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ABSTRACT

Orally administered collagen in its many different forms is recognised as a highly biocompatible,

safe form of supplementation, which has the potential to act on the body as an anti-inflammatory
and antioxidant, and through structural remodelling and reduced lipotoxicity. The aim of this
systematic review was to determine diseases where collagen has been indicated; assess safety,
bioavailability and efficacy; and to provide therapeutic recommendations. It was concluded that
collagen supplementation is strongly indicated for its positive therapeutic effect on pain management
of osteoarthritis, balancing blood sugars in type Il diabetes, wound healing, skin ageing, and post-
exercise body composition and strength. Promising results were also seen for the use of collagen
supplementation in osteoporosis, hypertension, rheumatoid arthritis, tendinopathy, cellulite, atopic
dermatitis, sarcopenia and brittle nail syndrome. Although therapeutic recommendations were
indicated in most of these diseases, owing in the large part to the use of these supplements as part
of dual therapy or the uncertainty over translatability of branded products it was concluded that more
studies are required to make definitive recommendations. There was a lack of clinical evidence to support
the use of collagen for weight loss in obesity, gut health and in fibromyalgia.
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INTRODUCTION

Collagen is the major constituent of connective
and conjunctive tissues in the body, and is
the most abundant protein in the human
body.! Twenty-eight different types of
collagen have been found, and each is unique
in its distribution, structure and function
throughout the body.? Identified using roman
nomenclature, collagen type | is the main
constituent of bone, skin, teeth, tendons,
ligaments, vascular ligature and organs;
type Il is found in the cartilage; and type Ill is
found in the skin, muscle and blood vessels.?
The remaining types have various functions
throughout the body.

Orally administered collagen peptides

(CPs) in supplements or food have been
demonstrated to reach the bloodstream**®
and tissues,? indicating the potential for
collagen to influence the body from within.
Supplement types differ depending on the
parent tissue and the extraction technique
performed. Derived from gelatin, a mixture of
thermal treatment and enzymatic hydrolysis
results in collagen hydrolysate (CH) or specific
collagen peptides (SCPs), further purification
of which can result in collagen tripeptide
(CTP) or octapeptide,”®all of which mainly
contain types | and Ill and occasionally type
Il collagen.® Unhydrolysed or undenatured
collagen usually contains type II.2

Supplemental collagen is traditionally

bovine, porcine or ovine sourced, but marine
and synthetic vegan-derived products are
now more common due to increased social
and religious acceptance, and heightened
awareness of recent health worries related to
bovine spongiform encephalopathy and foot-
and-mouth disease.!!

The aim of this systematic review was to
determine the disease areas where collagen
has been indicated, and review the human
clinical literature on safety, bioavailability
and efficacy with a view to making specific
therapy recommendations. Although topical
formulations exist, this white paper focuses
on orally supplemented collagen, and unless
stated otherwise constitutes the research
reviewed. Many forms of collagen supplement
were included in this review, including CH,
unhydrolysed collagen-type Il (UC-II), CTP,
octapeptide and SCPs.
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BIOAVAILABILITY

Although it is thought that orally ingested
collagen is hydrolysed in the intestinal tract
prior to absorption,® native collagen and
gelatin may not be efficiently absorbed
compared with lower molecular weight forms
that are often found in supplements,*? and
there is evidence that differing forms may
have differing post-prandial absorption rates,
bioavailability and bioactivity.

One randomised-controlled trial (RCT) of 10
healthy males reported higher absorption rates
and bioavailability of several bioactive amino
acids in orally administered CH compared with
non-hydrolysed collagen.® Furthermore, CTPs
containing differing amounts of the bioactive
peptides glycylprolylhydroxyproline (GLY-PRO-
HYP) and prolylhydroxyproline (PRO-HYP) were
reported to be effectively absorbed within 1
hour in 12 human subjects, only when in the
tripeptide form.* Dose-dependent excretion

of the tripeptide and dipeptide forms was also
observed, indicating relative stability within

the body. This is in contrast to one study

that reported no differences between the
bioavailability of CH and its unhydrolysed form.*®
This study did acknowledge that processing
methods may account for differences with other
research, as differing processing techniques can
influence digestibility.*®

The form of CH may also dictate absorption
by differing tissues within the body, indicating
that unique peptide configurations may have
implications for certain diseases. One animal
study of CH reported absorption within 12
hours, and a higher degree of detection in
cartilage if in its higher molecular weight form
compared with lower molecular weight forms,
indicating better bioavailability,? which could
have potential implications for cartilage-
related conditions, such as osteoarthritis (OA).

Marine collagen sources have also been
reported to have differing biological properties
than the more commonly used land animal
collagen, owing to the temperature and
salinity of the water where they originate.'”:18

These studies indicate that differing forms of
collagen may have specific actions and efficacy
within the body, and that results may not be
generalisable when certain forms, brands or
types of collagen are used in clinical trials.



FOOD SOURCES

Vegan collagen

Collagen is a part of all animal tissues, so
animal-based foods would appear to be the
best sources; however, plant-based collagen
products have increased on the market.
Vegan collagen products are extensive in
their formulations, and mainly focus around
stimulating collagen production rather than
supplying the original form.

In vitro studies have shown that aloe sterol,
which is a plant-derived sterol resembling animal
cholesterol, and andiroba oil may have the

ability to stimulate collagen production; however,
collagen type was not specified.**?° Clinical
research on aloe sterol focused around skin
health.?2%2 One in vitro study in human fibroblasts
treated with aloe sterols showed increased
collagen production compared with control.?
The type of collagen produced was not specified;
however, it was reported that expression of

two key enzymes, COL1A1 and COL3A1, which
are responsible for collagen production, was
increased. In the same study, a double-blind
placebo-controlled trial consisted of 56 women
with dry skin who were supplemented with five
tablets of aloe vera gel powder per day for 8
weeks (dosage not disclosed). No differences in
skin hydration were observed between the two
groups; however, skin wrinkling was improved

in those supplemented, and it worsened in those
on placebo, but differences were not significant.
A sub-analysis of subjects > 40 years old
showed significantly improved skin wrinkling
with supplementation compared with placebo,
indicating that aloe sterol may promote synthesis
in those when collagen production is reduced.

Panax ginseng extract has also been shown to
promote collagen synthesis in human dermal
fibroblasts; however, as with aloe sterol, the
type of collagen was not specified.?? In vitro
studies have shown inhibited collagen type

Il degradation in osteoarthritic osteocytes
following application of panax ginseng
saponins.?® Increased collagen type | in
NIH/3T3 cells, which have a potential role in
wound healing,?* and diabetic fibroblasts?®

has also been reported, indicating a potential
for use in several different diseases. Although
there is potential for panax ginseng to promote
collagen | production and prevent collagen Il
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degradation, data in humans and clinical
outcomes were not evident.

Further studies in Centella asiatica, a medicinal
plant known as Gotu Kola, have also indicated
that collagen production may be stimulated in
human skin fibroblasts when in combination
with other vitamins.?® However, clinical trials in
humans are lacking.

Most companies focus on boosting collagen
production as previously discussed, but
genetically engineering yeast to produce
collagen is also possible.?” Collagen type |, type
116 and type IlI?° have all been produced using
this method. Type | collagen was also produced
in one in vitro study, which had a structure
indistinguishable from animal-derived gelatin,*
but there was no evidence of its clinical use. The
existence of vegan collagen on the market is very
rare, but one notable form that is in production

is PrimaColl™, a type 21 collagen, which is
branded as the world’s first true vegan collagen.®!
However, clinical trials are still in progress.

Collagen boosters make up the majority of the
vegan collagen research. Although two studies
were evident on supplementation of vegan
collagen boosters in skin health, its application in
other disease areas is lacking. As these studies
are concerning collagen boosters, results from
animal collagen may not be generalisable and
applied to vegan collagen. No comparisons
with animal-derived collagen were evident in
the literature and, as products vary enormously
among the industry, comparisons are difficult.

Animal-derived collagen

In recent years, bone broth as a functional
food has seen a resurgence in popularity and,
although it may contain nutrients that have
health benefits, differences in preparation

and source could result in variation in
absorption rate, amino acid content, and
bioavailable and bioactive peptide chains. One
quantitative study of several different bone
broth preparations reported lower levels of the
amino acid precursors for collagen production
in the commercially prepared varieties than
supplemented CH powders and liquids, and
home-prepared varieties and those from cafes
had the highest amounts among all of the
samples; reasons for this were left unexplained.®?



Although bone broths may have higher amino
acid content than collagen supplements,
absorption rate and bioavailability are
important factors to consider, and one
observational study of 15 male subjects
showed that although bone broth had the
highest levels of collagen precursor amino
acids (with the liquid collagen supplement
having the lowest levels), these were more
slowly absorbed than hydrolysed and non-
hydrolysed collagen sources, which was
attributed to the fat content of bone broth
slowing digestion.t®

In combination, these studies indicate that
although bone broths, and in particular
homemade versions, may have superior levels of
collagen-promoting amino acids, the absorption
rate and potentially the bioavailability of bone
broth may be less than collagen supplements,
especially if in the form of CH.

GENERAL EFFECTS

As previously reported in the section
‘Bioavailability’, the general effects of collagen
may be specific to the type of collagen or
bioactive peptide used.

Autoantigen/anti-inflammatory

Collagen has been shown in animal models

to act as an autoantigen,®® with an ability to
modulate inflammatory pathways. However,
the exact effects of collagen on the immune
system are yet to be elucidated. Reports of
collagen increasing inhibitory inflammatory
cytokines and decreasing proinflammatory
cytokines have been found.?* UC-Il is believed
to activate immune cells, promoting the
production of T regulatory cells, which migrate
to cartilage and promote expression of anti-
inflammatory cytokines interleukin (IL)-4 and IL-
10.353% |In human trials, significantly decreased
inflammatory C-reactive protein but increased
levels of the inflammatory molecule bradykinin
following collagen administration have been
reported,®” indicating a complex interaction
with the immune system.

Antioxidant

The molecular weight of the collagen molecule
can influence its ability to act as an electron
donor and ultimately its antioxidant capacity,
with enzymatic hydrolysis improving its
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antioxidant capacity.®® CH also contains
hydrophobic amino acids, such as aromatic
amino acids and histidine, which are known
to have antioxidant properties; however, the
exact mechanisms are still unknown.*

Structural remodelling

The main action of collagen supplementation
is its ability to promote endogenous collagen
production,*® which is the main structural
protein in the body. Clinical trials have
reported that collagen can influence structural
remodelling through promotion of the cartilage
matrix,** and an increase in bone remodelling
through stimulation of amino-terminal
propeptide of type | collagen (P1NP), whilst
maintaining the bone degradation protein
C-telopeptide of type | collagen (CTX 1).4243

In addition, the presence of two peptides PRO-
HYP and hydroxyprolyl-glycine (HYP-GLY) in
collagen has been shown in in vitro studies

to enhance cell proliferation and enhance

the production of hyaluronic acid in dermal
fibroblasts.#44°

Lipid lowering

Lipotoxicity can result from excess fat
accumulation, and can impair numerous
metabolic pathways within multiple organ
systems. The most prominent of these are

the insulin signalling pathways such as the
novel protein kinase C pathway and the JNK-

1 in adipose and muscular tissues, which if
impeded can result in insulin resistance.*® Animal
models have reported reduced total cholesterol,
low-density lipoprotein cholesterol (LDL-c)

and triglycerides following administration of
hydrolysed marine collagen peptides (HMCPs),*’
which may have an impact on several areas of
the body.



Figure 1: Areas where collagen supplementation is clinically indicated.
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Native collagen in the form of undenatured collagen type-II (UC-Il) has been indicated for use in both
osteoarthritis (OA) and rheumatoid arthritis (RA). When chemically denatured, to produce collagen
hydrolysate (CH), specific collagen peptides (SCPs), bioactive collagen peptides (BCPs) or hydrolysed
marine collagen peptides (HMCPs), its use has been indicated in several disease areas.

CLINICAL USES (FIGURE 1)

Osteoarthritis (OA)

Osteoarthritis is the most common joint
disease globally*® and, in the absence

of disease-altering medications, pain
management is the only option for individuals
with this disease.*® As a result, increasing
interest has developed for the potential of
nutraceuticals to help manage symptoms.

Osteoarthritis is not an autoimmune disease,
so mechanisms for the action of collagen in
this disease have been of interest, and three
have been highlighted from in vitro, animal
studies and clinical trials. Firstly, the peptides
that collagen contains may stimulate the
building blocks for the cartilage matrix,*
secondly it may influence bone metabolism,®05!
and finally it may work via the vascular system
to improve symptoms.52-54
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Inhibition of angiotensin |-converting enzyme
(ACE) and regulation of nitric oxide (NO) and
soluble intercellular adhesion molecule-|
(ICAM-1) have been shown in animal models
following treatment with chicken CH.>2 OA is
often associated with venous insufficiency®®
and low-grade inflammation,*® which can
affect the vascular system.

Twelve studies were found on the use of
collagen in OA, and the majority of these
concentrated on CH, although a small amount
of research has been conducted using UC-II.
Diagnosis and the criteria measured in the
majority of the literature appear to centre
around self-reported symptom severity
based on the Western Ontario and McMaster
Universities Arthritis Index (WOMAC) and
Visual Analogue Scale (VAS), which are both
universally recognised.®’



Mixed outcomes were reported among the
systematic reviews and meta-analyses. One of
the meta-analyses that included five studies
on collagen in OA reported improvements

to pain in the short, medium and long term;
however, physical function was not improved
compared with placebo with either CH or
UC-I11.58 A second meta-analysis of five RCTs
supported this finding in only one of the pain
parameters measured, concluding that OA

is effective in improving symptoms of pain.®®
Two of the studies that were included had

a treatment period of less than 14 weeks,
which may be insufficient to observe symptom
relief and could account for an improvement

in only one of the assessments for pain. A
third systematic review of 48 human and
animal studies concluded that collagen and its
derivatives had beneficial effects to patients
suffering from OA in pain and physical function;
however, no meta-analysis was performed.®°

These trials supported the use of collagen
and its derivatives for the relief of OA
symptoms; however, one meta-analysis

of eight studies concluded that there was
insufficient evidence to support the use of
collagen in OA.%* However, it should be noted
that gelatin was included in this analysis,
which is the unhydrolysed form of collagen,
and it is thought that dietary collagen that has
not been hydrolysed is poorly absorbed,®? as
previously mentioned.

Supplemental doses of CH used in the literature
were mainly 10 g/day, and one RCT of 250
patients with knee OA reported significantly
decreased pain and improved functioning
following supplementation of 10 g CH daily
over 6 months compared with placebo, results
that were seen at all stages of OA.%3

Contrary to the trial above, disease severity
may dictate outcomes. One pilot RCT of

30 individuals with mild knee OA over 24
weeks reported no symptom relief with 10 g/
day CH, but magnetic resonance imaging
(MRI) changes were detected,®* indicating
that although symptoms may not have

been relieved, internal improvements were
affected. A second RCT of 389 patients
supplemented with 10 g/day CH for 24
weeks reported no significant differences
with placebo on measures of pain and physical
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function.? However, a subset of patients with
extreme disease did report significantly improved
symptoms, indicating that differences between
mild and extreme disease may influence success
of supplementation. Interestingly, in patients with
extreme disease, symptom relief perpetuated
after supplementation had ceased, suggesting
long-term benefits for symptom relief.

Collagen derivatives are not the only
nutraceuticals used in the relief of OA symptoms,
and one RCT showed significantly reduced
symptom relief with 10 g/day CH compared
with glucosamine sulphate (GS) in a 13-week
trial of 100 patients with knee OA, effects

that were seen as early as 2 weeks after
therapy commenced.®® These results were
supported in another RCT using 40 mg/day
UC-II versus GS®¢ and 10 mg/day UC-Il versus
GS plus chondroitin,®” suggesting that collagen
derivatives may have benefits above the most
commonly used nutraceuticals for OA.%®

Collagen formulations have also been
investigated in relation to OA symptoms. One
RCT that looked at a combination of CH (type
I), chondroitin sulphate and hyaluronic acid
(BioCell® collagen) containing 300 mg CH/day
for 70 days was shown to improve VAS score
but not WOMAC; short therapy duration was
implicated in this discrepancy,®? but this may
also be related to suboptimal dosing based on
the use of 10 mg/day in previous studies.

Several studies were found that focused on
individuals without OA but relating to joint
health. The research supported supplemental
doses of CH of 1.2 g/day for improvements

in joint pain but only if taken for at least 6
months,®®’tas one study showed no symptom
improvement over 12 weeks, even if 10 g/day
was taken.”?

There is a large amount of quality literature
supporting the use of 5-10 mg/day CH for the
long-term relief of OA symptoms especially in
those with extreme disease, and these benefits
may be superior to the more commonly used
GS and chondroitin. Positive results for the use
of 40-300 mg/day UC-Il in symptom relief of
OA was also evident. Research in the use of
BioCell® may only be translatable when using
this specific brand of supplement.



Rheumatoid arthritis (RA)

Rheumatoid arthritis is considered to be

an autoimmune disorder characterised by
infiltration of the joints by immune cells,
attacking the collagen and resulting in
chronic pain and inflammation.3® Collagen has
been shown in animal models to act as an
autoantigen, supressing arthritis.*?

When compared with standard therapy
(methotrexate), collagen may not be as
effective, but has less adverse events
associated with it. One double-blind RCT of
211 patients with RA supplemented with

0.1 mg/day UC-II for 24 weeks reported that
although improvements to pain and function
were observed from the start of the trial,
these were less than with standard therapy.”?
Regardless, given the improvements from

the start of the trial, it was concluded that
UC-Il is still effective for the treatment of RA.
These results, dosages and patient types were
replicated in a second study of 503 patients.”*

Stopping methotrexate supplementation in
favour of collagen may result in reversal of
symptom benefits. Among 92 patients with RA
in a double-blind RCT, those who were first
given methotrexate and then switched to UC-I
0.5 mg/day resulted in worsening of swollen
joints. Those who remained on standard
therapy reported no change in disease activity,
indicating an inability to sustain the results

of standard therapy.”® Unfortunately no
comparisons were made with a placebo group.

The previous trials indicate that UC-II
supplementation may not be as effective as
standard therapy; however, it could be used
to enhance standard therapy. In one early
RCT of 60 patients with severe RA, UC-Il was
reported to improve symptoms of RA after 3
months when compared with placebo, and
four of the collagen participants reported
complete resolution of disease.”® Sixty-four
percent of the collagen-treated patients were
on standard therapies, usually methotrexate,
and further improvement occurred with
collagen, indicating an additive effect of
collagen, which was not investigated in the
previously reviewed methotrexate studies.
Unfortunately, collagen dosages were not
stated in the trial.
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When looking at differing doses of UC-II,

one double-blind placebo-controlled RCT of
274 patients reported improvements in one
measure of RA symptoms, the Paulus criteria,
which is a measure of joint soreness, swelling
and morning stiffness, with the lowest dose of
20 pg but not at the higher doses of 100, 500
and 2500 ug.** However, other measures of
disease improvement were not observed. The
dosage used in this trial was very different to
other trials.

One observational study looked at the use of
low-dose UC-Il in juvenile RA; however, the
sample size of 13 individuals was too low to
show any definitive treatment effect, but six
patients who were given 60 pg UC-II and six
patients who were given 540 pg reported
improvements in disease symptoms. However,
it was concluded that UC-II efficacy in juvenile
RA may be difficult to prove.

Studies are mixed for the use of collagen in RA,
maybe owing to studies focusing on higher
dosages, as it has been reported that the
immunosuppressive action of autoantigens

is usually observed at lower doses.”” RA did
improve in certain patients, and efforts to identify
individuals who may see improvements in disease
are needed. Benefits were apparent for the
management of RA at 20-100 pg/day, and dual
therapy of UC-Il and methotrexate may improve
standard therapy outcomes but should not replace
it in adults. If side-effects from methotrexate

do preclude treatment, UC-Il may be a good
alternative, as it was still shown to be effective.

Osteoporosis

The complex aetiology of osteoporosis
involves both modifiable and non-modifiable
risk factors, such as malnutrition, lack of
exercise, age and gender.*? Current non-
pharmacological strategies to maintain bone
health involve supplementation with vitamin D
and calcium.”® However, as type | collagen is a
component of bone,”®# supplementation may
have some benefit.

In combination with vitamin D and calcium,

5 g/day CH was shown in an RCT of post-
menopausal women to slow decreases in body
bone mass density (BMD) over 12 months 8!

In a second RCT where 5 g/day SCPs was



combined with calcium and vitamin D in post-
menopausal women over 3 months, enhanced
benefits in bone formation compared with
calcium and vitamin D dual supplementation
were observed; however, bone degradation
remained unchanged.*® Furthermore, in one
RCT with 5 g SCPs/day, BMD was increased
compared with decreased levels with placebo,
and this was attributable to increased bone
stimulation markers in the blood; however, bone
degradation markers remained unchanged.*?

In combination, these trials indicate the possible
complementary effects of collagen, vitamin

D and calcium, with collagen acting on bone
formation® and not degradation. Increased

bone formation may have implications for
osteoporosis reversal; however, this needs to be
better researched in the long term and in relation
to bone resorption.

In contrast, an RCT that focused on
supplementation of 10 g/day CH in 82 post-
menopausal women did not show any
differences in bone formation after 24 weeks
compared with placebo, but it should be noted
that this study looked at differing measures

of bone formation and degradation compared
with the other studies reviewed, and collagen
may be specific to certain biomarkers.

There were mixed results among the few
studies on the use of collagen in osteoporosis,
possibly due to different measures of bone
turnover throughout the studies. Research for
the use of 5 g CH and SCPs in osteoporosis is
promising; however, as most of the research
is in combination with vitamin D and calcium,
recommendations should involve dual
supplementation. Also, CHs may have the
ability to bind calcium ions, which improves
bioavailability,8# and could also account for
the synergistic actions observed.

Tendinopathy

Treatments for tendinopathy focus on exercise
programmes but results are inconsistent,

with a large majority of sufferers failing to

see results.®5 As collagen-derived peptides
have been reported to modulate collagen
synthesis41 and joint-related pain,’®’! the

use of collagen in tendinopathy is promising;
however, it appears that research in this area
is limited.
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One pilot crossover RCT on 20 individuals
suffering from Achilles tendinopathy reported
that 5 g/day CH for 6 months in the branded
supplement TENDOFORTE® in combination
with exercise improved self-reported
assessments of pain and improved tendon
health as indicated by ultrasound. However,
tendon health also improved in the placebo
group, making it difficult to determine whether
improvements were because of CH or due

to exercise, which is the current recognised
strategy for treatment of tendinopathy.

The results above are promising for the use of
5 g CH in tendinopathy; however, it cannot be
definitively concluded that collagen was solely
responsible for the effects observed. Based

on the current research, the recommendation
of 5 g/day CH in combination with strength
exercises may improve symptoms of
tendinopathy.

Obesity-associated weight loss

The aetiology of obesity is complex, involving
the interrelation of many physiological,
psychological, genetic, sociological and
economic factors contributing to
development.®® The management of weight
loss involves lifestyle management, in some
cases pharmacotherapy and in extreme cases
bariatric surgery.?” Diet-induced weight loss
has been associated with a reduction in bone
health and BMD,®8 which is where collagen
supplementation may be of interest; however,
no studies were found investigating this.

CPs in animal studies have demonstrated

the ability to regulate lipid metabolism and
adipokines involved in energy intake and
weight maintenance.®®

High-protein diets have been reported to

aid and help maintain weight loss in obese
individuals,®® and collagen supplements

could be a nutritional strategy to increase
protein intake. One RCT of 2000 mg/day skate
collagen peptides in 90 overweight adults

for 12 weeks reported that CPs improved
body composition compared with placebo,
with changes observed from 6 weeks of
supplementation.®! It should be noted that the
study size was relatively small, and although
the authors state that exercise levels and
dietary intake were assessed at baseline,
these were not stated at the end of the study
and so effects may be influenced by this.



In an 8-week study of 37 overweight women,
38 g/day CH as a protein supplement
compared with 40 g/day whey protein
reported an increased body mass index.
Furthermore, body composition in the whey
protein group was significantly improved
compared with CH. It was concluded that
observed increased branched-chain amino
acids that are involved in satiety may have
been responsible for the effects observed in
the whey protein group, and that collagen may
not be an effective protein weight loss aid for
overweight women.%?

It cannot be ruled out that exercise levels

and dietary intake were responsible for the
positive results shown in the research above.
Differences in the types of collagens used, the
treatment cohort and the duration of study
may also be responsible for the controversial
results reported in the use of collagen for
weight loss in overweight individuals. The
main aim of the above weight loss diets was
to use collagen as a high source of protein,
yet collagen and its derivatives may be of low
nutritional value due to deficiency or absence
of some essential amino acids.®® As a result, it
is concluded that there is a lack of research for
the use of collagen for weight loss.

Hypertension

Current reports suggest that 1.13 billion
people suffer from hypertension worldwide,®*
indicating a need for better prevention and
management strategies. Animal studies and
clinical trials have indicated that CH may
activate endothelial progenitor cells, modulate
the renin-angiotensin aldosterone system®®
and promote vascular relaxation,® resulting in
improved blood pressure.

One observational study showed that
supplementation with 5.2 g of chicken collagen
octapeptides in 15 individuals with mild
hypertension resulted in significantly reduced
systolic (SBP) and diastolic blood pressure
(DBP) after 2 and 4 weeks.®® In support of
this, an RCT on collagen in osteoporotic post-
menopausal women showed that both SBP
and DBP were decreased following 5 g SCPs
for 12 months; however, this was not the
primary outcome measure and this cohort of
patients was not diagnosed with hypertension
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at the start of the trial.#2 Furthermore, long
treatment duration may be responsible for the
resultant effects.

In contrast, an RCT of 58 people with mild
hypertension receiving 2.9 g CH reported
significantly decreased SBP in comparison
to placebo, but no significant differences

in DBP after 18 weeks.?® Furthermore, an
RCT of 13 g/day HMCPs for 3 months in 150
adults diagnosed with primary hypertension
reported significantly reduced DBP; however,
no differences in SBP were observed between
the groups.?” NO levels were decreased,
suggesting that NO-regulated vasodilation
was not responsible for this change.

Research is promising for the use of collagen
for hypertension, but robust long-term RCTs
with benefits to SBP and DBP are lacking.
Treatment durations and type of collagens
used could account for conflicting results
among the studies. The research reviewed
indicates the use of at least 5 g/day CH and 13
g/day HMCPs for hypertension; however, more
studies are needed in larger subject groups
and those looking at dose—response in various
stages of hypertension to make definitive
recommendations.

Type 2 diabetes (T2D)

Type 2 diabetes is being described in the
literature as a disease of epidemic proportions,®
with an estimated 1.5 million deaths worldwide
in 2019 directly due to diabetes.®® Previous
animal studies have shown promising results

in the use of collagen for the reduction of
hyperlipidaemia*’ and, as lipotoxicity in the
pancreatic and muscle cells may inhibit insulin
receptor signalling contributing to insulin
resistance,® collagen may improve glucose
metabolism through its actions on a key
pathophysiological process of T2D.

In a prospective RCT of 100 patients with
T2D and hypertension, 13 g/day HMCPs for
3 months resulted in improved blood sugar
control compared with placebo, and these
results were seen as soon as 1.5 months
into the study,!®! indicating that disease
progression was not simply slowed, but
improved. Insulin sensitivity was increased
with HMCPs; however, this remained



unchanged in the patient control group.
Treatment improved the lipid profile of the
participants and, although causal relationships
were not investigated, it could be speculated
that lipid regulation improved insulin sensitivity
resulting in improved blood glucose control.

A second 3-month RCT of HMCPs by the same
authors of the previous study looked at 13 g
HMCPs in 100 patients with non-hypertensive
T2D and, in support of the findings above,
blood glucose control and insulin sensitivity
were improved compared with the placebo
group.®” In this study, the modulation of
inflammation-related metabolic regulators was
observed in HMCPs compared with control, and
may contribute to the regulation of blood sugar.

The research is limited for the use of collagen

in T2D; however, the literature that does exist

is positive and the quality is high. What is
apparent is that 13 g HMCPs may be of benefit to
hyperglycaemia for a duration of at least 6 weeks.

Fibromyalgia
Fibromyalgia is characterised by widespread

musculoskeletal pain, resulting from
neuroendocrine dysfunction.1©?

One study was found on the use of collagen in
fibromyalgia; however, this observational study
over a 90-day period with 20 fibromyalgia
sufferers failed to state dosages and collagen
type, and although it concluded improvements
to symptoms, there were no statistical analyses
and the study was not blinded.'°® Therefore,

it can be concluded that there is a lack of
research for the use of collagen for the relief of
fibromyalgia symptoms.

Wound healing

Although wounds caused by pressure ulcers

or burns have very different aetiologies, both
appear to include nutritional support and dietary
supplements as part of their management
plans.®1%4 As collagen is a major component

of skin and studies involving collagen-based
dressings in diabetes-related ulcers have

shown efficacy on wound healing,'% oral
supplementation may be of interest.

One double-blind RCT of 16 weeks in 120
individuals suffering from pressure ulcers
reported that 10 g/day CH, rich in PRO-HYP

Nutritional Medicine Reviews

and HYP-GLY, showed improved wound healing,
measures of pain and wound area compared
with placebo after 16 weeks. Interestingly, this
study had a third group allocated a PRO-HYP,
HYP-GLY-deficient CH supplement and although
no differences were found between the two

CH groups, this arm did report improvements

in wound healing compared with placebo,®
indicating that improvements were regardless of
amino acid content.

This was supported in a second RCT where 89
patients with pressure ulcers were given 15 g/
day CH and showed improved ulcer healing
compared with placebo. The cumulative
improvement in ulcer healing was 96% greater
in the treatment group than in the control.%®

Different wound types were also investigated,
and one double-blind RCT in 31 men with
burns covering 20-30% of their body reported
improved wound healing 3.7 times higher
than placebo when taking 36 g/day CH and,
although hospitalisation duration was not
significantly lower with CH, it was deemed
clinically significant. Results were attributed to
better improvements in serum albumin levels
observed in the CH cohort.1%

Although not extensive, the research in the use
of CH for wound healing is of high quality, and
in pressure ulcers supports the use of 10-15

g CH/day for at least 16 weeks if taking the
lower dose and 8 weeks if taking the higher
dose. In burns, the research is also of very
good quality, and supports the use of 36 g/day
CH to improve wound healing and to clinically
improve duration of hospital stay.

Skin ageing

The skin is the body’s largest organ, with its
main role being protection. It is comprised

of two layers; the dermis is the deepest and
collagen is its main constituent. Damage to
the skin can be caused in a number of ways:
UV radiation, nutrition, pollution and cigarette
smoke can all result in collagen damage
and subsequent extrinsic ageing.'®” Intrinsic
changes involve an age-related decrease of
collagen production by approximately 1%
per year.'%® In tandem, this can result in the
breakdown of the bonds holding the dermis
to the epidermis resulting in wrinkling and
decreased elasticity.1°
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Studies have shown that creams and lotions
may be unable to reach the dermis to causally
affect collagen production.tt%11 The aim of
oral collagen supplementation is to reach

the dermis from within, to restore collagen
synthesis and influence the skin ageing
process, and may be an alternative or additive
to topical treatments. PRO-HYP derived from
dietary collagen may enhance the growth

of fibroblasts and promote synthesis of
hyaluronic acid.**°

Fourteen studies were found looking at the
effects of collagen and its derivatives on skin
ageing: one systematic review, 11 RCTs and
three observational studies. Improvements
were seen in measures of skin ageing across
all dosages in one systematic review.!'?2 The
systematic review looked at 10 publications,
and reported that all of the studies on CH
resulted in improved skin health looking

at parameters such as moisture, elasticity,
wrinkle number and dryness. Studies ranged in
duration from 8 weeks to 12 months, and used
doses from 500 pg to 10 g/day. No analysis
was made on possible dosage effects, so itis
difficult to ascertain if these exist. Data quality
was assessed in this study; however, it was
not commented upon and so it is difficult to
ascertain the overall validity of the findings.

One triple-blind RCT of 50 women
supplemented with 10 g marine-derived Vinh
Wellness Collagen® reported 35% reduction
in wrinkles after 12 weeks, and improved skin
elasticity, hydration, radiance, firmness and
reduction in wrinkles compared with placebo.!!?
It was concluded that fish-derived CH may
improve skin health in an ageing population.
This assessment was based on a validated,
subjective measure for skin appearance and
clinic-trained staff questionnaires.

One observational study of 29 women
supplemented with 1 g BioCell® collagen CH-
[l plus hyaluronic acid and chondroitin sulphate
over 12 weeks reported a 76% decrease in
skin dryness and a 13.2% decrease in wrinkles
from the start of the study using visual/tactile
analysis.*® Using quantifiable methods, skin
collagen was shown to increase in the first 6
weeks of the study, a level that failed to be
maintained to the end of the study, indicating
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a short-term improvement in collagen content.
It was concluded that CH may affect the
development of age-associated skin health.

Although the majority of the studies looked at
collagen in combination or at branded collagen
products, which may have implications for
translatability, one double-blind RCT looked
at unbranded 1 g/day CH in 64 individuals.***
CH rich in GLY-PRO-HYP and GLY-X-Y derived
from fish sources reported improved skin
hydration, elasticity and wrinkling compared
with placebo after 12 weeks. Improvements in
skin hydration were seen as early as 6 weeks,
indicating a relatively short time for results.
This along with a lot of the trials was based
on questionnaires, which may be subject to
reporting bias.

Results from the previous trial suggest that
differing peptide contents may have differing
actions, and one double-blind placebo-
controlled RCT of 85 individuals assessed the
use of CH with differing peptides derived from
fish sources.!'® Skin moisture, skin elasticity,
the number of wrinkles and skin roughness
were significantly improved in individuals
taking a supplement high (2 g/kg) in PRO-HYP
and HYP-GLY peptides compared with those
taking a low (0.1 g/kg) peptide content and
placebo after 8 weeks. In those taking a low-
peptide-content supplement, improvements
were only observed in skin moisture compared
with placebo. This indicates that differing
peptide contents may have differing bioactivity
and benefits to skin health. PRO-HYP and
HYP-GLY have been reported to be precursors
for collagen production.1®

Many of the studies reviewed used CH from
fish sources; however, one placebo-controlled
parallel group study of 33 individuals over

8 weeks compared porcine CH with fish,
reporting no differences in improvement of
skin hydration.!*” This is in contrast to other
studies where the individual properties of fish-
based collagen may have advantages over
land-based mammals for skin health.!”.18118

One double-blind placebo-controlled RCT looked
at the effects of topical CH application compared
with 9 g/day oral supplementation with added
vitamins A, C and E and zinc over a 90-day
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period.!*® The oral supplement acted on skin
elasticity and showed more pronounced effects
on pore reduction and skin hydration than the
topical application, but this was not significant.
It was hypothesised in the conclusion that the
two treatments may work synergistically due to
differing mechanisms of action.

One placebo-controlled RCT of 2.5 g/day
bioactive collagen peptides (BCPs) in the
branded supplement VERISOL® reported a
reduction in eye wrinkles in 114 people
compared with placebo after 8 weeks.?° There
was a 65% increase in skin procollagen type

| and 18% increase in elastin. Improvements
to eye wrinkles were seen after 4 weeks, but
were even more pronounced after 8 weeks.
Moreover, these effects perpetuated 4 weeks
after the trial ended with an 11.5% decrease
in eye wrinkle volume in the supplement group,
indicating the possible long-lasting benefits of
this formula.

A second RCT of VERISOL® using 2.5 g/day
and 5 g/day reported improved skin elasticity
and skin moisture after 8 weeks in both
treatment groups; however, measurements
of skin function did not achieve statistical
significance in comparison to placebo,*?!
indicating that although physical appearance
may be improved, functional aspects of the
skin were not.

Several studies were found using branded

and combination formulast??125 and, although
results were promising with regards to collagen
use in skin ageing, it cannot be ruled out that
the results were due to synergistic effects

of the ingredients in the formula. One of the
combination studies reported that although all
the parameters measured were significantly
improved from baseline, only two of the eight
parameters measured were significantly
improved compared with placebo, and this was
when looking at brightness and hydration.'?®

Specific recommendations are difficult on

the use of collagen for skin health due to the
number of trials using branded or combination
formulas. Branded formulas do not always
clarify preparation and processing methods
of the collagen or other ingredients that they
use, which may be problematic based on

the previously reviewed bioavailability data.
What is apparent is that universally these
trials point to the benefits of collagen and its
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derivatives for the appearance of skin health
and functionality whether in combination

with topical products or other additives, or

as monotherapy. Benefits were seen with

CH doses as low as 500 pg to 10 mg per

day, with results apparent as soon as 6
weeks, and which may perpetuate long term.
The majority of the research surrounds fish
collagen, and its individual environmentally
driven biocharacteristics may be responsible
for the benefits observed.'”:*8 CH products rich
in PRO-HYP and HYP-GLY may infer additional
skin improvements compared with those with
differing peptide characteristics. Mechanisms
may include the stimulation of fibroblasts

by CH bioactive peptides, free amino acids
supporting the formation of collagen fibres
and the production of new collagen, elastin
and hyaluronic acid.*?4

Atopic dermatitis (AD)

Atopic dermatitis is characterised by decreased
skin barrier function resulting in dryness and
increased sensitisation to various allergens.
Subsequent itching can induce inflammation,
which perpetuates the condition. Given that
the above studies demonstrated potential
benefits to skin hydration and water loss, and
its anti-inflammatory properties, dermatitis
may benefit from collagen supplementation.

In a double-blind RCT of 17 patients with

AD, 3.9 g/day CTP rich in GLY-PRO-HYP was
shown to improve symptoms over 12 weeks,
whereas regular CPs showed no symptom
improvement throughout the study.” Analyses
were not performed between the groups;
however, the results highlight that differing
collagen composition of the supplement may
have varying benefits.

The literature points towards the use of 3.9 g/
day collagen rich in GLY-PRO-HYP to improve
dermatitis symptoms. However, additional
research in larger sample sizes and in varying
degrees of AD would be of benefit.

Gut health

The gut microbiome is an ecosystem
comprising of bacteria, viruses and eukaryotes,
which can modulate behaviour, energy
homeostasis and nutrient processing.?® Gut
dysbiosis occurs when this highly personalised
system becomes altered, resulting in reduced
diversity.'?¢ Chronic inflammation associated
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with many non-communicable diseases can
alter the gut microbiota and contribute to
dysbiosis.’?” This may exacerbate inflammation
further through the overgrowth of certain
species of microbiota and the production of
inflammatory signalling molecules.

Many collagen products on the market are
claiming improvements to gut dysbiosis and,
whilst collagen may be able to modulate
inflammation, the mechanisms behind gut
microbiota modulation are under-researched.
One study in animal models reported that
administration of CPs from fish skin to high-
fat diet-fed mice resulted in a decreased
abundance of the inflammatory gut bacteria
Erysipelatoclostridium and Alistipes.?®
Lactobacillus, Akkermansia, Parabacteroides
and Odoribacter species were all increased,
which are associated with health benefits.129-132

Research on the use of collagen in human gut
health was not evident, and so continues to

be based on studies in animal models. The
mechanism through which collagen could
improve gut health is not evident; however, it
could be hypothesised to involve modulation of
inflammation and the bidirectional relationship
with the gut microbiota.

Cellulite

Often seen in the thighs and buttocks, cellulite
is regarded as a natural process of ageing,**?
with a complex aetiology, often resulting in
negative psychological implications for those
who suffer from it.

In a double-blind RCT of 105 healthy females
with moderate cellulite, 2.5 g/day BCPs as
the brand VERISOL® was shown to improve
cellulite in women of normal weight after 3
months by 5.3% and after 6 months by 9%.
This was also reflected in overweight women;
however, the effect was less pronounced with
a 4% improvement in cellulite after 6 months.

The research in cellulite may only be
translatable if using the VERISOL® branded
supplement, and supports the use of long-
term therapy of 2.5 g/day BCPs to improve
moderate cellulite. The effects may be more
pronounced and seen earlier in women of
normal weight; however, overweight women
may still see an improvement with longer
therapy duration.
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Brittle nails

Recognised as a disorder, brittle nail
syndrome is caused by impaired water binding
resulting in soft, dry nails that are incapable

of growth.*** Although largely comprised

of keratin, animal trials on collagen have
demonstrated improvements to the epidermal
barrier and nail moisture.**> A small amount of
literature was found on the use of collagen in
nail disorders.

One observational study reported that
supplementation with 2.5 g/day BCPs in the
form of the branded supplement VERISOL®
once daily for 24 weeks resulted in a 12%
increase in nail growth and a decrease in the
frequency of broken nails by 42%.%¢ These
results were further improved 4 weeks post-
treatment. Assessment was conducted by a
physician; however, results were observational.

Although promising, there is only a small
amount of literature on the use of collagen
to improve nail health, and what is available
may not be translatable due to the use of a
branded formulation.

Post-exercise muscle recovery and strength

Strenuous exercise can result in structural
damage to skeletal muscles in the extracellular
matrix, resulting in pain, swelling and reduced
function.t3”138 As the extracellular matrix is
predominantly collagen, supplementation

may provide an interesting avenue for the
improvement of muscle performance and
shortened recovery times following exercise.

One double-blind RCT of 24 males
supplementing 20 g/day CPs reported faster
exercise recovery compared with placebo over
a 9-day period; however, measures of muscle
soreness and indicators of muscle damage
remained comparable to placebo.!*? In support
of this finding, a second double-blind RCT on 57
men supplementing 15 g/day CPs for 12 weeks
during an exercise programme also reported

no improvements to muscle pain following
exercise compared with placebo; however, more
pronounced improvements to strength were
observed, but this remained insignificant.140
Significant body composition improvements
were observed with CPs, which was attributed
to passive connective tissue adaptations.
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Improvements to body composition were also
observed in a third double-blind RCT on 77
women supplementing 15 g/day collagen
during a 12-week exercise programme, with
significantly enhanced improvements to body
composition compared with placebo, and
improvements to hand grip strength and leg
strength, although this was not significant.4!

Myofibrillar muscle protein synthesis has

been shown to be significantly increased

in a parallel group study of 30 g/day CPs
combined with exercise over 6 days,**? which
could account for the improvements to body
composition and muscle strength observed
above. However, this study compared CPs
with whey protein, which reported superior
muscle protein synthesis in favour of the whey
protein group.

Although a small amount of research is
available, it is of high quality, and indicates
that the use of 15-30 g/day CPs may enhance
improvements to recovery times and body
composition in those undergoing an exercise
programme, but not necessarily in muscle
soreness. However, results may not be as
pronounced as with whey protein, although
this is not definitive, as only one study made
direct comparisons.

Sarcopenia

Supplementation of collagen to improve

the extracellular matrix could have benefits

in other conditions. Sarcopenia is an age-
associated decline in muscle mass and its
associated functionality,*® the onset and
progression of which may be slowed by
resistance exercise training,** but this has the
potential to damage what muscle remains.

One double-blind placebo-controlled RCT was
found on the supplementation of collagen

in sarcopenia. This study reported that 15
g/day CPs in combination with resistance
exercise for 3 months resulted in lower

fat mass, and increased muscle strength,
bone mass and muscular control, and this
effect was more pronounced than in those
who were taking placebo.**® The placebo
group also undertook an exercise regime. It
was concluded that CP supplementation in
combination with resistance exercise improved
body composition in sarcopenic males. Based
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on previously reviewed trials, results could be
due to improvements to OA and joint-related
symptoms, allowing increased exercise.

Limited but promising research points to

the use of 15 g/day collagen for 3 months

to enhance the beneficial effects of exercise
alone on muscular body composition in those
with sarcopenia. However, as the research is
currently only in men, the results may not be
translatable into women, and further studies
are warranted in other cohorts to make
recommendations.

SAFETY

Collagen has been used for many years in the
food and cosmetic industries due to its reported
biological benefits, high biocompatibility and
low side-effect profile.?? It has been declared by
the European Food Safety Authority as safe,'4
and is generally regarded as safe by the US
Food and Drug Administration.#’

Among the studies reviewed, there was a
strong recommendation that collagen and its
derivatives are safe to use in the conditions
listed. No serious adverse events were
recorded in the studies, and only one trial
reported mild nausea, which was attributed to
the treatment.tt3

There appear to be no contraindications for its
use, other than hypersensitivity to any of the
ingredients or the collagen source, and there
are no known drug—-nutrient interactions.'4®

Research is lacking on the effects of collagen
supplementation during pregnancy, and so it
is advised that it is not used during pregnancy
and breastfeeding.
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Table 1: Summary of findings on the clinical uses of collagen supplementation

Clinical use

OA

RA

Osteoporosis

Tendinopathy

Obesity-
associated
weight loss

Hypertension

12D

Fibromyalgia

Wound
healing

Proposed
mechanism

Stimulate collagen
matrix,41 bone
metabolism,5051
vascular
improvements®

Autoantigen®

Bone formation?®!

Modulates collagen
synthesis*t and joint
pCIin70'7l

Regulates lipid
metabolism and
adipokines involved
in energy balance®

Activation of
endothelial
progenitor cells,®®
modulation of
renin-angiotensin
aldosterone system®®
and vascular
relaxation®?

Reduction of
hyperlipidaemia®’

None

Stabilisation of
keratinocytes
and fibroblasts
in the skin®
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Human
clinical
research

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Collagen
type

CH
UC-II

UC-II

CH
SCPs

CH

CH

CH
HMCPs

HMCPs

Not stated

CH

Indicated
dosage

5-10 mg/day
40-300 mg/
day

20-100 pg/day

5 g/day
5 g/day

5 g/day

5 g/day
13 g/day

13 g/day

Not stated

10-15 g/day

Summary

Benefits to joint
health and OA
symptoms

of pain

Improved symptoms
as adjunct to
methotrexate

Improved bone
formation. Majority
of research in
combination with
vitamin D and
calcium

Evidence when
combined with
strength exercises
for improved pain
and tendon health.
More RCTs would
be of benefit

Lack of evidence
for its use

Mixed results, with
studies showing
benefits to SBP, DBP
or both. More RCT
studies would be

of benefit

Benefits to insulin
sensitivity and
hyperglycaemia

Lack of clinical
evidence for the
use of collagen

Improved healing
in pressure ulcers
and burns
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AD, atopic dermatitis; BCPs, bioactive collagen peptides; CH, collagen hydrolysate; CPs, collagen
peptides; CTP, collagen tripeptide; DBP, diastolic blood pressure; HMCPs, hydrolysed marine
collagen peptides; OA, osteoarthritis; RA, rheumatoid arthritis; RCT, randomised-controlled

trial; SBP, systolic blood pressure; SCPs, specific collagen peptides; T2D, type 2 diabetes; UC-II,
unhydrolysed collagen-type II.
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CONCLUSION

Collagen supplementation has been studied

in multiple disease areas, and there is strong
evidence for its therapeutic role in OA pain and
function management, T2D, wound healing, skin
ageing, and post-exercise body composition and
strength. Mechanisms of action include structural
remodelling in the skin and bones, acting as

an anti-inflammatory, an antioxidant, and
reducing lipotoxicity. Its high safety profile and
biocompatibility make it an attractive therapy
for these diseases and, although supplementary
forms have been reported to have fewer amino
acids than food sources, there is evidence that it
is more bioavailable making it a more valuable
source of collagen. Promising results have been
seen for its use in osteoporosis, hypertension,
sarcopenia, RA, tendinopathy, cellulite, AD and
brittle nail syndrome but, due to these largely
showing efficacy in combination with other
therapies or due to branded forms used in

the trials, it was concluded that more studies
are needed to realise significant therapeutic
potential. There was no evidence for the use

of collagen in weight loss associated with
obesity, gut health and fibromyalgia. It could

be hypothesised that collagen may have a

role in gut health through the modulation of
inflammation; however, clinical trials were not
evident and this indicates an avenue for new
research (Table 1).

Difficulties arose in the study due to most of
the research failing to comment on the type

of collagen used or the preparation method,
simply using the term hydrolysed collagen. As
was previously reviewed, differing types and
molecular weights of collagen and its peptides
may have different bioactive properties. As

a result it is recommended that healthcare
professionals seek advice on the ingredients
and preparation methods when recommending
a product, and review the available data from
human trials.
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