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Osteoporosis is among the most common pathologies. Associated complications in
osteoporotic patients, in particular hip fractures and vertebral fractures, cause disabilities
and significant quality of life deterioration. Standard treatment of osteoporosis, based on
pharmacotherapy does still not yield adequate results, and the problem of osteoporosis
remains incompletely solved. Additionally, adverse drug events and fractures after long-
termed pharmacotherapy pose additional challenges within designing a proper therapy
regimen. Improved clinical approach and new synergistic treatment modalities are
consequently still needed. The rationale of the presented study was accordingly, to
expand our preclinical animal study on human patients with osteoporosis, based on
positive effects on bones observed in animals with osteopenia treated with PMA-zeolite.
We specifically monitored effects of PMA-zeolite on the bone quality parameters, fracture
risk and quality of life in a cohort of initially recruited 100 osteoporosis patients during
a follow-up period of 5 years within a randomized, placebo-controlled and double
blinded clinical study (TOP study). Obtained results provide evidence on the PMA-zeolite
positive effects on the bone strength of osteoporotic patients as the risk of fractures
was significantly decreased in PMA-zeolite-treated patients with respect to time before
entering the study (p = 0.002). Statistical evidence point also to positive bone changes
in the 5-years TOP study course as evidenced through osteocalcin and beta-cross laps
values showing a prevalence of the bone-formation process (p < 0.05). BMD values
were not significantly affected after the 5-years follow-up in PMA-zeolite-treated patients
in comparison with the Placebo group. Results support the initial expectations based
on our previously published preclinical studies on clinoptilolite product PMA-zeolite in
animals that could be a new therapeutic option in osteoporosis patients.
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INTRODUCTION

Osteoporosis is acknowledged as a common medical problem
and a public health issue. This pathology is associated with
osteoporosis complications that cause disabilities and significant
deterioration of the quality of life due to compromised
bone strength and increased risk of fractures. Accordingly,
complications associated with these diseases, in particular
hip fractures and vertebral fractures, are the major cause of
disabilities and significant deterioration of the quality of life,
induce large financial burdens for the patients, their families and
the whole society (1). According to the consensus reached in
2001 by NIH Consensus Development Panel on Osteoporosis,
osteoporosis is defined as “a skeletal disorder characterized by
compromised bone strength and micro-architecture predisposing
a person to an increased risk of fracture”. Accordingly, in the
clinical practice and research, osteoporosis stays for bone quality
degradation and bone weakness, resulting in bone fractures.
Particularly, the vertebral fractures are in focus of osteoporosis
complications reflecting decreased bone strength and quality
(2). Fractures amid minor trauma are a consequence of poor
bone strength, and therefore the best evidence of osteoporosis.
Bone strength primarily depends on the quality of collagen
and bone microarchitecture, more than on bone mass or bone
mineral density. In osteoporosis however, significant decrease
of BMD occurs as well due to metabolic changes in the bone.
Accordingly, the bone reabsorption underlined by osteoclast
activity prevails over bone formation and osteoblast activity
leading to a reduced bone mass and increased risk of fracture.
These processes are the main targets of osteoporosis therapy and
drugs. For example, bisphosphonates alendronate, risedronate,
ibandronate, pamidronate, and zoledronic acid induce osteoclast
apoptosis which may be monitored in patients by the surrogate
marker of bone reabsorption, the beta-cross laps (amino- and
carboxyl-terminal breakdown products of type 1 collagen in
serum and urine) (1, 3). Moreover, monoclonal antibodies act
on signaling pathways relevant for the bone reabsorption, i.e.,
denosumab acts against RANK ligand (RANKL), a regulator of
osteoclast differentiation, activation and survival (4, 5). Despite
various available pharmacological treatments, the problem of
osteoporosis is not yet solved nor decreased. In addition, available
treatments often exhibit a variety of unwanted side effects and
existing real life data do not support their clear anti-fracture
effects in a long-term, i.e., more than 1 year (6, 7).

Consequently, development of new therapeutic possibilities,
especially adjuvant therapeutic approaches, is desirable. In
evaluation of the therapeutic effect of any potential treatment for
osteoporosis, the best evidence of a successful treatment would
be the measurement of improved bone strength parameters. Still,
no diagnostic tool or method to measure the exact bone strength
exists or is fully adequate at the moment. Surrogate parameters
such as bone mineral density (BMD) and bone markers of
bone reabsorption may be for example, monitored within a
clinical trial course, yielding data on the bone metabolism
status. Also, the parameters on the quality of bone collagen,
and bone microarchitecture, crucial for bone strength evaluation,
may remain inconclusive. So far, most of the clinical studies of

osteoporosis treatments, evaluated fracture risk as a parameter
of therapeutic effect, but comparing the incidence of fractures
regardless of the incidence of trauma or fall down (1, 8). One
possible approach for example, to assess the clear reduction of
fracture risk in a treatment regimen may be within a long-term
follow-up where the probability of potential fallings is increased.

The rationale of the presented study was accordingly, an
additional exploration on human subjects of previously obtained
positive effects of PMA-zeolite on bones of animals with
osteopenia. Having in mind the requirements in testing of a
potential intervention in osteoporosis patients, we monitored
the effects of PMA-zeolite on bone quality parameters, fracture
risk and quality of life in the follow-up period of 5 years within
a randomized, placebo-controlled and double blinded study
(TOP study). The follow-up period of 5-years allowed for clear
evaluation of the potential anti-fracture risk in patients with
documented fracture-risk trauma events.

MATERIALS AND METHODS

Zeolite Material

Clinoptilolite material PMA-zeolite was provided by Panaceo
International GmbH, Austria. PMA (Panaceo Micro Activation)-
zeolite (patent WO2018/100178A1) is a certified European
medical device as per European Union directive 93/42/EEC
and subjected to required toxicology tests performed according
to the OECD and ISO guidelines. The PMA-zeolite medical
device physical and chemical properties have been described
previously (9).

Clinical Study “Treatment of Osteoporosis
by Panaceo, TOP”

Previous data from the preclinical and first year of the TOP study
were previously published in Kraljevi¢ Paveli¢ et al. (10). Herein,
we present the summarized data of the whole randomized,
placebo-controlled and double blinded TOP study (First year of
the study: ClinicalTrials.gov Identifier: NCT03901989, https://
clinicaltrials.gov/ct2/show/NCT03901989?term=zeolite&draw=

2&rank=>5; Treatment of Osteoporosis - second to fifth year
(Pear Control): ClinicalTrials.gov Identifier: NCT05178719,
https://clinicaltrials.gov/ct2/show/NCT051787192term=zeolite&
draw=2&rank=6). The total exploratory 5-years TOP study
lasted in total for 5 years and aimed to measure long-term
PMA-zeolite effects on the bones of osteoporosis patients
supplemented with PMA-zeolite for a period up to 4 or 5 years
(48 or 60 months, respectively). The total number of patients
enrolled in the TOP study was 100 and the initial number
of PMA-zeolite-supplemented subjects in the first year was
n = 50. The placebo-group in the first year of the study (n
= 50) received microcrystalline cellulose powder similar in
appearance to PMA-zeolite as already used in previous studies
(11, 12). The placebo subjects were given PMA-zeolite (group
PMA-zeolite-supplemented subjects) after the end of first year
until the end of the study (end of fifth year). After the 5th year,
the total number of subjects supplemented with PMA-zeolite
was 55 (sample description and drop-out reasons are given in
Supplementary Material). The PMA-zeolite-treated patients
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received 9 g/day of PMA-zeolite for 48 months (patients enrolled
within the first year as Placebo and afterwards supplemented with
PMA-zeolite for 4 years) or 60 months (PMA-treated patients
group supplemented with PMA-zeolite from the beginning of
the study up to 5 years).

Inclusion criteria:

- main inclusion criteria used to recruit patients was the
lowered BMD value (T score —2,5 and/or lower) with no
prior therapy. A total of 100 male and female osteoporotic
patients (Croatian Caucasians) from 56 to 74 years of age were
recruited accordingly.

Exclusion criteria:

- other severe diseases such as cancer, autoimmune disease,
chronic renal failure

- female subjects who were pregnant were excluded from
the study

- secondary osteoporosis

All patients recruited in the TOP study were supplemented with
Vitamin D3 at the dosage of 800 IU per day. The reasons for
exclusion of patients during the TOP study course are given
in details in the Supplementary Material. Briefly, withdrawal
reasons included lack of compliance with the supplementation
protocol, minor side effects or change of residence. To ensure
compliance, the subjects were contacted every 3 months for
a complete check-up and health monitoring and to receive
motivation to remain compliant with the protocol.

TOP study time points are as follows (Figure 1):

- Time point 0—beginning of the TOP study

- Time point 1—end of first study year (1Y)

- Time point 2—end of second study year (2Y)
- Time point 3—end of third study year (3Y)

- Time point 4—end of fourth study year (4Y)
- Time point 5—end of fifth study year (5Y)

The TOP study groups are as follows (Figure 1):

- Placebo—patients receiving placebo from time point 0 to time
point 1

- “PMA-treated patients 1Y”—patients treated with PMA-
zeolite from time point 0 to time point 1 or treated with
PMA-zeolite from time point 1 to time point 2

- PMA-treated patients 2Y—patients treated with PMA-zeolite
from time point 0 to time point 2 or treated with PMA-zeolite
from time point 1 to time point 3

- “PMA-treated patients 3Y”—patients treated with PMA-
zeolite from time point 0 to time point 3 or treated with
PMA-zeolite from time point 1 to time point 4

- “PMA-treated patients 4Y”—patients treated with PMA-
zeolite from time point 0 to time point 4 or treated with
PMA-zeolite from time point 1 to time point 5

- “PMA-treated patients 5Y”—patients treated with PMA-
zeolite from time point 0 to time point 5

- “PMA-treated patients final”—patients treated with PMA-
zeolite from time point 1 to time point 5 and patients treated
with PMA-zeolite from time point 0 to time point 5.

Osteoporosis Status Assessment

Subjects were monitored at the start of the study and at the
end of each study year. The surrogate markers of bone status
were measured as follows: BMD, changes in levels of osteocalcin
and beta-crosslaps CTx assay. Densitometry was performed
by standard Hologic Discovery DXA system (Marlborough,
Massachusetts, USA). Precisely, the BMD was assessed by bone
densitometry of lumbar vertebrae (L1-L4) and the femoral
neck. Calcifications and deformities due to bone fractures were
excluded to avoid potential skewing of data. In addition, subjects
provided additional data including the frequency of falling and
the occurrence of fractures before entering the study (period of 1-
5 years prior to entering the TOP study and during the TOP study
course). Osteocalcin and beta-cross laps were assessed in the
accredited laboratory of the Polyclinics Breyer (Croatia) by use of
electrochemiluminescence immunoassay (eCLIA). Specifically,
for osteocalcin measurements Elecsys N-MID Osteokalcin eCLIA
platform (Roche, Germany) was employed on Modular Analytics
(immunochemistry modules cobas €602, cobas €601 and E170)
(Roche, Germany). For beta-cross laps measurements Elecsys
Beta-CrossLaps/serum eCLIA platform (Roche, Germany) was
employed on Modular Analytics (immunochemistry modules
cobas €602, cobas e601 and E170) (Roche, Germany). At the
conclusion of the study, subjects were evaluated for general
health status which was compared to that at the start of the study.
Quality of life has been assessed by presence of bone fractures
before entering the study and during the study, occurrence of
fall accidents, and the level of pain (on Visual Analog Scale,
VAS) at the beginning and at the end of the study. Additionally,
subjective assessment of overall health condition was assessed by
participants at the end of the study. Participants assessed their
condition on the scale from 1 to 5, where numbers indicate: 1—
much worse than before entering the study, 2—worse than before
entering the study, 3—unchanged, 4—better than before entering
the study, 5—much better than before entering the study.
Side effects were monitored and documented through close
clinical examination by the physician during the whole study
course and this included regular standard blood test monitoring
as well.

Randomization

Subjects were randomized into blocks of four and sequentially
numbered within two groups receiving either PMA-zeolite-
clinoptilolite or placebo (microcrystalline cellulose powder)
in the first study year (Research Randomizer (Version 4.0)
[Computer software]. (author?) (27). Retrieved on June 22,2013,
from http://www.randomizer.org/). In the first year (first 12
months of the TOP study), the patients received either PMA-
zeolite-clinoptilolite or placebo powder which are similar in
appearance. Starting from the second TOP study year all subjects
received boxes containing PMA-zeolite-clinoptilolite until the
end of the TOP study (in total for 5 years). All subjects received 9
g/day PMA-zeolite-clinoptilolite powder (Panaceo International
GmbH, Villach, Austria). All subjects were instructed to take
1 spoon of the powder dissolved in a glass of water three
times daily: with breakfast, with lunch, and with dinner for a
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Study-start

Time-point 1 Time-point 2

up to 5 years.

FIGURE 1 | The TOP study design and corresponding study time measurement points at the end of each study year. Study groups and recruited patients at the
beginning of each study year are given. Placebo-control in the first study year; PMA-zeolite treated patients —groups receiving PMA-zeolite supplementation for 1 year

Time-point 3

Placebo PMA-treated PMA-treated PMA-treated PMA-treated
patients for 1 year patients for 2 patients for 3 patients for 4
years years years
PMA-treated PMA-treated PMA-treated PMA-treated PMA-treated
patients for 1 year patients for 2 patients for 3 patients for 4 patients for 5
years years years years

period of a total of up to 5 years (until the end of the TOP
study). Subjects were furthermore instructed to maintain their
daily diet and lifestyle throughout the study. No osteoporosis
drugs and supplements except for Vitamin D3 were allowed
within the TOP study. To ensure compliance, the subjects were
contacted every 3 months for a complete check-up and health
monitoring and to receive motivation to remain compliant with
the protocol.

Statistical Methods

Clinical trial data were analyzed using Dell Statistica, version 12
(2015). The variables are presented as frequencies or percentages
and compared using the Pearson chi-square test or Fisher
exact test, where appropriate. Normally distributed continuous
variables (distribution tested with Kolmogorov-Smirnov test)
are presented as means with standard deviation, otherwise as
median with interquartile range (IQR). Comparisons of variables
in two independent groups (Placebo, PMA-treated) were done
using the parametric t-test or non-parametric Mann Whitney
U test. Statistical significance was determined at the level
of 0.05.

RESULTS
Bone Quality Parameters

Summarized results of the surrogate bone metabolic markers
data from the years 1-5 of the TOP study are presented in
the Supplementary Table 2. The subgroup analysis of diabetic
patients is also given in the Supplementary Table 3. The entering
point for Placebo comparisons was the time point 1 (end of the
first study year) as it represents a clinically meaningful point
for comparisons with PMA-treated patients groups. The group
“PMA-treated patients—final” should be carefully taken into
consideration as it gathers all patients supplemented with PMA-
zeolite either for 4 or 5 years, respectively until the end of the
TOP study. Statistically relevant comparisons of bone surrogate
metabolic markers (differences at p < 0.05) in patients for each
tested time-point are presented in Table 1.

Osteocalcin values were statistically increased in PMA-zeolite-
treated patients in the relative A value ranging from 420.2% to
+27.6% in comparison with Placebo or PMA-treated patients 1Y
time point 1 (Placebo time point 1 vs. PMA-treated patients 1Y
time point 2, p = 0.001; Placebo time point 1 vs. PMA-treated
patients 2Y time point 2, p = 0,001; Placebo time point 1 vs.
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TABLE 1 | Statistically relevant differences for analyzed bone surrogate metabolic markers (BMD, osteocalcin and beta-cross laps) values in patients according to the

tested time-points.

Bone remodelling value Comparison P Relative A value %
Placebo at time point 1 vs. PMA-treated patients 1Y at the end of the second study year.

BMD g/cm? mean + SD 0.662 + 0.108 vs. 0.652 + 0.097 0.950 -1.5%
Osteocalcin ng/ml, mean + SD 23.9 £ 6.9vs. 29.1 + 123 0.001* +21.6%
Beta-cross laps ng/ml, mean + SD 0.39 £ 0.14 vs. 0.37 £ 0.16 0.355 —-3.9%
Placebo at time point 1 vs. PMA-treated patients 2Y at the end of the second study year.

BMD g/cm? mean + SD 0.662 + 0.108 vs. 0.681 + 0.133 0.121 +2.9%
Osteocalcin ng/ml, mean = SD 23.9 + 6.9 vs. 28.8 + 10.2 0.001* +20.2%
Beta-cross laps ng/ml, mean + SD 0.39 £ 0.14 vs. 0.39 + 0.20 0.954 +1.8%
Placebo at time point 1 vs. PMA-treated patients 1Y+2Y at the end of the second study year.

BMD g/cm? mean + SD 0.662 + 0.108 vs. 0.666 + 0.116 0.928 +0.6%
Osteocalcin ng/ml, mean + SD 23.9 £6.9vs.28.9 + 11.2 0.011* +20.9%
Beta-cross laps ng/ml, mean + SD 0.39 £0.14vs. 0.38 £ 0.18 0.915 -1.0%
Placebo at time point 1 vs. PMA-treated patients 3Y + 4y at the end of the fourth study year.

BMD g/cm? mean + SD 0.662 + 0.108 vs. 0.635 + 0.109 0.235 —6.1%
Osteocalcin ng/ml, mean + SD 23.9+6.9vs. 26.7 + 8.1 0.080 +13.1%
Beta-cross laps ng/ml, mean = SD 0.39 £ 0.14 vs. 0.33 £ 0.13 0.034* —-3.6%
Placebo at time point 1 vs. PMA-treated patients—final at the end of the TOP study

BMD g/cm? mean + SD 0.662 + 0.108 vs. 0.642 £ 0.110 0.498 —6.3%
Osteocalcin ng/ml, mean + SD 23.9 £ 6.9vs. 28.4 + 6.9 0.002* +21.1%
beta-cross laps ng/ml, mean + SD 0.39 + 0.14 vs. 0.32 + 0.13 0.014* —-4.3%
Placebo at time point 1 vs. PMA-treated patients 4Y at the end of the fourth study year.

BMD g/cm? mean + SD 0.662 + 0.108 vs. 0.648 4+ 0.105 0.605 —6.3%
Osteocalcin ng/ml, mean £+ SD 23.9+6.9vs. 26.1 £ 9.1 0.269 +13.2%
Beta-cross laps ng/ml, mean + SD 0.39 £+ 0.14 vs. 0.32 + 0.12 0.040* -1.9%
Placebo at time point 1 vs. PMA-treated patients 4Y at the end of the TOP study.

BMD g/cm? mean + SD 0.662 + 0.108 vs. 0.634 £ 0.115 0.328 —7.8%
Osteocalcin ng/ml, mean = SD 23.9 +6.9vs.29.8 +6.8 0.001* +21.2%
Beta-cross laps ng/ml, mean + SD 0.39 £0.14 vs. 0.35 £ 0.16 0.288 —4.4%
PMA-treated patients 1Y at time point 1 vs. PMA-treated patients 5Y at time point 5

BMD g/cm? mean + SD 0.639 + 0.096 vs. 0.652 + 0.107 0.616 —-3.7%
Osteocalcin ng/ml, mean + SD 240+ 6.8vs.26.8+6.9 0.115 —6.0%
Beta-cross laps ng/ml, mean + SD 0.40 + 0.14 vs. 0.29 + 0.10 0.001* —-4.2%
PMA-treated patients 1Y at time point 1 vs. PMA-treated patients 4Y at the end of the TOP study.

BMD g/cm? mean + SD 0.639 + 0.096 vs. 0.634 £ 0.115 0.848 —0.23%
Osteocalcin ng/ml, mean + SD 24.0 + 6.8 vs. 29.8 + 6.8 0.001* +27.6%
Beta-cross laps ng/ml, mean + SD 0.40 £0.14 vs. 0.35 £ 0.16 0.181 —-9.2%

Results are presented as relative A value %. *Statistically relevant changes at p < 0.05 are denoted in bold and with an asterisk.

PMA-treated patients 1Y4-2Y time point 2, p = 0.011; Placebo
time point 1 vs. PMA-treated patients—final time point 5, p =
0.002; Placebo time point 1 vs. PMA-treated patients 4Y time
point 5, p = 0.001; PMA-treated patients 1Y time point 1 vs.
PMA-treated patients 4Y time point 5). Moreover, beta-cross laps
were statistically decreased in PMA-zeolite-treated patients in the
relative A value ranging from —1.9 to —9.2% in comparison with
Placebo or PMA-treated patients 1Y time point 1 (Placebo time
point 1 vs. PMA-treated patients 3Y+4Y time point 4, p = 0.034;
Placebo time point 1 vs. PMA-treated patients—final time point
5, p = 0.014; Placebo time point 1 vs. PMA-treated patients 4Y

time point 4, p = 0.040; PMA-treated patients 1Y time point 1 vs.
PMA-treated patients 5Y time point 5, p = 0.001).

The BMD values were not significantly affected within the
5-year course of PMA-zeolite-supplementation which is not
surprising knowing that bone density is not the only relevant
bone metabolic and fitness status marker. Moreover, over-
increased ossification is not a desired osteoporosis therapy
outcome as it may contrary decrease the bone strength.
Importantly, we observed that the bone metabolism surrogate
markers, osteocalcin and beta cross laps showed a statistically
relevant changes toward bone remodeling processes. Osteocalcin
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BMD values during the TOP study course
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o~
g ?
&
0.65
0.60
0.55
Time point O Time point 1 Time point 2
—e—Placebo —eo—PMA-treated 1Y
PMA-treated 3Y —e—PMA-treated 4Y
FIGURE 2 | Changes in BMD values from the beginning of the study (time point 0) until the end of study (time point 5) for Placebo and PMA-treated patients. A
separate representation for the patients enrolled as Placebo group at time point O (later treated with PMA-zeolite from time point 1-5) and enrolled patients treated
with PMA-zeolite from the beginning of the study (time point 0-5) is given in the Supplementary Figure 1.

j\

Time point 3 Time point 4 Time point 5

—s=PMA-treated 2Y
—o—PMA-treated 5Y

values were accordingly statistically increased in PMA-zeolite-
treated patients in comparison with Placebo (Table 1), as well as
the beta cross laps were statistically decreased in PMA-zeolite-
treated patients in comparison with Placebo (Table 1). These
changes are graphically depicted in Figures 2-4.

At last, side effects were monitored throughout the study and
only 6 patients reported side effects as constipation problems
(5 patients) or as transient hot flashes and tension in breasts
(1 patient) (Supplementary Material). The monitored standard
blood values were in the reference range throughout the study for
all patients. Compliance to the therapeutic intervention (PMA-
zeolite) was generally good and a total of 19% of PMA-zeolite
treated patients in the 5-year TOP study course were excluded
due to non-compliance. This percentage was 6% for the Placebo
group during the first TOP study year.

Quality of Life Parameters

Quality of life has been assessed by presence of bone fractures
before entering the study and during the study, occurrence of fall
accidents, and the level of pain (on Visual Analogue Scale, VAS) at
the beginning and at the end of the study. Additionally, subjective
assessment of overall health condition was assessed at the end of
the study. Results are summarized in Table 2.

The obtained results of the fracture numbers for a 5-years
follow-up period (from the beginning of the study at time
point 0 to the end of study at time point 5) in correlation
with falls, showed that the number of fall accidents was high
during the study course (N = 24) resulting in a statistically
lower number of fractures (p = 0.002) in comparison with
the number of fractures documented before entrance into the
TOP study. This result is in correlation with surrogate bone
metabolic markers changes during the study course that pointed
to a decreased bone extracellular matrix degradation visible as
statically relevant decrease of beta-cross laps in the PMA-treated
patients 5Y group (p = 0.028). The level of pain (VAS) was
also significantly decreased during the course of TOP study
(<0.001) and decreased for 3 points at the end of the TOP study.
The subjective assessment of overall health condition at the end
of the TOP study also increased in the fifth study year for 2
points (<0.001%).

DISCUSSION

Fracture amid minor trauma is still a highly frequent osteoporosis
complication that results in serious deterioration of quality of
life and causes permanent disability in significant percentage of
patients (13). Therefore, prevention of fractures is the major goal
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FIGURE 3 | Changes in osteoclacin values from the beginning of the study (time point 0) until the end of study (time point 5) for Placebo and PMA-treated patients. A
separate representation for the patients enrolled as Placebo group at time point O (later treated with PMA-zeolite from time point 1-5) and enrolled patients treated
with PMA-zeolite from the beginning of the study (time point 0-5) is given in the Supplementary Figure 1.

Time point 3 Time point 4 Time point 5

—s=PMA-treated 2Y

—o—PMA-treated 5Y

TABLE 2 | Analysis of values relevant for the quality of life in Placebo at the end of the TOP studly first year vs. PMA-treated patients—final at the end of the TOP study.

Placebo at the end of first year PMA-treated patients—final at the P

(N = 40) end of the study (N = 55)
Bone fractures before entering the study, n (%) 9 (22.5%) 9 (29.0%) 0.589
Bone fractures during the study, n (%) 1(2.5%) 0 (0.0%) 0.999
P 0.007* 0.002*
Fall accidents during the study, n (%) 0(0.0) 24 (43.6%) <0.001*
*VAS at the beginning, median (IQR) 3(1-5) 2(1-7) 0.547
VAS at the end, median (IQR) 2 (1-4) 0 (0-1) <0.001*
P 0.007* <0.001*
AVAS, median (IQR) 0 (0-0) —3(-5t0 -2 <0.001*
Subjective assessment of overall health 3(3,4) 5(4,5) <0.001*

condition at the end of the study, median (IQR)

*VAS, visual analogue scale; IQR, interquartile range. Statistically relevant differences at p < 0.05 are denoted in bold and with an asterisk (*).

of the treatment of osteoporosis. Fractures amid minor trauma
in osteoporotic patients result from poor bone strength. As the
bone strength primarily depends on the quality of collagen and
bone architecture, the BMD parameter does not give conclusive
data on the bone strength and quality. Accordingly, the results
from the TOP study presented herein comprise data on the
bone metabolism parameters osteocalcin and beta-cross laps
and bone density BMD. In addition, long-term follow-up data
on fracture risk for the period of 5-years has been collected.

The TOP study was designed indeed, as a long-term study that
followed specifically the incidence of fracture in patients who
had significant trauma. The bone strength depends mostly on
the quality of collagen (osteoid) which gives a flexibility and
microarchitecture, that cannot be measured directly in vivo (14).
In our previous study by using the osteopenia rat model over a
16-week PMA-zeolite treatment, PMA-zeolite supplementation
showed significant improvements in bone density markers and
bone architecture and morphometric characteristics (10). These
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FIGURE 4 | Changes in beta-cross laps values from the beginning of the study (time point 0) until the end of study (time point 5) for Placebo and PMA-treated

patients. A separate representation for the patients enrolled as Placebo group at time point O (later treated with PMA-zeolite from time point 1-5) and enrolled patients
treated with PMA-zeolite from the beginning of the study (time point 0-5) is given in the Supplementary Figure 1.
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data were used as a rationale for the herein presented clinical
study on human subjects diagnosed with osteoporosis. We
specifically monitored effects of PMA-zeolite on the bone quality
parameters, fracture risk and quality of life in a cohort of initially
recruited 100 osteoporosis patients during a follow-up period
of 5 years within a randomized, placebo-controlled and double
blinded clinical study (TOP study). The TOP study provided
additional evidence on the PMA-zeolite positive effects on the
bone strength of osteoporotic patients as the risk of fractures,
as a consequence of all documented fall accidents (a total of 24
severe fall accidents were documented during the TOP study),
was significantly decreased in PMA-zeolite-treated patients with
respect to time before entering the study (p = 0.002). Statistical
evidence on changes toward bone remodeling process in the 5-
years TOP study course was also evidenced through osteocalcin
and beta-cross laps values showing a prevalence of the bone-
formation process (Table 1). Importantly, the BMD values were
not significantly affected after the 5-years follow-up in PMA-
zeolite-treated patients in comparison with Placebo. This seem
to point to a balanced remodeling process important for the bone
homeostasis, that is often missing in a long-term pharmacological
approach to osteoporosis. Indeed, current pharmacological
interventions used for osteoporosis management induce either
inhibition of bone resorption or stimulate bone formation

(15). For example, it has been shown that bisphosphonates
can increase bone mineral density (BMD) but concomitantly
have a negative effect on the flexibility of bone that finally
increases the fracture risk (15, 16). In addition, drugs that
induce bone formation processes, i.e., PTH analogs and sclerostin
inhibitors, studied as the alternative to bisphosphonates for
osteoporosis treatment, also remain questionable in terms of
cost-effectiveness and adverse effects in a therapeutic regimen
longer than 2-years (15). Still, osteoporosis treatment options
for reversing bone loss and promoting bone regeneration in
the same intervention are currently limited (17). This is why
therapeutic approaches in osteoporotic patients are often based
on sequential and combinational use of currently available drugs
from the groups of anabolic and anti-resorptive drugs with the
aim to promote a balanced bone turnover. In line with this,
the PMA-zeolite treatment may be an interesting option in
designing of a patient-tailored long-term osteoporosis treatment
regimen where a balanced homeostasis of bone remodeling
process is a desired therapeutic outcome. Therapy compliance
to the osteoporosis pharmacological therapy remains a challenge
as well, due to side effects (18, 19) or small benefits for the
patient’s quality of life (19, 20). In the TOP study, the compliance
to PMA-zeolite supplementation was 81% and interesting data
was obtained within the quality of life assessment as well.
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Indeed, the estimate of overall health condition at the end of the
TOP study was significantly better in the group of osteoporotic
patients supplemented with PMA-zeolite for 5 years (p = 0.001).
Importantly, no severe side-effects or worsening of symptoms
were observed in PMA-zeolite-supplemented subjects during the
TOP study course.

The mechanisms of action of the observed positive effects
on the bone strength are hypothesized to be attributable to the
physical-chemical properties of the PMA-zeolite as an inorganic
material. Furthermore, this material releases soluble silica forms
from its surface that may have positive effects on the bone
(21, 22). Proven detoxifying properties of the clinoptilolite
materials including PMA-zeolite may also improve the overall
health and bone status (23, 24). At last, local effects in the
intestine as the primary site of PMA-zeolite action, i.e., on the
microbiota status, as well as corresponding anti-inflammatory
and immunomodulatory effects, are likely to contribute to the
bone health as well (25, 26).

In conclusion, the PMA-zeolite intervention may be evaluated
as a valuable approach in therapy of osteoporotic patients. In our
first publication (10) covering the first TOP study year results,
an increase in bone mineral density, a significant reduction in
pain (p < 0.05). Upon completion of the 5-year TOP study
period the data provided more conclusive results, as a significant
decrease of the fracture risk in PMA-zeolite-treated patients
with respect to time before entering the study (p = 0.002) was
observed at the end of the TOP study. Statistical evidence on
changes toward a balanced bone remodeling process in the 5-
years TOP study course was also evidenced in PMA-zeolite-
treated patients through osteocalcin and beta-cross laps values
showing a prevalence of the bone-formation process (p < 0.05)
without significant changes in the BMD values. In particular,
ostecalcin values were significantly increased in PMA-treated
groups in comparison with Placebo at p < 0.05 after the end
of second, fourth and fifth TOP study years. The beta-cross
laps were decreased in PMA-treated groups in comparison with
Placebo at p < 0.05 after the end of fourth and fifth Top study
years. These trends were observed in PMA-treated patients at all
study time-points as well. The BMD values were not statistically
changed in PMA-treated groups. At last, improved overall quality
of life in osteoporotic patients enrolled in the explorative TOP-
study and treated with PMA-zeolite was observed and evidenced
as an increase for 2 points (p < 0.001) in the fifth TOP study year.
The intervention also proved generally safe for consumption in
human subjects treated with 9 g of 100% PMA-zeolite powder per
day for 5 years as no standard blood value changes or substantial
side effects and severe side effects were observed during the
TOP study course. Even though, presented data already prove
the positive impact of PMA-zeolite over a 5-year intake period,
further, preferably multi-centric studies are desirable in order
to additionally substantiate the positive benefit to risk ratio
documented herein.

Limitations Regarding the Generalization
of the Findings

Presented data refer to a specially micronized natural
clinoptilolite, referred to as PMA-zeolite. A generalization

of the findings presented in this paper to other clinoptilolite
materials that may have different structural and surface
properties. Previously published data demonstrated that
the micronization technology (Panaceo Micro Activation—
PMA, patent WO2018/100178A1) is changing the biophysical
properties of the natural clinoptilolite (9). Based on the
interesting findings of the TOP study, larger, preferably multi-
centric studies, are desirable to additionally substantiate the
positive benefit to risk ratio documented herein.
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