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Abstract

Aim: This study was carried out to evaluate the prevalence of musculoskeletal manifestations in a sample of
patients with diabetes mellitus (DM) and those with prediabetes and compare the findings between the two
groups.

Methods: One hundred and eighty-eight patients with DM and 125 prediabetic subjects were randomly enrolled
in this cross-sectional study. Demographic data and past history were recorded. Musculoskeletal physical exam-
inations were done by a single rheumatologist. Regression analyses were employed to assess the crude and
adjusted effects of determinants on DM musculoskeletal manifestations (DMMMs).

Results: Female/male ratio was not significantly different between diabetic and prediabetic patients (4.4 vs. 4.7,
respectively, P = 0.9). However, diabetic patients were significantly older than the prediabetic ones (56.6 vs.
52 years, respectively, P = 0.0001); 83.5% of diabetic patients and 52.8% of prediabetic ones had at least one
musculoskeletal manifestation (P = 0.0001). The prevalence of knee osteoarthritis and shoulder involvement
were almost two times more common (P = 0.0001 and P = 0.015) in diabetic patients than in prediabetic ones
(73.4% vs. 38% and 21.2% vs. 9.5%, respectively). Prevalence of carpal tunnel syndrome (CTS) was 48% and
36.5% in patients with diabetes and prediabetes, respectively (P = 0.053). Multivariate backward regression
analysis showed age, sex, BMI (body mass index) and DM as the significant determinants in development of
musculoskeletal manifestations in all subjects. Age and BMI were the only significant factors associated with
musculoskeletal manifestations in both diabetic and prediabetic patients.

Conclusion: Diabetic and prediabetic patients may show high prevalence of musculoskeletal manifestations. In
non-diabetic patients diagnosed with CTS, prediabetes might be ruled out.
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INTRODUCTION

Diabetes mellitus (DM) is among the first seven leading
causes of death worldwide.' It involves multiple organs

such as nervous system, kidneys and eyes. In other
words, DM brings along many recognized complica-
tions that grab the immediate attention of both clini-
cians and patients. Musculoskeletal system involves 60—
70% of body mass and includes muscles, bones, joints
and the surrounding connective tissues.” However,
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involvement of the musculoskeletal system is usually
unrecognized or under-recognized.>* Many diabetic
patients suffer from musculoskeletal manifestations
which cause substantial morbidities in their lives.”> Poor
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diagnosis and management of musculoskeletal compli-
cations leads to more inactive life style, poorer control
of blood sugar, earlier appearance of DM complications
and consequently, worsened quality of life.” Early diag-
nosis of musculoskeletal complications in diabetic
patients can prevent early onset of long-term morbidi-
ties. A few investigators demonstrated age and DM
duration as risk factors for musculoskeletal manifesta-
tions.® ' For instance, Hoff et al.® demonstrated an
odds ratio (OR) of 1.6 for patients aged < 60 with DM
versus subjects aged < 60 with no DM, whereas for those
aged > 60 years, the OR was only 1.1. Similarly, Mathew
et al.® showed an OR of about 1.5 for DM duration
as a significant risk factor for musculoskeletal mani-
festations. Two studies also revealed musculoskeletal-
associated co-morbidities such as retinopathy in
patients with DM.>"'! For example, Attar et al.> showed
an OR of 3.21 for retinopathy. The prevalence of predia-
betic state is increasing worldwide and will include close
to half a billion world population by 2030.'> Rough
estimates show that for every diabetic patient, there are
three prediabetic patients aged > 20 years in the US."’
Although the relationship of other co-morbidities such
as neuropathy and retinopathy in prediabetic state has
been vastly studied,'* '” the picture of musculoskeletal
involvement in this phase has been less clearly drawn.
The nature, prevalence and the determinant factors of
musculoskeletal manifestations in diabetic and predia-
betic patients have not yet been studied in detail in Iran.
The current study was conducted to assess the preva-
lence of musculoskeletal manifestations in a sample of
patients with DM and those with prediabetes and com-
pare the findings between the two groups.

METHODS
Study design and population

This was a cross-sectional study carried out in Isfahan
Endocrine and Metabolic Research Center (IEMRC)
affiliated with Isfahan University of Medical Sciences
(MUI) during the time period of September 2011 to
March 2012. Isfahan, the second largest city in Iran, is
located in the central part of country. The city has
around two million people in a province of over five
million. Approval of the MUI Ethics Committee was
obtained before the start of study. Given the Z;_,,
,=196,P1and P2 = 0.5and d = 0.1 (P and d denote
expected prevalence and precision, respectively), the
calculated sample size was 98 in each group. We
increased the total sample size to over 300, in order to
have an 80% power to detect the appropriate OR at two
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different prevalence levels of the musculoskeletal mani-
festations.

The patients were diagnosed according to American
Diabetes Association (ADA) criteria®® as follows: fasting
blood sugar (FBS) > 126 mg/dL or a 2-h postprandial
plasma blood sugar > 200 mg/dL for diabetic patients
and impaired FBS (100-125 mg/dL) or impaired glu-
cose tolerance test (GTT, 2-h postprandial plasma blood
sugar of 140-199 mg/dL) for prediabetic subjects. All
diabetic and prediabetic patients were randomly
selected from the population covered by IEMRC.
IEMRC has registry profiles of prediabetic and diabetic
patients of the city of Isfahan. Two hundred and twenty
patients with DM and 250 with prediabetes were called.
All prediabetic patients were relatives of diabetic
patients. They were followed up regularly every year by
checking their FBS or GIT. When their FBS fulfilled the
ADA criteria for prediabetes, they were diagnosed with
‘prediabetes’. The first time that FBS test fulfilled the cri-
teria of prediabetes was considered as the beginning of
prediabetes.

Exclusion criteria included past history of autoim-
mune rheumatic diseases and trauma-associated muscu-
loskeletal involvements. Demographic data (age and
sex) and full past history were recorded. A thorough
musculoskeletal physical examination was conducted
in all patients by a single rheumatologist, who assessed
shoulders, elbows, hands, knees and feet, evaluating the
most common musculoskeletal manifestations pre-
sented in patients with DM. These manifestations were
defined as follows.

1 Rotator cuff tendinitis: tenderness was present on
the lateral side of the head of the humerus below
the acromion. Active abduction of arm induced
severe pain, especially in the arc between 60 and
120°.%!

2 Frozen shoulder: it is known as adhesive capsulitis.
Total movement limitations on passive and active
movements were present, principally on abduction
and external rotations.”'

3 Tennis elbow: It is also known as lateral epicondyli-
tis. Tenderness of the soft tissue over the lateral
epicondyle was present. Wrist extension and supi-
nation against resistance reproduced the pain.?

4 Golf elbow (medial epicondylitis): tenderness on
distal side of medial epicondyle was present. Wrist
flexion and pronation against resistance while the
elbow was extended reproduced the pain.?*

5 De Quervain’s tenosynovitis: pain and tenderness
on styloid process of radius confirmed by Finkel-
stein’s test.”!
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6 Trigger finger: it was diagnosed by finger locking in
extension and/or flexion.??

7 Carpal tunnel syndrome (CTS): it was diagnosed by
positive Tinel sign or positive Phallen sign.”*

8 Dupuytren’s contracture: it was defined by palmar
and digit nodules, palmar thickening, band forma-
tion and digital flex contractures.**

9 Limited joint mobility syndrome: it is also known
as diabetic cheiroarthropathy, and was diagnosed
by positive Prayer sign.>’

10 Knee osteoarthritis: presence of knee pain and at
least three of the followings confirmed the diagno-
sis of knee osteoarthritis: aged older than 50 years,
stiffness less than 30 min, crepitus, bony tender-
ness, bony enlargement and no palpable warmth.?®

11 Charcot joint: typical neuropathic arthropathy char-
acterized by acute/subacute monoarthritis along
with swelling, erythema, significant sensory deficit
and a degree of pain that was less than expected in
weight-bearing joints (foot joints). The sensation
was evaluated by monofilament test.””

Statistical analysis

SPSS program (SPSS Inc., Chicago, IL, USA) was used to
analyze the data. Student'’s t-test was applied to compare
continuous variables between diabetic and prediabetic
patients. Chi-square test was used to compare categori-
cal variables between the two groups. Univariate logistic
regression analysis was employed to evaluate the crude
effects of determinants on DM musculoskeletal mani-
festations (DMMMs). All factors were used in multivari-
ate backward stepwise logistic regression analysis to
estimate their adjusted effects on DMMMs. P-
value = 0.05 was considered to remove variables from
the models. The OR and the 95% confidence intervals
(Cls) were computed in the regression analyses.

RESULTS
Baseline features

One hundred and eighty-eight consenting patients with
type 2 DM and 125 prediabetic subjects who consented
to participate in the study were enrolled. Female/male
ratio in prediabetic and diabetic patients was 4.7 (103/
22) and 4.4 (154/35), respectively (P = 0.9). The mean
(SD) age of diabetic patients was 56.6 (9) years whereas
the mean age of prediabetics was 52 (8.8) years
(P =0.0001). The mean (SD) duration of diabetes was
11.3 (6.7) years, whereas the mean duration of predia-
betes was 2.85 (1.5) years (P = 0.0001). Comparison of
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different baseline features between the two groups is
presented in Table 1.

Musculoskeletal manifestations

One hundred and fifty-seven diabetic patients (83.5%)
and 66 prediabetics (52.8%) had at least one of the
musculoskeletal manifestations (P = 0.0001). Knee
osteoarthritis, CTS and rotator cuff tendinitis were the
most common musculoskeletal manifestations in
decreasing order. However, the prevalence of musculo-
skeletal manifestations in shoulder (P = 0.015) and
knee (P = 0.0001) joints was significantly more com-
mon in diabetic patients than in prediabetics (Table 1).

According to the quality of control of blood sugar,
the patients were divided in three groups of poor
control (HbA1C > 8%), moderate control (HbA1C
6.5-8%) and good control (HbA1C < 6.5%). The prev-
alence of musculoskeletal manifestations in the three
groups is summarized in Table 2.

Determinants of presence of musculoskeletal
manifestations in all patients

Univariate logistic regression analysis was applied to
assess the correlation of each variable (independent fac-
tor) with the presence of musculoskeletal manifesta-
tions (dependent factor) in all subjects. The results of
significant correlations and the related ORs are revealed
in Table 3. All factors were included in multivariate
backward stepwise logistic regression analysis. Imple-
mentation of backward multivariate logistic regression
analysis eliminated nine factors and demonstrated age,
sex, BMI and presence of DM as the significant determi-
nants in the presence of any musculoskeletal manifesta-
tions in all subjects (Table 3).

Determinants of presence of musculoskeletal
manifestations in prediabetics

The results of univariate logistic regression analysis, the
significant correlations and their ORs are shown in
Table 4. Multivariate backward logistic regression
analysis showed that age and BMI of patients may sig-
nificantly determine the presence of musculoskeletal
manifestations in prediabetic patients (Table 4).

Determinants of presence of musculoskeletal
manifestations in diabetics

The significant results of univariate logistic regression
analysis and the associated ORs are demonstrated in
Table 5. After execution of multivariate backward
logistic regression analysis, BMI and age of the
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Table 1 Comparison of different patients’ characteristics between the two groups

Pre-diabetics, n = 125 Diabetics, n = 188

Patients characteristics P

Age, years Range 30-75 30-79

Median 51 57

Mean (SD) 52 (8.8) 56.6 (9) 0.0001
Duration, years Range 1-13 1-35

Median 3 10

Mean (SD) 2.85 (1.5) 11.3 (6.7) 0.0001
Systolic BP, mmHg Range 90-170 85-170

Median 120 120

Mean (SD) 118 (15.1) 120.8 (15.8) 0.1
Diastolic BP, mmHg Range 30-90 50-111

Median 80 80

Mean (SD) 75.9 (9.3) 76 (9.3) 0.9
LDL, mg/dL Range 37-251 34-184

Median 117.5 91

Mean (SD) 117.8 (35.4) 95.8 (26.2) 0.0001
HDL, mg/dL Range 20-80 13-92

Median 44 42

Mean (SD) 44.8 (10.3) 42.8 (11.7) 0.1
TG, mg/dL Range 27-382 42-740

Median 143 137

Mean (SD) 152.3 (64.3) 160.1 (86.3) 0.4
Waist circumference, cm Range 70-127 70-136

Median 97 102

Mean (SD) 96 (10) 102.5 (12.7) 0.0001
BMI, kg/m? Range 19.2-39.4 17-68.4

Median 28 29.9

Mean (SD) 28.4 (4.1) 30.3 (5.9) 0.001
HbA1C, % Range 4.1-9.9 4.9-13

Median 5.6 7.3

Mean (SD) 5.6 (1.1) 7.6 (1.8) 0.0001

Musculoskeletal manifestations P

Shoulder Normal 113 (90.5%) 148 (78.7%) 0.015

Rotator cuff tendinitis 12 (9.5%) 36 (19.1%)

Frozen shoulder 0 4 (2.1%)
Elbow Normal 120 (96%) 170 (90.4%) 0.064

Tennis elbow 5 (4%) 18 (9.6%)

Golf elbow 0 0
Wrist Normal 79 (63.5%) 98 (52.1%) 0.053

De Quervain’s tenosynovitis 0 0

Carpal tunnel syndrome 46 (36.5%) 90 (47.9%)
Hand Normal 125 (100%) 184 (97.9%) 0.26

Trigger finger 0 2 (1.1%)

Dupuytren’s contracture 0 2 (1.1%)

Limited joint mobility syndrome 0 0
Knee Normal 77 (62%) 50 (26.6%) 0.0001

Osteoarthritis 48 (38%) 138 (73.4%)
Foot Normal 125 (100%) 188 (100%) NA

Charcot joint 0 0
Any musculoskeletal manifestations No 59 (47.2%) 31 (16.5%) 0.0001

Yes 66 (52.8%) 157 (83.5%)

+Student’s t-test was applied to compare means between the two groups. *Chi-square test was applied to compare distributions of findings between
the two groups. BP, blood pressure; HbA1C, glycated hemoglobin; HDL, high density lipoprotein; LDL, low density lipoprotein; NA, not applicable;
SD, standard deviation; TG, triglyceride.
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Table 2 Distribution of musculoskeletal manifestations in
diabetic patients according to different levels of HbA1C

HbA1IC P-value
< 6.5% 6.5-8% > 8%
Any musculoskeletal manifestations
No 9 (5%) 11 (6%) 9 (5%) 0.6
Yes  56(31%) 44 (24%) 53 (29%)

HbA1C, glycosylated hemoglobin.

patients remained as the only significant factors in
determining the presence of DMMMs in diabetic
patients (Table 5).

DISCUSSION

The current study showed the high rates of DMMMs in
patients with type 2 DM and the high rates of musculo-
skeletal manifestations in prediabetic patients. The attri-
bution of type 2 DM in development of DMMMs has
also been shown by other studies. For instance, Mathew
et al.° demonstrated high prevalence of DMMMs in
Indian diabetic patients compared to a healthy popula-
tion. However, this is one of the few studies showing
the high prevalence of musculoskeletal manifestations
in prediabetes. Arup et al.?® conducted a study on
patients with rheumatologic manifestations in a tertiary
care center and observed impaired glucose tolerance test

Musculoskeletal manifestations in prediabetes

in 20.4% of patients with frozen shoulder, 25.2% of
cases with osteoarthritis and 25% of those with Dupuy-
tren’s contracture. Origuchi et al. reported an interesting
retrospective study which examined the levels of hemo-
globin A1C in a total of 498 patients with rheumatic
diseases over a 1-year period. They observed HbA1C
> 5.6% in 82% of patients and concluded that the inci-
dence of prediabetes might be high in patients with
rheumatic disease.”” The most common DMMM in our
study was knee osteoarthritis followed by CTS and rota-
tor cuff tendinitis. The same pattern was observed in
prediabetic patients.

Gulliford et al.>® showed the higher incidence of CTS
in prediabetic patients compared with healthy controls
(relative risk = 1.36). Only knee osteoarthritis and rota-
tor cuff tendinitis were significantly more common in
diabetic patients than in prediabetic ones. In other
words, both musculoskeletal manifestations were
almost two times more prevalent in diabetic patients.
On the other hand, the prevalence of the most common
musculoskeletal manifestations in the general popula-
tion of Iran found by the Community Oriented Pro-
gram for Control of Rheumatic Diseases (COPCORD)
study were knee osteoarthritis, rotator cuff tendinitis
and CTS (Table 6).>' ?? The selected COPCORD stud-
ies represented almost all ethnic groups of urban popu-
lations in Iran. The comparison of our findings with
those of COPCORD studies showed that these three
musculoskeletal manifestations were much more preva-

Table 3 Univariate and multivariate backward stepwise logistic analyses in all subjects

Characteristics

Prediabetic and diabetic patients

Crude effect

Adjusted effect

B P OR (95% CI) B P OR (95% CI)
Sex (female vs. male) ~0.62 0.013 0.54 (0.33-0.88) ~0.97 0.014 0.38 (0.17-0.82)
Age 0.07 0.0001 1.07 (1.05-1.1) 0.07 0.0001 1.07 (1.03-1.10)
DM (no vs. yes) ~1.51 0.0001 0.22 (0.13-0.37) ~1.17 0.0001 0.31 (0.16-0.57)
BMI 0.144 0.0001 1.15(1.08-1.23) 0.11 0.002 1.10 (1.04-1.20)
Waist 0.052 0.0001 1.05 (1.03-1.08) Deleted by backward elimination
Duration of DM 0.133 0.0001 1.14 (1.08-1.21) Deleted by backward elimination
SBP 0.004 0.60 1.004 (0.99-1.020) Deleted by backward elimination
DBP 0.13 0.33 1.01 (0.990-1.040) Deleted by backward elimination
Neuropathy (yes vs. no) —0.93 0.06 0.39 (0.150-1.050) Deleted by backward elimination
HbA1C 0.313 0.0001 1.37 (1.160-1.620) Deleted by backward elimination
LDL —0.013 0.002 0.99 (0.098-0.995) Deleted by backward elimination
HDL —0.014 0.21 0.99 (0.960-1.008) Deleted by backward elimination
TG 0.001 0.40 1.001 (0.99-1.005) Deleted by backward elimination

BMI; body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; HbA1C, glycosylated hemoglobin; HDL; high density lipoprotein;
LDL, low density lipoprotein; OR, odds ratio; SBP, systolic blood pressure; TG, triglyceride.
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Table 4 Univariate and multivariate backward stepwise logistic regression analyses in prediabetic patients

Characteristics

Pre-diabetic patients, n = 125

Crude effect

Adjusted effect

B P OR (95% CI) B P OR (95% CI)
Sex (female vs. male) —0.813 0.10 0.44 (0.17-1.150) Deleted by backward elimination
Age 0.060 0.008 1.06 (1.016-1.11) 0.054 0.035 1.05 (1.004-1.1)
BMI 0.142 0.004 1.15 (1.05-1.270) 0.14 0.01 1.15 (1.03-1.27)
Waist 0.030 0.10 1.03 (0.99-1.070) Deleted by backward elimination
SBP 0.001 0.95 1.001 (0.98-1.02) Deleted by backward elimination
DBP —0.004 0.84 0.99 (0.96-1.030) Deleted by backward elimination
HbA1C 0.160 0.39 1.17 (0.81-1.680) Deleted by backward elimination
LDL —0.002 0.68 0.998 (0.98-1.008) Deleted by backward elimination
HDL —0.018 0.31 0.98 (0.95-1.020) Deleted by backward elimination
TG 0.001 0.81 1.001 (0.99-1.006) Deleted by backward elimination

BMI; body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; HbA1C, glycosylated hemoglobin; HDL; high density lipoprotein;
LDL, low density lipoprotein; OR, odds ratio; SBP, systolic blood pressure; TG, triglyceride.

Table 5 Univariate and multivariate backward stepwise logistic regression analyses in patients with type 2 diabetes mellitus

Characteristics

Patients with type 2 diabetes mellitus, n = 188

Crude effect

Adjusted effect

B P OR (95% CI) B P OR (95% CI)

Sex (female vs. male) 0.723 0.1 2.06 (0.85-5) Deleted by backward elimination
Age 0.087 0.0001 1.1 (1.04-1.14) 0.071 0.013 1.07 (1.015-1.13)
BMI 0.124 0.009 1.13 (1.03-1.24) 0.109 0.025 1.11 (1.014-1.226)
Waist 0.052 0.002 1.05 (1.02-1.09) Deleted by backward elimination
Duration of DM 0.075 0.035 1.08 (1.005-1.16) Deleted by backward elimination
SBP —0.001 0.95 0.99 (0.97-1.02) Deleted by backward elimination
DBP 0.034 0.11 1.03 (0.99-1.08) Deleted by backward elimination
Neuropathy (yes vs. no) —0.164 0.75 0.85 (0.30-2.40) Deleted by backward elimination
HbA1C 0.110 0.35 1.11 (0.89-1.40) Deleted by backward elimination
LDL —0.013 0.07 0.98 (0.97-1.001) Deleted by backward elimination
HDL —0.002 0.91 0.99 (0.96-1.03) Deleted by backward elimination

TG 0.002 0.55 1.002 (0.99-1.007) Deleted by backward elimination

BMI; body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; HbA1C, glycosylated hemoglobin; HDL; high density lipoprotein;
LDL, low density lipoprotein; OR, odds ratio; SBP, systolic blood pressure; TG, triglyceride.

lent in diabetic and prediabetic patients than in the gen-
eral population. Given the similarity of our population
with that of COPCORD studies, our findings point out
clearly that DM and prediabetes are both determinants
of these three musculoskeletal manifestations, espe-
cially CTS. Although the association between DM and
CTS has been ascribed before,>3> our finding high-
lighted the importance of paying special attention to
prediabetes in non-diabetic patients diagnosed with
CTS. In order to properly manage musculoskeletal man-
ifestations in non-diabetic patients, prediabetes might
be ruled out. Mistreatment of DMMMSs by medical doc-
tors or careless attention to DMMMs by patients with
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type 2 DM is very common.” The direct consequence of
mismanagement of DMMMs will be decreased quality
of life. Because of the high prevalence of DM and predi-
abetes, the burden on the health system could be enor-
mous.

Age and BMI of the patients were the only significant
factors to determine the presence of musculoskeletal
manifestations in both diabetic and prediabetic
patients. In other words, the older and the more obese
patients with DM or prediabetes might have the higher
probability of having musculoskeletal manifestations.
The correlations of the above-mentioned determinants
and musculoskeletal manifestations in diabetic and pre-
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Table 6 Comparison of different musculoskeletal manifestations between our diabetic/prediabtic patients and normal population

of urban COPCORD studies in Iran

Musculoskeletal manifestations

Prevalence, %

Our study Iran COPCORD Iran COPCORD Iran COPCORD

Prediabetes Diabetes (Tehran)f (Sanandaj)i (Zahedan)§
Rotator cuff tendinitis 9.5 19.1 2.5 Not reported Not reported
Frozen shoulder 0 2.1 0.54 1 0.47
Tennis elbow 4 9.6 1.21 0.7 1
Golf elbow 0 0 0.51 0.4 0.1
De Quervain’s tenosynovitis 0 0 0.23 0.14 0.42
Carpal tunnel syndrome 36.5 47.9 1.3 1.5 1.9
Trigger finger 0 1.1 0.21 0.4 0.04
Dupuytren’s contracture 0 1.1 Not reported Not reported Not reported
Limited joint mobility syndrome 0 0 Not reported Not reported Not reported
Knee osteoarthritis 38 73.4 15.3 18.8 17
Charcot joint 0 0 Not reported Not reported Not reported

TReference 31; {Reference 32; §Reference 33. COPCORD, Community Oriented Program in the Rheumatic Diseases.

diabetic patients have not been vastly investigated.*® >’
A few studies revealed significant associations of age
and DM duration with DMMMs.®*?°

The pathogenesis of musculoskeletal manifestations
in prediabetes and DM is not well defined. Different
studies have shown that in patients with metabolic
syndrome, musculoskeletal pain, neck pain, shoulder
pain and tendinopathies are more common than in
people with no metabolic syndrome.*®*? Furthermore,
the role of excess of advanced glycation end-products
(AGEs) has been previously noticed.**** Uncontrolled
DM and/or long duration DM were associated with
higher AGEs and consequently, higher deposition in
different organs such as connective tissues.*> The resul-
tant thicker fibrous tissue limited the normal function-
ality of the joints.*® Then, the higher the duration of
DM results in the higher production of AGEs, and con-
sequently the higher the detrimental effects on the
musculoskeletal systems. That is why musculoskeletal
manifestations are more common in DM than in pre-
diabetes. This pathogenic effect of AGEs has been
implicated in the development of different DMMMs,
such as rotator cuff tendinitis, frozen shoulder and trig-
ger finger.*® Similarly, the association between osteoar-
thritis and DM has been investigated. Articular
degeneration of cartilage in diabetic osteoarthritis has
been probably the result of adipokine/cytokines
secreted from adipose tissues and extracellular accumu-
lation of AGEs.*”*® One of the limitations of the cur-
rent study was lack of healthy subjects. However, the
study population in our research included urban peo-
ple living in the second largest city of Iran, Isfahan.

International Journal of Rheumatic Diseases 2015; 18: 791-799

Likewise, the populations investigated by COPCORD
studies were urban people living in large cities in Iran.
Then, it seems prudent to compare our findings with
those of the COPCORD studies. A few musculoskeletal
manifestations such as diffuse idiopathic skeletal
hyperostosis were not evaluated in the current study
because X-ray was necessary for this diagnosis and the
Ethics Committee did not approve taking X-rays of all
subjects. Although physical examination was not 100%
sensitive or specific in diagnosing many cases, sticking
to the diagnostic guidelines and definitions presented
in the references®' 2’ promoted the accuracy of diagno-
ses. Application of other diagnostic methods could
have increased the sensitivity and the specificity of
diagnosis but, some of them, such as X-ray had ethical
barriers to be used for all subjects. On the other hand,
inclusion of musculoskeletal manifestations due to
autoimmune rheumatic diseases and trauma could
have been more illuminative. This was one of the first
and few studies carried out to evaluate the prevalence
of musculoskeletal manifestations in prediabetes.
Another strength of our study was inclusion of patients
with prediabetes from a well-established registry and
having approximate duration of prediabetes.

In conclusion, this study showed high prevalence of
musculoskeletal manifestations in diabetic and predia-
betic patients. Special attention should be made to
knee, shoulder and wrist in these patients.

CONFLICT OF INTEREST

None declared.

797



A. Fatemi et al.

AUTHOR CONTRIBUTION

Study design: Alimohammad Fatemi, Bijan Iraj, Jafar
Barzanian, Mohammadreza Maracy. Data gathering:
Alimohammad Fatemi, Jafar Barzanian. Data analysis:
Abbas Smiley, Mohammadreza Maracy. Primary draft
of article: Abbas Smiley, Alimohammad Fatemi, Bijan
Iraj. Final draft of article: all authors.

REFERENCES

1

10

11

12

13

Wang CC, Reusch JE (2012) Diabetes and cardiovascular
disease: changing the focus from glycemic control to
improving long-term survival. Am J Cardiol 110 (Suppl 9),
58B-68B.

Walpole SC, Prieto-Merino D, Edwards P, Cleland J, Ste-
vens G, Roberts I (2012) The weight of nations: an esti-
mation of adult human biomass. BMC Public Health 12,
439.

Attar SM (2012) Musculoskeletal manifestations in dia-
betic patients at a tertiary center. Libyan ] Med 7, 19162.
Kim RP (2002) The musculoskeletal complications of dia-
betes. Curr Diab Rep 2 (1), 49-52.

Molsted S, Tribler J, Snorgaard O (2012) Musculoskeletal
pain in patients with type 2 diabetes. Diabetes Res Clin
Pract 96 (2), 135-40.

Mathew AJ, Nair JB, Pillai SS (2011) Rheumatic-musculo-
skeletal manifestations in type 2 diabetes mellitus patients
in south India. Int ] Rheum Dis 14 (1), 55-60.

Garcilazo C, Cavallasca JA, Musuruana JL (2010) Shoulder
manifestations of diabetes mellitus. Curr Diabetes Rev 6
(5), 334-40.

Hoff OM, Midthjell K, Zwart JA, Hagen K (2008) The
association between diabetes mellitus, glucose, and
chronic musculoskeletal complaints. Results from the
Nord-Trondelag Health Study. BMC Musculoskelet Disord
9, 160.

Arkkila PE, Gautier JF (2003) Musculoskeletal disorders in
diabetes mellitus: an update. Best Pract Res Clin Rheumatol
17 (6), 945-70.

Schulte L, Roberts MS, Zimmerman C, Ketler J, Simon LS
(1993) A quantitative assessment of limited joint mobility
in patients with diabetes. goniometric analysis of upper
extremity passive range of motion. Arthritis Rheum 36
(10), 1429-43.

Ramchurn N, Mashamba C, Leitch E et al. (2009) Upper
limb musculoskeletal abnormalities and poor metabolic
control in diabetes. Eur J Intern Med 20 (7), 718-21.
Vetere A, Choudhary A, Burns SM, Wagner BK (2014) Tar-
geting the pancreatic beta-cell to treat diabetes. Nat Rev
Drug Discov 13 (4), 278-89.

Ablah E, Dong F, Cupertino AP, Konda K, Johnston JA,
Collins T (2013) Prevalence of diabetes and pre-diabetes
in Kansas. Ethn Dis 23 (4), 415-20.

798

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Lupachyk S, Watcho P, Obrosov AA, Stavniichuk R, Obros-
ova IG (2013) Endoplasmic reticulum stress contributes to
prediabetic peripheral neuropathy. Exp Neurol 247, 342-8.
Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimaki
M (2012) Prediabetes: a high-risk state for diabetes devel-
opment. Lancet 379 (9833), 2279-90.

Chen X, Zhao Y, Zhou Z et al. (2012) Prevalence and risk
factors of diabetic retinopathy in Chongging pre-diabetes
patients. Eye (Lond) 26 (6), 816-20.

Pang C, Jia L, Jiang S et al. (2012) Determination of dia-
betic retinopathy prevalence and associated risk factors
in Chinese diabetic and pre-diabetic subjects: Shanghai
diabetic complications study. Diabetes Metab Res Rev 28
(3), 276-83.

Diabetes Prevention Program Research Group (2007) The
prevalence of retinopathy in impaired glucose tolerance
and recent-onset diabetes in the Diabetes Prevention Pro-
gram. Diabet Med 24 (2), 137-44.

Lu B, Hu J, Wen J et al. (2013) Determination of periph-
eral neuropathy prevalence and associated factors in Chi-
nese subjects with diabetes and pre-diabetes — ShangHai
Diabetic neuRopathy Epidemiology and Molecular Genet-
ics Study (SH-DREAMS). PLoS One 8 (4), e61053.
American Diabetes Association (2014) Standards of medi-
cal care in diabetes—2014. Diabetes Care 37 (Suppl 1),
$14-80.

Langford CA, Gilliland BC (2012) Periarticular disorders
of the extremities. In: Longo DL, Fauci AS, Kasper DL, Ha-
user SL, Jameson JL, Loscalzo J (eds) Harrison's Principles of
Internal Medicine, pp 2860-65, McGraw Hill, New York.
Henton J, Jain A, Medhurst C, Hettiaratchy S (2012) Adult
trigger finger. BMJ 345, e5743.

Bruske J, Bednarski M, Grzelec H, Zyluk A (2002) The use-
fulness of the Phalen test and the Hoffmann-Tinel sign in
the diagnosis of carpal tunnel syndrome. Acta Orthop Belg
68 (2), 141-5.

Lennox IA, Murali SR, Porter R (1993) A study of the
repeatability of the diagnosis of Dupuytren’s contracture
and its prevalence in the grampian region. ] Hand Surg Br
18 (2), 258-61.

Rodriguez B (2002) Limited joint mobility. Diabetes Self
Manag 19 (5), 107-9.

Altman R, Asch E, Bloch D et al. (1986) Development of
criteria for the classification and reporting of osteoarthri-
tis. Classification of osteoarthritis of the knee. Diagnostic
and Therapeutic Criteria Committee of the American
Rheumatism Association. Arthritis Rheum 29 (8), 1039-49.
Lee L, Blume PA, Sumpio B (2003) Charcot joint disease
in diabetes mellitus. Ann Vasc Surg 17 (5), 571-80.

Kundu Arup K, Ghosh U, Sen K, Das ], Biswas A (2008)
Rheumatological manifestations in prediabetes: experi-
ence at tertiary care centre. Indian ] Rheumatol 3 (3), S33.
Origuchi T, Yamaguchi S, Inoue A et al. (2011) Increased
incidence of pre-diabetes mellitus at a department of

International Journal of Rheumatic Diseases 2015; 18: 791-799



30

31

32

33

34

35

36

37

38

39

rheumatology: a retrospective study. Mod Rheumatol 21
(5), 495-9.

Gulliford MC, Latinovic R, Charlton J, Hughes RA (2006)
Increased incidence of carpal tunnel syndrome up to
10 years before diagnosis of diabetes. Diabetes Care 29 (8),
1929-30.

Davatchi F, Jamshidi AR, Banihashemi AT et al. (2008)
WHO-ILAR COPCORD Study (Stage 1, Urban Study) in
Iran. ] Rheumatol 35 (7), 1384-90.

Moghimi N, Davatchi F, Rahimi E et al. (2015) WHO-
ILAR COPCORD study (stage 1, urban study) in Sanandaj,
Iran. Clin Rheumatol 34 (3), 535-43.

Sandoughi M, Zakeri Z, Tehrani Banihashemi A et al.
(2013) Prevalence of musculoskeletal disorders in south-
eastern Iran: a WHO-ILAR COPCORD study (stage 1,
urban study). Int ] Rheum Dis 16 (5), 509-17.

Becker J, Nora DB, Gomes I et al. (2002) An evaluation of
gender, obesity, age and diabetes mellitus as risk factors for
carpal tunnel syndrome. Clin Neurophysiol 113 (9), 1429-34.
Chammas M, Bousquet P, Renard E, Poirier JL, Jaffiol C,
Allieu Y (1995) Dupuytren’s disease, carpal tunnel syn-
drome, trigger finger, and diabetes mellitus. ] Hand Surg
Am 20 (1), 109-14.

Adeniyi AF, Sanya AO, Fasanmade AA, Borodo M, Uloko
AE (2010) Relationship between duration of diagnosis
and neuromusculoskeletal complications of middle-aged
type 2 diabetes patients. West Afr ] Med 29 (6), 393-7.
Aydeniz A, Gursoy S, Guney E (2008) Which musculoskel-
etal complications are most frequently seen in type 2 dia-
betes mellitus? J Int Med Res 36 (3), 505-11.

Serban AL, Udrea GF (2012) Rheumatic manifestations in
diabetic patients. ] Med Life 5 (3), 252-7.

Silva MB, Skare TL (2012) Musculoskeletal disorders in
diabetes mellitus. Rev Bras Reumatol 52 (4), 601-9.

International Journal of Rheumatic Diseases 2015; 18: 791-799

40

41

42

43

44

45

46

47

48

Musculoskeletal manifestations in prediabetes

Rechardt M, Shiri R, Karppinen J, Jula A, Heliovaara M,
Viikari-Juntura E (2010) Lifestyle and metabolic factors in
relation to shoulder pain and rotator cuff tendinitis: a
population-based study. BMC Musculoskelet Disord 11,
165.

Gaida JE, Alfredson L, Kiss ZS, Wilson AM, Alfredson H,
Cook JL (2009) Dyslipidemia in Achilles tendinopathy is
characteristic of insulin resistance. Med Sci Sports Exerc 41
(6), 1194-7.

Mantyselka P, Kautiainen H, Vanhala M (2010) Prevalence
of neck pain in subjects with metabolic syndrome—a cross-
sectional population-based study. BMC Musculoskelet Dis-
ord 11, 171.

Vogt BW, Schleicher ED, Wieland OH (1982) epsilon-
Amino-lysine-bound glucose in human tissues obtained
at autopsy. Increase in diabetes mellitus. Diabetes 31
(12), 1123-7.

Alikhani M, Alikhani Z, Boyd C et al. (2007) Advanced
glycation end products stimulate osteoblast apoptosis via
the MAP kinase and cytosolic apoptotic pathways. Bone 40
(2), 345-53.

Lebiedz-Odrobina D, Kay J (2010) Rheumatic manifesta-
tions of diabetes mellitus. Rheum Dis Clin North Am 36
(4), 681-99.

Burner TW, Rosenthal AK (2009) Diabetes and rheumatic
diseases. Curr Opin Rheumatol 21 (1), 50-4.

Gandhi R, Takahashi M, Syed K, Davey JR, Mahomed NN
(2010) Relationship between body habitus and joint lep-
tin levels in a knee osteoarthritis population. J Orthop Res
28 (3), 329-33.

DeGroot J, Verzijl N, Jacobs KM et al. (2001) Accumula-
tion of advanced glycation endproducts reduces chondro-
cyte-mediated extracellular matrix turnover in human
articular cartilage. Osteoarthritis Cartilage 9 (8), 720-6.

799



