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Abstract

Aim—People with type 2 diabetes (T2DM) have a high incidence of musculoskeletal disorders
thought to be influenced by high non-enzymatic advanced glycated end-products (AGEs). The
goals of this study were to determine differences in shoulder activity level and AGEs in people
with T2DM compared to matched controls, and to determine factors associated with shoulder pain
and disability.

METHODS—Eighty-one participants, T2DM (n=52) and controls (n=29), were examined for
magnitude and duration of shoulder activity (measured using accelerometers), skin intrinsic
florescence (SIF) as a surrogate measure of AGE level, and the Shoulder Pain and Disability Index
(SPADI) as a self-report of shoulder pain and disability.

RESULTS—Compared with controls, T2DM participants had 23% less shoulder activity
(p=0.01), greater SIF level (3.6 £ 1.7 vs 2.7 + 0.6 AU, p=0.01), less shoulder strength (p<0.05),
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and the duration of their shoulder activity was moderately associated (r = 0.40; p<0.01) with
reported shoulder pain and disability. Shoulder pain and disability were not related to SIF level.

CONCLUSIONS—Persons with T2DM have higher SIF levels and shoulder symptoms and
disability indices than controls. Research is needed to determine if a shoulder mobility
intervention to increase strength and mobility can help decrease shoulder pain and disability.

Keywords

Type 2 diabetes; Shoulder limited joint mobility; Skin intrinsic fluorescence; Advanced Glycation
End Products; Accelerometers

1. Introduction

People with diabetes have a high incidence of musculoskeletal disorders and pain compared
to those without diabetes (Larkin et al., 2014; Mustafa, Khader, Bsoul, & Ajlouni, 2015).
These musculoskeletal problems have been particularly well documented in the shoulders
and upper extremities and have been associated with other diabetic complications including
nephropathy, retinopathy, coronary heart and cerebrovascular diseases (Arkkila, Kantola, &
Viikari, 1997; Balci, Balci, & Tuzuner, 1999; Rosenbloom Al, Silverstein J, Lezotte DC,
Richardson K, & McCallum M, 1981). In the Diabetes Control and Complications Trial /
Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) study cohort,
66% of participants with type 1 diabetes (TIDM) (n=1,217) had cheiroarthropathy, which
was defined as having shoulder adhesive capsulitis, carpal tunnel syndrome, flexor
tenosynovitis, or a positive prayer sign using a targeted medical history and standardized
physical exam (Larkin et al., 2014). In another large study, 70% of patients (h=1000) with
T2DM had hand disorders and 63% had limited joint mobility (Mustafa et al., 2015). These
disorders are often accompanied by pain. People with T2DM are 1.7-2.1 times as likely to
report musculoskeletal pain compared to those without diabetes (Molsted, Tribler, &
Snorgaard, 2012). In addition, we previously reported that 63% of patients with T2DM
attending a Diabetes Clinic had shoulder pain or disability as measured with the Shoulder
Pain and Disability Index (SPADI) (Shah et al., 2015).

Long term exposure to hyperglycemia, which characterizes both TLDM and T2DM, may
make the musculoskeletal system more susceptible to pain, stiffness, joint limitations, and
tissue injury (Larkin et al., 2014; Mustafa et al., 2015). In particular, hyperglycemia
promotes the formation of non-enzymatic advanced glycated end-products (AGEs) and AGE
receptors (RAGES) in collagen rich structures (Abate, Schiavone, Pelotti, & Salini, 2011;
Brownlee, 1992; Ramasamy et al., 2005; Schnider & Kohn, 1980). AGEs and RAGEs tend
to accumulate in all tissues, but especially in tissues with low-protein turnover such as
tendons, ligaments, and skin (Brownlee, 1992; Haus, Carrithers, Trappe, & Trappe, 2007;
Reddy, 2004). These tissues tend to become thicker, stiffer, weaker, and more susceptible to
injury (Klaesner, Hastings, Zou, Lewis, & Mueller, 2002; Reddy, 2004; Tang & Vashishth,
2010). Given the pleotropic expression of the limited joint mobility syndrome in persons
with diabetes, affecting multiple weight-bearing and non-weight bearing joints in different
ways, it is reasonable to postulate that high levels of tissue AGEs may indiscriminately
cause the pathogenic changes in connective tissues responsible for the syndrome. The

J Diabetes Complications. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sorensen et al.

Page 3

positive prayer sign (Al-Homood, 2013; Cagliero, Apruzzese, Perlmutter, & Nathan, 2002;
Rosenbloom Al et al., 1981) in the hands is the most visible of numerous joints with limited
mobility (Abate et al., 2011; Delbridge et al., 1988; Mueller, Diamond, Delitto, & Sinacore,
1989; Schulte, Roberts, Zimmerman, Ketler, & Simon, 1993; Shah, Clark, McGill, Lang, &
Mueller, 2015). Decreased mobility in the shoulder joint (Abate et al., 2011; Schulte et al.,
1993; Shah et al., 2015) occurs insidiously, and the relationship between skin intrinsic
florescence (SIF), a surrogate AGE measure, and self-reported shoulder disability has been
as high as r=.51 (p=0.009) in people with T2DM (Shah et al., 2015).

Shoulder pain and disability are inseparable and known to impact shoulder movement.
Accelerometers have been used to measure upper extremity activity throughout the day in
community environments in a number of patient populations with chronic movement
problems (Bailey, Klaesner, & Lang, 2015; Bailey & Lang, 2013; Yang, Lin, Huang, Huang,
& Chao, 2014), but not in people with diabetes. People with T2DM are known to have
relatively low overall physical activity (i.e, steps per day) compared to those without
diabetes (Tudor-Locke et al., 2002). High physical activity is associated with many health-
related benefits for those with T2DM, even lower mortality rates (Gregg, Gerzoff,
Caspersen, Williamson, & Narayan, 2003; Hu et al., 2005), because it helps to enhance
insulin sensitivity and control blood sugar levels from a number of metabolic pathways (Di
et al., 2005; Tokmakidis, Zois, Volaklis, Kotsa, & Touvra, 2004). It is unknown whether high
shoulder activity is beneficial or harmful to those with diabetes and shoulder problems.

The primary goal of this study was to determine differences in shoulder activity and SIF (as
an estimate of AGE level) in people with T2DM compared to age, sex, and BMI matched
controls. We also compared shoulder range of motion, shoulder strength, and grip strength
between groups to understand better which musculoskeletal impairments are related to self-
reported shoulder pain and disability. A secondary goal was to determine the factors
associated with shoulder pain and disability in those with T2DM. Specifically, we examined
the relationship between shoulder activity level, SIF measure, shoulder range of motion and
strength, and grip strength with self-reported shoulder pain and disability in people with
T2DM. We hypothesized that people with T2DM would have lower shoulder activity, range
of motion, and strength; and an increased SIF measure and self-reported shoulder pain and
disability compared to the control group. Furthermore, we hypothesized that in those with
T2DM, shoulder activity level, shoulder motion and strength would have an inverse
relationship with shoulder pain and disability (i.e. less shoulder activity and range of motion
would be related to increased shoulder pain and disability) while the SIF measure would
have a positive correlation to shoulder pain and disability. Better understanding of the
etiology of shoulder pain and disability in people with diabetes will help direct intervention
strategies to prevent or minimize this complication.

2. Materials and Methods

2.1. Participants

Fifty two participants with T2DM and 29 control participants were recruited through the
Washington University Diabetes Center and 2 community-based, university-operated,
recruitment services (Characteristics in Table 1). Inclusion criteria were selected to focus on
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those people with type 2 diabetes who were at high risk for developing shoulder pain and
disability but did not currently have severe or acute shoulder pain or disability. Participants
with T2DM had to be between 40-70 years old and meet 1 of the following criteria to be
considered for the study: 1) duration of diagnosed T2DM for greater than 10 years, 2)
presence of a “positive prayer sign’, or 3) shoulder flexion < 150°. To eliminate those with
severe or acute shoulder pain or disability, participants also had to have a Shoulder Pain and
Disability Index (SPADI) score < 70. Control participants were recruited from a database of
community dwelling volunteers who had agreed to be in research studies and matched for
gender, age, and BMI; and had no history of diabetes. Control participants were screened by
phone and excluded if they had shoulder pain because we wanted the group with diabetes to
be compared with a control group without any shoulder impairments. Exclusion criteria for
both groups included diagnosed adhesive capsulitis, rotator cuff tears, recent upper extremity
injury and/or fractures, stroke with residual upper extremity involvement, rheumatic
conditions, use of a cane or other mobility assistance, known connective tissue diseases, and
engaging in heavy upper extremity/ overhead use (i.e., painters, tennis players). All
participants read and signed an informed consent form that was approved by the Human
Research Protection Office at Washington University School of Medicine.

2.2. Equipment and Procedures

Shoulder activity was measured using tri-axial accelerometers (GT3X+ Activity Monitor,
ActiGraph, Pensacola, FL). Accelerometers were placed on both upper arms immediately
proximal to the elbows. All participants wore the accelerometers for at least 24 hours. The
29 control participants wore the accelerometers for 72 hours to determine day to day
variability of activity level. There was no significant difference between the shoulder activity
counts of day 1 compared to day 2, day 3, or an average of 3 days taken over a 24 hour
period. Therefore all shoulder activity data are reported for the first 24 hours of wear, a time
consistent with previous studies (Bailey, Klaesner, & Lang, 2014; Bailey et al., 2015; Bailey
& Lang, 2013) and long enough to obtain representative data, but not so long to be
burdensome or reduce wearing adherence. There were no significant differences between
shoulder activity for the right and left arm. Therefore, all analyses were performed for the
accelerometer on the right arm only. Data, sampled at 30 Hz, were downloaded from the
accelerometers at 1 second epochs using ActiLife software version 6 (ActiGraph, Pensacola,
FL). All subsequent data processing was completed using custom written software in
MATLAB (MathWorks Inc., Natick, MA). We used accelerometer data processing methods
as described previously (Bailey & Lang, 2013). Briefly, the amount of activity that occurred
per second was measured in activity counts (0.001664g/count). Data from each axis of the
accelerometer was combined to create a single resultant vector representing vector
magnitude (sqrt(x2 + y2 +z2)). Any second with a vector magnitude > 2 g was considered to
be shoulder movement. For right shoulder activity duration, the number of seconds that
shoulder movement occurred was summed to calculate duration of movement time. Total
seconds of activity were divided by 360 to convert activity duration to hours. Right shoulder
activity magnitude was calculated by integrating the activity counts of the resultant vector
across the 24 hour period and are expressed in g’s of activity (Bailey & Lang, 2013).
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SIF measures were obtained using the SCOUT DS skin fluorescence spectrometer
(\VeraLight, Albuguerque, New Mexico) (Conway et al., 2011; Shah et al., 2015).
Participants were seated while their left volar forearm was positioned on the SCOUT DS.
SIF were excited with a light emitting diode (LED) centered at 435 nm and detected over the
emission range of 470-655 nm. The skin reflectance was measured over the excitation and
emission regions to compensate for absorbance caused by melanin and hemoglobin (Hull et
al., 2004). Intrinsic fluorescence correction equations were used as described previously
(Conway et al., 2011). The resulting SIF were integrated and reported in arbitrary units (AU)
(Conway et al., 2011; Shah et al., 2015).

Shoulder range of motion was measured as the angle between the humerus and the thorax
with a digital goniometer (JAMAR, Patterson Medical, Warrenville, IL). The measures
obtained were active flexion while seated; and passive flexion, passive external rotation, and
passive internal rotation in supine using standardized methods (Schulte et al., 1993).
Shoulder flexion strength was measured using a hand held, digital strain-gauge
dynamometer (Microfet, Hoggan Health Industries Inc, West Jordan, Utah) with the
participant in a supine position and the shoulder in 90 degrees of flexion using standardized
methods and stabilization (Bohannon, 1997). Two measures were obtained and averaged for
the dominant shoulder range of motion variable and shoulder strength. Dominant hand grip
strength was used as an indicator of hand function and measured using a Jamar
dynamometer per published protocols with established reliability (Bohannon & Schaubert,
2005).

Participants also completed the Shoulder Pain and Disability Index (SPADI); a standardized
13 item self-report questionnaire with 5 items specific to shoulder pain and 8 items specific
to shoulder disability (MacDermid, Solomon, & Prkachin, 2006; Roach, Budiman-Mak,
Songsiridej, & Lertratanakul, 1991). The SPADI score can range from 0 % indicating no
pain or disability, to 100 % indicating severe pain and total disability (Roach et al., 1991).

2.3. Statistical Analyses

Mann Whitney U tests were used to test differences between continuous variables that were
not normally distributed while an independent t-test was used on continuous variables that
were normally distributed. In order to determine that the groups were appropriately matched,
chi-square analyses were conducted to test for differences in the distribution of sex and race,
and Mann Whitney U tests were conducted to test for differences between age and BMI. To
test our primary hypotheses, Mann Whitney U tests were conducted to test for differences
between people with T2DM and controls for SIF measure, activity level, grip strength, and
SPADI scores and independent group t-tests were conducted to test for differences in
shoulder ROM and shoulder strength. Mann Whitney U tests were conducted to test for
differences of SIF measures between groups with and without participants reporting = 30
pack years of smoking, since smoking can elevate SIF measures. To determine what factors
were associated with shoulder pain and disability in participants with diabetes, a Pearson
correlation coefficient was calculated for activity level, SIF measure, shoulder ROM,
shoulder strength and SPADI scores. Statistical analyses were performed in SPSS version
23.0 (IBM, Armonk, NY).
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3. Results

The groups were well-matched, as indicated by a lack of differences between groups for sex,
race, age, and BMI (P> 0.05; Table 1). Results of outcome measures are provided in Table
2. Compared to controls, participants with T2DM had lower measures of shoulder activity
and higher SIF measures (p <0.02). As expected, participants with T2DM also had higher
total SPADI scores, SPADI Disability and Pain scores, and less active shoulder flexion range
of motion and shoulder strength compared to controls (p<0.04). There were no differences
between groups for duration of shoulder activity, passive shoulder flexion, shoulder external
rotation, shoulder internal rotation, and grip strength (p > 0.05).

Relationships between variables for participants with diabetes are provided in Table 3. There
were direct relationships between shoulder activity duration and SPADI Score (r = 0.31—
0.43, p < 0.05) and inverse relationships between passive shoulder flexion and SPADI total
and disability scores (r =—0.31-0.33, p< 0.03). Stated otherwise, in people with diabetes, as
duration of shoulder activity went up and passive shoulder flexion went down, reports of
shoulder pain and disability went up. There were no other significant relationships between
continuous variables.

4. Discussion

Consistent with our primary hypothesis, results indicate that participants with T2DM had
lower shoulder activity, active shoulder flexion range of motion, and strength, and higher
SIF measures and self-reported shoulder pain and disability compared to the control group
(Table 2). The results of the current study are in agreement with prior studies showing high
SIF levels and reduced joint mobility in participants with T2DM (Conway et al., 2011;
Larkin et al., 2014; Shah et al., 2015) and documents reduced magnitude and duration of
shoulder activity in those with diabetes compared to controls. In addition, we found that
duration of shoulder activity was associated with reported shoulder pain and disability, but in
the opposite direction that we expected. Although we anticipated higher shoulder activity
would be beneficial, results indicate that longer duration of shoulder activity was associated
with higher reports of shoulder pain and disability (Table 3). These results are important
because they provide insight to the possible causes of shoulder pain and disability and
interventions that may help to prevent or manage these shoulder complications, especially
those related to shoulder movements and exercise.

This study adds to the growing body of evidence indicating that, compared to controls
without diabetes, people with diabetes have higher levels (17-33%) of SIF, a surrogate
measure of AGEs (Conway et al., 2011; Larkin et al., 2014; Shah et al., 2015) that likely
places them at increased risk for a wide variety of complications including those involving
the musculoskeletal system (Conway et al., 2011; Schulte et al., 1993). Others have
indicated that prolonged exposure to hyperglycemia, which is reflected in high AGE
measures, makes musculoskeletal tissues thicker, stiffer, and more susceptible to injury
(Haus et al., 2007; Reddy, 2004; Tang & Vashishth, 2010). High AGE and RAGE levels may
even have a direct effect on inflammatory processes (Ramasamy et al., 2005). The tissue
effects of these metabolic abnormalities may contribute to the documented limited joint
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mobility, weakness, pain and disability at the shoulder joint that we and others have
documented (Abate et al., 2011; Larkin et al., 2014; Schulte et al., 1993; Shah et al., 2015;
Shah et al., 2015; Shah, Clark, McGill, & Mueller, 2015).

Furthermore, our findings of low shoulder activity in the participants with diabetes, and the
association of duration of shoulder activity to reported shoulder pain and disability adds to
our understanding of how these shoulder complications develop. We suggest that, consistent
with the Physical Stress Theory (Mueller & Maluf, 2002), AGEs in connective tissues makes
tendons, ligaments and other articular structures thicker and stiffer (Reddy, 2004; Tang &
Vashishth, 2010), and lowers the tissue’s tolerance for physical stress. Therefore, at the same
or even lower physical stress level, tissues with a higher saturation of glycated end-products
likely will be injured more easily than comparable tissues with low AGE levels. The direct
relationship between duration of shoulder activity and shoulder pain and disability (Table 3),
and the high incidence of musculoskeletal complications in those with diabetes, support this
line of reasoning. Consistent with other diabetic complications, these musculoskeletal
complications likely develop insidiously over prolonged time periods and often go unnoticed
until an acute injury (i.e., adhesive capsulitis or rotator cuff tear) occurs (Balci et al., 1999).

The results of this study also have important implications for intervention strategies to
reduce shoulder and other musculoskeletal complications in diabetes. Since people with
diabetes show shoulder impairments of decreased active motion, strength, (Table 2) and
often general passive range of motion (Abate et al., 2011; Schulte et al., 1993; Shah et al.,
2015), we hypothesize that movement and exercise strategies targeted on stretching end
range of mation, and increasing shoulder muscle strength would help to prevent or treat
these gradually developing shoulder complications. In addition, shoulder activity level will
need to be titrated depending upon the level of inflammation, the person’s usual activity
level, and other structural impairments (Mueller & Maluf, 2002; Yang et al., 2014),
Furthermore, since AGE levels were higher in participants with diabetes, and some have
found a direct relationship between AGE level and musculoskeletal complications (Larkin et
al., 2014; Shah et al., 2015), treatments directed at reducing or normalizing blood glucose
levels throughout the course of diabetes should have a preventative effect on musculoskeletal
complications. Additional research is needed to follow these musculoskeletal changes over
time and determine if early metabolic or movement interventions can help to reduce pain
and disability associated with them.

Limitations of this study should be considered in interpreting these data. Participants with
T2DM were recruited to characterize those who did not have acute shoulder complications
but were at high risk for developing them, so the results are not indicative of those with
severe shoulder impairments. This study was exploratory using selective inclusion criteria
and novel accelerometers to investigate the role of shoulder activity with shoulder
impairments, and the number of participants with T2DM (n=52) was modest. In addition, we
focused on the magnitude and duration of shoulder activity measured during daily activities
and did not consider specific movement impairments (Sahrmann, 2002) (i.e., asynchronous
gleno-humeral motion) that might affect shoulder pain and disability.
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5. Conclusions

In summary, this study showed that participants with T2DM had reduced shoulder activity,
strength, and active flexion, and increased skin intrinsic fluorescence in their skin
(suggesting increased AGEs) compared to a matched control group without diabetes.
Furthermore, the duration of shoulder motion was directly related to the magnitude of self-
reported pain in the participants with T2DM. Results support the hypothesis that metabolic
problems associated with diabetes, as identified with high SIF, causes the musculoskeletal
tissues to have a reduced tolerance for physical stresses and hence, a lowered threshold of
pain and disability. Longitudinal studies with larger samples are needed to confirm these
proposed mechanisms and treatments of shoulder impairments and other musculoskeletal
complications secondary to diabetes. Such investigations should lead to improved strategies
(i.e., movement, metabolic) to reduce the incidence of musculoskeletal pain and disability in
those with diabetes.
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Highlights

. People with type 2 diabetes (T2DM) have a high incidence of musculoskeletal
disorders thought to be influenced by high non-enzymatic advanced glycated
end-products (AGES)

. People with T2DM reported increased shoulder pain and disability compared
to matched controls

. People with T2DM had higher levels of AGEs than matched controls

. People with T2DM had less shoulder activity levels than matched controls
. Shoulder activity was related to shoulder pain and disability in people with
T2DM

. Persons with T2DM have high AGE levels and are at high risk for shoulder
symptoms and disability which is related to shoulder activity
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Relationships between shoulder activity level, SIF measure, shoulder range of motion and strength, and grip
strength with self-reported shoulder pain and disability in people with T2DM mellitus. Values are Pearson

Correlation coefficient r (p-value).

SPADI Total  SPADI Disability ~ SPADI Pain
SPADI Total 1.00
SPADI Disability (<£§071) * 1.00
SPADI Pain 0% . 0s4(<000)* 1.00

(<0.002)

Right Shoulder g of Activity 0.25 (0.08) 0.27 (0.06) 0.20 (0.17)
Duration of Right Shoulder Activity (Hours) 0,39 (<0.01)"  0.42 (<0.01)*  0.32(0.02)"
SIF (AU) 0.12 (0.39) 0.04 (0.30) 0.21(0.13)
Dominant Shoulder Active Flexion (°)% -0.16 (0.26) -0.19 (0.17) -0.10 (0.46)
Dominant Shoulder Passive Flexion (°)# -0.31(0.03)  -033(002)°  -0.26(0.06)
Dominant Shoulder External Rotation (°)* -0.10 (0.5) -0.10 (0.46) -0.08 (0.59)
Dominant Shoulder Internal Rotation (°)* -0.02 (0.87) -0.03 (0.86) -0.02 (0.89)
Dominant Shoulder Flexion Strength (kg) -0.25 (0.08) -0.25 (0.07) -0.21 (0.13)
Dominant Grip Strength (kg) -0.11 (0.42) —-0.15 (0.28) -0.06 (0.69)

*
P <0.05

#
Measured as angle between humerus and thorax

AU = Arbitrary Units
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