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and Momir Mikov1

1Department of Pharmacology, Toxicology and Clinical Pharmacology, Faculty of Medicine, University
of Novi Sad, Novi Sad, Serbia, 2Department of Pharmacy, Faculty of Medicine, University of Novi Sad,
Novi Sad, Serbia, 3Department of Fundamental Sciences, Faculty of Technical Sciences, University of
Novi Sad, Novi Sad, Serbia, 4Faculty of Medicine, University of Novi Sad, Novi Sad, Serbia,
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Introduction: Considering the crucial role of the gut microbiome in children’s
immunity and overall health, there is increasing interest in the use of probiotics
for children. Insuf� cient parental awareness may result in the underuse of
probiotics in appropriate clinical situations, improper strain selection, incorrect
therapy duration, and overlooking potential drug interactions, all of which can
undermine their ef� cacy and safety. Therefore, this study aimed to assess
parents’ knowledge, attitudes, and practices regarding probiotic use in
preschool-aged children in Serbia, along with the factors in� uencing
these aspects.
Materials and methods: The study was conducted using an anonymous
electronic survey distributed via social media to parents of children aged 1– 7
years in Serbia. A binary logistic regression model was used to analyze the factors
associated with parental knowledge and attitudes toward probiotic use.
Results: The study included 1,625 parents. The median knowledge score of all
respondents was 7.0 (interquartile range [IQR]: 6– 8), while the median attitude
score was 26.0 (IQR: 23– 29), based on their respective scales (0– 10 for
knowledge and 7– 35 for attitude) with signi� cant differences (p < 0.001)
between parents who used probiotics for their preschool children in the past
year (62.5%) and those who did not (37.5%). The most common indications for
probiotic use were alongside antibiotic therapy reported by 75.2% of parents, and
for gastrointestinal issues, stated by 69.3% of parents. Parents showed the least
knowledge about the strain-speci� c effects of probiotics and their interactions
with medications. Although overall attitudes were moderately positive,
approximately 50% of parents expressed doubts about probiotic ef� cacy.
Logistic regression analysis revealed that higher parental education,
occupation related to health care, longer duration of probiotic use, and
consideration of probiotic strain selection signi� cantly increased the odds of
having adequate knowledge and a positive attitude toward probiotics.
Conclusion: The study revealed that the majority of parents lack adequate
knowledge about probiotics and exhibit some skepticism regarding their
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effectiveness, which is re� ected in their practical use for their children. Therefore,
the role of healthcare professionals and pediatricians is crucial in educating
parents about probiotics, offering guidance on their bene� ts, proper usage, and
the selection of the most appropriate products.
KEYWORDS
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1 Introduction
The role of probiotics in children’s immunity and overall health

has garnered signi�cant attention in recent years. Probiotics,
de�ned as live microorganisms that confer health bene�ts to the
host when administered in adequate amounts, are known to play a
crucial role in maintaining the balance of gut microbiota, which is
essential for proper digestive function and immune response. The
colonization of the gut microbiota begins at birth and continues to
evolve during early childhood, with the �rst three years being
crucial for its maturation (1). Recent studies indicate that the
intrauterine environment is non-sterile, suggesting that fetal
intestines may be colonized even prenatally. This underscores the
importance of a healthy maternal environment for optimal
microbiome development from the earliest stages of in utero
development (2). The composition of the intestinal microbiome,
which serves as a distinct �ngerprint unique to each individual, is
in�uenced by a variety of factors, such as the mode of delivery, diet,
the environment in which the child grows, and the use of various
medications, particularly antibiotics. Understanding the factors that
contribute to dysbiosis can aid in developing strategies to promote a
healthy microbiome in children, which is essential for preventing
various diseases later in life (3). Altered function and composition
of gut microbiota during early childhood can lead to a variety of
health issues. The improper balance of gut microbiota may disrupt
the maturation of the immune system. This increases the likelihood
of an exaggerated Th2 immune response, characterized by elevated
production of speci�c molecules such as interleukins (IL-4, IL-5, IL-
13) and IgE antibodies, which are key players in the development of
allergic diseases, including asthma, eczema, and food allergies (4).
Additionally, early-life dysbiosis is associated with an increased risk
of metabolic diseases such as diabetes and obesity, as well as a
higher susceptibility to developing in�ammatory bowel diseases
during adolescence (3).

Thus, in children whose microbiota is still developing and
maturing, the early establishment of a healthy gut microbiome is
linked to long-term health outcomes and the introduction of
probiotics may offer protective effects against various disorders.
Research indicates that probiotics may help prevent and manage
common pediatric health conditions such as diarrhea, constipation,
and colic. Moreover, emerging evidence suggests that the positive
effects of probiotics extend beyond gastrointestinal health, including
02
enhanced immune function, reduced in�ammatory processes,
mitigation of allergic reactions, improved skin health, regulation
of metabolic disorders such as obesity and type 2 diabetes, and even
support for mental well-being through the gut-brain axis (5–7).

Probiotics exert their effects through various mechanisms.
These mechanisms include modulation of the gut microbiota
composition by promoting the growth of other bene�cial bacteria
and enhancing the production of their metabolic byproducts. They
also compete with pathogenic microorganisms for adhesion sites
and nutrients, helping to prevent their colonization. Additionally,
probiotics strengthen the intestinal barrier by reducing
permeability, which in turn lowers in�ammation and the risk of
allergic reactions (8). Probiotics achieve many of their bene�cial
effects through the production of bioactive metabolites, such as
short-chain fatty acids (SCFAs), bacteriocins, exopolysaccharides,
vitamins, and neuroactive substances like gamma-aminobutyric
acid (GABA) which play critical roles in their functionality.
SCFAs such as acetate, propionate, and butyrate help maintain
the gut’s protective barrier, enhance immune function, and provide
energy to intestinal cells. These processes are particularly important
in infants and young children, whose immune and digestive systems
are still developing (9). Additionally, probiotics play a signi�cant
role in the absorption of essential nutrients in children. A recently
published study has shown that these bene�cial microorganisms
can increase serum concentrations of vital vitamins such as vitamin
D and A, along with minerals like calcium and zinc, thereby
improving nutritional status and potentially boosting immunity
(10). Probiotics can enhance respiratory, digestive, and immune
functions due to their ability to promote humoral immunity
maturation, particularly by increasing IgA antibody production (4).

What is important to know is that the effectiveness of probiotics
can vary signi�cantly based on individual health conditions and the
speci�c strains used (9). This variability highlights the importance
of personalized approaches to probiotic supplementation; what
bene�ts one individual may not necessarily extend to another due
to differences in gut microbiota composition or underlying health
issues (11).

Of particular importance, yet often overlooked and
insuf�ciently explored, is the fact that probiotics may interact
with other drugs, in�uencing their absorption, metabolism, and
effectiveness. Additionally, probiotics may modulate the activity of
drug-metabolizing enzymes and transporters, thereby altering drug
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disposition (12–15). Understanding these interactions is vital for
optimizing therapeutic outcomes, as inappropriate combinations
can lead to reduced drug ef�cacy or an increased risk of adverse
effects. Therefore, in addition to probiotic bene�ts it is essential to
carefully evaluate the use of probiotics alongside medications,
underscoring the importance of personalized approaches
to treatment.

Since the effectiveness of probiotics depends on various factors,
including the selection of the appropriate probiotic strain, the
correct dose, and the duration of use, parental education about
probiotics is of utmost importance. Well-informed parents are
more likely to understand the bene�ts and limitations of probiotic
therapy, which may lead to its appropriate use and maximize its
potential health bene�ts for their children. Several studies have
shown that parents’ awareness and practices regarding probiotics
vary widely across different countries, with signi�cant gaps in
understanding (16–18).

To the best of our knowledge, no studies on this topic have been
conducted in Serbia thus far. The only existing study, our previous
research, assessed the knowledge, attitudes, and practices of health
science students regarding gut microbiota and probiotics, revealing
signi�cant knowledge gaps and de�ciencies in their practical
application (19). Therefore, the aim of this study was to assess the
knowledge, attitudes, and practices of parents regarding the use of
probiotics in preschool-aged children, as well as to identify factors
associated with probiotic supplementation. Additionally, the goal
was to identify key factors that in�uence parents’ knowledge and
attitudes toward probiotics and to guide future educational efforts
aimed at enhancing awareness and promoting proper probiotic use.
2 Methodology

2.1 Study design

The study was conducted as a cross-sectional study in Serbia,
following approval from the Ethics Committee of the Faculty of
Medicine, University of Novi Sad (No 01-39/278). It was carried out
from November 2024 to January 2025 through an anonymous
survey in the form of a questionnaire assessing parents’ awareness
of probiotics and their use in children. The participants were
parents of preschool-aged children (1–7 years). To estimate the
number of children aged 1–7 years in Serbia, we used the of�cial
data on the total population of approximately 6.7 million people
and the average natality rate of 9–10 births per 1,000 inhabitants
(stat.gov.rs). Based on this data, the annual number of births in
Serbia is estimated to be between 60,300 and 67,000. Assuming an
even distribution of births across all age groups, the number of
children aged 1–7 years (covering 7 age groups) is estimated to be
between 420,000 and 470,000. Based on this estimation, the
minimum sample size for the study, with a 95% con�dence level,
a 5% margin of error, and a 50% response distribution, was
calculated to be around 385 participants.
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2.2 Questionnaire

The questionnaire was created in electronic form using Google
Forms and distributed to parents through informal groups on social
media, with a total of 1,625 parents completing it.

The questionnaire for this study was developed by combining
questions from previously conducted surveys (16, 18, 19), with
modi�cations to ensure improved clarity for non-medical
respondents and better re�ection of the speci�c needs and
practices of parents, such as their reasons for administering
probiotics and the duration of use, and the sources of
information they rely on. It also included new questions
speci�cally designed to enhance the sections assessing parental
knowledge and attitudes, allowing for a more comprehensive
evaluation of these aspects. Furthermore, questions addressing
interactions between probiotics and other medications were
incorporated, as this important aspect was not previously covered
in similar questionnaires distributed to parents, thereby
contributing to a more comprehensive understanding of parental
knowledge and practices. The content, readability, comprehension,
and design of the questionnaire were pretested on 15 parents, 5
pediatricians, and 10 professors from the Faculty of Medicine in
Novi Sad. Based on their feedback, certain questions and response
options were re�ned to enhance clarity and usability.

Detailed information about the survey was provided on the �rst
page of the questionnaire. Before completing the questionnaire, all
participants gave informed consent. No incentives or compensation
were provided for participation in the study, in order to minimize
response bias related to social desirability or external motivation. The
questionnaire was divided into four sections. The �rst section focused
on the socio-demographic characteristics of the parents (gender, age,
education level, employment status, place of residence), as well as key
information related to the child for whom the parent completed the
questionnaire (gender, age, health and immunity status of the child, use
of other medications and supplements, etc.). The second section
explored parents’ experiences with probiotic use in children.
Questions in this section focused on the situations in which parents
usually administered probiotics, the longest duration of continuous
probiotic use, and whether they consulted a physician or pediatrician
before administration. Parents were also asked how they selected
probiotics (e.g., based on medical or pharmaceutical advice,
composition, price, or brand), and which probiotic strains or
combinations they most commonly used. Additional questions
assessed whether parents had observed any side effects, whether
probiotics were given alongside other medications (excluding
antibiotics), and if so, whether they were administered concurrently
or separately.

The third section of the questionnaire assessed the parents’
knowledge of probiotics and consisted of 10 statements. Parents
were asked to indicate whether they thought a given statement was
true or false, with an option to indicate if they were unsure. Based on
the total number of correct answers (ranging from 0 to 10), actual
(objective) knowledge was categorized as good (>75%, 8–10 correct
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answers), fair (50–75%, 5–7 correct answers), and poor (<50%, 0–4
correct answers). These cut-offs were based on thresholds commonly
used in in knowledge, attitudes, and practices studies related to health
topics (19, 20). In addition to the actual knowledge score, calculated
as the number of correct answers in the knowledge section,
participants were also asked to rate their own knowledge about
probiotics using a �ve-point Likert scale ranging from 1 (“very
poor”) to 5 (“very good”), yielding a self-perceived knowledge
score. To facilitate comparison with the actual knowledge scores
(ranging from 0 to 10), both self-perceived and actual knowledge
scores were normalized to a 0–100% scale. This approach allowed for
visual comparison and correlation analysis between perceived and
measured knowledge levels. The fourth and �nal section assessed
parents’ attitudes using a Likert scale (1-5), where participants
indicated their degree of agreement with seven statements. For
statements re�ecting a positive attitude toward probiotics, a higher
score (5 – strongly agree) indicated a more positive attitude, while for
statements expressing skepticism or a negative attitude (e.g., “I doubt
the effectiveness of probiotics”), the scoring was reversed, so a higher
degree of agreement received a lower score, and disagreement
received a higher score (5 – strongly disagree). Based on the
obtained values, an overall attitude score (ranging from 7 to 35)
was calculated and ranked similarly to the knowledge score. Scores
above 75% of the maximum score indicated a positive attitude toward
probiotic use. A moderate score, ranging between 50-75% points,
re�ected a fair attitude, while scores below 50% indicated a poor
attitude. A complete version of the questionnaire is included as a
Supplementary Material.
2.3 Data analysis

After the study was completed, the data were exported in CSV
format, imported into Excel, and further processed using standard
statistical methods in IBM SPSS software (version 22.0, SPSS Inc.,
Chicago, IL, USA). Descriptive statistics were used to summarize
numerical data, including the calculation of mean, median,
minimum, maximum, and standard deviation. Categorical data were
presented through percentages and frequencies. The Kolmogorov-
Smirnov test was used to assess the normality of data distribution.
Since the assumption of normal distribution was not met, the non-
parametric Mann-Whitney U test was applied for comparing two
independent samples, while the Kruskal-Wallis test was used for more
than three samples. The Chi-square (c�) test of independence was used
to examine the relationship between categorical variables, and
Spearman’s correlation coef�cient was applied to assess the
correlation between variables that did not follow a normal
distribution. Statistical hypotheses were tested at a signi�cance level
(alpha level) of 0.05.
2.3.1 Analysis of factors in� uencing the
knowledge score and attitude score on
probiotics

Binary logistic regression models were employed to identify
factors associated with adequate knowledge and positive attitudes
Frontiers in Immunology 04
toward probiotics. The general form of the binary logistic regression
model is:

logit(P) = ln
P

1 � P

� �
= b0 + b1X1 + b2X2 + …+ bnXn

Where:
• P is the probability of the event occurring (e.g., having good
knowledge or a positive attitude)

• P
1� P is the odds of the event occurring versus not occurring

• ln( P
1� P )� is the natural logarithm of odds (ln-odds or logit)

• b0 is the intercept, the log-odds of the event when all
predictors are zero

• b1, �b2, …, bn are the regression coef�cients, representing
the change in log-odds for each one-unit change in the
corresponding independent variable

• X1, �X2, …, Xn are the independent variables (predictors),
such as parental age, education level, occupation in
healthcare, etc.
Two separate models were developed for each dependent
variable: “Good Knowledge” (yes/no) and “Positive Attitude” (yes/
no). Good knowledge and positive attitude were de�ned as scores
above 75%. The independent variables included in the models were:
parental age (below 31/31-35/over 35), education level (under
university degree/university degree/above university degree),
number of children in the family (less than 2/2/more than 2),
occupation related to health care (yes/no), duration of probiotic use
(less than 10 days/more than 10 days), and whether the parent pays
attention to the choice of probiotic strain (yes/no). The logistic
regression model was constructed using a stepwise selection
approach, wherein variables were retained based on their statistical
signi�cance (p < 0.05) and their contribution to the model’s overall
goodness of �t. Multicollinearity was assessed using the variance
in�ation factor (VIF). All VIF values were below 2, indicating no
signi�cant multicollinearity among the predictors. The results are
presented as odds ratios (ORs) with corresponding 95% con�dence
intervals. A p-value of less than 0.05 was considered statistically
signi�cant for all tests.
3 Results

3.1 Sociodemographic characteristics of
parents and children

Table 1 presents the basic sociodemographic characteristics of
the parents and children for whom the questionnaire was
completed. A total of 1,625 parents participated in the study, with
the majority being mothers (98.6%). The largest group of parents
falls within the age range of 31 to 35 years (41%). In terms of
education, over half of the respondents (56.9%) hold a university
degree. Most participants reside in urban areas (78.3%), while 11%
live in rural regions and 10.6% in suburban settlements. Regarding
employment status, the majority of parents are employed (80.4%).
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Professionally, nearly a quarter of respondents (24.2%) have
occupation related to healthcare. Among the 1,625 children, boys
slightly outnumber girls (52.5% vs. 47.5%). The children are aged
1–7 years, with a gradual decrease in the number of respondents in
older age groups.
3.2 Health problems, medications, and
supplement use in the past year

The major reported health issues in children over the past year
were colds and other respiratory infections, reported in 82.5% of
cases (Figure 1). Additionally, a signi�cant proportion of children
(25.7%) experienced gastrointestinal issues. Apart from these
complaints, skin problems were observed in 22.5% of children,
while 5.8% of respondents reported a predisposition to allergic
respiratory reactions. Suspected or con�rmed cases of COVID-19
infection in children were reported by 3.1% of parents. Almost 10%
of parents stated that their children had no health issues in the
past year.

Data on the medications used by children in the past 12 months
(Figure 2) show that analgoantipyretics and antibiotics were the
most commonly used, with 64.7% and 55.9% of respondents
reporting their use, respectively. In addition, a signi�cant
percentage of children (34.2%) used cough medications.
Antihistamines were used by 23.4% of children, while local
corticosteroids in the form of inhalers, creams, or ointments were
used by 22.5% of children. Local medications for respiratory issues,
including inhalers and nasal drops, were used by 31.5% of children.
Less frequently, systemic corticosteroids in the form of injections or
TABLE 1 Sociodemographic characteristics of the parents and child.

Variable Frequency
(n)

Percentage
(%)

Parent

Gender

Female 1603 98.6

Male 22 1.4

Age

18-25 59 3.6

26-30 343 21.1

31-35 667 41.0

36-40 441 27.1

41-45 98 6.0

Over 45 17 1.0

Education level

Primary school 3 0.2

High school 346 21.3

Higher vocational education
(non-university degree) 260 16.0

Bachelor’s or master’s degree
(university degree) 925 56.9

Postgraduate education
(PhD, specialization) 91 5.6

Place of residence

Urban area 1273 78.3

Rural area 179 11.0

Suburban area 173 10.6

Employment status

Employed 1307 80.4

Unemployed 300 18.5

Student 18 1.1

Healtdcare professional

No 1231 75.8

Yes 394 24.2

Number of children in family

1 678 41.7

2 743 45.7

3 186 11.4

4 15 0.9

5 or more 3 0.2

(Continued)
TABLE 1 Continued

Variable Frequency
(n)

Percentage
(%)

Child

Gender

Female 772 47.5

Male 853 52.5

Age

1 314 19.3

2 310 19.1

3 273 16.8

4 256 15.8

5 188 11.6

6 166 10.2

7 118 7.3

TOTAL 1625 100
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tablets (3.8%) and antiparasitic drugs (1.6%) and were reported.
Notably, 22.1% of respondents reported that they did not
administer any medications to their children during the past
12 months.
Frontiers in Immunology 06
Data on supplement use in children over the past year (Figure 3)
show that probiotics were the most frequently used, with 62.4% of
participants reporting their use. Vitamin D was also highly prevalent,
with 38.0% of children using it. Immune-boosting supplements were
FIGURE 1

Parent-reported health conditions in children in the past year.
FIGURE 2

Medications used by the child in the past 12 months.
FIGURE 3

Supplements used by the child in the past 12 months.
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reported by 37.0% of respondents, while multivitamin supplements
were administered to 14.9% of children. Omega-3 fatty acids were
used by 19.6% of children, while vitamin C and minerals such as iron,
calcium, magnesium, and zinc were less commonly used, with
prevalence rates of 9.2% and 5.8%, respectively. A certain
percentage of parents (12.2%) reported not giving any supplements
to their children.
3.3 Bivariate analysis of factors associated
with probiotic use in children

3.3.1 Association between probiotic use and
health issues in children, as well as medication
use in the past year

Analysis of data from Table 2, obtained using the Pearson’s c�
test of independence, reveals a statistically signi�cant association
between probiotic use and the presence of certain health conditions in
children over the past year, as well as with medication use during the
same period. In the speci�ed period, 62.5% of children used
Frontiers in Immunology 07
probiotics, while 37.5% did not. Children who used probiotics
showed a slightly higher incidence of gastrointestinal issues (29.3%
vs. 19.7%), with a weak positive correlation observed (j = 0.106, p <
0.001). Additionally, colds and other respiratory infections were more
frequent among children who consumed probiotics (84.8% vs.
76.9%), with a weak positive correlation (j = 0.100, p < 0.001).
Children using probiotics also exhibited a higher incidence of a
predisposition to allergic respiratory reactions (6.7% vs. 4.3%),
although the correlation was very weak (j = 0.051, p = 0.042).
Similarly, skin problems were somewhat more common in this group
(24.5% vs. 19.0%), with a weak correlation (j = 0.064, p = 0.010). On
the other hand, there was no signi�cant difference in the incidence of
COVID-19 between the groups. Children who did not use probiotics
were more likely to report no health issues (14.3% vs. 6.4%), with a
weak negative correlation (j = -0.131, p < 0.001), suggesting that
health issues were more common in probiotic users. Furthermore,
children who used probiotics were more likely to have used
medication in the past year compared to those who did not use
probiotics (80.8% vs. 70.8%), with a weak positive correlation
(j = 0.115, p < 0.001). These results suggest that probiotic use was
TABLE 2 Bivariate analysis of the association between probiotic use, child health issues, and medication use in the past year, using Chi-square tests.

Total n (%) Probiotic users n (%) Non-Probiotic users n (%) value df j p

Health issues in the past 12 months

Gastrointestinal problems

Yes 417 (25.7%) 297 (29.3%) 120 (19.7%)
18.365 1 0.106 0.000*

No 1208 (74.3%) 718 (70.7%) 490 (80.3%)

Colds and respiratory infections

Yes 1330 (81.8%) 861 (84.8%) 469 (76.9%)
16.176 1 0.100 0.000*

No 295 (18.2%) 154 (15.2%) 141 (23.1%)

Allergic respiratory reactions

Yes 94 (5.8%) 68 (6.7%) 26 (4.3%)
4.153 1 0.051 0.042*

No 1531 (94.2%) 947 (93.3%) 584 (95.7%)

Skin problems (eczema, atopic dermatitis, rash, urticaria, etc.)

Yes 365 (22.5%) 249 (24.5%) 116 (19%)
6.665 1 0.064 0.010*

No 1260 (77.5%) 766 (75.5%) 494 (81.0%)

COVID 19

Yes 51 (3.1%) 35 (3.4%) 16 (2.6%)
0.854 1 0.023 0.355

No 1574 (96.9%) 980 (96.6%) 594 (97.4%)

No health problems

Yes 152 (9.4%) 65 (6.4%) 87 (14.3%)
27.750 1 -0.131 0.000*

No 1473 (90.6%) 950 (93.6%) 523 (85.7%)

Medications used in the past 12 months

Yes 1252 (77.0%) 820 (80.8%) 432 (70.8%)
21.409 1 0.115 0.000*

No 373 (23.0%) 195 (19.2%) 178 (29.2%)

Total 1625 1015 (62.5%) 610 (37.5%)
fro
*Denote the p-values < 0.05.
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associated with a slightly higher frequency of health issues and more
frequent medication use, although all the observed correlations were
of weak intensity.

3.3.2 Association between probiotic use and
child’s age, immunity score, parental knowledge,
and attitudes

To examine the relationship between probiotic use and factors
such as child’s age, immunity score, and parents’ knowledge and
attitudes, Spearman’s correlation coef�cient (r) was used. Probiotic
use showed a very weak but statistically signi�cant negative correlation
with the child’s age (r = -0.084, p = 0.001), indicating that younger
children were slightly more likely to receive probiotics compared to
older children. Additionally, a weak but signi�cant positive correlation
was observed between probiotic use and the parents’ knowledge score
(r = 0.136, p = 0.000), with parents of children using probiotics
achieving slightly higher scores on the knowledge test. Furthermore, a
moderate positive correlation was found between probiotic use and
the attitude score (r = 0.249, p = 0.000), suggesting that parents of
children using probiotics had a more positive attitude toward
probiotics compared to parents of children who did not use
probiotics. In contrast, probiotic use showed a very weak negative
correlation with the parents’ assessment of the child’s immunity
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(r = -0.078, p = 0.002), with parents of children who did not use
probiotics rating their children’s immunity statistically signi�cantly
higher than those who administered probiotics to their children.
3.4 The overall knowledge and attitude
scores of parents regarding probiotics and
comparison based on probiotic use in
children

The median knowledge score of all respondents was 7.0 with an
interquartile range (IQR) of 6–8, while the median attitude score
was 26.0 (IQR: 23-29) on their respective scales (0–10 for
knowledge and 5–35 for attitude). When comparing groups based
on probiotic use, among respondents who did not use probiotics,
the median knowledge score was 6.0 (IQR: 4–7), while the median
attitude score was 25.0 (IQR: 22–27). In contrast, in the probiotic
group, the median knowledge score was 7.0 (IQR: 6–8), and the
median attitude score was 27.0 (IQR: 25–31). Mann–Whitney U
test revealed statistically signi�cant differences between the groups
(p < 0.001), indicating that parents who administered probiotics
had signi�cantly higher knowledge and attitude scores. These
results are illustrated in Figure 4. For descriptive purposes, the
FIGURE 4

Knowledge and attitude scores of parents of all children (A, B), as well as those whose children used and did not use probiotics (C, D), respectively.
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mean knowledge score of all respondents was 6.49 – 1.81, and the
mean attitude score was 26.18 – 3.91. The mean knowledge score in
the non-probiotic group was 6.16 – 1.93, compared to 6.68 – 1.71 in
the probiotic group, while the mean attitude score was 24.91 – 3.91
and 26.94 – 3.71, respectively.

Figure 5 illustrates the distribution of knowledge and attitude
scores among respondents. The knowledge distribution showed that
only 30.9% of respondents demonstrated good knowledge, while the
largest proportion, 55.7% of respondents, demonstrated fair
knowledge, and 13.4% exhibited poor knowledge. Similarly, the
distribution of attitudes indicated that the majority of respondents
(62.0%) had a fair attitude score. A positive attitude toward
probiotics was expressed by 34.6% of respondents, while 3.4%
had a poor attitude score.
3.5 Self-perceived knowledge

Based on the Mann-Whitney U test, a statistically signi�cant,
but weak to moderate positive correlation was found between the
level of self-perceived knowledge about probiotics and the actual
knowledge score (r = 0.307, p = 0.000) (Figure 6). Additionally, it
was observed that in the group of respondents who used probiotics,
both the self-perceived knowledge level and the actual knowledge
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score were higher compared to the group that did not
use probiotics.
3.6 Parental knowledge of probiotics

Figure 7 presents the mean knowledge score of parents for each
statement regarding probiotics, where correct answers are scored as
1 and incorrect or unsure answers are scored as 0.

Parents demonstrated a high level of knowledge about the basic
characteristics of probiotics, including the importance of probiotic
bacteria for child immunity (score 0.93), the presence of bene�cial
bacteria in breast milk (score 0.89), and understanding the de�nition of
probiotics (score 0.86). There was insuf�cient knowledge regarding the
safety of probiotic use during pregnancy, with approximately 35% of
respondents unsure or believing it is unsafe to use probiotics during
this period. Additionally, there was some uncertainty about the
speci�city of probiotic strains, with just over half of the respondents
aware that not all probiotic strains can be expected to produce the
same effects (score 0.56). Parents generally understood the rationale for
using probiotics during antibiotic therapy to reduce the adverse effects
of antibiotics (score 0.67), but not for enhancing the effect of antibiotics
(score 0.8). Around 70% of respondents were aware that probiotics
should not be taken simultaneously with antibiotics to achieve the
desired effect. The weakest knowledge was observed regarding the
potential interactions between probiotics and medications, both in
terms of the possibility of probiotics reducing the effect of other
medications when taken together (score 0.23) and in terms of
enhancing the effect of certain medications (score 0.21).
3.7 Parental attitudes toward probiotics

The results show that the mean ratings of parents’ attitudes toward
probiotics varied between 2.36 and 4.84 on a scale from 1 to 5 (Figure 8).

The highest mean rating (4.84) was given to the statement that
healthcare professionals should be more engaged in informing
parents about the use of probiotics in children, a view supported
by over 90% of respondents. The belief that probiotics have a
positive effect on children’s immune systems also received a high
rating (4.48), with about 85% of respondents agreeing with this
statement. Over 80% of parents agreed that probiotic use in children
is safe from birth (4.42). A moderate level of agreement (3.82) was
observed for the statement that probiotics may have an effect on the
prevention of atopic dermatitis, eczema, and other skin problems,
with 41.7% of respondents expressing uncertainty regarding this
claim. About half of the parents expressed doubts about the
effectiveness of probiotics (score 3.50). Similarly, nearly half of
the respondents (47.8%) believed that natural sources of bacteria are
an adequate substitute for probiotic supplements (score 2.75). The
attitude toward the duration of probiotic use received the lowest
rating (2.36), with almost 70% of parents believing that children
should not take probiotics daily for long periods, while 23% of
respondents were uncertain about the recommended duration
of use.
FIGURE 5

Distribution of knowledge and attitude scores among respondents.
FIGURE 6

Comparison of self-perceived and actual knowledge about
probiotics between groups that did not use and did use probiotics,
and total.
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3.8 Previous experience with probiotic use

Parental information on probiotic use is presented in Table 3.
The questions regarding the use of probiotics in children were
answered only by those parents who reported that they had given
probiotics to their child at some point, which included 1,575
respondents, or 95.7% of the total sample.

Among those who gave probiotics to their child, 75.2% reported
doing so during antibiotic therapy. The second most common reason
was gastrointestinal problems such as diarrhea, constipation, and
nausea (69.3%). Additionally, 45.5% of parents used probiotics for
the prevention and strengthening of their child’s immune system.
Probiotics were used by 10.92% of respondents to help prevent and
alleviate symptoms of skin conditions, and an even smaller percentage
(7.9%) used them for the prevention and treatment of allergic reactions.
The smallest group of parents (5.4%) administered probiotics to their
children in case of respiratory issues. In addition to the provided
reasons, several parents selected the “Other” option, with a signi�cant
number mentioning travel as an additional reason for using probiotics.
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Regarding the duration of probiotic use, the majority of parents
(36.6%) administered probiotics to their children for fewer than ten
days, while 15.4% of parents reported giving probiotics for a period
exceeding six months. When asked whether they consult with their
physician or pediatrician prior to administering probiotics to their
child, 17.4% of parents indicated that they never seek medical
advice, 54.8% consult occasionally, and 27.7% always obtain
medical guidance. Responses to the inquiry about adverse effects
during or after the administration of probiotics revealed that the
vast majority of parents (98.0%) observed no negative effects,
whereas only 2.0% reported adverse reactions, which included
gastrointestinal issues such as constipation and diarrhea.

When it comes to the type of probiotics most frequently
administered to their children, the most commonly used probiotic
contains the Lactobacillus strain (30.3%), followed by
Bi�dobacterium and Saccharomyces boulardii in smaller
proportions (1.5% and 12.5%, respectively). Combined strains are
utilized by 25.8% of parents, while 29.6% do not consider the
composition of the probiotics they use. In selecting a probiotic for
FIGURE 8

Mean attitude scores per statement.
FIGURE 7

Mean knowledge scores per statement.
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