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therapy in patients with calcium stones. Stone fragmentation results
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Abstract

Our objective was to improve the results of extracorporeal shock waves lithotripsy using hydroxycitric acid (HCA) like
adjuvant therapy. Double blind randomized clinical trial using hydroxycitric acid versus placebo (ID NCT05525130). Mul-
ticenter study of adjuvant exposure to a food supplement with hydroxycitric acid (HCA), vs. placebo in patients with calcium
oxalate and calcium phosphate lithiasis with indication for extracorporeal shock wave lithotripsy (ESWL). 81 patients were
included in the study to compare the effect of HCA versus placebo. Stone fragmentation, the main efficacy variable. Other
variables analyzed were stone size, Hounsfield Unit Stone and tolerability. Statistical study with SPSS, statistical signifi-
cance p <0.05. Eighty-one patients were included, 40 in the intervention group with HCA and 41 in the control group with
placebo. The average stone area was 174,36 mm? (SD: 32,83 mmz) and the average hardness was 1128,11 (SD: 257,65), with
no statistically significant differences between groups. Significant statistical differences were obtained in the analysis of the
population by intention to treat and by protocol of the main variable, no fragmentation vs. fragmentation where 100% of
the patients, who were given ESWL and took HCA, presented fragmentation while 17% of the patients with placebo did not
reach fragmentation (p=0.03). The adjuvant use of HCA in patients for whom ESWL has been indicated, facilitates stone
fragmentation in all cases, which is not achieved in up to 17% of the patients who did not use HCA. We recommend the use
of HCA in patients prior to shock wave treatment to improve their fragmentation in calcium stones.
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Introduction

Nephrolithiasis is characterized by the presence of stones
in the upper urinary tract. It is a common pathology in our
society, affecting 1-15% of the population [1], which has
experienced an increase in its incidence in recent decades.
Moreover, nephrolithiasis is a pathology with a high recur-
rence rate: it is estimated that the risk of recurrence of
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untreated nephrolithiasis is approximately 15% in the first
year, 35% at 5 years and more than 50% at 10 years [2]. It is
estimated that the main chemical compound involved in 60%
of the lithiasis cases is calcium oxalate, whereas calcium
phosphate (hydroxyapatite) is involved in 20% of the cases,
uric acid in 7% of the cases, struvite lithiasis (ammonium-
magnesium phosphate) in 7% of the cases and the remaining
6% involve other less frequent compounds such as cystine
[1].

Therefore, calcium oxalate and calcium phosphate stones
are the most prevalent. These occur when, due to metabolic
alterations and/or exogenous factors, the urine becomes sat-
urated with elements that promote the aggregation and the
precipitation of these crystals. Hypercalciuria is the most fre-
quent identified metabolic alteration in patients with this type
of renal stones and it is estimated that 35-65% of patients with
nephrolithiasis present this type of alteration [3]. Substances
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that inhibit the stone formation, such as citrate, can also be
found in urine and the reduction of citrate (hypocitraturia)
is also a risk factor for the stone formation. Other factors
involved in the formation of calcium oxalate and calcium phos-
phate stones/s are a low urinary volume, hypomagnesuria and
hyperuricosuria [4].

Extracorporeal shock wave lithotripsy (ESWL) is the least
invasive treatment for most nephrolithiasis regardless of where
the stone is located. When properly indicated, this technique
allows very satisfactory results to be achieved. The correct
selection of the procedure for stone removal will depend on the
characteristics of the stone (size, radiological density and loca-
tion) as well as other factors (body mass index (BMI), skin-
renal stone distance, skeletal deformities, bleeding diathesis,
pregnancy, urinary tract anatomy). The stone size is the most
important factor influencing the outcome of ESWL. The Euro-
pean Association of Urology recommends ESWL as the first
treatment option in cases of renal stones smaller than 1 cm [5].

Although ESWL is a technique with many advantages over
other techniques, e.g. less invasive, intravenous sedation with
good tolerance and favourable safety profile, the use of other
complementary procedures can improve the success rate of
ESWL in less favourable cases of renal stones. Therefore,
research on these adjunctive treatments to ESWL is needed.
FagolitosPlus® is a food supplement whose main ingredi-
ent is hydroxycitric acid (HCA). HCA has shown an in vitro
inhibitory effect on the calcium oxalate monohydrate (OCM)
crystals growth, even in highly supersaturated solutions [6]. In
addition, both citrate (CA) and HCA show an inhibitory effect
on the calcium phosphate crystals growth. HCA results in elec-
trostatic interactions with calcium ions, forming hydrogen
bonds with calcium oxalate and calcium phosphate crystals
and then inhibiting the nucleation and growth of these crystals.

In addition, the product contains pyridoxine (vitamin B6),
which has a reducing effect on the production of endogenous
oxalate by increasing glyoxalate transamination (oxalate pre-
cursor) to glycine [7]. It also contains magnesium, which is
not only capable of binding to oxalate in urine preventing
from binding with calcium but which can also reduce the
intestinal absorption of calcium [8].

Based on the above as well as on a preliminary retro-
spective study published on the results of HCA [9] and the
in vitro results of HCA on oxalate and calcium phosphate,
we believe that an in vivo experimental study is needed to
test the effects of HCA on the efficacy and safety of ESWL.

Material and methods
Type of study

Experimental, longitudinal, prospective, two-arm, ran-
domized, double-blind, multicenter design study of an
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adjuvant exposure to a food supplement, HCA vs placebo
in patients with oxalate and calcium phosphate stones to
whom extracorporeal shock wave lithotripsy (ESWL)
was indicated. (Trial number protocol is ARA-EXP/FAG-
2019-03). This study has been registered in ClinicalTri-
als.gov (ID NCT05525130). Randomization to the study
treatment groups was performed by using a randomization
software programme based on an initial seed that generated
a random distribution of blocks and individuals into two
groups in a 1:1 ratio.

Methodology and plan of the experimental study

The administration period of HCA/Placebo was 2.5 months,
starting 4 weeks prior to ESWL until 6 weeks after ESWL.
The HCA/placebo regimen was of one sachet every 12 h
for 4 weeks uninterrupted until ESWL, and then one sachet
of HCA/placebo per day uninterrupted for 6 weeks after
ESWL. No instrumental or surgery treatment was performed
within 6 weeks after the primary SWL treatment and that
results of retreatments after 6 weeks were not included in
the analysis.

Inclusion criteria

The study population included patients of both sexes and
aged 18 years old and over with raquiopaque renal stones
with a size of 175 mm? + 25 mm? (diameters between
1.5 % 1 cm and 2 X 1 cm) and more than 850 Hounsfield
Unit and negative urine culture. Participants were also
symptomatic with a low probability of spontaneous expul-
sion (Usually stone diameter > 6 mm has low probability
of spontaneous expulsion). After the investigator informed
about the study, the patients who agreed to participate in the
clinical study signed the informed consent form.

Exclusion criteria

Patients with nephrolithiasis larger than 200 mm? and
smaller than 150 mm? were excluded, as well as patients
taking pharmaceutical treatments producing or inhibiting the
formation of urinary stones (citrate, bicarbonate, thiazides,
bisphosphonates, magnesium, calcium, vitamin B6, vita-
min D, vitamin A, xanthine oxidase inhibitors, uricosurics,
probiotics, urease inhibitors, cystine chelators, topiramate,
antiretrovirals), or patients taking medicines influencing
urine pH (citrate, bicarbonate, carbonic anhydrase inhibitors,
L-methionine, vitamin C, ammonium chloride) or antide-
pressants of the selective serotonin reuptake inhibitors group
(risk of interaction with the product) or anticoagulants or
antiplatelet medicines [10]. Patients with active or recur-
rent urinary tract infections or bleeding diathesis were also
excluded. Finally, pregnant or breastfeeding women, as well
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as other contraindications to the use of ESWL were also
excluded from the study (severe obesity, arterial aneurysm
close to the location of the stone, etc.).

Study product

The product is a food supplement that contains a granulate in
sachets, consisting of 2069.92 mg (0.0021 kg) of HCA (Gar-
cinia Cambogia extract), 200 mg (0.0002 kg) of magnesium,
25 mg (0.000025 kg) of vitamin B6, 10 mg (0.000010 kg) of
zinc and 800 pg (0.00000008 kg) vitamin A in each sachet
orally administered. It consists of a sustained-release for-
mulation that aims to achieve adequate levels of the compo-
nents in urine for 24 h. It is manufactured by ARAFARMA
GROUP, S.A. and is authorized for marketing in Spain.

Variables analysis

Gender (male/female), age (years), body mass index (kilo-
grams/ m2) were recorded at the initial visit. In order to
confirm the presence of kidney stones and their possible
modifications (number, location, size or renal stone burden,
reduction/growth, etc.), CT imaging studies were performed
at the initial and final visits, and a simple radiology of the
urinary tract was performed at the third visit, in accordance
with the usual clinical practice of the investigational sites.
To assess treatment compliance, the percentage of sachets
used was calculated and the causes of non-compliance were
recorded. All morbidities associated with ESWL under-
stood as clinical problems or complications occurring 2 and
6 weeks after ESWL were recorded. Stone fragmentation,
which is the primary efficacy variable, was categorized as
follows: no fragmentation (one stone, no volume differ-
ence), good fragmentation (>2 stone fragments, and <50%
expulsion or less than 50% volume reduction), very good
fragmentation (multiple stone fragments, >2 fragments
with > 50% expulsion or more than 50% volume reduction)
and complete fragmentation (absence of renal stones or non-
significant residual fragments, <4 mm). Sample size was
calculated for two independent proportions (% of fragmen-
tation). Accepting an alpha risk of 0.05 and a beta risk of
0.2 in a two-sided test, 40 subjects were necessary in the
first group and 40 in the second one to obtain statistically
significant differences, expected to be of 0 in group 1 and
0.2 in group 2. A drop-out rate of 1% had been anticipated.
(The ARCSINUS approximation). Data were obtained from
a previous study [1].

Four study visits were completed by each patient. The
second visit took place 4 weeks after the beginning of the
study, when the ESWL was performed, and the third and
fourth visits were completed 2 and 6 weeks after the ESWL
was performed, respectively. Only one session of ESWL was
performed for each patient.

Protocol of ESWL

The protocol of ESWL is similar in the three centers. Medi-
cation with 50 mg of petidine plus 8 mg of ondansetron and
50 mg of dexketoprofen. Blood pressure and cardiac frecuency
controlled in all moment. Number of shock waves between
2500 and 3500 with maximum energy of 160 kV.

Objectives

The primary objective of the study was to assess the effects of
adjuvant HCA versus adjuvant placebo on the efficacy (frag-
mentation) of ESWL in calcium oxalate and calcium phos-
phate urinary stones, when administered for 4 weeks before
ESWL and 6 weeks after ESWL. The scientific aim of the
study was to demonstrate if modifications of crystal structure
by treatment may imply a reduced resistance to SWL Sec-
ondary objectives were to evaluate investigational treatment
compliance and to assess the safety (morbidities) of ESWL at
2 and 6 weeks after ESWL.

Statistical study

Statistical analysis was performed using the IBM SPSS v. 25.0
Statistical package. To assess the main study variable, the per-
protocol population (PP) was used, defined as the population
that did not discontinue the study and achieved more than 80%
adherence to the food supplement/placebo. The intention-to-
treat (ITT) population was defined as all the patients who par-
ticipated in the study and who, once randomized, took at least
one dose of the food supplement or placebo. The chi-square
test and Fisher's exact test were used for the comparison of
qualitative and quantitative variables and the t-student test was
used for the analysis of quantitative variables. Statistical sig-
nificance was considered p <0.05.

Ethical considerations

The Spanish Agency of Medicines and Health Products
decided to classify the study as a “non-observational study
without investigational drugs”. The clinical study was also
approved by the Ethics Committee of the San Cecilio Clinical
University Hospital of Granada (Spain) in December 2019.
Along with this investigational site, two other sites also par-
ticipated: The Regional University Hospital of Malaga (Spain)
and The Virgen de Valme University Hospital of Sevilla
(Spain).
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Table 1 Gender description Intention of treatment (IT) Per protocol (PP)

by treatment arms. IT and PP.

p=0.8 Female (%) Male (%) Total (%) Female (%) Male (%) Total (%)
Control 22 (53.7) 19 (46.3) 41 (100) 19 (51.4) 18 (48.6) 37 (100)
Experimental 19 (47.5) 21 (52.5) 40 (100) 13 (46.4) 15 (53.6) 28 (100)

(FagolitosPlus®)

Total 41 (50.6) 40 (49.4) 81 (100) 32 (49.2) 33 (50.8) 65 (100)

Table 2 Variable description by treatment arms, IT and PP

Table 4 Causes of study discontinuation by IT

Intention of treatment Per protocol

Total Total
Areap=0.8 174 (33) 174 (34)
Density (hounsfield units) 1128 (258) 1150 (251)
p=0.8
Age (years) p=0.3 52 (11) 53 (11)
BMI (Kg/m?) p=0.8 29 (5) 28 (5)
Gender (female/male) p=0.8 51%/49% 49%/51%

Quantitative variables: mean (SD), Qualitative variables: proportion

Table 3 Description of stone location in both groups

Fagolitos Placebo All (n=81)*
plus® (n=40) (N=41)
Right kidney
Lower Calyx 6 6 12
Pelvis 5 12 17
Upper Calyx 0 2 2
Ureteropelvic junction 1 2
Left kidney
Lower Calyx 5 5 10
Pelvis 22 11 33
Upper Calyx 1 4 5
Ureteropelvic junction 0 0
Results

A total of 81 patients (ITT) entered the study: 40 were
assigned to the HCA interventional group and 41 to the
placebo control group (Table 1). 49% were male (mean
age 52.07, SD: 11.57 years) and 51% were female (mean
age 51.49, SD: 11.14 years). The mean BMI of the study
patients was of 28.55 kg/m2 (Tables 2 and 3).

There were no statistical differences in the distribu-
tion of gender of the ITT population (Chi-square, Fisher’s
exact test: 0.66) or age (F=0.93, p=0.34), between both
treatment arms of the study. The average stone area was
174.36 mm? (SD: 32.83 mm?) and the average hardness
was 1128.11(SD: 257.65) with no statistically significant
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Experimental (%) Control (%) Total (%)

Gastric distress 1(2.5) 1(1.2)

Fear of treatment 1(2.5) 1(1.2)

Loss of follow-up 12.5) 2(5.1) 3(3.6)

Error in treatment 1(2.5) 1(1.2)
assignment

Total 4 (10) 2(5.1) 6(7.4)

differences between both treatment groups (area, F 0.84
p=0.36; hardness, F 0.08 p=0.77). 59% of the stones
were located in the right kidney. According to the loca-
tion in the kidney, 27.5% of the stones were located in
the lower calyx, 62.5% in the renal pelvis, 8.75% in the
upper calyx and 1.25% in the ureteropelvic junction.
No differences were observed in eGFR between groups
(control group 97.67 +5.25 ml/min; experimental group
96.55 +6.43 ml/min).

The treatment compliance of the ITT population was
of 92%, 95% in the control group and 88% in the experi-
mental group, and no statistically significant differences
were found (p <0.05). Of the 81 patients who entered the
study, 6 discontinued before the end of the study. The rea-
sons for discontinuation are shown in Table 4. 65 patients
had treatment compliance of more than 80%, being this the
population defined as per protocol (PP). Among the patients
with < 80% of treatment compliance, the main reason was
digestive discomfort in 4 of the patients, and other reasons
were forgetfulness or COVID-19.

Of the 65 patients in the PP analysis population (Tables 1
and 2), with a mean age of 53.18 years (SD: 12.27), 508.%
were male (mean age 53.61, SD: 11.76 years) and 49.2%
were female (mean age 52.75, SD: 10.07 years). The mean
BMI of the study patients was 28.06 kg/m2. There were no
statistical differences in the gender distribution (Chi-square,
Fisher's exact test: 0.80) or age (F=0.05, p=0.82) between
both study arms. The average stone area was 173.92 mm?2
(SD: 33.67 mm?2) and the average hardness was 1150.10
(SD: 251.46), with no statistically significant differences
between both treatment groups (area, F 0.43 p=0.84; hard-
ness, F 0.03 p=0.87). Of the 35 patients whose stone com-
position could be analyzed, 76.86% of the average stone
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composition was calcium oxalate [18 stones analyzed in
experimental group (11 monohydrate calcium oxalate, 4
calcium phosphate (2 apatite and 2 brushite), 3 dihydrate
calcium oxalate). 17 stones analyzed in placebo group (10
monohydrate calcium oxalate, 5 calcium phosphate (3 brush-
ite and 2 apatite), 2 dihydrate calcium oxalate. Method used
for Stone composition was infrared spectrometry].

In the PP population, the average number of shock waves
used was 2939.58 (SD: 375.08) with an average shock wave
frequency of 76.02 Hz (SD: 12.97 Hz) and an energy setting
of 135.24 kV (SD: 16.63 kV) with no statistically significant
differences between both treatment groups (F 2.45 p=0.12;
F 0.005 p=0.95; F 0.16 p=0.69 respectively). In the ITT
population, no statistically significant differences were found
between groups (mean 2929.02 Ds 412.87 F 1.58 p=0.21;
mean 76.26 Hz Ds 12.76 Hz F 0.04 p=0.84; mean 135.22
kv Ds 16.78 kV F 0.54 p=0.82 respectively).

For the main study variable in the PP analysis, the inten-
sity of fragmentation (no fragmentation, good, very good or
complete) was distributed differently in both study treatment
arms (Chi-square p=0.028), Table 5. The same results were
obtained in the ITT analysis (Chi-square p=0.011). When
we group the intensity of fragmentation into subgroups of
two, the only group in which statistically significant differ-
ences were obtained in the PP and ITT analysis (Chi-square,
Fisher's exact test p=0.026 and p=10.006 respectively) was
the association of no fragmentation vs. fragmentation (good,
very good or complete). All the patients who had undergone
ESWL and who took HCA presented fragmentation, while
16.67% (PP) of the patients in the placebo group did not
achieve fragmentation of the stones with ESWL (Table 6),
18.42% in the ITT population (Fig. 1).

When assessing the need for a new therapeutic inter-
vention in the PP analysis after ESWL, there was a 1.44%

difference in favour of the HCA group (60.71%) versus the
placebo group (62.16%). However, this difference was not
statistically significant (Chi-square p 0.42). 17 patients in
the placebo group and 13 in the HCA group required a new
ESWL.

After lithotripsy, few adverse events were observed in the
following 2 weeks, with no statistically significant differ-
ences between the two exposure groups (Table 7).

Table 6 Degree of fragmentation, no fragmentation versus fragmen-
tation in the study arms (PP and IT)

FagolitosPlus (%)® Placebo (%) Total (%)

Population per protocol
chi-squared test p<0.026

Degree of fragmentation

1. No fragmen- 0 (0.00) 6 (16.67) 6(9.38)
tation
2. Good, very 28 (100.00) 30(83.33) 58(90.63)
good or
complete frag-
mentation
Total 28 (100.00) 36 (100.00) 64 (100.00)*
Population by treatment intention
chi-squared test p <0.006
Degree of fragmentation
1. No fragmen- 0 (0.00) 7(18.42) 7(9.33)
tation
2. Good, very 37 (100.00) 31(81.58) 68 (90.67)
good or
complete frag-
mentation
Total 37 (100.00) 38 (100.00) 75 (100.00)

*The fragmentation variable was not obtained from one patient in the
PP population

Table 5 Degree of
fragmentation in the study arms

(PP and IT)

FagolitosPlus® (%) Placebo (%) Total (%)
Population per protocol
Degree of fragmentation
1. No fragmentation 0 (0.00) 6 (16.67) 6(9.38)
2. Good fragmentation 8 (28.57) 9 (25.00) 17 (26.56)
3. Very good fragmentation 17 (60.71) 12 (33.33) 29 (45.31)
4. Complete fragmentation 3(10.71) 9 (25.00) 12 (18.75)
Total 28 (100) 36 (100) 64 (100)*
Population by treatment intention
Degree of fragmentation
1. No fragmentation 0 (0.00) 7 (18.42) 7(9.33)
2. Good fragmentation 13 (35.14) 9 (23.68) 22 (29.33)
3. Very good fragmentation 20 (54.05) 13 (34.21) 33 (44.00)
4. Complete fragmentation 4(10.81) 9 (23.68) 13 (17.33)
Total 37 (100) 38 (100) 75 (100)

*The fragmentation variable was not obtained from one patient in the PP population
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Table 7 Adverse events

Placebo (%) FagolitosPlus ® (%) Total (%)

Residual load increase 0 (0.00) 1 (10.00) 1(4.76)
Lithiasic road 4 (36.36) 5 (50.00) 9 (42.86)
Nephritic colic 4 (36.36) 2 (20.00) 6 (28.57)
Ecchymosis 0 (0.00) 1 (10.00) 1(4.76)
Fever 1.(9.09) 0 (0.00) 1(4.76)
Post-ESWL admission 1 (9.09) 0 (0.00) 1(4.76)
Irritative urinary 1(9.09) 0 (0.00) 1(4.76)
syndrome
Obstructive uropathy 0 (0.00) 1 (10.00) 1(4.76)
Total 11 (100) 10 (100) 21 (100)

Two weeks after ESWL. PP analysis

Discussion

The food supplement known as FagolitosPlus® is mainly
composed of HCA, an ingredient that was identified in
1965 as a component of the Garcinia Cambogia [11]
fruit. In vitro assays reveal that HCA is capable of dis-
solving calcium oxalate monohydrate (COM) and brushite
crystals. This phenomenon was observed under specific
conditions—namely under continuous flow of a growth
solution containing a relatively narrow range of HCA
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concentration [6, 12—15]. The product releases a constant
amount of HCA over 24 h, through an extended-release
mechanism, by generating a constant flow of HCA that
reaches the urine. Under these conditions we assimilated
the mechanism observed in vitro. This facilitated the
fragmentation of COM crystals [6]. This compound had
important in vitro properties, especially its ability to bind
calcium (in the same way as the citrate does) by inhibiting
its crystallization and weakening the molecular union of
calcium oxalate and calcium phosphate crystals [12]. In
addition to this, different in vitro studies demonstrated that
HCA is capable of dissolving calcium oxalate crystals in a
supersaturated solution. HCA is excreted in human urine
without metabolism and without modifying the urinary
pH, compared with citrate, which makes it particularly
interesting for its properties in patients with calcium oxa-
late and phosphate urolithiasis [6, 13, 14]. Experimen-
tal animal studies demonstrated the effect of HCA on the
inhibition of the crystallization of calcium oxalate, and
in addition, its renal elimination. Therefore, HCA has a
double effect: a prophylactic effect in the first case and a
therapeutic effect in the second one [15, 16].

In the clinical study carried out, the adjuvant use of HCA
in patients with an indication to undergo ESWL and who
took two sachets daily for one month prior to ESWL, and
one sachet daily for 45 days after ESWL, facilitated the stone
fragmentation in all cases. The stone fragmentation was
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not achieved in up to 16.67% of patients who did not take
HCA in stones, especially those composed of calcium oxa-
late (76.86%), and also presented high hardness conditions
(mean: 1150.10 DS: 251.46). The improvement of the stone
fragmentation in the HCA adjuvant group was obtained both
in the 81 patients (intention-to-treat) and in the per protocol
population (65 patients). The results of this clinical study
confirm the results obtained in a preliminary study, which
was conducted by our group and also previously published,
in which a higher percentage of stone fragmentation with
extracorporeal shock waves was observed in those patients
HCA prior to treatment [9].

In addition, a slight decrease of new therapeutic inter-
vention with ESWL (6.93% less) was observed in the
group treated with HCA compared with the control group.
Therefore, there is a greater fragmentation, and the need
for retreatment in patients with calcium lithiasis treated
medically with this food supplement based on HCA may
decrease. We found that the adherence to HCA of 87.86%
of patients is very good. This is the first randomized clinical
study with this food supplement compared to placebo which
demonstrates the optimization of the fragmentation due to
ESWL. These results should be confirmed by studies carried
out in other sites in the future. This study has some limita-
tions as absence of 24-h urine testing and only analyze the
short-term effect of the drug in ESWL treatment but not in
long-term metabolic effects.

Conclusion

The use of the food supplement FagolitosPlus® improves
the fragmentation of calcium urolithiasis achieved by using
ESWL, so we recommend the use of this product prior to
the treatment with ESWL and also after this treatment has
ended.
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