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Background: Knee osteoarthritis (KOA) is a burden for the modern society. One of the most important inflammatory conditions of the muscle-skeletal
system, KOA is characterized by joint pain, crepitus, local inflammation, tenderness, limitation of movement and effusion with no systemic effects. Bjordal
et al. (2004) in a meta-analysis, analyzed more than 13,000 patients regarding chronic inflammatory diseases and the use of non-steroidal anti-
inflammatory drugs, including coxibs. In this study, the authors demonstrated that in long-term inflammatory diseases, anti-inflammatory drugs had a
slightly superior effect compared to placebo. Oral supplementation with hydrolysed collagen has been proposed as an alternative to treat symptoms. The
purpose of this review was to investigate the effects or oral supplementation with hydrolysed collagen in KOA. Methods: Randomized placebo-controlled
were searched in different databases, from 2001 to 2021, using the following keywords in titles and abstracts (“knee osteoarthritis” OR “knee arthrosis”)
AND (“hydrolysed collagen supplementation”). Results: From 565 articles, only 4 fulfilled the eligibility criteria with variations on the number of subjects,
collagen dose and origin, age, and gender of patients, blinding with variation also in the bias criteria. Conclusion: The studies are very heterogeneous but
reached the same conclusion that oral collagen supplementation may be slightly effective to mitigate KOA symptoms. However, the number of studies is
a limitation and no evidence of any possible mechanism is provided. Further studies are needed to investigate the hypothesis.

BACKGROUND

With the increase of the lifespan, and the aging
of the populations, many chronic diseases, being
osteoarthritis one of the most common, have been
impacting the quality of life of thousands of people -3,
Knee osteoarthritis, specifically, is a serious health
problem and affects approximately 27 million people
only in North America ). The prevalence of this disease
worldwide is 3,8%, however; the prevalence in some
countries is significantly high such as, 12,1% in United
States, 10,5% in Canada, and 6,3% Japan 57,

The current pharmacological treatments for
osteoarthritis, are mainly oral non-steroidal anti-
inflammatory drugs (NSAIDs), intra-articular
corticosteroids and hyaluronic acid #°1%, which only
target the symptoms. However; due to the
characteristics of osteoarthritis, these medications must
be used in a chronic way representing a great risk of
serious adverse effects in the stomach and heart, beside
the damage on liver and kidney. None of the actual
treatments recommended for knee osteoarthritis acts in
the cause of the disease *¥). Bjordal et al. *? in a meta-
analysis published in the British Medical Journal,
analyzed more than 13,000 patients regarding chronic
inflammatory diseases and the use of non-steroidal anti-
inflammatory drugs, including newer drugs such as
coxibs. In this study, the authors demonstrated that in
long-term inflammatory diseases, anti-inflammatory
drugs had a slightly superior effect compared to placebo.

In this context, the use of hydrolysed collagen
supplementation, a nutraceutical, form of knee
osteoarthritis treatment, may represent an option, but
its effects on the healthcare need to be validated by
evidence provided by reliable research methods such as
more well done randomised double-blind placebo-
controlled clinical trials 4,

Collagen supplementation has been long used in
folk medicine, and its empirical uses dates to thousands
of years. First, as bone broth, later as gelatin, and since
the Middle Age is being used for its positive effect on the
joint health **. Collagen is a fibrous protein, found in all
animals, formed by peptides with a molecular structure
that enables it with a unique resistance and elasticity *¢
17 Being the most common protein in the whole
organism and the most prevalent one in the joints,
collagen represents about 60% of the dry weight of
cartilage 4718,

The collagen fibers are arranged in the
extracellular space near the surface of the cartilage and
are cross-linked by covalent bonds forming a three-
dimensional network, which provides tensile strength
and resistance to shear 718 A healthy cartilage is
maintained due to a finely tuned turnover process of the
matrix balancing synthesis and breakdown *2%, The
deregulation of this balance leads to a shift towards
degradation with a subsequent loss of cartilage in
addition to inflammation of the surrounding tissue (**29,
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Collagen is can be found in all animal products
and by-products, but none of the collagen present in the
food is absorbed in the gastrointestinal without being
hydrolysed into peptides, mainly in di and tripeptides, at
the most as pentapeptides, and then reach the
circulation ?*2?, This means that all collagen used in our
daily needs is synthesize in the body, and studies show
that the collagen production decreases in chronological
age ?), affecting the hole body, including the balance
between the synthesis and breakdown process of the
cartilage matrix.

The synthesis of collagen in our body is made in
the fibroblasts ?¥, and studies show that one food-
derived dipeptide of collagen, proline-hydroxyproline
stimulates cell proliferation of fibroblasts and the
synthesis of collagen and hyaluronic acid synthesis (2>29),
meaning that the ingestion of these peptides can reduce
the decrease of collagen production in the body.

Hydrolysed collagen used as supplementation
has different origins such as, porcine collagen peptide
(PCP), bovine collagen peptide (BCP), chicken sternum
and marine origin such as jellyfish, and dried squid ") Is
important to know that there are two different forms of
collagen supplementation, the hydrolysed collagen
peptide and the undenaturated collagen type Il (UCII),
although both are supplements of collagen, they have
different mechanisms of action (26-28),

The objective of this review is to find out if
hydrolysed collagen supplementation has reliable
evidence on relieving the symptoms of knee
osteoarthritis, without the side effects present in other
pharmacological approaches.

METHODS
Search strategy

An online systematic search was performed for
eligible randomized placebo-controlled trials using the
electronic databases Medline (PubMed), Cochrane
Database, Google Scholar, Portal de Peridédicos CAPES,
SciELO and Direct Science from 2001 to September 2021,
following the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) guidelines ©Y.

The PICO (population, intervention,
comparation/control, and outcome) 2 acronym was
used to develop search strategy and the
inclusion/exclusion criteria. Based on that, the
controlled vocabulary was applied in combination with
the Boolean operators for the search in title and
abstracts such as (“knee osteoarthritis” OR “knee
arthrosis” AND “hydrolysed collagen supplementation”).
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Study selection

The selection was restricted to randomized
placebo-controlled trials evaluating the effect of
hydrolysed collagen supplementation on knee
osteoarthritis symptoms, associated or not with hip,
using the Western Ontario McMaster Universities
(WOMAC) Osteoarthritis Index. Trials with undenatured
collagen, parenteral collagen administration, treatment
duration less than 2 months, lack of placebo control
group for collagen treatment, non-interventional studies
(reviews, case control, cross-sectional, or cohort design),
or incomplete data presentation on baseline or follow-
up of WOMAC index sub scores were excluded.

Studies Identification

Two investigators (A.G. and C.C.) independently
screened the articles by title, abstract, and full text.
Inclusion of a study was decided by consensus between
both investigators.

Data Extraction, Primary and Secondary Outcomes

The data was extracted as: author(s), year of
publication, study period, country of origin, study design,
sample size, inclusion and exclusion criteria, intervention
type, description of intervention, follow-up period,
primary and secondary outcomes, and dropout rate.

Methodological Quality and Risk of Bias

Methodological quality was assessed
independently using the Cochrane Collaboration tool for
assessing risk of bias in RCTs 33, Disagreements were
resolved through consensus.

Questionnaires of articles

The articles included in this review used the
Western Ontario McMaster Universities Osteoarthritis
Index (WOMAC), which is a questionnaire validated in
several countries. It is reliable responsive measure, and
a self-report tool to measure specific three dimensions
of the disease: pain, disability and joint stiffness and also
quality of life 34

Search output and flow

Initially, 565 articles were identified, and after
applying the inclusion criteria only 4 remained as shown
below in Figure 1. From these 565, 301 were not double-
blind placebo-controlled studies, 89 were repeated
articles, 117 did not use supplementation (oral
administration), 27 included multiple joints, 21 used
other nutraceuticals, 5 were of undenaturated collagen
type Il and 1 had incomplete data.
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Figure 1. Overview of screening and selection process for
the systematic review
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Characteristics of included studies

Three of the included papers were related to
food and agriculture studies and one related to food and
nutrition. None came from publications related to
medical, paramedical, biochemical, or pharmacological
research. Two studies were funded by collagen
manufacturers 4°3%) the third study, at least one of the
authors was an employee of this kind of industry 7 and
in the fourth study one author is a medical consultant in
such industry 7). The studies took place in India, China,
United States and Equator, being published in 2009;
2012; and two in 2014. All the selected papers were
double-blind placebo-controlled randomized clinical
studies.

The ratio between the treated group, and the
placebo group was 2:1 in one study and on the others
1:0.95; 1:1; 1:0.98. Not only the group ratios were
different in each study, but also the sample sizes varied
from 60 to 250 subjects, adding a total of 490 individuals,
and the research duration varied from 70 days to 6
months. Although the source of the hydrolysed collagen
varies, in one study was a mix of bovine and pig ¢, one
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from chicken ©® one from bovine ®® and one from non
ruminant ®%, it does not interfere with the research, due
to the fact that hydrolysed collagen can come form many
animal sources, as cattle, pig, chicken and even form
marine animals as jellyfish and dried squid?”.

After the being extracted mainly by enzymatic
hydrolysis®®? is reduced to di and tri peptides, it so can
be absorved in the gut. Regardless of its origin, all 28
types of collagen are made of only six peptides, glycine,
proline, lysine, hydroxylamine, hydroxyproline and
alanine“?, and once hydrolysed are reduced to the same
di and tripeptides The doses varied from 4g (2g twice
daily) to 10 g in only one dose.

The total of 490 subjects were involved in the 4
studies, with 38 side effects identified after the
hydrolysed collagen supplementation. One of the
studies did not mention the adverse events.

The described adverse events were:

= allergic edema (01 case)

= vomiting (01 case)

= diarrhoea (01 case)

= gastrointestinal events (17 cases)
= common cold (01 case)

= respiratory events (5 cases)

=  mild skin rashes (1 case)

= increase of pain (2 cases)

= migraine headache (9 cases)

There was no gender distinction in three of the
articles, and in one study the purpose was to verify the
effects of hydrolysed collagen supplementation in
women with knee osteoarthritis. One of the articles
included subjects with low grade of osteoarthritis, in the
other three the inclusion criteria was patients with
osteoarthritis with a pain score of 4 or more, that means
moderate pain, which interferes significantly with
activities of daily living (ADLs). In two articles the age
group selected was from 40 to 70 years, in another
article, from 30 to 65 years and one article did not
mention the age of the subjects.

Risk of bias assessment

Out of the four articles, two had unclear and two
low bias evaluation; however, all of them were
sponsored by the companies that not only provided the
collagen as they were the manufacturers of this product,
as classified as high risk in other bias for the two
investigators.
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Table 1. Studies included in the Systematic Review

MTP&RehabJournal 2022, 20:1257

Author P.Benito Ruiz,et al. Schauss AG, et al. Jiang J, et al. Kumar S, et al
Year of 2009 2012 2014 2014
publication
Paper Int.j.Food Sci.Nut. j.Agric.Food Chem Agro Food Industry Hi J.Sci.Food Agric.
Tech
Study period 6 months 70 days 6 months 14 weeks
Country of Equator United States China India
origin
Conflict of The study was funded One of the authors was One of the authors was a Two of the autors were
interest na
by Protein S.A. (Girona) employe of BioCell Medical consultant of employers of Nielatin
Technology Rousselot AP
Study design Randomized double Randomized double blind | Prospective single centre Double blind placebo
blind randomized controled
controled multicentre placebo controled stuy double blind placebo randomized clinical
trial controled trial study
Ratio 01:0.98 01:01 01:0.95 02:01
Sample size 250 80 100 60
Gender Male and female Both sexes Women Both sexes
Group age No age description Age betwen 40-70 Woman age betwen 40 Age betwen 30 and 65
and 70
with knee and/or hip with knee osteoarthritis with knee osteoarthritis
ostheoarthritis
Inclusion Primary osteoarthritis Knee ostheoartthritis Knee ostheoartthritis Knee ostheoartthritis
criteria of the knee with VAS> 4 with VAS> 4 with VAS> 4
Exclusion Secondary Serious or cronic medical Stage IV of severe Visual analogic pain
criteria ostheoarthritis condition osteoarthritis/ anormal scale<or=4
kidney and liver function
Collagen Non ruminant Chicken Bovine Bovine (BCP) and Pig
origin (PCP)
Intervention Once daily Oral doseoftwo 1g Daily oral dose of 8g Oral dose of 5g
administration capsules
description of 10 g dose twice daily twice daily
Questionnaire WOMAC WOMAC WOMAC WOMAC
used
Follow up Examined at baseline Three visits day 0, day 35 Examined at basline; 3 Seven visits with na
period and after 3and 6 and day 70 and 6 months interval of 15 days
months
Primary There was a reducion in Strongly suggested that The values of the Significant reduction in
outcomes collagen WOMAC scores the
overall WOMAC scores is effective in decreased significantly scores leves of WOMAC
Osteoarthritis
Secondary Also were reported Significant placebo effect More investigations Similar results using
outcomes placebo effect should be iniciated to bovine and pig collagen
confirm the efficacy
Adverse Migrane headache - 9 Mild skin rashes - 1 case Unclear CP allergic edema/BCP -
events cases 1 case
Gastrointestinal -17 Increase in VAS-WOMAC Vomiting - 1 case
cases -2 cases

Respiratory - 5 cases

Common cold - 1 case

Diarrhes - 1 cas

Dropout rate

Placebo group - 18

Placebo group -7

Placebo group -2

Unclear
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Table 2. Main Outcomes of the Studies included in the Systematic Review

Main Outcomes Variables P. Benito Ruiz, et al. Kumars§, et al. Schauss AG, et al. Jiang J., et al.
Randon generation unclear Low low unclear
Allocation concealment low Nuclear low unclear
Blinding participants unclear Low low unclear
Blinding Care Providers unclear Nuclear unclear unclear
Blinding assessors unclear Nuclear low unclear
Incomplete outcome data low High low low
Group similarity at baseline low Low low low
Selective reporting low High low low
Co-interventions low High low low
Compliance low Nuclear low low
Intention to treat low Nuclear low unclear
Timing low Low low low
Others high High high high
Total low Nuclear low unclear

WOMAC results

In Benito Ruiz et al.(2009) study > the WOMAC
index score overall reduction of 27.1 + 18.1 (60%) of the
hydrolysed collagen was not statistically different of the
placebo group of 18.9 + 16.1 (56%), a diference of 4%,
however the WOMAC pain subscore improvement in the
hydrolysed collagen was 64% while in the placebo group
was of 53%, a diference of 19% (P=0,044) which is
significantly greater in favor of hydrolysed collagen. In
the same study, WOMAC function subscore the results
were a improvement of 59.30% in hydrolysed collagen
group and 57.21% in the placebo group,a diference of
2.09% not statisticaly diferent.

Also in Benito Ruiz study, the WOMAC stiffness
subscore the results were 60.90 hydrolysed collagen and
58.31% in the placebo group.In the study of Schauss A G
et al.(2012) ®” the WOMAC scores of pain, stiffness, and
physical difficulties were compared between groups. In
Schauss A G study the hydrolysed collagen group a
WOMAC pain score in day 0 of 9.88 + 2.93t06.13 +2.66
on day 70 while the placebo group had WOMAC pain
score in day O of 10.53 + 2.71 to 7.48 + 3.40 with a
difference between groups close to statistical
significance (P=0.052). The WOMAC stiffness subscore in
Schauss A G was in day 0 to hydrolysed collagen group
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was of 4.30 + 1.36 and in day 70 was 2.48 + 1.15, the
placebo group had the WOMAC stiffness subscore in day
0 of 4.28 + 1.34 and on day 70 of 3.00 + 1.68 not having
a statistically difference between groups.

WOMAC function subscore to hydrolysed
collagen group in Schauss A G study was in day 0 40.35
+ 8.51 decreasing in day 70 to 26.65 + 8.62 , the placebo
group WOMAC function subscore in day 0 was 39.20 +
8.75 and in day 70 was 32.90 + 10.03 a significant
difference (P<0.001)

WOMAC index score overall reduction of
hydrolysed collagen group showed a greater reduction
on day 70 compared with the placebo group in Schauss
A G study (P<0.001). In the third study Jiang J et al. ®*® the
difference between of the WOMAC scores of the
hydrolysed collagen group and the placebo group was
significant for all three WOMAC subscales.

Results of WOMAC pain score in Jiang J study of
hydrolysed collagen group in baseline were 3.41 + 1.68,
after 6 months 2.33 + 1.55, placebo group in baseline
3.94 + 1.42, after 6 months 3.67 + 1.48 a difference with
statistical significance (P<0.001).

Jiang J study WOMAC stiffness subscore in
collagen group in baseline 1.27 + 1.36, after 6 months
0.71 +0.87, placebo group in baseline 1.40 + 1.38, after
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6 months 1.29 + 1.27 also a difference with statistical
significance (P=0.012).

WOMAC function subscore to hydrolysed
collagen group in Jiang J study was in baseline 10.6+ 3.5,
after 6 months 8.24 +3.14 , the placebo group WOMAC
function subscore in baseline was 10.5 + 3.3 after 6
months was 9.96 + 3.3 a significant difference (P=0.010).
The Jiang J. study WOMAC index score overall reduction
of hydrolysed collagen group in relation to the placebo
group is significant (P<0.001). The results of Kumar S et
al. (2014) ©® comparing the baseline of hydrolysed
collagen BCP and PCP with placebo group were:

WOMAC total score points in baseline to BCP
group 50.3 + 9.6, to placebo group WOMAC total score
points in baseline 50.1 + 14,7, in the last visit (visit 7)
WOMAC total score points to BCP group of 25.8 + 11.3,
WOMAC total score and in the last visit (visit 7) to

e MTP&RehabJournal 2022, 20:1257

placebo group of 47.3 + 19.4 showing a prominent
downward trend in the hydrolysed BCP collagen group.

Still in Kumar study, the PCP hydrolysed collagen
group WOMAC total score points in baseline 47.2 + 9.8,
to placebo group in baseline WOMAC total score points
of 47.3 + 8.6, after the 7™ visit the PCP hydrolysed
collagen group WOMAC total score points 31.1 + 9.8, ,
WOMAC total score and in the last visit (visit 7) to
placebo group was 45.5 + 9.4 a prominent downward
trend in PCP hydrolysed collagen group similar of the
BCP hydrolysed collagen group. There were no data in
Kumar study discriminating the WOMAC subscores.

The WOMAC pain subscore had a statistically
significant reduction in three studies and in the fourth
the reduction was in the WOMAC total score, the
function score with some reduction and stiffness score
with minor reduction.

Table 3. WOMAC Evaluation of the Studies included in the Systematic Review

WOMAC Benito Ruizetal  Schauss AG et Jiang J et al. Kumar S et al. Kumar S et al.
al. BCP PCP
Total score baseline 359+17.3 54.87 +10.11 no data 50.3+9.6 47.2+9.8
Total score final 14.2+12.6 44.03 + 13.81 no data 25.8+11.3 31.1+9.8
Pain score baseline 7.6+3.5 9.88 +2.93 3.41+1.68 no data no data
Pain score final 28+238 6.13 +2.66 2.33+1.55 no data no data
Stiffness score 3.0+1.8 4.30+1.36 1.27+1.36 no data no data
baseline
Stiffness score final 1.2+1.3 248 +1.15 0.71+0.81 no data no data
Function score 25.2+13.0 40.35 + 8.51 10.6 +3.5 no data no data
baseline
Function score final 10.3+9.7 26.65 + 8.62 8.24+3.14 no data no data
DISCUSSION
The findings of the present review show the The reduced number of studies fulfilling the

results of double-blind randomized placebo-controlled
trials, which evaluated the effect of hydrolysed collagen
supplementation on knee osteoarthritis symptoms
searched in different databases, from 2001 to 2021.
These studies concluded, supported by the reduction of
the overall WOMAC scores, the hypothesis that
hydrolysed collagen supplementation decreases the
algic symptoms, with very few actions on the stiffness of
knee osteoarthritis and a questionable benefit in
function.

In total, were scanned 565 articles, which only 4
articles fulfilled the inclusion criteria stablished on this
review. The findings came from the analysis of a total of
490 subjects, aging from 30 to 70 years using different
sources of hydrolysed collagen.

cited

stablished criteria was also present in the other few
reviews, all posterior 2006, about the use of collagen
supplementation:
e Bello AE, Oesser!*) — 2006 — total of 7 studies, 5
before 2001
e Van Viven JPJ, et al.*? —2012 —total of 8 studies,
4 before 2001
e Garcia-coronado, et al. “¥ -2018 — total of 5
studies
e Liu X, et al. ™ -2019 - included all dietary
supplements with 69 included trials with only 1
of hydrolysed collagen
e Honvo G, et al. “9— 2019 - include not only
hydrolysed collagen - total of 1313
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e Honvo G, et al. “8— 2020 — total of 15 clinical

trials, not all randomized.

Is relevant to notice that in the WOMAC scores
became patent that pain scores had the most significant
reduction and the pain relieve was an important
improvement in the symptoms, followed by the
improvement of the function, with minor reduction in
the stiffness, but this finding are limited by the few
reliable trials in the subject.

CONCLUSION

The results of this review showed that
hydrolysed collagen supplementation decreases the pain
symptoms of knee osteoarthritis and might be a
pharmacological therapy acting in osteoarthritis with
minor side effects, although the reduced number of
reliable trials. Based on this conclusion, furher reliable
clinical trials are required to support the evidence of the
beneficial effects of hydrolysed collagen
supplementation on knee osteoarthritis.
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