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Effectiveness of collagen supplementation on pain scores in
healthy individuals with self-reported knee pain: a randomized
controlled trial

Coen C.W.G. Bongers, Dominique S.M. Ten Haaf, Miléne Catoire, Bregina Kersten, Jeroen A. Wouters,
Thijs M.H. Eijsvogels, and Maria T.E. Hopman

Abstract: The purpose of this study was to examine the effects of 12 weeks collagen peptide (CP) supplementation on knee pain
and function in individuals with self-reported knee pain. Healthy physically active individuals (n = 167; aged 63 [interquartile
range = 56-68]| years) with self-reported knee pain received 10 g/day of CP or placebo for 12 weeks. Knee pain and function were
measured with the Visual Analog Scale (VAS), the Lysholm questionnaire, and the Knee injury and Osteoarthritis Outcome Score
(KOOS). Furthermore, we assessed changes in inflammatory, cartilage, and bone (bio)markers. Measurements were conducted at
baseline and after 12 weeks of supplementation. Baseline VAS did not differ between CP and placebo (4.7 [2.5-6.1] vs. 4.7 [2.8-6.2],
p=0.50), whereas a similar decrease in VAS was observed after supplementation (-1.6 * 2.4 vs. -1.9 + 2.6, p = 0.42). The KOOS and
Lysholm scores increased after supplementation in both groups (p values < 0.001), whereas the increase in the KOOS and Lysholm
scores did not differ between groups (p = 0.28 and p = 0.76, respectively). Furthermore, CP did not impact inflammatory, cartilage,
and bone (bio)markers (p values > 0.05). A reduced knee pain and improved knee function were observed following supplemen-
tation, but changes were similar between groups. This suggests that CP supplementation over a 12-week period does not reduce
knee pain in healthy, active, middle-aged to elderly individuals.

Novelty

* CP supplementation over a 12-week period does not reduce knee pain in healthy, active, middle-aged to elderly individuals.
* CP supplementation over a 12-week period does not impact on inflammatory, cartilage, and bone (bio)markers in healthy,
active, middle-aged to elderly individuals.

Key words: knee discomfort, collagen hydrolysate, cartilage, collagen synthesis, Lysholm questionnaire, KOOS questionnaire,
inflammation, bone biomarkers.

Résumé : Le but de cette étude est d’examiner les effets de 12 semaines de supplémentation en peptide de collagene (« CP ») sur
la douleur et la fonction du genou chez les personnes souffrant de douleur autodéclarée au genou. Les individus (n = 167) en
bonne santé et physiquement actifs (63 [écart interquartile = 56-68] ans) présentant une douleur autodéclarée au genou
recoivent pendant 12 semaines 10 gfjour de CP ou un placebo. La douleur et la fonction du genou sont mesurées avec 1’échelle
visuelle analogique (« VAS »), les questionnaires de Lysholm et de KOOS (Knee injury and Osteoarthritis Outcome Score). De plus, nous
évaluons les changements des (bio)marqueurs inflammatoires, cartilagineux et osseux. Les mesures sont effectuées au départ et
aprés 12 semaines de supplémentation. Le score VAS initial ne differe pas entre le CP et le placebo (4,7 [2,5-6,1] vs 4,7 [2,8-6,2],
p =0,50); toutefois, on note une diminution similaire du score VAS apres la supplémentation (-1,6 + 2,4 vs -1,9 + 2,6, p = 0,42). Les
scores KOOS et Lysholm augmentent apres la supplémentation dans les deux groupes (valeurs p < 0,001), mais I’'augmentation
des scores KOOS et Lysholm ne différe pas entre les groupes (p = 0,28 et p = 0,76, respectivement). De plus, le CP n’a pas d’impact
sur les (bio)marqueurs inflammatoires, cartilagineux et osseux (valeurs de p > 0,05). Une réduction de la douleur au genou et une
amélioration de la fonction du genou sont observées apres la supplémentation, mais les changements sont similaires dans les
deux groupes. Ces résultats suggérent que la supplémentation en CP sur une période de 12 semaines ne réduit pas la douleur au
genou chez les personnes d’age moyen en bonne santé et les personnes agées. [Traduit par la Rédaction]|

Les nouveautés

* Lasupplémentation en CP sur une période de 12 semaines ne réduit pas la douleur au genou chez les personnes d’age moyen
et plus agées, actives et en bonne santé.
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¢ La supplémentation en CP sur une période de 12 semaines n’a pas d’impact sur les (bio)marqueurs inflammatoires, carti-
lagineux et osseux chez les personnes d’age moyen et plus agées, actives et en bonne santé.

Mots-clés : malaise au genou, hydrolysat de collagéne, cartilage, synthése de collagéne, questionnaire de Lysholm, questionnaire

de KOOS, inflammation, biomarqueurs osseux.

Introduction

Articular cartilage is important for the transmission of loads
and to provide a smooth surface for low-friction joint movement
(DuRaine et al. 2009; Sophia Fox et al. 2009). Lubrication of the
cartilage surfaces is essential for a normal joint function (DuRaine
etal. 2009). In individuals with articular cartilage degradation, the
catabolic degradation exceeds the anabolic regeneration of artic-
ular cartilage by the chondrocytes (Goldring and Berenbaum 2004;
Goldring and Goldring 2004; Mueller and Tuan 2011). This results in
a limited ability for low-friction movements and consequently in the
development of knee joint pain and discomfort.

In 2000, Moskowitz was one of the first to describe the potential
beneficial effects of collagen peptides (CPs), also known as colla-
gen hydrolysate, as a treatment for osteoarthritis and osteoporo-
sis (Moskowitz 2000). Subsequently, a study by Oesser and Seifert
was the first demonstrating that CPs are able to stimulate the
biosynthesis of the extracellular matrix (ECM) of cartilage (Oesser
and Seifert 2003), but this finding was not confirmed in preclinical
studies (Schadow et al. 2013, 2017). Proteoglycans are the principal
components of the ECM of articular cartilage and are critical for
low-friction joint movements and the prevention of knee discomfort
(Cohen et al. 1998; Iozzo and Murdoch 1996; Iozzo and Schaefer 2015;
Sophia Fox et al. 2009). Interestingly, changes in proteoglycan con-
tent in knee cartilage have been found using magnetic resonance
imaging measures among individuals taking CP supplements for
24 weeks (McAlindon et al. 2011). The use of CP supplements is
therefore considered as a beneficial strategy to reduce knee pain
and discomfort in patients with articular cartilage degradation
(Clark et al. 2008; Zdzieblik et al. 2016). Furthermore, it has been
suggested that various CP supplements differ in composition of
collagen fragments and, therefore, differ in pharmacological effi-
cacy on human synovial fibroblasts and cartilage (Schadow et al.
2013, 2017; Simons et al. 2018). In those studies, undigested CP was
used in cell culture assays to determine its pharmacological effi-
cacy, which is different from a physiological situation in which
CP is modified during gastrointestinal passage by digestion en-
zymes and absorption processes (Sato 2017). Therefore, the use of
digested CP supplements in cell culture assay studies is warranted
to confirm the pharmacological efficacy of different CP supple-
ments.

To our knowledge the effects of CP supplementation have only
been examined in young athletes (Clark et al. 2008) or in patients
with diagnosed osteoarthritis (Kumar et al. 2015; Lugo et al. 2016).
Therefore, the aim of this study was to determine the effects of
12 weeks of CP supplementation on knee pain and knee function
in healthy, active, middle-aged to elderly individuals with self-
reported knee pain. Second, we examined the effects of CP sup-
plementation on changes in inflammatory, cartilage, and bone
(bio)markers. We hypothesized that 12 weeks of CP supplementa-
tion will reduce knee pain and improve knee function among
active elderly. Furthermore, we expected a decrease in inflamma-
tory, cartilage, and bone (bio)markers after 12 weeks of CP supple-
mentation.

Materials and methods

Participants

Participants were recruited between 22 March and 8 April 2016.
A total of 200 physically active participants (85 females and
115 males), aged between 50 and 75 years, volunteered to partici-
pate. All participants were in preparation for a multiple-day pro-

longed walking event (Four Days Marches, www.4daagse.nl) and
walked ~30 km/week during the intervention period. Included
participants had a self-reported knee pain score in daily life > 1,
which was measured with the 100 mm Visual Analog Scale (VAS)
(Hawker et al. 2011). Participants were excluded based on the follow-
ing criteria: (i) systemic joint or muscle disease (i.e., theumatoid
arthritis), (ii) diabetes mellitus type 1 or 2, (iii) disease influencing
the uptake of proteins (i.e., inflammatory bowel disease, Crohn’s
disease), (iv) recent knee surgery (<6 months), (v) statin usage, and
(vi) use of dietary supplements for joint health (i.e., gluco-
samine or chondroitin). All participants gave written informed
consent. The study was approved by a Medical Ethics Commit-
tee (NL56165.072.15), registered at a clinical trial register (Dutch
Trial Register; NTR5825), and performed in accordance with the
Declaration of Helsinki. Patients and the public were not involved
in this study.

Study design

In this double-blind, placebo-controlled trial, participants were
randomly allocated to either the intervention or placebo groups.
An independent representative randomized the study partici-
pants by means of computer-generated random numbers with a
block size of 10 in a 1:1 ratio. First, potential participants were
screened by phone to check for eligibility to participate (inclusion
and exclusion criteria, and knee pain score using the categorical
Numeric Pain Rating Scale (NPRS; 0-10)). Eligible participants
were invited for 2 study visits (baseline and after 12 weeks of
supplementation). At baseline, anthropometric data were mea-
sured and participants completed knee pain (VAS and Knee injury
and Osteoarthritis Outcome Score (KOOS)) and knee function (Lysh-
olm) questionnaires. A venous blood sample was taken to assess
inflammatory, cartilage, and bone (bio)markers. Subsequently, par-
ticipants started with the daily intake of the CP or placebo supple-
ment for 12 weeks. Participants had to complete a compliance
questionnaire every week. After 12 weeks of supplementation the
questionnaires were repeated and a venous blood sample was taken
again.

Intervention

Participants were randomly assigned to either a CP group (1 =100)
that received a CP supplement (Peptan B2000, Rousselot, Gent,
Belgium, molecular weight 2000 Da) for 10 g per day that was
derived from bovine hide (hydrolyzed collagen; proline/hydroxy-
proline (23%), glycine (21%), glutamic acid (12%), arginine (8%), ala-
nine (8%), essential amino acids (16%), and other amino acids (12%))
or a placebo group (n = 100) that received 10 g of maltodextrin on
a daily basis. Peptan B2000 has proven efficacy to support joint
health in both mice (Dar et al. 2017) and humans (Jiang et al. 2014),
respectively, while in both studies a different Peptan B2000 batch
was used. Moreover, participants in our study used CP supple-
ments from a single batch. The supplement had to be dissolved in
100 mL of water and consumed for 12 weeks in combination with
their habitual breakfast. The CP and placebo supplement were
indistinguishable from each other in terms of color, taste, and
viscosity. The research team was blinded for the randomization
order and an independent representative was the only person able
to break the randomization code.

Anthropometric measurements
Height and weight (Seca 888 scale, Hamburg, Germany) were
measured and used to calculate the body mass index (BMI). Body
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Fig. 1. Flowchart with overview of study participants. VAS, Visual Analog Scale.
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participate (n = 3)
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p

Analyzed (n =77)

Excluded from analysis (n = 15)

* Baseline VAS <1 (n = 12)

* Did not comply with per-protocol analysis (n = 3)

fat percentage was calculated using a 4-point (biceps, triceps, sub-
scapular, and sub-iliac) skinfold thickness measurement (Durnin
and Womersley 1974). Furthermore, all participants completed
the short questionnaire to assess health enhancing physical activ-
ity to determine their habitual physical activity level (Nicolaou
et al. 2016). Handgrip strength of the dominant hand was mea-
sured using a hydraulic analogue hand dynamometer (Jamar,
Jackson, Mich., USA). Participants were seated with their elbow
flexed in a 90° angle position, and the dynamometer was adjusted
to their individual hand size. Three measurements were per-
formed, with 30 s of rest in between. Maximum strength in kilo-
grams was used for analysis.

Knee pain and function questionnaires

The primary outcome of this study was the VAS, which is a
widely accepted method for determining knee pain (Haefeli and
Elfering 2006; Hawker et al. 2011). The VAS consists of a horizontal
line of 100 mm in length, which is anchored by “no pain” (score of
0 mm) and “worst imaginable pain” (score of 100 mm) (Hawker
et al. 2011). Participants were instructed to draw a vertical line on
the VAS to indicate their level of knee pain. The Lysholm ques-
tionnaire was used to evaluate knee function based on instability,
swelling, locking symptoms, pain, need for support, possibility of
squatting and stair climbing, and the level of limb walking (Briggs
et al. 2009). The cumulative Lysholm score was calculated and
interpreted according the following knee function categories:
<65, poor; 65-83, fair; 84-90, good; and 91-100, excellent (Briggs

Y ( Follow-up ) A

—

Analysis D

Allocated to placebo supplementation (n = 100)
* Received allocated intervention (n = 100)
* Did not receive allocated intervention (n = 0)

S
Lost to follow-up (n = 0)
Discontinued intervention (n = 6)
* Personal circumstances (n = 3)
* Increase in knee complaints (n = 1)
* Supplement intake difficulties or not willing to
participate (n = 2)

Analyzed (n = 90)

Excluded from analysis (n = 4)

* Baseline VAS <1 (n = 4)

* Did not comply with per-protocol analysis (n = 0)

et al. 2009). The KOOS is a patient-reported outcome measure
intended for elderly adults with knee injury and/or knee osteoar-
thritis, and can be used to monitor disease following pharmaco-
logical and other interventions (Collins et al. 2016; Roos et al.
1998). The KOOS questionnaire holds 5 subscales: symptoms, stiff-
ness, pain, function in daily life, function in sports, and quality of
life (Collins et al. 2016). Each subscale is scored separately from 0
(extreme knee problems) to 100 (no knee problems), and a total
KOOS can be calculated based on the 5 subscales. The assessment
of VAS, Lysholm, and KOOS were performed at baseline and after
12 weeks of supplementation. Furthermore, participants were in-
structed to score their level of knee pain on weekly basis using the
NPRS (Hawker et al. 2011), a digitalized alternative of the VAS.

Cytokines and biomarkers

Nonfasted venous blood was drawn from the antecubital vein
before and after the 12 weeks supplementation period, and serum
samples were centrifuged (1200g/3000 rpm) and stored at —80 °C
until analysis. Serum interleukin 6 (IL-6), tumor necrosis factor
alpha (TNF-a), monocyte chemoattractant protein-1 (MCP-1), and
Creactive protein (CRP) were measured with the MSD multi-spot
assay system (MSD; Meso Scale Discovery, Rockville, Md., USA) to
examine inflammatory state (Pearle et al. 2007; Scheller et al. 2011;
Villiger et al. 1992; Wojdasiewicz et al. 2014). In addition,
C-terminal cross-linked telopeptide type II collagen (CTX-II) and
procollagen II C-terminal propeptide (P2CP) were measured using
an enzyme-linked immunosorbent assay (ELISA) (Hu CTX-II &
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Table 1. Participant characteristics.
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All (n =167) CP (n=77) Placebo (n = 90) P
Sex (male/female) 99/68 49/28 50/40 0.29
Age (y)* 63 [56-68] 65 [58-68] 61 [55-67] 0.036
Height (cm)* 173 [166-181] 174 [166-180] 173 [165-182] 0.85
Body mass (kg) 80.5+12.9 79.8%12.3 81.2+13.5 0.48
BMI (kg/m?)* 26.4 [24.2-28.9] 26.4 [24.1-28.7) 26.1[24.2-29.9] 0.50
Fat percentage (%)* 31.6 [26.2-38.5] 29.8 [24.9-37.8] 33.6 [27.4-39.2] 0.12
Handgrip strength (kg)* 38 [30—46] 40 [32-46] 38 [28—48] 0.39
Physical activity level (MET hfwk)* 140 [96-177] 134 [94-168] 146 [97-181] 0.41

Note: Data are presented as means * SD or median [interquartile range]. An independent t test or Mann-Whitney U test was
used to examine differences between groups. Sex differences were examined using a x2 test. BMI, body mass index; CP, collagen

peptide.
*Not normally distributed data.

PIICP kit, Cloud-Clone Corp, China) and represented cartilage break-
down and cartilage formation, respectively (Conrozier et al. 2008; Fraser
et al. 2003; Rotterud et al. 2014). Furthermore, Carboxy-terminal telo-
peptides (CTX) and procollagen I intact N-terminal (PINP) were mea-
sured with an electro-chemiluminescence immunoassay (ECLIA)
(B-crosslaps & total PINP, Roche Diagnostics International Ltd,
Switzerland) and represented bone resorption and bone formation,
respectively (Luftner et al. 2005; Lumachi et al. 2013). Analysis were
performed by trained technicians using standard operating proce-
dures on a single day using the same calibration and set-up to mini-
mize variation.

Statistical analysis

A per protocol analysis was used including only the participants
that completed all study procedures for the primary outcome.
Statistical analysis was performed using SPSS (version 25; IBM
SPSS, Armonk, N.Y., USA), in which the level of significance was set
at p < 0.05. Normality of the data was examined using a Shapiro-
Wilk test. Normally distributed data were reported as means * stan-
dard deviation, whereas non-Gaussian distributed data were
presented as median [interquartile range (IQR)] and tested with
nonparametric equivalent statistical tests. Furthermore, data
were presented with 95% confidence intervals (CI) as well. A x? test
was used to examine differences in sex distribution between
groups. An independent Student’s t test or a Mann-Whitney U test
was used to examine differences in participant characteristics
between groups. Supplement compliance was calculated as a per-
centage of the number of supplements taken divided by the total
number of available supplements during the study. Because the
majority of data was non-Gaussian distributed, we used a paired
Student’s t test or a Wilcoxon signed-rank test to assess differ-
ences in baseline characteristics and knee outcome parameters
(VAS, KOOS, and Lysholm) between baseline and week 12 in both
groups. Subsequently, we calculated differences (A) in knee pain,
knee function, inflammatory markers, and bone and cartilage
biomarkers between baseline and week 12, and used an indepen-
dent Student’s t test or a Mann-Whitney U test to assess differ-
ences between the CP versus placebo groups. Linear mixed model
analysis was used to determine whether time-dependent changes
in knee pain (NPRS) differed between groups during the supple-
mentation period. A post hoc Bonferroni correction was applied
to correct for multiple comparisons.

Results

Participants

Although all participants scored their level of knee pain >1 upon
study enrollment (NPRS during telephone screening), a total of
16 participants (CP: n = 12; placebo: n = 4) reported a VAS < 1 at
baseline and were, therefore, excluded from further analysis. Fur-

thermore, 17 participants dropped-out during the supplementa-
tion period, resulting in a total of 167 participants (CP: n = 77;
placebo: n = 90) available for statistical analyses (Fig. 1). Supple-
ment intake difficulties (gastrointestinal complaints, intake difficul-
ties, or a smelly breath) were reported in 3 participants, while no
other adverse events were reported. Participants in the CP group
were significantly older compared with the placebo group (65 [IQR =
58-68, 95% CI = 62-65] years versus 61 [IQR = 55-67, 95% CI = 60-63]
years, p = 0.036). Sex, BMI, and physical activity characteristics did
not differ between groups (all p values > 0.05, Table 1). Supple-
ment compliance was high and did not differ between groups
(CP =99.6% *+ 1.2%, 95% CI = 99.3-99.9 vs. placebo = 99.4% * 1.5%,
95% CI = 99.1-99.7, p = 0.29).

Knee pain and function

VAS

Baseline VAS was 4.7 [IQR = 2.5-6.1, 95% CI = 3.9-4.9] for the CP
group and 4.7 [IQR = 2.8-6.2, 95% CI = 4.2-5.0] for the placebo
group, and did not differ between groups (p = 0.50, Fig. 2). We
found a decrease in VAS in both groups after 12 weeks of supple-
mentation (both p < 0.001), while the magnitude of the decrease
(ACP=-1.6*+2.4,95% CI=-2.1to -1.1; APlacebo=-1.9+ 2.6, 95% Cl =
—2.5 to —1.4) did not differ between groups (p = 0.42). Similarly, a
gradual decline in NPRS scores was found during 12 weeks of
follow-up (p < 0.001), but the decline did not differ between groups
(p = 0.20, Supplemental Fig. S1Y).

KO00S

Baseline KOOS score did not differ between the CP (302 * 68,
95% CI = 287-317) and placebo groups (308 + 64, 95% CI = 294-322,
p = 0.55, Fig. 3A). An increased total KOOS score was found after
12 weeks of supplementation in both groups (ACP = 41 % 56,
95% CI = 29-54; APlacebo = 31+ 68, 95% CI =16-45, both p < 0.001),
whereas the increase did not differ between groups (p = 0.28).

Lysholm

We found a comparable baseline Lysholm score in the CP group
(IQR = 66 [56-71, 95% CI = 61-67]) and the placebo group (68 [IQR =
60-76, 95% CI = 65-70], p = 0.07, Fig. 3B). Both groups demonstrated
an increased Lysholm score after 12 weeks of supplementation
(both p < 0.001), whereas the increase did not differ between
groups (ACP =5 [IQR =-2 to 14, 95% CI = 3-8] and APlacebo =5 [IQR =
-3 10 16, 95% CI = 3-9], p = 0.76).

Blood markers

Inflammatory markers

No baseline differences in serum IL-6, TNF-a, MCP1, and CRP
were found between groups (p = 0.86, p = 0.28, p = 0.55, p = 0.80,
respectively). Moreover, no changes in inflammatory markers

1Supplementary data are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/apnm-2019-0654.
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Fig. 2. Knee pain measured with the Visual Analog Scale (VAS) at baseline
and week 12 and the response to supplementation (A = week 12 — baseline)
for the collagen peptide (CP; white bars) and placebo group (grey bars).
Data are presented as median [interquartile range] (n = 167). A decrease in
VAS was found in both groups, while the magnitude of the decrease did
not differ between groups.
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were found after supplementation in both groups (all p > 0.05),
except for an increased IL-6 concentration in the placebo group
(p =0.012, Table 2).

Cartilage biomarkers

Baseline CTX-II and P2CP levels did not differ between both
groups (p = 0.27 and p = 0.72, respectively). After 12 weeks of
supplementation no change in CTX-II concentration was found in
both groups (p = 0.41 and p = 0.65 for the CP and placebo groups,
respectively), whereas the P2CP concentration was increased in
the CP (p=0.013) and placebo groups (p = 0.032, Table 2). Moreover,
the increase in P2CP concentration did not differ between the CP
(2.8 [IQR = -3.4-10.3, 95% CI = 0.7-6.0] pg/mL) and placebo groups
(4.6 [IQR = -3.8-9.9, 95% CI = -1.3-4.4] ng/mL, p = 0.94, Table 2).

Bone biomarkers

Baseline CTX and PINP concentrations did not differ between
both groups (p = 0.56 and p = 0.92, respectively). We found in-
creased CTX levels after 12 weeks of supplementation in both
groups (p = 0.037 and p = 0.023 for the CP and placebo group,
respectively), whereas no differences in PINP concentration were
found (p=0.71and p = 0.94, Table 2). Moreover, the increase in CTX
concentration did not differ between the CP (0.022 [IQR = -0.029
to 0.070, 95% CI=-0.004 to 0.045] ng/mL) and placebo group (0.012
[IQR = -0.034 to 0.075, 95% CI = 0.002-0.040] ng/mL, p = 0.94,
Table 2).

Discussion

In this double-blind, randomized, placebo-controlled trial, we
examined the effects of 12 weeks of CP supplementation on knee
pain and function in healthy, physically active, middle-aged to
elderly individuals with self-reported knee pain. A reduced knee
pain and improved knee function were found after 12 weeks of
supplementation, but changes over time did not differ between
groups. Moreover, in a study by Wandel et al., a difference in VAS
score of 0.9 between measurements was defined as clinically rel-
evant (Wandel et al. 2010), which suggest that the change in VAS
after 12 weeks of supplementation (CP = -1.6 + 2.4 and APlacebo =
—1.9 + 2.6) was not only not statistically different (p = 0.42), but also
not a clinically relevant difference between groups. Furthermore,
we did not find any difference in inflammatory, cartilage, and
bone (bio)markers after 12 weeks of supplementation between
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Fig. 3. Knee function measured with the Knee injury and Osteoarthritis
Outcome Score (KOOS; A) and Lysholm questionnaire (B) at baseline and
week 12 and the response to supplementation (A = week 12 — baseline)
for the collagen peptide (CP; white bars) and placebo group (grey bars).
Data are presented as median [interquartile range] (n = 166). An increase in
KOOS and Lysholm score was found in both groups, while the magnitude
of the increase did not differ between groups.
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both groups. The absence of a superior effect in the CP group
suggest that 12-weeks of CP supplementation did not contribute
to reductions in knee joint pain in healthy, physically active,
middle-aged to elderly individuals.

The main finding of our study was that we did not find a supe-
rior effect of 12 weeks of CP compared with placebo supplemen-
tation on knee pain and knee function. This is in contrast to most
(Bruyere et al. 2012; Kumar et al. 2015), but not all (Lugo et al. 2013),
previous studies. Bruyere and colleagues demonstrated that
6 months of collagen hydrolysate supplementation, in partici-
pants with joint pain (VAS > 3.0) at different joints (hip, knee,
elbow, shoulder, hand, or/and lumbar spine) without diagnosed
osteoarthritis, resulted in a greater proportion of participants
with a clinical decrement in VAS (=20%) compared with the pla-
cebo group (Bruyere et al. 2012). Our study demonstrated that a
similar proportion of participants in the CP and placebo group
(~60% vs. ~67%, respectively) demonstrated a decreased VAS >
20%. Kumar et al. demonstrated in participants with diagnosed
osteoarthritis and a baseline VAS > 4.0 (average VAS 6.3 + 1.1 and
6.6 £1.2) that 13 weeks of CP supplementation derived from either
pork skin or bovine bone resulted in an ~51% and ~58% decrease
in VAS, respectively (Kumar et al. 2015). In contrast, we included
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Table 2. Within- and between-group differences in blood markers.
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Collagen peptide Placebo Change during 12 weeks of supplementation

Baseline Week 12 P Baseline Week 12 P ACP APlacebo p
IL6(pgml) 06[04t00.8 06[05t009] 011 05[04t00.8] 0.7[05t009] 0012 0.05[-0.14 to 0.21] 0.07 [-0.09 to 0.25] 0.56
TNF-« (pgimL) 1.9 [L6 to 2.4] 1916 to 2.4] 0.85 19[15t022] 1915 to 2.3] 071 0.01[-0.27 to 0.24] —0.09 [-0.23 to 0.25] 0.90
MCP1 (pg/mL) 369 [300t0457] 366 [311t0453] 0.68 356[289t0438] 371[317t0433] 050 -1.8 [-44.2 t0 40.9] 4.8 [-48.7 t0 58.5] 045
CRP (ugiml) 19[11to42] 17[0.8t0 3.2] 009 21[10to3.8] 1.8[0.9t0 3.5] 052 -01[-1.7t00.5] -0.1[-11to 0.6] 0.35
CTXI (pg/ml) 421[346t0527] 434[355t0528] 041 419[333t0499] 412[354to511] 065 3.7[-26.5t045.1] 1.0[-45.3t053.9] 0.83
P2CP (ng/ml) 20.8[14.8t0285] 24.3[163t0311] 0.013 217[156t0282] 255[169t030.0] 0.032 2.8 [-3.4t010.3] 4.6 [-3.8 t0 9.9] 0.94
CIX(ngiml) 02[01t003]  02[02t003]  0.037 02[01to00.3] 02[02t003]  0.023 0.02[-0.03 to 0.07] 0.01[-0.03 to 0.08] 0.94
PINP (ng/ml) 42.5[34.5t055.4] 42.4[344t056.3] 0.71 432[34.0t055.6] 42.5[343t056.3] 094 1.1[-4.6 to 4.5] 0.2 [-5.4 t0 5.5] 0.92

Note: Data are presented as median [interquartile range]. Inflammatory, bone, and cartilage (bio)markers at baseline and after 12 weeks of supplementation. A
nonparametric Wilcoxon signed-rank test was used to assess differences within groups, whilst a Mann-Whitney U test was used to assess differences between groups.
CTX, carboxy-terminal telopeptides; CTX-II, C-terminal cross-linked telopeptide type II collagen; IL-6, interleukin 6; MCP-1, monocyte chemoattractant protein-1; P2CP,
procollagen II C-terminal propeptide; PINP, procollagen I intact N-terminal; TNF-a, tumor necrosis factor alpha.

participants with a VAS > 1.0 for knee pain (average VAS 4.7 [IQR =
2.6-6.2, 95% CI = 4.2-4.8]) and did not find an effect of CP supple-
mentation. Our study population consisted of 43 participants
(n=19 and n = 24 in CP and placebo, respectively) with a baseline
VAS > 6.0. Within this subgroup of participants we did not find
differences in VAS between groups, suggesting that the lower
baseline VAS in our study did not explain the lack of difference
between the CP and placebo groups. Although baseline VAS did
not seem to influence the results, participants with diagnosed
osteoarthritis have been excluded from participation in our study
and therefore only relatively mild cases might have been in-
cluded. Participants’ Lysholm score at baseline was 67 [IQR = 58-
74, 95% CI = 64-68], which corresponds to a fair knee function
(Briggs et al. 2009). Therefore, knee complaints and associated
decrements in knee function of our participants may not have
been severe enough to find a beneficial effect of CP supplementa-
tion.

Another potential explanation for the decrease in knee pain
and improvement in knee function outcomes in both the CP and
the placebo group could be the presence of a placebo effect in
both groups. Zhang and colleagues demonstrated an overall esti-
mate of the effect size for pain relief of 0.51 (95% CI = 0.46-0.55) in
studies focusing on osteoarthritis and pain (Zhang et al. 2008).
Moreover, in 1955 Beecher combined data from placebo groups of
15 studies and demonstrated that placebos on average led to a 35%
improvement in outcomes (Beecher 1955). Average improvement
after 12 weeks of CP or placebo supplementation in our study was
~36% and ~53%, respectively. Therefore, the decrease in knee
pain in both groups could mainly be attributed to a placebo effect.
Moreover, the presence of this large placebo effect in both groups
made it harder to find a significant difference between groups.

Additionally, in the present study a supplementation duration
of 12 weeks was used, while previous studies with a positive out-
come used a supplementation period of 24 weeks or longer
(Bruyere et al. 2012; Clark et al. 2008; Lugo et al. 2016). This may
suggest that long-term supplementation is needed to induce ben-
eficial effects on knee pain, even more so in elderly who may have
knee complaints for a long time already. However, 26% of the
participants had a VAS lower than the exclusion threshold
(VAS < 1) after 12 weeks of supplementation. These findings sug-
gest that elongation of the supplementation period would proba-
bly not affect the results within our cohort of middle-aged to
elderly physically active individuals.

We did not find a difference in inflammatory markers and bone
and cartilage biomarkers between the CP and placebo group,
which suggests that CP supplementation did not reduce the in-
flammatory status and did not stimulate bone formation or the
synthesis of cartilage. This finding is in line with previous preclin-
ical data that observed that the use of collagen hydrolysates does
not stimulate type II collagen biosynthesis in human articular
cartilage (Schadow et al. 2013, 2017). In our study, baseline concen-

trations of the inflammatory markers were all within the reference
values and did not show evidence of whole-body inflammation
(Todd et al. 2013). We did find an increased IL-6 concentration in
the placebo group after 12 weeks of supplementation, while this
increase was absent in the CP group. The authors are not able to
explain the increased IL-6 concentration, and the increment is not
supported by other inflammatory markers (i.e., TNF-a and CRP).
Furthermore, the IL-6 concentration in the placebo group post-
supplementation (0.7 [IQR = 0.5-0.9, 95% CI = 0.7-1.4]) was still
within the upper 95th percentile reference limit of 4.45 pg/mL
(Todd et al. 2013). The elevated levels of CTX and P2CP after
12 weeks of supplementation seem not to be the result of CP
supplementation since we did not find a difference between both
groups.

Strengths and limitations

A strength of the study is the design (double-blind, randomized,
and placebo-controlled) and the inclusion of a large study popu-
lation. Furthermore, the supplement compliance of the partici-
pants was very high (99.5% + 1.3%, 95% CI = 99.3-99.7). However,
there are some limitations that should be taken into account.
First, we included participants with self-reported knee pain with-
out diagnosis of osteoarthritis. Since no X-rays were obtained it is
not certain that the participants had no osteoarthritis. Symptoms
of arthritis can fluctuate over time, which could have led to a large
heterogeneity within our study population. We tried to minimize
the heterogeneity by excluding participants with specific medical
conditions or supplement/medication intake. Moreover, all par-
ticipants were in preparation for a multiple-day prolonged exer-
cise event, which might suggest that our study population is a
relatively active and healthy population, and is probably not rep-
resentative for the general population with knee complaints. Fur-
thermore, we randomly allocated participants to the CP and
placebo group. Second, a total of 33 participants dropped out of
the study (i.e., 33 out of 200, ~17%), whereas some (3 in total and
2 in the CP group) of these participants withdrew because of in-
creasing knee pain. Moreover, significantly more dropouts were
observed in the CP group (n = 23) compared with the placebo
group (n = 10, p = 0.013). However, the difference in dropout rate
can mainly (n = 16 out of 33, 50%) be attributed to a baseline
VAS < 1, which makes it unlikely that dropout was influenced by
the use of the CP supplement. As a consequence of the high drop-
out rate, the total number of participants in CP group (n = 77) was
lower than the number of participants needed according to the
sample size calculation (n = 86). However, based on current results
we did not expect a difference when more participants were in-
cluded. Although we did instruct participants to avoid using an-
algesics prior to the baseline measurements, we did not provide
specific instructions for analgesics and/or NSAID use during the
supplementation period. As a result, a total of 22 participants used
analgesics (primarily paracetamol; n = 15) on the day of the post-
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supplementation measurements, which may have influenced our
findings. However, when we exclude these participants in a sen-
sitivity analyses, similar outcomes were observed (change in VAS
for knee pain after 12 weeks of supplementation was -1.7 + 2.3 and
—-2.1+ 2.5 for CP and control groups, respectively, p = 0.33). As the
use of analgesics did not impact our study findings, we decided to
keep the participants who used analgesics in our analysis. Fur-
thermore, we did not monitor the participants’ food intake
throughout the study. Since CP is a hydrolyzed form of gelatin (Liu
et al. 2015), it is possible, but quite unlikely, that a high CP con-
sumption in daily life (desserts, bakery products, gummy candy)
affects the outcomes of the study. Furthermore, such bias may
have affected the CP and placebo group equally.

Conclusion

In conclusion, 12 weeks of CP and placebo supplementation
resulted in a similar reduction in knee pain and improvement of
knee function. The absence of a superior effect of CP suggest that
CP supplementation over a 12-week period does not reduce knee
joint pain in healthy, physically active, middle-aged to elderly
individuals with self-reported knee pain.
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