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Abstract

We investigated the efficacy of a liquid dietary supplement (DS)
containing collagen, L-arginine, hyaluronic acid and vitamin C in elderly
patients with musculoskeletal complaints. The two-month study 26 people
were involved who were randomly divided into two groups (control and
experimental group). At the beginning and end of the study, somatometric
examinations, body composition examinations, joint function tests and
laboratory tests were carried out. All subjects consumed 25 ml of DS per
day and members of the experimental group also took part in physiotherapy
3 times a week. Blood lipid levels changed in parallel with the intake of DS:
LDL level and the LDL/HDL ratio decreased significantly in both groups.
There was a significant improvement in 3 points of the body composition
test in both groups. The functional tests of the knee and hip joints showed
significant improvements in the experimental group, while in the control
group the DS can also bring about significant improvements in the range of
motion of the joints in the passive state. The DS proves to be an excellent
support for people who lead an active lifestyle. It shows clear benefits in
promoting joint functionality, maintaining healthy blood lipid levels and
improving body composition. It is worth noting that the effectiveness of
DS also applies to people with a more sedentary lifestyle.

Keywords: Body composition; Laboratory results; Collagen and hyaluron
acid oral supplementation; Articular movement improvement; C vitamin;
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Introduction

The world is undergoing a massive ageing process. According to the UN
Population Profile, the number of people over 60 in high-income countries is
expected to reach 366 million by 2030. Most of us can expect to live many
years longer than our parents’ and grandparents' generations. This increase in
life expectancy is a huge achievement due to improvements in public health
and healthcare [1]. Research focused on health promotion and prevention has
led to a large number of studies aimed at maintaining health at an optimal
level in the long term. The development of nutritional supplements to improve
age-related deficits is a focus of this field of research.

For example, the efficiency of our body to produce collagen from dietary
proteins decreases with age [2]. Adequate intake of vitamin C-rich foods
is also essential for collagen synthesis; this vitamin helps to bind collagen-
forming amino acids [3]. It is worth noting that studies indicate that vitamin
C intake should be increased with age [4].
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Collagen plays a structural role in the human body and
contributes to the mechanical, shaping and organisational
properties of our tissues [5]. Collagen is a major component
of connective tissue, including tendons, ligaments, skin and
muscles [6]. Collagen is good for the skin, eyes, hair, nails,
gums, ligaments, muscles, cartilage, joints, digestion and
heart health [3,7,8].

For the development of food supplements, collagen can
be extracted from pork, beef, chicken and various seafood.
There is little information on the efficacy of collagen
supplements. Studies generally use pre-digested (hydrolyzed)
collagens that contain peptides rather than whole proteins
[9,10]. Studies on the efficacy of collagen supplements for
age-related body changes have shown benefits for the whole
body:

* The skin: The skin undergoes structural changes with
age. There is a deterioration in neurosensory perception,
permeability and the ability to recover from injuries. Age-
related changes in the composition of the skin's amino
acids reduce the skin's natural ability to retain water.
The amount of hyaluronic acid produced by fibroblasts
decreases and collagen synthesis slows down [11].

*  Muscle mass: The intake of collagen peptides has been
found to increase lean body mass and muscle fibre diameter
[7]. Research has shown that collagen supplementation
promotes the synthesis of muscle proteins such as creatine
and stimulates muscle growth after exercise [10].

* Bone and joint function: Supplementation with collagen
peptides is also useful in relieving the symptoms of
osteoarthritis. There is a marked improvement in pain,
stiffness and physical function [12-15].

» Cardiovascular health: Oral intake of collagen has been
shown to have a positive effect on blood lipids. When
taken regularly, the LDL/HDL ratio is reduced [16], high
blood pressure is lowered [17] and arterial stiffness is
reduced [18].

* Gastrointestinal diseases: The glycine content of
collagen reduces the risk of gastric ulcers [13]. Collagen
synthesis is important for the process of repair and healing
of the intestinal wall [14]. A link between inflammatory
bowel disease and reduced serum collagen levels has been
demonstrated [15].

Collagen supplements are increasingly in demand due to
the desire to stay youthful, as they have been shown to have
positive effects on many body systems [19]. The market for
hydrolyzed collagen is expected to be the fastest growing,
supported by its increasing use in the healthcare sector [20].

Study Aim

This study investigated the overall health effects of a

Volume 6  Issue 1 49

dietary supplement in elderly patients with musculoskeletal
complaints. The uniqueness of the dietary supplement used
in this study is that while its main ingredient is hydrolyzed
collagen - the current market importance and health effects of
which we wrote in detail in the introduction, it also contains
L-arginine and hyaluronic acid and vitamin C.

The composition of DS is specially created with the aim
of strengthening each other's effects and helping absorption.
The individual mechanisms of action and physiological
role of these ingredients are well understood but have not
yet been uniformly tested in a dietary supplement with this
combination of ingredients or in the dosage administered in
this study.

The impact of the dietary supplement on the reduction
musculoskeletal complaints was investigated. In addition, the
influence of intense exercise on the efficacy of the supplement
was assessed. Laboratory tests were employed to assess any
adverse effects, such as the impact of the dietary supplements
on the liver and kidney.

Materials and Methods
Study design

The study was conducted at the Faculty of Health Sciences
of the University of Miskolc during a 60-day study period. We
formulated the following selection criteria: Elderly people
(male and female) aged 60 years and older were included in the
study, leading an active life, with musculoskeletal complaints
(medically certified permanent or recurrent degenerative
musculoskeletal complaints affecting at least two body parts
or joints). We define exclusion criteria as persons who are
prevented from physical activity for cardiovascular reasons.

Randomized controlled trial is employed as study design.
Participants in the study were recruited on the basis of a
public call for applications and were selected on a first-come,
first-served basis if they met the selection criteria. Once the
selection criteria were met, the final study population was
formed and then randomly divided into two groups (study
and control). Finally, we enrolled 30 patients: 15 in the study
group and 15 in the control group. The final number of patients
was 13-13, with 2-2 patients dropping out during the 60-day
study period. The influence of cofounding factors: age, sex
and weight is minimal as there are no significant differences
between the mean of these variable in the two groups.

All participants underwent blood tests, body composition
measurements, somatometric tests, joint range of motion and
endurance tests at the beginning and end of the study period
and consumed 25 ml of the study supplement dissolved in 2
dl of water every morning throughout the study period.

The experimental group - in contrast to the control group -
participated in three guided physiotherapy sessions per week
throughout the study period.
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The habitual activity level of the control group did not
change during the study period.

The ingredients of the dietary supplement tested in our
study are (one dose: 500 mg vitamin C (625%RIV), 10 000
mg collagen, 40 mg hyaluronic acid (molecular weight Da
(0.8-1.5)x10 6), 1075 mg L-arginine, 1074 mg glycine).

Socio-demographic data

The data of 13 people from the experimental and control
groups (26 people in total) were analysed. There was 1
man in the test group and 2 men in the control group. The
average age was 68.9 +/- 4.6 years in the study group and
69.9 +/- 4.9 years in the control group. The participants were
mostly retired, with 2 people in the study group working in
intellectual professions and three in the control group, also in
intellectual professions.

Somatometric tests

* Height was measured with an InBody BSM 270, waist and
hip circumference, thigh and upper arm circumference
were measured manually with a tape measure and
tabulated.

* A comprehensive anthropometric and body composition
analysis was performed using the InBody 270 (InBody
Co., Ltd., South Korea) according to the manufacturer’s
protocol. During the analysis, the following parameters
were determined: weight (kg), total body water (1), body
fat mass (kg), soft lean mass (kg), fat-free mass (kg),
skeletal muscle mass (kg), percent body fat (%), visceral
fat area (kg), body cell mass (kg), total body water (1),
extracellular water (1), intracellular water (1), mineral mass
(kg), bone mineral content (kg), protein mass (kg), basal
metabolic rate (kcal) and total fitness (InBody Score).

Passive Range of Motion (PROM)

Is a scientific measure used to assess joint movement
through external manipulation of the joint without the person
actively tensing their muscles. It is a valuable tool in clinical
practice for the diagnosis and treatment of musculoskeletal
conditions and for monitoring changes in joint mobility over
time. In passive range of motion, the joint of a person being
exercised is completely relaxed while the external force
moves the body part, e.g. a leg or arm, through the available
range [21].

Stamina test

* Determination of voluntary apnea time (voluntary apnea
time is the ability to hold one's breath, measured in
seconds)

* 3-minute step bench test: counting the steps taken in 3
minutes and recording the maximum heart rate, then
recording the heart rate measured after 1, 3 and 5 minutes
of rest,
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» Fatigue level at the end of the test with the Modified Borg
Scale. (The Modified Borg Dyspnea Scale (MBS) is a
numerical scale graded from 0 to 10 to measure patient-
reported dyspnea during submaximal exercise, one of the
most common and widely used measures to assess disease
severity in pulmonary arterial hypertension) [20].

* Garmin Vivoactive 4 activity watch: continuous
monitoring of activity, heart rate and calories burned
throughout the duration of physical exercise.

Laboratory results (from peripheral venous blood)

Glycaemia; liver function (GOT, GPT, GGT), kidney
function (urea, creatinine, GFR), Na, K, Mg, Ca, Fe,
transferrin, iron binding capacity, inflammatory parameters
(red blood cell sedimentation, CRP, LDH), White Blood Cell
Count, blood lipids (cholesterol, HDL, LDL, triglyceride).

Statistical analysis

The paired t-test was used to determine the differences
between the body composition variables, blood lipid
parameters and exercise tests measured at the beginning and
end of the study within the control and study groups, and
the unpaired t-test was used at the two different sampling
time points between the two groups. Chi-square test is used
for blod parameters, whether the results are in or out of the
reference interval. For all analyses, the p-value for the two-
sided significance level was set at p <0.05. Statistical analyses
were performed using the IBPM SPSS Statistics Version 25
software package.

The methodology of physiotherapy sessions

Weeks 1-4 (Part A): Each training session began with a
warm-up exercise about 5 minutes apart. This was followed
by mobilisation exercises to improve the movement of
the "stem" joints and the spine in a relieved position. This
was followed by elements of a standard series of exercises
to correct posture, stretch and strengthen the antigravity
muscles.

Weeks 5-8 (Part B): Elements: Low-intensity
cardiopulmonary training, posture correction, stretching and
strengthening of the antigravity muscles, including in weight-
bearing positions.

From week 5, part B was introduced, and then gradually
fewer and fewer exercises from part A and more and more
only elements from part B were used. Each time, the exercise
programme was pulse- controlled.

Results

No side effects were reported during the entire study
when taking the dietary supplement. All study participants
completed the protocol as prescribed.
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Results of the comparative analysis of laboratory
results

The blood laboratory results of the experimental and
control groups before and after the intervention were
compared by Chi-squared test whether the results are in or
out of the reference intervals.

The laboratory analysis included the results of 26
components.

It is important to note that liver function parameters (GOT,
GPT, GGT) and renal function values (urea, creatinine) also
remains in the refence intervals Acording to the tests, no
signicicant change can be presented in the control group,
while in the experimental group in case of LDL after the
experiment more results were in the reference interval
(5 before, 12 after out of 13, and the change is significant
(p=0.000).

Comparing the mean of blod lipid results the following
results can be seen.

* Total cholesterol (normal range: <5.20 mmol/l): There
was a significant (p=0.018) decrease in the experimental
group by -0.4 from 5.8 to 5.4 (Figure 1A);

* LDL (normal range <3 mmol/l): the mean value of both
groups showed a significant decrease, with the control
group decreasing by -0.7 from 4.1 to 3.3 (p=0.003) and
the experimental group by -1.0 from 3.7 to 2.7 (p=0.000)
(Figure 1B);
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» HDL cholesterol (normal range >1,4 mmol/l): there was a
significant increase (p=0.004). in the experimental group
the change increased by 0.2 from 1.7 to 1.9. In the control
group by 0.07 from 1.59 to 1.66, the change was not
significant (p=0.121), and is negligible from a practical
point of view. (Figure 1C);

+ LDL/HDL ratio (a ratio of more than 2.5 is a high
cardiovascular risk, while a lower value than 2.5 indicates
a low cardiovascular risk): significant reduction in both
groups control p=0.006, test p=0.000), but slightly
greater decrease in the study group ( in the control group
the value increased by -0,6 from 2.8 to 2.1, while in the
experimental group the ratio changed by -0.8 from 2.3 to
1.5. also there was a significant between group difference
the experimental group has significantly (p=0.027) lower
value than the control group after the experiment.;

Results of a comparative study of InBody results

The results of the InBody body composition analysis before
and after the intervention of the experimental and control
groups were compared using the t-test.

We analysed 13 different measures of body composition, 2
of which showed no significant change: ECW (extracellular
water), BMC (bone mineral content). For § test items, the
experimental group showed a significant change based on the
paired t-test, while in the control group the change was not
significant (Table 1).

w

" B) I

CON1

CON2 INT1 INT2

CON1 CON2 INT1 INT2

Figure 1: (A) Total cholesterol. (B) LDL. (C) HDL. (D) LDL/HDL. The names of the groups are abbreviated by: CON1: initial status of the
control group, CON2: final status of the control group. INT1: initial state of the experimental group, INT2: final state of the experimental group.
Significance level are indeicated by asterisk (*),***: p<0,001 , **: p<0,01 *:p<0,05.
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Table 1: Comparing changes in body composition.
T-test (significance)
Mean SD
paired independent
CON1|/CON2| INT1 INT2 [ CON1 CON2 | INT1|INT2 %%’;:12 'IT‘TT;' CI(;"T' 11' Cf;’:zz'
TBW (Total Body Water) (liter) 343 | 344 | 323 33 4.6 43 | 49 | 52 | 0.744 | 0.003 | 0.292 | 0472
ICW (Intracellular Water) (liter) 209 | 209 | 198 | 207 | 27 26 | 3.0 | 35 | 0.809 | 0.013 | 0359 | 0.813
ECW (Extracellular Water) (liter) 134 | 134 | 124 | 127 | 20 20 | 1.9 | 21 | 0727 | 0065 | 0.225 | 0.392
Protein (kg) 9.0 9.1 8.6 9.1 1.1 1.1 13 | 14 | 0666 | 0.000 @ 0.344 | 0.964
Minerals (kg) 3.4 3.4 3.1 3.3 0.6 06 | 05 | 05 | 0.286 | 0.000 | 0.175 | 0.551
BFM (Body Fat Mass) (kg) 285 | 277 | 277 | 256 | 104 | 100 | 7.7 | 7.3 | 0.002 @ 0.000 @ 083 | 0.543
SMM (Skeletal Muscle Mass) (kg) | 25.2 | 253 | 23.9 | 245 | 35 34 | 39 | 42 | 0773 | 0.002 | 0.355 | 0.601
BMI (Body Mass Index) (cm/m2) 280 | 276 | 281 | 272 | 49 49 | 44 | 41 | 0014 005 095 | 0.816
PBF (Percent Body Fat) (%) 376 | 366 | 383 | 357 | 94 89 | 64 | 64 | 0.068 | 0.000 | 0.815 | 0.785
BMR (Basal Metabolic Rate) (kcal) | 1378.5 | 1381.9 | 1319.1 | 1345.2 | 133.2 | 126.3 | 143.6|163.5| 0.717 | 0.022 | 0.284 | 0.527
VFL (Visceral Fat Level) 135 | 12.8 | 134 | 120 | 53 54 | 42 | 42 | 0.013 0.000 | 0.968 | 0.687
VFA (Visceral Fat Area) (cm2) 140.9 | 1382 | 1381 | 127.8 | 63.8 | 60.7 | 41.2 | 40.6 | 0.353 | 0.000 | 0.897 | 0.611
BMC (Bone Mineral Content) 28 | 29 | 26 | 26 | 05 05 04 04 | 0302 0160 | 0.165  0.174

(gramm)

However the between-subject (control and experimental groups) comparison did not bring significant results in the 13 different measures. The
names of the groups are abbreviated in the Table: CON1: initial status of the control group, CONZ2: final status of the control group. INT1: initial
state of the experimental group, INT2: final state of the experimental group.

TBW (total body water): There was a significant (p=0.003)
increase in the experimental group by 0.8 from 32.2 to
33.0. (Figure 2A);

ICW (intracellular water): There was a significant
(p=0.013) increase in the experimental group by 0.9, from
19.8 to 20.7. (Figure 2B);

Protein: There was a significant (p=0.000) increase in the
experimental group by 0.5, from 8.6 to 9.1. (Figure 2C);

Minerals: There was a significant (p=0.000) increase in
the experimental group by 0.2 from 3.1 to 3.3 (Figure 2D);

SMM (skeletal muscle mass): There was a significant

(p=0.002) increase in the experimental group by 0.6 from
23.9 to 24.5. (Figure 2E);

PBF (percentage body fat): There was a significant
(p=0.000) decrease in the experimental group by - 2.4
from 38.3 to 35.7. (Figure 2F);

BMR (basal metabolic rate): There was a significant
(p=0.022) increase in the experimental group by 26.1
from 1319.1 to 1345.2. (Figure 2G);

VFA (visceral fat area): There was a significant (p=0.000)
decrease in the experimental group by -10.7 from 138.1 to
127.8. (Figure 2H)
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Range of motion testing of hip and knee joints
(passive range of motion - PROM)

In 3 test items, the experimental group showed a significant
change in the basis of the paired t-test, while the change was
not significant in the control group, and 1 test item showed
significant change in the control group while the change in
the experimental group was not significant. The names of the
groups are abbreviated in the Table 2: CON1: initial status
of the control group, CON2: final status of the control group.
INT1: initial state of the experimental group, INT2: final state
of the experimental group.

* Hip ROM fl L: There was a significant (p=0.008)
increase in the experimental group by 7.7 from 109.2 to
116.9 (Figure 4A);

* Knee ROM fl R: There was a significant (p=0.006)
increase in the experimental group by 5.3 from 111.8 to
117.1. (Figure 3B);

* Knee ROM fl L: There was a significant (p=0.006)
increase in the experimental group by 5.9, the change was
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significant (p=0.001) from 112.3 to 118.2 (Figure 4C);

*+ Knee ROM ext R: There was a significant (p=0.004)
decrease in the control group by 3.3 from 5.5 to 2.8
(Figure 4D)

In 2 test items, the change was significant for both groups
according to the t-test:

* Hip ROM fl R: The mean increased by 6.3 from 109.8
to 116.1 (p=0.018) in the control group and by 7.8 from
109.2 to 116.9 (p=0.000) in the experimental group
(Figure 5A);

* Knee ROM ext L: The mean decreased by -4.2 from 6.2
to 2.5 in the control group (p=0.000) and by -4.5 from 6.3
to 1.8 in the experimental group (p=0.000) (Figure 5B)

Results of the parameters measured during the
physiotherapy session

Among the parameters tested at the experimental group, exer-
cise time (p=0.011), maximum heart rate (0.002) and calorie
consumption during exercise (p=0.012) showed significant
changes (Table 3).

Table 2: Comparing changes in motion testing of hip and knee.

Mean SD

CON1 | CON2  INT1

Hip_ROM_fl_R 109.5 | 116.2 | 107.2 | 1165 9.4 9.8

Hip_ROM_fl_L 113.7 | 1143 1 109.2 1169 9.8 8.9

Hip_ROM_e xt_R 3.4 32 | 32 | 42 | 28 1.9

Hip_ROM_e xt_L 49 46 | 38 | 56 | 39 | 2.1

Knee_ROM_ fl_R 118.8 | 117.7 | 1118|1171 8.7 12.5

Knee_ROM_ fl_L 1175 | 1201 | 1123 |118.2| 11.9

Knee_ ROM_ext R | 5.6 28 | 55 | 32 | 26 | 21

Knee ROM_ext L | 6.6 25 | 63 18 32 17

INT2 |CON 1| CON 2

T-test (significance)

paired independent

INT1 | INT2 | CON1- ON2 | INT1-INT2 | CON1-INT1 | CON 2-INT2
54 | 87 0.026 0 0.467 0.917
36 | 88 0.721 0.008 0.137 0.458
24 | 16 0.829 0.331 0.88 0.167
21 | 21 0.786 0.051 0.389 0.229
134 | 12.7 0.59 0.006 0.133 0.902
11.7 | 12.6 0.125 0.006 0.277 0.692
36 | 25 0.004 0.095 0.951 0.616
28 | 1.5 0 0 0.798 0.335
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Figure 4: (A) Hip ROM fl left. (B) Knee ROM fl right. (C) Knee ROM fl left. (D) Knee ROM ext right. The names of the groups are abbreviated
by: CONI1: initial status of the control group, CONZ2: final status of the control group. INT1: initial state of the experimental group, INT2: final
state of the experimental group. Significance level are indeicated by asterisk (¥), ***: p<0,001 , **: p<0,01*:p<0,05.
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Figure 5: (A) Hip ROM fl right. (B) Knee ROM ext left. The names of the groups are abbreviated by: CONI: initial status of the control group,
CON?2: final status of the control group. INT1: initial state of the experimental group, INT2: final state of the experimental group. Significance

level are indicated by asterisk (*), ***: p<0,001, **: p<0,01, *:p<0,05.

Table 3: Comparing changes in parameters during training.

Parameters Initial average SD Final average SD Significance (p)
Training time (min) 42.5 1.5 45 1.1 0.011

Average heart rate (beats/min) 76.2 8.1 80.6 6 0.084
Maximum heart rate (beats/min) 97.1 8.7 114.6 8.5 0.002

Calories 134.6 46.3 169 37.7 0.012
Discussion LDL and triglyceride levels contribute to atherosclerosis

In this study, we investigated the health benefits of a
collagen supplement in an elderly population. The special
feature ofDS is that it contains L-arginine, vitamin C and
hyaluronic acid in addition to the high collagen content.

The aim behind this careful formulation is to maximize
the bioavailability and efficacy of the individual ingredients.
By combining ingredients that work together, DS aims to
achieve a more comprehensive and powerful effect on the
targeted physiological processes, such as musculoskeletal
health in elderly patients. While the individual mechanisms
and physiological functions of these ingredients are well
understood, their combined effects and optimal dosages in
this particular supplement have not been widely studied.

Based on our understanding of the effects of these four key
components on the human body, our findings are framed in
terms of four main objectives: cardiovascular, prophylactic,
nutritional and joint and musculoskeletal aspects.

Cardiovascular aspects:

In the field of biology, it is known that elevated

and endothelial dysfunction. Various markers for early
atherosclerosis have been identified, such as the ratio of LDL
to HDL (LDL-C/HDL-C ratio). A ratio of more than 2.5 is
considered high risk, while a lower value indicates a lower
risk [22,23]. Oral intake of collagen has been shown to have
positive effects on blood lipids and therefore cardiovascular
health. Regular intake has been associated with a reduction in
the LDL/HDL ratio [16], a reduction in high blood pressure
[17] and a reduction in arterial stiffness [18].

In terms of dosage, there are notable differences in the
amounts used in the various research studies. To provide a
comparative perspective, we present specific examples from
the literature and compare them with the results of our own
research.

Inastudy similar to ours, in which healthy adults consumed
16 grams of collagen daily for 6 months, a reduction in the
LDL/HDL cholesterol ratio and a reduction in levels of an
atherosclerosis risk marker were observed [16].

Our study concurred with these findings and showed
that participants who exercised regularly had a significant
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increase in HDL cholesterol, a decrease in total cholesterol
and a decrease in average LDL cholesterol. Interestingly,
the control group that did not exercise showed a non-
significant decrease in total cholesterol and a non-significant
increase in HDL cholesterol, both changes being so small
as to be negligible from a medical point of view: However,
a significant decrease in LDL cholesterol was found in the
control group.

The initially high LDL/HDL ratio shows significant
reduction in both groups (control p=0.006, experimental
p=0.000), but slightly greater decrease in the study group (
in the control group the value increased by -0,6 from 2.8 to
2.1, while in the experimental group the ratio changed by -0.8
from 2.3 to 1.5. also there was a significant between group
difference the experimental group has significantly (p=0.027)
lower value than the control group after the experiment.; It
is noteworthy that the collagen supplement, which contains
additional antiatherogenic elements such as L-arginine and
vitamin C, played a decisive role in this improvement.

Based on the LDL/HDI ratio, both groups showed an
improvement in atherogenic risk. The control group went
from a high risk value to a low risk value, and in case of
the experimental group the original low risk status decreased
further.

In contrast to the mentioned aerlyer in which 16 mg of
collagen was taken for 6 months (p=0.253), our study showed
more significant effects with 10 grams per day, enriched
with supplemental ingredients. This robust improvement
in the LDL/HDL ratio, a major cardiovascular risk marker,
underscores the effectiveness of supplemental collagen
supplementation in achieving remarkable results in a shorter
period of time.

Similar studies have been conducted in the literature. In
one small study, for example, mild hypertension was reduced
in 15 adult subjects by consuming 5.2 grams of collagen per
day for 4 weeks [17]. Consuming 2.5 grams of collagen per
day for 12 weeks reduced arterial stiffness [18]. As blood
pressure and arterial stiffness were not measured in our study,
a direct comparison with our results in these areas is not
possible. It is important to note that the references to these
studies were for illustrative purposes only and emphasized
the remarkable variability in dosing rather than drawing
parallels to our specific results.

Evaluation of the changes in parameters during training:
The group physiotherapy sessions held three times a week
under the guidance of an expert triggered adaptation processes
in the participants. As a result, the maximum heart rate, the
time of physical activity, i.e. the exercise time (p=0.011),
increased at the end of the 60th day. The average heart rate
(p=0.084) and maximum heart (p=0.002) rate also showed a
significant increase, which was due to the reinforcement of
the training components of the sessions.
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Prophylactic aspects:

In recent decades, numerous studies have attempted to
identify substances with anti-atherogenic properties, such as
vitamin C and L-arginine, and to investigate the effects of
various exercise programs on blood lipid levels [23]. Regular
physical activity has shown promise in lowering blood lipid
levels, with both triglyceride and total cholesterol levels
showing a downward trend [24]. Furthermore, a detailed
breakdown of HDL and LDL cholesterol levels shows an
upward trend in HDL cholesterol and a concomitant decrease
in LDL cholesterol with physical activity [25]. In particular,
physically active women were found to have significantly
higher HDL cholesterol levels than their sedentary
counterparts [26]. High-intensity exercise alone has been
shown to positively alter lipoproteins in a cardiovascular
manner, particularly in healthy older women [27]. Another
study emphasizes the role of L-arginine in lowering
blood lipids, showing that L-arginine supplementation
improved lipid profiles by lowering serum concentrations of
triglycerides, total cholesterol, and low-density lipoprotein
cholesterol [28].

Our study is consistent with these proven associations,
as patients in the study group who exercised regularly
showed a notable increase in HDL cholestol, a decrease in
total cholesterol and a decrease in average LDL cholesterol.
Interestingly, the control group that did not exercise also
showed a significant decrease in LDL cholesterol.

This suggests that while these changes are indeed
significant in patients who are both physically active and
taking a dietary supplement, individuals who rely solely
on a dietary supplement show even more favorable results.
The superiority of the results is particularly evident in the
reduction of LDL cholesterol, where significant values are
achieved, which in itself underlines the efficacy of the dietary
supplement.

Nutritional aspects:

The administration of L-arginine has been associated with
an inhibition of visceral fat accumulation [29]. Further studies
have highlighted the anti-atherogenic effect of L-arginine and
vitamin C [30]. L-arginine, known for its versatility, exhibits
pronounced anti-ageing effects, including reduced risk of
vascular and heart disease, reduced erectile dysfunction,
improved immune response and inhibition of gastric
acidity [31]. There is much evidence to suggest that oral
administration of L-arginine within the physiological range
may be beneficial to the health of both men and women by
increasing the synthesis of nitric oxide (NO) and thus blood
flow to tissues (e.g. skeletal muscle). NO is a vasodilator, a
neurotransmitter, a regulator of nutrient metabolism and a
killer of bacteria, fungi and parasites [32-39]. In addition,
there is evidence that oral hyaluronic acid supplementation is
effective against obesity [32].
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In our study, a significant reduction in body fat mass,
body mass index and visceral fat percentage was observed
in both groups, a result that we attribute to the synergistic
anti-adipogenic and metabolism- stimulating effects of the
supplement's ingredients. Positive changes were observed
in visceral fat area, basal metabolic rate, percentage
body fat and skeletal muscle mass, which, although not
significant compared to the control group, still represent a
positive change in body composition. In particular, the test
group that exercised regularly showed significant positive
changes, which underlines the effect of physical activity.
Encouragingly, the group that relied solely on the dietary
supplement also showed improvements.

Looking at somatometric studies, a direct correlation
between waist circumference and visceral fat is known [33].
In our study, a significant reduction in abdominal volume
was observed in the study group (by 3,91 cm (p=0.010) from
96,47 cm to 92,56 cm according to t-test), which correlated
with a significant reduction in visceral fat area (VFA) and
visceral fat level (VFL).

Articular-, musculoskeletal aspects:

The use of collagen has shown remarkable benefits in
people with chronic knee pain, manifested in a reduction in
pain and an improvement in range of motion (ROM) [32].
The positive effects also extend to the relief of symptoms
associated with osteoarthritis, with significant improvements
in pain, stiffness and physical function [12].

In terms of orthopedic changes, taking collagen proves
to be a comprehensive solution that improves bone strength,
density and mass. It also contributes to improved joint
stiffness, mobility and functionality and ultimately reduces
pain [35]. In the field of sports nutrition, it is known that joint
and ligament injuries can be reduced by appropriate macro-
and micronutrient supplementation and collagen replacement
[36].

Oral administration of hyaluronic acid can have a positive
therapeutic effect in patients with early osteoarthritis [37].

Hyaluronic acid is naturally present in synovial fluid,
where it acts as a lubricant and shock absorber. Some studies
suggest that taking hyaluronic acid can improve joint mobility
and relieve pain. Oral administration of hyaluronic acid leads
to an improvement in osteoarthritis biomarkers, namely
higher HA concentrations in the synovial fluid [38].

Arginine supplementation may therefore be beneficial by
increasing nitric oxide (NO) synthesis and thus blood flow to
tissues: e.g. skeletal muscle [39].

Maintaining and gradually increasing range of motion can
be promoted by targeted exercises, including mobility and
stretching exercises [21].
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In our study, the experimental group showed significant
improvements in range of motion (ROM) of the knee and
hip joints, emphasizing the positive effect of collagen
supplementation. Interestingly, the control group showed
significant improvements in joint range of motion under
passive conditions even without physiotherapy (e.g. hip
ROM fl R, knee ROM ext L).

Limitations of the study:

Despite the limitation of a small sample size, which is
common in this and other cited studies, it is important to
note that such a sample size can provide a common baseline
for comparisons. This common baseline can be seen as a
strength of the research as it provides a foundation for more
accurate correlations and findings. Based on these findings,
future studies with larger samples can be designed to further
substantiate and extend these initial conclusions.

The gender ratio is not balanced, as the selection criteria
were based on the order of application and fulfilment of the
selection criteria.

Conclusions

The results of our modest pilot study indicate that the use
of dietary supplements can make an important contribution
to the promotion and prevention of joint, cardiovascular and
nutritional health.

The dietary supplement we studied, which contains
collagen, hyaluronic acid, vitamin C and L-arginine, is
proving to be an effective aid for people with an active
lifestyle. It shows significant benefits in improving joint
functionality, stabilizing blood lipid levels and reducing areas
of fat and abdominal girth — a collective improvement that
brings significant health benefits.

Remarkably, the effectiveness of the supplement is also
present in individuals with a more sedentary lifestyle. Even
when used as the sole dietary supplement, it proves beneficial
by lowering the cardiovascularly relevant LDL/HDL ratio and
targeting specific fat areas of the body. Although the effect
is not as pronounced as in people with an active lifestyle,
the supplement still shows efficacy in improving joint pain
when used as part of a diet. Overall, these results underline
the versatility and positive health effects of the supplement,
which is suitable for both active and passive lifestyles. In the
future, we plan to study its effects in other groups, such as
younger patients and athletes, with a larger number of test
items.

Highlights

» Collagen, hyaluronic acid, L-arginine and vitamin C have
a positive effect on cholesterol levels.

* The consumption of collagen improves joint mobility.

» The consumption of collagen improves body composition.
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* Consuming collagen during sport significantly improves
joint mobility.
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Effects of a dietary supplement containing collagen - L-arginine - hyaluronic
acid on general health in elderly patients with musculoskeletal complaints
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Results: Conclusions:
Reduction of total cholesterol, considerable significance in the The results indicate that the dietary supplement can help promote joint,
study group. cardiovascular and nutritional health as well as prophylaxis.
Increase in HDL cholesterol, significant in the study group. It not only delivers exceptional results when combined with an active
Improvement in joint movement tests. lifestyle, but also proves to be extremely effective as a stand-alone dietary
Improvement in InBody test results. supplement.
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