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Abstract

The aim of the study was to evaluate the use of specific collagen peptides in reducing pain in
athletes with functional knee problems during sport.

139 athletic subjects with functional knee pain ingested 5 g of bioactive collagen peptides
(BCP) or a placebo per day for 12 weeks. The primary outcome of the study was a change in
pain intensity during activity was evaluated by the participants and the attending physicians
using a visual analogue scale (VAS). As secondary endpoints, pain intensity under resting
conditions, the range of motion (ROM) of the knee joint, and the use of additional therapeutic
options were assessed.

The results revealed a statistically significantly improvement in activity-related pain intensity
in the verum group compared with placebo. (AVASgcp=19.5 £ 2.4;
AVASpiaceno = 13.9 £ 2.1; p =0.046). The results were confirmed by the physician’s
assessment. (AVASgcp = 16.7 £ 1.8; AVASpiacero = 12.2 £ 1.8; p = 0.021). Pain under resting
conditions was also improved but no significance compared with placebo was detected
(AVASgcp = 10.2 £ 18.4; AVASpiaceno = 7.4 £ 15.2; p = 0.209). Due to the high joint mobility
at baseline, no significant changes of this parameter could be detected. The use of additional
treatment options was significantly reduced after BCP intake.

The study demonstrated that the supplementation of specific collagen peptides in young
adults with functional knee problems led to a statistically significant improvement of activity-

related joint pain.

Trial registration: DRKS00006755
Key words: collagen peptides, collagen hydrolysate, athletes, functional joint discomfort,

visual analogue scale

Page 2 of 29



Page 3 of 29

ffer from the final official version of record.

on 02/02/17

1. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by Fudan Universi(tiy
1

Igpmanuscript is the accepted manuscript prior to copy editing and page composition. It may

A

For personal use only. This Just-1

Introduction

Collagen peptides are derived from an enzymatic hydrolysis of collagen consisting mainly of
the amino acids glycine (Gly), proline (Pro) and hydroxyproline (Hyp) (Clemente, 2000;
Dybka and Walczak, 2009; Oesser and Seifert, 2003; Walrand et al., 2008; Watanabe-
Kamiyama et al., 2010). The amino acids sequence and the molecular weight distribution of
the peptides depends on the raw materials source and the specific production process (Iwai
et al., 2005; Ohara et al., 2007; Saito et al., 2001). Collagen peptides are classified as a safe
food by the European Food Safety Authority (European Food Safety Authority, 2005) and by
Food and Drug Administration (FDA (U.S. Food and Drug Administration), 2003). It has been
found that collagen peptides are almost completely resorbed in the small intestine (lwai et al.,
2005; Ohara et al., 2007; Walrand et al.,, 2008; Watanabe-Kamiyama et al., 2010)Error!
Reference source not found.. About 10% of the collagen fragments are taken up in peptide
form with a size of 1 to 10 kDa. These peptides are directly transferred from the
gastrointestinal tract into the blood (Iwai et al., 2005; Ohara et al., 2007; Walrand et al., 2008;
Watanabe-Kamiyama et al., 2010). According to the results of preclinical trials a significant
amount of these peptides accumulate in the articular cartilage (Oesser et al., 1999)

On the basis of recent studies, a joint-protecting effect of collagen peptides is discussed. In
the study of Oesser and Seifert., a positive effect of collagen peptides on the regeneration of
hyaline cartilage was observed in cultured chondrocytes (Oesser and Seifert, 2003). The
experiments showed a direct, dose-dependent stimulation of type Il collagen and
proteoglycans by the addition of collagen peptides. The stimulation of the extracellular matrix
(ECM) synthesis is probably caused by specific Hyp-Pro-Gly- containing peptides with a
molecular size <10 kDa (Ng et al., 2007; Oesser and Seifert, 2003; Walrand et al., 2008;
Watanabe-Kamiyama et al., 2010). Other in vitro experiments showed an increase of
protease activity after collagen fragments supplementation (Fichter et al., 2006; Jennings et
al., 2001). There is evidence, that the effects of collagen hydrolysate depend on the
concentration, the experimental conditions, (Ng et al., 2007), and the characteristic of the
tested collagen hydrolysates (Schadow et al., 2013). However, the clinical relevance of the
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observed effects needs to be clarified. In a placebo-controlled trial, McAlindon et al.
(McAlindon et al., 2011) demonstrated increased content of proteoglycan as part of the
extracellular matrix of cartilage tissue in patients with mild osteoarthritis after 10 g of collagen
peptide intake. In addition, clinical studies with patients suffering from degenerative joint
diseases showed an improvement in pain symptoms (Bello and Oesser, 2006; Benito-Ruiz et
al., 2009; Bruyére et al., 2012; Moskowitz, 2000). It has to be assumed that functional joint
discomforts are characterized by a subclinical short-term degradation of cartilage due to the
increased stress on the knee joint. Especially athletes aged 15-30 suffer from stress induced
knee joint complaint (Boling et al., 2010; Witvrouw et al., 2014).

In a placebo-controlled trial by Clark et al. (Clark et al., 2008), the efficacy of the daily intake
of collagen peptides was tested in young athletes suffering from joint discomfort. The results
suggested a reduction in joint pain during physical activity, especially in the knee joint.
However, there were no significant differences between the two study groups after
adjustment for multiple testing. Therefore, more clinical trials are needed to elucidate the role
of collagen peptide supplementation as a possible treatment option in that particular target
group.

In the present study, the change in activity-related knee pain intensity was investigated in
young sporting individuals. In a randomized controlled design, specific collagen peptides or a

placebo were supplemented over a study period of 12 weeks.

Methods

Study design

The study was a monocentric, prospective, randomized, double-blinded, placebo-
controlled, phase lll trial carried out at the University of Freiburg. The effect of a daily
dosage of 5 g of collagen peptides (FORTIGEL®, GELITA AG, Germany) on joint pain and
flexibility was investigated in individuals with activity-related knee joint discomfort. They are
defined as non-structural knee complaints which do not occur as a result of injury or
primary joint disorders (e.g. inflammation, osteoarthritis), but develop as a consequence

4
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of over- or incorrect loading of the knee during physical activity. In total, 160 women and
men aged 18 to 30 and engaged in sporting activities were recruited. The sample size
was determined by a power calculation based on the data (BCP: n = 29, AVAS =-1.38
2.12 vs. placebo: n = 34, AVAS =-0.54 £ 1.65) of a previous trial on athletes with
functional knee issues (Clark et al., 2008). For an intended test power of 80% with a
significance level a = 0.05 and an estimated dropout rate of 10%, 80 individuals were
included per study group. Participants were athletes or sports students of the University
of Freiburg, who had to exercise regularly for at least three hours per week. The knee
joint discomfort should not result from any injury or degenerative or inflammatory joint
disease. The intervention period was 12 weeks. Overall, three visits took place; at the
beginning, after 6 weeks, and at the end of the intervention period (1o, ts, t12). The study
was conducted with the approval of the Ethics Committee of the Medical Faculty of the
University of Freiburg. All participants gave written informed consent. For enroliment,
Inclusion and exclusion criteria were checked by an experienced physician using
anamnestic data, clinical examinations and blood testing. In addition, participants were
asked to bring radiographs or the reports of previous medical examinations.
If there was no indication for structural issues by a former clinical diagnosis or the
physician’s assessment during the initial visit subjects were included. Potential
participants were excluded from the trial if at least one of the following criteria was
present:

e Primary knee joint disease (osteoarthritis, rheumatic or bacterial / viral

inflammation)

¢ Known hypersensitivity to the supplements

e Intra-articular injections (cortisol, hyaluronic acid, etc.) during the last 6 months

e Ingestion of supplements such as glucosamine or chondroitin during the last 6

months

» Intake of hydrolysed collagen in the last 6 months
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e Extreme pain symptoms requiring a high-dose analgesic therapy over a longer
period of time (> 2 weeks) or an intra-articular injection treatment

Subjects were assigned to the BCP or placebo group by the investigator using a web-based
random number generator (“Research Randomizer,” n.d.). Maltodextrin was used as a
placebo. Both investigational products (similar in taste and identical in design) were provided
in a blinded manner coded by a number. The coding was not broken until all data were
entered, the data set was secured and the statistical analysis was performed. Subjects were
instructed not to change their usual lifestyle and, particularly, to maintain their dietary habits
and habitual level of physical activity. Furthermore, participants were asked not to add further
treatment options after the initial visit.

The supplementation of BCP or placebo was documented by using a compliance calendar.

Efficacy outcomes

The primary endpoints of the study were defined as changes in pain intensity during activity
after 12 weeks of supplementation assessed by the study participants and the attending
physicians. A visual analogue scale (VAS) was used for measurements at all visits. At the
baseline visit, the VAS-Score of activity-related pain assessed by the subject had to be at
least 20 mm on a scale ranging from 0 to 100 mm.

As a secondary outcome, the changes in pain at rest evaluated by subjects, alterations in
knee joint mobility, as well as the use of additional treatments (classified as drugs,
bandages, physiotherapy, combined therapies and others) were recorded. Joint mobility
(flexion and extension) was evaluated by using the Range of Motion (ROM) method. Starting
from the zero position (basic position of the knee joint in upright position), the maximum
extension (first digit) and the maximum flexion (third digit) were recorded (Gerhard Aumdiller
et al., 2010). In addition, the affected knee was examined at every visit to exclude structural
knee damage. The following tests were carried out:

e McMurray test (McMurray, 1942) (in conjunction with Bragard) for a meniscus injury
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e Steinman test (F. Steinmann, 1929) (I & Il) to ascertain instability of the medial and
lateral collateral ligament
e The drawer test (Butler et al., 1980) for the anterior and posterior cruciate ligament.
As a safety parameter and to exclude any inflammatory processes, blood parameters

were analyzed at the beginning (t;) and the end (t2) of this study.

Statistical analysis

Data are represented as mean * standard error of the mean. All statistical analyses
were done using SPSS statistics 20 and the significance level was set at a = 0.05.

The baseline values of all parameters were compared between the study groups to show
accordance for demographic and anamnestic parameters. Testing for ordinal baseline
values was performed with the Mann-Whitney U-test. Dichotomous baseline values were
tested by the x>-test.

The Wilcoxon test for non-interval-scaled paired samples was used to test whether the
changes in pain intensity or range of motion during the course of the study were
significantly different within study groups at the points of examination (to.s, ts.12 and to.12).
Differences between the BCP and the placebo group were analyzed with the Mann-
Whitney U-test for non-interval scale non-affiliated paired data.

All tests within the descriptive analysis were performed on a two-sided basis, the level of
significance was assessed to a = 0.05 at any one time. The results were exclusively
hypothesis-generating and did not have any confirmatory character.

The number of alternative treatment options was listed in a frequency table and
compared between the two study groups. The x2-test by McNemar for dichotomous
paired samples was used to analyze the significance of terminating alternative therapies
in each study group. As no hierarchy for the two primary endpoints had been defined in
the study protocol, an analysis according to Bonferroni-Holm was performed. The p
values were listed in ranking order. The smallest p value was compared against a/2
(= 0.025) and the second smallest against a/1 (= 0.05).
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Results

In all, 220 people were screened for this clinical intervention (figure 1). Of this
population, 160 men and women met the inclusion criteria of the study and were
randomized. A total of 139 subjects completed the study. The reasons for premature
study termination are presented in figure 1. None of the drop-outs was related to any
side-effects caused by the intake of the collagen peptide supplement or placebo. No
adverse events were noted and, in particular, no pathological findings were observed in
routine blood testing at the beginning and the end of this study which indicated any

adverse side effects due to the intake of the collagen peptides or of the placebo.

Baseline characteristics

To evaluate whether both study groups were homogeneous regarding the baseline data,
the Mann-Whitney U-test (non-interval scale samples) and the x3-test were performed
(table 1). No statistically significant baseline differences between the BCP and placebo
group were detected. Although more women (n=83) than men (n=56) were present in the
study population, the gender distribution was not statistically significantly different

between the placebo and the treatment group.

Changes in knee pain

The anamnesis of the initial physical examination indicated that 47% of the participants
in the evaluated study population had knee joint pain directly during activity. In 22% of
the subjects, the pain occurred immediately after activity and remained for at least 90
minutes. 32% of the athletes had knee joint pain during and after physical activity. For
estimation the maximum value of pain was taken. In the majority of the test persons
(58%), both knees were affected. As part of the medical history the subjects were asked
which sports triggered the knee joint discomforts (figure 2). The participant survey
showed that most stress-induced knee pain occurred in endurance, rebound and team

8
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sports. Furthermore the origin of knee pain were examined In this study, an inadequate
or overloading stress of the knee joint led to functional discomforts in 79 cases (50%).
10.8% of the study participants (n = 15) named anatomical deformities (leg length
differences or misaligned joints) as cause of their discomforts.

Changes in knee pain were evaluated by VAS scores as assessed by the participants
and the attending physicians.

At the baseline level, no statistically significant differences between the test groups
could be detected (p = 0.766). All individuals reported a pronounced activity-related pain
(50.1 £ 17.0 in the BCP group; 49.7 + 17.5 for placebo). This assessment was confirmed
by attending physicians. Here an initial VAS score of 46.2 + 9.5 was evaluated for the
treatment group and 48.0 + 10.4 for the placebo group (group differences p = 0.225).
During the course of the study, knee pain was statistically significantly (p < 0.001)
reduced in the collagen peptide treated group and in the placebo group after 6 weeks as
assessed by the participants and the attending physician (figures 3 and 4). This
reduction in pain continued in both groups until the end of the study after 12 weeks.
However, the effect seems to be more pronounced in the BCP group (38.4 %) compared
with placebo (27.9 %) (table 2).

In order to verify the observed differences between the treatment and the placebo group,
a statistical analysis using the Mann-Whitney U-test was carried out comparing the
changes in the VAS scores from the beginning (t,) to the end of the study (t;,).

It could be demonstrated that treatment with collagen peptides led to a statistically
significant reduction in the VAS scores compared with placebo for both primary study
end-points “pain during activity”, as assessed by the participants (p = 0.046), and “pain
during activity”, assessed by attending physicians (p = 0.021) (figure 5).

For the secondary endpoint “pain at rest”, participants reported much lower mean pain
score values compared with the activity-related pain. In the treatment group, a mean
VAS score of only 20.8 + 22.4 was measured. Compared with placebo (17.1 + 22.5), no
statistically significant group differences could be detected (p = 0.253) at baseline.

9
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37% of the participants in the treatment group and 44% of the individuals in the placebo
group had no rest pain at the beginning of the study.

Nevertheless, in total a statistically significant (p < 0.01) improvement of “pain at rest”
was observed in the collagen peptide group and in the placebo group during the course
of the study. Although the pain reduction detected was more pronounced in the
treatment group (10.2 + 18.4) compared with placebo (7.4 + 15.2), the difference was

not statistically significant (p = 0.209).

As an additional secondary outcome of the study, the improvement of the knee joint
mobility was investigated using the Range of Motion (ROM) method.

The data revealed no statistically significant differences for knee joint extension and
flexion between the study groups at baseline. Since none of the study participants had
restricted mobility of the knee joint at the beginning of the study, no changes in knee
extension and flexion could be observed in either study group during the 12-week
treatment, as expected. The data revealed no statistically significant differences
between the collagen peptide treatment and the placebo at the end of the trial (data not

shown).

Use of additional therapies

In total, 47 subjects (34%) had used alternative therapies, which were divided into five
groups: drugs (Ibuprofen 400; Voltaren), bandages, physiotherapy, combined therapies
and others (table 3). At the beginning of the trial, 27 subjects in the intervention, and 20
subjects in the placebo group had used additional therapies. At baseline, the two study
groups did not differ statistically significantly (p = 0.151). After the 12-week duration of
the study, the need for additional therapies was statistically significantly reduced in both
study groups. The data suggested that the reduction in the BCP group was more

pronounced (59%) compared to the results in the placebo group (40%) (table 3).

10

Page 10 of 29



Page 11 of 29

ffer from the final official version of record.

on 02/02/17

1. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by Fudan Universi(tiy
1

Igpmanuscript is the accepted manuscript prior to copy editing and page composition. It may

A

For personal use only. This Just-1

Discussion

In several clinical trials, the efficacy of oral collagen peptide supplementation could be
demonstrated in osteoarthritic patients (McAlindon et al., 2011; Benito-Ruiz et al., 2009;
Adam, 1991; Krug, 1979; Oberschelp, 1985; Bruyéere et al., 2012). After treatment,
significantly reduced pain and increased mobility was reported. Much less data exists on
the impact of a collagen peptide therapy in individuals suffering from activity-related joint
discomfort due to excessive physical activity and not caused by osteoarthritis (OA). To
date, the most valid information comes from an RCT conducted by Clark et al.
investigating the effect of a collagen peptide intake on joint discomfort in 147 varsity
athletes at Penn State University (Clark et al., 2008). The results revealed a positive
effect of the collagen peptide intake on several joints. Although the effect sizes indicated
a clear improvement, the data failed to reach the level of statistical significance
compared to placebo due to the challenging study design with multiple primary
endpoints.

Therefore, the current clinical trial on physically active young adults with activity-related
joint pain focused exclusively on the effect of a daily intake of collagen peptides on the
knee joint. The primary end-points of the study revealed a pronounced, statistically
significant (p < 0.05) reduction in “pain during activity” after collagen peptide treatment
compared to placebo, as assessed by the study participants and the attending
physicians. The results confirm in principle findings from previous investigations into
young athletes using the identical collagen peptide product (Clark et al., 2008;
Flechsenhar & Alf, 2005). The calculated effect size (d = 0.300) of a BCP treatment
compared with placebo was similar to the results of the “Clark study”, although in the
current investigation the daily dosage was reduced from 10 to 5 g and the duration of the
treatment was shortened from 24 to 12 weeks. The dose reduction to 5 g was based on
the observation that in clinical trials in OA patients (Adam, 1991; Benito-Ruiz et al., 2009;
Bruyere et al., 2012; Carpenter et al., 2005; Krug, 1979; McAlindon et al., 2011; Moskowitz,
2000; Oberschelp, 1985) the efficacy of the collagen peptide intake seems to be
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independent from BMI of the subjects. This indicates that a daily intake of 10g might not
be required in subjects with OA. As the participants in this study were suffering from
activity-related join discomfort with no signs any degenerative joint disease the dosage
was reduced by 50%.

The efficacy of a 12 week BCP treatment could be demonstrated and interestingly, the
physicians and the participants’ assessments of the activity-related knee pain were very
similar. A pain reduction of 38% was measured after the collagen peptide treatment
according to the participants’ evaluation (p = 0.046; d = 0.298; compared to placebo).
The assessment of the attending physicians revealed a pain reduction of 36 %
(p =0.021; d=0.302; compared to placebo) after the BCP supplementation with a
remarkably high responder rate of 88 %.

In the current study, the impact on rest pain was also investigated as a secondary
outcome. Although a pronounced pain reduction of 49 % was observed after BCP
treatment, the difference was not statistical significant compared with placebo. This
might be explained by the fact that the reported level of rest pain was remarkably low at
the beginning of the study, with VAS scores of 20.8 £ 22.4 in the treatment group, and
17.1 £ 22.5 in the placebo group. 40% of the participants had no pain whatsoever at
rest. These limited opportunities for pain improvement and high standard deviations of
the analyzed data might explain the lack of statistical significance, although the effect
size (d = 0.339) was comparable to the pain improvement during activity. This finding
confirms earlier results from a study on sport students at Penn State University (Clark et
al., 2008). Here the study participants also reported only slight rest pain. Pronounced
activity-related pain levels, together with minor “pain at rest’, seem to be typical for
younger athletes who expose their knee joints to a certain stress due to excessive
sports. In contrast, it is known that among elderly people suffering from degenerative
joint diseases, rest pain along with limited joint mobility are the predominate problems

(Piedras-Jorge et al., 2010).
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Apart from the changes in VAS scores the differences of joint mobility were examined
using the range of motion (ROM) method. As expected, the participating athletes’ joint
mobility was hardly affected at baseline, which explains why no significant improvement
in knee joint flexion and extension could be observed during the course of the study.
Mobility was not restricted because there is no severe and progressive degradation of
cartilage of the knee joint. Accordingly, there were sufficient intact collagen and
proteoglycan networks for stabilization and for the flexibility of the articular cartilage
available. Therefore, it is assumed that exercise-induced knee pain and a limitation of
joint mobility may not necessarily occur together.

However, the survey of the participants has shown a significantly less use in therapies
like physiotherapy or ice packs after the treatment with BCP. The discontinuation of
medication for pain relief can be attributed to the significant decrease in pain intensity.
Although this positive trend was also observed in the placebo group, the effect was more
pronounced with a tendency towards significance (p = 0.07) in the BCP group after the
collagen peptide intake. In the treatment group, 60 % of the subjects that had used
additional therapies were able to stop these treatments during the course of the study. In
the placebo group, only 40 % had no further need for additional therapies after 3
months.

The use of collagen peptides in the treatment of joint problems is still the subject of
scientific discourse. Among other things, the recommended dosage and the duration of
treatment are discussed. In most of the clinical trials on OA patients, a daily dosage of
10 g collagen peptides over 3 months was effective to significantly reduce pain and
improve mobility compared with placebo (Bello and Oesser, 2006; Benito-Ruiz et al., 2009;
Bruyere et al., 2012; Gerhard Aumdiiller et al., 2010).

The exact mechanism of the clinical efficacy of collagen peptide supplementation is still
subject of research. In preclinical experiments it could be demonstrated that specific
bioactive collagen peptides stimulate type Il collagen and proteoglycan synthesis in
articular cartilage (Ng et al., 2007; Oesser & Seifert, 2003). This stimulatory effect could

13
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counteract wear and tear processes of the cartilage tissue and might help to repair micro
injuries. Consequently, this decreased extracellular matrix degradation could reduce pro-
inflammatory and pain-stimulating processes. A direct anti-inflammatory potential of
collagen peptides is discussed which could also lead to decreased joint pain intensity.
This hypothesis is supported by preclinical experiments, which have demonstrated that
collagen peptide supplementation induces a glycine-mediated inhibition of cytokine
release (Hartog et al., 2013). .

Other in vitro experiments confirm the impact of collagen fragments on cartilage
metabolism indicating an increase of protease activity and thus a regulation of matrix
turnover by controlling a catabolic pathway (Fichter et al., 2006; Jennings et al., 2001).
The specific effects seems to be dependent on the collagen hydrolysate concentration,
the experimental conditions (Ng et al., 2007), and specific the characteristic of the tested
collagen hydrolysates (Schadow et al., 2013).

The best clinical data with regard to the possible mode of action are coming from
McAlindon et al. 2011. In this study a direct positive effect of specific collagen peptides
on the knee cartilage could be demonstrated. The data revealed a statistically significant
increase in the proteoglycan content compared with placebo. In a very recent re-
analysis of the blood samples of the same study participants a statistically significant
increase in type Il collagen synthesis together with a significantly reduced proteoglycan
degradation could be detected (McAlindon et al., 2017). The results indicate an impact on
cartilage metabolism that might help to counteract progressive wear and tear processes.
However, the extent of cartilage loss varies greatly depending on the severity of
osteoarthritis. In functional knee problems, it could be speculated that only a subclinical
physiological short-term degradation of cartilage needs to be repaired. Therefore, the
reduction of functional joint pain probably needs a shorter period of intervention and a
lower dose of collagen peptides.

Besides, the stimulatory impact seems to be dependent on the specification of the
collagen peptides administered. It could be demonstrated that different collagen

14
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hydrolysates differ in their physico-chemical properties which could have an impact on
the interaction of the peptides with certain integrin receptors (Siebert et al., 2010; Stotzel
et al., 2012).-Molecular weight distribution of the collagen peptides and the specific amino
acid sequences might be of importance for the efficacy play a major role, whereas the
collagen source seems to be of minor importance (Kumar et al., 2015). As a
consequence, the currently demonstrated clinical efficacy based on a daily intake of a
5 g BCP is only valid for this specific collagen peptide product, and results should not be
extrapolated to the use of collagen peptides per se.

Future studies might evaluate the optimal dosage of collagen peptide for the treatment
of activity-related joint discomfort in athletes. The efficacy of these peptides in an
elderly, non-athletic population with functional joint discomfort would also be of particular

interest.

Conclusion

The current study on young, physically active individuals demonstrated that the daily
intake of 5 g of collagen peptides led to a statistically significant reduction in activity-
related knee joint pain after a 12-week treatment compared with placebo. The
improvement on joint discomfort was also accompanied by a statistically significantly
reduced need for additional therapies such as physiotherapy or ice packs.

Overall, the study confirmed the efficacy of collagen peptide intake on activity-related
knee joint discomfort making it a potentially interesting option for the treatment of joint

pain induced by physical stress.
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Tab. 1: Baseline characteristics of the study population

BCP (n =68) Placebo (n =71) p-value

Age [y] 241+0.3 24 +0.3 0.762
Gender (m/f) 25/43 31/40 0.407*
Height [m] 1.73+£0.1 1.74 £ 0.1 0.267
Weight [kg] 67.6+1.3 68.2+1.5 0.896
BMI [kg/m?] 226+0.3 22.3+0.3 0.324
BP sys [mm Hg] 123.5+1.5 1254 +1.0 0.281
BP dia [mm Hg] 752+1.5 755+ 1.5 0.673

Data are presented as mean * standard error
BMI = body mass index

BP sys, dia = blood pressure systolic, diastolic
* y2-test not significant

21




ffer from the final official version of record.

on 02/02/17

&

1. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by Fudan Universi

Igpmanuscript is the accepted manuscript prior to copy editing and page composition. It may

A

For personal use only. This Just-1

Tab. 2: Changes in knee joint pain after 12 weeks

Page 22 of 29

Primary endpoint group n X,+SEM, | X,,+SEMy, (VAS p-value dcohen
BCP | 68 | 50.1%21 31224 19.5 + 2.4

Pain during activity i} 0.046** -0.298
Placebo | 71 497121 358+2.5 13.9+21
BCP | 68 | 462%12 | 206+19 | 167£18

Pain during activity 0.021** -0.302
(physician’s evaluation) | Placebo | 71 48.0+1.2 358+ 1.8 12.2+1.8

Secondary
endpoint

BCP | 68 | 32930 | 157%30 | 102%22

Pain at rest 0.209 -0.339
Placebo | 71 | 30.4+35 173+33 74+18

Data are presented as mean VAS Scores + SEM at baseline (ty) and after 12 weeks (t15).

* p < 0.001 for an intra-group analysis

** Significant group differences after Bonferroni-Holm correction

dconen Effect size compared with placebo
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Figure Legend

Fig. 1: Flow chart of subject recruitment and drop-outs before and during the study

Fig. 2: Absolute number of pain-causing activities. Data presented the absolute case
number. Some participants performed several activities causing knee joint discomforts. In
addition, everyday situations such as climbing stairs were included in the evaluation

MPH = miles per hour

Fig. 3: Changes in pain during activity assessed by the study participants. Data are
presented as mean + SEM for n = 68 (BCP group) and n = 71 (placebo group).

Fig. 4: Changes in pain during activity assessed by the attending physicians. Data are
presented as mean + SEM for n = 68 (BCP group) and n = 71 (placebo group).

Fig 5: Differences of VAS scores of the primary outcomes, “pain during activity” evaluated by
the participants and by the attending physicians as well as for the secondary outcome “pain
at rest” after a 12-week treatment.

Data are presented as mean + SEM for n = 68 (BCP group) and n = 71 (placebo group).

* Significant group differences after Bonferroni-Holm correction
n.s. = not stat. significant
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