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ABSTRACT 

Physical activity promotes changes in joint loads that could either elicit a catabolic or anabolic 

response. The serum concentration of Cartilage Oligomeric Matrix Protein (sCOMP) is 

considered a mechano-sensitive biomarker of articular cartilage break down and N-propeptide of 

type II collagen (PIIANP), as a proposed biomarker of type II collagen synthesis. No studies 

have investigated both anabolic and catabolic responses of articular cartilage after loaded and 

unloaded exercise. Using a repeated measures cross-over design, fifteen healthy adults (age 18-

30 yrs) performed three, 30-minute treadmill walking session under 3 loading conditions: (1) no 

alteration body weight; (2) 12% increase in the individual’s body weight using a weighted vest; 

and (3) 12% reduction in the individual’s body weight using the lower body positive pressure 

technology. Venous blood was collected before, immediately after, and 15 and 30 minutes after 

exercise in order to investigate cartilage break down (sCOMP) and synthesis (PIIANP). A main 

time effect revealed sCOMP levels were significantly greater immediately post-exercise as 

compared to before exercise, 15- and 30-minutes post-exercise. There was a significant condition 

× time effect for PIIANP, indicating that in the loaded condition, PIIANP concentration values at 

15 minutes post exercise were 13.8% greater than right after exercise and 12.9% greater than 

right before exercise. In summary, exercise stimulus alone was shown to induce a significant 

increase in sCOMP concentration. However, unloading the body weight by 12% might not be 

enough to attenuate sCOMP concentrations post-exercise. Therefore, further research is needed 

to investigate how much of weight change during physical activity is beneficial/detrimental for 

articular cartilage health. 
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CHAPTER 1 – SCIENTIFIC FRAMEWORK 

1.1 Introduction  

Articular cartilage health is dependent on an optimal balance between anabolic and 

catabolic activities (Griffin & Guilak, 2005). It has been suggested that adequate mechanical 

load is necessary to maintain cartilage homeostasis (Griffin & Guilak, 2005). Too little 

mechanical stress as well as too much mechanical stress can cause cartilage catabolism (Griffin 

& Guilak, 2005). For instance, people that have jobs that require undertaking heavy physical 

workloads over many years have been found to be at higher risk of developing osteoarthritis 

(OA) (Yucesoy et al., 2015). Another group that is at high risk for developing OA are obese 

individuals who experience higher ground reaction forces (GRF) on their knee joints compared 

to normal weight people (Denning et al., 2015).  

Regular exercise is considered beneficial joint health and a treatment to manage OA (Gay 

et al., 2016). However, caution needs to be taken when prescribing exercise since physical 

activity promotes changes in joint loads that could either elicit a catabolic or anabolic response, 

depending on the intensity, duration and type of exercise (Griffin & Guilak, 2005). Therefore, 

research has evaluated the effects of exercise on joint health and has been focused on joint 

diseases such as osteoarthritis. Recently, researchers have been investigating if there are specific 

biochemical markers (biomarkers) that can be used as a clinical tool for prevention, assessment, 

and treatment of joint disease (Roberts et al., 2019). Molecular biomarkers have the potential to 

provide information about cartilage turnover prior to the development of irreversible joint 

damage, thereby being a tool for early disease detection and may help to predict disease 

progression (Bay-Jensen et al., 2010; Garvican, Vaughan-Thomas, Innes, et al., 2010). 
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Fragmented constituents of extracellular matrix (ECM) of articular cartilage, such as products of 

collagen and proteoglycan degradation and synthesis as well as other non-collagen-non-

proteoglycan molecules have been studied as potential candidates for OA biomarkers (Hosnijeh 

et al., 2019; Lotz et al., 2013). 

Currently, there are several potential biomarkers for OA, but there are still no validated 

ones. However, there has been interest in determining biomarkers’ response to joint loading as a 

possible measure of cartilage health and in the prediction of early OA (Cattano et al., 2017). 

Cartilage oligomeric matrix protein (COMP) is an example of a well-studied protein located in 

the extracellular matrix (ECM) of articular cartilage. The serum concentration of this protein is 

considered a possible dose-dependent mechano-sensitive biomarker candidate of cartilage 

catabolism (Cattano et al., 2017). More recently, in order to understand joint homeostasis and not 

only joint catabolism, researchers have been investigating N-propeptide of type II collagen 

(PIIANP), as a proposed biomarker of type II collagen synthesis (Kraus & Karsdal, 2020).  

To date, research has not been able to quantify how changes in joint load (from losing or 

gaining weight, or through different types of exercise, for example) directly affect the anabolic 

and catabolic activity of articular cartilage in weight bearing joints. Due to this, there is no 

conclusive evidence to guide exercise prescription or body weight recommendations to optimize 

cartilage health. Therefore, there is a need for studies investigating biomarkers that can help 

differentiate between normal load adaptations and adverse load adaptation during exercise 

(Roberts et al., 2019). The emergence of lower body positive pressure (LBPP), which consists of 

a special anti-gravity treadmill, allows people to do weight bearing exercise with unloaded body 

weight (Denning et al., 2015). Due to this unique ability to modulate body load, this technology 

facilitates the investigation of the effects of different body loads on articular cartilage activity 
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during weight bearing exercise (Denning et al., 2015). Currently, research has investigated the 

effects of an acute bout of ambulatory exercise with body weight modulation of 40% and 20% on 

serum levels of COMP (sCOMP) (Denning et al., 2015; Herger et al., 2019). However, no 

studies have investigated the effects of an acute bout of ambulatory exercise on biomarkers of 

cartilage catabolism and anabolism. Thus, the aim of this research is to investigate the acute 

effects of 12% body weight loaded and unloaded exercise on cartilage catabolism and anabolism, 

via serum levels of COMP and PIIANP, respectively. 

1.2 Review of Literature 

 1.2.1. Articular cartilage. 

Articular cartilage is a connective tissue that has poor ability for self-repair, due to its 

lack of blood vessels, lymphatics and nerves (Fox et al., 2009).  It is composed of an 

extracellular matrix (ECM) made of water, collagen and proteoglycans, and other non-

collagenous proteins to a lesser amount (Fox et al., 2009). Chondrocytes are the cells of articular 

cartilage, and their main function is to develop, maintain and repair the ECM (Fox et al., 2009). 

Chondrocyte survival depends on an optimal balance of chemical and mechanical stress (Fox et 

al., 2009). With too little mechanical stress (e.g. bed rest) or with too much mechanical stress 

(acute events such as injuries or chronic events), cartilage metabolism can shift in favor to 

catabolism (Griffin & Guilak, 2005). Therefore, it is suggested that moderate mechanical load is 

necessary to maintain cartilage homeostasis (Griffin & Guilak, 2005). 

After water, collagen is the most abundant component in articular cartilage, and type II 

collagen represents almost all the collagen in the ECM (Fox et al., 2009). After collagen, 

proteoglycans are the most common macromolecules in the ECM. Aggrecan is the most 
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abundant proteoglycan in articular cartilage and it is recognized by its ability to interact with 

hyaluronan (which is a glycosaminoglycan) to form larger proteoglycan aggregates (Fox et al., 

2009). Finally, the ECM is also composed of a small but significant amount of non-collagenous-

non-proteoglycan molecules, such as fibronectin and cartilage oligomeric matrix protein 

(COMP) (Fox et al., 2009).  

 

Figure 1: ECM of articular cartilage (Chen et al., 2006) 

The physical and biomechanical properties of articular cartilage are determined by the 

integrity of the ECM, and cartilage turnover is maintained by a balance of anabolic and catabolic 

processes (Garvican, Vaughan-Thomas, Clegg, et al., 2010). In pathologies such as OA, the rate 

of cartilage catabolism is more than anabolism, resulting in cartilage degeneration (Bay-Jensen et 

al., 2010). This degeneration is characterized by the catabolism of ECM molecules, specifically 

disruption of collagen framework and proteoglycan degradation, ultimately causing cartilage 

structural and functional failure. Those degraded fragments accumulate into the synovial fluid 
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and then are released into the circulation (Garvican, Vaughan-Thomas, Clegg, et al., 2010). 

Ultimately, they are filtered and excreted, or broken down in vivo (Garvican, Vaughan-Thomas, 

Innes, et al., 2010) . 

 1.2.2 Cartilage biomarkers. 

According to the World Health Organization (WHO), biomarker is defined as “any 

substance, structure, or process that can be measured in the body or its products and influences or 

predicts the incidence or outcome of disease” (Watt, 2018). In OA, the most traditional method 

used to diagnose and evaluate disease severity is through radiographs by assessing joint spacing 

narrowing (JSN) (Bauer et al., 2006; Kumm et al., 2013). However, researchers argue that 

radiographs are not the best way to measure disease progression as they only detect OA after 

significant cartilage deterioration and are poorly correlated with joint function (Bauer et al., 

2006). Therefore, more recent research has suggested that the use of magnetic resonance imaging 

(MRI) and biomarkers are more sensitive to detecting early changes (Bauer et al., 2006). 

However, some argue that imaging modalities, including MRI, only show results when there is 

gross damage in the cartilage. Besides that, they can be limited by availability and cost 

(Garvican, Vaughan-Thomas, Innes, et al., 2010). 

Different from imaging, molecular biomarkers have the potential to provide information 

about cartilage turnover prior to the development of irreversible joint damage, thereby being a 

tool for early disease detection and may help to predict disease progression (Bay-Jensen et al., 

2010; Garvican, Vaughan-Thomas, Innes, et al., 2010). Those molecules can be cytokines, 

enzymes, or fragmented constituents of bone, synovium or ECM, such as products of collagen 

and proteoglycan degradation as well as other non-collagen-non-proteoglycan molecules 
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(Hosnijeh et al., 2019; Lotz et al., 2013). They can be measured through body fluids, such as 

synovial, urine, and blood (Hosnijeh et al., 2019; Lotz et al., 2013). 

The National Institute of Health/National Institute of Arthritis, Musculoskeletal, and Skin 

Disease (NIH/NIAMS) funded the Osteoarthritis Biomarkers Network to develop and 

characterize new biomarkers of OA and to refine existing ones. In 2006, they proposed a 

classification scheme with the intention of, among many, facilitating research, decreasing 

redundancy, and accelerating the validation of potential biomarkers. They classified biomarkers 

in 5 categories represented by the acronym BIPED: burden of disease (assess severity and extent 

of the disease), investigative (one that there is not enough information to allow inclusion into one 

existing category), prognostic (ability to predict the future onset of OA or progression of OA), 

efficacy of intervention (efficacy of treatment), and diagnostic (classify individuals as either 

diseased or non-diseased) (Bauer et al., 2006). 

Recently many OA researchers have been focusing their studies on finding and validating 

the best molecular biomarkers that can identify early disease onset, that can monitor the 

progression of the disease, and that can also be used in the assessment of treatment efficacy 

(Garvican, Vaughan-Thomas, Innes, et al., 2010; Hosnijeh et al., 2019). Researchers agree that 

one single biomarker is not sensitive enough to give accurate information about disease onset, 

progression and response to intervention (Bay-Jensen et al., 2010; Garvican, Vaughan-Thomas, 

Innes, et al., 2010). Therefore, several might be necessary for accurate disease information. 

Moreover, a combination of molecular biomarkers with imaging, clinical markers, or genetic 

markers can also give more complete information (Hosnijeh et al., 2019). 

The process of validating biomarkers is based on studies that can show their association 

with validated imaging outcomes and other clinically relevant outcomes (Bauer et al., 2006). 
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Although there is an extensive list of potential OA biomarkers, currently, there is a lack of 

clinically validated ones, in particular for early OA detection (Hosnijeh et al., 2019). However, 

there are several biomarkers that have been identified as components of cartilage formation and 

degradation (Bay-Jensen et al., 2016). In addition, among many commercially available assay 

kits to measure biomarkers, it has been suggested that sCOMP seems to have good performance 

according to the BIPED classification (Lotz et al., 2013). Most recently, for a more complete 

understanding of what is happening in cartilage metabolism, research has also been investigating 

biomarkers of cartilage synthesis, such as PIIANP (Henrotin et al., 2016). 

For the purpose of this review, the next two sections will focus on two specific 

biomarkers found in the serum, one representing cartilage catabolism, sCOMP, and one 

representing cartilage anabolism, serum PIIANP. Identifying both catabolism and anabolism 

biomarkers may give a more accurate picture of how changes in body load affect cartilage 

metabolism.   

1.2.3 Cartilage oligomeric matrix protein (COMP). 

COMP is a non-collagenous extracellular matrix protein found mostly in cartilage, but 

also present in synovium, ligaments, tendon and menisci (Garvican, Vaughan-Thomas, Clegg, et 

al., 2010; Hoch et al., 2011). Its function as a protein is not completely understood, but it is 

thought that it has a role in facilitating fibrillogenesis or in stabilizing the fiber network when it 

binds with type I and II collagen. Moreover, it has a role, together with other matrix components 

such as aggrecan, in mediating cartilage matrix organization and ability to bear loads (Arellano 

et al., 2017; Hoch et al., 2011). Deformation changes in cartilage are associated with changes in 

ECM, therefore serum levels of ECM proteins have been used as an indicator of cartilage 

behaviour. COMP is one example of a well-studied protein located in the ECM, and its serum 
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levels are considered a biomarker of cartilage catabolism (Behringer et al., 2014). There is a high 

variability in sCOMP levels among individuals (Neidhart et al., 1997).  

1.2.3.1 COMP as a biomarker for OA diagnosis and prognosis. Since sCOMP is a 

biomarker of cartilage catabolism, researchers have been investigating its potential as a marker 

of onset and progression of OA (Clark et al., 1999). Although more research is needed, COMP is 

considered a better diagnostic and prognostic tool for knee OA than for other types of joints (Hao 

et al., 2019). For a biomarker to be used as a validated diagnostic tool, it needs to be sensitive to 

the differences between individuals with and without OA, and levels of disease severity (Hoch et 

al., 2011). Therefore, several studies have investigated the validity of COMP as a biomarker of 

OA. 

There is an extensive literature that shows that sCOMP resting levels are elevated in 

patients with radiographic knee OA compared to healthy controls (see table 1). For example, 

Verma and Dalal (2013) investigated the difference in sCOMP concentration in a knee OA 

population (disease duration from 4 months to 12 years) and a healthy control population aged 

40 to 60 years. They found that the OA study group had a significantly higher mean sCOMP 

concentration (668.08 ng/ml) than the control group (338.62 ng/ml). Interestingly, sCOMP 

concentrations were found to be increased in early stages of OA. This might be explained by an 

increase in catabolic events happening in the ECM causing a high turnover rate by the 

chondrocytes in order to repair the recently injured ECM. In later stages of disease, saturation 

levels of COMP might be reached (Verma & Dalal, 2013). El-Arman, El-Fayoumi, El-Shal, El-

Boghdady, and El-Ghaweet (2010) also investigated levels of COMP in a knee OA cohort and 

control. Different from the previous study, the control group were patients with recent traumatic 

knee effusion but with no OA. They found that the knee OA cohort had significant higher levels 
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of sCOMP (7170 ± 3080 ng/ml vs 4400 ± 1970 ng/ml) than the control. Moreover, both studies 

found a positive correlation between sCOMP levels with age and BMI. The relationship of 

sCOMP and BMI could be explained by the fact that heavier weights exert heavier loads on the 

joints and may cause further damage to the cartilage matrix thus, increasing sCOMP levels 

(Verma & Dalal, 2013).  

Another study investigated resting levels of sCOMP between 143 individuals (age ≥ 45 

years) with knee OA of Kellgren/Lawrence [K/L] (Five-grade radiographic classification scheme 

for OA: Grade from 0 to 4, with grade 0 signifying no presence of OA and grade 4 signifying 

severe) grade ≥ 2 and 148 unaffected controls. They found that sCOMP was 14% higher in the 

OA group (1208.57 ± 487.47 ng/ml) than in the control group (1061.83 ± 370.58 ng/ml). They 

also found that that mean sCOMP levels increase with higher K/L grade (Grade 3-4 had higher 

sCOMP levels than Grade 2) and number of joints affected (groups with 3 or 4 diseased joints 

had significant higher sCOMP than either group with only 1 diseased joint and healthy control) 

(Clark et al., 1999). Agreeing with the two previous studies, they also found that sCOMP levels 

were positively correlated with age. To analyze the relationship of age and sCOMP, they divided 

all 291 participants in three groups based on their age (98 people in the 45-54 age range, 95 

people in the 55-64 age range, and 98 people in the 65-85 age range) and they found that sCOMP 

concentration was significant greater in the 65-85 years old group than in the 45-54 years old. 

Moreover, an increase in mean sCOMP level with age was noticed in both OA and non-OA 

groups. It has been suggested that this relationship of sCOMP and increasing age could be due to 

an increase in bone and cartilage metabolism with age (Verma & Dalal, 2013). Since the three 

studies have a population of 40 years and older, it is unknown if this relationship extends to all 

ages.   
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Table 1: Summary of COMP levels on Knee OA population and non-OA population 

Study 
Study 

Group 
sCOMP Control sCOMP Findings 

Verma and 
Dalal (2013) 

100 Knee OA 
patients 

(age 40-60 
years; disease 
duration of 4 
months to 12 
years) 

Mean/median 
(range): 

40-60 years: 
668.08 
(125.02–
2194.40) 
ng/ml 

>60 years: 
1822.91 
(1031.82–
4209.74) 
ng/ml 

50 Healthy 
participants (age 
and gender 
matched but 
nobody over 60 
years) 

Mean/median 
(range): 
338.62 (118–
589) ng/ml 

Higher sCOMP in early 
disease. Age and BMI 
correlated with sCOMP 

El-Arman et 
al.  (2010) 

66 Knee OA 
patients 

(age 45-60 
years; 26 
males and 40 
females; 
disease 
duration of 2-8 
years) 

Mean ± SD  

S: 

7.17±3.08 μg 
/ml 

 

SF:  

66.92±28.75 
μg /ml 

20 recent 
traumatic knee 
effusion patients 
but with no OA  

(age 40-55 
years; six males 
and 14 females) 

Mean ± SD  

S: 

4.4±1.97 μg 
/ml 

 

SF  

26.2±9.41 μg 
/ml 

Higher COMP correlate 
with longer disease 
duration, Age and BMI. 

Clark et al. 
(1999) 

143 Knee OA 
of patients  

(age: 45-85 
years; K/L≥ 2; 
71 women and 
72 men) 

Mean ± SD  

1208.57 ± 
487.47 ng/ml 

148 Healthy 
controls 
(matched by age 
and gender) 

Mean ± SD 

1061.83 ± 
370.58 ng/ml 

sCOMP increased with 
disease severity, number 
of diseased joints and 
age 

NOTE: S = serum; SF = synovial fluid; K/L = Kellgren and Lawrence grade; ng/ml = nanograms 

per millilitre; μg /ml = micrograms per millilitre.  

Overall, studies show that mean resting levels of sCOMP is higher in groups of OA 

individuals compared to healthy individuals. Several studies have also looked into the 

relationship of sCOMP and disease progressions (See table 2 for summary of studies about 

sCOMP and disease progression). For example, Vilı́m et al. (2002) studied whether sCOMP can 
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be used as a prognostic marker for knee OA progression by correlating sCOMP levels with 

outcome measures of OA progression. Knee OA was measured by joint space width (JSW) and 

K/L grade, and progression was measured by decreased JSW by >0.5 mm in either knee or a two 

grade increase in K/L grade summed for both knees over three years. During a 3-year period, all 

participants, including progressors and non-progressors had an increase in sCOMP levels. 

Although they did not find a statistically significant difference between sCOMP from baseline to 

study end between groups, the patients who progressed by two K/L grade over three years had 

significantly higher sCOMP values at both baseline and end of study compared to non-

progressors. 

Another study investigated the relationship of sCOMP with knee OA progression over a 

period of five years (Sharif et al., 2004). Progressions in disease were considered either 2 mm or 

more JSW reduction (measured by radiographs) or total knee replacement surgery occurring 

during the 5-year period. Out of 115 participants, 37 had disease progression during the study 

period. The mean sCOMP levels at baseline were significantly higher in the progressor group as 

well as the mean sCOMP values of all 10 draws (every six months) during the five years. 

Moreover, sCOMP concentration was higher during periods of radiographic progression and 

cartilage loss.  

 Kumm et al. (2013) did a cross-sectional and longitudinal study to investigate the value 

of cartilage biomarkers in knee OA diagnosis and prognosis. Their population was comprised of 

middle-age adults, half with early stage radiographic evidence of OA and half with no 

radiographic evidence of OA. In the cross-sectional part of the study, they found that at baseline, 

sCOMP levels were associated with osteophytosis (formation of bony growths around the injured 

joint) in females only, however, three years later it was associated with osteophytosis in females 
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and males. In regard to the longitudinal study and the association of biomarkers with disease 

progression, sCOMP was associated with progressive osteophytosis for the first three years, and 

no correlation for the last three years of the study (study length was 6 years in total). However, 

for the last three years, another biomarker of cartilage catabolism (uCTX-II), which is 

characterized by collagen type II degradation, was associated with JSN. With logistical 

regression, they came to the conclusion that for every-unit increase in sCOMP, there was a 41% 

higher risk for tibiofemoral osteophyte progression in the injured joint over the first 3 years. 

They also looked into PIIANP, which is a biomarker of collagen type II synthesis, and they 

found that the enhanced turnover of this marker was also associated with progressive 

osteophytosis. Different from Mohammed Sharif et al. (2004), who investigated sCOMP levels 

every six months for five years, the Kumm et al. (2013) study only investigated sCOMP levels in 

intervals of three years for a total of six years. Taking several sCOMP measurements througout 

the course of the disease might give a better idea of the relationship of this biomarker with 

disease progression, since it has been reported that the association between cartilage biomarkers 

and OA features (JSN and osteophytes) seems to constantly changes over the course of the 

disease (Kumm et al, 2013). Moreover, researchers have found that the dynamics of cartilage 

metabolism in OA are not linear but rather phasic (Kraus & Karsdal, 2020; Kumm et al., 2013). 

They explain that progression of OA is not linear, rather, this disease is associated with long 

periods of inertia followed by progression. In times of high disease activity, it is possible to see 

increases in biomarkers, then the disease subsequently progresses based on anatomical imaging. 

Then, after that period, biomarker levels might decrease and not increase again until there is 

another high disease activity that will lead to more structural change in the joint (Kraus & 

Karsdal, 2020).    
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Table 2: Summary of sCOMP and OA disease progression 

Study Population Study 
duration 

Assessment 
of disease 

progression 

sCOMP 
(progr.) 

sCOMP (non-
progr.) 

OA 
duration 

Comments 

Vilim et 
al. 
(2002) 

48 patients 
with primary 
knee OA of 
(K–L) grade 
I–III 

(mean age of 
62 years) 

 

 

3 years JSW over 3 
years > 0.5 
mm for 
either 
knee; chang
e in K–L 
grade by 2 
summed in 
both knees 

K/L 
increase 
>2 levels 
(Mean ± 
SD): 

-
Beginning 
of study: 
5.11±1.01 
μg /ml 

 

-3 years 
later: 

 5.79±1.71 

 

JSW 
>0.5mm  

 Median 
(range): 

-
Beginning 
of study: 
5.02 (3.3–
6.3)  

-3 years 
later:  

6.35 (1.9–
8.4) 

No change in:  

 

K/L grade 
(Mean ± SD): 

-Beginning of 
study: 
3.91±0.97 μg 
/ml 

-3 years later: 

4.12±1.11 

 

JSW <0.5mm 

 Median 
(range):  

-Beginning of 
study: 3.88 
(2.2–6.3)  

-3 years later: 

4.16 (2.3–6.1) 

11.1 years 

 

Age 
significant 
affected 
COMP 

 

JSW >0.5: 
10 patients 
progressed 

 

K/L grade 
more than 2 
increase 
(sum both 
knees): 9 
patients 
progressed 

Sharif et 
al. 
(2004) 

115 knee 
OA patients 
(mean age: 
64.2 years 
for 
progressors 
and 63.3 for 
non-
progressors) 

5 years 2 mm or 
more JSW 
reduction 
(measured 
by 
radiographs) 
or TKR 
surgery 
occurring 
during the 5-
year period. 

Baseline  

(Mean ± 
SD): 

 

14.12 ± 
3.39 U/l 

Baseline 

 (Mean ± SD): 

 

12.62 ± 3.25 
U/l 

> 3months Found some 
association 
with age 

 

Number of 
people who 
progressed 

by TKR: 22 
and by >2-
mm JSN: 15 
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Kumm 
et al. 
(2013) 

128 subjects 
complaining 
of knee pain 

(mean age 
45 years) 

At baseline: 

*No OA: 
44% 

*OA grade 
I: 51% 

*OA grades 
2–3: 5 %  

6 years For no OA 
population: 
presence of 
osteophytes 
and/or JSN  

For OA 
population: 
increase in 
the grade 
and/or 
number of 
already 
existing 
osteophytes 
and/or JSN 
grade over 
time. 

sCOMP 
associated 
with 
osteophyt
osis in 
females at 
baseline 
and 3 
years later 
in females 
and males. 

 

 

n.a n.a After 6 years 
progression 
occurred in 
71 subjects 
(56 % out of 
128) 

sCOMP was 
associated 
with 
progressive 
osteophytosi
s for the first 
3 years 

NOTE: K–L or K/L = Kellgren and Lawrence grade; JSW = Joint Space Width; TKR = Total 

Knee Replacement; U/l = Uniter per litter; JSN = Joint Space Narrowing; μg /ml = micrograms 

per millilitre; Prog = progressors 

As sCOMP has been gaining popularity as a biomarker for OA diagnosis and disease 

progression, researchers have been investigating many factors that can influence sCOMP levels. 

For example, of the six studies mentioned previously, five identified the positive association of 

sCOMP and age (Clark et al., 1999; El-Arman et al., 2010; Sharif et al., 2004; Verma & Dalal, 

2013; Vilim et al., 2002). Studies have also shown that traumatic joint injury, such as anterior 

cruciate ligament tear and meniscus tear, influence COMP release, especially during the early 

stages of the injury (Lohmander et al., 1994; Neuman et al., 2017). The effects of exercise and 

body weight on sCOMP values have also been studied extensively, since they are two important 

modifiable risk factors for the development and progression of OA and joint health overall 

(Messier et al., 2005; Palazzo et al., 2016).  

1.2.4.2 COMP and exercise.  
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It is well known that adequate mechanical load is key to maintain healthy joints (Griffin 

& Guilak, 2005). Cartilage health is maintained through a proper balance between catabolism 

and anabolism activity and anything that disrupts this balance, such as too much or too little 

physical activity, can shift cartilage metabolism in favour of catabolism (Griffin & Guilak, 

2005). It is still unknown the exact amount, type and intensity of exercise that can have a 

detrimental effect on articular cartilage (Hoch et al., 2012; Mateer, Hoch, Mattacola, Butterfield, 

& Lattermann, 2015). Because of that, researchers have been investigating sCOMP 

concentrations in order to better understand the short- and long-term dynamics of cartilage 

metabolism after different types of activities and exercise. 

Several studies have shown that sCOMP concentrations change after an acute bout of 

exercise (See table 3). Studies have shown that even walking exercise is enough to raise sCOMP 

levels post-exercise. For example, Harkey et al. (2018) found that, after a 5000-step walk with 

habitual walking speed (average time was about 46 minutes), healthy young participants had an 

average 4.2% increase in sCOMP right after exercise compared to baseline (p=0.008). 

Participants also went through another two conditions: 120 drop landings and control (sitting for 

about 46 minutes) and they found that sCOMP was similarly greater in the walking and drop 

landing conditions compared to control but did not differ between exercise conditions. 

Mündermann, Dyrby, Andriacchi, and King (2005) showed in their study with 10 healthy adults 

that a low intensity (mean 3.3 mph) 30-minute walk was enough to elevate post-exercise levels 

of sCOMP by 9.7% (p=0.003). They investigated sCOMP levels in six different time points 

(right before exercise, right after exercise, 30-minute, 90-minute, 3.5h and 5.5 hours post 

exercise). sCOMP values returned to baseline 30 minutes after the cessation of the exercise. 

Interestingly, 5.5 hours after the walk, participants had another increase of sCOMP, reflecting 
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that there was still a high tissue metabolism several hours after the exercise. Roberts et al. (2018) 

showed in their study with healthy adults a 28.9% increase in sCOMP levels after a 40-minute 

walk at an intensity of about 80% maximum HR. Those values returned to baseline after a 30-

minute rest. Roberts et al. (2018) showed a much larger increase in sCOMP after walking 

compared to Harkey et al. (2018) and Mündermann et al. (2005). Since those three studies had 

different ambulation durations, ambulation speed was only identified in Mündermann et al. 

(2005), number of steps was only identified in Harkey et al. (2018), and exercise intensity (based 

on % of max HR) was only measured in Robert’s at al. (2018), it makes it difficult to understand 

the role of those exercises parameters on sCOMP levels. However, Roberts et al. (2018) 

mentioned in their study that speed and incline was adjusted in order for the participants to 

achieve the desired exercise intensity (80% max HR), so those parameters might have a role in 

levels of sCOMP release post-exercise. 

In another study, sCOMP concentration was investigated after a 14 km uphill walk (5.97° 

and average walking time = 174 ± 25 minutes) (Pruksakorn et al., 2013). Compared to control, 

which walked the same distance in a horizontal pathway (average walking time = 172 ± 8 

minutes), sCOMP concentration of the uphill walk group was significant higher (about 27% 

higher than baseline) within one hour after exercise. It has been reported that incline walk 

induces a greater increase in ground reaction forces (GRF) compared to no-incline walk due to 

increased joint moments and power during heel strike (Gottschall & Kram, 2005). Although 

GRF was not investigated in the study, the authors suggested that sCOMP release is sensitive to 

the increase in exercise load (characterized by increase in GRF) (Pruksakorn et al., 2013). 

Although the experimental group had a significant increase in sCOMP after exercise compared 

to baseline, the control group, who also walked for 14 km, did not have a significant rise in 
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sCOMP after exercise. Based on the previous studies, there should have been a significant 

increase in sCOMP post exercise in the control group (but not as high as in the experimental 

group). A possible explanation is that since the post-exercise blood draw was taken within one 

hour after the activity ended, the rest time was too long, allowing sCOMP levels to return to 

baseline. In Mündermann et al. (2005) and Roberts et al. (2018), sCOMP levels returned to 

baseline values after 30 minutes of exercise cessation. In Pruksakorn et al. (2013), sCOMP 

returned to baseline levels in both groups after 24h post-exercise (however, it could have 

happened earlier than that, but authors only measured 1h and 24h post exercise). These four 

studies also show that physical activity, even with low intensity like a walk, induced COMP 

release in the blood. Moreover, they show that with proper rest, sCOMP values returned to 

baseline. 

Other studies have also investigated sCOMP after higher intensity exercises. For 

instance, Niehoff et al. (2010) found that right after 30 minutes of running (mean 5.8 mph) 

sCOMP levels increased significantly (about 39%) compared to baseline and stayed elevated for 

up to 90 minutes post-exercise. Denning et al. (2014) also investigated the effects of a 30-minute 

run on sCOMP concentrations. With an average speed of 7.7 mph, they found a 14% increase in 

sCOMP immediately post-exercise compared to baseline. Moreover, sCOMP levels returned to 

pre-exercise levels within 1-hour of rest.  In another study, Niehoff et al. (2011) investigated the 

effects of 30-minutes (average speed of 4.9 mph) of running and 30-minutes of drop landing on 

sCOMP release, and they found that sCOMP concentration increased more than 30% in both 

conditions compared to baseline and those values remained significantly elevated one hour after 

the end of the activity. Comparing these past three studies with the previous studies that looked 

into sCOMP and walking exercises, it seems that running has a greater effect on sCOMP release 
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after exercise than walking. As well, there seems to be a greater increase in sCOMP with longer 

duration exercise. Thus, it might be suggested that factors such as, speed of ambulation and 

duration of exercise, have an impact on sCOMP release post-exercise. However, caution needs to 

be taken when making inferences about the effects of speed of ambulation on sCOMP since none 

of those past studies alone measured this dose-response relationship. On the other hand, Denning 

et al. (2016) performed a study where they showed clearly that ambulation speed influences the 

magnitude of sCOMP released. They tested sCOMP concentration in 18 participants before, 

immediately after, and 30 and 60 minutes after a slow walk (average speed of 2.9 mph), fast 

walk (average speed of 4.5 mph) and running (average speed of 5.9 mph) for 4000 steps. They 

saw that from baseline, sCOMP increased by 5% in the slow walk, 18% in the fast walk and 29% 

in the run. Something new they found in their study was that in all conditions, sCOMP returned 

to baseline values after 30 minutes of rest post-exercise. As mentioned previously, it took 90-

minutes for sCOMP to return to baseline in Niehoff et al. (2010) and 60-minutes in Denning et 

al. (2014). In the case of Denning et al. (2016), sCOMP returned to baseline levels by 30 minutes 

even after the running condition. An explanation for this disparity is that in Denning et al. 

(2016), exercise was stopped when participants reached 4000 steps and not at the 30-minute 

mark. Since Denning et al. (2016) provide no information about duration of each ambulatory 

condition and Niehoff et al. (2010) and Denning et al. (2014) provided no information about step 

counts, it makes it hard to make comparisons and inferences about the three studies. Besides that, 

Denning et al. (2016) suggests that the time sCOMP stays elevated in the blood is influenced by 

step count and not duration or speed. In addition, this study also showed that peak ankle 

inversion, knee extension and abduction and hip extension moment positively correlated with 

sCOMP changes. Joint mechanics are different while walking on flat surface, walking on incline 
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surface and running, and this seems to be another factor that influences sCOMP levels post-

exercise (Denning et al., 2016; Pruksakorn et al., 2013). However, two other studies showed that 

changing in running mechanics had no significant effects on sCOMP levels. For instance, Firner 

et al. (2018) showed that a 30-minute run (average speed 4.9 mph) with more knee flexion and 

dorsiflexion angles on stance phase (this was modified by participants wearing an active knee 

orthosis) did not cause more sCOMP release post exercise than a regular 30-minute run (with 

passive orthosis) at the same speed in twenty healthy young men. In agreement with past studies, 

sCOMP significantly increased post-exercise compared to baseline (35% in passive orthosis 

condition and 45% in active orthosis condition); however, it did not differ significantly between 

conditions. A similar study was done one year after and they found similar results (Firner et al., 

2019).   

The studies on sCOMP and ambulatory exercise show that these types of activities 

enhance sCOMP concentration post-exercise. It has been shown that walking exercise induces a 

4.2% to 28.9% increase in sCOMP levels and running exercises induces between a 14% to 45% 

increase in sCOMP post-exercise (Denning et al., 2016; Denning et al., 2014; Firner et al., 2018, 

2019; Harkey et al., 2018; Mündermann et al., 2005; Niehoff et al., 2010, 2011; Pruksakorn et 

al., 2013; Roberts et al., 2018). Although in all those studies participants were young healthy 

active individuals, some of the variability in sCOMP post exercise might be due to population 

differences and different methodologies. Overall, sCOMP appears to respond in a dose-

dependent fashion to acute bouts of exercise (Denning et al., 2016). However, it is still unknown 

which exercise parameters, such as number of steps, speed, duration, incline, have greater effects 

on sCOMP.  
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As said before, optimal mechanical load is necessary for cartilage health (Griffin & 

Guilak, 2005). However, when it comes to athletes that participate in high impact sports, it is still 

unknown whether the mechanical stress they face in their joints on a daily basis is beneficial or 

detrimental for their cartilage health. Actually, some studies have suggested that athletes that 

participate for a long time regularly in sports that involve heavy load, impact and twisting of the 

joints are at higher risk for the developing OA (Griffin & Guilak, 2005; Saxon et al., 1999). It is 

also suggested that this risk is further increased if the athletes have jobs that require high 

physical work (Saxon et al., 1999). Because of that, several studies have investigated the effects 

of different sports on COMP concentration levels.  

For instance, as a long duration and high impact sport, many studies have been 

investigating the impact of marathon and ultra-marathon on sCOMP levels. Neidhart et al. 

(2000) investigated the levels of sCOMP before, during, two hours after, 24 hours after, and 48 

after a marathon race on eight runners. They also tested 35 healthy controls who did not do any 

activity and a group of 80 patients with knee joint injury. They found that at baseline sCOMP 

was significantly higher in the runners compared to the other groups. Right after the run sCOMP 

significantly increased about 24% compared to baseline and returned to baseline levels within 24 

to 48h. This study shows that those athletes had a high ECM turnover even during resting 

conditions, which could potentially indicate joint injury due to long term exercise. Those 

sCOMP values were higher during and after the marathon. Although such high sCOMP values 

have been seen in people with OA and other joint injuries, it is still unknown whether it 

represents joint damage. Some limitations of this study are that besides the small experimental 

sample, the authors did not report whether those athletes had any previous or current joint injury, 

pain or joint deterioration. 
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In another study it was found that in a group of adult marathon runners with varying body 

mass indices, sCOMP increased by 39% right after the marathon race (average 4.1 hours for 

completion) and remained elevated 24 hours after the race. Some important findings of this study 

were that BMI did not affect sCOMP values, and that better marathon finishing time induced a 

faster recovery of sCOMP 24h after the race (Mündermann, Geurts, et al., 2017). Kim, Lee, and 

Kim (2009) found an even higher increase of sCOMP after a marathon race with a 60% increase 

right after the race compared to baseline values. Moreover, sCOMP only returned to baseline 

levels after 48 hours. These three studies agree with the past studies that showed that sCOMP 

levels rise after an exercise bout and that this rise seems to be a lot greater after marathon runs 

(which average 4.1 hours) compared to shorter distance and shorter duration ambulation 

exercises. Moreover, in a marathon, it can take up to two days for sCOMP to return to baseline 

levels. This is different from the other studies mentioned previously which used a shorter 

duration running exercise intervention (up to 30 minutes), which showed that it takes 30 to 90 

minutes for sCOMP to return to baseline levels.  

Several researchers have also investigated levels of sCOMP after ultramarathon races. In 

the same study as the marathon runners, Kim et al. (2009) also investigated the effects of 200km 

race on sCOMP levels of a group of 13 male runners. They found that sCOMP increased by 90% 

at the end of the race compared to baseline and stayed significantly elevated compared to pre-

race levels for four days after the race and returned to baseline levels after the sixth day. In a 

study done two years previously by the same authors, they found an even higher increase in 

sCOMP after a 200 km race (finishing time ranged from 23:53 to 34:56 hours). They reported 

that immediately after 100 km, sCOMP increased 30% compared to baseline and after 200 km it 

significantly increased even more, up to three times baseline values (Kim et al., 2007). Shin et al. 
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(2012) also found similar results during a 308 km ultramarathon. After 100 km sCOMP 

increased significantly by 30.7% compared to pre-race values, 60.4% after 200 km, and 94.1% at 

the end of the race. These three studies showed that after ultramarathon races of up to 308km, 

sCOMP levels increase substantially compared to pre-race values. Looking at even longer 

duration races, Mündermann, Klenk, et al. (2017) studied the effects of a multistage 

ultramarathon race on sCOMP concentration of 36 runners. They measured sCOMP at five time 

points: within four days before the race, day 15, day 31, day 47 and day 58 of a 64-day race. 

Different from the previous studies which found a high increase in sCOMP with marathon and 

ultramarathon races, in this study sCOMP increased significantly but only by 22.5% from 

baseline to day 15 and remained elevated until the last blood draw on day 58. An explanation for 

not seeing as high of an increase as the other studies, might be due to the fact that the first draw 

was late in the race (day 15) and sCOMP concentration might had been higher throughout the 

first days of the race. Moreover, since multistage ultramarathons have an overnight resting 

period, this might have been enough time for sCOMP clearance from serum. 

Overall, marathons and ultramarathons are very demanding high impact exercise events 

(long duration, high foot contacts) which can be very tasking on athletes’ weight bearing joints. 

This is shown by the extremely high levels of sCOMP release during and after the race, up to 

three times baseline values (Kim et al., 2007; Kim et al., 2009; Mündermann, Geurts, et al., 

2017; Neidhart et al., 2000; Shin et al., 2012). Moreover, sCOMP stays elevated for 48h to six 

days post-race, showing that there is still a high turnover rate of the biomarker for a few days 

after the ultramarathon run (Kim et al., 2009; Mündermann, Geurts, et al., 2017; Neidhart et al., 

2000). Besides that, it is unknown whether this acute change in sCOMP concentrations due to 

marathon and ultramarathon races have a long-term degenerative effect on the cartilage structure 
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of those types of athletes. Therefore, long-term studies need to be done to investigate the effects 

of this high impact and long duration sport with changes in cartilage metabolism. 

sCOMP has also been investigated with high impact team sports (see table 4). Hoch et al. 

(2012) investigated levels of sCOMP in 29 university soccer athletes over the duration of a 

spring soccer season. They found a significant increase in sCOMP from baseline to mid-season 

and post-season, showing that sCOMP increased as the amount of exercise increased. However, 

they also calculated the minimal detectable change (MDC - which is the minimum change that 

falls outside the measurement error. The MDC value was calculated with a 95% level of 

confidence using the formula SEM x 1.96 x √3) and found that the difference from the two time 

points compared to baseline did not exceed the MDC value (464.6 ng/mL). Mateer et al. (2015) 

also investigated the effects of soccer training on sCOMP concentrations. They measured 

sCOMP values in six female soccer players a week before soccer spring season and once a week 

during the season (eight weeks) and once a week for two weeks after the end of the season. 

Moreover, they tracked the minutes of sport participation (including soccer, weight-lifting and 

agility training) in each phase. Although they found no statistically significant change from 

baseline to all other measurement time-points, they found that sCOMP levels increased as 

minutes of cumulative exercise training increased and, once participants reached a certain 

amount of minutes of cumulative sports activity (about 510 minutes in a week), levels of sCOMP 

plateaued and then returned to baseline after training cessation.  

Different from the marathon and ultramarathon studies, these two studies did not look 

into the acute effects of a soccer game on sCOMP concentration. Rather, they looked into 

sCOMP concentration in a rested state throughout a whole soccer season allowing the 

researchers to identify how sCOMP resting levels change with increased minutes of sport 
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participation. Overall, they showed that levels of sCOMP rise naturally in response to the 

increase in amount of time participating in sports training and those values return to baseline 

after sport cessation. This suggests that the rise in sCOMP with increased minutes of exercise 

participation is associated with a natural increase in cartilage turnover which might not present a 

long-term detrimental effect to those players’ articular cartilage. Moreover, it was also shown 

that sCOMP levels plateau after reaching a certain number of minutes of cumulative exercise 

training. This might suggest that cartilage turnover might level off after a certain amount 

cumulative exercise training. However, more studies need to be done to investigate training 

adaptations and sCOMP celling levels. Although these two studies provide important 

information about the effects of soccer training on sCOMP values, caution needs to be taken 

when interpreting results since participation in other activities outside soccer were not 

monitored, and also participants with history and current presence of injury, including ACL 

repair surgery in the first study, were not excluded. Although these two studies looked into 

sCOMP levels for a whole athletic season, assumptions cannot be made about longer-term 

effects of many years of sport participation or an athletic career on sCOMP levels and cartilage 

health. 

Researchers have also analyzed blood biomarkers of cartilage turnover in a non-impact 

sport. During a 3-week pro-cycling race, athletes had to go through three blood draws, pre (day 

before start of the race), middle (day 12) and at the end of competition (day 23) (Corsetti et al., 

2015). Several cartilage biomarkers were investigated, including sCOMP. They found that the 

levels of sCOMP in the three time points were unchanged, and that uCTx-II, another biomarker 

of cartilage catabolism, was actually decreased. However, it is important to note that the blood 

draws happened in a rested state and not right after activity. On the other hand, Roberts et al. 
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(2016) investigated the acute effects of vigorous cycling (25 km, average time 37 minutes) on 

sCOMP levels of 11 male cyclists and compared that to the levels of sCOMP of 11 male runner 

after vigorous running (10km, average time 46 minutes). Surprisingly, the study showed that 

sCOMP significantly increased post exercise only after cycling and not running (+32.1 vs +14.2 

%, respectively). These findings are novel since sCOMP increase seems to be associated with a 

load-dependent change, with greater increases following running for extensive periods (greater 

number of foot contacts). Moreover, cycling is associated with low tibiofemoral forces, lower 

than walking (Kutzner et al., 2012). Some of the potential reasons are that runners had a higher 

baseline level of sCOMP however, they were not statistically different from cyclists. Another 

potential reason might be due to loading frequency. However, other studies done comparing 

walking (high frequency) with drop landing (low frequency) (Harkey et al., 2018) and running 

(high frequency) with drop landing (low frequency) (Niehoff et al., 2011) showed no difference 

in sCOMP values post-exercise between the different modalities. Moreover, Roberts et al. (2016) 

did not measure the cycling cadence and step rate frequency of their participants. It is unclear 

why cycling had a greater effect on sCOMP release post exercise than running. Therefore, more 

studies need to be done to investigate the effect of non-impact exercise on sCOMP and compare 

them to impact sports. 

A study compared the effects of 12 weeks of training in three different exercise 

modalities plus control on concentration levels of sCOMP (Celik et al., 2013). The modalities 

were: cycling, running and swimming. During the training intervention, participants exercised 

for 40 minutes, three times per week. To investigate how sCOMP concentrations change based 

on training adaptations, participants were tested pre- and post-training intervention. The test 

consisted of a 30-minute treadmill walk, and sCOMP was investigated at three time points 
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(immediately before, immediately after and 30 minutes after the walk). Pre-training results of the 

walking test showed that all training groups had an increase in sCOMP immediately after the 30-

minute walk test compared to the blood draw immediately before the walking exercise. This 

result agrees with the studies done by Denning et al. (2016), Mündermann et al. (2005) and 

Pruksakorn et al. (2013) that walking exercise is enough to significantly increase sCOMP 

immediately post-exercise. However, in the post-test, after the 12-week training intervention, 

when participants underwent the 30-minute treadmill walk test, the running group was the only 

group that did not have a significant increase in sCOMP concentration in the draw immediately 

after the walk compared to immediately before the walk. This result suggests that adequate 

amounts of daily impact in the joints through exercise may produce an adaptation in the articular 

cartilage, characterized by decreased joint turnover when exposed to some sort of impact after a 

specific training period (Celik et al., 2013). 

 So far, all the studies reported were investigating the effects of exercise on sCOMP in a 

general healthy population and athletic population. Overall, acute exercise increases sCOMP 

levels and things such as speed, duration and ground contacts seem to have an effect in the 

magnitude of change and the amount of time it takes sCOMP levels to return to baseline. 

However, it is not possible to say with certainty whether this acute high cartilage turnover caused 

by exercise will have any long-term effect in cartilage morphology. What is known is that 

supervised exercise is an effective treatment for improving function and reducing pain in 

individuals with OA (Griffin & Guilak, 2005). Therefore, knowing the effects of different types 

of exercise and different loads and volume is of high importance for proper exercise prescription 

in order to avoid cartilage deterioration and to improve symptoms (Azukizawa et al., 2018). 
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Many studies have also investigated the effects of exercise on sCOMP levels in the knee OA 

population (See table 5). 

For example, Mündermann, King, Smith, & Andriacchi  (2009) compared the effects of a 

self-selected-speed-30-minute walking exercise on sCOMP levels in a knee OA and healthy 

population. They found that after exercise, both groups had an increase in sCOMP (6.3% in the 

OA group and 5.6% in the control group) and those values returned to baseline in both groups 

within 30-min of exercise cessation. Although these results agree with what we have seen so far 

in the literature in regard to exercise and sCOMP, there were a few things in this study that differ 

from most studies reported so far. For example, baseline levels of sCOMP in both groups did not 

differ significantly, as well as levels of sCOMP right after exercise. This could be due to the fact 

that many OA participants had low grade OA, therefore affecting the overall results, and that OA 

participants walked at a slower pace overall than the controls (and therefore did not have as 

many ground contacts as the healthy group). As discussed previously, it seems that sCOMP 

release after exercise is affected by speed and foot contacts.  

Another study also investigated the effects of a 30-minute walk on sCOMP 

concentrations, with the main purpose of finding whether changes in sCOMP in response to 

exercise is associated with cartilage thickness change over a period of 5 years. Blood sampling 

was collected from 17 knee OA patients, right before, right after, 3.5 hours and 5.5 hours after 

the 30-minute walk. MRI images were taken at the beginning and at the end of the study (5-year 

mark). Although there was a trend for greater sCOMP levels post-exercise compared to baseline, 

those values did not reach statistical significance. Moreover, sCOMP levels were not statistically 

different at 3.5 hours from baseline and at 5.5 hours they were significantly reduced. The novel 

aspect of this study was that participants that had higher relative sCOMP concentrations at 3.5 h 
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and 5.5 h post-exercise also had greater cartilage loss after 5 years as assessed by MRI imaging. 

However, baseline sCOMP values and immediate post-exercise sCOMP values were not 

associated with changes in cartilage thickness over 5 years. This study gives us a new 

perspective about the role of sCOMP as a prognostic biomarker in OA (Erhart-Hledik et al., 

2012). Studies show that sCOMP returns to baseline after a 30-minute walking exercise in 30 

minutes, however, not many studies have investigated sCOMP levels past 30 minutes of exercise 

cessation. Erhart-Hledik et al. (2012) suggest that the changes in sCOMP concentration due to 

mechanical load stimulus, and not the baseline values of sCOMP, might be a better tool for 

evaluating long-term morphological changes in the cartilage and OA progression. However, a 

limitation of this study is the low number of participants, therefore, studies with a larger sample 

need to be done to investigate the changes over time in sCOMP concentration induced by a 

mechanical stimulus and its association with long-term cartilage degradation progression (Erhart-

Hledik et al., 2012). 

Other studies also looked into the effects of organized exercise interventions on sCOMP. 

For instance, Andersson et al. (2006) did a randomized controlled trial in which the experimental 

group underwent six-weeks of twice a week 60-minute submaximal weight bearing exercises, 

focusing on increasing strength and endurance in the lower leg. Moreover, participants were 

asked to do exercises at home for at least 30 minutes for the remaining days of the week. sCOMP 

was measured three weeks before the intervention, when the intervention started (for the training 

group it was measured right after exercise), when the intervention ended (for training group it 

was measured right after exercise), and 24 weeks after the beginning of the intervention. They 

found that physical activity resulted in a significant increase in sCOMP post-exercise compared 

to rest. Moreover, they found that six weeks of exercise intervention did not change the activity 
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of sCOMP in the long run. In the 24-week mark blood draw, sCOMP values did not differ from 

baseline (before intervention), suggesting that the turnover of COMP, induced by this type of 

exercise intervention, was not modified in the long-term. 

The effects of a 10-week strengthening exercise program on cartilage biomarkers in an 

OA population was investigated (Hunt et al., 2013). It was found that those in the exercise 

groups, who went through physiotherapist-supervised lower limb muscle strengthening 

exercises, showed a decrease in sCOMP after the intervention. The control group, who did not 

exercise, showed an increase in sCOMP values after 10 weeks. When comparing changes 

between groups after intervention, there was a significant greater reduction in sCOMP in the 

experimental group. The results of these studies are an indication that patients with knee OA can 

still do resistance based exercise without compromising the integrity of their articular cartilage, 

as long as exercise is properly prescribed and monitored (Hunt et al., 2013). On the other hand, 

Azukizawa et al. (2018) found a significant increase in sCOMP after a 12-week exercise 

intervention involving aerobics, strengthening and flexibility in 42 women with knee OA (K-L 

grade ≥	2) or pre-knee OA (K-L ≤ 1). However, there were a lot of things that could have 

influenced this result. For example, participants were tested before intervention and only 24 

weeks after intervention. Since the intervention was only for 12 weeks, there is a 12-week gap 

after the last session and the post-test. Although participants were encouraged to self-exercise for 

the remaining 12 weeks, it is not guaranteed that they did, therefore, there are not any guarantees 

that changes would not have been noted after the first 12-week intervention. Moreover, 

participants exercised only once a week. This might not be enough of a stimulus to produce 

cartilage adaptations. In addition, there was no control group and most of the participants only 

had knee pain but no diagnosed knee OA.  
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 Overall, exercise is indicated as a non-pharmacological treatment of OA, and with proper 

supervision and proper prescription, it can benefit overall disease symptoms (Griffin & Guilak, 

2005); however, more studies are needed to understand the effect that exercise loading has on 

articular cartilage metabolism and the relationship of sCOMP concentrations and long-term 

cartilage changes induced by exercise load.   

 

Table 3: Summary of effects of exercise on sCOMP levels in healthy population 

Study Population Exercise 
Baseline 

Draw 

[sCOMP] 

Draw 2 

[sCOMP] 

Draw 3 

[sCOMP] 

Draw 4 

[sCOMP] 

Draw 5 

[sCOMP] 

Draw 6 
[sCOM

P] 

Münde
rmann 
et al. 
(2005) 

10 healthy 
active 
adults (5 
females, 5 
males; 
mean age 
31.9) 

30-minute 
Walk 

Immediat
ely before 
walk: 

Mean ± 
SD: 9.98 
± 3.38) 
U/I 

Immediate
ly after 
walk: 
9.7% 
increase  

30 
minutes 
after walk: 
returned 
to baseline  

n.a n.a n.a 

Harkey 
et al. 
(2018) 

38 healthy 
active 
young 
adults (19 
females, 19 
males; 
mean age 
21.3) 

500 steps 
Walk 

Mean ± 
SD: 

147.6 
±39.1 
ng/ml 

Immediate
ly after: 
151.5 ± 
31.2 
ng/ml 

n.a n.a n.a n.a 

120 drop 
landing 

147.7 ± 
31.4 
ng/ml 

153.3 ± 
27.9 
ng/ml 

n.a n.a n.a n.a 

Control 
condition 
(sitting) 

141.9 ± 
32 ng/ml 

138 ± 30.5 
ng/ml n.a n.a n.a n.a 

Robert
s et al. 
(2018) 

30 healthy 
active 
young 
adults (15 
feamle; 15 
meale; 

40-minute 
walk 

Mean ± 
SD: 

490.3 ± 
200.2 
ng/ml 

Immediate
ly post 
exercise: 
631.8 ± 
223.4 
ng/ml 

30 
minutes 
after 
exercise: 
518.6 ± 
210.8 
ng/ml 

n.a n.a n.a 
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mean age 
27) 40-minute 

RT 

501.8 ± 
180.0 
ng/ml 

632.5 ± 
196.0 
ng/ml 

473.3 ± 
169.1 
ng/ml 

n.a n.a n.a 

Dennin
g et al. 
(2016) 

18 healthy 
adults (9 
females, 9 
males; 
mean age 
23 years)  

4000 steps 
walk 

Immediat
ely before 
exercise: 

Average 
(95% CI): 

121.5 
(116.0-
126.9) 
ng/ml 

Immediate
ly post 
exercise: 

127.9 
(122.5-
133.4) 
ng/ml  

30 
minutes 
after 
exercise 
113.4 
(107.9-
118.8) 
ng/ml 

60 
minutes 
after 
exercise  

114.9 
(109.5-
120.3) 
ng/ml 

n.a n.a 

4000 steps 
fast walk 

122.9 
(117.5-
128.4) 
ng/ml 

145.4 
(140.0-
150.8) 
ng/ml 

109.3 
(103.9-
114.8) 
ng/ml 

104.7 
(99.3-
110.2) 
ng/ml 

n.a n.a 

4000 steps 
running 

122.9 
(117.4-
128.4) 
ng/ml 

158.2 
(152.8-
163.6) 
ng/ml 

114.8 
(109.5-
120.5) 
ng/ml 

112.7 
(107.3-
118.1) 
ng/ml 

n.a n.a 

Pruksa
korn et 
al. 
(2013) 
 

58 healthy 
adult 
participants 
(34 
females, 24 
males; 
mean age 
20 years)  

Steep 
14km 
walk 

30-minute 
to right 
before 
start of 
exercise 

Median 
(SE) 

9.68 
(0.38) 
U/L 

1 h post 
activity  

12.13 
(0.46) U/L  

24h after 
baseline  

7.99 
(0.31) U/L  

n.a n.a n.a 

24 age/sex 
matched 
healthy 
controls  

14km 
walk 

9.46 
(0.41) 
U/L 

10.07 
(0.53) U/L 

9.22 
(0.59) U/L n.a n.a n.a 

Niehof
f et al. 
(2010) 
 

5 healthy 
male adult 
subjects 
(mean age 
26 years) 

Run 

 

Mean ± 
SD: 

6.85 ± 
1.68 U/L 

 39% 
average 
increase 
right after 
exercise 

stayed 
high up to 
90 
minutes 
after 

n.a n.a n.a 

Niehof
f et al. 
(2011) 
 

14 healthy 
adults (7 
females, 7 
males; 

Run 

Mean 
(95%CI): 
7.3 (5.6-
8.9) U/L 

Post 
exercise 
9.1 (7.2-
11.0) U/L  

30 
minutes 
post 

8.6 (7.1-
10.1) U/L 

1-hour 
post 7.9 
(6.1-9.6) 
U/L 

2-hour 
post 

7.3 (6.0-
8.5) U/L 

3-hour 
post  

7.6 (5.8-
9.5) 
U/L 
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mean age 
23.1 years) Drop 

landing 
6.8 (5.3-
8.4) U/L 

8.9 (6.8-
10.9) U/L  

8.5 (6.8-
10.2) U/L 

7.9 (6.2-
9.6) U/L 

7.8 (6.5-
9.1) U/L 

8.5 (6.3-
10.8) 
U/L 

Rest 6.6 (5.4-
7.7) U/L 

7.2 (6.1-
8.2) U/L 

6.7 (5.5-
7.8) U/L 

7.3 (6.2-
8.3) U/L 

6.7 (5.6-
7.8) U/L 

6.8 (5.7-
7.8) 
U/L 

Dennin
g et al. 
(2014) 

12 healthy 
young 
adults (7 
males and 5 
females; 
average age 
22)  

30-minute 
run  

Mean 116 
ng/ml1, 
95% CI: 
78, 154 

Immediate
ly after: 

132 
ng/ml, 
95% CI: 
94, 170 

60-minute 
post-run: 
109 
ng/ml, 
95% CI: 
70, 147 

  

 

Firner 
et al. 
(2018) 

20 healthy 
men (mean 
age 27) 

30-minute 
run with 
passive 
KO 

Mean and 
95% C.I.: 
7.5 (6.4–
8.7) U/l 

Immediate
ly after: 

9.8 (8.8–
10.8) U/l 

30 
minutes 
after: 8.8 
(7.5–10.1) 
U/l 

1 hour 
after: 8.7 
(7.6–9.8) 
U/l 

2 hours 
after: 8.7 
(7.4–9.9) 
U/l 

 

30-minute 
run with 
active KO 

7.6 (6.4–
8.8) U/l 

10.3 (9.2–
11.5) U/l 

8.7 (7.3–
10.0) U/l 

8.0 (6.7–
9.4) U/l 

8.5 (6.9–
10.0) U/l 

 

Firner 
et al. 
(2019) 

10 healthy 
men (mean 
age 27.6) 

30-minute 
run with 
passive 
KO 

Mean ±  
SD:  8.9 ± 
2.4 U/l 

Immediate
ly after: 

10.7 ± 1.9 
U/l 

30 
minutes 
after: 
About 9.9 
U/L 

1 hour 
after: 
About 9.8 
U/l 

2 hours 
after: 
About 9.8 
U/l 

 

30-minute 
run with 
active KO 

8.5 ± 2.7 
U/l 

11.3 ± 2.1 
U/l, 

9.6 Å} 2.5 
U/l, 

About 9.5 
U/l 

About 9.6 
U/l 

 

NOTE: U/L or U/l = Units per litter; RT = Resistance training; ng/ml = nanograms per millilitre; 

CI = confidence interval; KO = Knee orthosis;   

Table 4: Summary of effects of sport participation on sCOMP levels in athletes  

Study Population Exercise 
Baseline 

Draw 

[sCOMP] 

Draw 2 

[sCOMP] 

Draw 3 

[sCOMP] 

Draw 4 

[sCOMP] 

Draw 5 

[sCOM
P] 

Hoch et 
al. (2012) 
 

29 NCAA 
division 1   
soccer players 
(18 males, 11 
females; mean 
age 19.6) 

Soccer 

Pre-season 

Mean ± SD: 

1482.9 ± 
217.9 ng/ml 

Mid season 

1723.5 ±   
257.9 
ng/ml  

Post-
season 

1624.7 ± 
231.6 
ng/ml  

n.a n.a 
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Mateer et 
al. (2015) 

6 female athletes 
(mean age 18.8) Soccer  

Median 
(Min., 

Max.): 

1285.5 
(928.4, 
1483.8) 
ng/ml 

Highest 
value 
reached 
during 
season 

1576.5 
(1260.0, 
1814.0) 
ng/ml  

Post-
season 
with 0 
minutes of 
sport 
participati
on  

1273.8 
(993.9, 
1499.0) 
ng/ml  

n.a n.a 

Neidhart 
et al. 
(2000) 
 

8 adult 
endurance 
trained runners 
(age 25 to 34 

years old) 

Marathon Median 7.1 
μg/ml  

At 42km 

8.8 μg/ml  

2 h after  

9.1 μg/ml  

24h after  

7.8 μg/ml  

48 h 
after 

7.5 
μg/ml 

16 healthy age 
and sex matched 
volunteers. 
Never run in any 
competition 

Healthy 
control 1.8 μg/ml  n.a n.a n.a n.a 

30 patients with 
knee injury knee injury  5.7 μg/ml  n.a n.a n.a n.a 

20 patients with 
OA  OA  6.0 μg/ml  n.a n.a n.a n.a 

Münderm
ann et al. 
(2017a) 

45 male adult 
runners with 
varying BMI and 
running 
experience 
(mean age 40 
years) 

Marathon 
Mean of 
approximat
ely 9 U/L 

Right after 
race: Mean 
of 

approximat
ely 13.5 
U/L  

24 h after 
race: 
Mean of 
approxima
tely 14 
U/L  

n.a n.a 

Kim, Lee, 
and Kim 
(2009) 
 

11 male adult 
experienced 
marathon runners 
(mean age 50 
years) 

Marathon 
Mean of 
approximat
ely 9 U/L 

At 10 km: 

Mean of 
approximat
ely 14.5 
U/L  

At 30 km: 
Mean of 
approxima
tely 15.2 
U/L  

At 42 km: 
Mean of 
approxima
tely  

15 U/L  

48 h 
post: 
returned 
to 
baseline 
levels  

13 male adult 
experienced 
ultra-marathon 
runners (mean 
age 52 years) 

200 km 

Mean of 
approximat
ely 10.5 
U/L 

Right after 
race: 

mean of 
approximat
ely 20 U/L  

2 days 
after: 

mean of 
approxima
tely 20.5 
U/L 

4 days 
after: 
mean of 
approxima
tely 13 
U/L  

Close to 
baseline 
at day 6 

Kim, Lee, 
and Kim 
(2007) 
 

54 experienced 
male adult ultra-

200 km 
Mean of 
approximat
ely 11 U/L 

At 100km: 
mean of 
approximat

At 200km: 
mean of 
approxima
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marathon runners 
(mean age 45.7) 

ely 14.3 
U/L  

tely 35 
U/L  

Muderma
nn et al. 
(2017b) 
 

36 adult 
experienced 
ultra-marathon 
runners (4 
females, 32 
males; mean age 
49 years) 

4486 km 
multistage 
ultramaratho
n 64 days 

Mean ± SD 

2.19 ± 0.42 
μg/ml 

Day 15:  

2.67 ± 0.48 
μg/ml  

Day 31: 
2.61 ± 
0.60 μg/ml  

 

Day 47: 
2.57 ± 
0.40μg/ml  

 

Day 58:  

2.69 ± 
0.53  
μg/ml  

Shin et al. 
(2012) 
 

20 male adult 
experienced 
ultra-marathon 
runners (mean 
age 51.5 years) 

308 km 

Mean of 
approximat
ely 

520 ng/ml 

At 100km: 
Mean of 
approximat
ely 680 
ng/ml 
(30.7% 
increase 

At 200 
km: Mean 
of 
approxima
tely 820 
ng/ml 
(60.4% 
increase) 

At 308 
km: Mean 
of 
approxima
tely 1100 
ng/ml 
(94.1% 
increase) 

 

NOTE: SD = standard deviation; ng/ml = nanograms per millilitre; μg/ml = micrograms per 

millilitre; U/L = units per litter; BMI = body mass index. 

Table 5: Summary of effects of exercise on sCOMP levels in OA population 

Study Population Exercise sCOMP 
Baseline 

sCOMP 
draw 2 

sCOMP 
draw 3 

sCOMP 
draw 4 Comments 

Muderma
nn et al. 
(2009) 

42 patients 
with medial 
compartment 
knee OA (22 
females, 20 
males; mean 
age 60.7 years) 

30-minute 
walk 

Mean 
(range) 

10.8 
(5.3–
21.9) U/l 

Right 
after:  

increased 
6.3% 
from 
baseline 

30 min 
post: 

returned 
to 
baseline 
levels 

5.5 h 
post: 

decrease
d 11.1% 
from 
baseline 
levels 

Walked in 
slower pace and 
had low grade 
OA overall 

41 healthy age 
matched 

control 
subjects (20 
females, 21 
males; mean 
age 57.5 years) 

30-minute 
walk 

10.5 
(4.5– 

19.1) U/l 

Increased 
5.6% 

Returned 
to 
baseline 

Decrease
d 14.6% 
of 
baseline 

Erhart-
Hledik et 
al. (2012) 

17 knee OA 
patients (11 
females, 6 
males; mean 
age 59 years) 

30-minute 
walk 

Mean 
(SD) 

10.4 
(3.2) 

U/L 

Right 
after: 

4% 
increase 
from 

3.5 h 
post: 

Decrease
d 6.9% 
of 

5.5 h 
post: 

Decrease
d 16.3% 
of 

Correlation of 
changes of 
sCOMP 3.5 and 
5.5h and 
cartilage 
thickness in 5 
years. 
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baseline 
levels 

baseline 
levels 

baseline 
levels 

Andersson 
et al. 
(2006) 

29 patients 
with 
symptomatic 

radiographicall
y verified knee 
OA (15 men, 
14 women; 
mean age 55 
years 

 

6 weeks/ 
2x week 
60-min 
high 
intensity 
exercise 
(endurance 
+ 
strengtheni
ng) plus 
home 
exercises 
for at least 
30 minutes 
for the 
remaining 
days of the 
week 

3 weeks 
before 
interventi
on: 
Median 
(range) 

11.03 
(6.60–
16.52) 
U/L 

Week 0 
of 
interventi
on 

Increase 
1.3 U/L 
right 
after 
exercise 

 

Week 6 
of 
interventi
on: 

Same as 
previousl
y 

Week 24 
after 
beginnin
g of 
interventi
on: 

Median 
(range) 

10.92 
(7.43–
15.98) 
U/L 

 

29 patients 
with 
symptomatic 

radiographicall
y verified knee 
OA (14 men, 
15 women; 
mean age 57 
years) 

Rest 

11.29 
(6.38–
22.11) 
U/L. 

Decrease 
0.6 U/L  

Same as 
previousl
y 

11.24 
(7.28–
22.00) 
U/L 

 

 

Hunt et al. 
(2013) 

17 individuals 
with 
radiographicall
y confirmed 

medial 
tibiofemoral 
OA (8 male, 9 
female; mean 
age 66.1 +/- 
11.3 years) 

Interventio
n group (9 
people): 10 
weeks of 
physiothera
pist-
supervised 
lower limb 
muscle 
strengtheni
ng exercise 

Mean 
(SD) 

2.20 
(0.21) 
(log U/L) 

Follow 
up 
11weks 
after 
program 
started: 

Mean 
(SD) 

2.11 
(0.24) 
(log U/L) 

   

Control 
group (8 
people): 10 
weeks of 
no exercise 

2.26 
(0.17) 
(log U/L) 

2.36 
(0.13) 
(log U/L) 
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NOTE: K/L = Kellgren and Lawrence grade, SD = standard deviation; ng/ml = nanograms per 

mililiter; CI = confidence interval; U/L = units per litter; OA = osteoarthritis. 

1.2.4.3 COMP and body weight. 

It is well known that obesity is a risk factor for developing OA, especially knee OA, due 

to increased ground reaction forces (GRF) and other biomechanical factors as well as the 

inflammatory process (Griffin & Guilak, 2005). A study showed that weight loss significantly 

decreased the risk of subsequent development of knee OA in women that were at high risk of 

developing the disease. To be more specific, they found that the odds for developing 

symptomatic OA were decreased by over 50% for every two units (about five kg for this 

population) of BMI reduction over a 10-year period (Felson et al., 1992). Another study reported 

that for every 5-unit increase in BMI (which represents a category change from either normal 

weight to overweight or overweight to obese), there is an associated 35% increase in the risk of 

knee OA development (Jiang et al., 2012). In addition, it has been suggested that more than 12% 

reduction in body weight for overweight and obese individuals with knee OA is necessary to 

improve pain symptoms, and more than 15% reduction is necessary to improve functional status 

(Huang et al., 2000).   

Azukizaw
a et al. 
(2018) 

42 women 
with OA and 
pre-OA (mean 
age 59 year) 

12 weeks 
of 90-
minute 
weekly 
supervised 
exercise 
class 
(strength, 
endurance, 
balance, 
flexibility) 

K/L ≤1 
(n = 32):  

Mean ± 
SD  

149 ± 12 
ng/ml 

Week 24:  

Mean ± 
SD  

210 ± 18 
ng/ml 

  

There is a 12-
week gap after 
the last session 
and the post-
test.   

K/L ≥2 
(n = 10):   

Mean ± 
SD  199 
± 29 
ng/ml 

Mean ± 
SD  

220 ± 35 
ng/ml 
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Having said that, it is still unclear whether weight loss benefits articular cartilage 

turnover to a point of slowing or stopping the development of irreversible joint damage in OA 

(Bartels et al., 2014). Thus, researchers have been investigating the relationship of body weight 

change and biomarkers of cartilage degradation and formation. For example, 175 obese knee OA 

people participated in a 16-week weight loss intervention program. At the end of the 

intervention, participants had lost an average of 13.4 kg and sCOMP levels significantly 

decreased compared to baseline. Moreover, the decrease in sCOMP was shown to be correlated 

to the weight loss. However, caution needs to be taken when interpreting the results since the it is 

unknown whether abrupt changes in diet (in this case for a period of 16 weeks) by itself can 

potentially influence the activity of biomarkers (Bartels et al., 2014). Richette et al. (2011) also 

investigated the effects of weight loss on cartilage biomarkers in obese OA individuals. Different 

from the previous study, the participants of this study (N = 44) had gastric bypass surgery and 

biomarkers were measured before and six months post-intervention. Six months after surgery, 

participants had their BMI and body weight reduced significantly (about 20%) and this caused a 

decrease in pain, improved function, and decreased inflammatory biomarkers, such as leptin, 

interleukin-6, C-reactive protein, orosomucoid and fibrinogen. Moreover, at the 6-month mark 

after surgery, participants had a significant decrease in sCOMP (about 36%) compared to 

immediately prior to surgery. In addition, changes in sCOMP concentration were positively 

correlated with changes in BMI and not correlated with inflammatory biomarkers. Thus, this 

study shows that high sCOMP values in obese OA individuals might be in part due to 

mechanical loading of the joint, and that losing weight can help decrease those values. 

As stated previously, OA is influenced by not only biomechanical factor, such as 

increased mechanical load, but also by a complex inflammatory process (Griffin & Guilak, 
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2005). Obesity is a low-grade inflammatory disease and considered the main modifiable risk 

factor for OA development, because of the elevated mechanical stress in the joints but also due 

to inflammatory processes (Richette et al., 2011). To illustrate that, research has shown that 

obesity increases the risk of OA in non-weight bearing joints (Griffin & Guilak, 2005). Richette 

et al. (2011) showed that after bariatric surgery, not only cartilage biomarkers significantly 

changed, but also there was a decrease in inflammatory markers in the blood that were associated 

with a marker of cartilage turnover (Hellix-II). However, Bartels et al. (2014) showed normal 

baseline levels of inflammatory markers in their overweight/obese population and no change 

after weight loss. Perhaps, inflammatory biomarkers were not elevated in this last study 

compared to the first due to their population not having a BMI as elevated (mean BMI of 37.1 

kg/m2 compared to 50.7 kg/m2). More studies need to be done in this field, especially looking 

into whether or not those changes in cartilage biomarkers after weight loss have a positive effect 

on cartilage physical structure.  

On the other hand, many researchers have been focusing their attention on investigating 

the solo role of mechanical load on cartilage turnover. To do that, studies needed to be done in a 

healthy population in order to control for inflammatory process related to obesity and OA. In 

order to modulate body load in a healthy population, tools such as weighted vests, LBPP, and 

many others can be used to artificially change their body weight. For instance, Denning et al. 

(2015) conducted a study to investigate the effects of 40% body weight change on articular 

cartilage catabolism associated with walking. They recruited 12 healthy participants, and in a 

repeated measures crossover design, those participants underwent three different sessions of 30-

minute treadmill walk: with an additional of 40% of their BW with a weighted vest, normal body 

weight, and 40% less of their BW with LBPP. To measure cartilage degradation, they 



 39 

investigated sCOMP concentration. They found that immediately after the session, sCOMP was 

significantly higher in the normal body weight (10% increase) and +40% (22% increase) groups 

compared to baseline, and that there was a significant difference (14%) between +40% and -40% 

(Table 6). They also took measurements 15 and 30 minutes after the session, and at the 15-

minute draw, sCOMP was still significantly greater than baseline only in the +40% condition, 

and at the 30-minute draw all conditions had sCOMP at baseline levels. These results show that 

sCOMP release post-exercise is greater with heavier loads and the magnitude of the load might 

also influence the amount of time sCOMP takes to go back to baseline levels. Although losing 

40% of body weight might be unrealistic for obese and overweight patients with knee OA, this 

study gives us some insight about cartilage catabolism activity with modulation of body weight.  

Another study also investigated whether sCOMP concentrations would be affected by 

changes in body weight during a 30-minute treadmill walking exercise (Herger et al., 2019). The 

difference from this study to the previous one is that they used a harness system for the 

unloading condition, and instead of 40% changes in body weight, they used 20%, a more 

achievable weight reduction for obese knee OA patients. Different from the previous study, they 

found significant increases in sCOMP levels in all three conditions (20% BW, normal BW, and -

20% BW) immediately after exercise compared to baseline. In the first study, the group that 

underwent -40% body weight reduction did not have a significant increase in sCOMP levels 

immediately post exercise. This difference between the two studies might be explained by the 

fact that Denning et al. (2015) used a higher level of body weight support and a different 

unloading method. Moreover, this study also investigated GRF in each condition. They showed 

the GRF impulses of the 20% BW condition was 18% greater than the normal BW condition and 

the GRF impulses of the -20% condition was on average 20.7% lower than the normal body 
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weight condition. This shows that the magnitude of the increase in sCOMP is influenced by the 

magnitude of the applied exercise load (higher GRF are associated with higher sCOMP post-

exercise). Interestingly, for the loaded condition, Denning et al. (2015) found a smaller percent 

change in sCOMP post exercise (22%), compared to this last study (37.3% increase), although 

participants walked with a higher weight percentage added in Denning et al. (2015). Thus, it is 

important to note that factors such as participants individuality (for example sCOMP baseline 

levels) and methodology used (for example different equipment) in each study can impact study 

results and making it more difficult to make comparisons among studies. Another difference in 

results between these two studies is that in Herger et al. (2019), values of sCOMP just started to 

return to baseline 60 minutes after completion of exercise, while in the other study baseline 

levels were achieved within 30 minutes post-exercise. This may be explained by the fact that 

there was a higher increase in sCOMP post exercise in all conditions in the second study than in 

the first one. 

Overall an acute bout of exercise seems to have an effect on sCOMP levels post-exercise. 

Exercise parameters such as duration, speed of ambulation, and number of ground contacts seem 

to have a role in the magnitude of sCOMP released post-exercise. Body load has also been 

shown to have an effect on sCOMP levels, with greater body weight producing greater GRF and 

greater sCOMP levels. During exercise, modulation of body load has been shown to have an 

effect on sCOMP levels post-exercise, with greater loads (higher GRF) eliciting greater increase 

in sCOMP. Therefore, body weight reduction as little as 20% of an individual’s body weight 

may have a positive effect on sCOMP release. Besides that, it can also improve clinical 

symptoms in OA (Richette et al., 2011). However, it is not possible to say yet whether this 

decrease in sCOMP due to body weight change has an effect in the actual cartilage physical 
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structure. However, higher sCOMP levels have been reported to be associated with disease 

progression (Kumm et al., 2013; Sharif et al., 2004; Vilı́m et al., 2002), thus, decreases in 

sCOMP concentration due to body weight change might have a role in avoiding disease 

progression. Nonetheless, researchers have argued that investigating one biomarker alone is not 

sufficient to understand disease status in response to interventions (Bay-Jensen et al., 2010; 

Garvican, Vaughan-Thomas, Innes, et al., 2010).  

Table 6: Summary of effects of loaded and unloaded exercise on sCOMP concentration in 

healthy population 

Study Population Condition 

[sCOMP] 

Right 
before 

exercise 

[sCOMP] 

post 
exercise  

[sCOMP] 

15-min 
post 

exercise  

[sCOMP] 

30-min 
post 

exercise  

[sCOMP] 

60-min 
post 

exercise 

Denning 
et al. 
(2015) 

12 healthy 
individuals 

(6 females, 6 
males; mean 
age 20 
years) 

30-minute 
walk with 
-40% BW 

Mean 
(95% CI) 
106.5  

(100.3 – 
112.7) 
ng/ml 

114.5  

(108.3 – 
120.7) 
ng/ml 

108.0  

(101.8 – 
114.2) 
ng/ml 

105.6  

(99.3 – 
111.8) 
ng/ml 

n.a 

30-minute 
walk with 
regular 
BW 
(Control) 

107.1  

(100.9 – 
113.4) 
ng/ml 

117.9  

(111.7 – 
124.2) 
ng/ml 

109.4  

(103.2 – 
115.6) 
ng/ml 

106.8  

(100.5 – 
113.0) 
ng/ml 

n.a 

30-minute 
walk with 
+40% BW 

106.5  

(100.3 – 
112.7) 
ng/ml 

130.4  

(124.2 – 
136.6) 
ng/ml 

119.1  

(112.8 – 
125.3) 
ng/ml 

112.4  

(106.2 – 
118.6) 
ng/ml 

n.a 

Herger et 
al. (2019) 

24 healthy 
volunteers 

(12 female, 
12 male; 
mean age: 
25.7 years) 

30-minute 
walk with 
-20% BW 

473.3 
ng/ml 
(207.8) 

592.5 
ng/ml 
(237.7) 

n.a 
492.6  
ng/ml 
(203.7) 

466.9 
ng/ml 
(200.5) 

30-minute 
walk with 
regular 
BW 

449.9 
ng/ml 
(182.2) 

566.7 
ng/ml 
(200.8) 

n.a 
463.4 
ng/ml 
(161.8) 

442.9 
ng/ml 
(163.7) 
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30-minute 
walk with 
+20% BW 

488.2 
ng/ml 
(273.5) 

646.2 
ng/ml 
(295.6) 

n.a 
520.0 
ng/ml 
(248.4) 

485.1 
ng/ml  
(244.2) 

Note: BW = body weight; SD = standard deviation; ng/ml = nanograms per millilitre; CI = 

confidence interval. 

1.2.4 N-propeptide of type II collagen (PIIANP). 

Collagen is the most important constituent of articular cartilage and type II collagen is the 

most abundant one (Fox et al., 2009). Because of that, it is important to understand collagen 

turnover and its role in joint diseases. Thus, biomarkers that characterize type II collagen 

breakdown and synthesis have been investigated. The breakdown of cartilage collagen is 

mediated by matrix metalloproteinases (MMPs), which are a family of degradative enzymes 

(Garvican, Vaughan-Thomas, Innes, et al., 2010). When there is a high expression of MMPs and 

low expression of their regulatory inhibitors, called tissue inhibition metalloproteinase (TIMPs), 

a homeostatic imbalance occurs, causing collagen breakdown (Garvican, Vaughan-Thomas, 

Innes, et al., 2010). 

Chondrocytes synthesize type II collagen as procollagen. The propeptide (immature 

protein) is composed of three domains called triple helix: a signal peptide, a carboxy-propeptide 

domain (C-terminal propeptide) and an amino-propeptide domain (N-terminal propeptide) 

(Garvican, Vaughan-Thomas, Innes, et al., 2010; Nemirovskiy et al., 2008) (Fig. 2). Type II 

procollagen is synthesized in two splice forms: type IIA and type IIB. The difference is that the 

first one has an extra exon 2 encoding the 69 amino-acid in the cysteine-rich domain of the N-

propeptide (Rousseau et al., 2004) (Fig. 3). The triple helix is then secreted into the ECM and the 

C- and N-terminal are cleaved for final aggregation of procollagens and formation of collagen 
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fibrils resulting in tropocollagen, which are the subunits of collagen molecules. Tropocollagen, 

then, naturally aggregates to form collagen (Garvican, Vaughan-Thomas, Innes, et al., 2010). 

 

Figure 2: Collagen synthesis (Garvican, Vaughan-Thomas, Innes, et al., 2010). 

 

Figure 3: Type IIA and type IIB procollagen (Rousseau et al., 2004).  
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Once the C- and N-terminal propeptides are cleaved and released, their serum levels can 

be used to investigate the rate of synthesis activity of articular cartilage (Rousseau et al., 2004). 

Primarily, assays were created to access type II collagen synthesis for the C-propeptide of type II 

collagen, also called Procollagen II C-Terminal Propeptide (PIICP) or c-propeptide of type II 

procollagen (CPII) (Garnero et al., 2002; Rousseau et al., 2004). Later, Rousseau et al. (2004) 

developed an immunoassay for N-propeptide of type IIA collagen, also called PIIANP. Different 

from type IIB, that is expressed in high levels in chondrocytes of normal adult cartilage, type IIA 

procollagen has been considered to be predominantly expressed in fetal development (Aigner et 

al., 1999). It has been suggested that Type IIA is replaced by type IIB in adult cartilage, or that 

the type IIA epitope is cleaved off forming the collagen fibrils (Aigner et al., 1999). However, 

Aigner et al. (1999) found that during cartilage degeneration in OA, chondrocytes re-express a 

type IIA collagen chondroprogenitor phenotype that is similar to the ones observed in fetal 

skeletal development. As a result, many researchers have been investigating the link between 

PIIANP with OA.  

Different from COMP, there is little data available on PIIANP. Most of the available 

research focuses on the relationship of PIIANP levels and OA. However, the findings are still 

inconsistent. For example, Rousseau et al. (2004) compared serum levels of PIIANP of 43 

patients with knee OA, 88 matched healthy controls, 63 women with RA, and 67 healthy age-

matched women controls. They found that the mean serum levels of PIIANP were significantly 

lower in patients with knee OA (12.0±3.2 ng/ml vs 25.8±7.5 ng/ml) and RA (14.1±2.5 ng/ml vs 

21.7±7.6 ng/ml) compared to their respective sex and age-matched controls. Interestingly, this 

study contrasts the findings of Aigner et al. (1999) where there was a significant level of PIIANP 

in the healthy controls, going against the theory that type IIA collagen is not expressed in healthy 
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adult cartilage tissue. The authors suggested that type IIA may arise from other body areas, 

however, more studies need to be done to investigate PIIANP expression in healthy adult 

cartilage. Moreover, Aigner et al. (1999) found that type IIA collagen is extensively re-expressed 

by chondrocytes in adult cartilage of people with OA. However, Rousseau et al. (2004) found 

significantly decreased levels of serum PIIANP in the diseased population. This discrepancy 

might be explained by the fact that the first study investigated cartilage tissue extract, while the 

second one investigated serum levels of PIIANP. Further studies need to be done to get a better 

understanding of the PIIANP activity in cartilage culture, synovial fluid, and serum in healthy 

and OA populations. Concentration levels of PIIANP have also been investigated in non-weight 

bearing OA joints. Chen et al. (2008) found that PIIANP serum levels were significantly lower in 

clinically diagnosed hand OA patients compared to healthy controls. 

Researchers have investigated the association of serum levels of PIIANP and OA in 

different joints simultaneously (Daghestani et al., 2017). In their cross-sectional study, the 

authors looked into the independent association of serum levels of PIIANP with osteophytes and 

with joint/disc space narrowing burden in knees, hips, hands and spine, individually and 

together. They found that lower levels of serum PIIANP was associated with greater 

radiographic burden (as total joint faces with an osteophyte and joint space narrowing) of knee 

and hip OA. The median concentrations of serum PIIANP was 3,102.8 ng/ml (ranging from 

695.1 to 15,489.4 ng/mL). Most participants (80%) were female (N = 992), mean age of 65 years 

and average BMI of 28.75 kg/m2. PIIANP was not associated with sex and age, but it had a weak 

association with BMI. A limitation of this study is that it did not include a control group. 

Moreover, as it was a cross-sectional study, it could not identify the association of PIIANP and 

OA in the long run. 
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Other studies have looked into the ability of this biomarker to predict disease progression. 

Garnero et al. (2002) investigated both type II collagen synthesis (through serum PIIANP levels) 

and breakdown (uCTX-II levels) in 75 patients with knee OA compared to 58 controls. The 

researchers also assessed disease progression in order to investigate whether those biomarkers 

could predict joint damage progression. They found that OA patients had decreased levels of 

serum PIIANP compared to controls (20.2±5.8 ng/ml vs 28.5±5.1 ng/ml) and increased levels of 

uCTX-II. Although they found that PIIANP and CTX-II are not correlated, they found better 

discrimination between OA patients and controls when analyzing both molecules together in an 

uncoupling index (Z-score CTX-II – Z-score PIIANP) than when analyzing them individually. 

Moreover, although at baseline high levels of CTX-II and low levels of PIIANP were not 

associated with smaller JSN among the OA patients, in the long run (1 year) those levels were 

associated with increased rates of joint degeneration. Recently, another study investigating OA 

disease progression was published (Kraus et al., 2017) and they found similar results. They did a 

nested case-control study to investigate the 18 best-qualified OA-related biomarkers and their 

capability to predict knee OA progression over 12 and 48 months follow up compared to 

baseline. They found that a decrease in serum levels of PIIANP was correlated with knee OA 

progression. 

 Sharif et al. (2007) also analyzed both synthesis and degradation of type II collagen in 

patients with OA but they found different results from the previous studies. In addition, they also 

investigated disease progression (2mm reduction in JSN or total knee replacement) but for a 

longer period (five years). A total of 84 participants with knee OA completed the whole study, 

and different from the previous studies, they found that there was a significant increase in serum 

PIIANP in all patients over the 5 years. It was also identified that over the 5-year period, those 
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that progressed in disease had higher serum PIIANP and uCTX-II levels than those that did not 

progress. The results of this latter study are very interesting, since previous studies have shown 

lower serum levels of PIIANP in OA population and lower levels in disease progression. This 

discrepancy might be explained by differences in the diseased populations, for example, in 

Garnero et al. (2002) and Kraus et al. (2017), only people with established OA participated in the 

study. It seems that with established OA, the remaining cartilage become less metabolically 

active (Garvican, Vaughan-Thomas, Clegg, et al., 2010). Therefore, those individuals in Garnero 

et al. (2002) and Kraus et al. (2017) might have had already a decreased capacity for cartilage 

repair. Similarly, Bender et al. (2019) found significant elevated resting levels of serum PIIANP 

in hand OA female patients compared to healthy controls (pre- and post-menopause females). 

They argue that the high levels of PIIANP in the diseased group is a characteristic of a 

compensatory up-regulation attempt to repair the cartilage, since this is a biomarker of cartilage 

synthesis. Again, it seems that the participants in this study had mild hand OA (based on their 

K/L score, which in average was 25, when the maximum score is 60 per hand), therefore, 

different from patients with long-standing and advanced levels of the disease, their cartilage 

might still be trying to repair, and this can be seen by the high turnover rate of biomarkers in the 

serum. Kumm et al. (2013) found that higher levels of serum PIIANP were associated with 

progressive osteophytosis in middle-age adults with early OA. On the other hand, they could not 

find an association between the overall OA progression (through JSN) and PIIANP levels. In this 

study, the majority of participants had no OA (43.7%) or mild OA (50.8%) at the beginning of 

the study. At the end of the study (six years later), the majority of participants (85%) still had no 

OA or mild OA (Kumm et al., 2012; Kumm et al., 2013) ).  
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 Although most studies show that serum levels of PIIANP are lower in OA patients (Chen 

et al., 2008; Daghestani et al., 2017; Garnero et al., 2002; Rousseau et al., 2004) and even lower 

in those that have progressive disease (Garnero et al., 2002; Kraus et al., 2017), the literature on 

PIIANP and OA is inconsistent (Table 7). However, we can conclude based on the research 

available to date that concentrations of this biomarker differ from cartilage extract, synovial 

fluid, and serum. In addition, studies agree that the raised levels of PIIANP may be due to an 

increase in type II collagen synthesis as an attempt to repair the injured cartilage, especially in 

the early stages of the disease as seen in Bender et al. (2019) and Kumm et al. (2013). This rise 

in PIIANP level could be a response to a progressive change of chondrocyte phenotype to 

chondroprogenitor phenotype in order to repair the ECM (Aigner et al., 1999; Garnero et al., 

2002; Rousseau et al., 2004; Sharif et al., 2007). In contrast, with more advanced OA, the 

cartilage might lose its ability to synthesize type II collagen due to decreased cartilage mass and 

cells (Nelson et al., 1998; Rousseau et al., 2004).  

 

Table 7: Summary of serum PIIANP levels in OA and progressors 

Study Study Group PIIANP Control PIIANP Findings 

Rousseau 
et al. 
(2004) 

43 patients with knee OA 
(23 women and 20 men; 
age mean ±  SD: 62.6 ± 
9.6)  & 63 women with 
RA (age mean ± SD: 
54±16)  

Mean and SD 

Knee OA: 
12.0 ± 
3.2mg/ml 

RA: 14.1 ± 2.5 
ng/ml 

53 matched 
healthy 
control for 
OA (32 
women and 
21 men, 
mean age: 

62.4±7.7 yr) 

67 healthy 
age-matched 
women 
control for 
RA (mean 

Knee OA 
healthy 
control 
group: 25.8 ± 
7.5 ng/ml 

RA healthy 
control 
group: 21.7 ± 
7.6 mg/ml 

Significant lower 
levels of PIIANP in 
Knee OA and RA.  
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age: 53±13 
yr) 

Daghestani 
et al. 
(2017) 

243 men and 992 women, 
(age mean ± SD: 65.4 ± 
9.0) from the Genetics of 
Generalized 
Osteoarthritis study 
(participants with OA in 
4 different body parts 
(hand, knee, hip and 
spine) 

Concentrations 
of sPIIANP 
ranged from 
695.1 to 
15,489.4 
ng/mL 
(median of 
3,102.8 and 
interquartile 

range of 
2,178.7 
ng/mL) 

No control  Lower serum 
PIIANP was 
associated with 
greater radiographic 
burden of knee and 
hip OA 

Garnero et 
al. (2002) 

75 patients with medial 
knee OA (51 women, 24 
men; age mean ±SD 63 
±8 years, disease duration 
mean ±SD 4.8 ±5.2 
years) 

Mean ±SD: 
20.2 ± 5.8 
ng/ml 

58 healthy 
controls (38 
women, age 
mean ±SD 
63.2 ±8.1 
years, and 20 
men, age 
mean ±SD 
62 ±8.2 
years). 

28.5 ± 5.1 
ng/ml 

1) PIINAP baseline 
levels were 
decreased in OA 
patients.  

2) In 1-year, high 
baseline levels of 
CTX-II and low 
levels of PIIANP 
were associated with 
increased rates of 
joint degeneration 

Kraus et 
al. (2017) 

Nested case–control 
study: 194 case (57% 
female):  knee OA with 
clinically relevant (both 
radiographic and pain) 
progression (age mean 
(SD): 62.0 (8.8) 

 
 

Mean (SD): 
2581.1 (783.7) 
ng/ml 

 

406 
comparators 
(60% 
female): OA 
knees 
lacking the 

combination 
of 
radiographic 
and pain 
progression. 
Age mean 
(SD): 61.3 
(8.9) 

2677.2 
(752.5) ng/ml 

Decrease in serum 
levels of PIIANP 
was correlated with 
knee OA 
progression.  
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Sharif et 
al. (2007) 

84 patients (mean age 64 
years, 45 females). There 
were 24 progressors and 
60 non-progressors 

Non-
progressors: 

Baseline: 

190 ng/ml 

2 years:  

220 ng/ml 

3 years:  

230 ng/ml 

5 years:   

270 ng/ml 

 Progressors: 

Baseline: 210 
ng/ml 

2 years:  

260 ng/ml 

3 years:  

255 ng/ml 

5 years:  

310 ng/ml 

1) PIIANP increased 
progressively during 
the 5-yr follow-up in 
all patients 

2) Overall patients 
who progressed had 
higher serum 
PIIANP levels over 
5 yrs than non-
progressors although 
the difference on 
baseline values did 
not reach statistical 
significance. 

Kumm et 
al. (2013) 

128 subjects (66% 
females, age mean ± SD: 
45.0 ± 6.2 years. 

Study duration = 6 years.  

Beginning of study:  

43.7% people had no OA, 
50.8% mild OA,  

4.7% had OA grade 2 

End of study: 

18% people had no OA, 
67% people had OA 
grade 1, and 15% had OA 
grade 2–3 

21 people 
progressed 
from 2002 to 
2005 and their 
average 
PIIANP levels 
in 2005 were: 
758.5 ng/ml 

 25 people did 
not have OA 
from 2002 to 
2005 and 
their average 
PIINAP 
levels in 
2005 were: 
602.7 ng/ml 

Higher values of 
COMP, CTx-II, and 
PIIANP assayed in 
2005 were observed 
in OA subgroups 
involving 
progressive 
osteophytosis when 
compared to 
subjects without OA 

Chen et al. 
(2008) 

341 participants (229 
Female, age mean ± SD: 
54.87 ± 15.69, and 112 
Male, age mean ± SD: 
53.31 ± 15.14. 

PIIANP was analyzed for 
271 people and 3 hand 
OA definitions were 
evaluated. In each 
definition, participants 
were divided in: Group 1 
people that have hand 
OA, group 2: people that 
don’t have hand OA but 
have symptoms, and 
control (no symptoms or 
evidence of hand OA) 

PIIANP levels 
in HAND OA 
group (mean ± 
SD): 

Definition 
1(N=36): 7.04 
± 0.54 ng/ml 

Definition 2 
(N=41): 6.99 ± 
0.54 ng/ml  

Definition 3 
(N=108): 6.97 
± 0.56 ng/ml 

  

  

45 control  PIIANP 
levels in 
Control:  

7.31 ± 0.53 
ng/ml 

 

When adjusted for 
age and sex, 
PIIANP, was 
significantly lower 
in the hand OA 
group compared 
with the control 
group for 3 all 
definitions of hand 
OA 

Bender et 
al. (2019) 

24 hand OA female 
patients (12 Heberden’s 

Mean ± SD 12 post 
menopause 

Post-
menopause: 

A significantly 
elevated PIIANP 
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OA, 12 Bouchard’s OA). 
Mean age 61.5 years.   

Heberden’s 
OA: 

1394 ± 383 
ng/ml 

Bouchard’s 
OA: 1389 ± 
487 ng/ml 

controls (no 
OA). Mean 
age 59.9 
years 

12 pre-
menopause 
controls (no 
OA). Mean 
age 24.3 
years 

1172 ± 386 
ng/ml 

Pre-
menopause: 
1027 ± 294 
ng/ml 

level was 
determined in 
patients with a more 
Heberden-
accentuated hand 
OA compared with 
healthy controls.  

Note: SD: Standard deviation; ng/ml: nanograms per millilitre; OA: osteoarthritis, RA: 

rheumatoid arthritis 

Different from COMP, not much research has been done to investigate the effects of 

physical activity/exercise and body weight on serum levels of PIIANP. The majority of research 

has focused on diseased populations. For example, one study looked into the diurnal variation of 

PIIANP levels in an OA population. They found that levels of PIIANP increased about 4.5% 

after about 1 to 2 hours of morning activities and then returned close to baseline throughout the 

rest of the day (Quintana et al., 2008). One possible explanation given by the authors for this 

initial rise in PIIANP is that during rest, PIIANP accumulates in the joint and it is carried by the 

lymphatic system and released to the blood during physical activity. However, Christensen et al. 

(2010) found different results. They did a study to investigate variations in sPIIANP levels 

during the day in a RA and healthy population. In the same study they also investigated the 

effects of 25-minute cycling exercise on sPIIANP levels in a different cohort of RA patients and 

healthy controls. Different from Quintana et al. (2008), they found no significant diurnal 

variation in sPIIANP levels in any cohort. Moreover, baseline values of PIIANP were also not 

statistically different among RA and healthy controls. They also found that sPIIANP levels were 

not influenced by physical exercise. Comparison and generalization of these two studies need to 

be done carefully, since they used cohorts with different diseases (OA and RA), and different 
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methodology in regard to the intervals of blood draws. Moreover, in regard to the exercise 

experiment, it is necessary to take into consideration that cycling is a non-impact exercise, and 

results could be different if weight bearing exercises were used.  

On the other hand, a recent study showed some new information about PIIANP serum 

activity after exercise (Bender et al., 2019). This study looked into biomarkers levels in hand OA 

patients and healthy controls after hand exercise (compressing a blood pressure cuff inflated to 

30 mM Hg 20 times with the diseased hand) (Bender et al., 2019). They took blood samples at 

several time points post-exercise (1, 2, 5, 10, 15, 30, 45, and 60 min) and they found a significant 

increase in PIIANP and other OA biomarkers (including COMP) in the first 15-minutes post-

exercise. Nevertheless, mechanical exercise might induce the transport of PIIANP from the joints 

to the blood circulation, and the activity of PIIANP in the serum seems to be the highest during 

the first 15-minute post-exercise. However, more studies with different types of exercises, 

differing intensities, body weight loads, and durations need to be done to investigate PIIANP 

levels post-exercise. Moreover, since baseline levels of PIIANP seems to be altered in OA 

patients (and exercise might help to induce the transport of biomarkers from the joint to the 

serum) (Bender et al., 2019; Chen et al., 2008; Daghestani et al., 2017; Garnero et al., 2002; 

Rousseau et al., 2004), it would be prudent to investigate whether exercise has an impact on 

PIIANP levels in healthy joints.    

In regard to body weight, one study, that has already been mentioned previously 

(Richette et al., 2010) investigated the effects of weight loss on knee pain and disability, low-

grade inflammation and metabolic status, and joint biomarkers, in obese OA patients. Those 

participants went through gastric surgery and lost about 20% of their body weight. Besides 

improving disease symptoms, weight loss caused a 36% decrease in sCOMP and a 32% increase 
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in sPIIANP. The mechanism(s) whereby the effects of reducing body weight on these biomarkers 

are unknown. sCOMP has been considered a mechano-sensitive marker, thus the reduced joint 

load after massive weight loss might influence COMP release (Richette et al., 2010). However, 

no information about mechanism of body weight reduction and PIIANP has been reported. On 

the other hand, a study that was mentioned previously that investigated the correlation between 

PIIANP and body weight found that PIIANP serum levels were strongly positively correlated 

with BMI, especially in females (Kumm et al., 2013). However, Garnero et al. (2002) found no 

significant association between serum levels of PIIANP with BMI and Daghestani et al. (2017) 

found that PIIANP had a weak positive association with BMI. In summary, there is a lack of 

research about the effects of exercise and body weight on serum levels of PIIANP. Moreover, for 

the available research, results are inconsistent. Therefore, more studies need to be done to 

investigate the effects of exercise and body weight change in serum levels of PIIANP.  

1.3 Statement of the Problem 

To date, research has not been able to specifically quantify how changes in joint load 

(from losing or gaining weight, or through different types of exercise, for example) directly 

affect the anabolic and catabolic activity of articular cartilage in weight bearing joints. Previous 

research have shown that loading the body with an extra 40% of body weight and even 20% 

induced a significant increase in sCOMP levels, and unloading the body by 20% induced a 

significant decrease in sCOMP levels (Denning et al., 2015; Herger et al., 2019). While the 

literature has shown the association of sCOMP with exercise and body weight, to date, there is 

no research investigating the effects of loaded and unloaded exercise on both sCOMP and 

PIIANP. Since cartilage degeneration results from an imbalance of cartilage synthesis and 

degradation, studying both markers together might give a better picture of cartilage activity 
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(Cahue et al., 2007). Moreover, losing 40% or even 20% of body weight might not be realistic in 

the short run for obese people with OA. Takacs et al. (2013) showed that an average of 12.4% 

LBPP support was enough to significantly relieve pain during weight bearing exercise in 

overweight individuals with knee OA. Pain during exercise is an important factor that impacts 

participants adherence to an exercise program. Knowing the degree of unloading that needs to 

occur for pain reduction/elimination during exercise is important for physiotherapists and 

exercise professionals as it can make exercise more enjoyable for the overweight/obese OA 

population. 

The objective of this research was to evaluate the acute effects of 12% body weight 

unloaded or loaded single bouts of walking exercise on serum concentrations of COMP and 

PIIANP in young, healthy adults. The main rationale for this research is to identify if either 

unloading or loading with 12% body weight will alter the presence of these two cartilage 

metabolism biomarkers in systemic circulation. This is important to understand the dose-

response relationship between ambulatory load magnitude and load-induced changes in 

biomarkers involved in cartilage metabolism. Moreover, understanding a normal biomarker 

response to loaded and unloaded acute activity is crucial to further understand biomarker 

responses to exercise. 

1.4 Hypotheses 

Previous published studies have shown that sCOMP is a mechano-sensitive biomarker of 

cartilage catabolism (Cattano et al., 2017) . More specifically, exercise and body load changes 

affect sCOMP concentrations (Denning et al., 2015; Herger et al., 2019; Cattano et al., 2017). 

Previous studies have shown that 30-minutes of exercise, as light as a walk, is enough to 

significantly raise sCOMP levels (Denning et al., 2016; Mündermann et al., 2005), and that 
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increasing the body load during exercise increases the magnitude of COMP release in serum 

(Denning et al., 2015; Herger et al., 2019. Regarding PIIANP, there is minimal research 

available that investigated the direct relationship of exercise and body weight changes in the 

serum levels of this biomarker of cartilage synthesis. However, most research has shown that this 

biomarker is decreased in people with established OA and it increases after weight loss in obese 

people with knee OA (Chen et al., 2008; Daghestani et al., 2017; Quintana et al., 2008; Richette 

et al., 2010; Rousseau et al., 2004). Therefore, this project will have two main hypotheses: 

1) A 12% increase in body load will produce a statistically significant greater increase in 

sCOMP than a 12% decrease in body load and control after weight bearing walking 

exercise. 

2) A 12% increase in body load will produce a statistically significant greater decrease in 

PIIANP than a 12% decrease in body load and control after weight bearing walking 

exercise. 
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CHAPTER 2 – METHODS 

2.1 Experimental Design 

This study utilized a repeated measures cross-over design, where participants acted as their own 

controls. The effects of three different 30-minute walking sessions on the acute response of 

sCOMP and PIIANP were investigated in each participant. The three different conditions that 

were analyzed are the following: (1) 30-minute walking session on the Alter-G treadmill (G-

Trainer treadmill by Alter G Inc.) with 12% of the individual’s body weight unloaded from them; 

(2) a 30-minute walking session on the Alter-G treadmill with 12% of the individual’s body 

weight added to them by wearing a weighted vest; and (3) a 30-minute walking session on the 

Alter-G treadmill with no body weight alteration. Since the same participants are used in each 

condition in this research design, participants’ individual differences are reduced, allowing us to 

make safer assumptions that the observed differences among treatment conditions are due to 

treatment effects and not variability among subjects. Moreover, the order that the participants 

completed each bout of walking were randomly allocated to achieve a balanced design. There 

was a minimum of 48 hours between conditions to ensure there are no carry over effects. The 

primary dependent variables for this study were the serum concentrations of sCOMP and 

PIIANP which were measured at four time-points surrounding each walking exercise bout: 

baseline, immediately post-exercise, 15 minutes post- exercise and 30 minutes post-exercise.  
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Figure 4: Illustration of the walking session’s protocol. Each participant completed, in a 

randomized counterbalanced order, each of the three walking sessions on different days, with at 

least 48 hours in between. BW = Body weight; Min = Minutes 

2.2 Participants 

A convenience sample of 18 participants were recruited for this study based on the previous 

work of Herger et al. (2019) where mean sCOMP increased above baseline by 26.8 ± 12.8%, 

28.0 ± 13.3% and 37.3 ± 18.3% for 20% BW reduced, normal or increased load condition, 

respectively. Parameters for calculation of the sample size included: α = 0.05, β = 0.80, and 

accounting for a 20% drop out rate. Participants were recruited from the young, healthy 
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university aged population (18-30 years of age) through social media and poster advertisements. 

The age range was chosen in order to minimize variations in biomarkers concentration among 

participants since the literature has shown that increasing age has a large influence in sCOMP 

concentration values (Clark et al., 1999; El-Arman et al., 2010; Sharif et al., 2004; Verma & 

Dalal, 2013; Vilim et al., 2002). Further, participants had no history of: (1) traumatic injury to 

the lower extremity in the past year; (2) hip, knee, or ankle surgery; (3) radiographic evidence of 

joint degeneration; (4) cardiovascular disease, or screen positive for ankylosing spondylitis, 

psoriatic arthritis, chronic reactive arthritis, or renal problems requiring peritoneal dialysis or 

hemodialysis; and (5) not currently using any prescription or non-prescription drugs and/or 

nutritional supplements. The exclusion criteria were chosen in order to minimize potential 

cofounders that might influence biomarkers concentrations. For example, it has been reported in 

the literature that lower body injuries, such as ACL and meniscus tear, might affect sCOMP 

concentration values (Lohmander et al., 1994; Neuman et al., 2017).  Lastly, all participants 

completed a Get Active Questionnaire in order to rule out any other medical conditions that may 

impede them from participating in the walking exercise trials. Once the screening process was 

completed and informed consent was provided, participants completed baseline testing and 

entered the study. 

2.3 Procedures 

2.3.1 Anti-gravity treadmill and Lower Body Positive Pressure: All the walking 

exercises were done on the Anti-gravity treadmill by AlterG. This treadmill contains a 

technology called lower body positive pressure (LBPP) which is a system that uses an inflatable 

air chamber that attaches to neoprene zipper shorts creating a positive air pressure. This pressure 

can be adjusted up to 80% body weight unloading support (Peeler et al., 2015). During the 
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loaded and normal body weight walking sessions, participants were also attached to the air 

chamber through the neoprene shorts but there was no manipulation in body weight support. 

2.3.2 Baseline Testing: Baseline testing took place at the exercise physiology lab room at 

the University of Manitoba Fort Gary Campus. Participants came to the laboratory, and in a 

rested state (seated quietly for 5 minutes), the researcher took the following measurements: (1) 

resting heart rate (via radial pulse) and blood pressure (via sphygmomanometer and stethoscope); 

(2) height (via stadiometer Seca 22, SECA, chino, CA, USA) ; (3) weight (via ©2017 InBody 

Co., Ltd.); (4) percent body fat (via bioelectrical impedance analysis, ©2017 InBody Co., Ltd); 

(5) waist circumference; (6) hip circumference; (7) femoral length; (8) fibula length; (9) leg 

circumference; and (10) leg alignment (all via anthropometric tape measurements: Almedic 

Measuring tape - 150 cm). Those measurements were taken in order to determine if the sample 

fits into normal ranges for those measurement parameters. 

2.3.3 Acute Walking Exercise: All the walking sessions took place at the research lab of the Pan 

Am Clinic. Participants were asked to refrain from exercise, over the counter non-steroidal anti-

inflammatory drugs and nutritional supplements for 48 hours before session, and alcohol, 

smoking, and drug use for 12 hours prior. Before the session began, participants were weighed 

again with their shoes on and Body Mass Index (BMI) was calculated for the three different 

types of weight conditions: (1) 12% BW reduced, (2) 12% BW added, and (3) regular body 

weight. The weight for the loaded condition was calculated after taking the participants’ body 

weight with shoes and adding 12% to that number. After that, we put participants back on the 

scale wearing a vest and added little weight bars to the weight vest until we achieved the desired 

loaded weight. Following the first blood draw, participants put on AlterG shorts. Shorts come in 

different sizes, and participants were asked to choose the size that fits them the best, and they 
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were required to use the same size for all the sessions. Participants then stepped on the AlterG 

treadmill and started their 30-minute walk session while a researcher stood beside them. The 

speed of the treadmill was set to 3.1 mph and 0% incline. The duration, speed and incline 

settings were selected based on previous studies that used similar settings and that showed this 

methodological approach to be safe (Peeler et al., 2015; Takacs et al., 2013). Moreover, the 

selected speed represents a regular walking speed for most people. Heart rate (HR) was 

measured right before the treadmill starts running via a Fitbit watch (Flex model, Fitbit Inc.) and 

HR was monitored every 5 minutes during the walking exercise as well as pain via Visual 

Analogue Scale (VAS). These variables were monitored in order to examine if there were any 

significant differences between them during the three walking conditions. Moreover, participants 

put on a pedometer step counter (New Lifestyles NL-2000 activity monitor), and by the end of 

the walk, the number of steps taken was recorded and used to compare all the 3 walking sessions. 

Participant came to Pan Am three times, with at least 48 hour between sessions in order to allow 

for complete recovery between exercise sessions, to perform the following conditions in a 

randomized counter balanced order: (1) using lower body positive pressure support to reduce 

total body weight of participants by 12% during walking exercise; (2) wearing a weight 

jacket/vest to increase total body weight of participants by 12% during walking exercise; and (3) 

having participants walk at their normal body weight during walking exercise to serve as the 

control.  

2.3.4 Blood Sample Analysis: A certified phlebotomist drew approximately six mL of 

blood from each participant at four time points in surrounding each session: immediately before 

starting the walking session (following a 30-minute complete seated rest period), immediately 

after the walking session, and at 15- and 30-minutes post-exercise (Fig. 4). Blood samples were 
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taken by venipuncture from the antecubital vein into serum separator vacutainer tubes. Blood 

was left to clot in an upright position for about 20 minutes before centrifugation. Then, whole 

blood was centrifuged at 2500 rpm for 15 minutes to separate the serum. The serum was then 

aliquoted into microtubes and frozen at -80°C until analysis. Serum was then used to assess 

PIIANP and sCOMP as measured by an enzyme-linked immunosorbent assay (ELISA) in the 

blood according to the manufacturer’s instructions (Quantikine Human Kit, R&D Systems, 

Minneapolis, MN for sCOMP and Millipore Sigma, Etobicoke, ON for PIIANP). ELISA is a 

plate based-assay technique made to detect and quantify substances such as peptides, proteins, 

hormones and antibodies. They are performed in a 96 well-plate. The most robust and sensitive 

ELISA assay format is the sandwich assay. This assay format binds the measured analyte in 

between the capture antibody and the detection antibody. The protocol starts with a capture 

antibody specific to the protein of interest coated into the wells. Then, serum samples, controls 

and standards are added to each well and incubated to allow the molecule of interest to bind to 

the capture antibody. After that, the wells are washed several times to eliminate non-specifically 

bound materials. Following this procedure, a detection antibody which has been conjugated to an 

enzyme is added to each well. In another incubation period, this secondary antibody also binds to 

the molecule of interest. A chromogenic substrate, which is specific to the enzyme conjugated to 

the second antibody, is then added to each well. This causes a substrate-enzyme interaction that 

generates a color change in the well-plate. The intensity of the colour change is proportional to 

the quantity of the molecule of interest and this degree of change is quantified via microplate 

wavelength absorbance analysis. In this study the microplate used was an EPOCH microplate 

absorbance spectrophotometer (BioTek Instruments, Winooski, VT, USA). Then, the results are 



 62 

compared to data generated from a standard curve produced by absorbance measurements from 

the standardized well-plate concentrations (Bugera et al., 2018).   

2.4 Statistical Analysis 

All statistics were completed using Statistica version 13 (Tibco Software, Palo Alto, California, 

USA). A two-factor (3 condition x 4 time) repeated measures analysis of variance (ANOVA) 

was used to assess differences in means from pre to post exercise performance of each dependent 

variables. A p-value of ≤ 0.05 was considered significant. In the case that main effects of 

interactions were found to be statistically significant, Fisher’s LSD post hoc test was used to 

identify which particular difference between pairs of means were significant. Normality and 

sphericity of data was tested by the Shapiro-Wilk test and Mauchly’s test, respectively. In the 

case that data was not normally distributed, the square root of the values was taken in order to 

transform the data into a normal distribution. A one-factor ANOVA was used to assess the 

differences in means from each walking condition of number of steps, average HR and pain 

(VAS). 
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CHAPTER 3 – RESULTS 

3.1 Participant Characteristics 

Eighteen participants were recruited for the study with fifteen of them finishing all three walking 

conditions. Two participants dropped out before attending any of the walking sessions due to 

unknown reasons, and one participant dropped out before finishing their last walking session due 

to not being able to devote the time to the assessment; thus, analysis was done with the data of 

the remaining fifteen participants. Table 8 presents a summary of participants’ baseline 

characteristics.  

Table 8:  Participant Descriptive Characteristics 

CHARACTERISTICS  

PARTICIPANTS (N=15) 

Mean ± SD 

 (Min – Max) 

MALE (N=8) 

Mean ± SD 

 (Min – Max) 

FEMALE (N=7) 

Mean ± SD 

 (Min – Max) 

Age (years) 
25.3 ± 3.63 

 (18-30) 

26.13 ± 3.76 

 (20-30) 

24.29 ± 3.5 

 (18-28) 

Height (m) 
1.8 ± 0.12 

(1.53-2.0) 

1.88 ± 0.07 

 (1.77-2.0) 

1.7 ± 0.09 

 (1.53-1.78) 

BW with shoes (kg)                                                                                                                                                                                                                                                                                                                                                                                            
83.07 ± 17.46  

(46.5-116) 

92.09 ± 15.3 

(73-116) 

72.76 ± 14.3 

 (46.5 – 86) 

BW in 12% Unloaded condition (kg) 
73.1 ± 15.37 

(40.9-102) 

81.04 ± 13.49 

 (64.2 – 102) 

64.03 ± 12.6 

 (40.9 – 75.7) 

BW in 12% loaded condition (kg) 
93.01 ± 19.58  

(52-130) 

103.12 ± 17.19 

 (81.8 – 130) 

81.5 ± 16.05 

 (52 – 96.3) 

BMI (kg/m2) 
25.44 ± 3.33 

(19.9-30.85) 

25.94 ± 3.77 

 (22-30.85) 

24.86 ± 2.93 

 (19.9 – 29.1) 

BMI in unloaded condition (kg/m2) 
22.4 ± 2.94  

(17.5 – 28.6) 

22.86 ± 3.32 

 (19.4 – 28.6) 

21.87 ± 2.57 

 (17.5 – 25.6) 
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BMI in loaded condition (kg/m2) 
28.47 ± 3.74  

(22.2-36.3) 

29.06 ± 4.23 

 (24.6 – 36.3) 

27.8 ± 3.29 

 (22.2 – 32.5) 

BW change (kg) 
9.97 ± 2.10 

(5.6-14) 

11.05 ± 1.85 

 (8.8-14) 

8.73 ± 1.71 

 (5.6-10.3) 

BMI change(kg/m2) 
3.04 ± 0.4 

(2.4-3.8) 

3.09 ±0.45 

 (2.6-3.8) 

2.99 ± 0.36 

 (2.4-3.5) 

RHR (bpm) 
70.8 ± 7.3 

(56-81)* 

69.25 ± 7.55 

 (56-80) 

72.83 ± 7.14 

 (64-81)* 

RSBP 
122.9 ± 10.3   

(100-138)* 

128.75 ± 6.76 

 (120-138) 

115 ± 9.01 

 (100-126)* 

RDBP 
84 ± 6.3 

(70-92)* 

87 ± 3.38 

(82-90) 

80 ± 7.27 

 (70-92)* 

%BF 
22.2 ± 6.9 

 (5.3-39.6)* 

18.78 ± 9.41 

 (5.3-35.6) 

26.75 ± 9.11 

 (18.2-39.6)* 

Waist Circumference (cm)                                                                                                                                                                                                                                                                                                                                                                               
89.54 ± 11.8 

 (71-118) 

95.09 ± 11.69 

 (85.1-118) 

83.2 ± 8.82 

 (71-92) 

Hip Circumference (cm)                                                                                                                                                                                                                                                                                                                                                                                           
105.51 ± 9.82 

(88-124) 

106.63 ± 9.35 

 (97.5-124) 

104.24 ± 10.92 

 (88-111.4) 

* N = 14. BMI = Body Mass Index; RHR = Resting Heart Rate; RSBP = Resting Systolic Blood 
Pressure; RDBP = Resting Diastolic Blood Pressure; BF = Body Fat; BW = Body Weight; N = 
Number of participants. 

3.2 Assumption Testing 

3.2.1 sCOMP 

Data was checked for normality using the Shapiro-Wilk test and data was normally distributed 

for sCOMP. Data was tested for sphericity using the Mauchley Sphericity test, and it was 

violated. The adjusted Greenhouse-Geisser result was still significant as a main effect for time.  
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3.2.2 PIIANP 

Data was checked for normality using the Shapiro-Wilk test and data was not normally 

distributed for PIIANP. Therefore, the square root of the values was taken in order to normalize 

the data (St-Pierre et al., 2018). Data was tested for sphericity using the Mauchley Sphericity test 

and it was indicated that the assumption of sphericity had not been violated.  

3.3 Blood Analysis Results 

Blood samples were thawed and analyzed for serum samples of sCOMP and PIIANP via 

enzyme-linked immunosorbent assay (ELISA) according to the ELISA kit manufacturer’s 

directions. See Appendix D for complete ELISA kit data readouts.  

3.3.1 sCOMP 

Analysis of blood sample for serum concentrations of COMP showed no significant condition by 

time effect (F (6, 126) = 0.856 p = 0.528) (see figure 5). However, when analyzing time alone, 

there was a significant effect (F (3, 126) = 36.294, p < 0.001) (see figure 6). A post hoc Fisher’s 

LSD test indicated that sCOMP values were significant greater immediately post-exercise 

(26.8%) and at the 15-minute (6%) time point when compared to baseline values and then 

returned to baseline values by 30-minutes post-exercise.   
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Figure 5: sCOMP concentration (condition x time): Mean ± SD of sCOMP at all time points 

by condition. Condition 1 (control - walk with regular body weight) is represented by green line, 

Condition 2 (walk with an additional 12% of body weight) is represented by red line, and 

Condition 3 (walk with body weight reduced by of 12%) is represented by blue line. 

Concentration values are reported in ng/ml. No significant time × condition effects were 

observed. Ng/ml = nanograms per millilitre; Min = minutes. 
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Figure 6: sCOMP concentration (time): Mean ± SD of sCOMP at all time points. 

Concentration values are reported in ng/ml. * Significantly greater compared to baseline and 30 

minutes. + Significantly greater compared to 15 minutes. A significant difference was observed 

between post and baseline as well as post and 15 and 30 minutes (all p < 0.001). A significant 

difference was also observed between 15 minutes and baseline as well as 15 minutes and 30-

minutes (all p < 0.05). Ng/ml = nanograms per millilitre; Min = minutes. 
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Table 9: Numerical data for sCOMP (N=15) 

 Control  

(Mean ± SD) 

+12% 

(Mean ± SD) 

-12% 

(Mean ± SD) 

All Groups 

Baseline (ng/ml) 131.2 ± 50.0  138.2 ± 52.6  133.7 ± 45.7  134.4 ± 48.4  

Post (ng/ml) 168.5 ± 48.8  183.8 ± 54.9  159.1 ± 49.6  *170.5 ± 51  

15 min (ng/ml) 138.4 ± 49.7  148.9 ± 51.0  141.3 ± 37.2  *142.9 ± 45.5  

30 min (ng/ml) 131.9 ± 47.7  139.4 ± 221.2  129.3 ± 40.8  133.5 ± 45.7  

Note: SD = standard deviation; * p < 0.05 main effect for time where post measurement was 

significantly higher than baseline, 15 min, and 30 min. And 15 min was higher than baseline and 

30 minutes.  

3.3.2 PIIANP 

Analysis of blood sample for serum concentrations of PIIANP showed a significant condition by 

time effect, (F (6, 126) = 2.33 p = 0.03) (see figure 7). A post hoc Fisher’s LSD test was applied 

and indicated that, in the loaded condition (+12% BW), PIIANP concentration values at 15 

minutes post exercise were 13.8% greater than right after exercise (p < 0.05) and 12.9% greater 

than right before exercise (p < 0.05). Post-hoc analysis indicated there were no other significant 

differences between conditions (all p > 0.05). 
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Figure 7: PIIANP concentration (condition x time): Mean of the square root of PIIANP at all 

time points by condition. Condition 1 (control - walk with regular body weight) is represented by 

blue line, Condition 2 (walk with an additional 12% of body weight) is represented by red line, 

and Condition 3 (walk with body weight reduced by of 12%) is represented by green line. 

Concentration values are reported in ng/ml. *Significant interaction (time × condition) effects 

were observed (p < 0.05) where 15-minutes post exercise was higher than baseline and 

immediately post exercise. Ng/ml = nanograms per millilitre; Min = minutes. 
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Table 10: Numerical data for PIIANP (N=15) 

 Control  

(Mean ± SD) 

+12% 

(Mean ± SD) 

-12% 

(Mean ± SD) 
All Groups 

Baseline (ng/ml) 3832.9 ± 1484.7  4260.8 ± 1744.7  4250.9 ± 1957.8  4114.8 ± 1711.8  

Post (ng/ml) 3605.6 ± 1375.9  4218.0 ± 1672.6  4399.0 ± 2111.9  4074.2 ± 1740.5  

15 min (ng/ml) 3995.4 ± 1740.9  *4892.1 ± 1997.4  3918.8 ± 1928.3  4268.8 ± 1901.7  

30 min (ng/ml) 3729.5 ± 1901.0  4715.7 ± 1901.0  4135.4 ± 1730.4  4193.5 ± 1816.0  

Note: SD = standard deviation; ng/ml = nanograms per mililiter; * significantly higher from 

baseline and post-exercise in loaded condition. 

3.4 Number of Steps, Average HR, and Pain (VAS) Analysis Results 

Analysis of number of steps, HR, and pain (VAS) difference between the three conditions 

showed no significantly difference for all three measures: Number of foot contacts (F (2, 39) = 

0.28 p = 0.75); HR (F (2, 39) = 1.29 p = 0.28); and pain (VAS) (F (2, 42) = 0.03 p = 0.97). See 

table 11 for detailed values for each condition. 

Table 11: Numerical data for Average HR, Pain VAS and Number of Steps (N=15) 

 
Average HR beats/min 

(Mean ± SD) 
Pain VAS (Mean ± SD) Total Steps (Mean ± SD) 

Control (1) 99.89 ±11.28 0.14 ± 0.56 3605.93 ± 554.27 

+12% (2) 102.94 ± 13.55 0.19 ± 0.46 3507.80 ± 254.69 

-12% (3) 96.44 ±14.75 0.18 ± 0.57 3538.57 ± 333.32 

All groups 99.76 ± 13.24 0.17 ± 0.52 3551.05 ± 395.58 

Note: SD = standard deviation; VAS = Visual Analog Scale; HR = Heart Rate 
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CHAPTER 4 – DISCUSSION 

The main purpose of this study was to investigate the acute effects of three different 

bouts of walking exercise on articular cartilage biomarkers of catabolism and anabolism. 

Participants underwent three different walking exercise conditions: one with 12% of their body 

weight added to them by a weighted vest; one with 12% of their body weight unloaded via 

LBPP; and one with no change in body weight. A total of 15 healthy participants (7 female) 

between the ages of 18-30 were included in the study. They performed each of the three walking 

sessions in a randomized counterbalanced order with at least 48 hours in between them.  

Measurements of the two dependent variables (sCOMP and PIIANP) occurred by analyzing 

venous blood samples taken at four different time points surrounding each walking session: 

immediately before exercise, immediately post-exercise, 15-minutes and 30-minutes post-

exercise.  

This study had two primary hypotheses:  

1) A 12% increase in body load will produce a statistically significant greater increase in 

sCOMP than a 12% decrease in body load after weight bearing walking exercise. 

2) A 12% increase in body load will produce a statistically significant greater decrease in 

PIIANP than a 12% decrease in body load after weight bearing walking exercise. 

In contrast, this study showed: 

1) No statistically significant difference in sCOMP concentration between the three loading 

conditions after walking exercise. 
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2) A statistically significant increase in PIIANP concentration in the loaded exercise 

condition at 15 minutes post-exercise when compared to baseline and immediately post-

exercise. PIIANP did not significantly change in the other two conditions. 

4.1 sCOMP 

It was determined that the sCOMP response to acute walking exercise was not 

significantly different between the three conditions evaluated in this study. The primary 

hypothesis of this study was based on previous literature that showed that unloading exercise 

would significantly attenuate the rise in serum levels of COMP post exercise compared to 

exercising with regular and loaded body weight (Denning et al., 2015; Herger et al., 2019). In a 

study done by Denning et al. (2015),  the same methodology as the current study was utilized to 

reduce and increase body weight (LBPP and weighted vest, respectively). The major difference 

is that they loaded and unloaded their participants with 40% of their body weight while 

exercising. In contrast, this study only used 12% of body weight change. The current study 

demonstrated an approximate 15.5% difference between the sCOMP response of unloaded and 

loaded walking exercise immediately post-exercise, but this was not significantly different. This 

is similar to Denning et al. (2015) who found a 14% significant difference between the loaded 

and unloaded walking exercise their participants completed. It is known that sCOMP is a dose 

dependent mechano-sensitive biomarker (Cattano et al., 2017), thus factors such as duration, 

speed and applied load affect the levels of sCOMP post-exercise. Further, it may be that our 

study was underpowered to detect significant differences between conditions in sCOMP. A post-

hoc sample size analysis using means and standard deviations from our results revealed that we 

would require an N = 24 for detecting significant differences between conditions over time. In 
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Denning et al. (2015), they found statistical significance in their results with 40% body weight 

change using only 12 participants.  

The research done by Herger et al. (2019) also had similar inclusion and exclusion 

criteria and similar protocols with the exception that they utilized a h/p/cosmos's airwalk® 

system to reduce participant’s body weight (different from LBPP, this system works through a 

harness connected to a pneumatic pulley system), and they used a 20% change in body weight 

instead of 12%. In the Herger et al. (2019) study, a significant difference in sCOMP post 

exercise between loaded and unloaded condition (10.5% more in the loaded condition) as well as 

loaded and control condition (9.3% more in the loaded condition). As mentioned, this study used 

a 20% body weight change, which is half of what was used by Denning et al. (2015), and they 

still found a significant difference between the loaded and unloaded conditions. Both of those 

previous studies mentioned used quite high body weight alterations. As discussed previously, for 

obese individuals at high risk of developing OA, losing 40% and even 20% of their body weight 

might be unrealistic and unhealthy in the short term without a medical intervention. For example, 

in Denning et al. (2015), 40% body weight change represented an average body weight change 

of 26.7 kg for their population. In Herger et al. (2019), 20% body weight change represented an 

average body weight change of 14.2 kg for their population. In the current study, 12% body 

weight change represented an average of 10.0 kg change in body weight.  

Differences in methodology are also important to take into consideration when 

comparing studies. As mentioned previously, Herger et al. (2019) used a different unloading 

method than both Denning et al. (2015) and the current study. The majority of studies have 

shown that walking with LBPP support compared to a walk with no change in body weight 

support attenuates systolic blood pressure or other cardiovascular parameter, such as heart rate 
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(HR) and maximal oxygen consumption (VO2 max) (Cutuk et al., 2006; Lee et al., 2016; 

Ruckstuhl et al., 2010; Webber et al., 2014).  

For example, Cutuk et al. (2006) found that HR decreased significantly in both standing 

and walking at 3 mph on a treadmill with up to 50 mmHg LBPP support compared to with no 

LBPP support. Two other studies found a small decrease in systolic blood pressure with the use 

of LBPP (Lee et al., 2016; Webber et al., 2014). A walk with 40% LBPP support elicited a small 

decrease in systolic blood pressure compared to no body weight support walk (Webber et al., 

2014). In this same study they also found that HR and VO2 were significantly reduced when 

exercising with 40% LBBP compared to no body weight support (Webber et al., 2014). Lee et al. 

(2016) found that systoloic blood pressure was significant lower when walking at 40, 60 and 

80% body weight support than with 0% support. In addition, HR and VO2 were also significant 

lower when exercising with LBBP than with no body weight support, however, for HR, no 

statistically difference was detected between LBPP conditions. Ruckstuhl et al. (2010) also found 

that VO2 and HR decreased during unloaded walking and running.  

Although it seems that LBPP treadmill exercise does not elicit the same cardiovascular 

demands as normal weight treadmill exercise, which could be a negative point when the main 

goal of the training is to improve cardiovascular parameters, it has been reported to be safe. 

However, since metabolic cost is attenuated during LBPP-supported walk, this might allow 

obese patients with OA to walk for longer duration, tolerate greater inclines and exercise at a 

faster speed (Webber et al., 2014). Besides that, it is still unknown if the difference in 

cardiovascular parameters from walking on a normal treadmill and on a LBPP treadmill with 

body weight support actually has an effect on the release of COMP in the blood. This study 

showed that average HR was not significantly different among the three walking conditions. 
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Therefore, it is not possible to say whether the choice of technology used to unload individuals 

had an impact on the results of this study. Thus, more studies need to be done in this matter.  

This study found a main effect of time where sCOMP values were significantly greater 

(26.8%) right after the walking session compared to right before walking. At the 15-minute 

mark, sCOMP levels were still significantly greater than baseline (6%) and those values returned 

to baseline levels after a 30-minute rest post-exercise. This finding agrees with what has been 

reported in the literature that as little as a 30-minute walk is enough to significantly increase 

sCOMP levels compared to resting levels. For example, Mündermann et al. (2005) found a 

significant increase (9.7 %) in sCOMP post exercise compared to baseline after a 30-minute 

walk with average speed of 3.3 mph. Moreover, they found that those values returned to baseline 

after a 30-minute rest. Another study found that after 4000 steps at a slower pace (3 mph), 

medium pace (4.5 mph) or faster pace (5.9 mph), sCOMP increased 5%, 18% (p<0.05) and 29% 

(p<0.05) respectively, compared to baseline (Denning et al., 2016). For all conditions, they 

observed sCOMP going back to baseline values within 30-minute rest (Denning et al., 2016). 

This study done by Denning et al. (2016) demonstrated that the higher the intensity of the 

exercise (increasing in speed) the greater the rise in sCOMP post exercise. For example, two 

other studies that analyzed sCOMP levels after a 30-minute run (average of 4.9 mph and 5.8 

mph) found an even greater increase in sCOMP (30 and 39%) and those values returned to 

baseline after 60 and 90-minutes respectively (Niehoff et al., 2010, 2011). An interesting 

observation is that, in the present study, the percentage increase in sCOMP post-exercise 

compared to baseline is higher than the other studies that also analyzed a 30-minute walk. The 

values in the present study are closer to the studies where sCOMP was analyzed after 

participants did a 30-minute run. The reason might be due methodological differences in the 
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studies. In the present study, participants body weight was altered during the walk, different from 

the other studies where participants walked with normal body weight. Moreover, it is important 

to consider that there was a high degree of variability in this biomarker in this study.   

Lastly, this study supported the argument that for a 30-minute walk, it takes about 30 

minutes for sCOMP levels to return to baseline. As mentioned previously, at the 15-minute 

mark, sCOMP levels was still significantly elevated compared to baseline levels. Most of the 

studies in the literature only analyzed sCOMP right after and 30 minutes after exercise. 

Therefore, the time course of systemic sCOMP increase is not well-known post-exercise. The 

only other study that looked at sCOMP levels at the 15-minute mark after exercise cessation was 

the study done by Denning et al. (2015). After averaging sCOMP values for the three conditions 

at each time point, they also found that after a 30-minute walk, sCOMP levels were significantly 

greater than baseline not only at the post-walk time point, but also at the 15-minute time point 

(5%). The current study and the study done by Denning et al. (2015) contributes to the literature 

by providing information about the amount of time the body takes to release sCOMP 

systemically post-exercise. Nonetheless, more studies need to be done, perhaps looking into 

changes in sCOMP post-exercise by the minute. 

4.2 PIIANP 

A significant condition by time effect was noted in the PIIANP data where in the loaded 

condition (+12%) PIIANP was increased at 15-minutes post-exercise when compared to baseline 

and immediately post-exercise. 

 Data on the effects of exercise and body load on PIIANP is scarce. From the limited 

research available, it was hypothesized that increasing body weight during exercise would induce 
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a lesser amount of PIIANP release post exercise compared to exercise with reduced weight. For 

instance, Richette et al., (2011) found that after about 20% of weight loss due to bariatric 

surgery, obese participants with knee OA had a 32% increase in PIIANP, suggesting that 

PIIANP serum concentrations could potentially be influenced by body weight changes. Although 

it did not reach statistical significance, this study showed that PIIANP decreased right after 

exercise during the loaded and control conditions and increased after the unloaded condition. 

Overall, the loaded and control conditions had similar patterns of PIIANP concentration when 

looking and comparing each time point. It was observed that in both loaded and control 

conditions, there was a decrease in PIIANP levels right after exercise compared to baseline and 

then 15 minutes after exercise there was a rise in PIIANP levels above baseline values, and 

finally, 30 minutes post exercise, there was a drop. On the other hand, in the unloaded condition, 

the patterns of PIIANP concentration throughout the different time points was the opposite. 

Right after exercise PIIANP concentration increased above baseline levels, then 15 minutes after 

exercise cessation it dropped below baseline levels and then 30 minutes after it rose to about 

baseline levels. However, since those results did not reach statistical significance, we cannot 

make assumptions that unloaded exercise increases PIIANP concentrations levels immediately 

post exercise compared to loaded and normal body weight exercise.    

A novel finding in this study demonstrated a significant increase in PIIANP concentration 

levels in the loaded condition at the 15-minute time point compared to post-exercise and 

baseline. This demonstrates that the activity of this biomarker is higher not right after exercise, 

but 15 minutes after. Similar results were found in a study analyzing biomarkers levels in hand 

OA patients and healthy controls after hand exercise (compressing a blood pressure cuff  inflated 

to 30 mmHg 20 times with the hand) (Bender et al., 2019). They took blood samples at several 
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time points post exercise (1, 2, 5, 10, 15, 30, 45, and 60 min) and they found an increase in 

PIIANP and other OA biomarkers (including sCOMP) post exercise, but most importantly, the 

elevated levels of those serum biomarkers were significantly higher within 15 min after 

mechanically exercising the hand and finger joints.  Nevertheless, mechanical exercise seems to 

induce the transport of PIIANP from the joints to the blood circulation, reaching its peak 

concentration within 15 minutes post-exercise. Something to note is that in the current study, the 

control and the unloaded groups did not show a significant change in PIIANP levels at any time 

point post-exercise compared to baseline. This might be due to the fact that unloaded, and even 

regular walking (30-minute, 3.1 mph) might not be an intense enough exercise to elicit a 

stimulus to aid the transport of this biomarker from joint fluid to serum. Christensen et al. (2010) 

also looked into the effects of exercise on PIIANP concentrations with a population of RA 

patients and healthy controls. They used a cycle ergometer as the exercise tool (about 30-minutes 

and 70-80% of their max HR) and took blood samples at four occasions: right before, right after, 

1h after and 3h after. Different from the current study and the study done by Bender et al. (2019), 

PIIANP did not differ from pre to post exercise at any time point and there were no differences 

between groups. However, this study did not analyze the biomarker levels at 15-minutes post 

exercise, which seems to be the time point that this biomarker might be in its highest level in the 

serum. Therefore, there might had been a rise in PIIANP that was not noticed. Caution needs to 

be taken when comparing these studies, since the current study was done with a healthy 

population and the others with a diseased population that might have altered baseline levels of 

biomarkers of cartilage metabolism.  

Overall, there is a gap in the literature on the effects of exercise and body weight on 

PIIANP. This study is the first that analyzes the effects of loaded, unloaded and regular body 
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weight exercise on PIIANP in a healthy population. Based on the current study, walking exercise 

does not seem to significantly influence PIIANP activity in the serum right after exercise. 

However, based on previous research, physical activity might aid the transport of PIIANP from 

the joint to the circulation, and the intensity of the exercise (in the case of this study, the weight 

carried during exercise) might have an influence in triggering this transport. Moreover, this 

biomarker might have a delayed response to exercise. It seems that it is more pronounced at the 

15-minute mark post-exercise. Since PIIANP is considered a biomarker of articular cartilage 

anabolism, it seems there was a short-duration anabolic response to loaded walking exercise 

which may be compensating for the increase observed immediately post-exercise in sCOMP 

which is indicative of articular cartilage breakdown. Thus, it is likely that in the healthy young 

adults in this study, physiological homeostasis in articular cartilage metabolism was trying to be 

maintained especially when considering the loaded exercise condition. 

4.3 Number of steps, average HR and pain (VAS) 

It was determined that the number of steps, average HR and pain (VAS) response to acute 

walking exercise was not significantly different between the three conditions. In Denning et al. 

(2015) they found that with a 40% body load change, average HR was significant higher in the 

loaded condition compared to control (8.9% difference, p<0.01) and unloaded (14.8%, p<0.01) 

conditions after a 30-minute walk. Other studies also found significant decrease in average HR 

when comparing regular and unload exercise on LBPP treadmill (Cutuk et al., 2006; Lee et al., 

2016; Ruckstuhl et al., 2010; Webber et al., 2014). Different from these studies, the current study 

did not find a significant difference between averegae HR during the three walking conditions. 

The main difference is that all those studies had a LBPP set to around 40% or higher. The current 

study only used a 12% LBPP, thus showing that this amount of body weight support might not 
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be sufficient to attenuate a cardiovascular responses after walking exercise. In regards to total 

number of steps, Herger et al. (2019) also found no significantly difference in steps count 

between three different 30-minute walk conditions with 20% body load change. This 

measurement was used to rule out the possibility of numbner of steps interfering in the results, 

thus making sure only load changes and not number of steps has an effect in the dependent 

variables. This was imnportant to do since number of steps is an parameter to merasure exercise 

intensity/duration. In addition, as mentioned previosuly, Denning et al. (2016) suggested that the 

amount of time sCOMP stays elevated in the blood is influenced by step count and not duration 

or speed of activity. In regards pain measurements, it was expected to not see any significantly 

difference between condition since the population used was a healthy population. An increase of 

only 12% body of body weight might not be enough load increase to cause any pain during 

exercise in a healthy population. Results could potentially be different if a diseased population 

was used. 

4.4 Study Limitations 

The number of participants calculated for this study to meet statistical power demands 

was based on the study done by Herger et al. (2019) which looked into the effects of a 30-minute 

walk with normal body weight, 20% body weight loaded, and 20% body weight unloaded on 

serum levels of COMP. Although the current study showed higher sCOMP levels post-exercise 

with higher levels of body weight, those values did not reach statistical significance. As 

mentioned previously, a post-hoc sample size analysis using means and standard deviations from 

our results was done, and it showed that, in order to detect significant differences between 

conditions over time, this study would require an N = 24. Therefore, it may be that our study was 

underpowered to detect significant differences between conditions in sCOMP. The variability of 
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the data in this study was quite high, so a bigger sample size was needed to reach 80% power. 

Due to that, the chances of committing a type-2 error regarding sCOMP values increases. Since 

there are no studies investigating the effects of loaded and unloaded exercise on serum levels of 

PIIANP, sample size calculation was based on a study that only analyzed sCOMP.    

Although measurements were in place to control for within participants baseline 

biomarkers’ levels (such as making sure they avoided exercise for 48h before each session and 

having each session spaced out by at least 48h), there was high variability in baseline 

biomarker’s levels in several participants in each condition. This might have happened due to 

participants not following the instructions of avoiding exercising for the previous 48h. Moreover, 

although we attempt to have participants coming in at the same time of the day in each testing 

session and with minimum of 48h and maximum of 7 days between session and, in some cases, it 

was not possible. Not much is known about daily variations of sCOMP and PIIANP. However, it 

seems that sCOMP levels are constant during the day between 8 am and 9 pm and normal 

everyday activities does not affect it (Tseng et al., 2009). Similar with PIIANP, it seems that 

during the day, this biomarker’s levels in the serum does not vary significantly (Christensen et 

al., 2010; Quintana et al., 2008). In addition, to control for the effects of acute physical activity, 

participants had to sit on a chair for 30 minutes before their baseline blood draw. Therefore, 

those within participant’s variation might be explained by other factors that are unknown. 

Another limitation of this study is that the analysis of the biomarkers was taken from the 

serum and not from synovial fluid of a specific joint. As mentioned previously, although COMP 

is mostly present in cartilage, it is also present in other structures such as ligaments, tendon and 

menisci (Garvican, Vaughan-Thomas, Clegg, et al., 2010; Hoch et al., 2011). Therefore, we 

cannot assume that the amount of COMP found in serum completely originated from articular 
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cartilage. However, a study showed that after a 30-minute run, levels of knee synovial fluid 

COMP decreased and levels of serum COMP increased, while synovial fluid COMP increased, 

and serum COMP decreased after a 30-minute unloaded sitting session (Hyldahl et al., 2016). 

They showed that changes in serum and synovial COMP before to after intervention were 

inversely correlated. This helps to support the idea that serum COMP mostly originates from the 

articular cartilage and that exercise helps to facilitate the diffusion of COMP from the load-

bearing articular cartilage to the blood stream.  

Lastly, it is crucial to understand the effects of loaded and unloaded exercise on cartilage 

health to help with exercise prescription for a joint diseased population or at risk population. 

However, it is important to consider the generalizability of the results of the current study. 

Participants were healthy young adults who did an acute bout of walking exercise with three 

different loads. Therefore, although this study contributes to the literature on effects of loaded 

and unloaded exercise on sCOMP and PIIANP, the results can only be extrapolated to a healthy 

young adult population and for low intensity ambulation exercise.  
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CHAPTER 5 – CONCLUSION 

The results of this study indicate that 12% body weight loaded exercise does not have a 

significant effect on the serum levels of the cartilage biomarkers COMP and PIIANP compared 

to 12% body weight unloaded exercise and control. However, a novel finding is that 12% body 

weight loaded exercise elicited a significant increase in PIIANP 15 minutes post exercise.  

5.1 Implication for Future Research 

Exercise induces a transient increase in sCOMP concentration. The exact mechanisms 

behind the increase in this biomarker concentrations and the movement from the extracellular 

matrix into the bloodstream remains unknown (Roberts et al., 2019). It is still unclear whether 

changes in sCOMP after an acute bout of physical activity is the result of normal cartilage 

turnover, an increase in the transport/removal from the joint into the blood caused by the 

exercise, or an indication of cartilage degradation (Harkey et al., 2018; Roberts et al., 2018). 

Therefore, there is a need for studies that investigate how COMP is released into the serum 

rapidly in response to mechanical loading through physical activity. Moreover, to understand the 

relationship between sCOMP and the actual changes in cartilage structure, some studies have 

looked into the correlation between sCOMP levels and cartilage volume and thickness post 

exercise (Erhart-Hledik et al., 2012; Kersting et al., 2005; Niehoff et al., 2011). Although several 

studies have also shown that exercise induces a transient decrease in cartilage volume and 

thickness post-exercise (Bender et al., 2019; Boocock et al., 2009; Cha et al., 2012; Eckstein, 

2005; Erhart-Hledik et al., 2012; Mosher et al., 2010; Niehoff et al., 2011), with cartilage 

returning to its baseline volume after a few minutes after exercise cessation, studies on the 

correlation of sCOMP and cartilage volume and thickness are still scarce and inconsistent 



 84 

(Erhart-Hledik et al., 2012; Kersting et al., 2005; Niehoff et al., 2011). Thus, future studies 

should look into both sCOMP levels and cartilage volume (through MRI images) immediately 

post exercise and also in a long term to investigate if those changes that happen post exercise in 

biomarker levels indicates future structural changes in the cartilage via MRI imaging.  

Future research should also evaluate the effects of regular, loaded and unloaded exercise on 

cartilage biomarkers on both healthy and joint compromised populations to determine whether 

biomarker responses post-exercise between these two groups differ. This way, an investigation of 

the biomarker responses of healthy and unhealthy cartilage and help us determine what is a 

normal and abnormal response and if there is a load threshold to exercise that could be 

detrimental to the joint. This can contribute to the investigation of the ideal exercise body load to 

those with joint disease or at risk to develop it. It has been suggested that moderate load is ideal 

for joint health, however the exact quantity has not yet been found (Roberts, et al., 2019).  

Future studies should keep investigating the effects of different exercises on PIIANP, 

since the literature is very scarce on it. It is important to investigate the effects of exercise on 

biomarkers of cartilage degradation and synthesis instead of just one because this way you can 

get a better picture of what is happening in the cartilage metabolism overall, whether exercise is 

causing a normal or abnormal cartilage turnover. For example, if the exercise causes a higher 

release of biomarkers of cartilage degradation than synthesis or vice versa, that could indicate 

that a catabolic or anabolic process is happening, respectively. On the other hand, if both 

biomarkers are increased or decreased similarly with exercise, that could just indicate a normal 

cartilage turnover response to the physical activity.   

Lastly, this study only looked into two biomarkers of cartilage metabolism that are found 

in the serum. There are several other biomarkers that give information about joint health, such as 
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those of cartilage synthesis, degradation and inflammation, that are found in synovium, serum 

and urine. It has been suggested that to get a better or more complete understanding of what is 

happening in the joint following acute and chronic loading due to exercise, it is important to 

evaluate several biomarkers (Roberts et al., 2019). 
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sCOMP Plate 1  
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sCOMP Plate 2 
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sCOMP Plate 3 
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sCOMP Plate 4 
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sCOMP Plate 5 
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PIIANP Plate 1 
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PIIANP Plate 2 
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PIIANP Plate 3 
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PIIANP Plate 4 
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 115 

 

APPENDIX A – Anthropometrics data collection form 
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Anthropometric Data Collection Form 

 

 

 
All measured to nearest 0.5 cm 

 

All measured to nearest 0.5 cm 

Leg Circumference (nearest 0.5cm): 
 Left 

Knee Joint Line  

6” above Joint Line  

3” above Joint Line  

6” below Joint Line  

All measured to nearest 0.5 cm 

Leg Alignment (check one): 

Varus     <>  

Valgus   ><  

Neutral    II  
 

Medications (please be specific): 

Name Dose # take per day How often per 
week? 

    

    

    
 

Data Collected by: _______________________________ 

Kg M kg/m2 
Body Weight:  Height: BMI : 
12% Unweighted:   Unweighted BMI: 
12% Over-weighted:  Over-weighted BMI: 

Waist circumference: Hip circumference: 

Femoral Length: Fibula Length: 

Patient Initials:  ___   ___   ___   Study Identification #:    __________ 
                           First        Middle      Last             

Date: _____________________________    Time: ___________________  
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APPENDIX B  – Data Collection Form – Treadmill 
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Short Size:_______                                                                                                                          Bar Height:_______ 
  

Data Collection Form – Treadmill 
 

 

 

    Please circle one of the following sessions: Normal body Weight 12% Unweighted  12% Over-weighted 

    Body Weight Calculation:   __________________ ________________  ________________ 

 

 Time 

(min) 

Speed 

(mph) 

Pain VAS 

(0-10) 

Heart Rate 

(bpm) 

Comments/Notes 

Walking 

5 min 3.1    

10 min 3.1    

15 min 3.1    

20 min 3.1    

25 min 3.1    

30 min 3.1    

Session Average    

 

    Pedometer steps taken during the 30 minute walking session: _______________________ 

 

Notes: 

 

 

 

 

 

 

 

Data Collected by: _________________________________ 

 

 

 

 

Patient Initials:  ___   ___   ___    Study Identification #:    __________ 

                           First        Middle      Last             

 

Date: _____________________________     Time: ___________________  
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Informed Consent 

Research Project Title: The anabolic and catabolic effect of loaded and unloaded exercise on 

articular cartilage health. 

Principal Investigator and Contact Information: Dr. Stephen Cornish, Assistant Professor, 

Faculty of Kinesiology and Recreation Management, University of Manitoba, phone: 204-474-

9981 or 204-381-7296, email: Stephen.Cornish@umanitoba.ca 

Co-investigator: Dr. Jason Peeler, Associate Professor, Human Anatomy and Cell Science, 

Faculty of Medicine, University of Manitoba.  Phone (work): (204)-272-3146.  Email: 

jason.peeler@umanitoba.ca 

Sponsor: University Research Grants Program, University of Manitoba 

This consent form, a copy of which will be left with you for your records and reference, is 

only part of the process of informed consent. It should give you the basic idea of what the 

research is about and what your participation will involve. If you would like more detail 

about something mentioned here, or information not included here, you should feel free to 

ask. Please take the time to read this carefully and to understand any accompanying 

information. 

Purpose of the Study: The objective of this research is to evaluate the acute effects of single 

12% body weight unloaded or loaded bouts of walking exercise on biomarkers of cartilage 

degradation (serum cartilage oligomeric protein  - sCOMP) and formation (procollagen amino 

terminal propeptide  - PIIANP) in young, healthy adults. The main rationale for this research is 

to identify if either unloading or loading with 12% body weight will dramatically alter the 

presence of cartilage degradation and formation biomarkers in the systemic circulation. This is 
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important to identify as it may have implications on the type of exercise prescription that would 

be most effective for reducing the impact of cartilage degradation on load bearing joints (for 

example in the overweight/obese population). 

Procedures: Once you are recruited, sign the informed consent, and agree to partake in the 

study, you will come to the laboratory in a rested state (no vigorous physical activity for the 48 

hours prior to testing) for baseline testing which will include: (1) resting heart rate and blood 

pressure; (2) height; (3) weight; (4) percent body fat (via bioelectrical impedance analysis); and 

(5) waist circumference. A repeated measures cross-over design will be utilized, where you will 

act as your own control, to evaluate the effects of three different 30 minute walking sessions and 

the acute response of the biomarkers of interest in you. There will be three different conditions 

analyzed in this cross-over design: (1) a 30 minute walking session on the Alter-G treadmill (a 

specialized treadmill that `unloads' your individual body weight by using air pressure) with 12% 

of your body weight unloaded from you; (2) a 30 minute walking session on the Alter-G 

treadmill with 12% of your body weight added as a load to you using a weighted vest; and (3) a 

30 minute walking session on the Alter-G treadmill with no body weight alteration. The order in 

which you will complete each bout of walking exercise will be randomly allocated to achieve a 

balanced design. You will have be a maximum of one week and a minimum of 48 hours between 

conditions to ensure there are no large changes in body weight between the walking sessions. 

The primary dependent variables for this study will be your blood concentrations of sCOMP and 

PIIANP which will be measured at four time-points surrounding each walking exercise bout: 

baseline, immediately post-exercise, 15 minutes post-exercise and 30 minutes post-exercise.  

This will allow for the assessment of any immediate release of the biomarkers of interest. Blood 

will be drawn using standard procedures developed in Dr. Cornish's laboratory. The two 
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biomarkers of interest will be analyzed using a specialized assessment for the blood markers 

available in Dr. Cornish's lab. You will be required to perform the three sessions of walking 

exercise in a randomized and counterbalanced order on a lower body positive pressure treadmill 

(Alter-G Inc  - Menlo Park, CA) for a period of 30 minutes at a set speed of 3.1 mph at 0º 

incline. You will complete the three walking exercise bouts by: (1) using lower body positive 

pressure support to reduce total body weight of participants by 12% during walking exercise; (2) 

wearing a weight jacket/vest to increase total body weight of participants by 12% during walking 

exercise; and (3) having participants walk at their normal body weight during walking exercise to 

serve as the control. You will provide 12 blood samples for the analysis of sCOMP and PIIANP 

(4 samples x 3 visits to the laboratory = 12 samples). The blood draws will be done under sterile 

conditions by a certified phlebotomist. It is anticipated that the total time commitment for this 

study will be approximately 5 hours. 

Benefits of Participation: There is no direct benefit in regards to this study other than you are 

getting 3 walking exercise sessions completed under the supervision of an exercise professional. 

Indirect benefits of the research include a better understanding of whether or not loading or 

unloading an individual during walking exercise will have an effect on articular cartilage 

biomarkers. This may help identify whether the effects of walking exercise in a loaded and 

unloaded state is any different between the two conditions in terms of the effects on articular 

cartilage biomarkers. 

Risks of Participation: There are physical risks associated with this study.  Physical risks 

associated with this study include: the possibility of an increased risk of muscle strain with the 

exercise testing.  This will be minimized by using an exercise professional as research assistant 

in the fitness testing and exercise intervention.  Proper warm-up and cool-down procedures will 
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be utilized with you which will mitigate the risk of developing an increase in physical risks 

associated with the exercise testing.  Also, you will be screened before any exercise testing by 

the Get Active Questionnaire (GAQ) which will indicate if there are any potential health reasons 

not to complete the exercise testing.  Exercise leaders as part of this study are trained to deal with 

potential emergencies associated with exercise testing.   

There will be slight pain experienced as a consequence of the blood collection procedures.  The 

pain will not be any greater than the pain experienced in collecting blood for normal health 

screening procedures.  There is a chance of infection as a result of the blood collection 

procedure.  This risk will be minimized by using completely sterile equipment for the blood draw 

and disinfecting the area of your arm where blood will be drawn by using isopropyl alcohol. 

There is a risk of bruising at the area of the blood draw.  This will be minimized by using 

certified phlebotomists to perform the blood draw. 

Confidentiality: Every effort will be made to keep personal information completely 

confidential. All data collected will be held securely in a locked office and locked cabinet for 

storage. We will also be assigning all participants with an encoding scheme to replace their 

name. This will be used for all documents and data collection forms. Furthermore, all participant 

names and identifying traits will be removed from study reports and will not be made available 

to anyone outside of the research team. 

Voluntary Withdrawal: Participation in this study is completely voluntary. You are free to 

withdraw from this study at any time point for any reason without explanation (including during 

exercise or blood drawing procedures). Withdrawing from the research trial will not result in the 

withdrawal of any health services or programs that are part of your regular health care regime. 

As a participant, you are free to withdraw from the research trial at any time during the trial by 
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advising the primary investigator (Dr. Stephen Cornish) or the research assistant (Bruna 

Mavignier de Vasconcelos) in person, by email, or by phone. The date where your data can no 

longer be removed from the data set is July 1, 2019.   

Research Dissemination: It is the intention of the researchers to have the results of this study 

published in a scientific journal and/or presented at workshops or scientific conferences. In this 

case, all information will again be represented completely anonymously and appear as statistics. 

Summary of Results: You are entitled to a complete summary and brief explanation 

(approximately 1-3 pages) of the research results. Interested participants may attach their 

physical mailing address or email address to this consent form in order to receive either a 

physical or electronic copy of this information upon completion of the project. An estimated 

completion time is currently set to December 2019. 

Destruction of Confidential Information: All your data will remain encoded and stored in a 

locked filing cabinet of a locked office building until such a time that all potential data analysis 

has been completed. Upon completion of this study, all physical copies of confidential data will 

be destroyed via an anonymous paper shredding company and all electronic copies of 

confidential data will be destroyed by formatting the storage hard drive. This process will occur 

no later than seven years after the completion of the project. Estimated date: December 2025. 

Your signature on this form indicates that you have understood to your satisfaction the 

information regarding participation in the research project and agree to participate as a 

subject. In no way does this waive your legal rights nor release the researchers, sponsors, 

or involved institutions from their legal and professional responsibilities. You are free to 

withdraw from the study at any time, and /or refrain from answering any questions you 
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prefer to omit, without prejudice or consequence. Your continued participation should be 

as informed as your initial consent, so you should feel free to ask for clarification or new 

information throughout your participation.  

The University of Manitoba may look at your research records to see that the research is 

being done in a safe and proper way.  

This research has been approved by the Education/Nursing Research Ethics Board. If you 

have any concerns or complaints about this project you may contact any of the above-

named persons or the Human Ethics Coordinator at 204-474-7122 or 

humanethics@umanitoba.ca. A copy of this consent form has been given to you to keep for 

your records and reference. 

 

Participant’s Signature:        Date:       

Researcher Signature:        Date:      

 

Mailing Address for Research Dissemination 

Physical Address: _______________________________________________________________ 

______________________________________________________________________________ 

Email Address: _________________________________________________________________ 

 

 


