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Influence of Hyperlipidemia
on the Treatment of Supraspinatus
Tendinopathy With or Without Tear
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Objective To investigate the influence of hyperlipidemia on the treatment of supraspinatus tendinopathy, with or
without tear.

Methods We retrospectively reviewed the data of patients with shoulder pain and patients with supraspinatus
tendinopathy, with or without tear, were included in the study. Exclusion criteria were prior shoulder surgery,
prior steroid injection, neurological diseases that could lead to shoulder pain, and use of lipid-lowering
medication. According to the serum lipid profiles, patients were assigned to either the hyperlipidemia or non-
hyperlipidemia group. By analyzing the numeric rating scale (NRS) before treatment, and at 2 weeks and 8 weeks
after treatment, we compared the difference in treatment effect between the two groups.

Results No significant baseline difference was found among the two groups for age, gender, body mass index,
duration of pain, side of pain, range of motion of affected shoulder, or physical examination. On the repeated-
measures analysis of variance, NRS scores significantly decreased with time for both groups (p<0.001). When
analyzing the effect of time between the subjects factor, there was significant difference in the treatment effect
between the two groups (p<0.001), namely NRS was less decreased in the hyperlipidemia group.

Conclusion We found that hyperlipidemia may be an adversely affecting factor in the treatment of supraspinatus

tendinopathy with or without tear.
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INTRODUCTION

Rotator cuff tendinopathy is a major cause of shoulder
pain, and its prevalence increases with age, affecting

more than 50% of the general population by the age of 60
years [1]. The pathogenesis of rotator cuff lesions is cur-
rently under debate; however, several intrinsic and ex-
trinsic factors are believed to play important roles in the
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development of rotator cuff diseases [2]. Extrinsic factors
include acromial shape, shoulder impingement, anterior
glenohumeral dislocation, mechanical overuse, and sev-
eral demographic factors such as age, obesity, and oral
corticosteroid use [2-4]. Intrinsic factors refer to patho-
logic changes that lie within the rotator cuff muscle itself,
including tendon degeneration, repetitive microtrauma,
and hypovascularity [2]. Among the extrinsic factors,
several factors including age, diabetes mellitus, obesity,
and smoking, are believed to adversely affect rotator cuff
healing [5].

Recently, several studies suggested that one of the ex-
trinsic factors, hyperlipidemia, may be associated with
rotator cuff disease. Abboud and Kim [6] first identified a
relationship between rotator cuff disease and hypercho-
lesterolemia. They prospectively collected serum lipid
profiles on two age-matched populations: an experimen-
tal group, in which patients had ruptures of rotator cuff
tendons, and a control group, in which patients had non-
tendon-related shoulder complaints. The reported out-
come was that patients with rotator cuff tears were more
likely to have hypercholesterolemia when compared with
patients in the control group.

Subsequent studies performed by the same research-
ers suggest that hypercholesterolemia adversely affects
rotator cuff tendon healing in animal models. One study
suggested that hypercholesterolemia might have a det-
rimental biochemical effect on tendon healing in rat
rotator cuff injury [7]. Another study demonstrated that
hypercholesterolemia increased supraspinatus tendon
stiffness and elastic modulus across multiple species [8].
However, these studies were in animal models, and did
not identify the effect of hyperlipidemia on the treatment
of rotator cuff disease. To our best knowledge, there is no
clinical study that has investigated the influence of hy-
perlipidemia on rotator cuff healing or treatment.

The aim of this study was to investigate the influence
of hyperlipidemia on treatment of supraspinatus ten-
dinopathy with or without tear, since the supraspinatus
tendon is the most commonly injured among rotator cuff
tendons.

MATERIALS AND METHODS

We reviewed the data of patients who had visited our
department for shoulder pain, between May 2013 and
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November 2014. The study was conducted with approval
from Incheon St. Mary’s Hospital Institutional Review
Board (IRB No. OC14RISI0062). The inclusion criterion
was a diagnosis of supraspinatus tendinopathy with or
without tear, by clinical evidence such as history and
physical examination, and ultrasonography. Ultrasono-
graphic diagnosis of supraspinatus tendinopathy was
made when the thickness of the supraspinatus tendon
(measured 1 cm proximal to the insertion of the distal su-
praspinatus) was greater than 8 mm (referring to a previ-
ous report that defined normal thickness as 6 mm with a
standard deviation of 1.1 mm measured at that location)
[9]. The Neer test, Hawkins-Kennedy test, Empty Can
test, and passive ranges of motion (PROMs) in flexion,
abduction, internal rotation, and external rotation were
included in the physical examination. Exclusion criteria
were prior shoulder surgery, prior steroid injection with-
in 3 months, capsular pattern (such as frozen shoulder
without rotator cuff tendinopathy), neurological diseases
that could lead to shoulder pain (such as stroke, cervical
radiculopathy, etc.), and the use of lipid-lowering medi-
cations.

We reviewed serum lipid profiles obtained before treat-
ment. On the basis of lipid levels, patients were assigned
to one of two groups: hyperlipidemia or non-hyperlipid-
emia. Patients were included in the hyperlipidemia group
if they met one or more of the following criteria from
the American Association of Clinical Endocrinologists’
Guidelines for management of dyslipidemia and preven-
tion of atherosclerosis [10]: total cholesterol 2240 mg/dL;
high density lipoprotein (HDL) cholesterol <40 mg/dL
in men or 50 mg/dL in women; low density lipoprotein
(LDL) cholesterol >160 mg/dL; triglyceride >200 mg/dL.

For almost all patients, primary treatment was by non-
invasive management, such as activity modification,
medication (including nonsteroidal anti-inflammatory
drugs), exercise, and/or physical therapy. If no improve-
ment occurred with noninvasive therapy, subacromial
and/or intra-articular corticosteroid injections with
ultrasonographic guidance were usually applied. A phys-
iatrist, experienced in musculoskeletal ultrasonography,
performed all the evaluations and management of shoul-
der pain.

We analyzed shoulder pain at the patient’s first visit,
and at 2 and 8 weeks after treatment, using an 11-point
numeric rating scale (NRS), since NRS was the primary



Hyperlipidemia and Supraspinatus Tendinopathy

assessment scale of pain in our clinic, and a previous
review identified that NRS had higher compliance rates,
better responsiveness, ease of use, and good applicability
relative to other pain assessment scales [11]. The changes
in PROMs were evaluated. We then compared the differ-
ence on the effects of treatment, between the two groups.
We also analyzed the following variables: age, gender,
body mass index, presence of diabetes mellitus, dura-
tion of pain, side of pain, range of motion of the affected
shoulder, impingement signs on physical examination,
and concomitant rotator cuff tear on ultrasonography.

Data were analyzed statistically using the software ap-
plication SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). We
compared NRS scores between the two groups at each
time point using the independent t-test. Also, by analyz-
ing the NRS scores, the treatment effects (over time) with-
in each group and differences in the treatment effects
between the two groups were examined, using repeated-
measure analysis of variance (ANOVA); post-hoc tests
were done using Bonferroni correction. Furthermore,
we compared improvement in PROMs between the hy-
perlipidemia and non-hyperlipidemia groups using the
independent-t-test. We also compared between-group
baseline characteristics using the chi-square test and
independent-samples t-test. Statistical significance was
defined as a p-value <0.05.

RESULTS

Patients

A total of 432 patients visited our department for shoul-
der pain during the study period, and 134 were diag-
nosed with supraspinatus tendinopathy. Among them, 14
patients were excluded from our criteria. Also, 21 patients
were excluded because they did not come for follow-
up visits or complete laboratory studies. Ultimately, 99
patients were included in our study; 50 were included
in the non-hyperlipidemia group and the remaining 49
patients were in the hyperlipidemia group. No significant
baseline difference was found between the two groups in
regard to age, gender, body mass index, duration of pain,
side of pain, range of motion of the affected shoulder, or
impingement signs on physical examination (Table 1).
However, the prevalence of diabetes mellitus in the hy-
perlipidemia group (28.9%) was higher than in the non-
hyperlipidemia group (6.38%), and the difference was

Table 1. Baseline characteristics of patient population

Non-hyper- Hyper-
lipidemia lipidemia e
group group
(n=50) (n=49)
Age (yr) 55.6+10.3 58.1+9.5 0.21
Gender 0.89
Male 19 18
Female 31 31
BMI (kg/m?) 23.5+2.8 24.6+3.9 0.16
DM 0.01*
None 47 38
Present 3 11
Symptom 2.8+2.4 3.1+£2.7 0.55
duration (mo)
Side of pain 0.76
Right 23 24
Left 27 25
Range of motion (°)
Flexion 158.5+18.5 151.0+27.6 0.10
Abduction 159.6+22.4 148.7+34.4 0.06
External rotation  65.4+19.0 58.6+20.4 0.08
Impingement sign 0.98
Negative 8 3
Positive 47 46

Values are presented as meantstandard deviation or num-
ber.

BMI, body mass index; DM, diabetes mellitus.

*p<0.05.

statistically significant (p=0.01).

Concomitant supraspinatus tear

Of the 50 patients, 29 (58%) patients in the non-hy-
perlipidemia group, and 37 of 49 (75.5%) patients in the
hyperlipidemia group, had supraspinatus tears on ultra-
sonography. We found that rotator cuff tears were more
frequent in the hyperlipidemia group although statistical
analysis showed no significant difference (p=0.06).

Pain

Table 2 shows pain level measured by the NRS at base-
line, and at 2 and 8 weeks after treatment. The NRSs of
baseline and 2 weeks after treatment did not demon-
strate a significant difference between the two groups
(p=0.90 and p=0.11, respectively). However, at 8 weeks
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Table 2. Numeric rating scale (NRS) pain scores at three time points

Baseline 2 weeks later 8 weeks later p-value
Non-hyperlipidemia 6.04+1.68 3.60+1.87 2.26+1.64 <0.001**+)
<0.001%**"
Hyperlipidemia 6.00+1.63 4.26+2.22 3.63+1.97 <0.001**")
p-value 0.90 0.11% <0.001%+*

Values are presented as meantstandard deviation.
*p<0.05, **p<0.01, **p<0.001.

“Independent t-tests, “repeated-measures ANOVA for the effect of time for the within subjects factor (3 levels: base-
line NRS, 2 weeks later NRS, 8 weeks later NRS), C)repeated-measures ANOVA for the effect of time for the between

subjects factor (non-hyperlipidemia and hyperlipidemia).

*xkg)

7 - *xxp)

FERC)
FREC)FHEC

4 - Il Baseline
[ 2 weeks
34 ] 8 weeks

Numeric rating scale

Non-hyperlipidemia Hyperlipidemia

Fig. 1. Change of numeric rating scale (NRS) from the
baseline to 8 weeks after, in both the groups. *p<0.05,
*p<0.01, **p<0.001, “repeated-measures ANOVA for the
effect of time for the between subjects factor (non-hy-
perlipidemia and hyperlipidemia), "repeated-measures
ANOVA for the effect of time for the within subjects factor
(3 levels: baseline NRS, 2 weeks later NRS, 8 weeks later
NRS), “post-hoc test for comparison of NRS at each time
points (baseline, 2 weeks after, 8 weeks after) in the both
groups.

after treatment, NRSs were much higher in the hyper-
lipidemia group with statistical significance (p<0.001).
On the repeated-measures ANOVA, NRS scores signifi-
cantly decreased with time for both groups (p<0.001).
When analyzing the effect of time for the between sub-
jects factor (non-hyperlipidemia and hyperlipidemia),
there was significant difference in the treatment effect
between the two groups (p<0.001), that is to say NRS was
less decreased in the hyperlipidemia group. In the non-
hyperlipidemia group, statistically significant differences
of NRS scores were evident in the comparisons before
treatment and 2 weeks after treatment (p<0.001), before
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Table 3. Changes in passive range of motion (8 weeks af-
ter - initial)

Non-hyper- Hyper-
lipidemia lipidemia
p-value

group group

(n=33) (n=29)
Flexion (°) 16.21+10.97 11.72+13.31 0.471
Abduction (°) 19.09+£16.31 15.51+19.60 0.263
External 16.21+12.62 10.51+13.51  0.946

rotation (%)

Values are presented as meantstandard deviation.

treatment and 8 weeks after treatment (p<0.001), and 2
weeks and 8 weeks after treatment (p<0.001), as evalu-
ated by post-hoc test. In the hyperlipidemia group, there
were statistically significant differences of NRS scores in
comparison before treatment and 2 weeks after treatment
(p<0.001), and before treatment and 8 weeks after treat-
ment (p<0.001). Fig. 1 presents the changes of NRS of two
groups from the baseline to 8 weeks later.

Passive range of motion

Table 3 shows PROMs at baseline and 8 weeks after
treatment. Among 99 patients, only 62 patients had
follow-up data of PROMs. Although there were no sta-
tistically significant differences, improvement of PROMs
in the non-hyperlipidemia group was higher than that of
the hyperlipidemia group.

DISCUSSION

The aim of the current study was to investigate the ef-
fect of hyperlipidemia on treatment of supraspinatus
tendinopathy with or without tear, since the supraspi-
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natus tendon is the most commonly injured among the
rotator cuff tendons. We postulated that hyperlipidemia
adversely affects the improvement of pain from supraspi-
natus tendinopathy with or without tear. As expected, the
improvement of pain from supraspinatus tendinopathy
was less in the hyperlipidemia group than in the non-hy-
perlipidemia group. In addition, we analyzed changes in
PROMs of two groups. Although improvement of PROMs
in the non-hyperlipidemia group was higher than that
of the hyperlipidemia group, there were no statistically
significant differences. This may be because of only some
patients involved in the analysis of PROMs.

Our results correspond with the study published by
Beason et al. [7], which suggested that rotator cuff tendon
healing properties are adversely affected by hypercholes-
terolemia in the rat model. Whereas that study was on an
animal model, our study is the first clinical study in hu-
mans to assess the correlation between hyperlipidemia
and the prognosis of rotator cuff tendinopathy.

We found that rotator cuff tears were more frequent
in the hyperlipidemia than in the non-hyperlipidemia
group. Although statistical analysis showed no significant
difference, this finding corresponds with the results of a
study by Abboud and Kim [6], in which patients with ro-
tator cuff tears were more likely to have hypercholesterol-
emia when compared with those in the control group. It
is possible that the prognosis was poorer in their hyper-
lipidemia group because more patients with rotator cuff
tears were included in that group.

In previous investigations, an association has been re-
ported between diabetes mellitus and rotator cuff tears.
Abate et al. [12] observed a higher incidence of full-thick-
ness rotator cuff tears in diabetic patients and Clement
et al. [13] reported poorer outcomes in diabetic patients
after arthroscopic repair. In our study, the prevalence of
diabetes mellitus was higher in the hyperlipidemia group
than in the non-hyperlipidemia group. This may have
affected the result of poorer outcomes in the hyperlipid-
emia group. However, when comparing data with regard
to the presence or absence of diabetes mellitus in the hy-
perlipidemia group, no significant difference of treatment
effect was seen (p=0.82). Furthermore, because the other
baseline characteristics which may be associated with su-
praspinatus tendinopathy and tear were not significantly
different between the two groups, these factors might not
affect the treatment of supraspinatus tendinopathy with

or without tear.

The mechanism of how hyperlipidemia affects heal-
ing of supraspinatus tendons remains unclear. Previous
research by Beason et al. [8] demonstrated several pos-
sibilities. In one study, hypercholesterolemia was associ-
ated with increases in supraspinatus tendon stiffness and
elastic modulus. Specifically, hypercholesterolemic mice,
rats, and monkeys showed a significant increase in stiff-
ness compared with controls, and elastic modulus was
significantly increased in hypercholesterolemic mice and
monkeys. The authors suggested that these increased
properties may be inherent to the effect of hypercholes-
terolemia on the supraspinatus tendon rather than the
result of an effect of length of time exposed to the cumu-
lative effects of high plasma cholesterol levels. In another
study, reduced elastic modulus in the mouse patellar
tendon appeared to be due to lifelong exposure to high
cholesterol [14].

Conversely, several studies have been conducted on the
correlation between hyperlipidemia and Achilles tendon
rupture. Kuriyama et al. [15] reported that patients with
cerebrotendinous xanthomatosis complain more often of
Achilles tendon xanthomas, which predispose to Achilles
tendon rupture. Klemp et al. [16] reported that Achilles
xanthomas and Achilles tendinitis were more frequent
with familial hypercholesterolemia. The deposition of
cholesterol byproducts, such as xanthomas, may change
the mechanical properties of tendons and increase the
risk of their rupture [17]. As in Achilles tendon rupture,
accumulation of cholesterol byproducts in rotator cuff
tendons may delay the healing of rotator cuff tendinopa-
thy. Furthermore, hyperlipidemia is related to atheroscle-
rosis, disturbs the blood flow, and adversely affects the
nourishment of tissue. This may play a role in the healing
of injured tendon [18].

From the present study, we found that improvement
of pain from supraspinatus tendinopathy was less in the
patients with hyperlipidemia than those without hyper-
lipidemia. Therefore, when supraspinatus tendinopathy
is suspected, an early evaluation for hyperlipidemia may
prove to be helpful. Furthermore, considering that pa-
tients with elevated serum cholesterol levels may have a
reduced ability to heal from rotator cuff tendon injuries,
they would benefit from a warning to avoid activities
that could delay tendon healing. In a previous study,
musculoskeletal manifestations from hypercholesterol-
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emia, including Achilles tendinitis, improved or resolved
completely in patients after they received lipid lowering
treatment [16]. Other studies proposed the use of dietary
supplements, including omega-3 fatty acids and antioxi-
dants, for potential benefits in the management of tendi-
nopathy [19,20]. Thus several modalities, including lipid-
lowering medications, can be applied for improving lipid
levels in patients with rotator cuff disease and hyperlip-
idemia.

Several limitations to our study exist because the data
were retrospectively extracted from medical records.
First, we could not control some factors affecting the
healing of supraspinatus tendinopathy, such as tear size,
and treatment methods. Especially, treatment methods
could not be applied equally for all patients in this study.
A previous prospective study applied an identical treat-
ment protocol—triamcinolone injection, same frequency
of physical therapy—for all included patients to identify
the effect of corticosteroid injection in rotator cuff tears
[21]. If our study was performed prospectively like the
previous study, this limitation might be overcome. Sec-
ond, the sample of patients included in this study does
not represent the entire population of patients with su-
praspinatus tendinopathy because we excluded the pa-
tients who did not come for follow-up visits or laboratory
studies. Third, other assessment systems capable of ex-
plaining pain or functional limitation from supraspinatus
tendinopathy were not analyzed in this study. Finally, we
could not definitely exclude the secondary frozen shoul-
der combined with supraspinatus tendinopathy. There-
fore, the improvement of PROMs in this study may be
due to not only recovery of supraspinatus tendinopathy,
but also that of secondary frozen shoulder. Well-designed
prospective studies are required to investigate interac-
tions between hyperlipidemia and treatment effect in
rotator cuff tendinopathy to overcome these limitations.
Furthermore, it would be interesting to study whether
medications for the management of hyperlipidemia
would help in the treatment of rotator cuff tendinopathy.

In this retrospective study, we found that hyperlipid-
emia may be a factor adversely affecting the treatment of
supraspinatus tendinopathy with or without tear. Future
prospective studies are needed to reveal the influence of
hyperlipidemia on treatment of supraspinatus tendinop-
athy or tear.
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