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Detection of GLP-1 and 
DPP-4 in synovial fluid: 
implications for 
therapeutical strategies 
in arthritis 

Glucagon-like peptide-1 (GLP-1) 
receptor agonists have recently 
attracted interest in arthritis manage
ment due to their effects on weight, 
metabolism, and inflammation.1 
However, whether GLP-1 receptor 
agonists exert direct intra-articular 
effects remains uncertain.

Native GLP-1 is rapidly degraded 
by dipeptidyl peptidase-4 (DPP-4), 
an enzyme with additional immune 
functions that circulates abundantly in 
plasma. Potential effects of endogenous 
GLP-1 might therefore be curtailed 
by DPP-4, making information on 
local DPP-4 activity particularly 
relevant. However, their presence and 
relationship within synovial fluid have 
not been characterised.

In this single-centre, biobank-
based, proof-of-concept study, 
we analysed paired plasma and 
synovial fluid samples from adult 
patients with rheumatoid arthritis 
and spondyloarthritis. Patients were 
enrolled through the Inflammation 
in Arthritis (INART) biobank at 
Aarhus University Hospital (Aarhus, 
Denmark), approved by the Central 
Denmark Region Committees on 
Health Research Ethics (1-10-72-291-
12), and all participants provided 
written informed consent.

Synovial fluid and paired plasma 
samples were obtained from patients 
with rheumatoid arthritis (n=22) and 
spondyloarthritis (n=22) between 
November, 2012, and December, 2018. 
Sampling and clinical assessments 
were performed at the same visit. 
Control plasma samples from healthy 
volunteers (for use for research with 
appropriate consent) were included as 
a reference group (n=29). Clinical and 
demographic characteristics are shown 
in the appendix.

Soluble GLP-1 was quantified 
using an amidated GLP-1 (7–36) 
enzyme-linked immunosorbent 
assay (ELISA; Mercodia, Sweden). 
The lower limit of quantification 
for this assay is 1·0 pmol/L and the 
inter-assay variation was below 15%. 
DPP-4 activity was measured with a 
fluorometric assay (Sigma-Aldrich, 
USA). All assays were performed 
according to manufacturers’ guidelines 
and all quality controls were within 
expected limits.

Statistical analyses were performed 
in GraphPad Prism 10. Given the non-
normal distribution of biomarker 
levels, non-parametric tests were 
applied. Within-patient comparisons 
between plasma and synovial fluid 
were assessed using the Wilcoxon 
matched-pairs signed-rank test. 
Comparisons of plasma measurements 
between patients and healthy 
controls were performed using the 
Mann–Whitney U test. Correlations 
between plasma and synovial fluid 
concentrations were assessed using 
Spearman’s rank correlation. Two-
sided p values are reported.

We first compared soluble GLP-1 
concentrations in plasma and synovial 
fluid from patients with rheumatoid 
arthritis and spondyloarthritis. In both 
diseases, soluble GLP-1 concentrations 
were significantly lower in synovial 
fluid than in plasma (both p<0·0001; 
figure A). Exploratory comparisons 
between rheumatoid arthritis and 
spondyloarthritis did not show 
significant differences in synovial 
fluid concentrations (p=0·29). Plasma 
concentrations were similar in patients 
and healthy controls (rheumatoid 
arthritis p=0·19; spondyloarthritis 
p=0·10); this comparison is provided 
for contextual reference only. 
Similarly, DPP-4 activity was lower 
in synovial fluid than in plasma: the 
difference was not significant in 
rheumatoid arthritis (p=0·064) but 
was significant in spondyloarthritis 
(p=0·0016; figure B). Exploratory 
analyses showed no significant 
difference in synovial fluid DPP-4 

activity between rheumatoid arthritis 
and spondyloarthritis (p=0·095). 
Plasma DPP-4 activity also did not 
differ significantly between patients 
and healthy controls (rheumatoid 
arthritis p=0·12; spondyloarthritis 
p=0·88). Importantly, plasma and 
synovial fluid measurements correlated 
for both soluble GLP-1 (Spearman 
R=0·619, p<0·0001) and DPP-4 
activity (Spearman R=0·388, p=0·034; 
figure C–D), suggesting that synovial 
fluid concentrations largely reflect 
plasma diffusion. All samples were 
above the detection limit of the GLP-1 
assay, and DPP-4 activity was detectable 
in all participants except one.

This proof-of-concept study was 
designed to assess detectability 
of GLP-1 and DPP-4 in synovial 
fluid rather than to assess clinical 
or metabolic determinants of their 
levels. The underlying biobank was 
not designed to systematically collect 
data on comorbidities or metabolic 
characteristics, and participants were 
not sampled under standardised 
fasting conditions. Information on 
diabetes status, smoking status, renal 
and liver function, cardiometabolic 
comorbidities, use of glucose-lowering 
therapies, and prandial status at 
sampling was therefore not available. 
Healthy controls were younger than 
the patient groups and differed in sex 
distribution, and were included for 
contextual reference only. In addition, 
most patients were receiving disease-
modifying antirheumatic drugs 
and, in some cases, glucocorticoids, 
and treatment-related effects on 
circulating and synovial GLP-1 and 
DPP-4 concentrations cannot be 
separated from disease-related 
effects. These limitations restrict 
interpretation to detection and 
compartmental distribution and do 
not permit conclusions regarding 
clinical determinants or whether 
systemic GLP-1 availability differs 
between inflammatory arthritis and 
healthy individuals.

These findings show, for the 
first time (to our knowledge), that See Online for appendix
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from the present data. Notably, 
individuals with undetectable 
synovial GLP-1 concentrations also 
had very low plasma concentrations, 
consistent with the observed 
correlation between compartments 
and supporting the concept that 
joint concentrations largely reflect 
systemic availability. The marked 
difference between endogenous 
and therapeutic systemic exposure 
therefore supports the biological 

nanomolar range, several orders of 
magnitude higher than endogenous 
GLP-1.2,3 Although the majority of 
circulating drug is protein-bound, 
and only a small fraction is free 
and biologically active,4 this free 
concentration still exceeds physio
logical plasma levels. Whether 
such pharmacological exposure 
results in sufficient intra-articular 
concentrations for sustained receptor 
engagement cannot be established 

both GLP-1 and DPP-4 are present 
in synovial fluid of patients with 
inflammatory arthritis. Physiological 
concentrations of GLP-1 in synovial 
fluid are low, and concomitant DPP-4 
activity suggests ongoing local 
degradation, potentially limiting 
sustained receptor engagement within 
the joint.

By contrast, therapeutic GLP-1 
receptor agonists achieve steady-
state plasma concentrations in the 

Figure : Soluble GLP-1 concentrations and DPP-4 activity in plasma and synovial fluid from patients with rheumatoid arthritis and spondyloarthritis and in 
plasma from healthy controls
Data are shown as medians with IQR for soluble GLP-1. Healthy controls provided plasma samples only, and measurements are shown for reference. Controls were 
not matched to the patient groups and might differ in factors known to influence GLP-1 levels, including age and prandial status at sampling; comparisons with 
patient groups should therefore be interpreted as contextual only. Correlations were assessed using Spearman’s rank correlation. (A) Soluble GLP-1 concentrations in 
plasma and synovial fluid in patients with rheumatoid arthritis (n=22), spondyloarthritis (n=22), and in plasma in healthy controls (n=29). (B) Soluble DPP-4 activity 
in plasma and synovial fluid in patients with rheumatoid arthritis (n=12), spondyloarthritis (n=18), and in plasma in healthy controls (n=7). (C) Correlation between 
plasma and synovial fluid soluble GLP-1 concentrations in rheumatoid arthritis and spondyloarthritis (n=44). (D) Correlation between plasma and synovial fluid 
soluble DPP-4 activity in rheumatoid arthritis and spondyloarthritis (n=30). GLP-1=glucagon-like peptide-1. DPP-4=dipeptidyl peptidase-4. 
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plausibility that pharmacological 
GLP-1 receptor agonists could 
overcome the low physiological 
concentrations observed in synovial 
fluid.

An alternative strategy to enhance 
local exposure could be intra-articular 
delivery of GLP-1–based therapies, 
although the feasibility, safety, 
and pharmacodynamics of such an 
approach remain to be established.

Potential joint targets of GLP-1 
signalling include chondrocytes 
and synovial cells, in which GLP-1 
receptor agonists have been shown 
to exert anti-inflammatory and anti-
degradative effects in experimental 
models of osteoarthritis and synovitis.5

The findings from this study provide 
proof-of-concept that both GLP-1 
and DPP-4 are present in synovial 
fluid, albeit at lower concentrations 
than in plasma. Although these 
physiological levels likely limit intra-
articular activity, pharmacological 
GLP-1 receptor agonist exposure 
could overcome this barrier. Taken 
together, these findings provide a 
mechanistic rationale for exploring 
whether GLP-1 receptor agonists 
exert direct effects on joint-resident 

cells in arthritis, complementing 
their systemic weight-reducing and 
metabolic benefits.
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