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Abstract

Background: In osteoarthritis (OA), biochemical catabolic biomarkers receive increasing attention due to their superior 
sensitivity and objectivity. OA biochemical biomarkers have previously been studied in relation to structural changes. However, 
this study focused on early OA stages associated with knee pain. As a result of early diagnosis, patients with OA could be better 
managed, allowing for more personalized treatment options.

Objective: In this multicenter Double Blind Randomized, placebo Controlled Cross-over Study we aimed to estimate the 
symptomatic efficacy and carry-over effects of AVOSOYA®300 one capsule/day on patients with early symptomatic knee OA 
“ESKOA”. 

Patients and Methods: This study included 275 patients with early symptomatic knee osteoarthritis (ESKOA) according to 
Migliore, et al. [1] criteria. The patients were randomized to receive either ASU (n=140) or the same capsule placebo / day ( 
n=135) for the first 6 months. clinical assessment for pain by Visual Analogue Scale (100mm scale), Frequency of occurrence of 
pain/week and the necessity to use NSAID (and/or) analgesics/week was done. Laboratory urinary CTX-II (uCTX-II) and serum 
COMP (sCOMP) at the baseline, at six months and at 1year.

Results: Our results showed that, the final included patients were 275 cases. Their ages ranged from 23 to 49 (41.17+5.73); They 
were 218 females and 57males. Among the ASU group, uCTXII, sCOMP, VAS score, pain frequency and NSDAIDs use /week were 
significantly improved after 12 months compared to that at baseline, 6 months and to that of placebo group.

Conclusion: This RCT study showed that, in early symptomatic knee OA patients, AVOSOYA300mg/day supplement improve 
both subjective and objective parameters. Subjectively, it decreases the pain frequency and severity; Also minimize the NSAIDs/
pain killer needs. Objectively, this is confirmed through regression of catabolic cartilage biomarkers as uCTXII in the first 6 
months of treatment and both uCTX-II and sCOMP afterwards.

Keywords: Early symptomatic knee osteoarthritis (ESKOA); urinary CTX-II (uCTX-II) and serum COMP (sCOMP); Avocado/Soybean 
Unsaponifiables (ASU) 
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Introduction

Osteoarthritis (OA) is a low-grade inflammatory disease of 
synovial joints and by far the most common form of arthritis [1]. 
Chronic OA will result in chronic pain, physical, psychic and social 
disability in older individuals [2]. Histologically, it is characterized 
by progressive deterioration and loss of hyaline cartilage [3] with 
concomitant structural and functional changes in the whole joint 
components, including the synovium, meniscus, periarticular soft 
tissues, and subchondral bone [4]. Cartilage homeostasis relies on 
the controlled catabolism of matrix proteins such as collagen and 
the replacement with newly synthesized proteins by chondrocytes 
[5]. Cross-linked C-telopeptides of type II collagen (CTX-II) and 
Cartilage oligomeric matrix protein (COMP) are two biochemical 
markers. They are degradation products of joint tissues, especial-
ly the cartilage extracellular matrix and can potentially predict the 
destruction of articular cartilage in OA. Many studies of early OA 
diagnosis have only measured one of these two biomarkers (CTX-
II and COMP) at a single time point during the pathological pro-
cess of OA [6]. In a previous study published in 2020 by Hamoud 
et al., the concentration of urinary CTX-II (uCTXII) was significant-
ly higher in the Early-Stage Knee Osteoarthritis (ESKOA) patients 
at the base line before using ASU and markedly decreased after 6 
months of therapy [7]. Also, the uCTXII level is highly sensitive to 
the very early structural changes in the articular collagen.

Cartilage oligomeric matrix protein (COMP) is a tissue spe-
cific protein, binds to type II collagen fibers and can stabilize the 
collagen fiber network of articular cartilage. When the articular 
cartilage is destroyed, COMP is released into the synovial fluid and 
absorbed by the serum. Accordingly, the serum levels of CTX-II 
and COMP reflect the metabolism of type II collagen fibers [8]. Se-
rum COMP (sCOMP) concentrations were found to be significantly 
higher in knee osteoarthritis with early signs of cartilage damage. 
The serum level of cartilage oligomeric matrix protein sCOMP 
levels were the highest significantly associated with the develop-
ment of radiographic OA changes and painful radiographic knee 
OA [8]. In a previous study, there was a non-significant decrease 
in the median serum COMP level at 6 months treatment, because 
COMP decreased significantly only at a long period of OA changes 
with the disease progression [9]. 

Avocado/Soybean Unsaponifiables (ASU) are natural vegeta-
ble extracts made from avocado and soybean oils, consisting of 
the leftover fraction (approximately 1%) that cannot be made into 
soap after saponification. ASU is composed of one third Avocado 
and two thirds Soybean; the major components of ASU are phytos-
terols β-sitosterol, camp sterol and stigmasterol; which are rapid-
ly incorporated into cells. ASU is a complex mixture of many com-
pounds including fat-soluble vitamins, sterols, triterpene alcohols 
and possibly furan fatty acids. The identity of the active compo-
nent remains unknown. The sterol contents of Avocado/soybean 
preparations are the primary contributors to biological activity 
in the articular chondrocytes [10]. Avocado/soybean unsaponi 

 
fiables possesses chondroprotective, anabolic and anticatabolic 
properties. It inhibits the breakdown of cartilage and promotes 
cartilage repair by inhibiting a number of molecules and path-
ways implicated in OA, also stimulates the synthesis of collagen 
and aggrecan by inhibiting inflammatory cytokines such as IL-1, 
IL-6, IL8, TNF and PGE2 through modulation of NF-kappa B [11]. 

Objectives 

To estimate the symptomatic efficacy and carry-over effects of 
AVOSOYA®300 one capsule/day on patients with early symptom-
atic knee OA “ESKOA”. 

The primary Endpoints were to monitor the changes in 
uCTX-II & sCOMP levels at the baseline, 6 and 12 months; and to 
monitor the associated changes in VAS at the baseline, 6 and 12 
months. 

The Secondary Endpoints were to compare the changes of 
the frequency of knee pain/week and NSAIDs/analgesic use for 
knee pain at baseline, 6month and at 12 months.

Patients and Methods

This multicenter double blind placebo control study was con-
ducted among a total number of 878 patients with Early Symp-
tomatic Knee Osteoarthritis (ESKOA). The patients were initially 
assessed for eligibility in this study. The study duration was 18 
months, during the period from June 2021 till December 2022. 
All patients provided signed informed consent prior to the study 
start. The study nurse or the co-investigator made telephone 
calls to the patients to check on patient compliance and comfort. 
NSAIDs and paracetamol 500mg were allowed as rescue analgesia 
during the whole study period in case of severe pain and patients 
were asked to record the number of patient were asked to record 
the number of tablets used per day in a patient were asked to re-
cord the number of tablets used per day in a patient diary. 

Inclusion criteria: Two mandatory symptoms according to Mi-
gliore et al. [1]. 

i. Any Knee pain without any recent trauma or injury and 

ii. Very short joint stiffness, lasting 5-10 min, when starting 
movement; 

iii. Lasting ˂6 months and

iv. Without risk factors.

Exclusion criteria

i. Active inflammatory arthritis or generalized pain; 

ii. Patients aged ≥ 50 years; 

iii. Patients aged ≥ 40 years if at least 1 risk factor present; 

iv. Kallgren and Lawrence ˃1 [12] and 
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v. Any recent trauma or injury.

Starting (at Week0-4), by screening the patients, receiving 
informed consent, taking detailed medical history including de-
mographic data; Then general physical examination (vital signs, 
weight, height and BMI) followed by meticulous local knee ex-
amination. Blood and urine sample were collected at baseline, 
6months and 1 year. All patients were made to rest for half an 
hour in seated position. Blood samples were drawn in late mid-
day to avoid diurnal variations. Five ml whole venous blood sam-
ple were drawn in syringe and collected in plain vial with aseptic 
technique. Also, all subjects’ urine samples were taken in early 
morning on the same day. Samples were sent to laboratory for 

estimation of Serum COMP and urinary CTX-II levels by ELISA 
technique. After a 1-week NSAID washout period, patients were 
randomized to receive either ASU (n=140) or the same capsule 
placebo / day (n=135) for the first 6 months, then subdivision and 
Cross-over was done with switching the medication after 6 month 
in a randomization pattern, where ASU group divided into G1(A-
SU-ASU n=80), G2 (ASU-Placebo n=60); Placebo group divided 
into G3 (Placebo-Placebo n=67), G4 (Placebo-ASU n=68). Figure 1 
Medication-refill on regular follow-up every 1month till the end of 
the study duration (12month). Adverse events, if applicable, were 
reported immediately in a separate form. uCTX-II and sCOMP 
were measured at base-line, at 6 months, then after 12 months.

Statistical Analysis 

Figure 1: Study design.
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Data recording, processing and statistical analysis after com-
pletion of the study. All the data were transferred to IBM card, us-
ing IBM-PC with statistical program “Statistical Package for Social 
Sciences” (SPSS Inc., Chicago, Illinois, USA), Version-20.0. Test for 
Normality was applied to the data. Descriptive statistics was per-
formed for all variables of the study. For quantitative variables, 
the mean, range, standard deviation (+SD), Standard Error of the 
Mean (+SEM) was calculated. For categorical variables, absolute 
counts as well as percentages were generated. Comparison be-
tween two groups with parameteric data was done by Student “t” 
test, for non-parametric data by Wilcoxon rank sum test. Compar-
ison of two related parametric variables was done by Paired “t” 
test; Wilcoxon rank sign test if non-parametric. Comparison be-
tween more than one group was done by ANOVA test (F-test); If 

non-parametric by Kruskal-Wallis (K), and if significant, continu-
ation of analysis by post-HOC tests to clarify the actual difference 
between specific groups. Related repeated variables analyzed by 
Friedman test. Comparison of categorical data was done using the 
Chi-square test (X2-test). P-value is considered significant if less 
than 0.05. Data was graphically represented using HGW- program.

Results

275 patients were included in our final analysis. There were 
218 females and 57 males, age ranged from 23 to 49 years old 
(41.17+5.73). They were randomly divided into two groups, one 
receiving ASU (n=140), and another receiving placebo (n=135). 
Table 1 show that both groups were matched in age, sex, disease 
duration (DD), OA grading and BMI.

Table 1: Demographic data and baseline characteristics of all patients and both subgroups.

All patients

(n=275)

ASU

(n=140)

Placebo

(n=135)

“t”, X2, “Z”

(Significance)

-Age (X+SD) 

 Range

41.17+5.73

(23-49)
40.61+5.88 41.75+5.54

“t”=1.65

P>0.05; (NS)

-Gender (F/M)

 (%)

218/57

(79.2/20.7)%
113/27 105/30

X2=0.36

P>0.05; (NS)

-BMI (X+SD)

 Range

24.34+3.38

(20-33)
24.24+3.40 24.43+3.38

“t”=0.43

P>0.05; (NS)

-Knee (Rt/Lt)

 (%)

169/106

(61.5/38.5)%
86/54 83/52

X2=0.00

P>0.05; (NS)

-OA duration(month)(X+SEM)

 Range

3.17+0.09

(1-6)
3.24+0.014 3.10+0.013

“Z”=0.57

P>0.05; (NS)

(X+SD)= Mean+/-Standard deviation, SEM= Standard error of the mean; NS = Not significant

Table 2: Comparison between ASU and Placebo treated groups (at baseline and 6month).

ASU

(n=140)

Placebo

(n=135)

“t”, “Z”

 (Significance)

1ry end point

-VAS(at baseline)(X+SD) 53.16+15.96 53.73+15.58 “t”=0.30; P>0.05; (NS)

-VAS(at 6month)(X+SD) 35.86+10.60 45.30+10.29 “t”=7.48, P<0.001(HS)

*P-value(Significance “0-6”) “t”=10.80,P<0.001(HS)

-VAS(change”0-6”)(X+SEM) 17.29+1.60 8.43+1.64 Z=4.05, P<0.001 (HS)

-uCTX-II(at baseline) (X+SEM) 2.83+0.15 2.85+0.16 Z=0.03, P>0.05(NS)

-uCTX-II(at 6month) (X+SEM) 0.88+0.05 3.45+0.18 Z=12.91, P<0.001(HS)

*P-value(Significance “0-6”) Z=9.99, P<0.001(HS)

-uCTX-II(change”0-6”) (X+SEM) 1.94+0.14 0.69+0.05 Z=13.69, P<0.001(HS)

-sCOMP(at baseline) (X+SEM) 930.90+74.76 982.80+87.08 Z=0.83, P>0.05(NS)

-sCOMP(at 6month) (X+SEM) 856.54+70.96 1233.18+100.87 Z=4.20,P<0.001(HS)

*P-value(Significance “0-6”) Z=0.82, P>0.05(NS)
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-sCOMP(change”0-6”) (X+SEM) 74.35+12.67 250.37+22.58 Z=13.13, P<0.001(HS)

2ry end point

-Pain freq. (at baseline)(X+SEM) 8.61+0.35 8.64+0.35 “t”=0.04, P>0.05(NS)

-Pain freq. (at 6month)(X+SEM) 5.00+0.23 7.43+0.28 “t”=6.69, P<0.001(HS)

*P-value(Significance “0-6”) “t”=9.4, P<0.001(HS)

-Pain freq. (change”0-6”)(X+SEM) 3.61+0.38 1.21+0.43 Z=4.05, P<0.001(HS)

- NSAIDs/Analg(at baseline)(X+SD) 7.28+3.44 7.49+3.50 “t”=0.50, P>0.05(NS)

- NSAIDs/Analg(at 6month)(X+SD) 4.89+1.78 7.27+3.26 “t”=7.56, P<0.001(HS)

*P-value(Significance “0-6”) “t”=10.34, P<0.001(HS)

- NSAIDs/Analg(change”0-6”)
(X+SEM) 2.39+0.23 0.21+0.07 “Z”=8.9, P<0.001(HS)

(X+SD)= Mean+/-Standard deviation, SEM= Standard error of the mean, NS = Not significant

Table 2 show data from baseline to 6month:

I- In the ASU group (n=140): 

a. uCTX-II: Compared to the base line level (2.83+0.15ng/
ml) there was a highly significant decline in urinary CTX-II levels 
after 6 months (0.88+0.05ng/ml), where Z=9.99, P<0.001. Over 
the course of six months, the overall mean change was 1.94+0.14.

b. sCOMP: There was a non-significant decrease in serum 
COMP levels after 6 months of therapy (856.54+70.96pg/ml) com-
pared to the baseline level (930.90+74.76pg/ml), Z=0.82, P>0.05. 

c. VAS: VAS score at 6 months showed a highly signifi-
cant improvement, declining to (35.86+10.60mm) compared 
to (53.16+15.96mm) at the baseline. Between baseline and 6 
months, the overall mean change was 17.29+1.60.

d. Pain freq/week: Improved significantly from 8.61+0.35 
to 5.00+0.23, with “t”=9.4, P<0.001. A mean change of 3.61+0.38 
was seen between baseline and six months.

e. NSAIDs needed/week: There was a highly significant im-
provement from 7.28+3.44 to 4.89+1.78, with “t”=10.34, P<0.001. 
Compared to the baseline, the mean change in uCTXII from base-
line to six months was 1.94+0.14. The uCTXII is therefore a more 
reliable laboratory marker than sCOMP because its improvement 
coincides with the improvement in VAS, pain frequency, and the 
use of NSDAIDs. Therefore, uCTXII decline is associated with early 
improvement of knee OA.

II- In the Placebo group (n=135): 

a. At the base line: There was no significant difference 
between the placebo group and the ASU treated group regarding 
uCTX-II, sCOMP, Pain frequency/week, NSAIDs use/week and VAS.

b. After 6month: The whole measured parameters except 
sCOMP (uCTX-II, , Pain frequency/week, NSAIDs use/week and 
VAS) were significantly less in placebo compared to ASU group. As 
compared with placebo group, ASU treated group showed signif-

icant mean change (baseline-6month change) in favor of ASU for 
VAS, and highly significant for the other parameters. Based on the 
above results, ASU usage for 6 months improved both subjective 
(VAS, Pain frequency, and the use of NSAIDs) as well as objective 
parameters (uCTXII) (Table 2 & Figure 2).

Table 3 show data from 6month till end of the study (1year): 

I- The ASU group (n=140): 

1- G1 :ASU and continue as ASU (n=80): 

a. The uCTX-II was decreased from 2.91+0.22 (at base-
line) to 0.65+0.05 (at 6 months) and 0.40+0.03 (at 1 year). There 
was a highly significant improvement from the baseline until the 
end of study, where, F=157.00, P<0.001. Between 6 months and 1 
year, there was an overall mean change of 0.24+0.02, and between 
baseline and year 1, it was 2.50+0.21.

b. In terms of sCOMP, we observed a non-significant de-
crease from 842.64+92.43 (at baseline) to 780.77+88.14 (at 
6months) where P˃0.05 however ,there was a highly significant 
decline after one year (492.72+49.48). The improvement was 
highly significant by the end of study where F=129.32, P<0.001. 
Between 6 months and 12 months, the mean change was 
288.05+45.03, where it was 349.91+48.55 from baseline to end 
of the study. 

c. VAS was decreased from 52.44+16.05 at baseline to 
34.78+10.13 at 6 months, and 22.21+8.11 at 12 months. The 
change was highly significant with F=95.62, P<0.001. From 6 
months to 1 year, the mean change was 12.56+1.48 and from 
baseline to  end of the study, it was 30.22+2.00.

d. Pain frequency/week: was reduced from 8.30+3.97 
(at baseline) to 5.00+2.77 (at 6 months) and 3.40+1.60 (at 12 
months). The improvement was highly significant with F=81.80, 
P<0.001. From 6 months to end of the study, the mean change was 
1.60+0.23 and from baseline to 1year, it was 4.90 +0.44.
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Figure 2: uCTX-II, sCOMP, VAS, Pain frequency and NSAIDS/Analgesic use at baseline and after 6month in the ASU treated group and 
placebo group.

Table 3: Comparison between ASU treated subgroups and Placebo treated subgroups (at 6month and 1year Follow-up).

ASU-ASU

(n=80)

ASU-Placebo

(n=60)

Placebo-placebo

(n=67)

Placebo-ASU

(n=68)

ANOVA/K

P-value(Sig.)

1ry .end point

-VAS(at baseline)(X+SD) 52.44+16.05 54.12+15.93 52.99+15.89 54.47+15.35
F=0.85

P>0.05(NS)

-VAS(at 6month)(X+SD) 34.78+10.13 37.32+11.12 44.55+10.05 46.04+10.54 F=19.64, P<0.001(HS)

-VAS(at 1year)(X+SD) 22.21+8.11 42.62+15.56 55.00+13.06 32.03+12.27 F=119.62, P<0.001(HS)

-*P-value(Significance”0-12”)
F=95.62

P<0.001(HS)

70.63

P<0.001(HS)

-VAS(change “6-12”)(X+SEM) 12.56+1.48 15.30+2.35 10.44+2.09 14.01+2.12
K=110.07

P>0.05(NS)

-VAS(change “0-12”)(X+SEM) 30.22+2.00 1.50+2.45 2.01+2.03 22.44+2.39
K= 103.66

P<0.001(HS)

-uCTX-II(at baseline)(X+SEM) 2.91+0.22 2.72+0.21 3.08+0.25 2.61+0.21
K=1.94

P<0.05(NS)

-uCTX-II(at 6month)(X+SEM) 0.65+0.05 1.20+0.09 3.71+0.29 3.37+0.21
K=177.86

P<0.001(HS)
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-uCTX-II(at 1year)(X+SEM) 0.40+0.03 1.41+0.06 4.41+0.31 1.10+0.08
K=191.32

P<0.001(HS)

-*P-value(Significance “0-12”)
F=157.00

P<0.001(HS)

90.78

P<0.001(HS)
P<0.05; (S)

-uCTX-II(change “6-12”)(X+SEM) 0.24+0.02 0.06+0.07 0.69+0.07 2.27+0.15
K=194.61

P<0.001(HS)

-uCTX-II(change “0-12”)(X+SEM) 2.50+0.21 1.57+0.18 1.32+0.11 1.51+0.15
K=152.98

P<0.001(HS)

-

-sCOMP(at baseline)(X+SD) 842.64+92.43 1048.5+122.7 830.62+109.71 1132.75+133.23
K=7.66

P>0.05(NS)

-sCOMP(at 6month)(X+SEM) 780.77+88.14 957.57+116.23 1020.5+134.43 1442.71+146.77
K=28.29

P<0.001(HS)

-sCOMP(at 1year)(X+SEM) 492.72+49.48 985.40+112.22 1472.11+223.6 741.14+78.07
K=49.49

P<0.001(HS)

-*P-value(Significance “0-12”)
129.32

P<0.001(HS)

104

P<0.001(HS)
P<0.05; (S)

-sCOMP(change “6-12”)(X+SEM) 288.05+45.03 27.83+26.42 451.58+218.43 701.57+121.72
K=175.72

P<0.001(HS)

-sCOMP(change “0-12”)(X+SEM) 349.91+48.55 63.17+26.38 641.49+208.73 391.60+111.64
K=147.83

P<0.001(HS)

-

2ry end points

-Pain freq. (at baseline)(X+SD) 8.30+3.97 9.03+4.27 8.57+4.13 8.71+4.05 F=0.37, P>0.05(NS)

-Pain freq. (at 6month)(X+SD) 5.00+2.77 5.00+2.78 7.33+3.24 7.53+3.26 F=14.87, P<0.001(HS)

-Pain freq. (at 1year)(X+SD) 3.40+1.60 4.25+1.45 `7.24+3.36 5.59+3.38 F=55.07, P<0.001(HS)

-*P-value(Significance “0-12”)
F=81.80

P<0.001(HS)

F=6.81

P˃0.05(S)
P<0.05; (S)

-Pain freq. (change “6-12”)
(X+SEM) 1.60+0.23 1.65+0.29 0.09+0.15 0.06+0.14

K=47.70

P<0.001(HS)

-Pain freq. (change “0-12”)
(X+SEM) 4.90+0.44 5.68+0.60 1.33+0.57 1.12+0.69 K=40.47 P<0.001(HS)

-

- NSAIDs/Analg(at baseline)
(X+SD) 7.15+3.43 7.45+3.48 7.43+3.55 7.54+3.47

F=0.18

P>0.05(NS)

- NSAIDs/Analg(at 6month)
(X+SD) 4.71+1.71 5.12+1.85 7.15+3.21 7.40+3.34 F=19.37, P>0.05(NS)

- NSAIDs/Analg(at 1year)(X+SD) 4.19+1.51 5.02+2.77 7.12+3.14 4.00+1.82 F=25.21, P<0.05(HS)

-*P-value(Significance “0-12”)
F=90.52

P<0.001(HS)

F=12.88

P˃0.05(S)
P<0.05; (S)

- NSAIDs/Analg(change6-12)
(X+SEM) 0.25+0.11 0.10+0.32 0.03+0.08 2.35+0.28

K=105.9

P<0.001(HS)

- NSAIDs/Analg(change0-12)
(X+SEM) 2.96+0.34 2.43+0.40 0.31+0.10 3.54+0.16

K=70.61

P<0.001(HS)

e. The amount of NSAIDs needed per week was significant-
ly reduced from 7.15+3.43 (at baseline) to 4.71+1.71 (at 6 months)  

and 4.19+1.51(at 12 months). With F=90.52, P<0.001. The over-
all mean change was 0.26+0.11 from 6month to 12 months and 
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2.95+0.34 from baseline to end of the study.

2-G2: ASU and switched to Placebo (n=60) 

a. uCTX-II: was decreased from 2.72+0.21 (at baseline) 
to 1.20+0.09 (at 6month) and maintained 1.41+0.06 (at 12 
months). The overall mean change was 0.06+0.07 from 6month 
to 12 months and 1.57+0.18 from baseline to 12 months, where 
P<0.001. There was a non-significant difference between uCTX-II 
levels after 6 months until end of the study indicating the residual 
effects of ASU after switching to placebo. 

b. In terms of sCOMP: we observed a non-significantly 
decrease from 1048.5+122.7(at baseline) to 957.57+116.23 (at 
6month) and 985.40+112.22 (at 12 months) (P˃0.05). The over-
all mean change was 27.83+26.42 from 6month to 1year and 
63.17+26.38 from baseline to   end of the study.

c. VAS: was decreased from 54.12+15.93 (at baseline) to 
37.32+11.12 (at 6month), then slightly elevated to 42.62+15.56 
(at 1year) but still significantly lower than the baseline lev-
el where P<0.001 indicating the carry over effects of ASU after 
switching to placebo. Between 6 months and end of the study. The 
overall mean change was 15.30+2.35 from 6month to 12 months 
and 1.50+2.45 from baseline to end of the study.

d. Pain frequency /week: was reduced from 9.03+4.27 (at 
baseline) to 5.00+2.78 (at 6month) and then slightly decreased to 
4.25+1.45 (at 1year) but still significantly lower than the baseline 
level where P<0.001 indicating the carry over effects of ASU af-
ter switching to placebo. The overall mean change was 1.65+0.29 
from 6month to 1year and 5.68+0.60 from baseline to 1year.

e. The amount of NSAIDs needed per week: was signifi-
cantly decreased from 7.45+3.48 (at baseline) to 5.12+1.85 (at 
6month) and sustained 5.02+2.77 (at 1year), where P<0.001 
confirming the carry over effects of ASU after switching to place-
bo. The overall mean change was 0.10+0.32 from 6month to 12 
months and 2.43+0.40from baseline to end of the study. 

II- The Placebo group (n=135) 

1- G3: placebo and continue as placebo (n=67): 

a. uCTX-II: showed a non-significant increase from 
3.08+0.25 (at baseline) to 3.71+0.29 (at 6 months) then a high-
ly significant increased after 1year (4.41+0.31) with F=90.78, 
P<0.001. The overall mean change was 0.69+0.07 from 6 months 
to 12 months and 1.32+0.11 from baseline to  end of the study.

b. sCOMP: Increased from 830.62+109.71(at baseline) to 
1020.5+134.43 (at 6 months) and 1472.11+223.6 (at 1year) with 
F=104.00, P<0.001. The overall mean change was 451.58+218.43 
from 6month to 1year and 641.49+208.73 from baseline to 1year.

c. VAS: there was Initial drop from 52.99+15.89 (at 
baseline) to 44.55+10.05 (at 6 months), with more increase to 
55.00+13.06 (at 1year). This fluctuation was statistically highly 

significant with F=70.63, P<0.001. The overall mean change was 
10.44+2.09 from 6 month to 1year and 2.01+2.03 from baseline 
to 1year.

d. Pain freq/week: showed a non-significant reduc-
tion from 8.57+4.13 (at baseline) to 7.33+3.24 (at 6month) 
and 7.24+3.36 (at 1year) P˃0.05. The overall mean change was 
0.09+0.15 from 6month to 1year and 1.33+0.57 from baseline to 
1year.

e. The amount of NSAIDs needed per week: showed 
a non-significant reduction from 7.43+3.55 (at baseline) to 
7.15+3.21 (at 6 months) and 7.12+3.14 (at 1year), P˃0.05. The 
overall mean change was 0.03+0.08 from 6month to 1year and 
0.31+0.10 from baseline to 1year.

2 G4: placebo and switched to ASU (n=68) 

a. uCTX-II: was increased from 2.61+0.21 (at baseline) to 
3.37+0.21 (at 6 months), followed by a highly significant reduc-
tion to 1.10+0.08 (at 1year) P<0.001. The overall mean change 
was 2.27+0.15 from 6month to 1year and 1.51+0.15 from base-
line to 1year. 

b. sCOMP: was increased from 1132.75+133.23 (at base-
line) to 1442.71+146.77 (at 6 months), followed by a highly sig-
nificant reduction to 741.14+78.07 (at 1year) P<0.001. The over-
all mean change was 701.57+121.72 from 6 months to 1year and 
391.66+111.64 from baseline to 1year.

c. VAS: showed a non-significant drop from 54.47+15.35 
(at baseline) to 46.04+10.54 (at 6 months), followed by a highly 
significant reduction to 32.03+12.27 (at 1year). The overall mean 
change was 14.01+2.12 from 6month to 1year and 22.44+2.39 
from baseline to 1year.

d. Pain freq/week: showed a non-significant drop from 
8.71+4.05 (at baseline) to 7.53+3.26 (at 6month), followed by 
more drop to 5.59+3.38 (at 1year) P<0.001. The overall mean 
change was 0.06+0.14 from 6month to 1year and 1.12+0.69 from 
baseline to 1year.

e. The amount of NSAIDs needed per week: showed a 
non-significant drop from 7.54+3.47 (at baseline) to 7.40+3.34 (at 
6 months), followed by a highly significant reduction to 4.00+1.82 
(at 1year). The overall mean change was 2.35+0.28 from 6month 
to 1year and 3.54+0.16 from baseline to 1year.

ANOVA test was used to compare all the four groups regarding 
each individual variable. The four groups were matched regard-
ing the baseline data. In follow-up data, all analysis done showed 
significant and highly significant differences between the four 
groups. Post-hoc analysis showed that the difference was more 
pronounced between ASU-ASU group versus Placebo-Placebo 
group. Tables and figures are provided below (Table 3 Figures 
3-6).
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Figure 3: 

Figure 4: Follow-up of sCOMP in both ASU versus Placebo group.
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Figure 5: Follow-up of uCTX and sCOMP at baseline, 6 month and 1 year in the ASU treated group and placebo group.

Figure 6: Follow-up of VAS, Pain frequency/W and NSAIDS use/W in both ASU-ASU (n=80) versus placebo-placebo(n=67) groups.
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Discussion

Patients commonly use alternative therapeutic options with 
naturally derived compounds, such as ASU, alone or in combina-
tion with current pharmaceutical treatments to reduce pain and 
functional disability in OA [13]. Radiological irreversible chang-
es and pain caused by joint tissue destruction are usually used 
to diagnose knee OA. Hence, it is essential to develop assays that 
can detect biochemical markers released from cartilage indicat-
ing its turnover as early as possible.31 Detecting early joint dam-
age through biomarkers is possible in such diseases. A biomarker 
can be a valuable diagnostic and prognostic tool because it can 
reflect disease-relevant biological activity in the joint and pre-
dicts the course of the disease. Additionally, they can be used as 
an alternative tool to determine how well disease modifying OA 
drugs work [14]. So, we conducted this multicentric double blind, 
randomized, placebo-controlled, cross-over study to evaluate the 
disease modifying effects of ASU on early knee OA (ESKOA) and 
to assess the carry-over effects of AVOSOYA®300 when treatment 
was stopped. 

Our study revealed a highly significant decline in the urinary 
CTX-II levels (P<0.001) and high significant improvement in VAS 
scores from 53.16+15.96 at baseline to 35.86+10.60 (P<0.05) 
Compared to the placebo arm in early symptomatic knee osteoar-
thritis (ESKOA) patients receiving 300 mg/d Avocado/ soybean 
Unsaponifiable (ASU) treatment after six months. Also pain freq/
week and NSAIDs/analgesics needed/week were significantly 
reduced from (8.61+0.35 to 5.00+0.23) & from (7.28+3.44 to 
6.40+2.54) respectively after 6 months compared to the baseline 
frequencies (P<0.001). this is in consistent with some observa-
tional and clinical studies that shown a significant improvement in 
functional ability and joint pain accompanied by a reduction in the 
proportion of patients using analgesics and NSAIDs from 58.8% at 
the baseline visit to 24.9% at the last visit 3 (P<0.001) [15-17]. A 
very similar NSAID-sparing effect was reported previously in 3 & 
6-month randomized, placebo-controlled trials [18-20]. However, 
sCOMP level after 6 months showed a non-significant reduction in 
the (ASU) group compared with placebo group. 

In consistent with our previously published study, the urinary 
uCTX-II level is highly sensitive to the very early structural chang-
es in the articular collagen, however the serum level of sCOMP 
increased significantly only after a long period osteoarthritic 
change and with the disease progression [7]. Daghestani et al. 
[21] demonstrated that, uCTX-II and sCOMP were significantly as-
sociated with the incidence (defined as KL<2 at baseline and KL2 
at follow-up) and progression (defined as KL1 increase between 
baseline and follow-up) of OA [21].

There have been a limited number of studies during the past 
few years that attempted to validate existing OA biomarkers in the 
context of a clinical DMOAD trial. Kluzek et al. [22] studied uCTX-I, 
uCTX-II and serum osteocalcin in the context of two large phase 
III knee OA trials of oral salmon calcitonin and demonstrated that 

sCOMP levels are predictive of subsequent structural changes and 
incidence of painful KOA, independently of age and BMI. To study 
the carry over effect of ASU after 6 months, we subdivided ran-
domly each of the studied groups into two subgroups; where 80 
out of 140 ASU group (G1) and 67 out of 135 placebo group (G3) 
continued to receive ASU 300mg/d, however 60 out of 140 ASU 
group (G2) were switched to receive placebo medication and 68 
out 135 placebo group (G4) were switched to receive ASU medi-
cation. 

In our study, the primary efficacy endpoints (VAS, uCTXII, 
sCOMP) of G1 (ASU - ASU) showed a highly significantly improve-
ment after 12 months compared to the baseline levels (52.44+16.05 
to 22.21+8.11; mean change 57.6%), (2.91+0.22 to 0.40+0.03; 
mean change 86.2%), and (842.64+92.43 to 492.72+49.48 mean 
change 41.5%) respectively where P<0.001. However, the mean 
change of sCOMP after 6 months 8.4% ( 842.64+92.43 at baseline 
to 780.77+88.14 after 6month) was insignificant where P>0.05 
as agreed with our previous study [7]. Regarding the secondary 
efficacy endpoints, about 59% of patients reported “no pain” by 
the end of the study as agreed with Gluszko P et al. [23]. Also, an-
algesics and various NSAIDs were used less frequently by 45% 
of patients (real life study) at the end of the study. About 40% 
of patients with symptomatic OA did not use NSAIDs because of 
safety concerns, contraindications or ability to tolerate pain with-
out medication [17]. The defined daily dosage of NSAIDs among 
G1 was also significantly reduced. It should be highlighted, that a 
valuable NSAID-sparing effect is providing convincing evidence of 
symptomatic efficacy of ASU treatment [24]. 

Simental-Mendia M et al. conducted a systematic review and 
meta-analysis in randomized placebo-controlled trials to evaluate 
the symptom-modifying effects and safety of ASU on knee or hip 
OA and demonstrated that ASU therapy has a positive impact ex-
clusively in symptomatic knee OA but without significant struc-
tural cartilage changes [25]. Regarding G2 (ASU - Placebo) The 
highly significantly improvement in (VAS and uCTXII ) that was 
achieved after 6 months showed a slight increase at 12months 
but still significantly lower than the baseline levels (54.12+15.93 
to 32.21+8.11; mean change reduced from 57.6% to 39.3%), 
(2.72+1.66 to 1.14+0.53; mean change reduced from 86.2% to 
58%), respectively where P<0.001. So, once ASU was switched 
to placebo, pain started to provoke again in placebo group while 
the symptomatic benefits observed at the end of treatment in the 
ASU group was persevered for a further 6 months, indicating its 
carry-over or residual effects. As in our previous study, the mean 
change in sCOMP at 6 months was insignificant (P>0.05 ) [7]. 

In contrast to our result, the Chingford cohort study, which has 
20 years of data on development of radiographic knee OA progres-
sion in a cohort of middle-aged women with Kellgren and Law-
rence (KL) scores of zero at baseline, sCOMP levels in the highest 
quartile were significantly associated with the development of 
radiographic knee OA and painful radiographic knee OA and this 
may be explained by the very long follow up period [22]. Kraus 
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VB et al. [26] stated that the uCTX-II and sCOMP were the most 
constantly associated biomarkers with the occurrence, frequency 
and progression of knee OA [26]. To the best of our knowledge, 
this was the first study to evaluate the efficacy of ASU on improv-
ing the clinical manifestations of ESKOA (VAS, pain frequency and 
NSAIDs usage) as indicated by the objective parameters at the mo-
lecular level (uCTXII and sCOMP) [27-32]. 

Limitations

i. The main limitation was the short duration of the study, as we 
encounter difficulties of following-up of our patients.

ii. Correlation with imaging as Delayed gadolinium-enhanced 
MRI of cartilage (dGEMRIC). 

iii. Small, recruited number are included in this study. 

Conclusion 

This RCT study concluded that, in early symptomatic knee OA 
patients, AVOSOYA300mg/day supplement improve both subjec-
tive and objective parameters. Subjectively, it decreases the pain 
frequency and severity; Also minimize the NSAIDs/pain killers 
needed/week. Objectively, this is confirmed through regression of 
cartilage catabolic biomarkers as uCTX-II in the first 6month of 
treatment (as uCTXII is highly sensitive to the very early structur-
al changes in the articular cartilage) and both uCTX-II and sCOMP 
that decreases afterwards with long term control of the disease 
progression.

Recommendation 

We recommend further long-term head-to-head comparative 
study with another chondroprotective drugs and in larger patient 
population to augment our findings.
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