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ARTICLE INFO ABSTRACT

Keywords: Levels of the male sex hormone testosterone are generally stable in the age interval 20-70 years, but several
Probiotics studies indicate an earlier, age-dependent decline. Testosterone deficiency is often underdiagnosed and under-
Testosterone

treated, but replacement therapy has nonetheless increased during the last couple of years. Owing to possible
negative side effects, alternative treatments have been investigated, including different supplementation pro-
tocols. The aim of this study was to investigate the effect of probiotic supplementation on the testosterone level in
healthy men aged between 55 and 65. Hence, 12 weeks randomized, double-blinded, placebo-controlled trial was
conducted to investigate the effect on testosterone levels following supplementation of the recognized probiotic
Limosilactobacillus reuteri ATCC PTA 6475 on testosterone levels, using high-, low- or placebo treatment. Venous
blood samples were collected at baseline, 6 and 12 weeks, for analysis of bloodwork, lipid profile, hormones, and
electrolytes. Subjects were also asked to complete a questionnaire. The supplementation had no effect on
testosterone levels, neither using high- or low dose, nor placebo. However, a significant decrease of triglyceride
levels was observed in the high-dose group. No other parameters showed any significant change. The present
study does not support the hypothesis that a probiotic supplementation can increase testosterone levels in ageing
men.
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1. Background decline. Thus, several cross sectional and longitudinal studies have

indicated age associated declining serum testosterone levels associated

Testosterone is the primary male sex hormone and is pivotal in
determining male sexual differentiation, development, and maturation
through the entire lifespan of the individual. Testosterone plays a key
role in the development of male reproductive tissues such as testes and
prostate and promotes secondary sexual characteristics such as
increased muscle and bone mass, and the growth of body hair. Testos-
terone is synthesized by Leydig cells in the testes in the presence of
luteinizing hormone (LH). Circulating testosterone is mostly attached to
the proteins sexual hormone binding globulin (SHBG) and albumin,
while some circulates as free testosterone.

In males, serum testosterone levels peak around the age of 20 and
usually remain stable until over the age of 70 [1]. However, there is a
large amount of literature arguing that age is a factor in testosterone
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with age [2-4].

Travison et al. observed that there was a substantial decline in total-
and free testosterone associated with ageing alone, however other fac-
tors were also associated with an accelerated decline including an in-
crease in Body Mass Index (BMI) and the loss of a spouse [3]. It has been
shown that the total testosterone level in obese men is lower than in men
of normal weight of the same age, partly due to a lower SHBG levels in
obesity.

Even though other factors, such as smoking, depression, or marital
status have also been linked to a decrease in testosterone levels, an age-
related impact on testosterone levels remains even after adjusting for
these factors [2].

Low levels of serum testosterone are associated with specific
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symptoms. The most easily recognizable symptoms of this in older men
are usually a decrease in muscle mass, strength and bone mass and an
increase in central body fat. Other symptoms like decrease in libido and
sexual desire, loss of memory, insomnia and a decreased sense of well-
being are difficult to measure but are likely attributable to low testos-
terone [5]. Testosterone deficiency is frequently overlooked and inad-
equately treated since the symptoms reported by men with low
androgen levels are often dismissed and attributed to the natural aging
process. Bhasin et al. suggested that low testosterone affects an esti-
mated 2-4 million men in the US alone and in testosterone supple-
mentation has increased over the past several years [6].

Testosterone replacement therapy is the standard therapy for young
adults, aiming to restore normal range hormone levels and alleviate the
symptoms associated with deficiency. However, there are challenges
and side-effects, associated with replacement therapy [5].

Due to the controversy regarding testosterone replacement therapy
and potential side effects, other alternatives are being investigated.

Some research has investigated the links between probiotic supple-
mentation and their effects on various hormones, such as corticosterone,
oxytocin, and testosterone. One study with probiotics showed that
L. rhamnosus (JB-1) had an effect in reducing stress induced corticoste-
rone in a mouse model of anxiety [7]. However, in a human study, it was
shown that supplementation with probiotics was not superior to placebo
in the reduction of symptoms of anxiety or inflammatory markers,
showing the difficulties in translating animal models into studies on
humans [8].

Limosilactobacillus reuteri (L. reuteri) is one of the most widely
investigated probiotic bacterium commercially available today and
beneficial clinical effects have been shown in gastro-intestinal health,
immunity and even the gut-brain axis [9-11].

Regarding L. reuteri and the gut brain axis, it was shown that after
supplementation with L. reuteri ATCC PTA 6475 in mice, there was a
significant acceleration in wound healing and hair re-growth could be
linked to the upregulation of oxytocin [12]. The same bacterial strain
has previously been tested in a higher dose in a human clinical study
investigating the effect on bone mass density in post-menopausal
women, showing that the supplementation was beneficial in reducing
bone loss [13].

In 2014, Poutahidis et al. showed, using mouse models, that L. reuteri
ATCC PTA 6475 consumption increased testicular weight as well as
serum testosterone and counteracted age-related testicular atrophy
[14].

Probiotic organisms may affect different hormones and offer prac-
tical options for management of disorders frequently associated with
normal aging [15,16].

The aim of this study was to evaluate the potential effect of probiotic
dietary supplementation on testosterone levels (and other relevant
testosterone related hormones) in healthy middle-aged and elderly men
and the effect on other biomarkers associated with testosterone.

2. Materials and methods
2.1. Study products (IP)

The two active study products contained L. reuteri ATCC PTA 6475,
Vitamin D3 and maltodextrin in a capsule. Active study product Low dose
contained a dose per capsule of L. reuteri ATCC PTA >5 x 108 colony-
forming units (CFU) and vitamin D3 5 pg. Study product High dose
contains a dose per capsule of L. reuteri ATCC PTA >5 x 10° CFU and
vitamin D3 5 pg. L. reuteri ATCC PTA 6475 is a naturally occurring strain
of human origin [17]. The placebo product (CP) was of identical
formulation, Vitamin D3 (5 pg/capsule) and maltodextrin without
L. reuteri ATCC PTA.

Contemporary Clinical Trials Communications 39 (2024) 101300
2.2. Study design and dose groups

The study was a double-blind, randomized, three-arm placebo-
controlled parallel-group study with the primary objective to evaluate if
daily supplementation with L. reuteri ATCC PTA 6475 can influence
testosterone levels over 12 weeks of intervention.

The study consisted of a combined screening and randomization and
baseline sample collection visit, and two follow up assessments for 90
days (follow-up 44- and 90-days post start of treatment).

Healthy male subjects, 50-65 years of age, were recruited using
advertising (e.g., in social media). All subjects were willing and able to
give informed consent for participation in the study, capable of under-
standing and complying with the requirements of the study, had no
known underlying medical conditions and no history of androgen or
testosterone supplementation 6 months prior to study start. Subjects
who presented with antibiotics or probiotic supplements use 4 weeks
prior to study start, subjects who presently have or have had cardio-
vascular issues in the past 2 years, subjects who have a Body Mass Index
of <18 or >30, had known elevated Prostate Specific Antigen level, a
history of prostate or testicular cancer, had nicotine or alcohol abuse
were excluded from the study. Brief oral information about the study
was given and pre-defined pre-screening questions asked.

During the screening and randomization assessment (visit 1), full
information about the study was given and informed consent obtained.
Information regarding demographics, age, weight, height, occupation/
retired, marital status, children, sleep, alcohol intake and exercise levels
was collected, and the subjects filled out the Ageing Males Symptoms
(AMS) Questionnaire [18,19]. Subjects were screened for eligibility as
per the pre-defined eligibility criteria, as specified in the ethical appli-
cation for the study.

Eligible and consenting subjects were randomized to intervention
with either Low dose, High dose or placebo. The subjects were provided
with study product or placebo taken twice daily (for a total daily dose of
1 x 10° CFU (Low dose) and 1 x 10'° CFU (high dose) for eight weeks
and a diary for checking compliance and capturing adverse events (AEs).

The subjects were contacted 1-3 days after randomization to confirm
that the first I[P or CP had been taken. At visits 2 and 3 (44- and 90 days
post randomization, respectively), the subjects were asked to answer the
AMS questionnaire. Information on AEs, parallel medications, use of
restricted products, and compliance with instructions for IP intake was
collected.

2.3. Blood samples

Blood samples were taken at three separate timepoints: at baseline,
44- and 90 days (end of study). The following markers were analyzed in
peripheral blood and plasma at the Clinical chemistry department, SUS,
Malmo, Sweden:

Testosterone, SHBG, Dehydroepiandrosterone sulphate (DHEAS),
Thyroid Stimulating hormone (TSH), Thyroxine (T4), Bilirubin, Insulin,
Luteinizing hormone (LH), Prostate-Specific Antigen (PSA), Follicle
Stimulating Hormone (FSH), C- reactive protein (CRP), HBAlc, Albu-
min, Cholesterol, High Density Lipoprotein (HDL), Low Density Lipo-
protein (LDL), Triglycerides, Hemoglobin, Calcium, Potassium, Sodium,
Creatinine and Cystatin-c/pt-EGFR.

2.4. Statistics

The statistical analysis of the efficacy objectives follows the intention
to treat (ITT) principle, implying that all randomized subjects who have
taken at least one dose of the study product should be included in the ITT
analysis.

The Wilcoxon signed rank test was used for comparing a change over
time within each group for continuous and ordered categorical data and
the Binomial test used for binary data.

The Wilcoxon rank sum test was used for comparing the groups for
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continuous and ordered categorical data and the Fisher’s exact test was
used for binary data. Data from all variables are presented by means of
descriptive statistics. All presented p-values and confidence intervals are
two-sided and nominal.

2.5. Ethical aspects, recruitment, and randomization

All subjects provided written informed consent prior to participating
in this investigation. This study was conducted according to the guide-
lines of the declaration of Helsinki and approved by the Ethical Approval
Agency in Sweden, given the number DN 2020-01611. The trial was
registered at www.clinicaltrials.gov (NCT-04577625). Participants for
the study were recruited via CTC Clinical Trial Consultants AB, Uppsala,
Sweden. More than 60 men volunteered for eligible testing and 57 were
included in the study program. Subjects were randomized into three
sequentially numbered equal groups. The randomization record was
held by Skane university clinic (SUS) and handed over for statistical
analysis after complete data collection.

3. Results

A total of 57 subjects were initially enrolled in the study but only 49
subjects completed according to the ITT principle. The criteria for ITT
were (1) correctly included (2) randomized (3) at least on efficacy
observation post randomization (4) have taken at least one dose of the
study medication. At the clean file meeting it was decided that four of
the initial subjects should be excluded from the efficacy analysis using
the ITT analysis set, since they did not meet the study criteria. The
remaining four subjects were excluded as they did not meet the ITT
criteria. They did not take the supplement as instructed or they did not
fulfill the blood sampling. One further subject was excluded from the
ITT, due to suspected hypogonadism, manifested as extremely low
testosterone and high FSH and LH levels.

There was no significant difference between the different groups
concerning age or BMI (see Table 1).

Table 2 shows the biochemical characteristics of the three different
groups. No significant between-group differences were observed at
baseline regarding the investigated parameters. The triglyceride con-
centration was significantly decreased in the high dose group, by more
than 20 % during the first 6 weeks, from 1.54 to 1.22 mM (p = 0.003)
and the triglyceride concentration was further decreased after 12 weeks
to 1.20 mM (p = 0.0004) as illustrated in Fig. 1A. After 12 weeks, the
triglyceride concentrations are different also between the low- (1.48
mM) and high- (1.20 mM) dose groups, after 12 weeks (p = 0.015).
Significant differences between the high dose and placebo groups were
also seen after both 6 and 12 weeks (p = 0.013 res. 0.014) as presented
in Fig. 1B. After 6 weeks a significant change of calcium levels in the
high dose probiotic group could be seen. The calcium concentration
changed from 2.40 to 2.33 mM (p = 0,002) but after another 6 weeks the
calcium concentration was normalized (see Table 2). One of the par-
ticipants in the high dose groups showed increased CRP levels and low
albumin throughout the intervention period, possibly indicating a po-
tential systemic low-grade inflammation. Moreover, the albumin level,
in the high dose group, decreased after 12 weeks from 44.44 to 42.80 g/
L (p = 0.033), even when excluding the participant mentioned earlier.
Furthermore, a trend towards decreased levels of the lipid parameters
total cholesterol and LDL was observed in the high dose group; however,
the decrease was not statistically significant. A similar tendency was also
seen for cortisol.

Table 1
Baseline characteristics of participants.

Placebo (n = 18) Low dose (n = 14) High dose (n = 15)

57.5+ 4.3
259+24

57.3+£3.9
26.7 £ 2.1

56.9 + 3.3
26.4 +£ 2.0

Age (year)
BMI (kg/m?)
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Data concerning blood characteristics are presented in Table 3. Sig-
nificant decreases of HB (p = 0.022), EVF (p = 0.027) and RBC (p =
0.023) levels, in the high dose group, were detected after 6 weeks. After
12 weeks the levels had however returned to baseline values. No further
changes were observed.

The results from the AMS questionnaire (see Table 4) show that both
the placebo and the high dose groups experience significant improve-
ment (indicated by lower numbers) concerning somatic scores, after 6
and 12 weeks. Scores concerning both psychological and sexual matters
in the low dose group indicate an improved state after 6 and 12 weeks.
The total score for all groups were below 36 indicating no or mild
symptoms only, consistent with a low testosterone level. In our case all
study participants are well within the reference intervals given for the
age group for the investigated parameters e.g., testosterone, SHGB, LH
and FSH and thereby not considered deficient in these parameters [20].
The total mean score in both the placebo and the low dose group
decreased by 15 % and 13 % respectively compared to the high dose
group that only decreased by 4 %.

During the study, no self-reported adverse events were observed
besides some general comments from a few individuals in all groups,
concerning increased flatulence.

4. Discussion

Age-related testosterone deficiency is a factor of concern regarding
bone loss in elderly men, therefore maintaining adequate testosterone
levels is critical for bone health. It should be mentioned that all patients
got a daily dose of vitamin D (400 IU). Effects of vitamin D supple-
mentation has been shown to increase testosterone in a group of healthy
overweight men who underwent a weight reduction program and
received 3332 IU vitamin D3 daily for one year [21]. Most likely the
increase found in the study could be explained by the fact that reduction
in fat will release testosterone into the circulation and thereby increase
the serum concentration. Two other studies show no increase in
testosterone levels upon supplementation with vitamin D3 ranging from
4200 IU to 40,000 IU over a time of 4-12 month [22,23].

In the present study we set out to investigate the effect of probiotic
supplementation of L. reuteri on testosterone levels in ageing men. It has
recently been shown that supplementation of the LR strain could
significantly reduce bone loss in older women with low bone mineral
density [13]. Preclinical evidence show that the observed effect of
L. reuteri on bone density is to a large extent driven by effects on T cells
[24-26] but it is reasonable to expect that the effects in postmenopausal
women could be hormone related, and therefore LR could potentially
influence testosterone in older “post andropausal” men where testos-
terone is in decline [2]. L. reuteri was shown to have multiple effects on
different hormones in several different mouse studies. One study
observed that when mice were administered this probiotic daily for 30
days there was an increase in serum testosterone levels, increase in
Langerhans cells and testes size compared to those administered a pla-
cebo product [14]. Two studies reveal the effects of probiotic supple-
mentation on hormones in women, the first relates to individuals
diagnosed with polycystic ovary syndrome, accompanied with increased
levels of SHBG [27]. The second study regarded perimenopausal, and
postmenopausal women supplemented with a multi-species probiotic
product containing 8 species of Bifidobacterium sp and Lactobacillus; a
total dose of 2,5 x 10° CFU three times per day for five weeks resulted in
a significant increase of FSH [28].

The present study did not show any effects on testosterone levels in
the investigated population, regardless of the LR supplementation dose.
The present study has included only healthy individuals, with no known
deficiencies in testosterone and have not seen any effect on the levels of
this hormone. It cannot be excluded that supplementation with pro-
biotics, could have an effect in individuals with low testosterone pro-
duction. No significant changes could be detected using the AMS-score
analysis, although some improvements were reported both on somatic-,
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Table 2
Chemical and biochemical characteristics of the placebo and probiotic groups low (LD) and high dose (HD).
Analyte Placebo Low dose High dose
Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks
CRP (mg/L) 1.49 + 1.26 1.54 +1.34 2.11 £ 2.38 1.08 + 0.77 1.34 £ 1.15 1.09 + 0.62 3.22 £ 3.20 2.74 £+ 2.61 2.59 +2.43
Creatinine (uM) 84.44 + 9.06 84.56 + 85.59 + 9.64 86.07 + 88.64 + 86.50 + 83.94 + 85.60 + 83.93 +
11.42 19.27 11.84 12.06 11.45 10.78 13.04
Bilirubin (pM) 9.28 + 2.82 9.44 £ 3.42 9.88 + 3.46 13.0 + 5.4 12.36 + 4.8 13.71 + 5.58 12.75 + 9.07 10.40 + 5.57 10.73 +£5.28
Cystatin C DT-egfr 80.17 + 7.08 80.99 + 7.03 78.59 + 6.76 79.0 £ 6.65 76.40 + 6.08 75.99 + 7.5 79.00 + 6.65 76.40 + 6.68 78.93 + 7.50
Albumin (g/L) 43.28 + 2.44 44.31 + 2.87 43.47 £ 2.72 44.43 + 2.56 45.36 + 2.65 45.07 + 3.36 44.44 + 3.14 43.67 + 3.58 42.80 + 3.67
PSA (pg/L) 1.64 +1.21 1.41 + 0.80 1.53 £ 0.83 2.03 £ 1.68 2.02 +£1.71 1.88 +£1.67 1.52+1.13 1.35+0.82 1.48 £ 1.50
SHBG (nmol/L) 46.78 + 47.63 + 44.38 + 57.64 + 47.5 £+ 16.22 49.21 + 40.56 + 38.80 + 39.25 +
16.40 18.54 16.74 13.72 16.85 15.89 14.52 15.36
LH (IU/L) 5.17 £ 2.34 5.12 £ 2.30 494 £ 2.16 5.14 £ 3.32 4.01 £1.34 4.58 £ 1.69 4.74 £ 2.00 4.77 £1.97 483 £1.71
Testosterone (nM) 17.88 + 6.16 17.84 + 6.55 17.66 + 8.34 18.74 + 6.16 19.08 + 5.5 18.9 + 4.96 16.29 + 6.84 15.53 £ 5.16 15.97 £ 5.91
DHEAS (pM) 4.81 £ 2.76 4.81 £+ 2.82 495 + 2.84 4.63 £+ 2.48 4.5 + 2.54 4.62 £ 2.53 5.18 £ 1.65 5.11 £1.81 491 £ 1.64
FSH (IU/L) 6.74 £ 3.30 6.95 £ 3.77 6.78 £ 3.84 4.56 £ 1.61 441 £1.64 4.61 £1.57 5.02 £ 2.62 5.19 £ 2.47 5.02 £ 2.28
TSH (mIU/L) 2.26 £ 1.42 2.62 +£1.43 2.49 £ 1.39 2.54 +£1.88 2.39 £1.16 2.48 £ 1.68 2.64 +£1.32 2.66 + 1.45 2.76 + 1.56
T4 (nM) 15.94 + 2.01 15.88 + 2.25 15.29 £+ 1.65 15.36 + 1.82 15.57 £ 1.5 15.43 + 1.79 15.75 + 1.88 15.40 + 1.80 15.20 + 1.86
Cortisol (nM) 307.8 +£75.2 332.1 £ 317.4 £ 96.0 347.2+92.4 352.8 £ 346.1 + 84.2 315.5 £93.1 307.1 + 89.5 290.1 +
103.0 103.8 103.3
Insulin (mIU/L) 15.82 + 10.50 + 7.85 9.82 + 6.84 10.21 + 6.46 11.71 + 11.93 +7.29 1219+ 7.71 13.27 £ 7.26 11.87 + 6.27
19.03 10.34
HbA1C (mmol/ 34.78 + 3.28 34.94 + 3.36 35.33 £ 3.15 34.21 £ 3.21 34.42 + 3.02 35.6 £ 2.67 35.31 £ 2.73 35.80 + 2.24 36.50 + 2.53
mol)
Cholesterol (mM) 5.36 £1.33 5.46 £ 1.45 5.22 £1.36 5.47 £ 0.41 5.54 £ 0.41 5.54 £ 0.54 5.07 £ 0.95 4.80 £ 0.90 4.77 £ 0.94
LDL (mM) 3.52+£1.13 3.59 £ 1.42 3.39 £1.25 3.57 £ 0.46 3.78 £ 0.46 3.72+£ 041 3.25 £ 0.58 3.13 £ 1.00 3.10 £ 0.92
HDL (mM) 1.51 £ 0.32 1.52 + 0.35 1.59 + 0.32 1.59 + 0.41 1.54 + 0.30 1.54 + 0.43 1.48 + 0.51 1.47 £ 0.50 1.45 £ 0.50
Triglycerides (mM) 1.36 +£ 0.73 1.52 + 0.75 1.44 + 0.65 1.40 + 0.59 1.17 £ 0.43 1.48 £ 0.75 1.54 + 0.44 1.22 + 0.45 1.20 + 0.41
Natrium (mM) 140.3 + 1.8 140.1 £ 1.7 139.3+ 1.9 140.9 + 2.4 140.2 £+ 2.7 139.8 +£ 1.9 139.9 £+ 2.0 140.3 + 1.5 140.1 +£ 2.3
Kalium (mM) 4.11 £0.33 4.08 £ 0.31 4.06 +£ 0.2 4.09 £0.21 4.07 £ 0.19 4.11 £0.38 4.04 £0.37 4.03 £0.32 4.11 £0.25
Calcium (mM) 2.38 £ 0.06 2.36 £ 0.05 2.33 £ 0.06 2.40 £ 0.12 2.37 £ 0.08 2.40 £ 0.10 2.40 £+ 0.09 2.33 £ 0.08 2.35 £ 0.10
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Fig. 1. Change in triglyceride concentrations in the high dose group at different time points (A) and between different groups from base line to end point (B).

Wilcoxon sign rank test. * =P < 0.01, ** = P < 0.005, *** = P < 0.0001.

physiological- and sexual scores. In the high dose group, no total
changes in the score were seen. In the placebo group, there is a tendency
of reduced score over time in all parameters measured. For the low dose
group, there is a tendency for psychological- and sexual scores to
decrease over time. This could perhaps be due to known “placebo ef-
fects” leading to a feeling of increased quality of life, due to the
participation in a study. The reported improvement in the low dose
group is not correlating to any other investigated parameter. However,
since the “placebo effects”, manifested as a lowering of scores could not
be seen in the high-dose group, this needs further investigation. The

results could perhaps mirror the presence of slightly increased CRP
values, compared to the low dose and placebo groups, indicating a low-
grade inflammation (see Table 2). It could also be hypothesized that
supplementation for a longer time period would be necessary [27].
Furthermore, it might be reasonable to assume that an effect on hor-
mones might be found in those participants with a hormone deficient
condition. Interestingly, a study published in 2021 saw a significant
increase in follicle stimulating hormone (FSH) in perimenopausal
women after 5 weeks supplementation with L. plantarum 229v [28].
Several previous studies have shown that, in both animal models



L. Ljunggren et al.

Contemporary Clinical Trials Communications 39 (2024) 101300

Table 3
Blood work characteristics of the placebo, low- and high dose probiotic groups.
Placebo Low dose High dose
Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks

Erythrocytes (10'2/1) 4.86 + 0.38 4.83 £ 0.44 4.86 + 0.35 4.99 £+ 0.28 5.02 £+ 0.30 5.06 £ 0.37 4.95 + 0.47 4.89 + 0.36 4.92 + 0.40
EVF 0.48 + 0.03 0.45 + 0.03 0.45 £ 0.02 0.46 £+ 0.02 0.46 + 0.02 0.46 + 0.03 0.45 + 0.03 0.44 £+ 0.02 0.45 + 0.03
MCV (fL) 93.28 + 2.78 93.50 + 3.27 93.22 + 3.08 92.21 + 2.94 91.79 + 3.08 91.71 + 2.64 91.38 + 4.19 91.07 + 4.82 91.20 + 4.36
MCHC (g/L) 31.11 £ 1.68 30.94 +1.48 30.88 + 1.41 31.14 £ 1.39 30.71 £ 1.14 30.57 £ 1.02 30.50 + 1.86 30.33 +1.68 30.33 +1.68
Hemoglobin (g/L) 150.5+ 7.0 147.8 £ 9.3 149.6 + 6.9 154.8 £ 5.7 153.1 +£ 7.5 155.2 + 8.6 151.7 + 8.9 148.2 +£ 6.5 149.5 +£ 9.0
Leukocytes (10°/L) 5.59 £1.25 5.40 £1.28 5.22 £1.23 5.79 £ 1.09 5.81 £ 0.99 5.6 +1.15 6.17 £1.28 5.72 £ 0.98 5.89 £ 1.02
Lymphocytes (109/L) 1.08 + 0.12 1.83 + 0.49 1.78 + 0.59 2.27 £0.35 2.19 £ 0.62 2.21 £0.39 2.04 £ 0.46 1.94 + 0.4 2.05 £ 0.52
Neutrophiles (10°/1) 2.82 +£0.87 2.83 £+ 0.40 2.70 £0.77 2.76 £+ 0.80 2.69 £ 0.74 2.56 + 0.65 232 £1.13 3.0 +0.83 3.16 £ 0.48
Thrombocytes (10°/1) 213.5+51.2 217.4 +£57.7 206.4 + 52.4 248.5 + 51.4 248.9 + 43.7 258.0 + 52.8 257.8 + 47.5 255.4 + 47.2 259.5 + 47.1

Table 4

AMS questionnaire characteristics of the placebo, low- and high dose probiotic groups.

Placebo Low dose High dose
Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks

Somatic 12.89 + 3.98 10.82 + 3.30 10.12 + 2.93 10.26 + 2.6 9.57 + 2.34 10.14 + 2.77 13.75 + 4.60 11.88 + 3.59 12.20 + 3.91
Psychologic 7.06 £+ 2.62 6.24 £+ 2.36 5.94 £1.75 6.57 £ 1.50 5.95 +1.49 5.71 £ 0.99 6.81 £ 2.17 6.94 £ 2.72 6.87 £ 2.29
Sexual 10.78 + 3.81 10.29 + 4.47 9.24 £+ 3.61 11.43 £+ 3.63 9.36 +£ 3.18 9.43 £+ 3.92 10.69 + 3.26 10.06 + 2.89 10.67 + 3.37
Total 30.72 + 8.84 27.35 £ 9.04 25.29 + 7.60 28.54 + 7.37 24.40 + 6.20 24.73 £7.15 31.25 + 8.34 28.88 +7.39 29.73+7.18

[29-32] as well as in human studies [33,34], the lipid profile is affected
by supplementation of various probiotic bacteria, including L. reuteri
[35,36]. In the case of L. reuteri intervention, both in man and mice, a
reduction of cholesterol could be seen, however not in triglyceride
concentrations. In the case of this study, we could not detect any sig-
nificant change in cholesterol levels, although there was a tendency of
decrease in the high dose group, concerning both total cholesterol, LDL
and HDL. One may speculate that this is a result from a limited number
of participants, completing the study and the intervention length. The
effect on triglyceride-lowering capability and apparent lack of effects on
cholesterol may be due to differences in effect on metabolism. It has
been suggested that the cholesterol-lowering effects of L. reuteri NCIMB
30242 may be couple to its capability of decoupling bile acids without
having any impact on triglyceride levels. Reduction of only triglycerides
and not on cholesterol may suggest a strain specific effect on lipid
metabolism more in line with findings in other L. reuteri strains [37].
Interestingly, Dixon et al. presented a systematic review on the efficacy
of probiotics showing that statistically significant changes were seen in
improvements of blood-pressure, cholesterol, LDL and HDL, however no
significant change was observed in the outcome of triglycerides [38].

The only significant change regarding the investigated parameters,
found in this study, is a triglyceride concentration decrease in the high
dose group, both after 6 and 12 weeks of supplementation. A paper by
Ahn et al. is, to our knowledge the only previous study, describing
lowering of triglycerides upon supplementation with dual probiotic
strains in humans [39]. The lowering effect on triglycerides is especially
interesting, since the availability of suitable drugs, targeting tri-
glycerides is limited. The changes in triglycerides are within the normal
range but shows promising future treatment options that are appealing
since probiotics are not known to have side-effects likely affecting the
intended groups in need of such intervention.

Finally, it should also be noted that both the recruitment and the
study itself was performed during the time of the COVID-19 pandemic.
The pandemic probably caused significant constraints on the lifestyle of
the participants, with restrictions on social interactions as an increased
preference for out-door activities. This may have had an impact on the
study results. The effects of the pandemic on the recording of mental
scores are well documented and are both due to direct effects of the
infection as well as the social restrictions enforced during the pandemic
[40,41]. The study was powered to meet the expected shift of the pri-
mary outcome, testosterone concentrations, and no other investigated
analytes. Therefore, the number of subjects could be too low to meet the

requirement for statistical significance. It should also be mentioned that
effects on testosterone as response to L. reuteri administration has not
previously been investigated in man and the study is therefore a pilot
study and the number of subjects can therefore be too low also in the
primary variable.

5. Conclusion

In conclusion, the present study does not support the hypothesis that
a probiotic supplementation with L. reuteri ATCC PTA 6475 can increase
testosterone levels in ageing men. The AMS questionnaire indicates that
a low dose improves the notion of psychological and sexual well-being.
However, the supplementation does have a significant effect, decreasing
triglyceride levels and this indicative data warrants further in-
vestigations into this area.
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