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Abstract

Background Acquiring sufficient knowledge and understanding the importance of intestinal microbiota and
probiotics in health and disease, as well as their potential for interactions with concurrently administered drugs, can
significantly influence future pharmacotherapeutic practices among health science students.

Objective This study aimed to assess the knowledge, factors influencing knowledge, attitudes, and practices
regarding intestinal microbiota and probiotics and their interactions with drugs among students of the Faculty of
Medicine in Novi Sad.

Materials and methods This cross-sectional study was conducted in the form of an anonymous questionnaire
among first- and final-year medical and pharmacy students. Predictors of knowledge scores were analyzed using a
negative binomial regression model.

Results The questionnaire was completed by 263 medical and pharmacy students (44.58% first-year and 55.5% final-
year students). Approximately half of the students (53.2%) demonstrated fair knowledge, 34.2% had poor knowledge,
and only 12.5% had good knowledge about the intestinal microbiota and probiotics. Study year and self-assessment
of knowledge were statistically significant predictors of knowledge scores, while the presence of chronic diseases,
previous education, and lifestyle were not. The most common indications for probiotic use among respondents were
antibiotic use (75.4%) and gastrointestinal symptoms (69.9%). A large number of respondents reported not paying
attention to the concurrent use of probiotics with drugs or food, nor to the choice of specific probiotic strains. Most
students expressed that they receive insufficient information on this topic at the university.

Conclusion Most students demonstrate inadequate knowledge about the gut microbiota and probiotics, which
affects their practical use of these supplements. The primary reasons for this are insufficient information and
unreliable sources of information. Therefore, enhancing education on this topic could significantly improve the
knowledge and pharmacotherapeutic practices of future healthcare professionals.
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Background

The gastrointestinal tract (GIT) harbors a vast array of
microorganisms collectively known as the intestinal
microbiota. This dynamic ecosystem profoundly influ-
ences host physiology and health. The intestinal micro-
biota is characterized by its remarkable diversity, with
microbial populations varying along the length of the
GIT and across individuals. Bacteria predominate in the
microbiota, with Firmicutes, Bacteroidetes, Actinobac-
teria, and Proteobacteria comprising the major phyla
[1-3]. Contrary to the long-held belief that the fetal
gut is sterile, studies have unveiled microbial presence
within the fetal intestinal tract before birth. Namely, the
analysis of meconium samples from newborns revealed
the presence of bacterial strains including Staphylococ-
cus and Bifidobacterium, indicating that colonization
by microbiota begins in utero [4, 5]. The mode of deliv-
ery and breastfeeding exert considerable influence on
the development of the intestinal microbiota. Although
breast milk is also traditionally considered sterile, recent
advances in culture-dependent and sequencing tech-
nologies have revealed the presence of a distinct micro-
bial community primarily composed of Streptococcus,
Staphylococcus, Bifidobacterium, Lactobacillus, Bac-
teroides, Acinetobacter, Enterococcus and others [6, 7].
Furthermore, breast milk is rich in bioactive compounds
such as fatty acids, antimicrobial peptides, polyamines,
oligosaccharides, and immune cells, which collectively
contribute to the establishment and modulation of the
infant gut microbiota [8]. During the first two years of
life, the intestinal microbiota undergoes a period of rapid
development and transformation, after which its compo-
sition tends to stabilize and remains relatively constant
throughout the lifespan [9]. Alterations in the composi-
tion and activity of the microbiota, referred to as dysbio-
sis, can profoundly affect the health and homeostasis of
the human organism. Factors that can disrupt the ben-
eficial members of the GIT microbiota include stress,
radiation, antibiotic therapy, altered intestinal peristalsis,
chronic diseases and changes in eating habits and lifestyle
[10]. Dysbiosis has been implicated in the pathogenesis
of numerous diseases, including inflammatory bowel dis-
ease (IBD), obesity, diabetes, and colorectal cancer [11,
12]. Understanding the mechanisms underlying micro-
biota-mediated disease pathogenesis is crucial for the
development of targeted therapeutic strategies aimed at
restoring microbial homeostasis and ameliorating disease
symptoms. In this context, there have been attempts to
modify the activity and composition of the microbiota,
with probiotic use being one of the strategies.

According to the World Health Organization (WHO),
probiotics are “live microorganisms that, when admin-
istered in adequate amounts, confer a health benefit on
the host” Numerous combinations of different bacte-
rial strains are used as commercial probiotics, which are
available to consumers in various pharmaceutical forms,
including powders, tablets, and capsules [13]. The most
commonly used probiotics are Gram-positive bacteria
from the genera Lactobacillus (Lactobacillus acidophilus,
Lactobacillus case, Lactobacillus plantarum, Lactobacil-
lus reuteri, Lactobacillus rhamnosus, Lactobacillus GQG)
and Bifidobacterium (Bifidobacterium infantis, Bifido-
bacterium longum), which naturally occur as part of the
normal intestinal microbiota. Strains of Saccharomyces
boulardii, Lactococcus, Bacillus and some strains of Esch-
erichia coli are used less frequently. Probiotic species vary
in their metabolic activity, bioavailability and mode of
action [1]. They play multiple roles, including maintain-
ing the balance of the intestinal microbiota, inhibiting
the growth of pathogenic bacteria, promoting digestion,
enhancing immune function, and increasing resistance to
infections. Due to their ability to produce organic com-
pounds, such as lactic acid, butyric acid, and acetic acid,
probiotics increase the acidity in the intestines, thereby
inhibiting the proliferation of various harmful bacteria.
Probiotics have been shown to play a significant role in
relieving symptoms of diarrhea and managing inflamma-
tory bowel disease. Furthermore, probiotics have favor-
able effects in addressing allergic reactions to food and
atopic diseases, vaginal infections, chronic candidiasis
and many other conditions [14—16].

In addition to its role in maintaining intestinal homeo-
stasis, the intestinal microbiota is recognized as a unique
biosystem with high potential for interactions with
drugs, contributing significantly to interindividual varia-
tions in drug response. Interactions between drugs and
the intestinal microbiota can lead to changes in drug
absorption, metabolism, and bioavailability [1, 17-19].
Therefore, in recent years, the field of pharmacomicro-
biomics has undergone intensive development, aiming to
investigate the complex interactions between drugs and
the microbiota to unravel the underlying mechanisms
driving interindividual variability in drug responses [20,
21]. Understanding these interactions is crucial for opti-
mizing drug therapy, minimizing adverse effects, and
advancing precision medicine approaches tailored to
individual patients.

Probiotics, as supplements containing live microorgan-
isms, also have a considerable impact on the pharma-
cokinetics of drugs. They influence drug bioavailability
through various mechanisms, including: reducing local
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pH in the GIT by producing short-chain fatty acids,
which can consequently affect the absorption of drugs
due to a change in the ratio of ionized to non-ionized
forms of the drug, prolonging intestinal transit time or
increasing the thickness of the adherent mucosa, modu-
lating the expression of intestinal transporters involved
in drug transport across the intestinal wall, providing
enzymes responsible for drug metabolism, modulating
the activity of microbial enzymes through induction or
inhibition, and leading to drug bioaccumulation in probi-
otic bacteria [1, 22-26].

The hesitation among health professionals to recom-
mend probiotics despite the well-established evidence of
their health benefits may stem from the overwhelming
amount of information about their effects [27]. Further-
more, the variability in effects observed among different
species of probiotics adds another layer of complexity,
making it difficult for healthcare professionals to navigate
the vast array of available options and confidently recom-
mend specific products to their patients. Therefore, it is
imperative that future healthcare professionals, includ-
ing medical and pharmacy students, acquire adequate
knowledge on these topics to sift through the available
evidence, critically evaluate probiotic products, and pro-
vide patients with accurate information and personal-
ized recommendations tailored to their individual health
needs. Currently, there is a lack of studies in our country
assessing the knowledge, attitudes and practices of health
science students regarding intestinal microbiota and pro-
biotic use. Additionally, this study addresses interactions
of gut microbiota and probiotics with drugs, a topic that
has been lacking in similar studies so far. Conducting
such a study could help identify specific knowledge gaps
and areas requiring greater emphasis within the educa-
tional framework.

Accordingly, the aim of this study was to assess the
knowledge, factors influencing knowledge, attitudes, and
practices regarding the intestinal microbiota and probi-
otics and their interactions with drugs among students
in the first and final years of integrated academic studies
of medicine and pharmacy at the Faculty of Medicine in
Novi Sad, Serbia.

Methods

Study design

This research was conducted as a cross-sectional study
at the Faculty of Medicine in Novi Sad between Decem-
ber 2023 and January 2024, involving first- and final-year
students of integrated academic studies of medicine
and pharmacy. The research was approved by the Eth-
ics Committee of the Faculty of Medicine in Novi Sad
(approval number 01-39/137). The minimum required
sample size (n=230) was calculated from the total num-
ber of first- and final-year students in the selected study
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programs (N=590) at the Faculty of Medicine in Novi
Sad during the academic year 2023/2024, with a 95% con-
fidence interval, a 5% margin of error, and a 50% distri-
bution of responses. The research was conducted as an
anonymous survey in the form of a questionnaire on stu-
dents’ awareness of the intestinal microbiota, probiotics
and their interactions with drugs. The questionnaire was
created in an electronic version using the Google Forms
and was distributed to students through informal groups
on social networks. A total of 263 questionnaires were
completed.

Questionnaire

For the purposes of this research, the questionnaire
was developed based on a thorough review of the avail-
able and related literature on the topic and by com-
bining questions from previously conducted surveys
[28-30], with modifications necessary to ensure accu-
racy of the responses to questions and claims, and to
make the content more relevant for prospective doctors
and pharmacists, enabling them to provide adequate rec-
ommendations to their patients. In addition, questions
addressing drug interactions with gut microbiota and
probiotics were included as an original component of the
questionnaire to raise awareness in this area and high-
light knowledge gaps that could be addressed within the
current education system.

Detailed information about the survey was provided at
the beginning of the questionnaire. Prior to completing
each questionnaire, all respondents gave their informed
consent. The content, readability, comprehension, and
design of the questionnaire were pretested on 30 stu-
dents who were not included in the final analyses. The
questionnaire consisted of 31 questions, organized into
three sections, and was intended to be completed in
one session. No minimum or maximum time limit was
set for completing the questionnaire. Participants were
instructed to take as much time as needed, with the aver-
age completion time being 10 min. The first part of the
questionnaire covered the socio-demographic charac-
teristics of the students and included general questions
about gender, age, field of study, year of study, average
grade, lifestyle, presence of chronic diseases, as well as
previous education related to the intestinal microbiota
and probiotics, and the sources of probiotic-related
information. Chronic diseases were defined as condi-
tions lasting one year or more that require ongoing medi-
cal attention. The term “affected by chronic diseases,’
referred to self-reported conditions such as asthma, dia-
betes, epilepsy, thyroid gland disorders, and some other
conditions that require chronic therapy. These individu-
als may be potential candidates for interactions between
probiotics and concurrently administered medications.
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The respondents were asked to evaluate their cur-
rent knowledge about probiotics on a 5-point Likert scale
with the following ratings: very poor (1), poor (2), fair (3),
good (4), and very good knowledge (5). The second part of
the questionnaire was the knowledge section and comprised
questions related to the definitions of the gut microbiome,
probiotics, prebiotics, synbiotics, factors affecting micro-
bial composition, strains that can be used as probiotics,
indications for probiotics, and the use of probiotics dur-
ing pregnancy and in children. Additionally, it addressed
interactions of probiotics with drugs and students’ attitudes
related to this topic. The questions from this group were
primarily multiple-choice and three questions that had mul-
tiple correct answers (questions related to factors affecting
the composition of the intestinal microbiota, strains that
can be used as probiotics, and interactions of gut micro-
biota and probiotics with drugs) for which scoring was
performed by analyzing the answers to individual items.
Based on the answers to the questions related to knowl-
edge, a knowledge score was determined, so that each cor-
rect answer was assigned a score of one, and each incorrect
answer was assigned a score of zero. The maximum score
for the knowledge questions was 44. Students’ knowledge
was categorized as good if they answered more than 75%
(34—44 correct answers) of the questions correctly, fair if
they answered 50-75% (22-33) of the questions correctly,
and poor if they answered less than 50% (0—21). A five-point
Likert scale was used to assess the attitudes about probiotic
use (1 — strongly disagree, 2 - disagree, 3 - neutral, 4 - agree,
5 — strongly agree).

The third part of the questionnaire addressed the
respondents’ prior experience with the use of probiot-
ics (for respondents who have used them at any point
in their lives). This section included questions regarding
whose recommendation influenced their decision to use
probiotics, the indications for which they used probiot-
ics, the types of probiotic bacteria they used, how they
selected specific probiotic products, and the concur-
rent use of probiotics with food, antibiotics, and other
medications.

Data analysis

The obtained data were exported in CSV format and sub-
sequently processed for statistical analysis using IBM
SPSS software (SPSS 22.0 SPSS Inc., Chicago, IL, USA).
Descriptive statistics, including the mean, median, mini-
mum, maximum, and standard deviation, were used to
summarize the numerical data. Categorical data are pre-
sented as percentages and frequencies. The Kolmogorov-
Smirnov test was employed to evaluate the normality
of the data distribution. To compare two independent
samples, we utilized two different statistical tests. The
t-test for independent samples was applied under the
assumption of a normal distribution. In cases where this
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assumption was not met, the Mann-Whitney test, a non-
parametric test equivalent to the independent samples
t-test, was used. For more than three samples and vari-
ables that did not follow a normal distribution, we used
the Kruskal-Wallis H test. Furthermore, the Chi-square
test of independence was employed to explore the rela-
tionships between two categorical variables. The Spear-
man correlation coefficient was computed to evaluate the
correlation between two variables that did not follow a
normal distribution. Statistical hypotheses were tested at
a significance level (alpha level) of 0.05.

To examine the variability in students’ knowledge
scores, we employed a negative binomial regression
(NBR) model. This model is advantageous for analyz-
ing count-based data because it arises from the Poisson-
gamma mixture distribution. The application of the NBR
model was justified by the nature of our dependent vari-
able, which comprises only nonnegative integer values,
and the observation that the assumption of equal mean
and variance for the dependent variable was not met.
Specifically, we encountered instances of overdispersion,
where the variance exceeded the mean, likely due to het-
erogeneity across observations. The model is formulated
as follows:

In(u;) =28 +e.

In this expression, /; represents the mean value of
the NBR distribution, while its variance is given as
p; + «p?, where o denotes the overdispersion param-
eter. The results are presented through estimated coef-
ficients (B), standard errors (Std. Error), significance of
Chi-square tests (Wald Chi-Square, df, p) and incidence
rate ratios (Exp(B)). The incidence rate ratios indicate
how a one-unit increase in the predictor variable is
expected to multiply the incidence rate of the outcome
by the IRR value, assuming all other variables remain
constant.

Results

Basic socio-demographic data and previous education on
intestinal microbiota and probiotics

Out of a total of 590 first- and final-year medical and
pharmacy students, 263 students completed the ques-
tionnaire (response rate 44.58%). Table 1 represents basic
socio-demographic data of the respondents, alongside
with the information about their previous education on
intestinal microbiota and probiotics.

Out of the 263 respondents, 146 (55.55%) were medi-
cal students, including 56 (38.36%) first-year students
and 90 (61.64%) final-year students. Additionally, 117
(44.5%) respondents were pharmacy students, with 61
(52.14%) first-year students and 56 (47.86%) final-year
students. There was no statistically significant difference
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Table 1 Socio-demographic data and previous education on intestinal microbiota and probiotics among respondents

Field of study p Year of study p Total
Medicine Pharmacy First Final n (%)
n (%) n (%) n (%) n (%)
Gender
Male 35 (24%) 20 (17.1%) 0.173 20 (17.1%) 35 (24%) 0173 55 (20.9%)
Female 111 (76%) 97 (82.9%) 97 (82.9%) 111 (76%) 208 (79.1%)
Presence of chronic diseases
No 130 (89%) 107 (91.5%) 0515 109 (93.2%) 128 (87.7%) 0.138 237 (90.1%)
Yes 16 (11%) 10 (8.5%) 8 (6.8%) 18 (12.3%) 26 (9.9%)
Previous education on intestinal microbiota and probiotics
Not at all 52 (35.6%) 53 (45.3%) 0.115 102 (87.2%) 3(2.1%) 0.000 105 (39.9%)
Yes, to a small or insignificant extent 71 (48.6%) 42 (35.9%) 13 (11.1%) 100 (68.5%) 113 (43%)
Yes, to a large extent 23 (15.8%) 22 (18.8%) 2(1.7%) 43 (29.5%) 45 (17.1%)
TOTAL 146 117 0.074 117 146 0.074 263
5.000
in the distribution of respondents in relation to the o,
field of study or study year (p=0.074). The average age &
of the medical students was 19.14+0.84 (18-24) and E 000 :
23.70£1.21 (23-31) for the first- and final- year students, = 3300 1 ‘
respectively. For pharmacy students, the average age 2 3.000 ! S
was 19.15+0.573 (18-21) and 23.38+1.20 (22-27) for the & .
first- and final- year students, respectively. The majority — §
of respondents were female (79.1%), comprising 76% of % 2000 ]
medical students and 82.9% of pharmacy students. The ”;; 1.500
Chi-square test for gender distribution between fields 1.000 |

of study was not statistically significant (x> [1]=1.858,
p=0.173).

A significant difference was found in the average grade
distribution between the fields of study (x* [3]=25.011,
p=0.000). Students of medicine (43.8%) had a higher
average grade (9.00-10.00) compared to students of
pharmacy (18.8%). Regarding the lifestyle assessment
that students could rate on a scale from 1 (very poor) to
5 (very good), there were no statistically significant dif-
ferences between medical and pharmacy students, or
between students in the initial and final years of study.
The majority of students described their lifestyle as fair
(mean score of 3.27810.738). A total of 90.1% of partici-
pants reported no chronic diseases, while 9.9% reported
having them, with no difference between medical and
pharmacy students (x> [1]=0.424, p=0.515).

Regarding education on the gut microbiota and pro-
biotics, 39.9% of all participants reported not learn-
ing about this topic at all. Among those who did, 43%
reported learning to a small or insignificant extent, while
17.1% reported learning to a large extent. The Chi-square
test for differences in education on the gut microbiota
and probiotics between the fields of study was not statis-
tically significant (x2 [2]=4.329, p=0.115). However, as
expected, there was a statistically significant difference
in previous education on the gut microbiota and probi-
otics between first- and final-year students. Specifically,
87.2% of first-year students reported never having been

First Final

Total Medicine  Pharmacy

Fig. 1 Students’ self-assessment of their knowledge of intestinal micro-
biota and probiotics

exposed to courses related to the gut microbiota, com-
pared to only 2.1% of final-year students. However, a sig-
nificant portion (68.5%) of final-year students reported
learning about the gut microbiota and probiotics to only
a small or insignificant extent. When asked about the
courses during their studies in which they encountered
this topic, the largest number of students mentioned the
subjects Pharmacology and Physiology, with only a small
number of students (6.6%) also mentioning Microbiol-
ogy. Respondents reported that they acquired knowl-
edge about probiotics from various sources including the
internet (140 responses given by 53.2% of respondents),
doctors (126 responses, 47.9% of respondents), pharma-
cists (129 responses, 49% of respondents), at the univer-
sity (118 responses, 44.9% of respondents), and scientific
papers and journals (42 responses, 16% of respondents).

Self-assessment of students’ knowledge

Figure 1 shows the results of students’ self-assessment
of their knowledge of intestinal microbiota and pro-
biotics, ranked according to a Likert scale from 1 (very
poor) to 5 (very good). There were no statistically sig-
nificant differences between students of medicine and
pharmacy regarding their assessment of their knowledge
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of probiotics (t=8149,000, p=0,478). However, in the
knowledge assessment category, there was a statistically
significant difference between the first-year and final-
year students (t=5217,500, p=0,000). The mean scores
improved from 2.547 in the initial year to 3.110 in the
final year, suggesting that students’ assessment scores sig-
nificantly increased as they progressed in their education.

Knowledge score

Figure 2 shows the distribution of knowledge levels
about the gut microbiota and probiotics. Among the
respondents, 33 (12.5%) provided more than 75% cor-
rect answers, indicating good knowledge of the examined
topic. Fair knowledge was demonstrated by 140 (53.2%)
students who provided 50-75% correct answers, while
90 (34.2%) respondents provided fewer than 50% correct
answers, indicating poor knowledge.

Figure 3 shows the actual knowledge scores of medical
and pharmacy students as well as students in the first and
final years, which were calculated as the absolute num-
ber (0-44) and percentage (0-100%) of correct answers.
There was no statistically significant difference between
students of medicine and pharmacy in terms of knowl-
edge scores (t=-0.349, df=261, p=0.728). However, there
was a statistically significant difference in the scores
between students in the first and final years of study (t=-
8.792, df=261, p=0.000). This is further supported by
the mean scores, which increased markedly from 20.427
(46.42%) in the first year to 27.425 (62.33%) in the final
year (p=0.000). This substantial increase is supported
by an increase in both the median and minimum scores,
indicating a general improvement in knowledge scores
across the student population.
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-
8
2
8
1
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Fig. 2 Distribution of students' knowledge levels about gut microbiota
and probiotics

Students’ knowledge about the interactions of intestinal
microbiota and probiotics with drugs

Figure 4 shows the respondents’ knowledge about the
interactions of the intestinal microbiota and probiot-
ics with drugs. Approximately half of the respondents
(50.6%) knew that certain drugs can accumulate in the
intestinal microbiota and probiotics. Regarding the ques-
tion about the influence of the intestinal microbiota on
the formation of toxic metabolites of drugs, 52.5% of the
students answered correctly, with the final-year students
(33.5%) showing better knowledge compared to first-year
students (19%). Additionally, a difference in knowledge
between students in the first and final years of studies was
observed in the answer to the question of whether the
intestinal microbiota can lead to the activation of certain
prodrugs, where 43.7% of final year students answered
this question correctly, and only 22.4% of first-year stu-
dents. Of the total number of students, 64.3% knew that
probiotics can be involved in the metabolism of certain

100.00)

80.00 *

60.00

40.00-

Knowledge score

20.004

o
.00

First Final

YEAR

Fig. 3 Knowledge scores of medical and pharmacy students, as well as first-year and final-year students, regarding gut microbiota and probiotics
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Certain drugs can accumulate in the gut microbiota
and probiotics
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Fig. 4 Respondents'knowledge about the interactions of intestinal microbiota and probiotics with drugs

Table 2 Negative binomial regression model analysis of predictors for knowledge scores

Parameter B Std. error Hypothesis test Exp(B)
Wald x? df p
Gender 0.037 0.0381 0.960 1 0327 1.038
Field of study -0.054 0.0320 2.897 1 0.089 0.947
Year of study 0.218 0.0627 12.135 1 0.000* 1.224
Presence of chronic diseases -0.031 0.0512 0.365 1 0.546 0.970
Have you had lectures about gut microbiota and probiotics? 0.039 0.0752 0.270 1 0.604 1.040
Lifestyle 0.036 0.0217 2.700 1 0.100 1.036
Self-assessment score 0.126 0.0232 29.695 1 0.000% 1.134

drugs, and 66.2% knew that probiotics can increase the
absorption of some drugs, where a difference in knowl-
edge was again observed between the first-year students
(25.9% correct answers) and the final-year students
(40.3% correct answers). However, less than half (47.5%)
of all respondents knew that probiotics can decrease the
absorption of certain drugs. For all questions about drug
interactions, the pharmacy students had better knowl-
edge compared to medical students.

Predictive model of students’ knowledge score about
probiotics

A negative binomial regression model was used to exam-
ine the factors influencing students’ actual knowledge of
probiotics. The model included independent variables
such as gender, year of study, presence of chronic dis-
eases, course attendance covering the gut microbiota and
probiotics topics, lifestyle assessment, and self-evaluated
knowledge of probiotics (Table 2).

The goodness-of-fit results indicate a reasonable fit to
the data. Both the deviation and Pearson Chi-square val-
ues are relatively close to their degrees of freedom (1.176
and 1.043, respectively), suggesting that the model is not
significantly over-dispersed. The Omnibus test (likeli-
hood ratio x2=107.964, df=8, p=0.000) is highly sig-
nificant, indicating that the model coefficients are jointly

significantly different from zero, which suggests that the
model has explanatory power.

Year of study and self-assessment of knowledge sig-
nificantly influenced the test scores. Assuming that all
other variables remain constant, each additional year
of study is associated with a 22.4% increase in expected
probiotic knowledge scores (IRR=1.224). Similarly, a
one-point progression in self-assessment aligns with a
13.4% increase in expected scores (IRR=1.134), high-
lighting the connection between self-assessed knowledge
and actual academic proficiency in probiotics. The field
of study showed a trend toward significance in favor of
medical students. Gender, the presence of chronic dis-
eases, whether students had learned about the gut micro-
biota and probiotics in any courses, and lifestyle factors
were not statistically significant predictors of knowledge
scores. The scale parameter for the negative binomial
distribution was significant, confirming the appropriate-
ness of this model over a simpler Poisson model, which
assumes that the mean of the dependent variable is equal
to its variance .

Quantitative analysis of self-assessment of knowledge and
actual knowledge of students

Spearman’s rho correlation analysis revealed a moder-
ate positive correlation (p=0.488, p=0.000) between
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students’ self-assessment of their knowledge and their
actual knowledge scores. The Kruskal-Wallis H test indi-
cated that there was no statistically significant difference
in students’ self-assessed knowledge about probiotics
across different average grade ranges (H=2.680, df=2,
p=0.262), despite slight variations in mean scores. On
the other hand, the Kruskal-Wallis H test results showed
a statistically significant difference in actual knowledge
test scores about probiotics among students with differ-
ent average grade ranges, with higher scores associated
with higher average grades (H=9.343, df=2, p=0.009).
The Mann-Whitney U test revealed a statistically signifi-
cant difference in self-assessed knowledge about probiot-
ics between individuals who used probiotics fewer than
twice and those who used them more than twice, with
the latter group reporting higher self-assessment scores
(U=1514.500, p<0.001). Similar results were obtained
for actual knowledge test scores about probiotics, with
significantly higher scores were associated with students
who had used probiotics more than twice (U=1934.500,
p=0.001).

Knowledge scores and self-assessment scores of
knowledge relative to the source of information about
probiotics

Figure 5 illustrates the correlation between students’
knowledge scores and their self-assessment scores, cat-
egorized by the source of information on probiotics. Uni-
versity courses and scientific papers were combined as
academic sources, while doctors and pharmacists were
grouped as healthcare professionals. The highest knowl-
edge scores, along with higher self-assessment scores,
were observed among students who relied on academic
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sources, particularly scientific papers and university edu-
cation. In contrast, both knowledge and self-assessment
scores were notably lower when the information was
obtained from informal sources, such as friends, rela-
tives, or neighbors, suggesting that these channels may
be less effective for learning about probiotics.

Students’ attitudes toward the use of probiotics

Figure 6 presents students’ attitudes toward the use of
probiotics. Among all respondents, 25.1% agreed that
they had received sufficient information about the ben-
efits of probiotics during their university education. A
significant majority (90.9%) believed that healthcare pro-
fessionals should be more informed abot the topic. Addi-
tionally, most students agreed that pharmacists should
play a key role in promoting probiotic use, while opinions
were nearly evenly split on whether doctors rarely rec-
ommend probiotics.

Students’ experience with probiotic use

Table 3 outlines the questions concerning respondents’
previous experience with probiotic use. For questions
marked with an asterisk, only students who had reported
using probiotics at some point in their lives were
required to respond. Notably, only seven students indi-
cated they had never used probiotics. Among those who
had used probiotics, the majority (52%) did so based on
a doctor’s recommendation, while a substantial propor-
tion (28.9%) used them independently, without consult-
ing a healthcare professional. Concerning the timing of
probiotic intake in relation to meals, a significant portion
(41.8%) admitted they did not pay attention to this factor.
Furthermore, more than half of the respondents (72.7%)
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Fig. 5 Knowledge scores and self-assessment scores of knowledge relative to the source of information about probiotics
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W Strongly disagree Disagree I'm not sure Agree M Strongly agree
Fig. 6 Students'attitudes toward the use of probiotics
Table 3 Overview of students’experience with probiotic use
Total Field of study Year of study
n (%) Medicine Pharmacy First Final
n (%) N (%) n (%) n (%)
| have used probiotics during my lifetime:
Never 7 (2.7%) 4(2.7%) 3(2.6%) 4 (3.4%) 3(2.1%)
Once 5(1.9%) 2 (1.4%) 3(2.6%) 1 (0.9%) 4 (2.7%)
Two times 13 (4.9%) 9 (6.2%) 4 (3.4%) 8 (6.8%) 5(3.4%)
More than two times 238 (90.5%) 131 (89.7%) 107 (91.5%) 104 (88.9%) 134 (91.8%)
Total 263 (100%) 146 (55.5%) 117 (44.5%) 117 (44.5%) 146 (55.5%)
*| made the decision to use probiotics:
Based on a doctor’s recommendation 133 (52%) 69 (48.6%) 64 (56.1%) 61 (54%) 72 (50.3%)
Based on a pharmacist’s recommendation at the pharmacy 48 (18.8%) 38 (26.8%) 10 (8.8%) 21 (18.6%) 27 (18.9%)
Self-initiated 74 (28.9%) 34 (23.9%) 40 (35.1%) 31 (27.4%) 43 (30.1%)
Other 1(0.4%) 1(0.7%) - - 1(0.7%)
*| have taken probiotics:
Before meal 86 (33.6%) 56 (39.4%) 30 (26.3%) 40 (35.4%) 46 (32.2%)
After meal 53 (20.7%) 22 (15.5%) 31 (27.2%) 21 (18.6%) 32 (224%)
During meal 10 (3.9%) 4 (2.8%) 6 (5.3%) 4 (3.5%) 6 (4.2%)
I did not pay attention 107 (41.8%) 60 (42.3%) 47 (41.2%) 48 (42.5%) 59 (41.3%)
*While | was taking antibiotics:
| took probiotics at different time from the antibiotic 186 (72.7%) 109 (76.8%) 77 (67.5%) 86 (76.1%) 100 (69.9%)
| took probiotics at the same time as the antibiotic 24 (9.4%) 12 (8.5%) 12 (10.5%) 11 (9.7%) 13 (9.1%)
| didn't pay attention to the time of administration 27 (10.5%) 12 (8.5%) 15(13.2%) 11 (9.7%) 16 (11.2%)
I'haven't taken probiotics with antibiotics, only independently 19 (7.4%) 9 (6.3%) 10 (8.8%) 5 (4.4%) 14 (9.8%)
| have never taken antibiotics 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
*1 didn’t use probiotics while taking other medications (other than antibiotics):
True 51 (19.9%) 23 (16.2%) 28 (24.6%) 22 (19.5%) 29 (20.3%)
False 127 (49.6%) 73 (51.4%) 54 (47 4%) 55 (48.7%) 72 (50.3%)
I am not sure 78 (30.5%) 46 (32.4%) 32 (28.1%) 36 (31.9%) 42 (29.4%)
Total 256 (100%) 142 (55.5%) 114 (44.5%) 113 (44.1%) 143 (55.9%)

* The questions were answered only by students who declared that they had used probiotics at some point in their lives

reported taking probiotics at different times in relation
to their antibiotic use, not at the same time. A smaller
percentage (19.9%) stated they avoided probiotics when
taking other medications, while 30.5% indicated they did
not consider the concurrent use of probiotics with other
medications.

Figure 7 illustrates the most common indications for
probiotic use among respondents. The largest proportion
of students (75.4%) reported using probiotics during anti-
biotic therapy, while 69.9% used them to alleviate gastro-
intestinal symptoms. Additionally, 29.7% of respondents
used probiotics preventively to enhance overall health,
while much smaller percentages used them for immune
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Other |2 (0.78%)
During antibiotic use [IIIINIEGEE 193 (75.4%)
Preventively (to improve general well-being) | 76 (29.7%)
Allergy B (3.1%)
Impaired immune system |25 (9.8%)

Gastrointestinal symptoms | NN 179 (69.9%)
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Fig. 7 The most common indications for probiotic use among respondents
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Fig. 8 Composition of probiotic products reported to be used by the respondent
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Fig. 9 Factors influencing respondents’ choices of specific probiotic supplements

system support (9.8%) or to manage allergic reactions of students based their choices on the advice of health-

(3.1%).

Figure 8 displays the composition of probiotic products
used by the respondents. A significant portion (46.5%)
were unsure about the specific composition of the probi-
otics they used. Among those who reported using specific
strains, 28.9% mentioned Lactobacillus, 25% indicated a
combination of strains, 18.4% referenced Saccharomyces,
and 6.6% identified Bifidobacterium.

Figure 9 highlights the factors influencing respondents’
choices of specific probiotic supplements. The majority

care professionals, with 51.2% following the recommen-
dations of pharmacists and 49.2% following those of
medical doctors. Additionally, 34.8% of students reported
selecting a particular probiotic preparation based on pre-
vious positive experiences, while 23.4% considered price
as a deciding factor.
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Discussion

As previously noted, to the best of our knowledge, this is
the first study conducted in Serbia that provides insights
into the knowledge and factors influencing the knowl-
edge, attitudes, and practices of medical and pharmacy
students, as future healthcare professionals, regarding
gut microbiota, probiotics, and their interactions with
drugs.

In terms of self-assessed knowledge on the subject,
only a small percentage of respondents (3.8%) consid-
ered themselves to have good knowledge. More than
half (55.1%) rated their knowledge as fair, while 27.4%
regarded it as quite poor. This pattern was reflected in
the actual knowledge scores, where the majority (53.2%)
demonstrated fair knowledge. Only 12.5% of students had
good knowledge, while 34.2% exhibited generally poor
knowledge. In comparison, a significantly higher percent-
age of students in Jordan (39.1%) rated their knowledge
as good, a finding corroborated by their actual knowledge
scores [31].

In contrast to students from Indonesia [32] and India
[33], where 90.8% and 80.8% of students, respectively,
were familiar with the definition of probiotics, a slightly
lower percentage of students in our study correctly iden-
tified the definition (73.4%). Even fewer were familiar
with the definitions of gut microbiota (68.8%) and prebi-
otics (62%). Most students recognized that factors such
as age, diet, antibiotic use, genetics, chronic diseases,
alcohol consumption, smoking, and mental health can
influence the composition of the gut microbiota [34—36].
However, less than half (47.15%) were aware that the
mode of delivery also affects gut microbiota composi-
tion. Numerous studies have shown that infants born
via cesarean section, compared to those born vaginally,
experience a distinct trajectory of gut microbiota devel-
opment. This difference stems from the lack of exposure
to the mother’s vaginal and fecal microbiota, resulting in
initial colonization by bacteria from the skin and the sur-
rounding environment [37, 38].

The students in this study exhibited limited knowl-
edge in identifying probiotic species. Respondents were
asked to select microorganisms from a list of those they
believed included probiotic strains. The species they rec-
ognized most frequently were Saccharomyces boulardii
(71.48% correct answers) and Lactobacillus acidophilus
(70.72%). Conversely, approximately half of the students
were uncertain or unaware that species such as Lactoba-
cillus rhamnosus and Bifidobacterium bifidum also con-
tain probiotic strains. Even fewer students recognized
that certain strains of Streptococcus thermophilus, Esch-
erichia coli, Bacillus subtilis, and Enterococcus faecium
are also classified as probiotic bacteria. In a study con-
ducted in Indonesia, the most recognized species were
Saccharomyces boulardii, Lactobacillus acidophilus, and
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Lactobacillus rhamnosus [32]. Consistent with our find-
ings, only a small percentage of Indonesian students
(4.5%) identified Escherichia coli as a probiotic, in con-
trast to students from Saudi Arabia, where a significant
percentage (89.6%) considered it a probiotic [39].

Regarding questions about probiotic use during preg-
nancy, approximately half of the students indicated that
pregnant women can generally consume probiotics
throughout pregnancy, while the other half were either
unsure or believed they are not recommended dur-
ing this period. A comprehensive systematic review and
meta-analysis conducted by Sheyholislami and Connor
[40] have indicated that probiotics and prebiotics are safe
for use during pregnancy, postpartum, and during lacta-
tion. Probiotic supplementation during pregnancy has
been shown to significantly reduce nausea, vomiting, and
constipation, improving overall quality of life [41]. Fur-
thermore, more than half of the students were unaware
that breast milk contains both probiotics and prebiotics.
Breast milk contains several predominant bacterial spe-
cies, including Staphylococci, Streptococci, Lactobacilli,
Enterococci, Lactococci, and Bifidobacteria [6, 7]. The
prebiotic effect of breast milk is attributed to its low con-
centrations of proteins, phosphorus, lactoferrin, lactose,
nucleotides, and oligosaccharides [42].

Concerning the general use of probiotics in children,
35% of students were uncertain if and when they could
be used, while only 16.7% indicated that probiotics could
be used from birth. Although probiotics are generally
regarded as safe, specific clinical conditions warrant cau-
tion regarding their use. These conditions include prema-
turity, critical illness, immunocompromised states, the
presence of a central venous catheter, cardiac valvular
disease, and short-gut syndrome [43]. Some studies indi-
cated that even in prematurely born babies who exhibit
an altered gut microbiota composition, with an increased
proportion of harmful compared to beneficial bacteria,
probiotic use has the potential to restore the balance and
normalize the abnormal colonization pattern [5].

In response to questions about the effectiveness of pro-
biotics for various indications, students demonstrated
the highest level of familiarity with their efficacy in treat-
ing gastrointestinal (GIT) symptoms, with the major-
ity (91.25%) answering correctly. Similar knowledge was
observed among students from Saudi Arabia, where
87.3% provided correct answers [39]. However, a sig-
nificantly smaller percentage of our respondents (44.4%)
were aware that probiotics may have a beneficial effect
on lipid metabolism. Numerous probiotic strains, includ-
ing Lactobacillus acidophilus, Lactobacillus plantarum,
Lactobacillus casei, Bifidobacterium longum, Enterococ-
cus faecium, and Streptococcus thermophilus, are known
to lower blood lipid levels [44]. Likewise, a substantial
proportion of students were unaware that probiotics can
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be effective in preventing vaginal infections (48.3%) [45],
reducing allergic reactions (48.3%), or managing eczema
(57.8%) [46]. Furthermore, only a small percentage
(17.11%) recognized that probiotics may help reduce the
risk of dental caries by modulating the oral microbiota
[47].

As the relevance of the gut microbiome and probiotics
in modulating drug pharmacokinetics continues to grow
[1, 19, 23, 24, 48], a section of the questionnaire focused
on assessing students’ knowledge of interactions between
probiotics, the intestinal microbiota, and concurrently
administered drugs. A significant number of respondents
were unfamiliar with these potential interactions. The
percentage of correct answers ranged from 47.5 to 66.2%,
with pharmacy students generally demonstrating better
knowledge than medical students. Additionally, final-
year students exhibited greater understanding compared
to first-year students.

An increasing number of studies have highlighted the
implications of microbiota and probiotics for drug effi-
cacy, inactivation, and toxicity [1, 18, 19, 21, 22, 49-52].
One of the earliest studies indicating the role of gut
microbiota in drug metabolism was conducted by Pep-
percorn and Goldman in 1972 who demonstrated that
the anti-inflammatory drug, salicylazosulfapyridine,
could be degraded in conventional rats and when cul-
tured with human gut bacteria, but not in germ-free rats
[53]. The example of drug inactivation by gut microbiota
is well illustrated by the case of digoxin. Gut microbes
can reduce the lactone ring of the parent drug, digoxin,
leading to its conversion into the inactive metabolite,
dihydrodigoxin [54]. This may cause the variability in
therapeutic outcomes among individuals. It is well-estab-
lished that patient responses to chemotherapy can vary
greatly between individuals, both in terms of treatment
effectiveness and the severity of side effects [18]. Emerg-
ing research suggests that differences in gut microbiota
may play a role in this variability. Beyond their impact
on the host immune system, gut microbes can directly
modify the chemical structures of cancer drugs and their
metabolites, influencing their interaction with host cells.
It has been shown that -glucuronidase produced by gut
bacteria, can reactivate the chemotherapeutic agent iri-
notecan, SN-38, in the intestines. This reactivation leads
to severe gastrointestinal toxicity, particularly severe
diarrhea, limiting the use of this otherwise effective drug
[55]. Recent studies have shown that co-incubation with
E. coli or Listeria welshimeri either enhanced or reduced
the efficacy of half of a panel of 30 anticancer drugs when
tested against cancer cell lines [56]. More recent studies
have also pointed out the possibility of the accumula-
tion of certain drugs, such as simvastatin [25], gliclazide
[57], duloxetine, rosiglitazone, montelukast, and roflumi-
last [17], in intestinal and probiotic bacteria, which can
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significantly alter their pharmacokinetics and therapeu-
tic response. In addition to drug biotransformation and
bioaccumulation, it has been demonstrated that probi-
otic bacteria may affect the absorption of certain drugs.
Saputri et al. demonstrated that supplementing rabbits
with the probiotic Lactobacillus plantarum resulted in
a twofold increase in amlodipine absorption compared
to that in control groups that were not pretreated with
probiotics [58]. In a study conducted by Al-Salami et
al., supplementation of rats with probiotics affected the
absorption of gliclazide, increasing it in diabetic animals
and reducing it in healthy animals [59]. Matuskova et al.
demonstrated that the administration of the probiotic
strain Escherichia coli Nissle 1917 led to a 43% increase in
the blood levels of amiodarone compared to the control
group [60]. In addition to its impact on absorption, an
increased level of the metabolite N-desethylamiodarone
was also observed in the plasma of these animals, indi-
cating the role of probiotics in both the absorption and
metabolism of this drug [60].

The application of the negative binomial regres-
sion model revealed important factors influencing
respondents’ knowledge scores. The year of study and
self-assessment of knowledge emerged as statistically
significant predictors of knowledge scores, whereas the
presence of chronic diseases, previous education on the
gut microbiota and probiotics, and lifestyle factors were
not significant predictors. An increase in academic years
was associated with higher knowledge scores, underscor-
ing the impact of education. Additionally, better self-
assessment of knowledge correlated with higher actual
knowledge scores, suggesting that students were gen-
erally accurate in evaluating their own knowledge. The
study program also showed a trend toward significance,
in favor of medical students, indicating its role in knowl-
edge levels.

In response to the question about previous education
on the gut microbiota and probiotics, the majority of stu-
dents (82.9%) reported having received either no educa-
tion on the topic or only a small amount. Consistent with
these findings, most respondents felt that they had not
received sufficient information about the gut microbiota
and probiotics during their university studies, empha-
sizing the need for greater awareness and improved
education for healthcare professionals in this area. The
majority of respondents indicated that they obtained
information about probiotics primarily from the internet,
followed by doctors and pharmacists. Only 16% reported
receiving information at the university, highlighting the
need for better integration of this topic into the curricu-
lum. Our findings also showed that students who sought
information from credible sources, such as scientific
papers and university materials, had significantly better
knowledge than those relying on informal sources, such
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as the internet, friends, and relatives. In comparison, a
study conducted among healthcare professionals and
students in New Delhi found that 39.41% of respondents
received information about probiotics through television
and newspaper advertisements, while 22.66% obtained it
from websites [61]. Similarly, a large proportion of stu-
dents from Saudi Arabia (64%) reported acquiring infor-
mation from the internet and friends (60%), although
a significant number (45.3%) emphasized that they
obtained information during university lectures [39].

With regard to previous experience with probiotics,
the majority of respondents (90.5%) reported having
consumed probiotics more than twice in their lifetime.
Similarly, students from Indonesia also reported a high
prevalence of probiotic use, with 98.8% having used them
previously [32]. Notably, students who had used probiot-
ics more than twice scored higher in both self-assessed
and actual knowledge, suggesting a better understanding
of the efficacy of these supplements.

The most common indications for probiotic use among
respondents were antibiotic therapy and gastrointesti-
nal symptoms, similar to findings from students in Saudi
Arabia [39]. During antibiotic therapy, 72.7% of students
reported taking probiotics within a specific time inter-
val, which is crucial due to the direct effect antibiotics
can have on the efficacy of probiotic supplements [62].
A common recommendation is to administer probiot-
ics at least 2 h after taking antibiotics, allowing sufficient
time for antibiotic absorption and minimizing its poten-
tial impact on probiotic bacteria in the gut. Additionally,
it is advised to continue probiotic supplementation for
7-10 days after completing the antibiotic course to aid in
restoring the gut microbiota [63].

A significant number of students (42.2%) reported that
they did not pay attention to whether they consumed
probiotics before, during, or after meals. In a study con-
ducted by Tompkins et al.,, the highest survival of the
tested probiotic strains (Lactobacillus helveticus R0052,
Lactobacillus rhamnosus R0011, and Bifidobacterium
longum RO175) was observed when taken before or dur-
ing a meal rich in fats [64]. The majority of respondents
reported making the decision to use probiotics based
on a doctor’s recommendation, while nearly 30% of the
students had taken them on their own initiative. Regard-
ing the selection of specific probiotic supplements, most
students reported not paying attention to the composi-
tion of the products. This underscores the crucial role
of healthcare professionals in guiding patients towards
appropriate probiotic choices. For some respondents,
previous positive experiences and price were decisive fac-
tors in choosing a certain probiotic product. Given that
different products contain different probiotic strains and
varying bacterial colony counts, which significantly affect
the effects of a specific product [65], it is essential for
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healthcare professionals to have access to evidence-based
information to provide appropriate recommendations
and guidance to patients. With the increasing number
of probiotic products and the growing consideration of
probiotics as complementary and alternative therapies
alongside vitamins, minerals, and other dietary supple-
ments, it is crucial for healthcare professionals to access
scientific and up-to-date sources of information on these
supplements. The role of the university, along with edu-
cation and lectures on intestinal microbiota and probiot-
ics, is significant in this context [66, 67].

This research is significant as it represents the first sur-
vey conducted in Serbia to investigate the knowledge,
attitudes, and practices of future healthcare profession-
als concerning intestinal microbiota, probiotics, and
their interactions with medications. A notable strength
of this study is the high response rate from participants.
However, a limitation is that the study was conducted
at only one university in Serbia, so the results may not
fully reflect the knowledge, attitudes, and practice at the
national level. Nonetheless, the findings from this sur-
vey can serve as a valuable starting point for enhancing
education on the importance of intestinal microbiota and
probiotics at the university level, especially since a large
number of participants expressed a need for more infor-
mation on this topic during their studies.

Conclusion

The results of our research indicate a significant knowl-
edge gap among medical and pharmacy students regard-
ing the gut microbiota, probiotics, and their interactions
with concurrently administered medications. This defi-
ciency is also evident in their practical use of probiotics.
The primary factors contributing to this gap are insuf-
ficient awareness and reliance on unreliable sources
of information. Most respondents believe they do not
receive adequate education on this topic at the univer-
sity level. Therefore, enhancing healthcare profession-
als’ understanding of probiotics and their effects could
significantly optimize patient care and promote overall
health and well-being. This underscores the importance
of ongoing education and training initiatives that equip
healthcare professionals with the necessary knowledge
and skills to navigate the complexities surrounding probi-
otic use and make informed recommendations based on
scientific evidence. Such improvements would undoubt-
edly have a positive impact on the pharmacotherapeutic
practices of future healthcare professionals.
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