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A B S T R A C T 

Background: Acute running-related changes in cartilage oligomeric matrix 
protein (COMP) and the C-terminal cross-linked telopeptide of type II collagen 
(CTX-II) should not be interpreted automatically as structural cartilage injury. 
This review evaluated the magnitude and consistency of these biomarker 
responses after endurance running. 

Objective: To quantify the magnitude and consistency of the immediate post-
run change in serum cartilage oligomeric matrix protein (COMP), and to 
summarize the corresponding CTX-II responses, in adults following endurance 
running. 

Methods: The protocol was registered in PROSPERO (CRD420261485170). 
PubMed/MEDLINE, CENTRAL, ClinicalTrials.gov, WHO ICTRP, OpenAlex, 
Crossref, and citation networks were searched for adult running studies 
reporting pre- and post-exercise COMP or CTX-II. The primary effect was the log 
ratio of immediate post-run to pre-run serum COMP. Random-effects models 
used restricted maximum likelihood with Hartung-Knapp inference. 

Results: The search identified 221 unique reports; seven reports met the 
criteria for qualitative synthesis, and four compatible healthy-adult COMP 
estimates involving 57 participants entered the meta-analysis. The pooled 
post/pre ratio was 1.132 (95% CI 0.794–1.613), with τ²=0.0365, I²=89.0%, and 
a 95% prediction interval of 0.560–2.286 at ρ=0.50. Three estimates increased 
and one decreased after running. CTX-II and recovery findings were too 
heterogeneous for pooling. Certainty was very low. 

Conclusion: Serum COMP may change acutely after endurance running, but the 
direction and magnitude are inconsistent. These short-term surrogate 
responses do not establish cartilage damage, protection, or long-term clinical 
harm. 

 

1. Introduction 

Cartilage responds to load through fluid movement, 
matrix deformation, and changes in extracellular-
matrix turnover. Circulating and urinary biomarkers 
can capture part of this biological response, although 
they are not specific to a single joint and their acute 
interpretation differs from their use as prognostic 
markers in osteoarthritis. Cartilage oligomeric matrix 
protein (COMP, thrombospondin-5) is a pentameric 
extracellular-matrix glycoprotein found in cartilage 
and other load-bearing connective tissues. C-terminal 
telopeptide of type II collagen (CTX-II) reflects type II 
collagen degradation and can be measured in urine or 
serum. 

Running provides a repeated high-frequency loading 
stimulus whose magnitude depends on speed, distance, 
surface, footwear, and participant characteristics. 
Studies have reported increases, decreases, or little 
immediate change in circulating COMP after laboratory 
running and distance events1–12. Differences in pre-
exercise rest, biospecimen, assay, sampling window, 
event duration, hydration, and health status complicate 

direct comparison. Ultra-endurance events introduce 
additional physiological changes, including 
hemoconcentration, inflammatory responses, and 
prolonged sampling intervals, while studies involving 
knee osteoarthritis or prior injury may represent 
distinct biological strata. 

Earlier primary studies include 30-minute treadmill 
protocols, controlled comparisons of running with 
jumping or cycling, marathons, and ultramarathons1–12. 
However, a pooled estimate is only meaningful when 
outcome definitions, timepoints, and populations are 
sufficiently comparable. In particular, an immediate 
post-run estimand should not be combined 
indiscriminately with recovery samples, chronic 
training effects, walking-only experiments, gene-
expression outcomes, or non-human models. 

The protocol was registered in PROSPERO 
(CRD420261485170). It prespecified immediate serum 
COMP as the primary quantitative outcome, while CTX-
II, later recovery samples, and clinical populations 
were analyzed in separate evidence streams. This 
structure was retained throughout the review so that 
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biologically different outcomes were not combined 
solely to increase the number of studies. 

The distinction between an acute biochemical response 
and structural cartilage injury is fundamental. COMP is 
present in cartilage, tendon, ligament, and other 
connective tissues, and a temporary rise in blood 
concentration may reflect transport from loaded 
tissues, altered lymphatic or vascular clearance, or 
exercise-related changes in plasma volume as well as 
matrix turnover. CTX-II is more closely linked to type II 
collagen degradation, but its concentration also 
depends on biospecimen, renal handling, diurnal 
variation, and assay procedures. Neither marker 
should be interpreted as a direct measure of cartilage 
thickness, focal lesion progression, pain, or future 
osteoarthritis without corroborating structural and 
clinical evidence. 

Mechanical loading is biologically necessary for 
cartilage homeostasis, yet loading dose is 
multidimensional. A 30-minute laboratory run at 
controlled speed differs from a competitive marathon 
in cumulative steps, impact distribution, substrate use, 
hydration, temperature, and recovery. Even within a 
nominally identical protocol, joint moments and 
contact forces vary with anthropometry, running 
technique, footwear, prior injury, and training status. 
These differences motivate a random-effects 
framework and a cautious definition of the target 
population rather than a universal claim about all 
running. 

Sampling time is equally important. COMP may rise 
immediately after loading and return toward baseline 
during the first hour, whereas later measurements can 
reflect a mixture of clearance, continued release, 
recovery behavior, and systemic responses. Combining 
immediate and delayed samples would therefore 
obscure rather than summarize the biological pattern. 
The primary timepoint was accordingly defined as the 
sample obtained within 15 minutes of running 
cessation, and later samples were assigned to separate 
recovery windows. Intermediate checkpoints during a 
named event were treated as event-specific outcomes 
rather than as post-finish samples. 

The review focuses on proportional change because 
absolute COMP concentrations differ substantially 
across assays and laboratories. A post/pre ratio is 
unitless and preserves the direction of change, making 
it more interpretable across reports that use ng/mL, 
U/L, or other scales. This choice does not solve every 
comparability problem: a ratio can still be affected by 
baseline selection, calibration, floor effects, and 
imprecise measurement. Consequently, pooling is 
restricted to estimates that are sufficiently aligned in 
population, biomarker, biospecimen, exposure, and 
timepoint. 

The clinical motivation is not to decide whether 
running is categorically safe or harmful. Rather, it is to 
determine what the available biomarker literature can 
support about the immediate physiological response 

and where uncertainty remains. Such evidence may 
inform the design of mechanistic exercise studies and 
help clinicians explain why an acute laboratory 
biomarker change is not equivalent to demonstrated 
degeneration. Long-term recommendations must 
continue to rely on the broader evidence concerning 
symptoms, function, imaging, injury, and osteoarthritis 
progression. 

A prior systematic review and meta-analysis evaluated 
running in relation to knee cartilage across imaging and 
biomarker outcomes, while broader reviews 
summarized exercise-related joint biomarker kinetics 
and mechanobiology13–16. Those syntheses established 
the relevance of the topic but did not resolve the 
narrower estimand of an immediate proportional 
COMP response to sustained running, did not 
consistently separate recovery windows from the 
immediate sample, and did not pool CTX-II across 
incompatible biospecimens. The present review 
therefore avoids an absolute claim of being the first 
review and defines novelty by a more specific estimand, 
outcome hierarchy, and auditable report-to-study 
linkage. 

Novelty and aim: The novelty of this review lies in the 
prespecified separation of immediate and recovery 
biomarker kinetics, use of a unitless within-person 
ratio of means for serum COMP, separate handling of 
CTX-II by biospecimen, explicit mapping of multiple 
reports to underlying studies, and a provenance-linked 
effect dataset. Accordingly, this study aimed to quantify 
the immediate post-run versus pre-run change in 
serum COMP among adults completing endurance 
running, to synthesize CTX-II and later COMP 
responses without combining biologically 
incompatible streams, and to examine how population, 
loading dose, sampling, assay, and risk of bias influence 
interpretation. 

2. Methods 

Protocol and reporting 
The review protocol was finalized before study 
selection and data extraction and was registered in 
PROSPERO (CRD420261485170). Protocol 
development followed PRISMA 2020 and PRISMA-S, 
and the review was conducted using current 
systematic-review guidance.17–19 Amendments were 
documented with their rationale and potential 
analytical impact. 

The protocol prespecified the review question, 
eligibility criteria, outcome hierarchy, primary 
timepoint, effect measure, synthesis model, population 
strata, sensitivity analyses, risk-of-bias domains, and 
certainty framework. Piloting of the search strategy 
refined syntax and platform coverage only; it did not 
alter the primary estimand or the rules used to select 
outcomes and timepoints. 

PRISMA terminology was applied consistently. A 
record was an item returned by a database, a report 
was a document describing a study, and a study was the 
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underlying investigation that could generate several 
reports. Report-to-study linkage was completed before 
quantitative synthesis so that multiple publications 
from the same participants did not contribute 
independent effects. 

Eligibility criteria 
Eligible participants were humans aged 18 years or 
older. Healthy adults, adults with knee osteoarthritis, 
and adults with a history of knee injury were all eligible 
but were not assumed to be exchangeable. The eligible 
exposure was at least 30 continuous minutes of 
running or participation in a named distance-running 
event. Eligible outcomes were serum or plasma COMP 
concentration and urinary or serum CTX-II measured 
before and after that exposure. Eligible designs were 
randomized and non-randomized crossover exercise 
studies, prospective repeated-measures pre-post 
studies, and compatible comparative observational 
studies. Animal, in vitro, and in silico studies were 
excluded, as were walking-only exposures, mixed 
exercise without a separable running result, COMP 
gene-expression outcomes without a circulating 
concentration, and reports without extractable 
biomarker data. 

The age threshold was applied to the analyzed sample 
rather than to a broad population label. Mixed 
adolescent-adult samples were eligible only when adult 
results were separable or the entire analyzed sample 
met the threshold. A named distance-running event 
qualified even when individual duration differed from 
the laboratory 30-minute threshold, because the event 
itself defined a sustained endurance exposure. Sprint 
tests, intermittent sports, isolated jumps, and short 
walk-run intervals did not satisfy the exposure 
definition unless an eligible continuous-running result 
was reported separately. 

Acute and chronic evidence streams were kept distinct. 
The primary question concerned the within-person 
response to a single running exposure. Cross-sectional 
comparisons of habitual runners with non-runners and 
longitudinal training adaptations provided context but 
addressed different estimands, so they were not 
combined with acute pre/post effects. Resting-control 
and low-impact comparator arms were likewise 
treated as secondary contrasts rather than substitutes 
for the primary within-person ratio. 

Reports were retained whenever they identified a 
potentially eligible study, even when the numerical 
result was incomplete, so that conference abstracts, 
theses, and registry entries could proceed to linkage 
and full-text assessment. Such reports were excluded 
from quantitative synthesis only when the effect or a 
compatible variance remained unavailable. This 
separation kept the absence of usable numbers distinct 
from the absence of a biological effect. 

Information sources and search 
The implemented search covered MEDLINE/PubMed, 
CENTRAL, ClinicalTrials.gov, WHO ICTRP, OpenAlex, 

Crossref, and backward and forward citation searching. 
No language, publication-status, or date restriction was 
applied. Search concepts combined running, jogging, 
marathon, ultramarathon, treadmill running, and 
distance events with terms for COMP, cartilage 
oligomeric matrix protein, thrombospondin-5, CTX-II, 
and the C-terminal telopeptide of type II collagen. 
Platform, syntax, field tags, result count, and raw export 
were archived for each search. 

Controlled vocabulary was combined with text words 
on every platform that supported it, and each search 
string was adapted to the capabilities of its database 
rather than copied verbatim across platforms. Registry 
searches used condition and intervention fields, and 
bibliographic-metadata searches were restricted to 
records carrying both an exposure concept and a 
biomarker concept. 

Citation searching was bidirectional. Reference lists of 
eligible and near-eligible reports were examined for 
older studies and precursor abstracts, and forward 
citations were used to locate later replications, 
secondary analyses, and dissertations. Seed reports 
were recorded because citation-network yield depends 
on which studies are chosen, and every newly 
identified record passed through the same de-
duplication and eligibility assessment as database 
records. 

De-duplication proceeded in stages using normalized 
DOI, PMID or registry identifier, title, year, and author 
metadata. Exact identifiers took precedence, and title-
based matches were checked individually when 
punctuation, spelling, or transliteration differed. 
Because record-level de-duplication does not resolve 
multiple-report bias, a separate report-to-study map 
linked journal articles, theses, abstracts, and registry 
entries describing the same participants. Where 
linkage remained uncertain, reports were kept 
separate and flagged so that they could not enter a 
pooled analysis as independent studies. 

Study selection and data collection 
Records were screened sequentially at title/abstract 
and full-text levels against the prespecified criteria. 
Eligibility decisions, full-text exclusion reasons, and 
report-to-study links were recorded in the review 
database. Multiple reports from one study were 
retained for provenance but were permitted to 
contribute only one independent estimate to a given 
meta-analysis. 

A structured screening form captured the eligibility 
domain, reason code, evidence source, narrative 
rationale, and study identifier for each record. 
Potentially eligible reports proceeded to full-text 
assessment when the abstract did not provide enough 
information on participant age, running duration, 
biospecimen, sampling time, or biomarker outcome. 

An inclusive screening rule was used when eligibility 
could not be determined from bibliographic 
information alone. Reports were excluded only when 
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the available information established an ineligible 
population, exposure, outcome, design, or non-human 
model. Duplicate and companion reports were linked 
rather than deleted, preserving their contribution to 
study identification and data verification. 

Extraction distinguished study, report, participant 
stratum, exercise condition, biomarker, biospecimen, 
assay, unit, sampling time, sample size, mean, 
dispersion, reported ratio, change score, and variance 
information. Each numerical entry carried a 
provenance field naming the page, table, figure, 
supplement, repository abstract, or registry section 
from which it was taken. Absent values were recorded 
as not reported and uncertain values were flagged, and 
no missing result was inferred from a p-value or a 
narrative statement alone. 

Reconciliation addressed interpretation as well as 
transcription, because an identical number can 
represent a standard deviation, a standard error, a 
confidence-interval limit, an adjusted estimate, a 
subgroup value, or a repeated observation. The 
analysis dataset therefore retained the originally 
reported scale, any transformation formula, the 
assumptions applied, and the reconciled analytical role 
of each value. Repeated sessions in the same 
participants and multiple timepoints were indexed 
explicitly to prevent unit-of-analysis errors. 

Full texts were obtained from PubMed Central, 
publisher open-access platforms, institutional 
repositories, and author-posted manuscripts. A record 
that resolved only to a landing page was not counted as 
retrieved. When an abstract supplied candidate values 
but the corresponding full document could not be 
obtained, the evidence level was recorded as repository 
abstract and the values were used only for narrative 
synthesis. 

Outcomes and effect measures 
The primary outcome was serum COMP sampled 
within 15 minutes of running cessation, taking the 
draw closest to cessation when several were available. 
Recovery COMP was grouped into prespecified later 
windows, and CTX-II was synthesized separately by 
biospecimen and timepoint. The primary effect 
measure was the natural logarithm of the post-run to 
pre-run ratio of means (lnROM), back-transformed to a 
ratio, with values above 1 indicating a higher post-run 
concentration. Reported ratios and confidence 
intervals were used directly when compatible; where 
paired variance was not reported, sensitivity analyses 
assumed within-person correlations of 0.25, 0.50, and 
0.75. 

The estimand hierarchy was specified before pooling. 
First priority was the immediate within-person serum 
COMP ratio in healthy adults. Second-priority streams 
were immediate COMP in prespecified clinical strata, 
recovery COMP within defined windows, and CTX-II 
separated by serum and urine. Where a report 
provided several eligible immediate samples, the draw 

closest to exercise cessation was selected; where 
several reports described one cohort, the most 
complete compatible estimate was used and all 
contributing reports remained linked in the 
provenance map. Fixing this hierarchy in advance 
prevented outcome and timepoint multiplicity from 
being resolved after inspection of statistical 
significance. 

The logarithmic transformation renders proportional 
increases and decreases symmetric for modeling. For a 
report providing pre- and post-run means, the point 
estimate was ln(mean post/mean pre), and its variance 
depended on the standard errors of both means and on 
their within-person correlation. Where a report gave a 
ratio with a compatible confidence interval, those 
values were used preferentially because they 
preserved the paired analysis. Where only separate 
standard deviations were available, the correlation 
sensitivity analyses quantified how the unreported 
pairing affected precision. 

A single study could contribute more than one eligible 
participant stratum, but correlated strata were not 
treated as independent. Healthy controls and 
participants with prior knee injury are clinically 
distinct, so the primary healthy-adult analysis used the 
healthy stratum only. Where several exercise 
conditions were studied in the same participants, the 
prespecified eligible running condition was selected 
rather than counting each session as a separate study, 
which would have exaggerated precision. 

Percentage changes reported without a measure of 
uncertainty were retained for narrative synthesis and 
direction-of-effect summaries. They were not assigned 
an assumed standard error and were not entered into 
inverse-variance pooling. Where a report did not state 
whether error bars represented a standard deviation, a 
standard error, or a confidence interval, the value was 
not reconstructed for the primary model. 

Synthesis and certainty 
Clinically and methodologically compatible estimates 
were synthesized by inverse-variance random-effects 
meta-analysis with restricted maximum likelihood, 
following current review guidance19. Hartung-Knapp 
intervals were used because at least three studies were 
pooled19. Statistical heterogeneity was summarized 
with τ², I², Cochran's Q, and a prediction interval. 
Healthy adults and clinical populations were analyzed 
separately. Small-study-effect tests were prespecified 
to require at least ten compatible studies and were 
therefore not performed. Risk of bias was assessed with 
ROBINS-I for non-randomized intervention evidence, 
with RoB 2 reserved for randomized trials, and with 
attention to the target effect at result level20. GRADE 
was applied by outcome19. 

For studies reporting pre- and post-run means, the 
study-specific effect and paired sampling variance 
were calculated as follows; directly reported 
normalized ratios and confidence intervals were 
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converted to the log scale and preferred when they 
preserved the paired analysis. 

yi = ln(Mpost,i / Mpre,i) 

Var(yi) = SDpost,i2 / (ni Mpost,i2) + SDpre,i2 / (ni Mpre,i2) 

- 2ρ SDpost,i SDpre,i / (ni Mpost,i Mpre,i). 

The choice of random effects reflects the scientific 
expectation that true acute responses differ across 
settings, not merely a statistical test for heterogeneity. 
REML estimates between-study variance, while 
Hartung-Knapp inference acknowledges uncertainty in 
that estimate when few studies are available. With only 
four estimates, both the pooled confidence interval and 
prediction interval deserve greater weight than a 
binary significance test. The prediction interval 
addresses the range in which a future comparable 
study's true effect might lie under the model. 

Prespecified sensitivity analyses varied the assumed 
paired correlation, compared alternative random-
effects inference where appropriate, and assessed 
influential observations by leave-one-out estimation. 
These analyses were interpretive rather than a search 
for a preferred significant result, and instability across 
plausible assumptions is reported as such rather than 
resolved by selecting one model after inspecting the 
output. 

Risk of bias was assessed at the result level because 
outcomes and timepoints within one study could have 
different vulnerabilities. The domains addressed 
uncontrolled time-varying confounding, participant 
selection, exposure classification, deviations from the 
running protocol, missing samples, assay and sampling 
procedures, and selective result reporting. Judgements 
were supported by study-specific evidence and were 
considered in the certainty assessment. 

Certainty was assessed by outcome using GRADE. Non-
randomized repeated-measures evidence began at low 
certainty and could be rated down for risk of bias, 
inconsistency, indirectness, imprecision, or suspected 
publication bias. Rating up would have required 
defensible evidence such as a large effect or a dose-
response gradient. The resulting certainty statement 
concerns confidence in the estimated acute biomarker 
response, not the long-term safety or harm of running. 

Funnel-plot asymmetry tests were not performed, 
because such tests are underpowered with four studies 
and their assumptions are unlikely to hold under 
marked clinical heterogeneity. Meta-regression was 
likewise not performed, since the number of 
independent estimates was inadequate. Potential 
modifiers including event duration, assay, age, sex, 
knee health, and sampling delay were therefore 
described narratively and reserved for subgroup 
analysis should sufficient data become available. 

3. Results 

Study selection 
The PubMed search returned 106 records, 
ClinicalTrials.gov returned 12 registry records, 

forward citation searching contributed 56 additional 
unique reports, CENTRAL contributed 36, and 
supplementary OpenAlex and Crossref searches 
contributed 11. After record-level de-duplication, the 
evidence library contained 221 unique reports. The 
source-specific contributions and de-duplication trail 
were retained for reproducibility. 

Of the 221 screened reports, 178 were excluded at title 
and abstract and 2 were removed as duplicate reports 
of an already-identified study, leaving 41 reports 
sought for retrieval. Twenty-one could not be obtained 
in full and were assessable only from an abstract or 
bibliographic record; 20 were assessed at full text, of 
which 13 were excluded (11 ineligible exposure, 1 non-
human, 1 ineligible outcome). Seven reports therefore 
met the eligibility criteria for qualitative synthesis, and 
four provided compatible immediate serum-COMP 
estimates for quantitative synthesis. The remaining 
included reports contributed to the narrative 
assessment of recovery kinetics, longer-distance 
events, alternative biospecimens, or outcomes lacking 
a compatible variance estimate. The complete flow of 
records is shown in Supplementary Figure S2. 

Supplementary searches identified dissertations, 
conference reports, earlier abstracts, and companion 
publications that enriched the evidence map. These 
sources were linked to their corresponding study 
whenever participant characteristics, exposure 
protocol, outcome timing, and bibliographic 
information indicated a shared cohort. Reports without 
sufficient numerical information contributed only to 
the descriptive synthesis. 

Record-level de-duplication and study-level linkage 
were treated as distinct procedures. The Woodland 
thesis was linked to the later Osteoarthritis and 
Cartilage report,21 the Denning dissertation to its Gait & 
Posture publication,22 the Cattano repository report to 
the Journal of Athletic Training article,3 and an earlier 
marathon abstract to the later report by Neidhart et 
al.23 Each linked set was treated as one study for 
quantitative purposes. 

An eligibility reason and an evidence level were 
recorded for every screened report. Irrelevant hits 
arose most often because the abbreviation COMP 
occurred within an unrelated word or label, because 
running was mentioned only as a performance test, or 
because the record described animal treadmill 
experiments, adolescent sport samples, or walking and 
cycling exposures. Records advanced when they 
combined a sustained running exposure with a 
circulating COMP or CTX-II outcome, and were carried 
forward to full-text assessment whenever duration, 
adult status, biospecimen, or report identity could not 
be established from bibliographic metadata. 

Study characteristics 
The seven included reports covered continuous 30-
minute treadmill running, a 5-km run in older adults, 
marathons, and a 308-km ultramarathon. Sample sizes 
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ranged from 14 to 46 in the relevant running streams. 
Most participants were healthy or recreationally 
trained adults; one report separated participants with 
previous knee injury from matched controls. COMP was 
measured in serum or plasma using different ELISA 

platforms and reporting units. CTX-II was reported less 
consistently and was synthesized separately. 
Population, exposure, specimen, timepoint, and 
analytical role are detailed in Table 1. 

 

Table 1. Characteristics and analytical role of the included reports. 

Report/population Exposure/specimen Outcome, timepoint, and analytical role 

Shin 2012 

Healthy runners; n not pooled 

308-km event 

Serum 

COMP serial checkpoints; narrative 

because variance incompatible 

Vuolteenaho 2014 

Trained men; n=46 

Marathon 

Plasma 

Immediate COMP; narrative because post 

mean unavailable 

Cattano 2017 

Healthy/prior injury; n=11 each 

30-min treadmill 

Serum 

COMP and CTX-II <=10 min; healthy COMP 

in meta-analysis 

Dreiner 2020 

Healthy men; n=15 

30-min treadmill 

Serum 

Immediate COMP; meta-analysis 

Hernández-Hermoso 2021 

Recreational men; n=17 

Marathon 

Serum 

COMP immediate/48 h; immediate COMP 

in meta-analysis 

Dreiner 2022 

Healthy men; n=14 

30-min treadmill 

Serum 

COMP immediate/30/60 min; direct ratio 

in meta-analysis 

Hay 2024 

Adults >=50 y; n=20 runners 

5-km run 

Serum 

Immediate COMP; narrative because 

variance unavailable 

Additional repository evidence broadened the 
descriptive map but did not change the four-estimate 
meta-analysis. The Woodland thesis described 12 
adults completing control, sham, and experimental-
pain 30-minute running sessions.21 Across sessions, 
serum COMP increased from 116.02 to 132.19 ng/mL 
immediately after running before declining toward 
baseline at 60 minutes. Because the dispersion 
measure was not unambiguously defined and the 
repeated sessions involved the same participants, this 
evidence was retained narratively rather than assigned 
an assumed independent variance. 

The Denning dissertation described 18 adults, equally 
divided by sex, who completed 4000 treadmill steps at 
slow walking, medium jogging, and fast running 
speeds.22 Immediate serum COMP increased by 5%, 
18%, and 28%, respectively, suggesting a speed- or 
load-related pattern. The report was not pooled 
because compatible variance was unavailable and the 
duration of the running condition could not be aligned 
confidently with the prespecified 30-minute exposure 
threshold. 

The included evidence base was dominated by small 
repeated-measures studies. Laboratory protocols 
afforded better control of speed and sampling but often 
enrolled homogeneous groups of healthy men and 
imposed a fixed session order. Field events provided 
ecologically valid endurance exposure but introduced 
uncontrolled variation in pace, environmental 

conditions, food and fluid intake, and sample timing. 
The evidence map therefore comprised 
complementary designs rather than interchangeable 
replications. 

Outcome reporting was uneven. Dreiner et al. (2022) 
provided normalized ratios with confidence intervals, 
whereas several reports gave pre- and post-run means 
without a paired correlation or a standard deviation of 
change6. Hay et al. reported a 29% immediate increase 
after a 5-km run but no compatible variance7. Shin et al. 
reported progressively larger percentage changes at 
ultramarathon checkpoints without a variance suitable 
for the immediate model1. Vuolteenaho et al. described 
no mean post-marathon change despite marked 
individual variability, and the exact post-run value was 
not reported numerically2,24. 

Outcome-specific evidence map 
COMP and CTX-II were analyzed as distinct outcome 
streams because they are not analytically 
interchangeable. COMP was the only biomarker with 
four compatible immediate estimates. CTX-II remained 
a narrative stream because the evidence mixed serum 
and urinary measurements, used different collection 
windows, and provided too few compatible 
independent estimates. Recovery COMP was also 
separated from the immediate estimand because 
clearance and post-exercise behavior change the 
biological question. The outcome hierarchy is detailed 
in Table 2. 

 

 

 

 



Bioscientia Medicina: Journal of Biomedicine and Translational Research 
https://bioscmed.com     e-ISSN: 2598-0580 Vol. 10, No. 10 (2026); pages 2967–2979 

Paramitha et al. 2973 

 

Table 2. Prespecified outcome map and synthesis approach for each evidence stream. 
Outcome stream Scope/effect Current synthesis 

Immediate serum COMP Healthy adults; <=15 min 
ln post/pre ratio 

4 estimates; random-effects meta-analysis 

Immediate COMP, clinical strata Knee injury or osteoarthritis; <=15 min 
ln post/pre ratio 

Narrative synthesis; no compatible quantitative 
pool 

Recovery COMP >15–30 min, >30–120 min, >24–48 h 
Window-specific ratio 

Narrative; never combined with immediate sample 

Serum CTX-II Immediate and recovery separated 
Ratio or change 

Narrative; sparse and highly dispersed 

Urinary CTX-II Time-normalized collection windows 
Creatinine-adjusted ratio 

Narrative; not pooled with serum CTX-II 

For CTX-II, Cattano et al. reported serum values for 
prior-injury and matched-control strata, but both were 
small (n=11 each) and the standard deviations were 
large relative to the means3. Marathon reports 
described type-II collagen synthesis and catabolism 
markers using different biological constructs and 
timepoints2,5. Contemporary CTX-II reviews also 
emphasize biospecimen, diurnal, renal, and post-injury 

context25–26. Consequently, absence of a pooled CTX-II 
estimate is a prespecified comparability decision, not 
evidence that CTX-II is unimportant or unchanged. 

Quantitative synthesis of immediate serum COMP 
Effect inputs, variance sources, and report-level 
provenance are detailed in Table 3. 

 

Table 3. Effect-level provenance for the immediate serum-COMP meta-analysis. 
Estimate Effect input and ratio Variance and provenance 
Cattano 2017, healthy controls 
n=11 

Pre: 830.32 (381.30) pg/mL 
Post: 660.93 (382.33) pg/mL 
Ratio: 0.796 

Means/SD; rho sensitivity 
Table 3 

Dreiner 2020, running 
n=15 

Pre: 9.10 (2.98) U/L 
Post: 11.50 (3.16) U/L 
Ratio: 1.264 

SD reconstructed from 95% CI; rho 
sensitivity 
Reported table/CI 

Hernández-Hermoso 2021 
n=17 

Pre: 222.50 (56.86) ng/mL 
Post: 233.43 (54.95) ng/mL 
Ratio: 1.049 

Means/SD; rho sensitivity 
Table 2 

Dreiner 2022, running 
n=14 

Pre: 456.2; dispersion as CI 
Post: 617.8; dispersion as CI 
Ratio: 1.368 

Reported normalized ratio, 95% CI 1.252–
1.483 
Supplementary Tables S1-S2 

Four healthy-adult estimates had compatible 
immediate serum-COMP information: the healthy-
control subgroup from Cattano et al.,3 the running 
condition from Dreiner et al. (2020),4 the marathon 
cohort from Hernández-Hermoso et al.,5 and the 
running condition from Dreiner et al. (2022).6 At an 
assumed paired correlation of 0.50, the 
REML/Hartung-Knapp pooled post/pre ratio was 
1.132 (95% CI 0.794–1.613), equivalent to a 13.2% 
average increase. Heterogeneity was substantial 
(τ²=0.0365; I²=89.0%; Q=21.902, p<0.001), and the 
95% prediction interval was 0.560–2.286. 

The contributing estimates were directionally 
inconsistent: one subgroup decreased after running, 
whereas the other three increased. Differences in assay, 
baseline concentration, participant selection, event 
duration, pre-exercise standardization, and variance 
construction plausibly contributed to the 

heterogeneity. The 5-km, marathon, and ultramarathon 
reports without compatible variance were not forced 
into the model. Study-specific ratios and the pooled 
estimate are shown in Figure 1. 

Correlation sensitivity yielded pooled ratios of 1.149 
(95% CI 0.819–1.613; I²=82.8%) at ρ=0.25, 1.132 (95% 
CI 0.794–1.613; I²=89.0%) at ρ=0.50, and 1.114 (95% 
CI 0.770–1.610; I²=94.2%) at ρ=0.75. Leave-one-out 
analysis at ρ=0.50 produced ratios from 1.050 when 
Dreiner et al. (2022) was omitted to 1.223 when the 
Cattano healthy-control stratum was omitted; every 
confidence interval included 1.0, and residual I² ranged 
from 80.6% to 92.8%. The complete correlation 
sensitivity results are given in Table 4 and displayed in 
Supplementary Figure S1. The positive point estimate 
was therefore not produced by a single study, but its 
magnitude and precision were unstable and 
heterogeneity remained substantial. 

 

Table 4. Correlation sensitivity of the random-effects serum-COMP meta-analysis. 
Assumed ρ Pooled ratio (95% CI) τ² / I² 95% prediction interval 
0.25 1.149 (0.819–1.613) 0.0294 / 82.8% 0.604–2.184 
0.50 1.132 (0.794–1.613) 0.0365 / 89.0% 0.560–2.286 
0.75 1.114 (0.770–1.610) 0.0457 / 94.2% 0.514–2.414 
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Figure 1. Random-effects forest plot for the immediate post-run versus pre-run serum-COMP ratio. Ratios above 1.0 indicate higher 
post-run concentrations. The model used REML with Hartung-Knapp inference and an assumed within-person correlation of 0.50. 
 

The healthy-control subgroup of Cattano et al. 
decreased from 830.32 to 660.93 pg/mL, whereas 
Dreiner et al. (2020) increased from 9.1 to 11.5 U/L, 
Hernández-Hermoso et al. increased from 222.50 to 
233.43 ng/mL, and Dreiner et al. (2022) reported a 
normalized ratio of 1.3683–6. These values illustrate 
why a unitless ratio is useful but also why a pooled 
mean alone is insufficient. The observed range includes 
a substantial decrease and increases of different 
magnitude, so clinical interpretation must foreground 
heterogeneity. 

Risk of bias and certainty of evidence 
The four pooled studies were judged to have serious 
overall risk of bias. The most frequent concern was 
confounding in uncontrolled pre/post biomarker 
contrasts: acute plasma-volume shifts, circadian 
variation, hydration, food intake, and time effects could 
alter observed concentrations independently of 
cartilage matrix release. Field studies also faced 
environmental and behavioral variation, while fixed 
exercise order and incomplete paired-variance 
reporting affected several laboratory studies. 

Study-specific concerns differed. In Cattano et al., large 
dispersion, possible outliers, assay-unit verification, 
and a blood-draw window of up to 10 minutes raised 
outcome-measurement concerns3. Dreiner et al. (2020) 
scheduled the running session last, creating potential 
period and carryover bias4. Hernández-Hermoso et al. 
analyzed a restricted final sample and measured COMP 
in singlet without plasma-volume correction5. Dreiner 
et al. (2022) also used a fixed session order and had one 
participant with insufficient serum, although 

laboratory analysis was blinded and normalized ratios 
were well reported6. 

Certainty was rated very low for the immediate serum-
COMP ratio in healthy adults. The evidence began at 
low certainty because it consisted of non-randomized 
repeated-measures studies and was downgraded for 
serious risk of bias, very serious inconsistency, and 
serious imprecision. Indirectness was not downgraded 
for the narrowly defined biomarker response, although 
COMP remains an indirect surrogate for clinical 
cartilage damage. Publication bias could not be 
assessed meaningfully because only four studies 
contributed to the meta-analysis. 

4. Discussion 

Principal findings 
The included evidence suggests that serum COMP can 
respond acutely to endurance running, but it does not 
support a single precise magnitude or direction. The 
pooled estimate was above 1.0, yet its confidence 
interval included both a reduction and a substantial 
increase, and the prediction interval was very wide. 
This pattern is compatible with variation in loading 
protocols, biospecimen handling, assays, participant 
characteristics, and sampling schedules. A transient 
concentration increase may reflect matrix transport, 
acute turnover, vascular or lymphatic clearance, or 
plasma-volume change and should not automatically be 
interpreted as cartilage injury. 

Distance events cannot be assumed equivalent to 
standardized laboratory running. Marathon and 
ultramarathon studies differ in exercise duration, 
hydration, nutritional intake, environmental exposure, 
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and sampling logistics, and a sample drawn at 100 or 
200 km does not address the same estimand as an 
immediate post-finish sample. Older adults, people 
with knee osteoarthritis, and individuals after knee 
injury may also differ in baseline COMP concentration 
and mechanosensitivity. Population and timepoint 
strata were therefore kept separate throughout the 
synthesis. 

The broadest defensible interpretation is that 
circulating COMP is mechanically responsive in some 
running contexts. Evidence for a consistent direction is 
weaker. Three pooled estimates increased, one 
decreased, one open 5-km report described an 
increase, one marathon report described no mean 
change, and ultramarathon reports suggested time-
varying increases. This mixture is compatible with true 
effect modification and measurement differences; it is 
not well represented by a single claim that running 
always raises or lowers COMP. 

An acute rise should not be described as proof of 
degradation. Mechanical compression can increase the 
movement of matrix molecules or fragments into 
synovial fluid and the circulation without indicating 
irreversible tissue loss. Conversely, a fall in serum 
concentration does not prove protection because 
distribution volume, clearance, and tissue transport 
can also change. The outcome is best understood as a 
systemic biomarker response to loading whose 
structural and clinical meaning remains conditional. 

The very-low certainty of evidence limits clinical 
conclusions. The point estimate was compatible with a 
moderate average increase, but the confidence interval 
included a decrease and the prediction interval 
encompassed effects in both directions. No validated 
threshold links a short-term COMP ratio to pain, injury, 
imaging progression, or osteoarthritis incidence. These 
findings should therefore not be used either to 
discourage otherwise appropriate running or to claim 
a cartilage-protective effect. 

The findings refine rather than overturn previous 
syntheses. Dong et al. found no simple evidence that 
running causes uniform adverse knee-cartilage change 
across imaging and biomarker outcomes.13 Reviews of 
exercise biomarkers similarly describe rapid, load-
sensitive responses whose direction depends on 
sampling, tissue transport, and the distinction between 
acute exercise and chronic adaptation.14–16,25,27–28 The 
present serum-COMP synthesis adds an explicit 
proportional estimand and prediction interval, but the 
wide interval and very-low certainty prevent stronger 
clinical claims.16,29–33 

Mechanistic studies help explain the observed 
inconsistency. Running and cycling can produce 
different serum COMP and cartilage-thickness 
responses15, while intra-articular COMP may decrease 
even when circulating concentrations change in 
another direction34. Walking, drop landing, and 
controlled ambulatory loading also evoke acute 
biomarker responses14,35. Studies of COMP 

fragmentation and loaded versus unloaded exercise 
further show that assay target and impact exposure 
affect the measured signal15,24,36. These observations 
caution against treating serum concentration as a 
direct tissue balance and support the decision to keep 
loading modes and timepoints distinct14–15,34,37–38. 

Population and loading dose may modify the response. 
Studies after anterior cruciate ligament injury and in 
older adults indicate that lower-limb loading, delayed 
COMP kinetics, cartilage composition, and age can alter 
load-response relationships39–41. Extreme-distance 
events produce serial changes across thousands of 
kilometers, showing that cumulative dose and recovery 
cannot be represented by a single immediate 
laboratory sample32. Evidence from endurance 
athletes, marathon cohorts, and habitual-activity 
analyses further supports heterogeneity by training 
status and systemic context16,32–33,36,39–43. 

Methodological implications 
Incomplete paired-data reporting is a central 
methodological limitation. Several reports provide pre- 
and post-run means but omit the within-person 
correlation, the standard deviation of change, and a 
compatible confidence interval. Treating such repeated 
measures as independent loses efficiency and can 
misstate variance, so the present analysis prioritized 
directly reported paired ratios and used correlation 
sensitivity analyses elsewhere. Reports lacking this 
information cannot enter an inverse-variance model 
without reconstruction, and any reconstruction should 
be documented explicitly. 

Assay diversity is another source of heterogeneity. 
COMP values were reported in different units and 
measured with different ELISA kits. The ratio-of-means 
effect measure avoids direct unit conversion but does 
not remove differences in calibration, analytical 
sensitivity, pre-analytic handling, or biological 
specificity. CTX-II should remain separate from COMP 
and urinary CTX-II should not be pooled with serum 
CTX-II without a defensible model27,44–45. 

Pre-exercise standardization deserves more attention 
than it commonly receives. COMP can respond to 
ordinary ambulation and posture, so the duration of 
seated or supine rest before baseline sampling may 
influence the observed ratio. Recent exercise, training 
load, time of day, fasting status, and hydration can 
further alter baseline and post-run concentrations. 
Analytical assay precision cannot correct a poorly 
standardized biological baseline30,35. 

Plasma-volume adjustment is methodologically 
important but should not be applied opaquely. 
Endurance exercise can concentrate or dilute blood, 
and an apparent biomarker change may partly reflect 
fluid redistribution. Experimental estimates confirm 
that running, cycling, and adrenergic stimulation can 
produce material plasma-volume changes46. Some field 
studies attempted correction, while others reported 
raw concentrations. The review therefore preserves 
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the authors' reported result and any transparent 
corrected sensitivity rather than imposing an 
undocumented universal adjustment. 

The report-to-study map is more than a bibliographic 
housekeeping tool. A dissertation may contain 
complete methods and several timepoints, while the 
journal article provides peer-reviewed summary 
results. A conference abstract may precede the full 
paper by years. Counting these documents 
independently would inflate study number and 
precision, while discarding the earlier report could lose 
unique data. The correct unit is the underlying cohort, 
with report-specific provenance for each extracted 
result. 

Small samples amplify the influence of individual 
observations and distributional assumptions. Several 
COMP datasets are highly dispersed, and a mean ratio 
may be sensitive to outliers or skewness. When authors 
analyze data nonparametrically but report means and 
standard deviations, the synthesis must acknowledge 
the mismatch. Median-based evidence may require 
separate narrative presentation unless individual data 
or a defensible transformation is available. 

A narrow primary estimand improves coherence but 
reduces the number of poolable studies. That tradeoff 
is appropriate: combining incompatible timepoints or 
biospecimens would create a larger but less meaningful 
meta-analysis. Narrative synthesis is not a failure when 
variance is missing or biological comparability is poor. 
Direction, magnitude, timing, and methodological 
context can be reported transparently without 
manufacturing precision. 

Strengths and limitations 
Strengths of the review include prospective 
registration, a prespecified primary timepoint and 
effect measure, explicit separation of immediate and 
recovery outcomes, report-to-study linkage, effect-
level provenance, and a reproducible random-effects 
analysis. The study-selection rules also prevented 
walking-only exposures, non-concentration outcomes, 
and incompatible biospecimens from entering the 
primary synthesis. 

The evidence base has important limitations. Database 
coverage was narrower than originally planned, and 
some potentially relevant reports did not provide 
sufficient full-text or variance information for 
quantitative use. The meta-analysis was based on four 
small studies involving 57 participants, largely healthy 
adults and men. These features limit precision, 
representativeness, and the ability to examine 
modifiers such as age, sex, previous knee injury, 
running distance, and assay platform. 

Clinical and methodological heterogeneity further 
limits generalization. Laboratory treadmill running and 
field marathons differ in cumulative load, hydration, 
environment, and recovery; serum and plasma COMP 
are not fully interchangeable; and paired variance was 
incompletely reported. Consequently, the pooled 

average should be read as a summary of the included 
conditions rather than a universal response to all 
endurance running. 

Interpretation is also constrained by the surrogate 
nature of the outcomes. COMP is found in several load-
bearing connective tissues, and CTX-II varies with 
biospecimen, renal handling, diurnal timing, and assay 
procedures. None of the pooled studies established that 
an acute biochemical change predicts pain, focal 
cartilage loss, imaging progression, or future 
osteoarthritis. Mechanistic and clinical conclusions 
must therefore remain separate. 

The meta-analysis included only four estimates and 57 
participants. Hartung-Knapp inference and a 
prediction interval appropriately widened uncertainty, 
but statistical methods cannot compensate for sparse 
evidence. Estimation of between-study variance is 
unstable with few studies, subgroup analysis would be 
underpowered, and formal publication-bias testing 
was not appropriate. The pooled value should therefore 
be interpreted together with the study-specific effects 
and prediction interval. 

The review also inherits the limitations of its source 
reports. Selective recruitment, male-dominant 
samples, incomplete reporting of paired variance, fixed 
session order, heterogeneous assay platforms, and 
inconsistent plasma-volume handling all constrain 
inference. A small number of candidate values were 
available only from repository abstracts rather than full 
reports; these were labeled accordingly and kept out of 
the primary analysis wherever the residual uncertainty 
prevented valid variance estimation. 

The title's inclusion of CTX-II is justified by the protocol 
but requires restraint in the conclusions. CTX-II is 
biologically closer to type-II collagen degradation than 
COMP, yet serum and urinary CTX-II are not 
interchangeable and are influenced by renal handling, 
timing, injury state, and assay design. Recent evidence 
in anterior cruciate ligament reconstruction and knee 
osteoarthritis underscores that clinical context 
matters26,47. The current evidence map therefore treats 
CTX-II as an important but unpooled secondary stream 
rather than granting it equal quantitative weight to 
COMP26,28,47. 

Research implications 
Future primary studies should standardize pre-
exercise rest, hydration assessment, running dose, 
blood-draw timing, assay details, and paired statistical 
reporting. Reporting raw or individual-level pre/post 
values would permit reliable within-person synthesis. 
Studies should distinguish acute transport or turnover 
signals from structural damage and incorporate 
imaging or longer-term clinical outcomes where 
possible28,44,48–52. 

A useful core protocol would document activity during 
the preceding 24–48 hours, seated or supine rest 
before baseline sampling, time of day, fasting and 
hydration, menstrual and hormonal context when 
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relevant, running speed and distance, footwear, 
surface, environmental conditions, and exact blood or 
urine collection times. Hematocrit or plasma-volume 
indicators would permit sensitivity analysis. Samples 
should be randomized across assay plates, analyzed in 
duplicate where feasible, and reported with 
coefficients of variation and detection limits. 

Future reports should provide participant-level or at 
least paired summary data: pre and post means, 
standard deviations, mean change and its standard 
deviation, within-person correlation, and the number 
contributing to each timepoint. Confidence intervals for 
ratios or changes are especially helpful. When several 
exercise conditions are studied in the same 
participants, the correlation between conditions 
should be available so that multilevel or multivariate 
synthesis can preserve the crossover design. 

Research should also connect biochemical kinetics with 
outcomes that matter clinically. Serial COMP and CTX-
II measurements could be paired with quantitative 
cartilage imaging, symptoms, recovery, and 
longitudinal follow-up. Such designs may distinguish 
transient transport from persistent matrix catabolism 
and identify whether baseline joint health, age, sex, 
prior injury, training history, or running biomechanics 
modify the response. Until then, biomarker findings 
should remain mechanistic rather than 
prescriptive29,31,53. 

For evidence synthesis, prospective harmonization and 
data sharing would be more valuable than simply 
increasing the number of small heterogeneous studies. 
A common data dictionary and pre-agreed sampling 
windows could enable individual-participant meta-
analysis, explore nonlinear dose-response, and reduce 
dependence on reconstructed variance. Registering 
analysis plans before examining pooled effects would 
further limit selective choices among biomarkers, 
timepoints, and loading conditions. 

5. Conclusion 

Available adult evidence indicates that serum COMP 
may change acutely after endurance running, but the 
magnitude and direction vary substantially across 
studies. The pooled ratio was above 1.0, while both its 
confidence interval and prediction interval included 
effects in opposing directions. CTX-II and recovery 
findings were too heterogeneous for defensible 
pooling. These short-term surrogate biomarker 
responses do not establish cartilage degradation, 
protection, or long-term clinical harm. 
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