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Abstract: Background: One of the lesser recognized complications of diabetes mellitus are mus-
culoskeletal (MSK) complications of the upper and lower extremity. No prevalence studies have
been conducted in general practice. Thus, the aim of this study was to investigate the prevalence
of upper extremity MSK disorders in patients with type 2 diabetes (T2DM) in the Netherlands.
Methods: We conducted a cross-sectional study with two different approaches, namely a represen-
tative Dutch primary care medical database study and a questionnaire study among patients with
T2DM. Results: In the database study, 2669 patients with T2DM and 2669 non-diabetes patients
were included. MSK disorders were observed in 16.3% of patients with T2DM compared to 11.2% of
non-diabetes patients (p < 0.001, OR 1.53, 95% CI 1.31, 1.80). In the questionnaire study, 200 patients
with T2DM were included who reported a lifetime prevalence of painful upper extremity body sites
for at least four weeks of 67.3%. Conclusion: We found that upper extremity MSK disorders have
a high prevalence in Dutch patients with T2DM presenting in general practice. The prevalence
ranges from 16% based on GP registered disorders and complaints to 67% based on self-reported
diagnosis and pain. Early detection and treatment of these disorders may play a role in preventing
the development of chronic MSK disorders.

Keywords: type 2 diabetes; musculoskeletal disorders; prevalence; diabetes complication

1. Introduction

Diabetes (DM) has many well-known and well-understood complications, such as
diabetic retinopathy, nephropathy, and polyneuropathy, which are currently screened
for during the periodic check-ups [1]. However, studies have shown that DM is also
associated with an increased prevalence of numerous musculoskeletal (MSK) disorders [2–5],
including shoulder, hand, and lower extremity disorders [6–8], which are currently not
screened for.

The pathophysiological mechanism of MSK disorders is not fully understood, but evi-
dence suggests that increased accumulation of advanced glycation end-products (AGEs)
plays an important role [1,9]. AGEs are formed by the non-enzymatic condensation of
metabolic intermediates and glucose, and this process is increased or stimulated in chronic
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hyperglycemia. AGE accumulation occurs in connective tissue causing damage to the
tendons, joint capsule, ligaments and nerves, which leads to structural and functional
deterioration. AGE formation leads to collagen disposition in the periarticular connective
tissue causing the damage [9–11].

Several international studies have shown that MSK disorders have an increased
prevalence in T2DM. For example, the prevalence of frozen shoulder ranges from 5%
to 30% in patients with DM and from 2% to 5% in patients without DM [6]. The wide
range in observed prevalence in patients with DM might be caused by differences in used
study methods, i.e., database and questionnaire studies. Moreover, patients with T2DM
have higher odds if developing MSK disorders compared to patients without DM (OR 1.1,
95% CI:1.0, 1.3), and age seems to be associated: patients with DM aged <60 years have a
higher odd ratio than those without DM aged <60 years (OR 1.6, 95% CI:1.2, 2.2) [12].

Inadequate management of MSK disorders leads to a decrease in functional ability,
an increasingly inactive lifestyle and a poorer quality of life; factors that undermine DM
treatment [13,14]. Therefore, it is important to diagnose and treat MSK disorders at an early
stage. Even though international studies have already concluded that physical examination
of the hand and shoulder should be included in the evaluation of DM patients [15], this is
currently not implemented in the Dutch nor international guidelines. To better inform
developers of guidelines and policymakers, the next step is to investigate the prevalence
of MSK disorders in the Netherlands. In the well-organized Dutch healthcare system,
almost all patients with T2DM are treated by care groups composed of general practitioners
(GPs) and trained diabetes nurses. Routine check-up visits including screening for compli-
cations take place at least once a year [16]. Therefore, it is questionable if the prevalence is
as high as reported in the international literature.

Objectives

Our cross-sectional study aims to investigate the prevalence of overall and specific
upper extremity MSK disorders in patients with T2DM in the Netherlands using two
approaches, namely (1) a primary care medical database study and (2) a questionnaire
that was handed out only to patients with T2DM attending their routine DM check-ups in
general practice. The reason for combining two methods instead of selecting just one is that
a much better insight into the MSK prevalence and its potential modifiers can be achieved.

2. Methods

We carried out a cross-sectional study composed of the two different approaches.
The study was approved by the Medical Ethics Committee of Zuyderland Medical Centre
(METC-Z 17-T-138, date of approval: 23 November 2017).

2.1. Approach 1 (RNFM Database)

We used data from the Research Network Family Medicine (RNFM), which is a
large anonymized medical database of a GP network in the Maastricht University region,
the Netherlands. RNFM was developed in 1988 and reflects the national healthcare sys-
tem where patients are registered with a GP and access all healthcare through their GP.
The network consists of 65 GPs from 22 GP practices. RNFM is composed of computerized
medical data of approximately 105,000 patients (reference year 2017). Current and relevant
past health problems (i.e., diseases, diagnoses and prescribed drugs of all patients) are
recorded systematically and updated continuously along with the basic sociodemographic
characteristics of the patients. Registration of these medical data is part of daily routine
in the participating GP practices, and every three months registered health problems are
added and uploaded to the RNFM database [17,18]. The International Classification of
Primary Care (ICPC) is used to code and register health problems. Next to the ICPC code
for T2DM (T90.02), the following ICPC codes were used to define upper extremity MSK
disorders: Shoulder symptoms/complaints (L08), Shoulder syndromes (L92), Wrist symp-
toms (L11), Hand/finger symptoms/complaints (L12), Carpal tunnel syndrome (CTS)
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(N93), Dupuytren’s contracture (L99.03), Trigger finger (L99.04), Rheumatoid arthritis
and related conditions (L88), and Osteoarthritis (L91). However, there is no ICPC code
for MSK. All patients with T2DM aged between 18 and 70 years old who were regis-
tered in January 2017 were included and matched with patients without any type of DM
to compare the difference in prevalence. Matching was in a ratio of 1:1, based on age,
gender, and general practice [19]. Additionally, a maximum age of 70 was chosen because
we believe that MSK disorders in patients older than 70 years are more likely based on age
related degenerative processes.

2.2. Approach 2 (Questionnaire in General Practice)

This approach was carried out in the Meditta region, the Netherlands. Meditta is a
company organized by GPs in the area of Sittard-Geleen, Roermond and Weert. Part of
their activities includes providing T2DM care in the so-called diabetes care group. In this
region, T2DM care is delivered by specially trained diabetes nurses employed by Meditta,
who work in GP practices under supervision of the GP. T2DM care in the Netherlands
is usually delivered by GPs and specially trained diabetes nurses. During a six month-
period, T2DM patients between 30 and 70 years of age were approached upon visiting
their diabetes nurse during their annual routine check-ups and were asked to fill in a
questionnaire inquiring about MSK pain and medical history.

Additionally, to increase the recruitment, an announcement was placed on the website
of the Dutch Diabetic Association (Diabetesvereniging Nederland, DVN) and in their periodic
Diabetes Magazine.

All included patients withT2DM received the questionnaire during their check-up, and
the diabetes nurse filled in a short case report form per patient, containing a last reading of
HbA1C, the current body mass index (BMI) and year of T2DM diagnosis. Patients were asked
to fill in the questionnaire and send it to our research center in the provided return envelope.

The outcome measures were categorized into a complaint and disease level. On a
complaint level, the following subcategories were distinguished: point prevalence of
painful body sites (shoulder, elbow, wrist, hand or fingers), lifetime prevalence of painful
body sites, prevalence of the most painful body site, and on a diagnosis level: prevalence of
specific MSK disorders (frozen shoulder, CTS, trigger finger and Dupuytren’s contracture).
We defined point prevalence as the proportion of patients with T2DM with pain at time
of filling in the questionnaire while lifetime prevalence was defined as the proportion of
patients with T2DM who has suffered from pain any time in the past for at least 4 weeks.

The questionnaire was compiled on the basis of existing ones:

- The Douleur Neuropathique 4 questionnaire (DN4) [20–23]: A commonly used question-
naire for screening and diagnosing neuropathic pain in patients with neurological
complaints, valid for the Dutch population and validated to be used in patients with
DM. For our study purpose, we left out the physical examination questions, and
only used the two interview questions, which composed of 7 items (yes/no answers).
The cut-off point for neuropathic pain is considered to be 4 out of 7 points.

- Pain questionnaire [24]: A six-item questionnaire that classifies chronic MSK pain is
adapted from the version used in epidemiological research by the Arthritis Research
Campaign in the United Kingdom, translated in Dutch, and previously used in the
Maastricht Study.

- Epidemiology of diabetes intervention and complications association questionnaire for
cheiroarthropathy [25]: This questionnaire was used to assess the medical history
of upper extremity MSK disorders (yes/no answers). We incorporated eight questions
concerning history of symptoms and previous diagnosis while the examination part
was excluded. These questions were translated from English to the Dutch language.

- Self-reported comorbidity. A list of diseases derived from two sources was used;
lists of the Study of Medical Information and Lifestyles in Eindhoven (SMILE), and the
National Institute for Public Health and the Environment (RIVM) [26,27].
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2.3. Sample Size Calculation

In this calculation, we have assumed a prevalence of 12.8% for frozen shoulder [28],
and prevalence for specific MSK disorders starting from 5–15% for trigger finger [6] up to
20% for frozen shoulder [29]. Therefore, for approach 2, we used a conservative expected
proportion of 0.12. Assuming a 10% response rate, we have handed over 1900 question-
naires to the diabetes nurses. This results in an expected number of 190 patients. By using
a conservative expected proportion of 0.12, the width of the corresponding 95% CI is then
equal to about 0.09, i.e., a 95%CI of 0.07 to 0.16. For approach 1, all patients with T2DM
will be included, which is expected to exceed this number of 190 patients, implying an
accurate estimate of the prevalence of MSK disorders.

2.4. Data Analysis
2.4.1. Approach 1: RNFM Database

Proportions were calculated for the prevalence of overall and specific upper extremity
MSK disorders in DM patients and non-diabetes. Patients with T2DM were compared
with non-diabetes using logistic regression correcting for the matching variables age,
gender and general practice. Additionally, for patients with T2DM, logistic regression was
used to assess which of the variables age, gender, duration of DM, rheumatoid arthritis and
osteoarthritis were independently related to the outcomes of MSK in general and specific
MSK disorders.

2.4.2. Approach 2: Questionnaire Study

For patients with T2DM in this approach, proportions were calculated for both overall
and specific upper extremity point and lifetime prevalence of painful body sites on a
complaint level, and for specific MSK disorders on diagnosis level. Logistic regression
analyses were used to assess which variable (age, gender, duration of T2DM, body mass
index (BMI), HbA1C, rheumatoid arthritis, osteoarthritis and other joint inflammation)
was independently related to the outcomes of MSK in general and specific MSK disorders.
Interaction between several variables, suggested in the literature or who have possible
biological influences, were tested.

For both approaches, linearity assumption for numerical variables was assessed by
testing whether a quadratic centered term improved the model fit significantly. In case
the linearity assumption was violated, the analysis was repeated using a categorized
variable (including dummy variables) instead of linear and quadratic terms, where these
results were compared with those with linear and quadratic terms to see whether the
same quadratic trend was represented by both analyses. The numerical variables were
categorized using cut-off values based on the number of subjects per category and on
sensible values, for example 50, 55, 60, and 65 years for age in approach 1 or 25, 30, and 40
for BMI [30]. Multicollinearity was checked using variance inflaction factors (VIF), where VIF > 10
indicate a collinearity problem, and influential outliers were defined as Cook’s distance > 1.

Odds ratios (OR) with corresponding 95% confidence intervals (CI) and two-sided
p-values were reported, where p-values ≤ 0.05 were considered statistically significant.
Statistical analyses were performed using IBM SPSS Statistics for Windows (version 25.0,
Armonk, NY, USA).

3. Results
3.1. Approach 1: RNFM Database
3.1.1. Study Population Characteristics

A total of 2669 patients with T2DM and 2669 patients without DM were included.
Mean age was 60.3 years, ranging from 20–70 years, and a proportion of 40.1% females.
The duration of T2DM was on average 8.6 years and ranged from 0 to 47 years (Table 1).
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Table 1. Study population demographic data of the two different approaches in Dutch general practice: (RNFM approach
n = 5338, Questionnaire approach n = 200).

RNFM Study Questionnaire Study

Characteristics
Patients with
Type 2 Diabetes

Patients
without Diabetes Total

Patients with Type 2
Diabetes with Pain
Complaints When Filling
the Questionnaire

Patients with Type 2
Diabetes without Pain
Complaints When Filling
the Questionnaire

n = 2669 n = 2669 n = 200 n = 100 n = 100

Age
mean ± SD 60.3 ± 8.1 60.3 ± 8.1 61.7 ± 6.8 61.5 ± 6.6 61.9 ± 6.9
range (years) 20–70 20–70 32–70 38–70 32–70

Females % 40.10% 40.10% 39.2%* 46.5% * 32.00%
Duration of diabetes

mean ± SD 8.6 ± 6.2 NA 9.5 ± 6.3 10.1 ± 6.9 8.9 ± 5.5
range (years) 0–47 0–39 0–39 0–26

BMI (kg/m2)
mean ± SD

NA NA
29.9 ± 5.7 30.2 ± 6.5 29.7 ± 4.8

range 16.0–58.8 16.0–58.8 19.4–44.9
HbA1C (mmol/mol)

mean ± SD
NA NA

55.3 ± 11.3 55.7 ± 12.3 54.9 ± 10.3
range 39.0–131.0 39.0–131.0 40.0–93.0

Rheumatoid arthritis
n 10/2669 8/2669 22/195 * 19/97 * 3/98 *
(%) (0.40) (0.30) (11.30) (19.50) (3.10)

Osteoarthritis
n 24/2669 59/2669 82/196 * 56/98 * 26/98 *
(%) (0.90) (2.20) (41.80) (57.10) (25.80)

RNFM, Research Network Family Medicine; Numerical data are presented as mean ± standard deviation (SD) and range, Nominal data as
number of patients (percentage). NA: not applicable. * Missing data.

3.1.2. MSK Disorders Overall

MSK disorders were observed in 16.3% (CI:14.8,17.7) of T2DM compared to 11.2%
(CI:10.0,12.5) of non-diabetes patients (Table 2).

Table 2. Prevalence of specific upper extremity musculoskeletal disorders and their corresponding ICPC codes in patients
with type 2 diabetes compared to patients without diabetes by logistic regression in RNFM approach, correcting for the
matching variables age, gender and general practice.

ICPC Code

Patients with Type 2 Diabetes Patients without Diabetes

OR (95% CI);
p-Value

n n

(%) (%)

95% CI 95% CI

MSK overall
(any ICPC code of the chosen codes)

434/2669 300/2669
1.55 (1.3, 1.8);

<0.001
(16.30) (11.20)

14.8, 17.7 10.0, 12.5

Any shoulder disease
(ICPC: L08 or L92)

242/2639 175/2639
1.41 (1.1, 1.7);

0.001
(9.20) (6.60)

8.1, 10.3 5.7, 7.6

Shoulder complaints
(ICPC: L08)

154/2573 102/2573
1.53 (1.1, 1.9);

0.001
(6.00) (4.00)

5.1, 6.9 3.2, 4.8

Shoulder syndromes
(ICPC: L92)

115/2491 84/2491
1.38 (1.04, 1.8);

0.023
(4.60) (3.40)

3.8, 5.5 2.7, 4.1

Any hand disease
(ICPC L11, L12, N93, L99.03 or L99.04)

260/2669 160/2669
1.71 (1.3, 2.1);

<0.001
(9.70) (6.00)

8.6, 10.9 5.1, 6.9

Wrist complaints
(ICPC: L11)

40/2639 21/2639
1.83 (1.08, 3.1);

0.023
(1.50) (0.80)

1.1, 2.0 0.5, 1.2
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Table 2. Cont.

ICPC Code

Patients with Type 2 Diabetes Patients without Diabetes

OR (95% CI);
p-Value

n n

(%) (%)

95% CI 95% CI

Hand/finger complaints
(ICPC: L12)

98/2620 71/2620
1.42 (1.0, 1.9);

0.024
(3.70) (2.70)

3.0, 4.5 2.1, 3.4

CTS
(ICPC: N93)

52/2525 27/2525
2.02 (1.2, 3.2);

0.003
(2.10) (1.10)

1.5, 2.7 0.7, 1.5

Dupuytren’s contracture
(ICPC: L99.03)

38/2654 22/2654
1.79 (1.0, 3.0);

0.030
(1.40) (0.80)

1.0, 1.9 0.5, 1.2

Trigger finger
(ICPC: L99.04)

85/2626 32/2626
2.81 (1.8, 4.2);

<0.001
(3.20) (1.20)

2.6, 4.0 0.8, 1.7

RNFM, Research Network Family Medicine; CI, confidence interval; OR, odds ratio; CTS, carpal tunnel syndrome; MSK disorders,
musculoskeletal disorders.

3.1.3. Shoulder Complaints and Syndromes

The prevalence of any shoulder disease in patients with and without DM was 9.2%
(CI:8.1, 10.3) and 6.6% (CI:5.7, 7.6), respectively (Table 2).

3.1.4. Hand Complaints or Syndromes

The prevalence of any hand disease in patients with and without DM was 9.7% (CI:8.6,
10.9) and 6% (CI:5.1, 6.9), respectively. The highest prevalence of a specific MSK disorder
was trigger finger which was present in 3.2% (CI:2.6, 4.0) of patients with T2DM and in 1.2%
(CI:0.8, 1.7) of non-diabetes patients. The prevalence of CTS and Dupuytren’s contracture
are presented in Table 2.

3.1.5. Regression Analyses and Associations

Duration of DM and age were both categorized in five subgroups, as linearity as-
sumption was violated for these variables, where the results reported in Table 3 were
similar as those with linear and quadratic terms. Odds for overall MSK disorders increased
significantly with duration of DM (OR ranges from 3.02 to 5.7) being significantly higher for
age-categories above 55 years compared to 50 years or younger (OR ranges from 1.5 to 2.1),
and this was significantly higher for females than males (OR 1.3, CI:1.1,1.7). See Table 3 for
more details.

3.2. Approach 2: Questionnaire Study
3.2.1. Study Population Characteristics

In total, two hundred patients with T2DM have completed the questionnaire: 182 pa-
tients were recruited via the diabetes nurses and 18 via the Diabetes Magazine. The mean
age was 61.7 years, proportion of females was 39.2%, mean duration of DM was 9.5 years,
mean BMI was 29.9 kg/m2, and mean HbA1C was 55.3 mmol/mol. At the time of filling
in the questionnaire, 100 patients (50%) reported to have pain in the upper extremity of
whom 46.5% were females (Table 1).
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Table 3. Regression analysis of specific upper extremity musculoskeletal disorders in patients with type 2 diabetes in RNFM approach a.

Overall MSK
Disorders

Any Shoulder
Disorder

Shoulder
Complaints

Shoulder
Syndrome Any Hand Disease Wrist

Complaints
Hand/Finger
Complaints Trigger Finger Dupuytren’s

Contractor CTS

(Any ICPC Code of
the Chosen Codes) (ICPC: L08 or L92) (ICPC: L08) (ICPC: L92) (ICPC L11, L12, N93,

L99.03 or L99.04) (ICPC: L11) (ICPC: L12) (ICPC: L99.04) (ICPC: L99.03) (ICPC: N93)

OR (95% CI);
p-Value

OR (95% CI);
p-Value

OR (95% CI);
p-Value

OR (95% CI);
p-Value

OR (95% CI);
p-Value

OR (95% CI);
p-Value

OR (95% CI);
p-Value

OR (95% CI);
p-Value

OR (95% CI);
p-Value

OR (95% CI);
p-Value

Age in years
≤50 Reference Reference Reference Reference Reference Reference Reference Reference Reference Reference

51–55 1.5 (0.9–2.5);
0.098

1.5 (0.8–2.8);
0.197

1.3 (0.6–2.8);
0.444

2.5 (1.1–6.2);
0.039

1.4 (0.7–2.8);
0.258

0.8 (0.2–3.5);
0.836

0.5 (0.1–2.3);
0.421

2.8 (0.7–10.7);
0.116

1.3 (0.2–8.3);
0.723

2.7 (0.8–8.7);
0.087

56–60 2.1 (1.3- 3.4);
0.001

1.8 (1.01–3.2);
0.033

1.9 (1.0–3.8);
0.048

1.6 (0.7–4.0);
0.246

2.1 (1.2–3.8);
0.008

1.9 (0.6–6.0);
0.242

0.6 (0.2–2.2);
0.507

3.3 (0.9–11.5);
0.057

1.3 (0.2–6.8);
0.740

4.3 (1.5–12.5);
0.007

61–65 2.1 (1.3–3.3);
0.001

1.7 (1.0–3.1);
0.039

1.6 (0.8–3.2);
0.128

1.7 (0.7–4.1);
0.179

2.2 (1.2–3.9);
0.005

1.2 (0.3–3.8);
0.748

1.1 (0.4–3.4);
0.738

5.0 (1.5–16.8);
0.008

2.3 (0.5–10.9);
0.259

3.1 (1.08–9.1);
0.035

66–71 1.7 (1.1–2.6);
0.015

1.3 (0.7–2.2);
0.322

1.0 (0.5–2.0);
0.908

1.7 (0.7–3.8);
0.200

1.8 (1.03–3.1);
0.037

1.4 (0.4–4.2);
0.524

0.8 (0.2–2.3);
0.680

2.4 (0.7–8.1);
0.153

2.5 (0.5–11.1);
0.213

2.4 (0.8–7.1);
0.093

Females 1.3 (1.1–1.7);
0.002

1.2 (0.9–1.5);
0.164

1.1 (0.8–1.5);
0.523

1.2 (0.8–1.8);
0.187

1.6 (1.2–2.1);
0.000

3.4 (1.9–6.2);
0.000

2.3 (1.2–4.4);
0.009

1.7 (1.1–2.6);
0.016

0.8 (0.4–1.6);
0.596

1.7 (1.1–2.5);
0.008

Duration of diabetes
in years

0–2 Reference Reference Reference Reference Reference Reference Reference Reference Reference b Reference

3–5 3.02 (1.7–5.2);
0.000

2.9 (1.3–6.4);
0.006

4.5 (1.5–12.9);
0.005

1.8 (0.5–5.8);
0.290

3.5 (1.7–7.3);
0.001

4.1 (0.5–34.0);
0.184

1.4 (0.2–7.6);
0.640

2.9 (0.8–10.3);
0.088 Reference b 3.4 (1.1–10.1);

0.023

6–8 3.5 (2.08–6.1);
0.000

3.7 (1.7–8.0);
0.001

5.1 (1.8–14.8);
0.002

2.3 (0.7–7.1);
0.131

3.8 (1.8–7.9);
0.000

5.0 (0.6–40.4);
0.130

2.9 (0.6–13.7);
0.171

3.7 (1.08–12.7);
0.037

2.4 (0.8–6.9);
0.090

2.2 (0.7–6.7);
0.162

9–11 4.8 (2.8–8.3);
0.000

6.0 (2.8–12.9);
0.000

7.1 (2.5–20.3);
0.000

6.4 (2.2–18.4);
0.000

4.8 (2.3–9.9);
0.000

11.5 (1.5–88.0);
0.018

5.1 (1.1–23.2);
0.031

3.1 (0.9–11.1);
0.072

2.5 (0.8–7.2):
0.079

3.6 (1.2–10.8);
0.018

≥12 5.7 (3.3–9.6);
0.000

6.6 (3.1–13.8);
0.000

7.7 (2.7–21.5);
0.000

7.2 (2.5–20.2);
0.000

5.7 (2.8–11.6);
0.000

10.7 (1.4–80.9);
0.021

2.7 (0.5–12.6);
0.201

6.1 (1.8–20.1);
0.003

3.1 (1.2–8.1);
0.020

4.5 (1.6–13.0);
0.004

a Rheumatoid arthritis and osteoarthritis were not included in these analyses due to low number of patients with those conditions. b The first two groups were combined as from 0–2 years in duration of diabetes
were no patients with Dupuytren’s contractor. RNFM, Research Network Family Medicine; OR, odds ratio; CI, confidence interval; CTS, carpal tunnel syndrome.
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3.2.2. Prevalence on Complaint Level
I—Life-Time Prevalence

A total of 67.3% (n = 134) of patients with T2DM reported that they have had painful
body site for at least 4 weeks, and 46.6% (n = 89) reported to have had any shoulder
complaints. Additionally, 34.5% (n = 69) specifically reported that they had been suffering
from a painful stiff shoulder in their lifetime.

II—Point Prevalence

The shoulder was the most prevalent painful site (n = 78, 39%), and 22% (n = 44) re-
ported to have unilateral shoulder pain. Hand or fingers, elbow, upper arm, wrist, and fore-
arm pain was reported in 30% (n = 61), 13.6% (n = 27), 7% (n = 14), 5% (n = 10) and 4%
(n = 8), respectively.

Regarding the prevalence of the most painful affected body sites, we observed that
among patients with pain for at least 4 weeks (n = 200), the shoulder was the most prevalent
painful body site (n = 43/189, 22.8%), and 16.5% (n = 33) reported to have unilateral pain.

Neuropathic pain was reported in 34.8% (n = 15/43) of those patients. Hand and
fingers pain, and wrist pain was reported in 26.7% (n = 24/90), and 3.3% (n = 3/90),
respectively, and of those patients, 29% (n = 7/24) and (n = 2/3) reported neuropathic pain
(Table 4).

Table 4. Prevalence of specific upper extremity musculoskeletal disorders on complaint or diagnosis level in patients with
type 2 diabetes in the questionnaire approach.

Pain Prevalence (n) % 95% CI

Pain Life time prevalence per body site, n = 200
Any painful body site for at least 4 weeks (Shoulder, arm, elbow, hand or fingers) 134 a 67.3 61.0, 75.0
Any shoulder complaints 89 b 46.6 39.6, 54.0
Painful stiff Shoulder 69 34.5 28.4, 42.1
Pain Point prevalence per body sites, n = 200 a

Shoulder: any side * 78 39.2 32.3, 46.0
unilateral 44 22 16.2, 27.9

Elbow: any side * 27 13.6 8.7, 18.3
unilateral 21 10.6 6.2, 14.8

Wrist: any side * 10 5 1.9, 8.0
unilateral 6 3 0.6, 5.4

Upper arm: any side * 14 7 3.4, 10.6
unilateral 8 4 1.2, 6.7

Forearm: any side * 8 4 1.2, 6.7
unilateral 6 3 0.6, 5.4

Hand (including fingers): any side * 61 30.7 24.1, 37.1
unilateral 26 13 8.3, 17.7

Prevalence ofthe most painful affected body sites, n = 200 c

Shoulder any side * 43 22.8 16, 28
unilateral 33 16.5 26, 46

Hand (including fingers) 24 12.7 17, 35
Wrist 3 1.6 −0.02, 3.3
Prevalence of specific MSK disorders, n = 200
Frozen shoulder 79 b 41.4 33.5, 48.2
Carpal tunnel syndrome 106 b 55.5 48.8, 63.6
Trigger finger 76 b 39.8 30.8, 45.3
Dupuytren’s contracture 79 d 41.1 34.6, 49.4

Data presented in total number bilaterally (unilateral side), percentages and 95% confidence interval. a One is missing; b 9 are missing;
c 11 are missing; d 8 are missing. * Any side is referred to either right or left side or both.
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3.2.3. Prevalence on Diagnosis Level

CTS was the most prevalent disorder (55.5%, n = 106/200), followed by frozen shoulder
and Dupuytren’s contracture, both with 41% (n = 79). Trigger finger was reported in 39.8%
(n = 76) (Table 4).

3.2.4. Regression Analyses and Associations

Interactions did not add significantly to the models (p-values ranged from 0.127 to
0.672). The multivariable analyses showed that rheumatoid arthritis and osteoarthritis
were significantly associated with shoulder pain point prevalence (OR 4.5, CI:1.3, 14.6
and OR of 3.1, CI:1.5, 6.2, respectively), frozen shoulder (OR 3.3, CI:1.1, 9.9 and OR 2.3,
CI:1.1, 4.7, respectively). In addition, rheumatoid arthritis was significantly associated
with trigger finger (OR 7.0, CI:1.8, 27.8), whereas osteoarthritis was significantly asso-
ciated with CTS (OR 4.2, CI:2.0, 8.8) and Dupuytren’s contracture (OR 3.1, CI:1.5, 6.2).
Furthermore, for every year of increase in age, the odds of developing Dupuytren’s contrac-
ture increases significantly (OR 1.06, CI:1.006, 1.1), while the odds of developing a frozen
shoulder decreases significantly (OR 0.9, CI:0.8, 0.9). Additionally, duration of T2DM is
associated with shoulder pain (OR 1.08, CI:1.01, 1.1 per year increase) and females have
higher odds of developing CTS (OR 2.2, CI:1.1, 4.6) (Table 5). All results of the univariate
analyses are presented in Supplementary Table S1.

Table 5. Multivariable logistic regression analysis of specific upper extremity musculoskeletal disorders on complaint or
diagnosis level in patients with type 2 diabetes in the questionnaire approach.

Shoulder Pain Point
Prevalence

OR (95%CI)

Frozen Shoulder
OR (95%CI)

Carpal Tunnel
Syndrome

OR (95%CI)

Trigger Finger
OR (95%CI)

Dupuytren’s Contracture
OR (95%CI)

p-Value p-Value p-Value p-Value p-Value

n = 78/200 n = 79/200 n = 106/200 n = 76/200 n = 79/200

Age in years 0.9 (0.9, 1.0);
0.144

0.9 (0.8, 0.9);
0.005

0.9 (0.9, 1.0);
0.441

1.03 (0.9, 1.1);
0.204

1.06 (1.0, 1.1);
0.031

Female 1.5 (0.7, 3.0);
0.250

1.04 (0.5, 2.0);
0.902

2.2 (1.1, 4.6);
0.023

1.2 (0.6, 2.6);
0.468

1.09 (0.5, 2.2);
0.802

Duration of diabetes 1.07 (1.0, 1.1);
0.015

1.03 (0.9, 1.1);
0.291

1.04 (0.9, 1.1);
0.216

1.03 (0.9, 1.1);
0.200

1.005 (0.9, 1.1);
0.848

BMI 0.9 (0.9, 1.1);
0.943

Cat 1: Ref *
Cat 2:

0.3(0.1–0.9);0.036
Cat 3:

0.4(0.1–1.2);0.121
Cat 4:

0.2(0.4–1.3);0.099

0.9 (0.9, 1.1);
0.845

1.05 (0.9, 1.1);
0.104

1.04 (0.9, 1.1);
0.106

HbA1C 0.9 (0.9, 1.0);
0.793

0.9 (0.9, 1.0);
0.293

1.01 (0.9, 1.0);
0.504

0.9 (0.9, 1.0);
0.588

1.02 (0.9, 1.1);
0.102

Rheumatoid arthritis 4.5 (1.4, 14.6);
0.012

3.7 (1.2, 11.4);
0.022

0.5 (0.1, 2.0);
0.383

7.0 (1.8, 27.8);
0.005

1.5 (0.5, 4.5);
0.417

Other joint inflammation 1.2 (0.5, 2.9);
0.625

1.07 (0.4, 2.5);
0.861

2.8 (1.1, 7.4);
0.033

1.7 (0.7, 4.3);
0.189

1.02 (0.4, 2.4);
0.961

Osteoarthritis 3.1 (1.5, 6.2);
0.001

2.5 (1.2, 5.1);
0.011

4.2 (2.0, 8.8);
<0.001

1.5 (0.7, 3.0);
0.236

3.1 (1.5, 6.2);
0.001

* Dummy variable was included to fix the linearity assumption violation. Cat 1: BMI 18.5 to 24.9; Cat 2:25 to 29.9; Cat 3:30 to 39.9; Cat 4: ≥40.

4. Discussion

This is the first study evaluating the prevalence of upper extremity MSK disorders
in patients with T2DM in general practice. This study was conducted with two different
approaches and showed a prevalence for MSK disorders in patients with T2DM ranging
from 16% based on by GP registered disorders and complaints (database study) to 67%
based on self-reported diagnosis and pain (questionnaire study). This difference can be
explained by the nature of the two approaches. The medical database study contains data of
patients with T2DM who sought medical attention for their MSK disorders, otherwise these



Medicines 2021, 8, 8 10 of 13

disorders would not have been registered by the GP, while in the questionnaire study,
patients were attending their regular DM check-up and not primary seeking medical
attention for MSK complaints. Therefore, it is plausible that the results of the database
study might be an underestimation of the real prevalence and the questionnaire study
might have caused an overestimation, as patients with T2DM suffering from pain might be
more eager to participate. In this approach, half of the patients reported to have pain at
time of filling in the questionnaire.

Additionally, we observed that the shoulder is the most affected body site in both
studies, and that age, duration of T2DM, and gender show conflicting, statistically sig-
nificant associations between the studies, except for the duration of T2DM and shoulder
disorders/complaints, females, and CTS, which show a statistically significant positive
association in both studies.

4.1. Comparison with the Literature

When comparing the observed prevalence with international studies, we noticed that
there are no studies conducted in general practice. A cross-sectional study conducted in
an outpatient diabetes centre in the USA reported a prevalence of shoulder pain with or
without disability in 63% of the patients with DM. This result was obtained by using the
Shoulder Pain and Disability Index (SPADI). This is a higher prevalence compared to the
observed 39% in our questionnaire study. This difference may be explained by the fact that
we only asked for shoulder pain and not for disability, and that our population consistent
only of patients with T2DM [31]. A tertiary hospital-based study conducted in Pakistan
investigating MSK disorders of the upper limb extremity using a survey and physical
examination, showed prevalences somewhere between our database and questionnaire
studies [32]. The differences can be explained by the difference in study settings and
healthcare system. Another cross-sectional population-based study conducted in Norway,
that also used a questionnaire approach, reported a prevalence of chronic MSK complaints
of 58% in patients with T2DM, which is approximately 9% lower than observed in our
study [12]. They defined MSK complaints as pain and/or stiffness ≥3 months during
the last year, where we used a duration of ≥4 weeks, which might explain the difference
between the two studies. A hospital-based study conducted in Turkey where patients were
physically examined showed a prevalence of frozen shoulder in patients with T2DM of 13%
and 1.3% for CTS [28], which is much lower than we observed. This large difference might
be explained by the study design; we calculated lifetime prevalence in our questionnaire
study, while in the hospital-based study, the point prevalence is estimated in patients having
shoulder pain at the time of consultation. Therefore, we can conclude that study design,
setting, healthcare system, and definition of MSK disorders might influence prevalence.

4.2. Strengths and Limitations

The RNFM database contains medical data representative for the Dutch popula-
tion [18], and made it possible to compare the prevalence of MSK disorders in patients with
T2DM and patients without DM, which are major strengths of this work. GPs affiliated
with the RNFM register the data of their patients, including ICPC codes, in a uniform
manner and meet twice per year for training.

To overcome the problem of using only a single approach to determine the prevalence,
we also performed a questionnaire study, which has two main advantages. First, unregistered MSK
disorders and complaints that are missed in database studies can be included, because pa-
tients did not report them to the GP or because the GP judged them to be clinically
not significant. Second, it enabled us to include BMI, HbA1C, rheumatoid arthritis,
osteoarthritis, and other joint inflammation disorders in the analysis. However, a dis-
advantage is that recruiting patients for a questionnaire study might result in selection bias
or reporter bias.

Despite the large sample size in the database study, the number of patients with
T2DM diagnosed with rheumatoid arthritis and osteoarthritis was too small to correct for
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in the regression analysis, and additionally, we were unable to test the influence of BMI
and HbA1C as this information was not registered in the database yet, which can be seen
as limitations. Additionally, there might be other confounding factors associated with
diabetes and MSK disorders, including medication, depression and health services use.
Although statins may cause MSK pain in patients with T2DM, yet all patients with T2DM
in The Netherlands actually are advised to always use statins, which is why we did not
report about number of patients using this medication. Regarding co-morbidities, we have
chosen to select only the most relevant ones. Unfortunately, we were unable to correct for
the volume of health services used as this is not registered in the RNFM database.

Last, we have chosen a 1:1 matching between patients with T2DM and patients without
DM, while other proportions were possible. However, we expected to have enough power
of the study using 1:1 matching, which is proven by the statistical significance of the
results found.

4.3. Clininal Implications and Future Research

In the context of clinical practice, our findings indicate that MSK disorders have a high
prevalence in patients with T2DM and that screening for these disorders seems to be advis-
able. We define screening as a protocolled history taking and focused physical examination
addressing MSK disorders during periodic regular DM check-up visits. Early detection
and treatment of these disorders may play a role in preventing the development of chronic
disorders, which might negatively influence DM treatment. However, to better inform
guideline and policymakers, it would be useful to conduct a trial to investigate the effec-
tiveness in two study groups, one with MSK screening and early management incorporated
and a second group without.

5. Conclusions

We found that registered and non-registered upper extremity MSK disorders have
high a prevalence in Dutch patients with T2DM presenting in general practice, and that
prevalence is influenced by study design and definition of MSK disorders. The prevalence
ranges from 16% based on by GP registered disorders and complaints (database study) to
67% based on self-reported diagnosis and pain (questionnaire study). The early detection
and treatment of these disorders may play a role in preventing the development of chronic
disorders. Screening for these disorders seems advisable, although policymakers might
require a trial investigating the effectiveness.
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0/8/2/8/s1, Table S1: Crude model of Regression analysis of specific upper extremity musculoskele-
tal disorders on complaint or diagnosis level in type 2 diabetes patients in the questionnaire approach.

Author Contributions: Conceptualization, R.P.G.O., G.-J.D., and L.A.S.A.; methodology, R.P.G.O.,
G.-J.D., L.A.S.A., J.J., M.v.d.A., and B.W.; formal analysis, L.A.S.A. and J.J.; data curation, L.A.S.A.
and J.J.; writing—original draft preparation, L.A.S.A. and J.J.; writing—review and editing, R.P.G.O.,
G.-J.D., L.A.S.A., J.J., M.v.d.A., and B.W.; supervision, R.P.G.O. and G.-J.D. All authors have read and
agreed to the published version of the manuscript.

Funding: LA is funded by the ministry of education of the Kingdom of Saudi Arabia.

Institutional Review Board Statement: The study was approved by the Medical Ethics Committee
of Zuyderland Medical Centre (METC-Z 17-T-138, date of approval: 23 November 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: Funding was provided by the ministry of education of the Kingdom of Saudi
Arabia. This funding body was not involved in the design of the study, data Collection, analysis,
data interpretation, or writing the manuscript.

https://www.mdpi.com/2305-6320/8/2/8/s1
https://www.mdpi.com/2305-6320/8/2/8/s1


Medicines 2021, 8, 8 12 of 13

Conflicts of Interest: None declared.

References
1. Brownlee, M. The Pathobiology of Diabetic Complications. A Unifying Mechanism. Diabetes 2005, 54, 1615–1625. [CrossRef]
2. Smith, L.L.; Burnet, S.P.; McNeil, J.D. Musculoskeletal manifestations of diabetes mellitus. Br. J. Sports Med. 2003, 37, 30–35.

[CrossRef] [PubMed]
3. Lebiedz-Odrobina, D.; Kay, J. Rheumatic manifestations of diabetes mellitus. Rheum. Dis. Clin. N. Am. 2010, 36, 681–699.

[CrossRef] [PubMed]
4. Arkkila, P.E.; Gautier, J.F. Musculoskeletal disorders in diabetes mellitus: An update. Best Pract. Res. Clin. Rheumatol. 2003, 17, 945–970.

[CrossRef]
5. Abourazzak, F.E.; Akasbi, N.; Houssaini, G.S.; Bazouti, S.; Bensbaa, S.; Hachimi, H.; Ajdi, F.; Harzy, T. Articular and abarticular

manifestations in type 2 diabetes mellitus. Eur. J. Rheumatol. 2014, 1, 132–134. [CrossRef] [PubMed]
6. Abate, M.; Schiavone, C.; Salini, V.; Andia, I. Management of limited joint mobility in diabetic patients. Diabetes Metab. Syndr. Obes.

2013, 6, 197–207. [CrossRef]
7. Shah, K.M.; Ruth Clark, B.; McGill, J.B.; Lang, C.E.; Mueller, M.J. Shoulder limited joint mobility in people with diabetes mellitus.

Clin. Biomech. 2015, 30, 308–313. [CrossRef]
8. Abate, M.; Schiavone, C.; Salini, V. Sonographic evaluation of the shoulder in asymptomatic elderly subjects with diabetes.

BMC Musculoskelet. Disord. 2010, 11, 278. [CrossRef]
9. Brownlee, M. Glycation products and the pathogenesis of diabetic complications. Diabetes Care 1992, 15, 1835–1843. [CrossRef]
10. Abate, M.; Schiavone, C.; Pelotti, P.; Salini, V. Limited joint mobility (LJM) in elderly subjects with type II diabetes mellitus.

Arch. Gerontol. Geriatr. 2011, 53, 135–140. [CrossRef]
11. Abate, M.; Schiavone, C.; Salini, V.; Andia, I. Occurrence of tendon pathologies in metabolic disorders. Rheumatology 2013,

52, 599–608. [CrossRef] [PubMed]
12. Hoff, O.M.; Midthjell, K.; Zwart, J.A.; Hagen, K. The association between diabetes mellitus, glucose, and chronic musculoskeletal

complaints. Results from the Nord-Trondelag Health Study. BMC Musculoskelet. Disord. 2008, 9, 160. [CrossRef] [PubMed]
13. Molsted, S.; Tribler, J.; Snorgaard, O. Musculoskeletal pain in patients with type 2 diabetes. Diabetes Res. Clin. Pract. 2012,

96, 135–140. [CrossRef] [PubMed]
14. Miksch, A.; Hermann, K.; Rolz, A.; Joos, S.; Szecsenyi, J.; Ose, D.; Rosemann, T. Additional impact of concomitant hypertension

and osteoarthritis on quality of life among patients with type 2 diabetes in primary care in Germany—A cross-sectional survey.
Health Qual. Life Outcomes 2009, 7, 19. [CrossRef] [PubMed]

15. Cagliero, E.; Apruzzese, W.; Perlmutter, G.S.; Nathan, D.M. Musculoskeletal disorders of the hand and shoulder in patients with
diabetes mellitus. Am. J. Med. 2002, 112, 487–490. [CrossRef]

16. Zonneveld, N.; Vat, L.E.; Vlek, H.; Minkman, M.M. The development of integrated diabetes care in the Netherlands: A multiplayer
self-assessment analysis. BMC Health Serv. Res. 2017, 17, 219. [CrossRef]

17. Kendir, C.; van den Akker, M.; Vos, R.; Metsemakers, J. Cardiovascular disease patients have increased risk for comorbidity:
A cross-sectional study in the Netherlands. Eur. J. Gen. Pract. 2018, 24, 45–50. [CrossRef]

18. Metsemakers, J.F.; Hoppener, P.; Knottnerus, J.A.; Kocken, R.J.; Limonard, C.B. Computerized health information in The
Netherlands: A registration network of family practices. Br. J. Gen. Pract. J. R. Coll. Gen. Pract. 1992, 42, 102–106.

19. Aarts, S.; van den Akker, M.; van Boxtel, M.P.; Jolles, J.; Winkens, B.; Metsemakers, J.F. Diabetes mellitus type II as a risk factor for
depression: A lower than expected risk in a general practice setting. Eur. J. Epidemiol. 2009, 24, 641–648. [CrossRef]

20. Van Seventer, R.; Vos, C.; Giezeman, M.; Meerding, W.J.; Arnould, B.; Regnault, A.; van Eerd, M.; Martin, C.; Huygen, F.
Validation of the Dutch version of the DN4 diagnostic questionnaire for neuropathic pain. Pain Pract. Off. J. World Inst. Pain 2013,
13, 390–398. [CrossRef]

21. Van Seventer, R.; Vos, C.; Meerding, W.; Mear, I.; Le Gal, M.; Bouhassira, D.; Huygen, F.J. Linguistic validation of the DN4 for use
in international studies. Eur. J. Pain 2010, 14, 58–63. [CrossRef] [PubMed]

22. Bouhassira, D.; Attal, N.; Alchaar, H.; Boureau, F.; Brochet, B.; Bruxelle, J.; Cunin, G.; Fermanian, J.; Ginies, P.; Grun-Overdyking,
A.; et al. Comparison of pain syndromes associated with nervous or somatic lesions and development of a new neuropathic pain
diagnostic questionnaire (DN4). Pain 2005, 114, 29–36. [CrossRef] [PubMed]

23. Spallone, V.; Morganti, R.; D’Amato, C.; Greco, C.; Cacciotti, L.; Marfia, G.A. Validation of DN4 as a screening tool for neuropathic
pain in painful diabetic polyneuropathy. Diabet Med. 2012, 29, 578–585. [CrossRef] [PubMed]

24. Schram, M.T.; Sep, S.J.; van der Kallen, C.J.; Dagnelie, P.C.; Koster, A.; Schaper, N.; Henry, R.M.; Stehouwer, C.D. The Maas-
tricht Study: An extensive phenotyping study on determinants of type 2 diabetes, its complications and its comorbidities.
Eur. J. Epidemiol. 2014, 29, 439–451. [CrossRef] [PubMed]

25. Larkin, M.E.; Barnie, A.; Braffett, B.H.; Cleary, P.A.; Diminick, L.; Harth, J.; Gatcomb, P.; Golden, E.; Lipps, J.; Lorenzi, G.
Musculoskeletal complications in type 1 diabetes. Diabetes Care 2014, 37, 1863–1869. [CrossRef]

26. Picavet, H.S.; Schouten, J.S. Musculoskeletal pain in the Netherlands: Prevalences, consequences and risk groups, the DMC(3)-
study. Pain 2003, 102, 167–178. [CrossRef]

http://doi.org/10.2337/diabetes.54.6.1615
http://doi.org/10.1136/bjsm.37.1.30
http://www.ncbi.nlm.nih.gov/pubmed/12547740
http://doi.org/10.1016/j.rdc.2010.09.008
http://www.ncbi.nlm.nih.gov/pubmed/21092846
http://doi.org/10.1016/j.berh.2003.11.001
http://doi.org/10.5152/eurjrheumatol.2014.140050
http://www.ncbi.nlm.nih.gov/pubmed/27708897
http://doi.org/10.2147/DMSO.S33943
http://doi.org/10.1016/j.clinbiomech.2014.12.013
http://doi.org/10.1186/1471-2474-11-278
http://doi.org/10.2337/diacare.15.12.1835
http://doi.org/10.1016/j.archger.2010.09.011
http://doi.org/10.1093/rheumatology/kes395
http://www.ncbi.nlm.nih.gov/pubmed/23315787
http://doi.org/10.1186/1471-2474-9-160
http://www.ncbi.nlm.nih.gov/pubmed/19055732
http://doi.org/10.1016/j.diabres.2011.12.022
http://www.ncbi.nlm.nih.gov/pubmed/22244365
http://doi.org/10.1186/1477-7525-7-19
http://www.ncbi.nlm.nih.gov/pubmed/19250524
http://doi.org/10.1016/S0002-9343(02)01045-8
http://doi.org/10.1186/s12913-017-2167-6
http://doi.org/10.1080/13814788.2017.1398318
http://doi.org/10.1007/s10654-009-9385-0
http://doi.org/10.1111/papr.12006
http://doi.org/10.1016/j.ejpain.2009.01.005
http://www.ncbi.nlm.nih.gov/pubmed/19282208
http://doi.org/10.1016/j.pain.2004.12.010
http://www.ncbi.nlm.nih.gov/pubmed/15733628
http://doi.org/10.1111/j.1464-5491.2011.03500.x
http://www.ncbi.nlm.nih.gov/pubmed/22023377
http://doi.org/10.1007/s10654-014-9889-0
http://www.ncbi.nlm.nih.gov/pubmed/24756374
http://doi.org/10.2337/dc13-2361
http://doi.org/10.1016/s0304-3959(02)00372-x


Medicines 2021, 8, 8 13 of 13

27. van den Akker, M.; Spigt, M.G.; De Raeve, L.; van Steenkiste, B.; Metsemakers, J.F.; van Voorst, E.J.; de Vries, H. The SMILE study:
A study of medical information and lifestyles in Eindhoven, the rationale and contents of a large prospective dynamic cohort
study. BMC Public Health 2008, 8, 19. [CrossRef]

28. Ardic, F.; Soyupek, F.; Kahraman, Y.; Yorgancioglu, R. The musculoskeletal complications seen in type II diabetics: Predominance of
hand involvement. Clin. Rheumatol. 2003, 22, 229–233. [CrossRef]

29. Ramchurn, N.; Mashamba, C.; Leitch, E.; Arutchelvam, V.; Narayanan, K.; Weaver, J.; Hamilton, J.; Heycock, C.; Saravanan, V.;
Kelly, C. Upper limb musculoskeletal abnormalities and poor metabolic control in diabetes. Eur. J. Intern. Med. 2009, 20, 718–721.
[CrossRef]

30. The Dutch College of General Practitioners. Obesity Guidelines of the Dutch College of General Practitioners (in Dutch: NHG-
Standaard Obesitas). Available online: https://www.nhg.org/standaarden/volledig/nhg-standaard-obesitas (accessed on
5 February 2020).

31. Shah, K.M.; Clark, B.R.; McGill, J.B.; Mueller, M.J. Upper extremity impairments, pain and disability in patients with diabetes
mellitus. Physiotherapy 2015, 101, 147–154. [CrossRef]

32. Kidwai, S.S.; Wahid, L.; Siddiqi, S.A.; Khan, R.M.; Ghauri, I.; Sheikh, I. Upper limb musculoskeletal abnormalities in type 2
diabetic patients in low socioeconomic strata in Pakistan. BMC Res. Notes 2013, 6, 16. [CrossRef] [PubMed]

http://doi.org/10.1186/1471-2458-8-19
http://doi.org/10.1007/s10067-003-0704-7
http://doi.org/10.1016/j.ejim.2009.08.001
https://www.nhg.org/standaarden/volledig/nhg-standaard-obesitas
http://doi.org/10.1016/j.physio.2014.07.003
http://doi.org/10.1186/1756-0500-6-16
http://www.ncbi.nlm.nih.gov/pubmed/23327429

	Introduction 
	Methods 
	Approach 1 (RNFM Database) 
	Approach 2 (Questionnaire in General Practice) 
	Sample Size Calculation 
	Data Analysis 
	Approach 1: RNFM Database 
	Approach 2: Questionnaire Study 


	Results 
	Approach 1: RNFM Database 
	Study Population Characteristics 
	MSK Disorders Overall 
	Shoulder Complaints and Syndromes 
	Hand Complaints or Syndromes 
	Regression Analyses and Associations 

	Approach 2: Questionnaire Study 
	Study Population Characteristics 
	Prevalence on Complaint Level 
	Prevalence on Diagnosis Level 
	Regression Analyses and Associations 


	Discussion 
	Comparison with the Literature 
	Strengths and Limitations 
	Clininal Implications and Future Research 

	Conclusions 
	References

