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Effect of collagen supplementation on osteoarthritis symptoms:
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Abstract

Purpose Osteoarthritis (OA) is one of the most common causes of disability and a prevalent chronic disease. The use of collagen
is growing due to the satisfactory results in the treatment of OA. However, the possible beneficial effects of collagen for the
treatment of OA are currently controversial. The aim of the present meta-analysis was to evaluate the effect of collagen-based
supplements on OA symptoms.

Methods PubMed-Medline, Scopus, and Google Scholar databases were searched for randomized placebo-controlled trials
evaluating the effect of orally administered collagen on OA symptoms using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) scale and/or the Visual Analog Scale (VAS). Meta-analysis was conducted using a random-
effects model and a generic inverse variance method. Heterogeneity was tested using the /* statistic index.

Results Collagen treatment showed a significant reduction in the score of total WOMAC index (WMD —8.00; 95% CI — 13.04,
—2.95; p=0.002). After subgroup analysis of the WOMAC subscores, the collagen supplementation revealed a significant
decrease in the stiffness subscore (WMD —0.41; 95% CI —0.74, —0.08; p =0.01), whereas the pain (WMD —0.22; 95% CI
—1.58, 1.13; p=0.75) and functional limitation (WMD — 0.62; 95% CI1—5.77,4.52; p = 0.81) subscores did not have significant
differences. Finally, a significant reduction was found in the VAS score after collagen administration (WMD — 16.57; 95% CI —
26.24, — 6.89; p < 0.001).

Conclusion The results of this meta-analysis showed that collagen is effective in improving OA symptoms by the decrease of
both total WOMAC index and VAS score.

Keywords Collagen supplementation - Osteoarthritis symptoms - WOMAC index - Visual Analogue Scale - Meta-analysis

Introduction of cartilage is usually located in two or more joints such as
knees, hips, lower back, neck, or small joints of the fingers [1],

Osteoarthritis (OA) is a progressive disease caused by the  being the knee the most frequently affected in approximately

destruction of joint cartilage and remodeling of the adjacent
bone. These disturbances are consequence of stresses that may
be the beginning of joint damage. In particular, the destruction
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up to 83% of total OA patients [2]. Moreover, OA is the most
common type of arthritis affecting over 25 million in the USA
[3], with increasing prevalence among adults aged 65 years
and older [4].

The current non-surgical treatment for knee OA is focused
on relieving symptoms, minimizing functional impairment,
and preserving quality of life. For patients with knee OA,
the initial pharmacological treatment is mainly based in the
use of oral non-steroidal anti-inflammatory drugs (NSAIDs)
and intra-articular corticosteroids [5, 6]. Alternatively, several
clinical trials have revealed the potential beneficial effects of
different nutraceuticals and dietary supplements, such as glu-
cosamine [7], chondroitin sulfate [8], hyaluronic acid [9], vi-
tamin D [10], and collagen [11, 12] for the treatment of OA.
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The effect of these nutrients as a benefit for OA has been
described in the literature as a different alternative to conven-
tional pharmacological treatments such as NSAIDs [13].

In particular collagen is a nutritional supplement usually
contained in foods such as fish and meat. However, its absorp-
tion is low because it is not hydrolyzed, which is why collagen
needs to be hydrolyzed in order to become a physiologically
available supplement [14, 15]. Hydrolyzed collagen may in-
duce cartilage regeneration by increasing the synthesis of
macromolecules in the extracellular matrix [16]. On the other
hand, undenatured type II collagen is derived from chicken
sternum cartilage, and has been described to influence the
humoral and cellular immune response, thus protecting
against the onset of joint damage through the induction and
migration of T regulatory cells (Tregs) and producing anti-
inflammatory cytokines [17, 18]. Furthermore, Tregs may also
stimulate chondrocytes to synthetize cartilage matrix compo-
nents via anti-inflammatory cytokines [19, 20].

The use of collagen is growing due to the satisfactory re-
sults in the treatment of OA. Even compared to other supple-
ments such as glucosamine, which is one of the most used,
collagen has shown a greater benefit [12]. However, as part of
the nutraceutical family and the lack of a standardized treat-
ment of this relatively novel approach to treat OA, suspicion
about its real therapeutic effectiveness is imminent. Hence, the
objective of the present study was to evaluate the effect of
collagen-based supplements on OA symptoms through a
meta-analysis of randomized controlled trials (RCTs).

Methods
Search strategy

PubMed-Medline, Scopus, and Google Scholar databases
were searched for randomized placebo-controlled trials using
the following search terms in titles and abstracts (also in com-
bination with MESH terms): (collagen OR collagen supple-
mentation OR collagen supplement) AND (osteoarthritis OR
knee osteoarthritis OR knee pain) AND (randomized OR pla-
cebo). The wild-card term “*” was used to increase the sen-
sitivity of the search strategy. Three authors independently
carried out the search of studies through the different data-
bases. The search was limited to articles published in
English language and studies in humans. The literature was
searched from inception to May 24, 2018.

Study selection
The selection was restricted to randomized placebo-controlled
trials evaluating the effect of orally administered collagen on

OA symptoms using the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) scale and/or the
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Visual Analog Scale (VAS) and providing sufficient informa-
tion on WOMAC index subscores and/or VAS at baseline and
at the end of follow-up in each group or presenting the net
change values. Trials with injected collagen, treatment dura-
tion of less than 2 months, lack of placebo control group for
collagen treatment, non-interventional studies (reviews, case-
control, cross-sectional, or cohort design), or not presenting
complete data on baseline or follow-up of WOMAC index
subscores and/or VAS were excluded.

Main outcome variables

Eligible studies were reviewed, and the following data were
abstracted: (1) first author’s name; (2) year of publication; (3)
study design; (4) target population; (5) number of participants
in the collagen and placebo groups; (6) type and dose of col-
lagen administration; (7) treatment duration; (8) age, gender,
and body mass index of study participants; and (9) values of
WOMAC and VAS score at baseline and follow-up. Data
were extracted by two independent authors, and discrepancies
were resolved through discussion and authentication by a third
author.

Risk of bias assessment

A systematic assessment of bias in the included studies was
performed using the Cochrane criteria [21]. The items used for
the assessment of each study were as follows: sequence gen-
eration, allocation concealment, blinding of participants, per-
sonnel, and outcome assessment, incomplete outcome data,
selective outcome reporting, and other potential sources of
bias. According to the recommendations of the Cochrane
Handbook, a judgment of “yes” indicated low risk of bias,
while “no” indicated high risk of bias. Labeling an item as
“unclear” indicated an unclear or unknown risk of bias.

Analysis

Meta-analysis was conducted using the Review Manager sta-
tistical software (RevMan [Computer program], version 5.3.
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014). For WOMAC scores all values were
collated in the 5-point Likert-type; if WOMAC scores were
expressed in millimeters, the values were transformed into 5-
point Likert-type using a rule of three. For the VAS score, all
values were collated in millimeters. When numeric values
were only available in figures (results presented as graphs or
charts), the data were extracted with the GetData (Graph
Digitizer) software version 2.26. When only the standard error
of the mean (SEM) was reported, standard deviation (SD) was
estimated using the following formula: SD = SEM x sqrt (n),
where n is the number of subjects. Meta-analysis was conduct-
ed using a random-effects model (using the DerSimonian-
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Laird method) and the generic inverse variance method. Effect
sizes were expressed as weighted mean difference (WMD) and
95% CI. Heterogeneity was tested using the /> statistic index.

Results
Search output

After the initial database search, we identified 114 published
trials. Then, the abstracts were reviewed, and 66 articles were
excluded because they did not meet the inclusion criteria. Of
these, 48 full-text articles were carefully reviewed for eligibil-
ity and 43 were excluded for no collagen oral treatment (n =

39), target population without OA (n = 3), and incomplete data
(n=1), leaving five eligible studies which were selected and
included in the present meta-analysis. The detailed study se-
lection process is found in Fig. 1.

Flow and characteristics of included studies

Data were pooled from five RCTs [11, 12, 22-24] comprising
a total of 519 subjects, including 277 and 242 participants in
the collagen treatment and placebo arms, respectively.
Included studies were published between 2009 and 2016.
The clinical trials used different types and/or doses of colla-
gen. The range of intervention periods was from ten to
48 weeks. All selected trials were parallel study design. All
included studies enrolled subjects affected with OA.

Fig. 1 Flow chart of the number

Characteristics of the selected clinical trials are presented in
Table 1.

Risk of bias assessment

According to Cochrane criteria, only one study [11] had in-
sufficient information about random sequence generation and
other trial [22] for allocation concealment. Moreover, two
studies were characterized by lack of information regarding
blinding of participants, personnel, and outcome assessors
[11, 22]. However, all selected trials showed low risk of bias
with respect to incomplete outcome data and selective out-
come reporting. Complete information regarding to risk of
bias assessment is shown in Table 2.

Effect of collagen supplementation on OA symptoms

Collagen treatment showed a significant reduction in the
score of total WOMAC index (WMD — 8.00; 95% CI—13.04,
—2.95; p=0.002; Fig. 2). After subgroup analysis of the
WOMAC subscores, the collagen supplementation re-
vealed a significant decrease in the stiffness subscore
(WMD —0.41; 95% CI —0.74, —0.08; p=0.01), where-
as the pain (WMD —0.22; 95% CI—1.58, 1.13; p=0.75) and
functional limitation (WMD —0.62; 95% CI—5.77,4.52; p=
0.81) subscores did not have significant differences (Fig. 3).
Finally, a significant reduction was found in the VAS
score after collagen administration (WMD —16.57; 95%
CI—26.24, —6.89; p<0.001; Fig. 4).

of studies identified and included
into the meta-analysis

Published studies identified
through database search

(n=114)

Records screened

(n=114) ]

Not meeting the inclusion criteria J

(n=66)
( N
Full text articles assessed
for eligibility
(n=48)
\_
No collagen oral treatment (n=39)
No osteoarthritis (n=3)
studies included in the Incomplete data report (n=1)
systematic review and
meta-analysis
§ (n=5) y,

[ Inclusion ][ Eligibility ][ Screening ][Identification]
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Table 2  Quality of bias assessment of the included studies according to the Cochrane guidelines
Study Sequence  Allocation Blinding of participants, personnel,  Incomplete Selective outcome  Other sources
generation  concealment  and outcome assessors outcome data  reporting of bias

Benito-Ruiz et al. (2009) U L U L L U

Kumar et al. (2014) L U U L L U

Lugo et al. (2016) L L L L L L
McAlindon et al. (2011) L L L L L L

Schauss et al. (2012) L L L L L L

L low risk of bias, H high risk of bias, U unclear risk of bias

Discussion

Results of the present meta-analysis suggest that the adminis-
tration of oral collagen decreases the symptoms of OA. This
finding was supported by the reduction in both the total
WOMAC index and VAS score.

The possible beneficial effects of collagen for the
treatment of OA are currently controversial; while a
previous systematic review of RCTs and quasi-RCTs
did not find sufficient evidence to recommend the gen-
eralized use of collagen hydrolysate in clinical practice
[25], other studies have reported significant between-
group differences in WOMAC index and VAS scale
in favour of collagen treatment as compared with the
control group [11, 22], which is consistent with our
results. Nonetheless, although it has been observed that
collagen supplementation suppresses the development
of joint damage in experimentally induced arthritis
[26], the putative underlying mechanism for the posi-
tive impact of collagen on OA symptoms is not fully
known. In this context, results from experimental stud-
ies have revealed that collagen is capable to reduce
articular pain as well as plasma and urine levels of
CTX-II (cross-linked C-telopeptide of type II collagen),
a biomarker of cartilage degradation [27]. Moreover,
other studies have shown that oral administration of
hydrolyzed collagen significantly increases the appear-
ance of collagen-derived peptides such as Pro-Hyp in
human blood [28] which promote the synthesis of

Experimental Control

hyaluronic acid from synovial cells [29]. Furthermore,
the stimulation of cultured chondrocytes by hydrolyzed
collagen results in the production of type II collagen
and proteoglycans [30]. However, future studies are
required in order to elucidate the mechanism involved
in the improvement of knee OA symptoms following oral
collagen supplementation.

The WOMAC questionnaire was originally developed to
measure symptoms and physical disability of patients with
OA [31]. The measure was developed to evaluate clinically
relevant changes in health status of patients as a result of
intervention treatment [32]. Moreover, the VAS is one of the
major methods to assess treatment efficacy in OA [33]. Thus,
the clinical utility of both WOMAC and VAS scales makes
them the most widely used tools for the evaluation of the
effectiveness of new treatments or approaches in clinical
orthopaedics.

Because the VAS and WOMAC score have been rec-
ommended to evaluate global pain in patients with OA
[34], we analyze these parameters in our meta-analysis
which revealed that the consumption of oral collagen
significantly decreased the VAS score and total WOMAC
index but not the WOMAC pain subscale. This incon-
sistency may be explained because the WOMAC
subscore assesses the pain in five different activities;
meanwhile, the VAS reflects the intensity of pain through a
unidimensional measure.

Interestingly, when considering the three subscales for
the total WOMAC value, the collagen showed a positive

Mean Difference

Mean Difference

Study or Subgroup  Mean [Likert] SD [Likert] Total Mean [Likert] SD [Likert] Total Weight 1V, Random, 95% CI [Likert] IV, Random, 95% CI [Likert]
Benito-Ruiz 2009 -21.7 173 11 -18.9 16.6 96 19.2% -2.80[-7.42,1.82] N

Kumar 2015 -24.5 9.6 18 -2.8 14.7 10 11.9% -21.70 [-31.83, -11.57]

Kumar 2015 -16.1 9.8 19 -1.8 8.6 11 16.3% -14.30 [-21.03, -7.57] _—

Lugo 2016 -22 8.1 54 -16.6 10.2 53 20.6% -5.40 [-8.89, -1.91] ===

McAlindon 2011 -6.7 10.5 15 -9.6 13.8 15 13.5% 2.90 [-5.88, 11.68] i
Schauss 2012 -20.8 115 35 -10.9 10.1 33 185% -9.90 [-15.04, -4.76] ——

Total (95% Cl) 252 218 100.0% -8.00 [-13.04, -2.95] -

Heterogeneity: Tau? = 28.93; Chi? = 22.67, df = 5 (P = 0.0004); I = 78%
Test for overall effect: Z = 3.11 (P = 0.002)

20 40 0 10 20
Favours [Collagen] Favours [Placebo]

Fig. 2 Forest plot displaying weighted mean difference and 95% confidence intervals for the impact of collagen supplementation on the

total WOMAC index
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3.1 Pain
Collagen Placebo Mean Difference Mean Difference
Study or Subgroup  Mean [Likert] SD [Likert] Total Mean [Likert] SD [Likert] Total Weight IV, Random, 95% ClI [Likert] IV, Random, 95% ClI [Likert]
Benito-Ruiz 2009 -4.9 35 111 -3.8 34 96 27.6% -1.10 [-2.04, -0.16] —
Lugo 2016 -6.8 15 54 -8 22 53 29.3% 1.20 [0.49, 1.91] —
McAlindon 2011 -2.3 26 15 -1.9 3 15 18.7% -0.40 [-2.41, 1.61] "
Schauss 2012 -3.8 29 35 -3 27 33 24.4% -0.80 [-2.13, 0.53] e
Total (95% Cl) 215 197 100.0% -0.22 [-1.58, 1.13] ’
Heterogeneity: Tau? = 1.50; Chi2 = 17.30, df = 3 (P = 0.0006); I2 = 83% t t T f 1
Test for overall effect: Z=0.32 (P = 0.75) 4 -2 0 2 4
Favours [Collagen] Favours [Placebo]
3.2 Stifness . .
Collagen Placebo Mean Difference Mean Difference
Study or Subgroup  Mean [Likert] SD [Likert] Total Mean [Likert] SD [Likert] Total Weight IV, Random, 95% CI [Likert] IV, Random, 95% ClI [Likert]
Benito-Ruiz 2009 -1.8 18 111 -1.8 15 96 28.3% 0.00 [-0.45, 0.45] —
Lugo 2016 -3.2 0.7 54 -26 0.7 53 43.4% -0.60 [-0.87, -0.33] —
McAlindon 2011 -1.2 11 15 -0.6 15 15 10.1% -0.60 [-1.54, 0.34] —
Schauss 2012 -1.8 1.4 35 -1.3 1.3 33 18.2% -0.50 [-1.14, 0.14] I
Total (95% Cl) 215 197 100.0% -0.41 [-0.74, -0.08] -
Heterogeneity: Tau? = 0.05; Chiz = 5.19, df = 3 (P = 0.16); I = 42% =_2 1 1 2
Test for overall effect: Z=2.47 (P = 0.01) Favours [Collagen] Favours [Placebo]
3.3 Functional limitation
Collagen Placebo Mean Difference Mean Difference
Study or Subgroup  Mean [Likert] SD [Likert] Total Mean [Likert] SD [Likert] Total Weight IV, Random, 95% CI [Likert] IV, Random, 95% CI [Likert]
Benito-Ruiz 2009 -15 13 111 -13.4 12.7 96 26.7% -1.60 [-5.11, 1.91] I
Lugo 2016 -24.3 59 54 -27.6 73 53 28.4% 3.30[0.78, 5.82] —
McAlindon 2011 -3.2 8.7 15 -71 10.9 15 19.4% 3.90 [-3.16, 10.96] -1 -
Schauss 2012 -13.7 8.5 35 -6.3 8.8 33 255% -7.40 [-11.52, -3.28] L
Total (95% Cl) 215 197 100.0% -0.62 [-5.77, 4.52] ’
Heterogeneity: Tau? = 22.61; Chi? = 20.97, df = 3 (P = 0.0001); I2 = 86% - 110 5 s 5 150

Test for overall effect: Z=0.24 (P = 0.81)

Favours [Collagen] Favours [Placebo]

Fig.3 Forest plot displaying weighted mean difference and 95% confidence intervals for the impact of collagen supplementation on the WOMAC Pain,

Stiffness, and Functional limitation subscores

impact for the treatment of OA symptoms. Although the
WOMAC pain and function subscales did not have a
positive impact, the overall WOMAC score did, sug-
gesting a global enhancement of OA symptoms follow-
ing oral administration of collagen. Two factors that
could be related to the inefficacy of collagen on the
WOMAC subscales are the small sample and the short
intervention period of some selected studies. Also, it is
noteworthy that the validity and reliability of these sub-
scales in orthopaedic patients, including OA, should be
consider carefully because the evidence comes from on-
ly a few studies [35]; therefore, further clinical trials are
warranted in this field. Perhaps the above-mentioned
may explain why some clinical trials [22] only report
the total WOMAC score and not the subscales.

There are different formulations of collagen supple-
mentation but the hydrolyzed collagen has shown stron-

ger therapeutic benefits for the management of OA [22],
probably due to its greater absorption [24]. However, it
is important to mention that although the collagen pre-
sentation and doses used by the included studies were
different, both collagen hydrolysate and undenatured
collagen exhibited a positive effect in the relief of OA
symptoms.

The present study exhibits some limitations that
should be considered. First, because few RCTs were
selected for this meta-analysis and these included a lim-
ited number of participants, the total study population
was small. Second, the included studies used different
formulations of collagen which could have affected our
results. Finally, two RCTs were conducted during a
treatment period equal or less than 13 weeks, which
may be insufficient to achieve the therapeutic effect of
collagen supplementation on OA symptoms.

Study or Subgroup

Benito-Ruiz 2009
Kumar 2015
Kumar 2015
Lugo 2016

Total (95% CI)

Collagen Placebo Mean Difference Mean Difference
Mean [mm] SD [mm] Total Mean [mm] SD[mm] Total Weight IV, Random, 95% CI [mm] IV, Random, 95% CI [mm]
-32.6 74 111 -28 7.5 96 27.2% -4.60 [-6.64, -2.56] -
-32.1 10.6 19 -2.7 6.3 1 24.9% -29.40 [-35.45, -23.35] —
-38 12.3 18 -7 14 10 20.9% -31.00 [-41.37, -20.63] — R
-22.6 7.3 54 -17 71 53 27.0% -5.60 [-8.33, -2.87] -
202 170 100.0% -16.57 [-26.24, -6.89] e
Ty = . Chi = - . 2= 969 } t t i
Heterogeneity: Tau? = 88.51; Chi? = 79.57, df = 3 (P < 0.00001); I> = 96% 50 25 0 25 50

Test for overall effect: Z = 3.35 (P = 0.0008)

Favours [Collagen] Favours [Placebo]

Fig. 4 Forest plot displaying weighted mean difference and 95% confidence intervals for the impact of collagen supplementation on the VAS score
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The results of this meta-analysis showed that collagen is

effective in improving OA symptoms by the decrease of both
total WOMAC index and VAS scale. Nevertheless, further
longer clinical trials in larger populations are required in order
to corroborate the potential beneficial effects of collagen sup-
plementation in patients with symptomatic OA.
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