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Objectives: This double-blind pilot randomized placebo-controlled trial examined the

possible effect of the probiotic strain Lactobacillus rhamnosus GG ATCC53103 (LGG)

on symptoms of attention-deficit/hyperactivity disorder (ADHD), health-related quality of

life (QoL), and serum levels of cytokines in children and adolescents with ADHD.

Methods: This trial evaluated 32 drug-naive children and adolescents aged between

four and 17 years with a diagnosis of ADHD. The study subjects were randomly

assigned to either the group that received LGG or the group that received the placebo.

Assessments, comprising the ADHD Parent-Report Rating Scale-IV: Home Version; the

Child Self-Report and Parent Proxy-Report of the Pediatric Quality of Life Inventory
TM

(PedsQL
TM

) 4.0 Generic Core Scale; the Parent Form (CBCL/6-18) and the Teacher

Report Form (TRF) of the Child Behavior Checklist (CBCL) for ages 6–18 of the

Achenbach System of Empirically Based Assessment (ASEBA); and the serum cytokines;

were compared between the groups at the baseline and after 3 months.

Results: Thirty-five participants were randomized, with 32 completing the study (91.4%

retention). There was a significant improvement in the PedsQL Child Self-Report Total

Score after 3 months of treatment in the probiotic (p = 0.021, d = 0.53), whereas

there was no significant improvement in the placebo group (p = 0.563, d = 0.04).

The results of psychometric parameters assessed by parents and teachers were not

so straightforward. There were statistically significant differences in the levels of serum

cytokines between the groups after the 3-month treatment period: IL-6 in both the

probiotic (p = 0.004, d = 0.73) and the placebo groups (p = 0.035, d = 0.94); IL-10 (p

= 0.035, d = 0.6); IL-12 p70 (p = 0.025, d = 0.89); and TNF-α (p = 0.046, d = 0.64) in

the probiotic group only.

Conclusions: Children and adolescents with ADHD who received LGG

supplementation reported better health-related QoL compared to their peers who

received the placebo. This suggests that LGG supplementation could be beneficial.

But results with psychometric tests conducted by parents and teachers as well as

differences in the levels of inflammatory cytokines were ambiguous. Based on these
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results, we propose some study modifications: a longer observation period (6–12

months); inclusion of more children’s self-report assessments; recruitment of non-drug

naive patients and the possible omission of serum cytokines measurements.

Clinical Trial Registration: Medical Ethics Committee (UKC-MB-KME-19-06/16).

Keywords: attention-deficit/hyperactivity disorder, ADHD, Lactobacillus rhamnosusGG, LGG, probiotics, children,

adolescents, health-related quality of life

INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is nowadays
the most prevalent neurodevelopmental disorder with an
estimated worldwide-pooled prevalence of 5.29% among people
up to and including 18 years of age (1). According to the
Diagnostic and Statistical Manual of Mental Disorders-Fifth
Edition (DSM-5), the diagnosis of ADHD is based on clinical
symptoms (2). The recommended treatment for ADHD is
multimodal, covering every aspect of children’s psychosocial
environment (3, 4).

Pharmacological treatments are efficacious and are widely
used, but they may have several limitations (5). For many
reasons, but mostly because of side effects, families choose not
to use pharmacotherapy and non-adherence to therapy is rather
high. Therefore, more research is needed to explain the etiology
of ADHD and the possible benefits of non-pharmacological
therapies (6, 7). A variety of non-pharmacological interventions
are available, but their efficacy remains uncertain (5). There has
been a growing interest in dietary interventions (5). According
to a systematic review and meta-analyses of RCT, free fatty
acid supplementation produced small but significant reductions
in ADHD symptoms even with probably blinded assessments,
although the clinical significance of these effects remains to be
determined (5). Artificial food color exclusion produced larger
effects, although this was often in individuals selected because of
food sensitivities (5).

Genetics has been described as the most important etiological
factor in ADHD, but the contribution of environmental
factors has been estimated to be 20–30% (1, 8). The search
for possible etiological factors has been expanded in recent
years to include the gut microbiota (7, 9). According to
experimental evidence from animal models, gut microbiota is
involved in brain development and function and may play
a crucial role in neurotransmission and neuronal plasticity,
as explained in the gut-brain axis (7, 10–15). The reverse
is also true, with intestinal dysbiosis being linked to various
behavioral features in psychiatric disorders (15). A study by Borre
demonstrated that early-life perturbations of the developing
gut microbiota, which is very vulnerable because of its high
instability and immaturity, can influence neurodevelopment
and potentially lead to adverse mental health outcomes later
in life (16). There is evidence from animal studies that
the gut microbiota might also be a therapeutic target in
ADHD, mediated by the deregulation of neurotransmitters
(17, 18).

Proposed pathways by which the gut microbiota may
modulate brain development, function, and behavior, are
immune (cytokines), metabolic (short-chain fatty acids),
endocrine (cortisol), and neuronal (the vagus nerve and the
enteric nervous system) pathways (19). For example, host
(human) stress hormones such as norepinephrine might
influence bacterial gene expression or signaling between bacteria
and thus change the microbial composition and activity (20).
Certain microbiota can produce neuroactive compounds such
as neurotransmitters (7). Lactobacillus spp. and Bifidobacterium
spp. can produce GABA and Lactobacillus spp. also produces
acetylcholine, etc. (21, 22).

Several studies have proposed an immune pathway by which
gut microbiota could modulate brain development in ADHD
(23–25) and these are supported by findings of increased serum
levels of proinflammatory cytokines such as IFN-γ and IL-16
in ADHD patients (6). Blood test parameters, for which values
have been found to be significantly different in children with
ADHD, are the biochemical markers CRP, B-12, folate, iron,
ferritin, transferrin, and the cytokines IL-6, IL-10, and IL-16
(26–29). Blood parameters that have been found to be changed
by LGG with statistical significance are TNF-α, IL-1β, IL-2, IL-
4, IL-6, IL-8, IL-10, IL-12, IL-17, and IL-18. IL-4 and IL-10
are anti-inflammatory, while the others are proinflammatory
cytokines (30–38).

A study by Isolauri on the modulation of the maturing gut
barrier showed that LGG stabilizes the gut permeability barrier
by its effects on tight junctions, mucin production and antigen-
specific immunoglobulin A production (39). Experimental
studies by Bravo and Enticott have demonstrated that LGG,
via the vagus nerve, regulates emotional behavior and the
central GABAergic system, which is also associated with
neuropsychiatric disorders (13, 40). Of note is a recent study
in healthy women that demonstrated that the consumption of
a mixture of probiotic bacteria had significant effects on brain
regions that control the central processing of emotion and
sensation (41).

In a recent human study by Pärtty, preliminary results
demonstrated that specific probiotics may reduce the risk of the
development of ADHD and other neurodevelopmental disorders
(9). Pärtty’s data showed that the administration of LGG during
the first 6 months of a child’s life may reduce the risk of ADHD
and ASD later in childhood by mechanisms not limited to the
composition of the gut microbiota. They demonstrated a possible
preventive risk-reducing effect of the probiotic LGG on the later
development of ADHD and Asperger syndrome. This is one of
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the few human studies on the possible effect of probiotics on
ADHD. Although the results are encouraging, they should be
interpreted with caution and need to be confirmed by further
studies (7, 9).

The primary objective of our pilot study was to investigate the
possible effect of LGG onADHD symptomatology, health-related
QoL and serum levels of pro- and anti-inflammatory cytokines in
drug-naïve children and adolescents with ADHD. The secondary
objective was to check if the study design is solid enough or
whether some changes are needed, for example, whether the
duration of the study is long enough to observe the changes in
the chosen parameters and to determine the main obstacles to
patient recruitment.

METHODS

Experimental Design
The present study was a countrywide, double-blind, randomized,
parallel-group prospective placebo-controlled trial conducted
from January 2018 to April 2018 on child and adolescent
outpatients with ADHD. The protocol, which is consistent with
the Declaration of Helsinki and its successive revisions, was
approved by the Medical Ethics Committee (UKC-MB-KME-19-
06/16) before implementation. After a complete description and
comprehensive explanation of the procedures, the purpose of the
study, and the reassurance of confidentiality, written informed
consent was obtained from the patients or their legal guardians.
Each patient and their guardian were told that they were free
to withdraw from the trial without any negative effect on their
treatment. All the participants or their parents accordingly
provided written informed consent.

At the baseline visit, participants were blindly randomized
into two groups (placebo and probiotic groups). They were
instructed to take one capsule once daily for a period of 3
months. The shape, color, and weight of capsules with the placebo
and the probiotic were identical. Probiotic capsules contained
the probiotic strain Lactobacillus rhamnosus GG (at least 1010

CFU) and the excipients hydroxypropyl methylcellulose (E464),
maltodextrins and the coloring titanium dioxide (E171). The
ingredients in the placebo were the same as in the probiotic
capsule except for the probiotic strain. Participants were assessed
twice—at the baseline visit (t0) and after 3 months (t1).

Subjects
ADHD patients aged between four and 17 years were invited
to participate in the study. They were recruited from child
and adolescent psychiatry outpatient clinics in Slovenia. The
clinical diagnosis of ADHD according to DSM-5 was made
prior to the study by the participant’s child and adolescent
psychiatrist. Exclusion criteria were: age <4 years or more than
17 years; taking pharmacotherapy for ADHD; or being diagnosed
with HIV/AIDS, Crohn’s disease, ulcerative colitis or cancer; or
receiving chemotherapy.

Measurements
ADHD Symptomatology and Health-Related QoL
The following ratings were performed at t0 and t1: the
ADHD Parent-Report Rating Scale-IV: Home Version; the

Child Self-Report and Parent Proxy-Report of the Pediatric
Quality of Life InventoryTM (PedsQLTM) 4.0 Generic Core
Scale; and the Parent Form (CBCL/6-18) and the Teacher
Report Form (TRF) of the Child Behavior Checklist (CBCL)
for ages 6–18 of the Achenbach System of Empirically Based
Assessment (ASEBA).

The ADHD Rating Scale-IV: Home Version is a behavioral
questionnaire based on the diagnostic criteria for ADHD as
described in the fourth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV). It obtains parent ratings
regarding the frequency of each ADHD symptom (42).

The PedsQL Measurement Model is a modular approach
to measuring health-related quality of life (QoL) in healthy
children and adolescents and those with acute and chronic
health conditions. The 23-item PedsQL

TM
Generic Core Scales

are multidimensional Child Self-Report and Parent Proxy-Report
scales designed to measure the core dimensions of health as
delineated by the World Health Organization, as well as role
(school) functioning. The scales assess physical, emotional, social,
and school functioning (43–45). We used raw scores response
choices, where low scores indicate a better health-related quality
of life (QoL).

The Parent Form (CBCL/6-18) and the Teacher Report Form
(TRF) of the Child Behavior Checklist (CBCL) for ages 6–18 of the
Achenbach System of Empirically BasedAssessment (ASEBA) are
widely used forms identifying problems in children (46, 47).

Pro- and Anti-inflammatory Cytokines
Serum was isolated from blood collected from patients at the
baseline and after 3 months. The serum was simultaneously
analyzed for the following cytokines: IL-1B, IL-2R, IL-4, IL-
6, IL-8, IL-10, IL-12 p70, IL-17, IL-18, and TNF-α. The
serum samples for determination of cytokines were measured
by Luminex Multiplex Technology using the RD-LXSAH-09
Luminex Human Assay. If the values of results were below the
limit of detection (LOD), LOD was used as the result for analysis.

Safety
The participants were asked to immediately inform the research
team of any unexpected symptom or complaint during the
study period. They were systematically asked for any side
effects throughout the study using a daily checklist. Supplement
adherence was measured by a review of daily supplement
intake reports.

Statistical Analysis
Non-parametric tests were used due to the small sample size. The
Wilcoxon signed-rank test was used to calculate the differences
between baseline and follow-up measurements. The Mann-
Whitney U-test was used to calculate baseline differences and
follow-up change between the groups. TheMann-WhitneyU-test
and Fisher’s exact test were used to calculate baseline differences
between the groups in age and gender, respectively. Statistical
analyses were made using IBM SPSS 25 software (IBM Corp.,
Armonk, NY). A probability level of p < 0.05 was considered
statistically significant. Results are presented as mean (M) and
standard deviation (SD).
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RESULTS

Out of 82 invited patients who met the study criteria, 37
(45.1%) refused to take part because of the need for blood
sample examination (Figure 1). Ten (12.2%) further participants
dropped out because of distance and transportation. Thirty-
five participants (42.7%) entered the trial and were blindly
randomized to receive either the probiotic or the placebo. Further
three patients who were randomized in probiotic group were
excluded from the study before collection of their baseline data.
One was excluded because of starting pharmacotherapy which
was an exclusion criterion, and the other two because they
refused to give blood sample on the baseline visit.

Thirty-two participants completed the trial, 18 in the probiotic
and 14 in the placebo group. Altogether 39 (47.6%) participants
refused intervention because of need for blood sample. There
were no drops out in follow-up period.

In the probiotic group (N = 18), there were 12 males and
6 females with median age 11.0 years (M 11.4 ± 3.2). In the
placebo group (N = 14), there were 11 males and 3 females with
median age of 13.0 years (M 12.5 ± 2.3). Statistical analyses did
not show a significant difference in any baseline characteristics
between the groups, including gender (p = 0.694) and age (p =

0.059), nor in any other characteristic (Table 1). Change from
baseline to follow-up between the groups showed significant
improvement on PedQL Child Self-Report (p = 0.044) but in no
other characteristic (Table 2).

ADHD Symptomatology and
Health-Related QoL
Self-Report
Results for ADHD symptomatology and health-related QoL
are presented in Table 2. There was a statistically significant
improvement in the PedsQL Child Self-Report Total Score in the
probiotic group (p = 0.021, d = 0.53), but not in the placebo
group (p = 0.563, d = 0.04). Mann-Whitney U test showed
significant difference between groups in the change from baseline
to follow-up in this characteristic (p= 0.044).

Parent-Report
On the PedsQL Parent Proxy-Report, parents reported a
statistically significant improvement in the Total Scale Score in
the placebo group (p = 0.021, d = 0.67) but a non-significant
improvement in the probiotic group (p = 0.078, d = 0.57).
Statistically significant improvement on the ADHD Rating Scale
score was observed by parents in both groups, the probiotic

FIGURE 1 | Flow diagram of the progress through the phases of a parallel randomized trial of probiotic and placebo group (according to CONSORT 2010 Flow

Diagram).
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TABLE 1 | Baseline clinical parameters of patients in probiotic and placebo group.

Probiotic group

(N = 18)

Placebo group

(N = 14)

p

Race—Caucasian N (%) 18 (100) 14 (100) 1.000*

Gender N (%) 0.694*

Female 6 (33.3) 3 (21.4)

Male 12 (66.6) 11 (78.6)

Age (in years) M (SD) 11.4 (3.2) 12.5 (2.3) 0.059#

Proinflammatory cytokines M (SD)

IL-1β (pg/mL) 29.3 (30.4) 27.1 (18.2) 0.759#

IL-2R (pg/mL) 35.9 (14.3) 208.2 (661.8) 0.828#

IL-6 (pg/mL) 16.3 (2.0) 17.3 (2.6) 0.142#

IL-8 (pg/mL) 29.4 (14.0) 39.3 (29.8) 0.736#

IL-12 p70 (pg/mL) 225.8 (147.2) 254.9 (172.0) 0.627#

IL-17 (pg/mL) 27.5 (14.6) 19.5 (13.9) 0.183#

IL-18 (pg/mL) 157.7 (72.2) 170.8 (70.6) 0.842#

TNF-α (pg/mL) 31.9 (1.6) 32.5 (1.6) 0.272#

Anti-inflammatory cytokines M (SD)

IL-4 (pg/mL) 15.7 (0.0) 19.6 (14.7) 0.257#

IL-10 (pg/mL) 13.9 (0.9) 14.1 (1.4) 0.838#

Health-related quality of life and ADHD symptomatology M (SD)

PedsQL Child Self-Report

Total Score

24.8 (11.0) 25.9 (17.4) 0.747#

PedsQL Parent

Proxy-Report Total Score

28.8 (11.1) 36.6 (16.8) 0.160#

ADHD Rating Scale 33.7 (7.9) 35.1 (10.5) 0.775#

Child Behavior Checklist

Parent Form Total Score

50.8 (18.3) 49.9 (22.5) 0.525#

Child Behavior Checklist

Teacher Report Form Total

Score

44.4 (25.3) 54.4 (17.3) 0.284#

*p < 0.05; *Fisher’s exact test; #Mann-Whitney U-test (baseline comparison between

the groups).

N, numerus; M, mean; SD, standard deviation.

group (p = 0.008, d = 0.84) and the placebo group (p = 0.021,
d = 0.54), respectively. There was a significant improvement in
overall behavior observed by parents with the CBCL Parent Form
in both groups, the probiotic group (p= 0.003, d= 0.84) and the
placebo group (p= 0.008, d= 0.80), respectively.

Teacher-Report
Teachers did not report significant improvement in overall
behavior with the CBCL Teacher Report Form Total Score, the
probiotic group (p= 0.185, d= 0.39) and the placebo group (p=
0.889, d= 0.04), respectively.

Cytokines Levels
Results for serum cytokine levels are presented in Table 3.
Among proinflammatory cytokines, there was a statistically
significant decreasing in the probiotic group regarding serum
levels of IL-6 (p = 0.004, d = 0.73), IL-12 p70 (p = 0.025, d =

0.89), and TNF-α (p = 0.046, d = 0.64), of which IL-12 p70 and
TNF-α were significantly reduced only in the probiotic group. In
the placebo group, a reduction was observed in the IL-6 level (p

= 0.035, d= 0.94). No other proinflammatory cytokines showed
a statistically significant change in any of the groups in the 3
months of treatment. Among the anti-inflammatory cytokines,
serum levels of IL-10 were statistically significantly lower (p
= 0.035, d = 0.60) in the probiotic group after 3 months of
treatment, while there was no significant change in the placebo
group. There was no significant change after 3 months in IL-
4 serum levels in either of the groups. Mann-Whitney U test
showed no difference between groups in the change from baseline
to follow-up in serum level of any cytokine.

Supplement Adherence and Adverse Events
Supplement adherence was measured by a review of daily
supplement intake reports and was 100%. No adverse events were
reported by parents in either the probiotic or the placebo group.

DISCUSSION

Themost interesting finding of the present study was a significant
improvement in the health-related QoL the PedsQL Child Self-
Report only in the probiotic group reflected by a medium
effect size (48). These results could implicate that children
and adolescents who took LGG supplementation felt better
and reported better physical, emotional, social, and school
functioning. They had better health-related QoL compared to
their peers who were not taking LGG supplementation. As noted
by Coghill and Hodgkins (49), most studies on ADHD and QoL
only obtained assessments from the child’s parents and therapists,
although the child’s view about his own symptoms and QoL is of
vital importance.

On the other hand, the results were not so straightforward
when parents assessed their children.

A significant reduction in ADHD symptomatology was
observed by parents on the ADHD Rating Scale with large effect
size in probiotic and medium effect size in placebo group. On
the CBCL Parent Form, there was also a significant improvement
in overall behavior observed by parents in both groups with
large effect size in probiotic as well as in placebo group. On the
PedsQL Parent Proxy-Report, the parents reported a significant
improvement in health-related QoL only in the placebo group
(medium effect size). This could be interpreted in several ways:
enrollment in the study changed the parent-child relationship;
parents gave their children more positive attention regardless
of whether they received LGG or the placebo; parents from
both groups observed their children more carefully after their
enrollment in the study; and they probably also spent more
time together. These factors could result in better parent-child
attachment and reflect positively on how parents scored their
children, regardless of whether they received LGG or the placebo.

Teachers did not report significant improvement in either of
the groups over the study period in overall behavior assessed by
the CBCL Teacher Report Form. A possible explanation for these
results could be that teachers were less motivated to participate
in the study than parents and less diligent in completing the
report forms.

LGG intervention showed a significant reduction in the
production of the proinflammatory IL-12 p70 (large effect size)
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TABLE 2 | Results of the Wilcoxon signed-rank tests for health-related quality of life and ADHD symptomatology, comparing the probiotic and placebo group scores.

Probiotic group (N = 18) Placebo group (N = 14) p$

Baseline M

(SD)

Follow-up

M (SD)

1

M (SD)

p# d Baseline

M (SD)

Follow-up

M (SD)

1

M (SD)

p# d

PedsQL Child Self-Report

Total Score

24.8 (11.0) 19.8 (8.1) −5.1 (9.0) 0.021* 0.53 25.9 (17.4) 25.2 (13.8) −0.6 (8.1) 0.563 0.04 0.044

PedsQL Parent

Proxy-Report Total Score

28.8 (11.1) 22.7 (10.4) −6.2 (13.0) 0.078 0.57 36.6 (16.8) 26.8 (12.3) −9.7 (10.1) 0.021* 0.67 0.598

ADHD Rating Scale 33.7 (7.9) 26.4 (9.3) −7.2 (8.7) 0.008* 0.84 35.1 (10.5) 27.7 (16.3) −7.4 (11.2) 0.021* 0.54 0.952

Child Behavior Checklist

Parent Form Total Score

50.8 (18.3) 37.0 (14.6) −13.8 (20.6) 0.003* 0.84 49.9 (22.5) 34.8 (14.6) −15.1 (16.2) 0.008* 0.80 0.410

Child Behavior Checklist

Teacher Report Form Total

Score

44.4 (25.3) 35.6 (20.0) −8.9 (24.2) 0.185 0.39 54.4 (17.3) 55.3 (25.2) 0.9 (15.5) 0.889 0.04 0.296

*p < 0.05; #Wilcoxon signed-rank test (follow-up vs. baseline comparison for each group separately).

1 follow-up minus baseline; $Mann-Whitney U-test (1 comparison between the groups).

N, numerus; M, mean; SD, standard deviation; d, The Cohen’s d effect size.

TABLE 3 | Results of the Wilcoxon signed-rank tests for inflammatory cytokines, comparing probiotic and placebo group scores.

Probiotic group (N = 18) Placebo group (N = 14) p$

Baseline M

(SD)

Follow-up

M (SD)

1

M (SD)

p# d Baseline

M (SD)

Follow-up

M (SD)

1

M (SD)

p# d

Proinflammatory cytokines

IL-1β (pg/mL) 29.3 (30.4) 17.9 (0.0) −11.4 (30.4) 0.102 0.53 27.1 (18.2) 23.9 (15.2) −3.2 (20.3) 0.414 0.19 0.558

IL-2R (pg/mL) 35.9 (14.3) 31.3 (0.6) −4.7 (14.3) 0.109 0.46 208.2 (661.8) 31.3 (0.7) −176.9

(661.8)

0.414 0.38 0.546

IL-6 (pg/mL) 16.3 (2.0) 14.6 (2.6) −1.7 (2.8) 0.004* 0.73 17.3 (2.6) 14.0 (4.1) −3.3 (6.4) 0.035* 0.94 0.872

IL-8 (pg/mL) 29.4 (14.0) 33.5 (17.6) 4.9 (21.9) 0.149 0.26 39.3 (29.8) 38.5 (29.2) −0.8 (46.8) 0.551 0.03 0.953

IL-12 p70 (pg/mL) 225.8 (147.2) 133.6 (0.0) −92.2 (147.2) 0.025* 0.89 254.9 (172.0) 156.0 (83.8) −98.9 (165.3) 0.059 0.73 0.940

IL-17 (pg/mL) 27.5 (14.6) 20.3 (13.0) −7.3 (19.4) 0.083 0.52 19.5 (13.9) 20.5 (13.2) 1.1 (15.0) 1.000 0.08 0.182

IL-18 (pg/mL) 157.7 (72.2) 161.7 (74.7) 4.1 (68.8) 0.638 0.05 170.8 (70.6) 136.7 (56.4) −34.1 (75.1) 0.173 0.53 0.340

TNF-α (pg/mL) 31.9 (1.6) 27.8 (8.7) −4.2 (8.2) 0.046* 0.64 32.5 (1.6) 28.4 (8.3) −4.0 (6.8) 0.103 0.69 0.796

Anti-inflammatory cytokines

IL-4 (pg/mL) 15.7 (0.0) 18.8 (12.9) 3.1 (12.9) 0.317 0.33 19.6 (14.7) 15.7 (0.0) −3.9 (14.7) 0.317 0.38 0.161

IL-10 (pg/mL) 13.9 (0.9) 13.4 (0.6) −0.5 (0.8) 0.035* 0.60 14.1 (1.4) 13.4 (0.6) −0.6 (1.6) 0.066 0.58 0.691

*p < 0.05; #Wilcoxon signed-rank test (follow-up vs. baseline comparison for each group separately).

1 follow-up minus baseline; $ Mann-Whitney U-test (1 comparison between the groups).

N, numerus; M, mean; SD, standard deviation; d, The Cohen’s d effect size.

and TNF-α cytokines (medium effect size) in the probiotic group
only, but also a significant reduction in the proinflammatory IL-
6 in both groups with large effect size in placebo and medium in
probiotic group. The results also showed that LGG significantly
decreased the anti-inflammatory IL-10 cytokines (medium effect
size) only in the probiotic group. It is challenging to interpret
these ambiguous results. It is possible that the duration of the
study was too short to result in more straightforward changes
in the pro- and anti-inflammatory cytokines. This is one of the
reasons that we propose to change the study design to a longer
trial period of 6–12 months.

The need for blood sample proved to be the main reason of
refusal of participation in the study. Nearly half of the invited
patients declined to participate because of this in different stages

of study. But there were no dropouts in the follow-up period. The
feasibility of the study was indicated by excellent compliance and
tolerance of both the probiotic and the placebo group. No adverse
events were reported by parents in either group.

The strength of the present study was its double-blind
randomized placebo-controlled design in drug-naïve patients,
which enables clear data interpretation. This is, to our knowledge,
the first study observing the possible LGG effects on children and
adolescents with ADHD. A very important fact is that ADHD
symptomatology was assessed not only by parents but also by
teachers and the children themselves.

The limitation of the study was its small sample size, which
is normal for pilot studies. This study involved 32 participants,
which means differences in the results of the questionnaires
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between t0 and t1 had to be much greater to achieve statistical
significance than would be necessary for a study with a larger
number of participants. Small samples can, in fact, prevent the
extrapolation of data (50, 51). Despite the small sample size,
the proven calculated statistically significant values should be
considered to be important.

Results of the present pilot study suggests that larger RCT is
warranted, but we propose some changes in the study design.
Firstly, the experimental period should be longer (6–12 months).
This may enable us to detect more significant changes in both
psychometric and serum parameters. Secondly, it would be
important to include more children’s observational assessments
since the children reported unambiguous results and studies
that include the child’s view about his own symptoms and QoL
are rare. Thirdly, the study population should include patients
on stable pharmacotherapy. Most of the ADHD patients in
outpatient clinics do receive medication. Because of the exclusion
criteria that patients must not be taking ADHDmedication, most
ADHD patients could not be enrolled in the study. Therefore,
including non-drug-naïve patients will enable a much larger
sample size.

It is questionable whether the pro- and anti-inflammatory
cytokines should be included in a new study design. The results
of the pilot study on these are hard to interpret. The tests are
expensive and they represent the major costs of the study. We
could have recruited many more patients in the pilot study
if blood samples for cytokines testing had not been needed.
However, the results of the pro- and anti-inflammatory cytokines
could be significantly changed over a longer period and with a
larger sample size.

CONCLUSIONS

In the 3-month-double-blind RCT, children and adolescents
with ADHD who received LGG supplementation reported better
physical, emotional, social, and school functioning. They had
better health-related QoL compared to their peers in the placebo
group. This could suggest that LGG supplementation could
be beneficial regarding the health-related QoL of children
with ADHD.

The results of the study are quite ambiguous when parents
and teachers assess ADHD symptomatology and health-related

QoL during the study. The results on pro- and anti-inflammatory
cytokines are not straightforward and are hard to interpret.
Based on these pilot study results we suggest that larger RCT
is warranted but with some changes in the study design: longer
duration of the study, the inclusion of more children’s self-report
assessments, and the recruitment of non-drug-naïve patients.
There are pros and cons regarding the inclusion of cytokine tests.
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