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Distribution of Highly Prevalent Musculoskeletal
Disorders and Their Association With Diabetes
Complications in a Population of 140 Individuals With
Type 1 Diabetes: A Retrospective Study in a French
Diabetes Center
Sylvie Picard,1 Dimitar Vasilevski,2 and Guy Fagherazzi3,4

Although they are usually not considered to be diabetes
complications, musculoskeletal disorders (MSKDs) are
common in individuals with type 1 or type 2 diabetes and
can strongly interfere with daily diabetes care, especially in people using diabetes technologies. The authors of this retrospective study in a population of 140
patients with type 1 diabetes report the distribution of
subtypes of MSKDs and speculate about the mechanisms involved. The authors emphasize the need for
multidisciplinary care involving not only the diabetes
care team but also orthopedic surgeons. This report
should lead to large, prospective studies to increase
knowledge about these under-studied complications.
An estimated 425 million individuals worldwide have
diabetes, of whom about 10% have type 1 diabetes (1).
Tight blood glucose control is crucial to prevent
long-term diabetes-related chronic complications (2).
The past 20 years have been marked by great improvements in insulin injection devices and insulin pump
technology, the development of continuous glucose
monitoring (CGM) systems (3), and, most recently,
the widespread use of ﬂash glucose monitoring
(FGM) systems (4).
However, using these technologies requires some degree
of strength, dexterity, and upper-limb mobility that might
be impaired when musculoskeletal disorders (MSKDs) are
present. MSKDs such as frozen shoulder (FS), tendinitis,
carpal tunnel syndrome (CTS), and trigger ﬁnger are

frequently observed in daily practice in patients with
type 1 or type 2 diabetes. In addition to their major
impact on daily life activities, these conditions can
also greatly impair diabetes management and be
associated with other major diabetes-related complications, at least in type 1 diabetes. At present, little is known
about the underlying mechanisms, prevalence, and
distribution by type of MSKDs in patients with
type 1 diabetes.
In 2014, the Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) research group published a crosssectional study (5) analyzing the prevalence of MSKDs in
1,217 individuals with type 1 diabetes for a mean
duration of 31 years and reported that 807 participants
(66%) had at least one MSKD. Those subjects had
been included in a landmark interventional
randomized controlled trial in the early 1980s. More
recently, both the T1D Exchange research group with an
Internet-based study on a large cohort (6) and we (7) have
reported real-life data. We also reported that having
several MSKDs was associated with diabetic retinopathy
and with a high cardiovascular (CV) risk assessed by
taking a CV treatment (i.e., antihypertensive agent or
statin) (7).
In this study, our objective was to analyze the distribution
of the MSKD subtypes and speculate on the potential
mechanisms accounting for the association of MSKDs
with other diabetes complications.
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Patients and Methods
Study Population
The study population has been described elsewhere (7).
Brieﬂy, the study included 140 consecutive individuals
with type 1 diabetes who were $18 years of age and were
seen between 1 January 2017 and 31 August 2018 by a
diabetologist in an outpatient care facility located in Dijon,
France. All data were manually extracted from computerized ﬁles. Clinical ﬁles are protected using Amazon
Web Services security that achieved Health Data Security
certiﬁcation from Agence Nationale des Systèmes d’Information Partagés de Santé (the French Governmental
Agency for Digital Health) (8). The diabetologist was the
only person who had access to the clinical ﬁles, and data
were fully anonymized before being processed.
No authorization of any ethic committee is required for
such retrospective studies in France, as long as patients
receive information. In our study, all of the participants
were informed in writing that the electronic records of
their medical data could be used for research purposes.
Data were collected and stored according to Article 13,
Chapter III, Section 2, of the French National Committee
for Information Technology and Liberty regulation (9).

Assessment and Classiﬁcation of MSKDs
MSKD symptoms and history have been routinely
searched and collected by the diabetologist. MSKD reports
were based on the history section of participants’ medical
record, reports from orthopedic surgeons, or on patients’
complaints and further physical examination. When
needed, patients were referred to an orthopedic surgeon
in the same outpatient care facility. The reported MSKDs in
this study were listed as retractile disorders, including FS
(i.e., adhesive capsulitis) and Dupuytren’s disease (DD);
entrapment syndromes, including nerve entrapment
syndromes with CTS, ulnar tunnel syndrome, or Morton’s
neuroma; and tendon entrapment syndromes, including
trigger ﬁnger (TF) and de Quervain’s tenosynovitis.
Medial or lateral epicondylitis were also considered, as
well as other forms of tendinitis, including rotator cuff
tendinitis, wrist tendinitis, and lower-limb tendinitis. As in
the DCCT/EDIC research program (5) and the T1D Exchange registry (6), we did not consider muscle atrophy.

Assessment of Common Diabetes-Related
Complications and Other Co-Factors
Common diabetes-related complications were reported
according to individuals’ medical record (i.e., according to
the deﬁnitions used in daily clinical practice). Diabetic
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retinopathy included all stages of retinopathy recorded
by the ophthalmologist. Diabetic nephropathy included
the presence of conﬁrmed micro- or macroalbuminuria
or renal failure. Diabetic neuropathy was diagnosed
clinically or according to electromyographic investigations. Cardiovascular disease (CVD) was deﬁned by the
presence of previous myocardial infarction or ischemic
cardiomyopathy or a history of stroke or evidence of
symptomatic peripheral artery disease. A1C values
were calculated as the mean of the last three available
values in the subject’s record (i.e., as, basically, the
previous year’s mean value). BMI and smoking status
were recorded at the most recent visit within the
20-month study period.

Statistical Analysis
Descriptive statistics were expressed as mean 6 SD for
quantitative variables or number and percentage for
categorical variables in the overall population and
according to both the presence or absence of MSKDs and
the number of MSKDs. P values were obtained from
x2 tests for categorical variables and from t tests for
continuous variables.

Results
Table 1 summarizes the demographic characteristics of
the overall population and the population with no evidence of MSKDs (MSKD2) and the population with one
or more MSKDs (MSKD1) and details the characteristics
according to the presence of only one MSKD (1 MSKD) or
at least two MSKDs (21 MSKDs).
Among the 140 participants, 40 (28.6%) had at least one
MSKD, including 19 subjects (13.6%) who had at least
two MSKDs. There was no difference in the presence of
MSKDs according to participants’ smoking status (i.e.,
never/former/current smoker). Diabetic retinopathy was
present in all patients with MSKDs and other diabetes
complications. Diabetic retinopathy, neuropathy, and CVD
were observed more frequently in the MSKD1 population
compared with the MSKD2 population, and CVD was
signiﬁcantly more frequent in the 21 MSKDs population;
among the nine patients with CVD, seven had at least one
MSKD and all but one had several MSKDs. Moreover, most
of our patients with MSKDs (n 5 32 [80%]) were treated
with either an antihypertensive agent, a statin, or both and
(n 5 37 [92.5%]) had other complications (i.e., at least
diabetic retinopathy) or were taking a CV treatment.
The distribution of the most frequent MSKDs (present in at
least 30% of the MSKD1 population) is shown in Table 2.
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TABLE 1 Characteristics of Patients With Type 1 Diabetes According to the Presence and Number of MSKD Components
Total
(n 5 140)

MSKD2
(n 5 100)

MSKD1
(n 5 40)

1 MSKD
(n 5 21)

21 MSKDs
(n 5 19)

Age, years

43.4 6 15.4

39.5 6 15.3

53.0 6 11.0†

52.4 6 13.2

53.7 6 8.2

Diabetes duration, years

22.5 6 12.7

19.0 6 11.5

31.2 6 11.3†

29.8 6 13.2

32.7 6 8.9

Age at diabetes diagnosis, years

20.9 6 12.9

20.5 6 13.4

21.8 6 11.4

22.6 6 13.2

21.0 6 9.1

BMI, kg/m

26.3 6 4.5

25.9 6 4.8

27.2 6 3.8

26.4 6 3.9

28.1 6 3.6

Mean A1C, %*

7.6 6 1.1

7.6 6 1.0

7.6 6 1.3

7.4 6 1.6

7.7 6 1.0

Men/women

67/73 (48/52)

49/51 (49/51)

18/22 (45/55)

11/10 (52/48)

7/12 (37/63)

CSII/MDI

92/48 (66/34)

71/29 (71/29)

21/19 (53/47)

15/6 (71/29)

6/13 (32/68)

FGM/SMBG

125/15 (89/11)

88/12 (88/12)

37/3 (93/7)

20/1 (95/5)

17/2 (90/10)

$1 Complication

48 (34.3)

21 (21.0)

27 (67.5)‡

12 (57.1)

15 (79.0)

Diabetic retinopathy

43 (30.7)

16 (16.0)

27 (67.5)†

12 (57.1)

15 (79.0)

Diabetic nephropathy

10 (7.1)

5 (5.0)

5 (12.5)

4 (19.1)

1 (5.3)

Diabetic neuropathy

9 (6.4)

3 (3.0)

6 (15.0)‡

3 (14.3)

3 (15.8)

CVD

9 (6.4)

2 (2.0)

7 (17.5)†

1 (4.8)

6 (31.6)§

19 (13.6)
36 (25.7)
85 (60.7)

16 (16.0)
21 (21.0)
63 (63.0)

3 (7.5)
15 (37.5)
22 (55.0)

2 (9.5)
10 (47.6)
9 (42.9)

1 (5.3)
5 (26.3)
13 (68.4)

47.3 6 11.0

47.0 6 13.2

47.5 6 8.2

2

Smoking status
Current smokers
Former smokers
Never smokers
Age at ﬁrst MSKD diagnosis, years

Data are mean 6 SD or n (%). CSII, continuous subcutaneous insulin infusion; MDI, multiple daily injections; SMBG, self-monitoring of blood
glucose. *Mean of the last three available values. †P ,0.001 versus MSKD2. ‡P ,0.05 versus MSKD2. §P ,0.05 versus 1 MSKD.

The most frequent MSKD was FS, which was present in
almost half of the MSKD1 population. When FS was
present, it was bilateral in 47.4% of cases (9 of the
19 patients with FS). Among the patients with either
tendinitis, CTS, or TF, more than one-third also had FS.
CTS was an isolated MSKD in only one (7.7%) of the
patients with CTS, and ~70% of the patients with either
tendinitis or TF also had other MSKDs. The four patients
with DD in our population were all women, and all
but one also had FS. The three patients with both DD
and FS had bilateral FS.

Discussion
In this real-life retrospective study, we conﬁrm the
high prevalence of MSKDs in a population of individuals
with type 1 diabetes. We also highlight for the ﬁrst
time the distribution of MSKDs and show the frequent
association of MSKDs with other diabetes complications.
The prevalence of MSKDs in our population was about half
that reported by the DCCT/EDIC research group (5),
whose population had been selected initially in a
VOLUME 38, NUMBER 2, SPRING 2020

randomized controlled trial, was older (mean age
52.2 6 6.9 years), and had a longer diabetes duration
(mean duration 31.1 6 4.9 years) compared with ours
(43.4 6 15.4 and 22.5 6 12.7 years, respectively). On
the other hand, the MSKD prevalence in the T1D Exchange registry (31%) (6) was quite similar to the one
we report (29%). Although the methodology differed
among those three studies (5–7), all observed
that half of patients with both type 1 diabetes and
MSKDs had at least 2 MSKDs.
To our knowledge, this is the ﬁrst report of the distribution
of the main MSKDs in patients with type 1 diabetes. We
observed that more than two-thirds of our patients
with either tendinitis, CTS, or TF had other MSKDs,
including FS for more than one-third of the patients.
FS was present in almost half of the patients with
MSKDs and was often bilateral. This condition can
have speciﬁc consequences in patients with type 1
diabetes in that it can severely interfere with diabetes
care and especially with the use of FGM because
each sensor insertion and each scan requires
shoulder motion. Although sensor insertion has to be
18 3

FEATURE ARTICLE Musculoskeletal Disorders in Type 1 Diabetes

TABLE 2 Characteristics of Patients With the Most Frequent MSKDs Among the MSKD1 Population
FS1
(n 5 19 [47.5%])

Tendinitis1*
(n 5 15 [37.5%])

CTS1
(n 5 13 [32.5%])

TF1
(n 5 12 [30.0%])

Age, years

54.1 6 9.2

49.1 6 11.3

56.2 6 8.3

55.9 6 8.4

Diabetes duration, years

31.8 6 12.8

28.5 6 9.7

33.9 6 8.6

33.9 6 7.9

Age at diabetes diagnosis, years

22.3 6 10.5

20.6 6 9.5

22.3 6 10.4

22.0 6 9.2

BMI, kg/m

27.0 6 3.9

28.5 6 4.4

29.0 6 3.7

26.3 6 4.1

Mean A1C, %†

7.7 6 1.7

7.3 6 1.0

7.7 6 1.1

7.5 6 0.9

7/12 (37/61)

8/7 (53/47)

5/8 (38/62)

3/9 (25/74)

$1 Complication

12 (63.2)

10 (66.7)

11 (84.6)

9 (75.0)

Diabetic retinopathy

12 (63.2)

10 (66.7)

11 (84.6)

9 (75.0)

Diabetic nephropathy

2 (10.5)

1 (6.7)

2 (15.4)

1 (8.3)

Diabetic neuropathy

3 (15.8)

1 (6.7)

2 (15.4)

1 (8.3)

CVD

2 (10.5)

4 (26.7)

5 (38.5)

4 (33.3)

Smoking status
Current smokers
Former smokers
Never smokers

2 (10.5)
5 (26.3)
12 (63.2)

2 (13.3)
3 (20.0)
10 (66.7)

0
5 (38.5)
8 (61.5)

0
5 (41.7)
7 (58.3)

48.5 6 9.8

44.5 6 11.8

49.7 6 9.5

49.0 6 8.0

1 MSKD

10 (52.6)

5 (33.3)

1 (7.7)

3 (25.0)

21 MSKD

9 (47.4)

10 (66.7)

12 (92.3)

9 (75.0)

19 (100.0)
5 (26.3)
5 (26.3)
4 (21.1)
3 (15.8)
3 (15.8)
1 (5.3)
1 (5.3)
1 (5.3)

5 (33.3)
15 (100.0)
6 (40.0)
5 (33.3)
4 (26.7)
2 (13.3)
1 (6.7)
1 (6.7)
1 (6.7)

5 (38.5)
6 (46.2)
13 (100.0)
5 (38.5)
4 (30.8)
1 (7.7)
3 (23.1)
1 (7.7)
1 (7.7)

4 (33.3)
5 (41.7)
5 (41.7)
12 (100.0)
5 (41.7)
2 (16.7)
1 (8.3)
1 (8.3)
1 (8.3)

2

Men/women

Age at ﬁrst MSKD diagnosis, years

MSKD components
FS
Tendinitis*
CTS
TF
Epicondylitis‡
DD
Morton’s neuroma
de Quervain’s tenosynovitis
Ulnar tunnel syndrome

Data are mean 6 SD or n (%). CSII, continuous subcutaneous insulin infusion; CTS1, history of CTS; FS1, history of FS; MDI, multiple daily
injections; TF1, history of TF. *Shoulder tendinitis (n 5 10), wrist tendinitis (n 5 3), hip or knee tendinitis (n 5 2). †Mean of the last three values
available. ‡Medial or lateral epicondylitis.

performed only every other week, the recommended scan
frequency is .10 times daily, and much higher if possible
(10). So far, the manufacturer of FGM devices
has not validated the accuracy of sensors inserted
anywhere except the back of the upper arm. Thus,
bilateral FS could prevent adequate use of FGM
for a long period of time.
Furthermore, FS and DD are often associated, and DD
with contracture can reduce the ability to perform
ﬁngersticks for self-monitoring of blood glucose in
patients who already cannot perform adequately
FGM because of FS. Patients with FS could have an
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eightfold increased risk of DD (11). In our population,
four patients had DD, including three with FS. It
should be emphasized that all our patients with DD
were women. This condition is usually more frequent
in men (~80% of cases), and it could have an especially
aggressive course in women (12).
The pathogenesis of retractile disorders and the reasons
for the higher incidence among people with diabetes
remain uncertain. Genetic predisposition was reported in
DD, which has been associated, like type 1 diabetes and
other autoimmune diseases, with the HLA DR3 and DR4
alleles (13).
CLINICAL.DIABETESJOURNALS.ORG

PICARD ET AL.

The mechanisms of entrapment syndromes involving
nerves or tendons are also complex. Entrapment syndromes occur where there is only a tiny space for the
tendon to glide or for the nerve to go, such as in TF or CTS.
However, the thickening of the sheath around the nerve or
the tendon could also play an important role. For example,
in nerve entrapment syndromes, the entrapment is partly
the result of the accumulation of sorbitol, which leads, by
osmotic effect, to an accumulation of ﬂuids into the
sheath (14).

glucose control—although it can be managed—and are
less efﬁcient in patients with either type 1 or type 2
diabetes, having only a 9% success rate at 1 year (23).
Finally, it is mandatory for orthopedic surgeons operating
on patients with type 1 diabetes to be skilled at using
surgical approaches that do not require tourniquets to
avoid additional tourniquet-induced neuropathy in patients with damaged nerves (24). All of these considerations and precautions are also valid for patients with
type 2 diabetes.

The accumulation of advanced glycation end products
(AGEs), especially in pericytes, could also play an
important role. Although entrapment syndromes occur
even in patients with good blood glucose control, their
prevalence increases with rising A1C levels (5), and it
can be supposed that sustained high blood glucose levels
lead to AGE deposits into the collagen and to joint
stiffness (15).

There are limitations to our study. First, it was a real-life
retrospective single-center study. However, the retrospective design should not have had any impact on our
results regarding the distribution of MSKDs. The size of
the population was limited, but this did not prevent us
from observing the same prevalence of MSKDs as in the
T1D Exchange registry (6). That study included a much
larger population, with 1,911 of the 6,199 individuals in
the T1D Exchange registry answering an Internet survey.
Our study is, by design, representative of the people a
diabetologist typically sees in clinical practice. Furthermore, we report the same proportion of patients with 21
MSKDs as in the two published landmark studies (5,6).

The excess of AGEs also leads to a thickening of the
vascular wall and secondary excessive production of
growth factors (16), inducing ﬁbrosis (17). AGE accumulation is associated with other diabetes complications
such as retinopathy (18) and CVD (19). This link could
explain the association we observed between the presence
of several MSKDs and having diabetic retinopathy or
taking a CV treatment (7). We previously reported in the
same study population that diabetic retinopathy was
associated with the presence of MSKDs (odds ratio [OR]
4.8 [95% CI 1.2–18.9] for 1 MSKD and OR 18.0 [95% CI
3.1–104.4] for 21 MSKDs) and that taking a CV treatment
was independently associated with the presence of
several MSKDs (OR 6.7 [95% CI 1.05–43.3]).
In this study, the mean A1C values of the different
subgroups appear not to be associated with the presence
or the number of MSKDs. However, because A1C does not
reﬂect glucose variability, further studies should be
designed to look at possible associations of CGM/FGM
parameters and MSKD status.
Initial nerve or tendon abnormality, combined with entrapment, has been called “double crush syndrome” (20).
In this syndrome, the nerve or tendon, which is enlarged
because of the accumulation of sorbitol and AGEs in the
sheath, is trapped in a tiny space. Ultrasound examination
and macroscopic observations during surgery of yellowcolored, thickened nerves (21) conﬁrm this hypothesis.
Because these mechanisms do not respond to corticosteroids, surgery appears to be the treatment of choice for
entrapment syndrome in patients with diabetes (22).
Moreover, corticosteroid injections can deteriorate blood
VOLUME 38, NUMBER 2, SPRING 2020

Second, it is possible that some people did not spontaneously report MSKDs. However, because MSKDs interfere with daily life and diabetes treatment, it is likely that
participants did report MSKDs in most cases. Moreover,
with the exception of tendinitis, which could have been
under-reported, entrapment syndromes usually lead to
surgery, and it can be assumed that retractile MSKDs (FS
and DD with contracture) pose such a heavy burden that
they would have been reported. We did not have a control
group, but the prevalence of MSKDs in a same-age general
population was reported much lower than in our study (at
5.0%) (25). Additionally, the fact that only one diabetologist saw all of the subjects led to homogeneity in
MSKD assessment.
Third, regarding the various components of MSKDs, we
chose to include Morton’s neuroma even though it has not
been strictly associated with diabetes. Nevertheless,
Morton’s neuroma is considered to be a type of nerve
entrapment (26), and, in our population, the three patients with Morton’s neuroma also had at least CTS.
Finally, many patients in our population were treated with
statins. Because toxic side effects of statins on tendons
have been described (27), it could be argued that tendinitis was related to a statin side effect. However, only
one of the 44 patients on a statin had isolated tendinitis
(data not shown), making this hypothesis unlikely.
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Conclusion
Beyond the reported prevalence and distribution of
various MSKDs in individuals with type 1 diabetes, this
study has several implications.
It shows how important it is for diabetologists and orthopedic surgeons to work close together in the management of outpatients with diabetes. Diabetologists
should be aware of the frequency of MSKDs in patients
with type 1 diabetes, look for symptoms, and make early
referrals to an orthopedic surgeon when needed.
Conversely, because of the association between MSKDs
and other diabetes complications, orthopedic surgeons
should check that patients with diabetes have regular
follow-up with a diabetologist and that they have had an
eye examination and assessment of their CV risk factors.
Moreover, they should be aware of the speciﬁc physiopathology of entrapment syndromes in patients with
diabetes and of the long-term inefﬁcacy of steroid
injections. Finally, orthopedic surgeons operating on
patients with diabetes must be skilled in minimally invasive techniques to avoid delayed tissue healing and
infection and be skilled in surgical approaches that do
not involve the use of tourniquets to avoid additional
nerve damage.
Further large, prospective studies such as a large French
cohort study of patients with type 1 diabetes that is
planned to start soon (SFDT1 [Follow-Up of Patients With
Type 1 Diabetes in France) are now required to advance
our understanding of the mechanisms and prevention
of these frequent but under-studied complications of
type 1 diabetes.
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25. Alvarez-Nemegyei J, Peláez-Ballestas I, Rodrı́guez-Amado J,
et al. Prevalence of rheumatic regional pain syndromes in adults
from Mexico: a community survey using COPCORD for screening
and syndrome-speciﬁc diagnostic criteria. J Rheumatol Suppl
2011;86:15–20
26. Larson EE, Barrett SL, Battiston B, Maloney CT Jr, Dellon AL.
Accurate nomenclature for forefoot nerve entrapment: a
historical perspective. J Am Podiatr Med Assoc 2005;95:
298–306
27. Ward NC, Watts GF, Eckel RH. Statin toxicity. Circ Res 2019;
124:328–350

18 7

