
  1Juge P-A, et al. RMD Open 2017;3:e000429. doi:10.1136/rmdopen-2016-000429

AbstrAct
Background Risk factors for shoulder osteoarthritis 
(SOA) have been poorly studied. SOA has two anatomical 
subtypes: primary centred SOA (centred SOA) and rotator 
cuff-related OA (non-centred SOA). We examined whether 
cardiometabolic risk factors are preferentially associated 
with centred than mechanical-induced non-centred SOA.
Methods This 2004–2012 retrospective multicentric study 
included patients with SOA. Data on clinical characteristics, 
especially cardiometabolic risk factors, were collected. 
We compared patients with radiographic-centred and 
non-centred SOA and tested the association between 
cardiometabolic risk factors and subtypes of SOA.
Results We included 147 patients (101 women (68.7%); 
mean age 75.8±10 years); 99 had centred SOA. As 
compared with patients with non-centred SOA, those 
with centred SOA were older (77.5±9 vs 72.4±11 
years; p=0.004) with no difference in cardiometabolic 
disturbances or their accumulation. Multivariable analyses 
indicated that older age was independently associated 
with centred SOA (OR 1.06;95% CI 1.02 to 1.1; p=0.004), 
and cardiovascular diseases were less associated with this 
subtype (OR 0.27; 95% CI 0.089 to 0.824; p=0.02) than 
with the non-centred one.
Conclusion Cardiometabolic risk factors were not more 
prevalent with primary centred than rotator cuff-related 
SOA. They may participate in the pathophysiology of both 
SOA subtypes through cartilage and tendon disruption.

IntroductIon
The current view of osteoarthritis (OA) 
now distinguishes patients by risk factors 
(ie, metabolic, ageing and injury), because 
such an approach may delineate several 
OA phenotypes characterised by a specific 
pathophysiology, preferential localisation 
and tailored therapeutic management.1 The 
phenotype metabolic OA has been delineated 
and is supported by the association between 
cardiometabolic risk factors (ie, including 
obesity, type 2 diabetes mellitus, dyslipidemia 

and hypertension) and OA.2 3 In this setting, 
low-grade inflammation and adipose-tissue 
products, namely adipokines, may participate 
in cartilage disruption leading to OA and may 
also explain, along with sedentary behaviour, 
the association between cardiovascular 
diseases or atherosclerosis and OA.4

The association between cardiometabolic 
risk factors, cardiovascular diseases or athero-
sclerosis and OA has been deeply studied 
in knee and hand joints5 6 but never in the 
shoulder, a common location of OA. Shoulder 
OA (SOA) is divided into two anatomical 
subtypes: 1) primary SOA (ie, centred SOA), 
in which tendons are generally preserved and 
the humerus head is centred with the glenoid 
cavity and 2) rotator cuff-related SOA (ie, 
non-centred SOA), in which chronic lesions 
of the rotator-cuff lead to its rupture, which is 
responsible for humerus head ascension.

The new phenotypic approach of OA may 
help in better understanding the pathogenic 
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Osteoarthritis

Key messages

What is already known about this subject?
 ► OA is now divided in different phenotypes such 
as metabolic OA but shoulder OA has been porrly 
studied regarding this pehnotypic approach.

What does this study add? 
 ► Metabolic cardiovascular risk factors and diseases 
were not preferentially associated with primary 
centred or rotator-cuff related shoulder OA. 

How might this impact on clinical practice?
 ► Metabolic cardiovascular risk factors and diseases 
may be related to both subtype of shoulder OA 
because metabolic-related stress  may affect both 
cartilage and tendons.
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mechanisms of these SOA subtypes: rotator cuff-related 
OA may be considered a mechanical disease because of 
anatomic destabilisation of the shoulder joint, whereas 
primary SOA could preferentially involve metabolic 
low-grade inflammation (ie, ‘meta-inflammation’)7 and 
thus could be preferentially associated with cardiomet-
abolic risk factors, atherosclerosis and cardiovascular 
diseases as compared with mechanical-induced rotator 
cuff-related SOA.3

We investigated the association of cardiovascular risk 
factors and diseases with shoulder OA subtype.

PAtIents And methods

study population
In this multicentric retrospective study, we included 
patients who were hospitalised between 2004 and 
2012 for SOA in three different settings: one rheuma-
tology department (Saint-Antoine University Hospital 
(centre #1) and two orthopaedic surgery departments 
(Saint-Antoine University Hospital (centre #2) and 
private Maussins-Nollet Hospital (centre #3).  All 
patients from centres #2 and #3 were seen at the time 
of shoulder arthroplasty. All patients were screened by 
the International Classification of Diseases 10 code by 
using the keywords ‘primary SOA’, ‘secondary SOA’, 
‘rapidly destructive SOA’, ‘shoulder arthroplasty’ and 
‘chronic rotator-cuff tear’. Centred and non-centred 
SOA was diagnosed by standard radiography, which 
was analysed by at least one of the authors of this 
study. Exclusion criteria were other causes of SOA 
(post-traumatic OA, OA due to chronic inflammatory 
rheumatism, avascular necrosis of the humeral head). 
Patients aged <30 years were more likely to suffer 
from a secondary SOA such as dysplasia or chronic 
inflammatory rheumatism-related SOA and were thus 
excluded.

The following data were collected from the patient’s 
medical and anaesthetic record: age, sex, weight 
and height for body mass index (BMI) calculation, 
smoking status, hyperuricemia, dyslipidemia (defined 
as known status and/or use of lipid-lowering agents, 
and/or abnormal available dosage of triglycerides or 
cholesterol levels), type 2 diabetes (defined as known 
status and/or use of antidiabetic drugs), hypertension 
(defined as known status and/or use of antihyperten-
sive agents), history of cardiovascular diseases (heart 
attack, coronary insufficiency, cardiac deficiency, 
stroke, thromboembolic event) and hypothyroidism. 
In case of missing data, patients were called by phone 
in order to get them.

All participants gave their written consent to partici-
pate in the study. The study was approved by the French 
institutional review board (Comité de Protection des 
Personnes, Paris Ile de France 5) and the Commission 
Nationale de l'Informatique et des Libertés (reference 
number 1796934), the French data protection authority.

statistical analyses
Qualitative variables were described with number and 
percentage. Quantitative variables were described with 
mean±SD. We compared all characteristics and especially 
cardiovascular risk factors between the two SOA subpop-
ulations by Fisher's exact test or χ2 test for qualitative 
variables and Student's t-test for quantitative variables.

Variables with p<0.20 significance on these univariate 
analyses and with a logical explanation for the association 
with SOA subtypes were entered in multivariate models to 
determine factors independently associated with centred 
versus non-centred SOA.

Logistic regression analysis was used to test the associa-
tion between cardiovascular factors and subtypes of SOA.

Metabolic syndrome was tested using different defi-
nitions in order to search for an additive effect of the 
different cardiometabolic factors. Patients were defined 
by combining 1, 2, 3 or 4 of the cardiometabolic risk 
factors among obesity, dyslipidemia, diabetes mellitus 
and hypertension. Results of this analysis are presented 
with adjusted OR and 95% CIs; p<0.05 was considered 
statistically significant. SAS V.9.3 (SAS Institute, Cary, 
North Carolina, USA) was used for analysis.

results
We screened 219 patients from whom 72 patients were 
excluded due to secondary SOA. Thus, 147 patients 
were included and analysed in our study. Among the 
147 patients (101 woman (68.7%); mean age 75.8±10 
years; mean BMI 27.2±4.89 (range 17.3–45.7)), most 
were recruited from orthopaedic surgery departments 
(89.8%) at the time of shoulder arthroplasty (table 1). 
Overall, 18 patients (13%) had cardiovascular events, 17 
(11.6%) has hypothyroidism, 5 (3.4%) had chondrocal-
cinosis and 2 (1.4%) had Parkinson's disease. In total, 
99 patients (67.4%) had primary SOA and 48 (32.7%) 
had rotator cuff-related SOA.

Many patients (67.7%) with primary SOA were from 
centre #3 (table 1). The patients with primary SOA were 
significantly older than those with non-centred shoulder 
OA (mean age 77.5±9.1 vs 72.4±11.0 years, p=0.004) 
and more frequently had hypothyroidism (n=15, 15%; 
vs n=2, 4%; p=0.05). The two groups did not differ in 
frequency of cardiometabolic risk factors such as BMI, 
type 2 diabetes mellitus and hypertension, but cardio-
vascular diseases were numerically more frequent in the 
rotator cuff-related SOA (n=10/99, 10% vs n=8/48, 20%; 
p=0.12).

Multivariable model with a logical clinical expla-
nation included age, cardiovascular diseases and 
hypothyroidism. Age was independently associated with 
primary SOA (adjusted OR 1.06; 95% CI 1.02 to 1.1; 
p=0.004). Conversely, cardiovascular diseases were asso-
ciated with rotator cuff-related SOA (adjusted OR 0.27; 
95% CI 0.09 to 0.82; p=0.02). Hypothyroidism was asso-
ciated but not significantly with primary SOA (OR 3.47; 
95% CI 0.67 to 18.9; p=0.14).
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Table 1 Characteristics of all patients with shoulder osteoarthritis (SOA) and those with primary centred and rotator cuff-
related SOA

Characteristics

Total
Rotator cuff-related 
SOA

Primary centred
SOA

p Valuen=147 n=48 (32.7%) n=99 (67.4%)

Demographics

Age, years 75.8±10.0 72.4±11.0 77.5±9.1 <0.01

Women (%) 101 (68.7%) 31 (64.6%) 70 (70.7%) 0.45

BMI 27.2±4.9 27.3±4.5 27.2±5.0 0.86

Inclusion centre

1 15 (10.2%) 3 (6.3%) 12 (12.1%) <0.01

2 47 (32.0%) 27 (56.3%) 20 (20.2%) <0.01

3 85 (57.8%) 18 (37.5%) 67 (67.7%) <0.01

Comorbidities

Cardiovascular diseases* 18 (13%)
(139†)

8 (20%) 10 (10.1%) 0.12

Diabetes mellitus 21 (14.3%) 7 (14.6%) 14 (14.1%) 0.94

Dyslipidemia 51 (34.7%) 15 (31.3%) 36 (36.4%) 0.54

Hypertension 95 (65.1%)
(146†)

30 (63.8%) 65 (65.7%) 0.83

Obesity 30 (22.1%)
(136†)

11 (23.4%) 19 (21.4%) 0.78

Active smoking 8 (6.1%)
(132†)

3 (7.0%) 5 (5.6%) 0.72

Gout or hyperuricemia 9 (6.1%) 3 (6.3%) 6 (6.1%) 1

Chondrocalcinosis 5 (3.4%) 1 (2.1%) 4 (4.0%) 1

Hypothyroidism 17 (11.6%) 2 (4.2%) 15 (15.2%) 0.05

Parkinson’s disease 2 (1.4%)
(139†)

2 (5.0%) 0 (0%) 0.08

*Cardiovascular diseases includes: heart attack, coronary insufficiency, cardiac deficiency, stroke, thromboembolic event.
†Total number of analysed patients when missing data.
Data are no. (%) or mean±SD.

Table 2 Accumulation of cardiometabolic factors (ie, 
obesity, dyslipidemia, hypertension, diabetes mellitus) by 
shoulder osteoarthritis (SOA) subtype

No. of criteria

Rotator cuff-
related
SOA

Primary 
centred
SOA p Value

Two or more criteria
Total population=138

18 (38.3%) 47 (52.7%) 0.14

Having three or 
more criteria
Total population=144

9 (19.2%) 10 (10.3%) 0.14

Having four criteria
Total population=145

3 (6.5%) 0 (0%) 0.03

Data are no. (%). Total population for each analysis differs because 
of missing data.

To determine whether accumulation of cardiomet-
abolic risk factors was associated with an SOA subtype, 
we compared the number of patients with ≥2, or ≥3 or 
four criteria among obesity, dyslipidemia, diabetes and 

hypertension (table 2). Unexpectedly, there were signifi-
cantly more patients combining all the four criteria in 
the non-centred SOA than in the primary centred SOA 
(6.5% vs 0%; p=0.03).

dIscussIon
Considering that the recently defined individualised 
metabolic component of OA could be preferentially 
involved in primary SOA than rotator cuff-related SOA, 
which may be the mechanical consequence of rotator cuff 
rupture, we compared these two SOA subtypes in 
terms of cardiometabolic risk factors and found no 
differences between the subtypes. Conversely, ageing 
was independently associated with primary SOA, and 
surprisingly cardiovascular diseases were associated with 
rotator cuff-related SOA. Moreover, a combination of 
the four metabolic cardiovascular risk factors seemed to 
be more frequent with rotator cuff-related than primary 
SOA, but only three patients had a combination of the 
four criteria limiting the interpretation of this result.
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SOA is a common localisation of OA, but its pathophys-
iology has not been well studied in the light of the new 
approach to OA pathophysiology by subtype. A recent 
study showed increased adipokine levels in SOA joints 
and that BMI was correlated with synovial fluid and serum 
adipokine levels (ie, leptin, adiponectin and resistin), 
which suggests that BMI may affect non-weight-bearing 
joints such as the shoulder via a systemic component 
responsible for a metabolic stress.8 However, this hypoth-
esis was not analysed by anatomical type of SOA.

The two subtypes of SOA, primary and rotator cuff-re-
lated, may involve different pathogenic mechanisms. 
We initially hypothesised that primary SOA may be due 
to metabolic stress on joint tissues such as cartilage, 
subchondral bone and synovium, notably through an 
adipokine effect. Conversely, rotator cuff-related SOA is 
due to chronic lesions of the rotator cuff tendons leading 
to their tearing and to elevated humeral head.9 However, 
along with this mechanical process, chronic lesions of 
the rotator cuff tendons could also be induced or aggra-
vated by metabolic disturbances. Indeed, in patients with 
obesity, chronic low-grade inflammation can damage 
tendons.10 Moreover, animal models showed that obesity 
and type 2 diabetes compromised tendon homeostasis 
and tendon repair.11 Likewise, metabolic stress may act 
on cartilage and tendons, which may explain our results. 
Assessment of adipokine levels in synovial fluid by SOA 
subtypes would help strengthen this hypothesis, but syno-
vial fluid was not available for this retrospective study. 
So, metabolic syndrome could lead to both primary and 
rotator cuff-related SOA, which could explain why our 
study did not show any association between metabolic 
syndrome and one or the other SOA type.

Besides the metabolic OA phenotype, the age-related 
OA phenotype may involve specific pathophysiological 
pathways such as advanced glycation end-products or 
chondrocyte senescence.1 In our study, patients with 
primary SOA were older than those with rotator cuff-re-
lated SOA. Such a finding suggests that primary SOA may 
preferentially belong to this age-related OA phenotype, 
with a greater direct effect of ageing on cartilage than 
on tendons. However, this suggestion does not exclude 
the occurrence of rotator cuff-related SOA with age, but 
possibly indirectly because of repeated trauma and meta-
bolic stress throughout life.

Despite the older age of the patients with centred than 
non-centred SOA, the latter group more frequently had 
cardiovascular diseases and all four of the cardiometa-
bolic risk factors (ie, obesity, dyslipidemia, diabetes and 
hypertension). Likewise, we may hypothesise that the 
meta-inflammation occurring in cardiovascular diseases 
may also produce rotator cuff rather than cartilage lesions 
as suggested by recent studies.10 12 13 However, we cannot 
exclude selection bias, because most of the patients with 
centred SOA were from a private clinic, whereas patients 
with non-centred SOA were from university hospi-
tals, which usually care for patients with more severe 
comorbidities. The number of patients with Parkinson’s 

disease was also different between the two groups (two 
patients in non-centred SOA vs 0 patient in centred SOA, 
p=0.08). Parkinson’s disease has been previously associ-
ated with cardiovascular diseases so it could have caused 
a cofounder but only two patients were affected by this 
disease in our study.14 15

Our work has some limitations. First, because its design 
was retrospective, we could not collect all data such as 
steroid consumption or markers of atherosclerosis. 
However, we extensively reviewed all medical records, 
including the anaesthetic record, which contain cardio-
vascular risk factors and diseases because of the planned 
shoulder surgery. Moreover, patients were contacted 
by phone if data were lacking. In addition, we used 
several ways to define type 2 diabetes and hypertension, 
including declarative data, results of biological inves-
tigations if necessary and drug prescriptions. Second, 
our study may lack power because of the low number 
of included patients. Along this line, analysis on meta-
bolic syndrome should be cautiously interpreted 
because of the small number of patients (19 patients 
having 3 or more criteria and only 3 patients having 4 
criteria, table 2). However, this was an exploratory study 
including almost 150 patients from both surgical and 
medical departments and from both public and private 
institutes. Thus, our population may reflect the great 
heterogeneity of patients with shoulder OA. Third, we 
did not have a control group of patients without SOA 
matched on age to compare the prevalence of cardiovas-
cular risk factors with the general population. However, 
the purpose of our study was not to compare metabolic 
cardiovascular risk factors with those in the general 
population, but to determine whether these factors are 
more frequent in primary versus rotator cuff-related 
SOA.

In conclusion, metabolic cardiovascular risk factors 
and diseases were not preferentially associated with 
one of the two subtypes of SOA. This finding could be 
explained by a deleterious impact of the metabolic stress 
on the tendon tissues in addition to cartilage. Longitu-
dinal and larger as well as translational studies will be 
helpful to determine how metabolic stress may partici-
pate in SOA pathophysiology.
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