currently smoking and had ever smoked >100 cigarettes in
their entire life. Otherwise, the subjects were considered as
non-smokers. Drinkers were defined as those who at least once a
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month in the past 12months. Aerobic exercise was defined by
responses to the question, “How many days and time do you spend in
physical activity such as walking?” “How many days and time do
you spend in strength training, such as push-ups, sit-ups, or lifting
barbells or dumbbells, to develop muscles?” was an example of a
question about anaerobic exercise. Individuals who reported
participating in physical activity at least 5 times a week and more than
30 min each time were regarded as active. On the other hand, those
who exercised but at a level of physical activity that failed to meet the
criteria were regarded as inactive. The FFQ provided detailed
information on BMI and daily total energy.

We conducted multivariate logistic regression analysis to investigate
the effect of prebiotic and probiotic food consumption (the lowest,
middle, and highest) on anxiety severity (high/low). The association
between fruit and raw vegetable (prebiotic food, P1) consumption and
anxiety and raw and fermented vegetable (prebiotic and probiotic food,
P2) consumption and anxiety were determined by logistic regression
analysis. This model is widely applied in epidemiological studies to
examine the relationship between independent variables and binary
outcomes. Three models were applied: Model 1 (unadjusted), Model 2
(adjusted for age and sex), and Model 3 (fully adjusted for were age, sex,
body mass index, marital status, educational level, household income
level, smoking status, drinking status, aerobic exercise, anaerobic
exercise, and mean daily energy intake). We calculated odds ratios
(ODs; Colica et al.) and 95% confidence intervals (Cls; Sanchez-Villegas
et al.) using the lowest prebiotic and/or probiotic food consumption
tertile groups as references. A backward stepwise selection was
employed to select significant covariates. The Hosmer-Lemeshow
goodness-of-fit test was performed to assess the goodness of fit of the
logistic regression. Differences were considered statistically significant
for p values under 5% (p <0.05) in two-sided tests. We also performed
a subgroup analysis by gender.

3 Results
3.1 General characteristics

The general characteristics of the individuals according to anxiety
severity assessed by the GAD-7 are presented in Table 1. The LA and HA
groups composed 85.0% (n, 3,671) and 15.0% (n, 646), respectively, of
the total. The LA participants had a mean age of 54.5 (+16.9) years, with
2033 females (55.4%) and 1,638 males (44.6%). The HA participants
were significantly younger, with an average age of 49.2 (+17.6) years, and
included 432 females (66.9%) and 214 males (33.1%). The sex ratio and
marital status were significantly different in the two groups.

The HA groups reported significantly different characteristics with
lower anaerobic exercise (p=0.04), lower daily energy intake (p=0.00),
and lower BMI (p=0.04). However, no significant differences in
educational level, household income, alcohol and nicotine use, and
aerobic exercise were shown between two groups. We classified
participants into tertile groups according to the frequency of prebiotic
and probiotic food intake. The LA groups showed significantly
different intake patterns, consuming more fruits (p=0.00), rawer
vegetables (p=0.00), and rawer and fermented vegetables (p=0.00).
Additionally, frequency distribution of consuming fruits, raw
vegetables, and raw & fermented vegetables according to the severity
of anxiety is displayed in Supplementary Figure S1.
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TABLE 1 Characteristics of subjects according to the severity of anxiety.

Characteristic

Low anxiety (LA)

High anxiety (HA)

10.3389/fnut.2024.1385518

Participants, N (%) 3,671 (85.0) 646 (15.0)

Age (years), mean + SD 54.5+16.9 49.2+17.6 0.00%*
Sex

Male, N (%) 1,638 (44.6) 214 (33.1) 0.00%*
Female, N (%) 2,033 (55.4) 432 (66.9)

Marital status

Married, N (%) 3,041 (82.8) 470 (72.8) 0.00%*
Single, N (%) 630 (17.2) 176 (27.2)

Educational level

Elementary or less, N (%) 719 (19.6) 118 (18.3) 0.58
Middle school, N (%) 385 (10.5) 60 (9.3)

High school, N (%) 1,202 (32.7) 214 (33.1)

College or more, N (%) 1,365 (37.2) 254 (39.3)

Household income

Q1 (lowest), N (%) 727 (19.8) 133 (20.6) 0.78
Q2,N (%) 875 (23.8) 163 (25.2)

Q3,N (%) 1,003 (27.3) 169 (26.2)

Q4 (highest), N (%) 1,066 (29.0) 181 (28.0)

Smoking status

No, N (%) 3,133 (85.3) 533 (82.5) 0.06
Yes, N (%) 538 (14.7) 113 (17.5)

Drinking status

No, N (%) 1,257 (34.2) 208 (32.2) 0.31
Yes, N (%) 2,414 (65.8) 438 (67.8)

Aerobic exercise

No, N (%) 600 (16.3) 111 (17.2) 0.60
Yes, N (%) 3,071 (83.7) 535 (82.8)

Anaerobic exercise

No, N (%) 2,685 (73.1) 497 (76.9) 0.04*
Yes, N (%) 986 (26.9) 149 (23.1)

Daily energy intake (kcal/d), mean + SD 1,801.0+754.4 1,708.7 +783.5 0.00%*
BMI (kg/m?), mean +SD 24.1+3.7 23.8+3.9 0.04%*
Fruits’

Q1 (lowest), N (%) 465 (12.7) 110 (17.0) 0.00%%
Q2,N (%) 1,724 (47.0) 331 (51.2)

Q3 (highest), N (%) 1,482 (40.4) 205 (31.7)

Raw vegetables

Q1 (lowest), N (%) 530 (14.4) 148 (22.9) 0.00%*
Q2,N (%) 1,385 (37.7) 260 (40.2)

Q3 (highest), N (%) 1,756 (47.8) 238 (36.8)

Raw & fermented vegetables®

Q1 (lowest), N (%) 326 (8.9) 100 (15.5) 0.00%*
Q2, N (%) 1,415 (38.5) 278 (43.0)

Q3 (highest), N (%) 1,930 (52.6) 268 (41.5)

N, number of subjects; SD, standard deviation; Household income levels were divided into quartiles: Q1, below the 25th percentile; Q2, 26th to 50th percentile; Q3, 51th to 75th percentile; and
Q4, 76th to 100th percentile; Frequency of consuming fruits, raw vegetables, and raw & fermented vegetables was divided into tertiles: Q1, the lowest tertile; Q2, the middle tertile; and Q3, the
highest tertile. *Statistical significance from independent t-tests or Chi-square tests. "Excluding preserved in sugar such as jam and fruit juice. Including fresh pickles, Kimchi, Sauerkraut and

other kinds of fermented vegetables. *p <0.05, **p <0.01.
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3.2 Relationship between prebiotic and/or
probiotic food consumption and anxiety

We examined the relationship between prebiotic and/or
probiotic food consumption and anxiety symptoms (Table 2).
We performed logistic regression analysis for each prebiotic and
probiotic food consumption group and anxiety severity according
to GAD-7 scores. First, we examined the association between
prebiotic food (P1) and anxiety severity. Subjects in the highest
tertile of prebiotic food consumption reported significantly lower
severity of anxiety symptoms than those in the middle and lowest
tertiles (unadjusted OR=0.52; 95% CI: 0.41-0.65; Table 2). In
Model 2, adjusted for age and sex, the association between
prebiotic food consumption and anxiety remained significant
statistically (adjusted OR=0.60; 95% CI: 0.47-0.77), with a fully
adjusted OR of 0.66 (95% CI: 0.51-0.85). These results
demonstrated a decreasing odds ratio for anxiety with increases in
prebiotic food intake (p for trend <0.05). Second, regarding
prebiotic and probiotic food (P2) consumption, the highest food
consumption tertile group had significantly lower anxiety severity
in the unadjusted (OR = 0.45; 95% CI: 0.35-0.59) and fully adjusted
logistic regression models (OR =0.67; 95% CI: 0.50-0.89). These

10.3389/fnut.2024.1385518

findings suggested that the odds ratio of anxiety decreased
significantly as the intake of prebiotic and probiotic foods increased.

3.3 Subgroup analysis by gender

We conducted a subgroup analysis of men and women to
examine sex differences in the association between prebiotic and
probiotic food consumption and anxiety symptoms. There was a
remarkable association between each type of food consumption
and anxiety in men, with a significantly lower OR in all models
(Supplementary Table SI). After fully adjusting for the
confounders in model 3, the OR for prebiotic food consumption
was 0.60 (95% CI: 0.37-0.97) and prebiotic and probiotic food
consumption was 0.53 (95% CI: 0.33-0.86; Table 3). The
consumption of both prebiotic and probiotic food (raw and
fermented vegetables, P2) was significantly related to the highest
odds of anxiety among men compared to consuming only
prebiotic food (fruit and raw vegetables, P1). In contrast, no
significant relationship was found in women for prebiotic and
probiotic food (P2) consumption (Table S2). Anxiety symptoms
in women were only significantly lower in the highest prebiotic

TABLE 2 Multiple logistic regression analysis for the association between prebiotic and/or probiotic food consumption and anxiety symptoms.

Anxiety symptoms

Prebiotic food consumption (P1)

ey)
Model 1° Reference 0.62 (0.51-0.75)** 0.52 (0.41-0.65)%*
Model 2° Reference 0.69 (0.56-0.84)** 0.60 (0.47-0.77)%*
Model 3¢ Reference 0.73 (0.59-0.90)%** 0.66 (0.51-0.85)%*
Prebiotic & probiotic food consumption (P2)
Q1 Q2 Q3
Model 1 Reference 0.64 (0.50-0.83)%* 0.45 (0.35-0.59)%*
Model 2 Reference 0.71 (0.55-0.92)* 0.62 (0.47-0.82)%*
Model 3 Reference 0.76 (0.58-0.99)* 0.67 (0.50-0.89)%*

A total of 4,317 participants with complete data were included in the analysis; p value 0.954 for the Hosmer-Lemeshow goodness-of-fit test, which did not indicate significant poor fit; Anxiety
symptoms were estimated by the Generalized Anxiety Disorder-7 (GAD-7) score; Q1, Q2 and Q3 correspond to the lowest, middle and highest tertile assigned by frequency of consuming
prebiotic and probiotic foods; Values are odds ratio (95% confidence interval). *Model 1: Crude. "Model 2: Adjusted for age and sex. ‘Model 3: Adjusted for age, sex, body mass index, marital
status, educational level, household income level, smoking status, drinking status, aerobic physical activity, anaerobic physical activity, and daily energy intake. *p <0.05, **p <0.01.

TABLE 3 Multiple logistic regression analysis for the association between prebiotic and/or probiotic food consumption and anxiety symptoms by sex (in

the Model 3).

Anxiety symptoms

Prebiotic food consumption (P1)
Q2

Men (n =1852) Reference 0.61 (0.42-0.87)%* 0.60 (0.37-0.97)*
‘Women (1 =2,465) Reference 0.78 (0.61-1.00) 0.66 (0.49-0.90)**
Group Prebiotic & probiotic food consumption (P2)

Q1 Q Q3
Men Reference 0.55 (0.36-0.85)%* 0.53 (0.33-0.86)**
Women Reference 0.86 (0.62-1.20) 0.72 (0.50-1.02)

A total of 1,852 men and a total of 2,465 women with complete data were included in the analysis; p value 0.299 (men) and p value 0.247 (women) for the Hosmer-Lemeshow goodness-of-fit
test, which did not indicate significant poor fit; Anxiety symptoms were estimated by the Generalized Anxiety Disorder-7 (GAD-7) score; Q1, Q2 and Q3 correspond to the lowest, middle and
highest tertile assigned by frequency of consuming prebiotic and probiotic foods; Values are odds ratio (95% confidence interval). Model 3: Adjusted for age, sex, body mass index, marital
status, educational level, household income level, smoking status, drinking status, aerobic physical activity, anaerobic physical activity, and daily energy intake. *p <0.05, **p <0.01.
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food (P1) consumption tertile in the fully adjusted model
(adjusted OR=0.66; 95% CI: 0.49-0.90; Table 3).

4 Discussion

This study used 2019-2021 KNHANES data to explore the
relationship between prebiotic and/or probiotic food consumption
and anxiety symptoms in a representative national sample of the South
Korean population. Individuals with high anxiety symptoms showed
significant difference in lifestyle patterns, with higher nicotine use,
lower anaerobic activity, lower daily energy intake, and lower
BMI. Although we could not exclude the possibility that people with
healthier lifestyle patterns are inclined to change their behaviors to
improve mental health, prebiotic and probiotic effects remained
significant in lowering the risk for anxiety after adjusting for socio-
demographic characteristics. In the present study, higher prebiotic
and/or probiotic food consumption was significantly associated with
lower anxiety symptoms severity reported on the GAD-7 questionnaire.

The following mechanisms have been proposed the positive effects
of prebiotics on anxiety. Prebiotics may relieve anxiety symptoms by
encouraging the proliferation of beneficial microbes and discouraging
the growth of pathogenic microbes (31). The prebiotics commonly
studied for reducing anxiety include fructooligosaccharides and
galactooligosaccharides, which may be related to the modulation of
cortical IL-1b and 5-HT2A (5-hydroxytryptamine2A) receptor
expression (32). In addition, both prebiotics may have anxiolytic
effects by enhancing Bifidobacterium in humans (33). Bifidobacteria
can produce mainly lactate and acetate, which can be changed to
short-chain fatty acids (SCFAs) by other bacterial species (34). The
SCFAs butyrate, propionate, and acetate are important products of
bacterial fermentation in the human intestine and are known to have
the ability to regulate anxiety-like behavior (35). Emerging research
has demonstrated that SCFAs may regulate the effects of gut bacteria
on stress responses of the HPA axis and attenuate the cortisol response
to acute psychosocial stress (36).

Probiotics have been suggested to have the potential to change
brain function through several mechanisms. Dietary interventions
with probiotics may increase diversity of intestinal microbiome and
improve mental health outcomes. Probiotics can modulate
neurotransmitters and proteins (GABA, glutamate, histamine,
serotonin, and BDNF) by gut-brain axis, and are essential to control
the neural excitatory-inhibitory balance, mood, and anxiety (37, 38).
Bravo et al. (16) identified that ingestion of the lactic acid bacteria
Lactobacillus rhamnosus resulted in vagus nerve dependent anxiolytic
behavioral effects and change of GABA receptor expression. Another
potential mechanism of action of probiotics is their anti-inflammatory
properties (39). Probiotics may reduce inflammatory cytokines and
oxidative stress markers (40), and up-regulate plasma IL-10, which has
anti-inflammatory effects (41). It has been reported that oxidative
imbalance and inflammation have an important role in the
pathogenesis of anxiety disorder (42).

There are only a few studies investigating the relationship
between consumption of fermented foods and anxiety. Sousa et al.
(43) demonstrated that the consumption of fermented dairy
products such as yogurt and cheese has a positive effect on reducing
anxiety in Portuguese students. A prospective cohort study
indicated that a positive association was found between the
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consumption of fermented food such as yogurt, kefir, and soured
milk and severity of anxiety symptoms in Polish adults (44). In
comparison, Koreans intake a relatively high amount of fermented
vegetables. Above all, Kimchi is a contributory factor in 40-45% of
the daily total vegetable consumption of Koreans (45). Kimchi, a
traditional Korean fermented vegetable product, is made from
mixing and fermenting various vegetables and known for potential
diverse lactic acid bacteria (LAB) sources (46). Among them,
Lactobacillus plantarum has been suggested to be responsible for
the late stage of kimchi fermentation through the production of
organics (47). Paying attention to the antibacterial and immune
regulatory characteristics of L. plantarum, some clinical studies
have examined its probiotic properties (48) and reported the
alleviation of stress and anxiety (49). In this study, we also
demonstrated that fermented probiotic food, including kimchi, had
a significant beneficial effect in lowering anxiety symptoms.

We also found a sex difference in OR for anxiety symptoms.
We demonstrated that fermented probiotic food had a significant
beneficial effect on lowering anxiety symptoms in men but not in
women. Sex-related differences are well-established in anxiety
disorders. Although psychological and cultural factors can make the
sex differences, biological factors are also identified to play an
important role (50). Biological factors might have contributed to the
sex-related differences in this study. Sex gap might be attributed to
the genetic predisposition, differences in brain circuitry (50), and
fluctuating levels of gonadal steroids in women across the menstrual
cycle (51). In particular, sex hormones may play a pivotal role in the
microbiota composition, which may increase pro-inflammatory
mediators and adverse psychological responses (52). For example,
women are reported to have a lower Bacteroides abundance in their
gut microbiome compared to men (53). Significant decreases in the
abundance of Bacteroides have been showed in the fecal microbiota
of individuals with psychological distress (54). Additionally,
previous studies have indicated that male and female gut microbiota
respond differently to dietary manipulation, and the male
microbiota might be more affected by dietary intake than females
(55). Sex disparities in the relationship between dietary intake and
anxiety status could be attributed to the sex differences in microbial
composition (56), but further studies are needed to improve our
understanding of how the mechanism of gut microbiota may relate
to gender differences in anxiety symptoms.

The interpretation of the present study results should consider
the following limitations. First, we used self-reported measures to
estimate dietary intake and anxiety symptoms. Self-reporting can
encourage participants to overstate severity of symptoms and
amount of intake. Second, the estimated food intake might not
fully represent participants’ usual food consumption because this
survey utilized 3-day dietary records. Third, we cannot confirm
causal relationships between prebiotic and probiotic food intake
and anxiety because of the cross-sectional design of the study.
Because the exposure and outcome are simultaneously assessed, it
is difficult to draw predictive conclusions based on these
differences. A longitudinal cohort study is guaranteed to confirm
the causal relationship suggested by our findings. Fourth, we did
not identify how variables interact or which variables interact. This
is a limitation that points to the need for the next step in improving
our model. Fifth, we could not consider the use of probiotic and
prebiotic supplements. When taking into account that supplement
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usage has become increasingly popular, evaluating the impact of
probiotic and prebiotic supplements related to anxiety deserves
further study. In addition, we could not analyze data on using only
probiotic food because the KNHANES did not contain sufficient
information. Therefore, further research might help us evaluate
various aspects of probiotic food using different scales and
in-depth clinical interviews. Sixth, we could not estimate the
microorganism’s dose-response relations because of the lack of
relevant information on the bacterial content of foods.

In conclusion, our finding suggests that prebiotic and probiotic
food consumption is associated with low anxiety severity. Probiotic
organisms are essential to maintain an exquisite balance in intestinal
microbiota. Many previous studies confirmed probiotics could improve
host health. Prebiotics may be utilized as a promising alternative to
probiotics supporting the beneficial effects of them. Thus, proper
selection of probiotic strains and prebiotics supplementation may
contribute to improving overall effect of probiotics in the
gastrointestinal tract, which may confer a beneficial influence on
mental health. Further multidisciplinary research is needed to obtain
a deeper understanding of the biological mechanisms supporting the
observed relationship between prebiotics, probiotics and anxiety.

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found at: https://knhanes.kdca.go.kr/knhanes/eng/index.do
Korean National Health and Nutrition Examination Survey
(KNHANES).

Author contributions

HT: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Software, Validation, Visualization,
Writing - original draft, Writing - review & editing. T-SK:

References

1. Chellappa SL, Aeschbach D. Sleep and anxiety: from mechanisms to interventions.
Sleep Med Rev. (2022) 61:101583. doi: 10.1016/j.smrv.2021.101583

2. Schnorr SL, Bachner HA. Integrative therapies in anxiety treatment with special
emphasis on the gut microbiome. Yale ] Biol Med. (2016) 89:397-422.

3. Jacka FN, Pasco JA, Mykletun A, Williams L], Hodge AM, O'Reilly SL, et al.
Association of Western and traditional diets with depression and anxiety in women. Am
J Psychiatry. (2010) 167:305-11. doi: 10.1176/appi.ajp.2009.09060881

4. Oddy WH, Allen KL, Trapp GSA, Ambrosini GL, Black L], Huang RC, et al. Dietary
patterns, body mass index and inflammation: pathways to depression and mental health
problems in adolescents. Brain Behav Immun. (2018) 69:428-39. doi: 10.1016/j.
bbi.2018.01.002

5. Sanchez-Villegas A, Delgado-Rodriguez M, Alonso A, Schlatter ], Lahortiga F,
Majem LS, et al. Association of the Mediterranean dietary pattern with the incidence
of depression: the Seguimiento Universidad de Navarra/University of Navarra follow-
up (SUN) cohort. Arch Gen Psychiatry. (2009) 66:1090-8. doi: 10.1001/
archgenpsychiatry.2009.129

6. Norwitz NG, Naidoo U. Nutrition as metabolic treatment for anxiety. Front Psychol.
(2021) 12:598119. doi: 10.3389/fpsyt.2021.598119

7. Kaplan BJ, Rucklidge JJ, Romijn A, McLeod K. The emerging field of nutritional
mental health: inflammation, the microbiome, oxidative stress, and mitochondrial
function. Clin Psychol Sci. (2015) 3:964-80. doi: 10.1177/2167702614555413

8. Cryan JE Dinan TG. Mind-altering microorganisms: the impact of the gut
microbiota on brain and behaviour. Nat Rev Neurosci. (2012) 13:701-12. doi: 10.1038/
nrn3346

Frontiers in Nutrition

10.3389/fnut.2024.1385518

Conceptualization, Supervision, Validation, Writing - review &
editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This research
was supported by a grant of the Korea Health Technology R&D
Project through the Korea Health Industry Development Institute
(KHIDI), funded by the Ministry of Health & Welfare, Republic of
Korea (grant number: HR22C160504).

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.2024.1385518/
full#supplementary-material

9. Colica C, Avolio E, Bollero P, Costa de Miranda R, Ferraro S, Sinibaldi Salimei P,
et al. Evidences of a new Psychobiotic formulation on body composition and anxiety.
Mediat Inflamm. (2017) 2017:5650627-10. doi: 10.1155/2017/5650627

10. Clemente JC, Ursell LK, Parfrey LW, Knight R. The impact of the gut microbiota
on human health: an integrative view. Cell. (2012) 148:1258-70. doi: 10.1016/j.
cell.2012.01.035

11.Dinan TG, Cryan JE Brain-gut-microbiota axis—mood, metabolism and
behaviour. Nat Rev Gastroenterol Hepatol. (2017) 14:69-70. doi: 10.1038/
nrgastro.2016.200

12. Sampson TR, Mazmanian SK. Control of brain development, function, and
behavior by the microbiome. Cell Host Microbe. (2015) 17:565-76. doi: 10.1016/j.
chom.2015.04.011

13. Gibson GR, Hutkins R, Sanders ME, Prescott SL, Reimer RA, Salminen SJ, et al.
Expert consensus document: the international scientific Association for Probiotics and
Prebiotics (ISAPP) consensus statement on the definition and scope of prebiotics. Nat
Rev Gastroenterol Hepatol. (2017) 14:491-502. doi: 10.1038/nrgastro.2017.75

14. Parvez S, Malik KA, Ah Kang S, Kim HY. Probiotics and their fermented food
products are beneficial for health. J Appl Microbiol. (2006) 100:1171-85. doi: 10.1111/j.
1365-2672.2006.02963.x

15. Sarkar A, Lehto SM, Harty S, Dinan TG, Cryan JE, Burnet PW. Psychobiotics and
the manipulation of bacteria—gut-brain signals. Trends Neurosci. (2016) 39:763-81. doi:
10.1016/j.tins.2016.09.002

16. Bravo JA, Forsythe P, Chew MV, Escaravage E, Savignac HM, Dinan TG, et al.
Ingestion of Lactobacillus strain regulates emotional behavior and central GABA

frontiersin.org


https://doi.org/10.3389/fnut.2024.1385518
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://knhanes.kdca.go.kr/knhanes/eng/index.do
https://www.frontiersin.org/articles/10.3389/fnut.2024.1385518/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1385518/full#supplementary-material
https://doi.org/10.1016/j.smrv.2021.101583
https://doi.org/10.1176/appi.ajp.2009.09060881
https://doi.org/10.1016/j.bbi.2018.01.002
https://doi.org/10.1016/j.bbi.2018.01.002
https://doi.org/10.1001/archgenpsychiatry.2009.129
https://doi.org/10.1001/archgenpsychiatry.2009.129
https://doi.org/10.3389/fpsyt.2021.598119
https://doi.org/10.1177/2167702614555413
https://doi.org/10.1038/nrn3346
https://doi.org/10.1038/nrn3346
https://doi.org/10.1155/2017/5650627
https://doi.org/10.1016/j.cell.2012.01.035
https://doi.org/10.1016/j.cell.2012.01.035
https://doi.org/10.1038/nrgastro.2016.200
https://doi.org/10.1038/nrgastro.2016.200
https://doi.org/10.1016/j.chom.2015.04.011
https://doi.org/10.1016/j.chom.2015.04.011
https://doi.org/10.1038/nrgastro.2017.75
https://doi.org/10.1111/j.1365-2672.2006.02963.x
https://doi.org/10.1111/j.1365-2672.2006.02963.x
https://doi.org/10.1016/j.tins.2016.09.002

Tae and Kim

receptor expression in a mouse via the vagus nerve. Proc Natl Acad Sci. (2011)
108:16050-5. doi: 10.1073/pnas.1102999108

17. Desbonnet L, Garrett L, Clarke G, Bienenstock J, Dinan TG. The probiotic
Bifidobacteria infantis: an assessment of potential antidepressant properties in the rat. J
Psychiatr Res. (2008) 43:164-74. doi: 10.1016/j.jpsychires.2008.03.009

18. Ait-Belgnaoui A, Colom A, Braniste V, Ramalho L, Marrot A, Cartier C, et al. Probiotic
gut effect prevents the chronic psychological stress-induced brain activity abnormality in
mice. Neurogastroenterol Motil. (2014) 26:510-20. doi: 10.1111/nmo.12295

19. Roberfroid M, Gibson GR, Hoyles L, McCartney AL, Rastall R, Rowland 1, et al.
Prebiotic effects: metabolic and health benefits. Br J Nutr. (2010) 104:S1-S63. doi:
10.1017/S0007114510003363

20. Markowiak P, Slizewska K. Effects of probiotics, prebiotics, and synbiotics on
human health. Nutrients. (2017) 9:1021. doi: 10.3390/nu9091021

21. Cheng L-H, Liu Y-W, Wu C-C, Wang S, Tsai Y-C. Psychobiotics in mental health,
neurodegenerative and neurodevelopmental disorders. J Food Drug Anal. (2019)
27:632-48. doi: 10.1016/j.jfda.2019.01.002

22. Barbosa RSD, Vieira-Coelho MA. Probiotics and prebiotics: focus on psychiatric
disorders - a systematic review. Nutr Rev. (2020) 78:437-50. doi: 10.1093/nutrit/nuz080

23. Larroya A, Pantoja J, Codofier-Franch P, Cenit MC. Towards tailored gut microbiome-
based and dietary interventions for promoting the development and maintenance of a healthy
brain. Front Pediatr. (2021) 9:705859. doi: 10.3389/fped.2021.705859

24. Kweon S, Kim Y, Jang MJ, Kim Y, Kim K, Choi S, et al. Data resource profile: the
Korea National Health and nutrition examination survey (KNHANES). Int ] Epidemiol.
(2014) 43:69-77. doi: 10.1093/ije/dyt228

25.Ahn Y, Kwon E, Shim JE, Park MK, Joo Y, Kimm K, et al. Validation and
reproducibility of food frequency questionnaire for Korean genome epidemiologic
study. Eur ] Clin Nutr. (2007) 61:1435-41. doi: 10.1038/sj.ejcn.1602657

26. Kim DW, Song S, Lee JE, Oh K, Shim ], Kweon S, et al. Reproducibility and validity
of an FFQ developed for the Korea National Health and nutrition examination survey
(KNHANES). Public Health Nutr. (2015) 18:1369-77. doi: 10.1017/s1368980014001712

27. Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006) 166:1092-7. doi:
10.1001/archinte.166.10.1092

28. Lee SH, Shin C, Kim H, Jeon SW, Yoon HK, Ko YH, et al. Validation of the Korean
version of the generalized anxiety disorder 7 self-rating scale. Asia Pac Psychiatry. (2022)
14:¢12421. doi: 10.1111/appy.12421

29. Wang X, Wang H, Yu Q, Fu S, Yang Z, Ye Q, et al. High dietary live microbe intake
is correlated with reduced risk of depressive symptoms: a cross-sectional study of
NHANES 2007-2016. ] Affect Disord. (2024) 344:198-206. doi: 10.1016/j.jad.2023.10.015

30. Ye Z, Zhang Y, Du M, Lu S, Zhao Q, Yang S. The correlation between probiotics
and anxiety and depression levels in cancer patients: a retrospective cohort study. Front
Psychol. (2022) 13:830081. doi: 10.3389/fpsyt.2022.830081

31. Canfora EE, van der Beek CM, Hermes GD, Goossens GH, Jocken JW, Holst JJ,
et al. Supplementation of diet with galacto-oligosaccharides increases bifidobacteria, but
not insulin sensitivity, in obese prediabetic individuals. Gastroenterology. (2017)
153:87-97.€3. doi: 10.1053/j.gastro.2017.03.051

32.Kao A, Harty S, Burnet P. The influence of prebiotics on neurobiology and
behavior. Int Rev Neurobiol. (2016) 131:21-48. doi: 10.1016/bs.irn.2016.08.007

33. Walton GE, van den Heuvel EG, Kosters MH, Rastall RA, Tuohy KM, Gibson GR.
A randomised crossover study investigating the effects of galacto-oligosaccharides on
the faecal microbiota in men and women over 50 years of age. Br | Nutr. (2012)
107:1466-75. doi: 10.1017/S0007114511004697

34.Moens E, Verce M, De Vuyst L. Lactate- and acetate-based cross-feeding
interactions between selected strains of lactobacilli, bifidobacteria and colon bacteria in
the presence of inulin-type fructans. Int | Food Microbiol. (2017) 241:225-36. doi:
10.1016/j.ijfoodmicro.2016.10.019

35. van de Wouw M, Boehme M, Lyte JM, Wiley N, Strain C, O'Sullivan O, et al. Short-
chain fatty acids: microbial metabolites that alleviate stress-induced brain-gut axis
alterations. J Physiol. (2018) 596:4923-44. doi: 10.1113/JP276431

36. Quagebeur R, Dalile B, Raes J, Van Oudenhove L, Verbeke K, Vrieze E. The role of
short-chain fatty acids (SCFAs) in regulating stress responses, eating behavior, and
nutritional state in anorexia nervosa: protocol for a randomized controlled trial. J Eat
Disord. (2023) 11:191. doi: 10.1186/s40337-023-00917-6

Frontiers in Nutrition

08

10.3389/fnut.2024.1385518

37.Kim H, Kim H, Suh HJ, Choi HS. Lactobacillus brevis-fermented gamma-
aminobutyric acid ameliorates depression-and anxiety-like behaviors by activating the
brain-derived neurotrophic factor-tropomyosin receptor kinase B signaling pathway in
BALB/C mice. ] Agric Food Chem. (2024) 72:2977-88. doi: 10.1021/acs.jafc.3c07260

38. Naureen Z, Farooq S, Zahoor T, Gilani SA. Effect of probiotics on gut microbiota
and brain interactions in the context of neurodegenerative and neurodevelopmental
disorders. Microbiome-Gut-Brain Axis: Implications on Health. (2022):383-99. doi:
10.1007/978-981-16-1626-6_19

39. Lescheid DW. Probiotics as regulators of inflammation: a review. Functional foods
in health and disease. (2014) 4:299-311. doi: 10.31989/fthd.v4i7.2

40. Amirani E, Milajerdi A, Mirzaei H, Jamilian H, Mansournia MA, Hallajzadeh J,
et al. The effects of probiotic supplementation on mental health, biomarkers of
inflammation and oxidative stress in patients with psychiatric disorders: a systematic
review and meta-analysis of randomized controlled trials. Complement Ther Med. (2020)
49:102361. doi: 10.1016/j.ctim.2020.102361

41.Kopp MV, Goldstein M, Dietschek A, Sofke J, Heinzmann A, Urbanek R.
Lactobacillus GG has in vitro effects on enhanced interleukin-10 and interferon-y
release of mononuclear cells but no in vivo effects in supplemented mothers and their
neonates. Clin Exp Allergy. (2008) 38:602-10. doi: 10.1111/.1365-2222.2007.02911.x

42. Leonard BE. Inflammation and depression: a causal or coincidental link to the
pathophysiology? Acta neuropsychiatrica. (2018) 30:1-16. doi: 10.1017/neu.2016.69

43. Sousa R]J, Baptista JA, Silva CC. Consumption of fermented dairy products is
associated with lower anxiety levels in Azorean university students. Front Nutr. (2022)
9:930949. doi: 10.3389/fnut.2022.930949

44. Karbownik MS, Mokros £, Dobielska M, Kowalczyk M, Kowalczyk E. Association
between consumption of fermented food and food-derived prebiotics with cognitive
performance, depressive, and anxiety symptoms in psychiatrically healthy medical
students under psychological stress: a prospective cohort study. Front Nutr. (2022)
9:850249. doi: 10.3389/fnut.2022.850249

45. Lee MJ, Popkin BM, and Kim S. The unique aspects of the nutrition transition in
South Korea: the retention of healthful elements in their traditional diet. Public health
nutrition. (2002) 5:197-203.

46. Park K-Y, Jeong J-K, Lee Y-E, Daily JW III. Health benefits of kimchi (Korean
fermented vegetables) as a probiotic food. ] Med Food. (2014) 17:6-20. doi: 10.1089/
jmf.2013.3083

47.Lee K, Lee Y. Effect of Lactobacillus plantarum as a starter on the food quality and
microbiota of kimchi. Food Sci Biotechnol. (2010) 19:641-6. doi: 10.1007/
510068-010-0090-2

48.Jung JH, Kim SJ, Lee JY, Yoon SR, You SY, Kim SH. Multifunctional properties of
Lactobacillus plantarum strains WiKim83 and WiKim87 as a starter culture for
fermented food. Food Sci Nutr. (2019) 7:2505-16. doi: 10.1002/fsn3.1075

49. Chong HX, Yusoff NAA, Hor YY, Lew LC, Jaafar MH, Choi SB, et al. Lactobacillus
plantarum DR?7 alleviates stress and anxiety in adults: a randomised, double-blind,
placebo-controlled study. Benefic Microbes. (2019) 10:355-73. doi: 10.3920/bm2018.0135

50. Bangasser DA, Cuarenta A. Sex differences in anxiety and depression: circuits and
mechanisms. Nat Rev Neurosci. (2021) 22:674-84. doi: 10.1038/s41583-021-00513-0

51. Altemus M, Sarvaiya N, Neill Epperson C. Sex differences in anxiety and
depression clinical perspectives. Front Neuroendocrinol. (2014) 35:320-30. doi:
10.1016/j.yfrne.2014.05.004

52. Yurkovetskiy L, Burrows M, Khan AA, Graham L, Volchkov P, Becker L, et al.
Gender bias in autoimmunity is influenced by microbiota. Immunity. (2013) 39:400-12.
doi: 10.1016/j.immuni.2013.08.013

53. Ding T, Schloss PD. Dynamics and associations of microbial community types
across the human body. Nature. (2014) 509:357-60. doi: 10.1038/nature13178

54. Naseribafrouei A, Hestad K, Avershina E, Sekelja M, Linlokken A, Wilson R, et al.
Correlation between the human fecal microbiota and depression. Neurogastroenterol
Motil. (2014) 26:1155-62. doi: 10.1111/nmo.12378

55. Alharbi MH, Alarifi SN. Gender-based differences in the consumption of food rich
in fibre and its relationship with perceived mood status: a cross-sectional study.
Healthcare (Basel). (2022) 10:730. doi: 10.3390/healthcare10040730

56. Fernstrand AM, Bury D, Garssen ], Verster JC. Dietary intake of fibers: differential
effects in men and women on perceived general health and immune functioning. Food
Nutr Res. (2017) 61:1297053. doi: 10.1080/16546628.2017.1297053

frontiersin.org


https://doi.org/10.3389/fnut.2024.1385518
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1073/pnas.1102999108
https://doi.org/10.1016/j.jpsychires.2008.03.009
https://doi.org/10.1111/nmo.12295
https://doi.org/10.1017/S0007114510003363
https://doi.org/10.3390/nu9091021
https://doi.org/10.1016/j.jfda.2019.01.002
https://doi.org/10.1093/nutrit/nuz080
https://doi.org/10.3389/fped.2021.705859
https://doi.org/10.1093/ije/dyt228
https://doi.org/10.1038/sj.ejcn.1602657
https://doi.org/10.1017/s1368980014001712
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1111/appy.12421
https://doi.org/10.1016/j.jad.2023.10.015
https://doi.org/10.3389/fpsyt.2022.830081
https://doi.org/10.1053/j.gastro.2017.03.051
https://doi.org/10.1016/bs.irn.2016.08.007
https://doi.org/10.1017/S0007114511004697
https://doi.org/10.1016/j.ijfoodmicro.2016.10.019
https://doi.org/10.1113/JP276431
https://doi.org/10.1186/s40337-023-00917-6
https://doi.org/10.1021/acs.jafc.3c07260
https://doi.org/10.1007/978-981-16-1626-6_19
https://doi.org/10.31989/ffhd.v4i7.2
https://doi.org/10.1016/j.ctim.2020.102361
https://doi.org/10.1111/j.1365-2222.2007.02911.x
https://doi.org/10.1017/neu.2016.69
https://doi.org/10.3389/fnut.2022.930949
https://doi.org/10.3389/fnut.2022.850249
https://doi.org/10.1089/jmf.2013.3083
https://doi.org/10.1089/jmf.2013.3083
https://doi.org/10.1007/s10068-010-0090-2
https://doi.org/10.1007/s10068-010-0090-2
https://doi.org/10.1002/fsn3.1075
https://doi.org/10.3920/bm2018.0135
https://doi.org/10.1038/s41583-021-00513-0
https://doi.org/10.1016/j.yfrne.2014.05.004
https://doi.org/10.1016/j.immuni.2013.08.013
https://doi.org/10.1038/nature13178
https://doi.org/10.1111/nmo.12378
https://doi.org/10.3390/healthcare10040730
https://doi.org/10.1080/16546628.2017.1297053

	The effect of prebiotic and probiotic food consumption on anxiety severity: a nationwide study in Korea
	1 Introduction
	2 Methods
	2.1 Data source and study population
	2.2 Assessment of prebiotic and probiotic food consumption
	2.3 Estimation of anxiety
	2.4 Statistical analyses

	3 Results
	3.1 General characteristics
	3.2 Relationship between prebiotic and/or probiotic food consumption and anxiety
	3.3 Subgroup analysis by gender

	4 Discussion
	Data availability statement
	Author contributions

	References

