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ABSTRACT

Introduction: To estimate lifetime prevalence
of diabetes-related upper limb and non-ac-
quired skin manifestations in a representative
type 1 diabetes (T1D) population and to identify
associations between these conditions and
quality of life.

Methods: A questionnaire on these complica-
tions and measures of quality of life (World
Health Organization-Five Well-Being Index
[WHO-5]), depression, and diabetes-specific
burden (Problem Areas in Diabetes [PAID] scale)
was sent to all T1D patients in a Danish clinic
(N = 583).

Results: The response rate was 68.6%. Lifetime
prevalence of any upper limb soft tissue lesion
was 72%; prevalence of any skin lesion was
10.5%. Frozen shoulder and vitiligo were most
common upper limb and skin manifestation, at
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a prevalence of 53 and 9.1%, respectively.
Compared to patients with no skin lesion, those
with at least one skin lesion had more depres-
sion (19 vs. 33%; P < 0.01) and lower WHO-5
scores. Frozen shoulder was associated with
lower WHO-5 scores (P < 0.001), more depres-
sion (29 vs. 14%; P < 0.001), and a higher PAID
score (P < 0.01). A diagnosis of carpal tunnel
syndrome was associated with lower WHO-5
scores (P < 0.001), a higher risk of depression
(29 vs. 16%; P < 0.01), and a higher PAID score
(P < 0.001).

Conclusion: Upper limb soft tissue lesions and
diabetes-specific non-acquired skin lesions are
very common in patients with T1D and strongly
associated with impaired life quality and
increased risk of depression.

Keywords: Depression; Non-acquired skin
lesions; PAID; Quality of life; Rheumatological
manifestations; Type 1 diabetes

INTRODUCTION

Many studies describe the prevalence, patho-
genesis, and optimal treatment of classical
micro- and macrovascular complications in
individuals with type 1 diabetes (T1D). The
findings of these studies are extremely impor-
tant because retinopathy, neuropathy,
nephropathy, and cardiovascular diseases
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influence both mortality and quality of life in
affected patients [1].

Although rheumatological and skin mani-
festations related to T1D patients have been
recognized for years, less research and perhaps
less clinical attention have been devoted to
these complications than to macro- and
microvascular complications. It is well estab-
lished that in patients with diabetes there is a
higher occurrence of certain specific skin lesions
and non-articular conditions involving soft tis-
sues in the upper limb, including frozen shoul-
der, trigger fingers, carpal tunnel syndrome,
Dupuytrens  contracture, and  diabetic
cheiroarthropathy. These conditions are typi-
cally painful and may cause functional disabil-
ity [2].

A large follow-up study from the Diabetes
Control and Complication Trial/Epidemiology
of Interventions and Complications (DCCT/
EDIC) showed that 66% of 1217 patients had at
least one abnormality, for example, frozen
shoulder, trigger finger, carpal tunnel syn-
drome, Dupuytrens contracture, or a positive
prayer sign, after a mean diabetes duration of
31 years [2]. Patients with soft tissue involve-
ment were more likely to be female and older,
have longer diabetes duration, a higher mean
glycated hemoglobin (HbA,.), and neuropathy
and retinopathy comorbidities, although no
association with nephropathy was found [2].
Other smaller studies using different diagnostic
methods have also found a high prevalence of
upper limb soft tissue involvement in T1D,
generally confirming these associations [3-9].

Non-acquired skin lesions with few treat-
ment options, such as necrobiosis lipoidica,
acantosis nigricans, bullosis diabeticorum, viti-
ligo, and dermopathy also occur more fre-
quently among individuals with T1D than in
the general population [10-12].

In individuals without diabetes, rheumato-
logical diseases [13] and chronic active skin
diseases affect the quality of life [14, 15]. To
date, no studies of diabetic rheumatological
manifestations or diabetic skin lesions have
explored associations with quality of life in
patients with T1D. Thus, the aims of our study
were to: (1) estimate the lifetime prevalence of
rheumatological manifestations in upper limb

soft tissue and selected skin conditions in a
representative sample of the Danish population
with T1D and (2) analyze the impact of
rheumatological or skin lesions on general and
diabetes-specific quality of life among patients
with T1D.

METHODS

Subjects

All patients with a diagnosis of T1D (Interna-
tional Statistical Classification of Diseases and
Related Health Problems, 10th revision [ICD-10]
code E10.x) attending the outpatient clinic at
Copenhagen University Hospital, Hvidovre,
Denmark on January 1, 2015 were identified.
Patients were excluded if they: (1) no longer
attended the outpatient clinic; (2) did not speak
Danish; (3) had severe psychiatric illnesses,
severe brain disease, or severe malignancies, or
(4) were misclassified with T1D.

Study Design

In a cross-sectional survey, questionnaires with
a postage-paid return envelope were sent by
mail in June 2015; no reminders were subse-
quently sent to non-respondents. Topics inclu-
ded in the comprehensive questionnaire were:
(1) rheumatological and skin problems; (2)
quality of life; (3) insulin dosing and glucose
measurements; (4) gastrointestinal problems;
(5) other endocrine diseases; (6) osteoporosis,
vitamin D deficiency, and exercise; and (7)
hypoglycemia. Here, we report our findings on
parts (1) and (2).

Questions on rheumatological conditions
were adapted and translated to Danish from
items used in the DCCT/EDIC follow-up survey
on musculoskeletal complications [2]. These
addressed symptoms and/or diagnosis, treat-
ment, and treatment response related to frozen
shoulder, carpal tunnel syndrome, and trigger
finger.

To enable patients to self-report skin prob-
lems, five color photos showing typical lesions
of necrobiosis lipoidica, vitiligo, bullosis
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diabeticorum, acanthosis nigricrans, and dia-
betic dermopathy were included in the ques-
tionnaire. Lipodystrophy, a commonly acquired
skin lesion in patients with T1D was not eval-
uated. Short descriptions of each condition
were also provided. Patients were asked to sep-
arately rate each photo with a single item: “Do
you have, or have you had skin lesions as pic-
tured?” Four response options were: “I am sure”;
“I think so”; “I don’t think so”; and “No, never.”

To estimate general quality of life, the World
Health Organization-Five Well-Being Index
(WHO-5) questionnaire, a validated S-item
measure of general well-being, was used along
with a yes/no question asking whether patients
had a present or past diagnosis of depression
[16]. If one or more items lacked responses, the
entire WHO-5 score was reported as missing.
Diabetes-specific burden was evaluated with the
Problem Areas in Diabetes (PAID) 20-item scale
[17] and a yes/no question about any problems
accepting life with diabetes so severe as to
require support from someone other than dia-
betes healthcare providers. In the case of four or
fewer missing values on the PAID scale, the
individual’s mean response was used to replace
the missing value. If five or more items were
missing, the entire PAID was reported as
missing.

The following data were extracted from
hospital records for each patient as per June 1,
2015: age, sex, diabetes duration, and most
recently measured body mass Index (BMI),
blood pressure, HbA,, lipids, urinary albumin-
to-creatinine ratio (UACR), and vibration per-
ception threshold (VPT).

All procedures were in accordance with the
ethical standards of the Regional Ethical Com-
mittee of the Capital Region and with the 1964
Helsinki declaration and its later amendments
or comparable ethical standards. Informed
consent was obtained from all individual par-
ticipants included in the survey. The Ethical
Committee in the Capital Region, Copenhagen
was approached and because of the nature of
the project (questionnaire survey) no formal
approval was needed. The data protection
agency approved the project.

Definitions

Our observational study precluded any clinical
examination, and we defined upper limb soft
tissue involvement as follows. Patient reports of
a healthcare professional (HCP) having diag-
nosed frozen shoulder, carpal tunnel syndrome,
or trigger finger resulted in a “clear” diagnosis of
these conditions. Patient reports of general
shoulder pain, pain when trying to sleep, stiff-
ness, limited joint mobility, or difficulty using
the shoulder for normal daily activities resulted
in a “likely” diagnosis of frozen shoulder. Simi-
larly, patient reports of hand numbness, tin-
gling fingers waking the patient at night, or loss
of sensation or weakness in hands resulted in a
likely diagnosis of carpal tunnel syndrome, and
reports of a finger catching or locking in a bent
position that straightened by itself or required
the patient to straighten it, a finger locking in a
position from which the patient was unable to
straighten it, or a popping or clicking sensation
while bending a finger resulted in a likely
diagnosis of trigger finger. We defined skin
manifestations as occurring if patients respon-
ded either “I am sure” or “I think so” to the
related survey item.

Statistical Analysis

Baseline data for respondents and non-respon-
dents were compared using Students t test, the
Mann-Whitney U test, and the x> test,
depending on the data distribution and format.
The prevalence of any skin lesion, of any upper
limb soft tissue manifestation, of treatment, or
depression, or severe difficulty in accepting
diabetes was expressed as a percentage of the
total cohort of respondents. Regression models
were used to assess the association between
independent variables (upper limb soft tissue
involvement, skin lesions, age, gender, diabetes
duration and HbA;.) and quality of life mea-
sures, with multiple regression analyzes used for
WHO-5 and PAID scores and binomial logistic
regression used for dichotomous depression and
difficulty in accepting diabetes variables. All
analysis was performed using SPSS Statistics
version 22 (IBM Corp., Armonk, NY, USA).
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RESULTS

Identification of Patients

An initial cohort of 641 patients with T1D were
identified. After 58 patients were excluded for
not fulfilling the inclusion criteria, the study
population consisted of 583 patients (Fig. 1). Of

Identified as having
type 1 diabetes in the

clinic

N=641
No longer
attending clinic
N=12

Does not speak
Danish
N=8

Psychiatric illness
or other severe
iliness N=17

Misclassified; type
2 or secondary
diabetes N=21

Questionnaires
sent out
N=583

Questionnaires
returned
N=399

Fig. 1 CONSORT(Consolidated Standards of Reporting
Trials) flow chart for the identification of patients
participating in the study

these, 399 responded to the questionnaire,
yielding a response rate of 68.6%.

Clinical Baseline Data

Respondents were significantly older than non-
respondents (46.0 + 13.2 vs. 39.8 £ 12.4 years;
P < 0.001) and comprised proportionally more
females than males (53 vs. 38%; P < 0.05); they
also had lower HbA ;. (7.6 £ 1.2%
[59 + 13 mmol/mol] Vs. 8.2 £ 1.5%
[66 &= 17 mmol/mol]; P < 0.001), lower low-
density lipoprotein cholesterol (2.3 £ 0.7 vs.
2.5 £ 0.8 mmol/l; P < 0.05), and higher high-
density lipoprotein cholesterol (1.8 £ 0.5 vs.
1.6 + 0.4 mmol/]; P < 0.001) than non-respon-
dents (Table 1). Respondents also had a non-
significant longer diabetes duration than non-
respondents (20.8 + 12.9 vs. 18.9 £ 11.8 years;
P = 0.07). BMI, total cholesterol, blood pressure,
UACR, and VPT were similar across groups.

Rheumatological Manifestations in Soft
Tissue

Lifetime prevalence of a clear frozen shoulder
diagnosis was reported by 18% (n = 72) of
respondents, with an additional 35% (n = 140)
of respondents reporting a likely diagnosis
(Table 2). Of the affected individuals who
responded, 27% (n = 108) had been treated with
physiotherapy and 21% (n = 84) had used
analgesics; other treatments were less frequent.
Clear and likely diagnoses of carpal tunnel
syndrome were reported by 11% (n = 44) and
37% (n = 148) of respondents, respectively.
Surgical treatment for carpal tunnel syndrome
was reported by 7% of respondents (n = 28 with
a clear or likely diagnosis). Clear and likely
diagnoses of trigger finger were reported by 14%
(n = 56) and 16% (n = 64) of respondents,
respectively, with the number of affected fingers
varying from one to ten (median 4). Among the
respondents, 10% (n = 40) reported having had
undergone surgical treatment; other treatment
modalities were less frequent. The overall life-
time prevalence of rheumatological manifesta-
tions in upper limb soft tissue was 72%, with
30% of respondents reporting a clear diagnosis
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Table 1 Baseline data for questionnaire respondents and non-respondents

Parameter Respondents Non-respondents r
(N = 399) (N = 184)
Age (years) 460 + 132 39.8 & 12.4 <0.001
Female sex, 7 (%) 211 (53) 70 (38) <0.05
Diabetes duration (years) 20.8 & 129 189 & 11.8 0.07
HbA,. (%) 76+ 12 82+ 15 <0.001
HbA,, (mmol/mol) 59 4 13 66 £ 17 <0.001
Body mass index (kg/m?) 25.6 + 3.8 25.8 & 44 NS
Total cholesterol (mmol/l 46+ 09 46 £ 09 NS
HDL cholesterol (mmol/1) 1.8 + 05 1.6 + 04 <0.001
LDL cholesterol (mmol/1) 23+ 07 25+ 0.8 <0.05
Urine albumin/creatinine ratio, mean (interquartile 3 (2-10) 4 (2-11) NS
range)”

Biothesiometry mean for both first toes (mV) 173 £ 9.8 17.3 £ 12.0 NS
Systolic blood pressure (mmHg) 123 + 12 121 +£ 13 NS
Diastolic blood pressure (mmHg) 7249 7249 NS

Data are presented as mean = standard deviation (SD), except when otherwise noted

HbA,, Glycated hemoglobin, HDL high-density lipoprotein, LDL low-density lipoprotein, NS not significant

* P values derived from Student’s ¢ test for normally distributed variables and from Mann-Whitney test for non-normally
distributed values or from the ¥ test for categorical variables

® Normal < 30

of frozen shoulder, carpal tunnel syndrome, or
trigger finger and an additional 42% reporting a
likely diagnosis of at least one of these
conditions.

In the logistic regression analysis, age (odds
ratio [OR] 1.028; 95% confidence interval [CI]
1.009, 1.048; P < 0.005), diabetes duration (OR
1.022; 95% CI 1.001, 1.004; P < 0.05), and
female gender (OR 2.539; 95% CI 1.591, 4.054;
P < 0.001) were independently associated with
a clear or likely diagnosis of at least one upper
limb soft tissue condition. HbA;., UACR, and
VPT were not associated with these conditions.

Skin Manifestations

Among respondents, 4.3% (n = 17) reported
having had necrobiosis lipoidica, 9.1% (n = 36)
had had vitiligo, and 4.8% (n = 19) had had
dermopathy; other surveyed skin

manifestations  occurred less  frequently
(Table 3). One or more diabetes-related skin
manifestations were reported by 10.5% (n = 42)
of patients. Those with and without reported
skin manifestations were similar in terms of age,
gender distribution, BMI, VPT, and UACR.
However, patients reporting skin manifestations
had significantly longer diabetes duration
(25 £ 17 vs. 20 £ 12; P < 0.05) and a tendency
toward higher HbA ;. (7.8 £ 1.1%
[62 + 12 mmol/mol] Vs. 7.6 £ 1.2%
[59 + 13 mmol/mol]; P = 0.11).

Quality of Life

Among respondents, 21% (n = 84) reported
having been diagnosed with depression by a
HCP; of these, 52% (n = 44) had been treated
with counseling by their general practitioner,
55% (n = 46) had been counseled by a
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Table 2 Lifetime prevalence, symptoms and treatment of joint and connective tissue manifestations in the upper limb

Frozen shoulder Carpal tunnel

Trigger finger Any of these

Diagnosis Prevalence Diagnosis Prevalence Diagnosis Prevalence Diagnosis Prevalence
Clear diagnosis 72 (18)  Clear diagnosis 44 (11)  Clear diagnosis 56 (14) Clear 120 (30)
diagnosis
Likely diagnosis 140 (35)  Likely diagnosis 148 (37)  Likely diagnosis 64 (16) Likely 168 (42)
diagnosis

Symptoms

Stiffness 136 (34)  Numbness/ 176 (44)  Number of 4 (1-10)

tingling affected fingers,
mean (range)

General 192 (48) Reduced hand 88 (22) Finger locking 80 (20)

shoulder pain strength

Pain at night 128 (32) Popping/clicking 72 (18)

when trying fingers

to sleep

Limited joint 104 (26)

mobility
Treatment Treatment Treatment

Pain killer 84 (21) Pain killer 20 (5) Pain killer 8 (2)

Steroids 56 (14) Steroids 8 (2) Steroids 8 (2)

Physiotherapy 108 (27) Immobilization 12 (3) Immobilization 8 (2)

Surgery 28 (7) Surgery 28 (7) Surgery 40 (10)

Data are reported as the number of respondents () with the percentage in parenthesis

psychiatrist, and 62% (n = 52) had been treated
with antidepressant medicine. A WHO-5 score
of <50, indicating low well-being with
increased risk of stress or depression (higher
WHO-5 indicates better well-being), was iden-
tified in 22% (n = 88) of all respondents. Among
those with current or past depression, 40%
scored < 50 on the WHO-5, compared to 16% of
those who had never been diagnosed with
depression (P < 0.001).

In total, 91% of respondents completed all
20 PAID items. Problems accepting life with
diabetes to a degree that required help from
someone other than diabetes HCPs were repor-
ted by 23% of respondents. A total PAID score of

> 40, indicating greater diabetes-related prob-
lems (lower PAID score indicates fewer diabetes-
related problems), was identified in 32% (n =
128) of respondents completing the entire scale.

Associations Between Manifestations
and Quality of Life

Skin Lesions and Quality of Life

For each of the five included skin lesions, no
association was observed with WHO-5 scores or
depression, nor were more diabetes-specific
problems indicated by higher PAID scores
found. However, patients with necrobiosis
lipoidica and vitiligo reported a greater
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Table 3 Patient self-scoring of photos illustrating different diabetes related skin manifestations

Skin lesion Photo displayed to patients  Respondents selecting each response option (%)

Yes, I am sure I think so I don’t think so No, never

8 (2.0) 9(23) 16 (4.0) 362 (90.8)

Necrobiosis lipoidica

Vitiligo 25 (6.3) 11 (2.8) 22 (5.5) 337 (84.5)

Bullae diabeticorum 7(1.8) 18 (4.5) 363 (91.0)

Acanthosis nigrans 3 (0.8) 6(15) 22 (5.5) 364 (91.3)

Dermopathy 13 (33) 32 (8.0) 345 (86.5)
diabeticorum

Data are reported as the number of respondents () with the percentage in parenthesis

difficulty accepting life with diabetes than did diabetes-related skin manifestations. In addi-

patients without these conditions. WHO-5 tion, depression was more common among
scores were significantly lower for the entire patients reporting at least one diabetes-related
cohort of patients with at least one of the skin lesion than among those reporting no skin
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lesions (33 vs. 19%; P < 0.01). In contrast,
among patients with and without skin lesions,
diabetes-specific well-being measured by the
PAID score and by the single item on accep-
tance of diabetes was similar.

Rheumatological Soft Tissue Manifestations
and Quality of Life

Patients with a clear or likely diagnosis of frozen
shoulder had significantly lower WHO-5 scores
than those without shoulder problems (59 + 22
vs. 66 = 18; P < 0.001), as well as increased
rates of depression (29 vs 14%; P < 0.001).
Compared to patients without shoulder prob-
lems, those with shoulder problems were asso-
ciated with a higher PAID score (39 £ 16 vs.
35+ 13; P<0.01) and a non-significant ten-
dency to have ever had greater acceptance
problems with diabetes (27 vs. 19%, P = 0.09).
WHO-5 scores were significantly lower in
patients with a clear or likely diagnosis of carpal
tunnel syndrome than in those without carpal
tunnel syndrome (57 £22 vs. 67 +17;
P < 0.001) and depression was more common
(29 vs. 16%; P <0.01). Patients with carpal
tunnel syndrome had a higher average PAID
score than those without carpal tunnel syn-
drome (39 £+ 15 vs. 34 £+ 14; P < 0.001) but had
not had more difficulty accepting diabetes (27
vs. 20%; P =0.20). No significant differences
were found between respondents with and
without a diagnosis of trigger finger on any
measure of general or diabetes-specific well-be-
ing (see Fig. 2).

General well-being was worse (lower WHO-5
score) among patients with a clear diagnosis of
any upper limb soft tissue involvement than
among those without this diagnosis (WHO-5
score: 59 £ 24 vs. 63 £ 19, P <0.01), and sig-
nificantly more patients with a clear diagnosis
of any upper limb soft tissue involvement
reported a diagnosis of depression (P < 0.05).
When patients with a likely diagnosis of any
upper limb soft tissue involvement were also
included in the comparison, the differences
were even more pronounced. However, PAID
scores and the percentage of patients with dif-
ficulty accepting diabetes were similar for
respondents with and without a clear diagnosis
of upper limb soft tissue involvement.

Overall Analysis of Risk for Quality of Life
Impairment

Regression models were used to assess the
association between independent variables
(upper limb soft tissue involvement, skin
lesions, age, gender, diabetes duration, and
HbA;.) and quality of life measures. In a mul-
tivariate regression model, a lower WHO-S score
was positively associated with younger age
(P <0.001) and frozen shoulder or carpal tun-
nel syndrome (P < 0.005 for both). Other fac-
tors did not explain additional variance in the
WHO-5 scores. A binominal logistic regression
was performed to estimate the effects of age,
diabetes duration, gender, HbA,, at least one
skin lesion, frozen shoulder, carpal tunnel syn-
drome, and trigger finger on the likelihood that
participants had depression. The logistic
regression model was statistically significant
and explained 10% of the variance in depres-
sion (Nagelkerke R?). Any skin lesions (P < 0.05)
and frozen shoulder (P < 0.01) increased the
risk of depression, while female gender approa-
ched significance (P =0.054). A multivariate
regression model demonstrated independent
significant risks of a higher PAID score for
younger age (P < 0.05), shorter diabetes dura-
tion (P < 0.005), female gender (P < 0.01), high
HbA;. (P < 0.05), frozen shoulder (P < 0.01),
and carpal tunnel syndrome (P < 0.05). Skin
lesions and trigger finger were not associated
with higher PAID scores. No parameters were
associated with severe problems accepting
diabetes.

DISCUSSION

In this study, we report on upper limb soft tissue
conditions and non-acquired skin lesions asso-
ciated with T1D and their associations with
quality of life in a Danish representative cohort.
The lifetime prevalence of at least one upper
limb or skin manifestation was reported to be 72
and 10%, respectively, indicating that these
complications appeared frequently and were
highly associated with impaired quality of life
and higher rates of depression. To our knowl-
edge, this issue has not been addressed in a
previous study.
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Frozen shoulder Carpal tunnel syndrome
0, 0,
60 70 *
50 60
N 50
40 * 0 §
% 30 A
20 2
10 10
0 0
WHO-5 Depression PAID Acceptance WHO-5 Depression PAID Acceptance
problems problems
Trigger fingers Any upper limb manifestations
% %
70 80
60 70 A
50 60
50
40
40
30 30 #
20 20
: : m n
0 0
WHO-5 Depression PAID Acceptance WHO-5 Depression PAID Acceptance
problems problems

Fig. 2 General and diabetes-specific quality of life for
patients with and without upper limb musculoskeletal/
joint manifestations. Mean World Health Organiza-
tion—Five Well-Being Index (WHO-S) score (higher
indicates better well-being), percentage of respondents
with a diagnosis of depression, Problem Areas in Diabetes
scale score (PAID scale; lower score is better, indicating
fewer diabetes-related problems), and percentage of

In general, the prevalence of soft tissue and
skin lesions in the TD1 patient population var-
ies across studies, which can likely be attributed
to differing methodologies. First, some studies
have reported point prevalence and others life-
time prevalence; for most manifestations, the
latter will be greater. In addition, prevalence
varies across study populations. For example,
some studies include only patients with long
diabetes duration. Finally, the method used for
the detection of lesions (e.g., questionnaires vs.
clinical examinations) will also affect the
results. However, despite these variations, both

respondents indicating difficulty accepting disease are
shown for patients with a clear or likely diagnosis of
frozen shoulder, carpal tunnel syndrome, trigger finger, or
any of these upper limb manifestations (blue bar) and
patients without a clear or likely diagnosis of these
conditions (red bar). Symbols above bars indicate a
significant difference between the two patient groups at:
*P < 0.0001; *°P < 0.001; "P < 0.01; *P < 0.05

upper limb impairment and skin lesions are
consistently reported as being highly prevalent
among individuals with T1D, compared to
individuals without diabetes.

In the study reported here, lifetime preva-
lence was investigated by surveying all T1D
patients attending a large clinic, and our finding
that 72% of respondents had had frozen
shoulder, carpal tunnel, or trigger finger, or a
combination of these, is comparable to preva-
lences reported in other studies. In the DCCT/
EDIC follow-up study, clinical exams identified
66% of patients as having conditions that also
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included Dupuytrens contracture [2]. In a
recent Swedish study in patients with diabetes
of >20years duration, 79% had current or
previous upper limb impairment and only 21%
had no symptoms or prior surgery [5]. In a
smaller Norwegian study of individuals with
T1D for > 45 years, >90% of individuals had
been affected [6].

In our study, frozen shoulder was the single
most frequent condition, with 53% of respon-
dents having a clear or likely diagnosis. This
result is consistent with those of other studies
reporting a lifetime prevalence of frozen shoul-
der of 10.3-76% [2, 3, 5-7].

A clear or likely diagnosis of carpal tunnel
syndrome was reported by 48% of respondents
in our study. In the DCCT/EDIC follow-up,
lifetime prevalence was 30% [2]. In recent
smaller studies, lifetime prevalence was 21-37%
[4, 6, 18]. In a study of patients with diabetes of
> 20 years duration, 25% had received surgery
for carpal tunnel syndrome, and 47%, including
some patients who underwent surgery, had
hand paresthesia [5]. In our cohort, only 7% of
respondents had undergone surgery for carpal
tunnel syndrome. The differences are likely due
to our broader study population, but under-
diagnoses could explain the difference between
clear and likely diagnoses in our study.

We identified a lifetime trigger finger preva-
lence of 30%, which is similar to that reported
in other studies of 20-42% [2, 5, 6, 9] of T1D
patients.

In our study, patients with upper limb soft
tissue lesions were older, more likely to be
temale, and more likely to have longer diabetes
duration than patients without these manifes-
tations, whereas glycemic control measured by
the most recent HbA;. did not differ between
those with and without upper limb soft tissue
lesions. Our respondents as a whole were also
generally older, more likely to be female, and
more likely to have longer diabetes duration,
which could have led to an overestimation of
true prevalence of these lesions. However, our
respondents also had significantly better gly-
cemic control than reported in other studies,
which is associated with reduced risk for upper
limb manifestations in most studies.

Several other studies have identified an
association between soft tissue upper limb
lesions and long diabetes duration [2-5] and
high HbA;. [2, 5-7, 9] and inconsistent associ-
ations between these lesions and age [2, 3, 6],
female gender [2, 5, 6], and microvascular
complications [2]. Surprisingly, in our study,
patients with upper limb soft tissue lesions had
glycemic control similar to that of patients
without lesions. This contradicts many other
studies and may result from our point mea-
surement of HbA;., as opposed to using histor-
ical values to which we did not have access.
Furthermore, in our study, patients uniformly
had acceptable to good metabolic control.
However, we found clear positive correlations
between age and duration of diabetes, which
may reflect total glycemic burden better than
point HbA,. values.

Different skin diseases have different mani-
festations and etiology, but all are likely related
in some way to the autoimmune and/or
hyperglycemic condition of individuals with
T1D. Necrobiosis lipoidica is a chronic condi-
tion of unknown etiology that presents clini-
cally as slowly enlarging areas of sharply
demarcated brownish/yellowish plaques, often
with central atrophy and most often located in
the pretibial area. It has been previously esti-
mated that 0.3% of T1D patients will develop
this condition, but > 90% of individuals with
this condition have diabetes and they are pre-
dominantly female [19]. A recent study from
the German-Austrian register DPV revealed that
among 64,133 individuals with T1D aged 0—
25 years with a mean HbA;. of 7.9% (63m-
mol/mol), a diagnosis of necrobiosis lipoidica
was present in 0.25% and was strongly posi-
tively correlated with HbA;., duration of dia-
betes, presence of celiac disease, higher weight-
adjusted insulin requirements, female gender,
and smoking, but not with age, BMI, retinopa-
thy/microalbuminuria, or use of insulin analogs
[20]. These data contrast with our findings
among adults showing that there was lifetime
prevalence of necrobiosis lipoidica of >4% .
The prevalence of vitiligo in the general popu-
lation is estimated at 0.5-1.0%, which is much
lower than the 9.1% we found [21]. An associ-
ation between vitiligo and autoimmune
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diseases exists, but the pathogenesis of vitiligo
has not yet been fully explained. Furthermore,
the evidence base for vitiligo treatment is cur-
rently inadequate, and no cure has yet been
developed. In T1D patients, vitiligo has been
found to be 10- to 20-fold more prevalent than
in the patients in our study [21]. In a 2010
survey, over one-half of respondents felt that
vitiligo moderately or severely affected their
quality of life [22], which was more pronounced
than in our study. This difference likely arises
from differences in the severity of vitiligo
among members of the Vitiligo Society [22] and
in our cohort.

In the entire study population, the lifetime
prevalence of depression was 21%. The preva-
lence of depression is typically two- to three-
fold higher among those with T1D than in the
general population and higher still when self-
reported [23]. We found that there were twice as
many reports of depression among patients
with a clear current or past diagnosis of a
rheumatological problem than among patients
without these conditions. Accordingly, a WHO-
5 score of < 50, indicating high risk of depres-
sion or stress, was seen in more patients with
upper limb problems than in patients without
them. We have no previous data from studies of
quality of life among TI1D patients with
rheumatological disease. However, a compar-
ison of healthy people and patients without
diabetes who had chronic rheumatological dis-
eases, such as rheumatoid arthritis, fibromyalgia
syndrome, and ankylosing spondylitis, showed
a significant impairment in quality of life in the
latter group [13].

In our study, patients with rheumatological
problems also reported significantly worse dia-
betic-specific distress, with the PAID scores
indicating that they had more trouble living
with their diabetes than did patients without
rheumatological disease. The associations were
only seen for the most serious and compre-
hensive rheumatological manifestations, such
as frozen shoulder and carpal tunnel syndrome,
and not with the typically less disabling and
painful trigger finger.

Our study demonstrated that current or past
diabetes-related skin lesions are associated with
reduced general well-being and higher rates of

depression. Reduced general well-being and
higher rates of depression have also been
demonstrated in people without diabetes who
had other chronic skin lesions, although very
different methods and small samples were used
for the assessment. Patients with atopic der-
matitis have a similarly reduced quality of life
[13], and patients suffering from psoriasis are
more likely to suffer from depression when
advanced disease is present [15].

Strengths and Limitations

The patients included in our large study popu-
lation met well-defined inclusion and exclusion
criteria. The very high response rate supports
the assumption that our population was repre-
sentative of the typical Danish outpatient with
T1D, although we excluded a few patients who
did not speak Danish and/or had a severe ill-
ness. However, our study also has several limi-
tations. First, it is based on questionnaire data,
and patients neither underwent a physical
examination nor did we confirm muscu-
loskeletal or skin diagnoses in their medical
records. Compared to non-respondents, more
respondents were female and older, and we may
have overestimated the true prevalence of
rheumatological lesions. However, respondents
also had lower HbA, . levels, which may counter
any overestimation effect. Secondly, it would
have been of value for this study to compare
prevalence data to a Danish control group
without diabetes, but several other studies have
previously included control groups. Further, the
determination of impaired general and dia-
betes-specific quality of life could have been
improved by the use of a broader panel of
questionnaires.

CONCLUSION

In a large cohort that included the majority of
T1D patients attending a diabetes clinic, a very
high lifetime prevalence of upper limb muscu-
loskeletal/joint disorders was observed, with
72% of patients having either symptoms or a
clear diagnosis. Also, five specific skin lesions
were seen frequently, with a lifetime prevalence
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of approximately 10%. We demonstrated for
the first time that these complications were
strongly associated with decreased general
quality of life and depression. Previously, other
authors have advocated for more focus on
rheumatological problems in diabetes treat-
ment. Based on our findings, we reiterate and
expand that recommendation to include dia-
betes-related musculoskeletal and skin lesions,
as well as quality of life, as part of routine
screening for late complications of diabetes.
Most rheumatological conditions are treat-
able and, in general, recognition of patients’
symptoms is extremely valuable even for non-
acquired skin lesions that can be much more
difficult to manage.
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