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stability and lubrication, circadian-based inter-
ventions are lacking. 

Circadian rhythm, governed by clock genes 
such as brain and muscle ARNT-like protein 1 
(BMAL1), period 1 and 2 (PER1/2), and crypto-
chrome circadian regulator 1 and 2 (CRY1/2), 
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The Influence of Circadian Rhythms on Joint Health

Joint health is a critical component of physi-
cal well-being and mobility. Key factors 
that influence joint health include suf-

ficient formation of synovial fluid, regulated 
cartilage metabolism, and control of inflam-
matory agents. Recent studies reveal that cir-
cadian rhythms – biological clocks within the 
body – play a significant role in regulating clock 
genes, hormone synthesis, cell repair, and 
inflammation – all of which support joint health.1 
These determinants share a synergistic relation-
ship with hormones such as cortisol and mela-
tonin, which act as antiinflammatory agents and 
facilitate optimal joint function in patients with 
joint pathologies.2-3 Furthermore, these hor-
mones are also strongly influenced by circadian 
rhythms, as their concentrations vary throughout 
the day and night in response to the biologi-
cal clock.2-4 Here we explore the coordination 
between circadian rhythms and joint health 
to inform targeted, innovative approaches for 
treating joint diseases. Although existing litera-
ture indicates that circadian rhythms affect joint 

ing hormonal secretion. Cortisol, released in 
response to stress, peaks in the morning and 
decreases throughout the day. Melatonin, 
secreted at night, improves cartilage and 
reduces oxidative stress in tissues. Both of 
these hormones positively influence synovial 

Circadian rhythms...play a significant role in regulating 
clock genes, hormone synthesis, cell repair, and inflamma-

tion – all of which support joint health. 
modulates key pathways for cartilage homeosta-
sis, including extracellular matrix (ECM) remod-
eling. Several recent investigations indicate that 
ECM composition and distribution are regulated 
by circadian rhythms.5 This includes the activity 
of enzymes such as a disintegrin and metallo-
proteinase with thrombospondin motifs 4 and 5 
(ADAMTS4/5), which degrade aggrecan, a carti-
lage matrix component, and matrix metallopro-
teinases (MMPs), which primarily degrade type II 
collagen. These enzymes maintain ECM turnover 
and cartilage integrity, ultimately influencing 
joint lubricant production.6 Mechanical loading 
and osmotic changes also follow circadian pat-
terns, further supporting the hypothesis that cir-
cadian rhythms influence joint health. Research 
also has shown that lubrication peaks during 
increased exercise, emphasizing the impor-
tance of proper joint care at optimal times of 
day. Sustained or intermittent loading can cause 
degenerative changes, including joint degrada-
tion and inflammation.7 

Circadian rhythms regulate numerous bio-
logical functions over a 24-hour cycle, includ-

fluid production.8,9 A cohort study of diurnal 
cortisol production found that patients with 
rheumatoid arthritis (RA) exhibit different corti-
sol release patterns compared to healthy con-
trols; reduced morning cortisol correlates with 
higher disease activity, highlighting its clinical 
impact.8 Adequate cortisol levels maintain syno-
vial fluid viscosity and lubrication, while mela-
tonin supports synovial membrane integrity.9 
Clock genes regulate circadian rhythms and 
have been shown to affect health by influencing 
synovial fluid production and cartilage repair.

Recent findings highlight the importance 
of BMAL1, which plays a key role in regulat-
ing interstitial cells – particularly fibroblast-like 
synovial cells (FLS) and chondrocyte develop-
ment.4 Other studies have shown that normal 
expression of PER 1 supports cartilage homeo-
stasis and reduces risk of inflammation.10 CRY1 
and CRY2 also maintain cartilage integrity; their 
inhibition has been shown to improve osteoar-
thritis (OA).11 Other circadian clock-regulated 
enzymes, such as ADAMTS4/5 and MMP14, 
influence ECM remodeling by balancing carti-
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lage breakdown and repair, respectively, result-
ing in rhythmic variation in joint lubrication.12 

These insights underscore the broader implica-
tions of circadian regulation in joint diseases, 
supported by evidence from animal studies. 

Several recent studies have explored the 
complex interplay between circadian rhythms 
and joint-related diseases, particularly OA. 
One study identified two genes – PFKFB4 and 
DDIT4 – with expression patterns linked to cir-
cadian regulation and knee osteoarthritis (KOA) 
development. These genes govern a variety of 
cellular processes, immune modulation, and 
tissue repair, enhancing our understanding 
of KOA pathophysiology –especially in aging 
populations more prone to joint diseases due 
to aging and altered circadian rhythms. They 
also serve as potential biomarkers for early 
diagnosis and targeted, timed interventions. 
Additional research into circadian rhythm ther-
apies should focus on treatment options for 
joint conditions that affect older patients.13 

Animal studies and clinical trials support 
the association between circadian clocks and 
joint health. BMAL1 knockout models in mice 
demonstrated joint destruction and increased 
inflammation.4 Similarly, the deletion of CRY 1/2 
in models promoted OA development.11 These 
findings suggest that clock genes may be ther-
apeutic targets in joint disease. Furthermore, 
synovial fluid viscosity and lubrication peak in 
the morning, consistent with clinical manifes-
tations of morning stiffness in individuals with 
OA. Circadian rhythms also influence inflamma-
tory cytokines, such as tumor necrosis factor-α 
(TNF-α) and interleukin-6 (IL-6), which peak 
from midnight to early morning and are asso-
ciated with morning stiffness in RA.14 This dis-
ruption affects joint lubrication and increases 
wear and tear, emphasizing the importance of 
treatment timing due to hormonal and cytokine 
fluctuations throughout the day. 

Other studies on circadian rhythm therapies 
for joint diseases have primarily used animal 
models, showing promising outcomes. Research 
on moxibustion treatment at various times of day 
demonstrated regulation of Clock and BMAL1 
gene expression in synovial tissue, reducing 
inflammation and pyroptosis (programmed cell 
death with inflammation).15 While animal experi-
ments suggest circadian therapies may be effec-
tive, human studies are limited. Clinical trials 
on chrono-moxibustion, a therapy timed with 

the body’s circadian rhythm, are underway to 
evaluate its impact on RA outcomes.16  However, 
insufficient human data on circadian-based RA 
treatments presents challenges for clinical appli-
cation. Additional research is needed to bridge 
finding from animal models to human trials.

Chronotherapy, which aligns treatment 
with the body’s circadian clock, offers an 
effective strategy for improving outcomes in 
joint diseases.17,18 For example, two random-
ized controlled trials found that administering 
prednisone at midnight was more effective in 
reducing joint stiffness than morning admin-
istration.¹⁷ This timing reduces IL-6 and other 
pro-inflammatory cytokines that accumulate 
overnight and contribute to morning stiffness 
in RA.¹⁷ Similarly, teriparatide, a recombinant 
parathyroid hormone used in postmenopausal 
osteoporosis, is more effective when adminis-
tered in the morning, as it reduces C-terminal 
telopeptide (CTX) levels, promoting bone for-
mation and enhancing bone mineral density.18  
Circadian rhythms also affect the oral bioavail-
ability of bisphosphonates, standard osteo-
porosis treatments, due to diurnal variation in 
intestinal activity.18  

Circadian rhythms influence joint health 
primarily through clock genes that regulate 
synovial fluid production and cartilage integ-
rity, enhancing joint lubrication and mobility. 
Inhibition of CRY 1/2 promotes OA, further high-
lighting their role in joint disease.11 The connec-
tion between circadian rhythms and joint health 
presents opportunities for chronotherapeu-
tic interventions and targeted treatments.17,18 
However, existing literature on this topic lacks 
longitudinal studies on circadian rhythm-based 
treatments in joint disorders. Thus,  random-
ized controlled trials to clarify the direct role of 
circadian rhythms in the progression and prog-
nosis of joint diseases such as RA and OA are 
needed.
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