
The rotator cuff is an intricate assembly of muscle tendons 
enveloping the shoulder joint, which is crucial to sustain 
the stability and range of motion necessary for the com-
plex biomechanics of the shoulder and the diverse func-
tionality of the human arm.1,2) Rotator cuff tears (RCTs) 
are a common musculoskeletal injury characterized by 
partial or complete tears of one or more of the rotator cuff 
tendons. Although RCTs can occur due to acute trauma, 
they are more frequently the result of degenerative chang-
es, especially in the elderly.3,4)

Several risk factors have been identified to contrib-
ute to the vulnerability and subsequent degeneration of 
the rotator cuff, age being the primary factor.5,6) Over time, 
cumulative stress and physiological changes within the 

tendons diminish their elasticity and resilience, increasing 
the propensity for tears.7,8) Hand dominance also plays an 
important role in RCTs as repetitive use and overloading 
of the dominant shoulder can exacerbate the wear and tear 
of the tendons.9,10) Lifestyle factors, such as smoking and 
diabetes, are known to impair blood flow and tissue repair 
mechanisms, increasing the risk of RCTs.11-13) Similarly, 
body weight is another significant factor, as increased body 
mass places greater mechanical demands on the muscu-
loskeletal system, particularly on structures involved in 
movement, such as the rotator cuff.14-16) Apart from the 
physical factors, hyperlipidemia, a systemic component, 
stands out as a potential direct and indirect influence on 
tendon degeneration.17,18) Hyperlipidemia is characterized 
by elevated lipid levels in the bloodstream, including cho-
lesterol and triglycerides, which can lead to fatty deposits 
in blood vessels and tissues, systemic inflammation, and 
oxidative stresses, all of which may compromise the struc-
tural integrity as well as healing capacity of the rotator 
cuff.19) 

Over the years, the prevalence of hyperlipidemia has 
increased in modern societies due to genetic predisposi-
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tions and lifestyle factors, making it a significant concern 
for public health and an important consideration in the 
management of RCTs.20,21) This review aims to explore the 
multifaceted relationship between hyperlipidemia and 
RCTs by examining how hyperlipidemia affects the heal-
ing process in RCTs, elucidate the underlying mechanisms, 
and propose potential interventional strategies to improve 
clinical outcomes for patients with RCTs.

HYPERLIPIDEMIA AND RCT
Various studies have substantiated the association between 
hyperlipidemia and RCTs by demonstrating a clear cor-
relation between the incidence of RCTs and lipid disor-
ders.13,22,23) Abboud and Kim22) found that a significant 
majority of patients with RCTs had higher total cholesterol 
levels than the control group, suggesting that hyperlipid-
emia may be a contributing factor to the development of 
RCTs. Presumably, hyperlipidemia may not merely be a 
coincidental finding in patients with RCTs because these 
patients often present with dyslipidemic profiles, indicat-
ing that systemic metabolic imbalances may be an etiolog-
ical factor for this condition.23) Furthermore, a systematic 
review and meta-analysis by Giri et al.13) evaluated the risk 
factors for rotator cuff disease, highlighting the significant 
role of diabetes, hypertension, and hyperlipidemia in the 
development of this condition.

Notably, a few studies have also documented the 
adverse impact of hyperlipidemia on rotator cuff heal-
ing after surgery.24-26) Patients with hyperlipidemia show 
delayed recovery and compromised healing of the rotator 
cuff on magnetic resonance imaging, which is evident in 
the form of significant fatty infiltration in the tendon tis-
sue after RCT repair.24,25) Chung et al.26) studied the effects 
of hypercholesterolemia on fatty infiltration and bone-
to-tendon healing in a rabbit model of chronic RCT by 
creating a high-cholesterol state and then lowering it using 
simvastatin. They reported that rabbits with high blood 
cholesterol levels had lower electrophysiological activity at 
electromyography and muscle stiffness, and confirmed a 
noticeable difference in fatty infiltration. Hyperlipidemia 
tends to influence the biological environment and im-
pede natural reparative processes, leading to suboptimal 
outcomes in tendon regeneration and repair. These detri-
mental effects highlight the need for a comprehensive ap-
proach to managing RCTs in patients with hyperlipidemia, 
one that addresses both the mechanical aspects of the tear 
and the metabolic factors at play.

MECHANISM UNDERLYING THE 
DETRIMENTAL EFFECTS OF HYPERLIPIDEMIA
Currently, several mechanisms have been proposed to 
explain the harmful effects of hyperlipidemia on RCT 
healing.22) In this review, we have categorized these mecha-
nisms into 3 categories: xanthoma accumulation, inflam-
mation, and oxidative stress (Fig. 1).

Xanthoma Accumulation
In hyperlipidemia, an increased concentration of blood 
lipids becomes trapped within the extracellular matrix 
(ECM) of the rototor cuff tendon.27) Abnormal cholesterol 
accumulation triggers an inflammatory cascade initiated 
by a macrophagic response; these macrophages absorb and 
oxidize these lipids to form foam cell aggregates, known as 
xanthomas, which ultimately disrupts the integrity of the 
ECM.28) Xanthomas become embedded within the rotator 
cuff tendon, causing mechanical instability.29) 

In particular, Fang et al.30) found that rotator cuff 
tendons exhibited a decreased concentration of collagen I 
and an increased concentration of collagen III in a swine 
hyperlipidemia model, indicating pathological changes 
in the tendon at the structural level. Given that type I 
collagen is predominant in rotator cuff tendons and is 
responsible for the tendon’s tensile strength by forming 
thick fibrils, a decrease in its ratio implies reduced tendon 
strength and hampered healing of the tear.31,32) 

The rotator cuff tendon, given its constant exposure 
to high mechanical demands and complex range of mo-
tions, is particularly vulnerable to lipid accumulation and 
subsequent ECM disruption caused by hyperlipidemia. As 
observed in both animal models and clinical cases, lipid 
deposits, such as xanthomas, may accumulate more read-
ily in areas of high mechanical stress like the rotator cuff, 
contributing to its degeneration.33)

Inflammation
The xanthoma formation due to hyperlipidemia initiates 
an inflammatory cascade, which is critical in the patho-
genesis of tendon disorders. The activation of the nuclear 

Xanthoma
accumulation

Inflammation

Oxidative stress

Hyperlipidemia Rotator cuff tear

Fig. 1. Mechanism underlying the detrimental effects of hyperlipidemia.
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factor kappa beta (NF-κB) pathway leads to the produc-
tion of proinflammatory cytokines, such as tumor necrosis 
factor-α and interleukin (IL)-6, which have multifaceted 
roles in tendon pathology.34) These cytokines are not only 
implicated in inflammatory signaling but also in the regu-
lation of tendon cell metabolism and apoptosis, which is 
central to tendon degeneration and healing.

Inflammation also results in the upregulation of ma-
trix metalloproteinases (MMPs)—enzymes capable of de-
grading various ECM components—further contributing 
to tissue disorganization.35) Dysregulation of this delicate 
balance between ECM synthesis and degradation can lead 
to declining mechanical properties of the tendon, making 
it more susceptible to injury. The persistent inflammatory 
environment, exacerbated by the NLRP3 (NOD-, LRR-, and 
pyrin domain-containing protein 3)-inflammasome path-
way, produces IL-1β (a potent inflammatory mediator) that 
accelerates collagen breakdown and impedes the reparative 
process within the healing tendon.27) 

The rotator cuff tendon is particularly susceptible 
to chronic inflammation due to its relatively limited blood 
supply compared to other tendons. This compromised 
vascularity may exacerbate the effects of hyperlipidemia-
induced inflammation, further delaying the reparative 
process and leading to more pronounced degenerative 
changes.36)

Oxidative Stress
Lately, the role of oxidative stress in tendon pathology is 
being increasingly recognized, particularly in the context 
of hyperlipidemia-induced tendon damage. The excess 
cholesterol in tendon tissues leads to xanthoma formation, 
causing an overload of reactive oxygen species in the ten-
don, which in turn overwhelms the tendon’s intrinsic anti-
oxidant defenses.19) Oxidative stress induces cellular dam-
age through lipid peroxidation, DNA damage, and protein 
oxidation; it is also known to affect cellular signaling path-
ways, such as the AKT/FOXO1 pathway, which regulates 
cell survival and apoptosis. Dysregulation of this pathway 
due to oxidative stress can lead to increased tendon cell 
apoptosis and autophagy, typically protective physiological 
processes that may become harmful when dysregulated.37) 

TREATMENT
Statins are the cornerstone of treating hyperlipidemia and 
play a multifaceted role in managing rotator cuff health.38) 
While they are instrumental in decreasing the level of 
low-density lipoprotein cholesterol (LDL-C) by inhibiting 
β-Hydroxy β-methylglutaryl-CoA (HMG-CoA) reductase 

and increasing LDL receptors in liver cells, their impact 
extends to RCTs as well.39) Statins contribute to tendon 
healing by promoting tenocyte functions and modulating 
inflammation; however, concerns persist over their asso-
ciation with musculoskeletal side effects, including tendi-
nopathy and potential tendon ruptures.23,40) 

The positive effects of statins have been demon-
strated in both animal and clinical studies. Chung et al.26) 
explored the influence of hypercholesterolemia on fatty 
infiltration and tendon-to-bone healing in a rabbit model 
of chronic RCTs, where elevated cholesterol levels were 
subsequently reduced with simvastatin. Similarly, Deren 
et al.41) observed that simvastatin improved muscle fiber 
force production (a notable 20% increase in muscle fiber-
specific force) and reduced fibrosis, indicated by decreased 
type 1 collagen (fibrosis marker) and fat accumulation in a 
rat model of RCTs.

Likewise, a clinical study comparing statin users 
with non-users across various rotator cuff pathologies 
found that statin use was linked with varied outcomes. 
Cancienne et al.42) examined the relationship between peri-
operative lipid profiles and the need for subsequent surgi-
cal interventions in more than 30,000 patients who under-
went arthroscopic rotator cuff repairs. The authors noted 
that patients with hyperlipidemia faced a higher likelihood 
of requiring revision surgery after a full-thickness rotator 
cuff repair compared to their non-hyperlipidemic coun-
terparts. These findings highlight the complex interplay 
between lipid management and rotator cuff disease out-
comes, advocating for a tailored approach to the use of 
statins in patients with rotator cuff pathologies.

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are commonly used to treat various inflammatory condi-
tions.43,44) While there is limited evidence on the direct 
effects of NSAIDs on RCTs in hyperlipidemic patients, 
several studies have demonstrated their benefits in reduc-
ing inflammation and pain in rotator cuff tendinopathy. 
For instance, NSAIDs can modulate the inflammatory 
response in tendinopathic tissues by inhibiting cyclooxy-
genase enzymes, which reduces the production of pro-
inflammatory cytokines, thus helping manage symptoms 
in rotator cuff injuries.45,46)

Interestingly, Kourounakis et al.47) explored the 
impact of intraperitoneal NSAID administration in hyper-
lipidemia-induced rats and observed a decrease in levels 
of total cholesterol, LDL, and triglycerides. These findings 
suggest that NSAIDs may not only play a role in managing 
atherosclerosis-related inflammation but could also con-
tribute to lipid reduction, potentially benefiting patients 
with hyperlipidemia alongside their treatment for rotator 
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cuff disorders. 
Vitamin D, an orally ingestible fat-soluble vitamin, 

plays a pivotal role in the homeostasis of the skeletal, im-
mune, and metabolic systems. It is also recognized as a 
potent antioxidant and its deficiency can exacerbate oxi-
dative stress, tissue inflammation, and atherosclerosis by 
increasing monocyte and macrophage expression in the 
vascular cell intima. Several studies have investigated the 
role of Vitamin D in the context of rotator cuff disease. 
Angeline et al.48) conducted an animal study involving 62 
rats and demonstrated that reduced vitamin D levels can 
have harmful biomechanical and histological effects on 
rotator cuff repair. These results highlight the potential 
antioxidant properties of vitamin D in rotator cuff repair. 
Kim et al.49) investigated the molecular mechanisms af-
fected by Vitamin D deficiency in patients with medium 
RCTs. Their study highlighted altered gene and protein 
expression patterns that are essential for tendon repair and 
maintenance. Specifically, they found that low vitamin D 
levels were associated with the dysregulation of genes in-
volved in collagen synthesis and inflammation, potentially 
impairing the healing process after injury.

Moreover, a comprehensive review by Daher et 
al.50) emphasized the broader implications of vitamin D in 
shoulder health. Their review underscored how vitamin 
D deficiency not only affects tendon integrity but also has 
negative consequences on surgical outcomes in rotator 
cuff repairs. They advocate for monitoring and managing 
vitamin D levels in patients undergoing rotator cuff sur-
gery, as adequate levels may improve healing and rehabili-
tation.

MANAGING HYPERLIPIDEMIA AND ROTATOR 
CUFF DISEASE: LIMITATIONS OF STATINS 

AND POTENTIAL ALTERNATIVE THERAPIES
With the increase in the aging population around the 
globe, there has been a notable rise in the incidence of 
hyperlipidemia and RCTs, presenting a growing challenge 
to healthcare systems internationally.51) The adverse con-
sequences of hyperlipidemia on the structural integrity 
and natural healing mechanisms of the rotator cuff have 
been extensively corroborated by clinical evidence. This 
evidence firmly establishes hyperlipidemia as a major risk 
factor and a critical determinant of the success of both sur-
gical interventions and conservative treatment approaches 
for rotator cuff injuries.13,52)

Currently, hyperlipidemia is largely managed 
through statins, which function as a lipid-lowering agent 
and have gained widespread acceptance due to their ef-

ficacy.53) However, the use of statins is marred by their 
most common side effect, myotoxicity, ranging from mild 
myopathy to severe rhabdomyolysis, which raises con-
cerns regarding their extensive clinical application.54) The 
potential of statins to impair healing processes of tendon 
has been highlighted in an animal study conducted by de 
Oliveira et al.,55) indicating a need for cautious application 
in patients undergoing recovery from rotator cuff surgery. 

The pathophysiology of hyperlipidemia extends 
beyond simple lipid accumulation; it is a disease char-
acterized by a complex interplay of inflammation and 
oxidative processes. Chronic inflammation is a common 
denominator in a cluster of chronic conditions, including 
hypertension, diabetes, and atherosclerosis. Consequently, 
anti-inflammatory and antioxidant interventions have 
been researched for their potential therapeutic impact in a 
spectrum of chronic inflammatory diseases, such as meta-
bolic syndrome. Ferrer et al.56) demonstrated that COX-2 
inhibitors can reduce several markers of metabolic syn-
drome. Therapeutic intervention using anti-inflammatory 
agents, such as NSAIDs or COX-2 selective inhibitors, can 
directly involve the synthesis of inflammatory mediators. 
Furthermore, Rochlani et al.57) reported that various natu-
ral compounds with anti-inflammatory and antioxidant 
properties can attenuate the systemic inflammatory re-
sponse associated with metabolic syndrome.

In summary, hyperlipidemia has a potentially nega-
tive effect on both the normal physiology of the rota-
tor cuff as well as during its healing phase after injury; 
therefore, addressing these critical intersections between 
hyperlipidemia-induced inflammation and tendon pathol-
ogy is paramount for effective treatment. Considering the 
drawbacks of lipid-lowering agents like statin, incorporat-
ing anti-inflammatory and antioxidant therapies as alter-
natives to reduce statin use could prove beneficial. There 
is a pressing need for further research into the combined 
effects of low-dose statins with anti-inflammatory drugs 
or antioxidants on mitigating the harmful effects of hyper-
lipidemia on RCT healing.

CONCLUSIONS
The relationship between hyperlipidemia and rotator cuff 
pathology demands a targeted treatment approach that ad-
dresses both lipid dysregulation and its impact on tendon 
health. Research highlights the need for careful manage-
ment of statins in patients with RCTs, alongside alternative 
therapies that focus on reducing inflammation and oxida-
tive stress. Future treatment strategies should prioritize 
combining lipid-lowering agents with anti-inflammatory 
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and antioxidant interventions to optimize tendon healing 
and recovery in hyperlipidemic patients. Enhancing these 
therapeutic intersections will be critical for improving 
clinical outcomes in rotator cuff disease. 
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