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Abstract

Aim: To estimate the association between newly diagnosed frozen shoulder and a
subsequent diagnosis of type 2 diabetes in primary care.

Methods: We conducted an age-, gender- and practice-matched cohort study in UK
primary care electronic medical records containing 31 226 adults diagnosed with fro-
zen shoulder, matched to 31 226 without frozen shoulder. Patients with pre-existing
diabetes were excluded. Variables were identified using established Read codes. A
hazard ratio (HR) for the association between incident frozen shoulder and a subse-
quent type 2 diabetes diagnosis was estimated using shared frailty Cox regression,
adjusted for age and gender. To determine whether the association could be
explained by increased testing for type 2 diabetes based on other risk factors, a sec-
ondary analysis involved re-running the Cox model adjusting for the mean number of
consultations per year, hyperlipidaemia, hypertension, obesity, thyroid dysfunction,
ethnicity, deprivation, age, and gender.

Results: Participants with frozen shoulder were more likely to be diagnosed with type
2 diabetes (1559 out of 31 226 patients [5%]) than participants without frozen shoul-
der (88 out of 31 226 patients [0.28%]). The HR for a diagnosis of type 2 diabetes in
participants with frozen shoulder versus people without frozen shoulder was 19.4
(95% confidence interval [Cl] 15.6-24.0). The secondary analysis, adjusting for other
factors, produced similar results: HR 20.0 (95% Cl 16.0-25.0).

Conclusions: People who have been newly diagnosed with frozen shoulder are more
likely to be diagnosed with type 2 diabetes in the following 15.8 years. The value of
screening patients presenting with frozen shoulder for type 2 diabetes at presenta-

tion, alongside more established risk factors, should be considered in future research.
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1 | INTRODUCTION

Frozen shoulder is a common painful condition'? that restricts shoulder
function®~¢ and reduces quality of life.”® The exact aetiology of frozen
shoulder is not known, but it is believed that diabetes is involved in the
development of frozen shoulder.” ! A systematic review has indicated
that diabetes is associated with the onset of frozen shoulder; however,
due to limitations in existing studies, causality cannot be inferred from
the current epidemiological evidence.? It is hypothesized that persistent

2 which produces advanced

hyperglycaemia may promote glycation,*
glycation end products that could cause collagen cross-linking and the
capsular fibrosis that is observed in frozen shoulder.?®>"¢ Additionally, a
hyperglycaemic state has been shown to induce proinflammatory
cytokines,>” which would help to initiate the inflammatory process that
precedes capsular fibrosis in frozen shoulder.*+81?

The prevalence of diabetes in people with frozen shoulder is esti-
mated at 30% (95% confidence interval [CI] 24%-37%).2° Some
authors have suggested that people with frozen shoulder should be
tested for type 2 diabetes, 22?2 but there is a lack of high-quality evi-
dence about whether patients who are newly diagnosed with frozen
shoulder are more likely to have undiagnosed type 2 diabetes. Four
studies containing 135, 88, 77 and 18 patients with frozen shoulder
but no history of diabetes found that 27%, 39%, 17% and 17%,
respectively, tested positive for type 2 diabetes.?*"2* The results of
these four small studies motivated this study, which uses a large sam-
ple of patients that are representative of the population presenting to
primary care with frozen shoulder in the United Kingdom to further
investigate whether a newly diagnosed frozen shoulder could predict
a future type 2 diabetes diagnosis.

Estimates suggest that 1 million people in the United Kingdom have
undiagnosed type 2 diabetes.?> Furthermore, estimates suggest that, on
average, people go undiagnosed for 7 years before being diagnosed
with type 2 diabetes.2%?” When type 2 diabetes is undiagnosed, uncon-
trolled hyperglycaemia can result in complications such as cardiovascular

28,29 31,32 33-35 and cer-

disease, retinopathy,® nephropathy, neuropathy,
tain musculoskeletal conditions.®¢ Early detection and treatment of dia-
betes reduces morbidity and mortality.>” The National Institute for
Health and Care Excellence (NICE) has published guidelines on the early
detection of diabetes, and a national strategy is in place to prevent dia-
betes in those identified as being at high risk.>3? The NICE guidelines
advise that patients with certain conditions (including polycystic cardio-
vascular disease, hypertension, obesity, stroke, polycystic ovary syn-
drome, a history of gestational diabetes and mental health problems) are
risk-assessed for diabetes.>® We therefore aimed to determine whether
frozen shoulder should be considered a condition that should trigger
such a risk assessment by examining whether an incident frozen shoul-

der diagnosis is associated with a subsequent type 2 diabetes diagnosis.

2 | METHODS

This matched cohort study was conducted in a longitudinal UK primary
care electronic health record database, the Clinical Practice Research
Datalink (CPRD) GOLD.*® CPRD GOLD had 18.5 million patients in

February 2020, with 3 million of those being currently registered.** Clin-
ical information such as diagnoses, symptoms, prescriptions, referrals,
and patient characteristics were (at the time of this study) recorded as
Read codes.*® The population of CPRD GOLD is representative of the
UK population with respect to age, gender and ethnicity.*® The CPRD
data were linked to Index of Multiple Deprivation (IMD) data and Hospi-
tal Episode Statistics data to obtain patient deprivation and ethnicity
data.*%*2 The study's start date was set as 1 May 2004 to coincide with
the introduction of the Quality Outcomes Framework, which improved
the quality of coding in primary care, in particular for diabetes care 34

The frozen shoulder group contained participants who were at least
18 years old and had their first ever frozen shoulder Read code between
1 May 2004 and 31 December 2017. The index date was defined as the
date on which the patient received their first-ever frozen shoulder Read
code. Each patient with frozen shoulder was age-, gender- and practice-
matched to an individual without a frozen shoulder diagnosis prior to, or
on, the index date of their matched pair. (Age was matched on to the
same year.) The participants without frozen shoulder adopted the index
date of their matched pair and needed to be alive and contributing data
to a CPRD practice on their index date. Participants with pre-existing
diabetes Read codes, or Read codes assigned on their index date, were
excluded. Each participant was required to have at least 2 years of up-
to-standard data® on the index date.

Patients were followed from their index date until the end of the
study's follow-up (17 February 2020), date of type 2 diabetes diagno-
sis, date of death (derived from CPRD data), date of transfer to a non-
CPRD practice, or date of last CPRD data collection.

45-48

Read code lists can be found in Appendix A.

21 | Analysis
A hazard ratio (HR) for the association between a first-ever frozen
shoulder diagnosis and a subsequent type 2 diabetes diagnosis was
estimated using Cox regression.*’ A gamma-distributed shared frailty
term was used to account for the lack of independence between
matched pairs.’® In the primary analysis, age and gender were
adjusted for in the Cox model (matching was also carried out on age,
gender and practice). A secondary analysis was conducted to deter-
mine whether the association between an incident frozen shoulder
and a following diagnosis of type 2 diabetes could be explained by
increased screening for type 2 diabetes based on other factors known
to be more common in people with frozen shoulder and associated
with a diagnosis of type 2 diabetes (mean number of consultations per
year, hyperlipidaemia, hypertension, obesity, thyroid dysfunction, eth-
nicity, deprivation, gender, and age). These factors were identified via
literature review and by communicating with subject-matter experts.
Category levels for variables are provided in Appendix B. The missing
data indicator method was used to handle missing data.’! A
complete-case analysis was performed as a sensitivity analysis to
determine the impact that missing data could have on the results.

In the Cox models, participant follow-up was censored on the
date of the earliest event of death, transfer to a non-CPRD practice,
or end of follow-up. Participants without frozen shoulder on the index
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date were censored on the date of frozen shoulder diagnosis if they
were diagnosed with a frozen shoulder after the index date. Schoen-
feld residual plots were used to check for signs that the proportional

hazards model had been violated.>?

TABLE 1 Table summarizing characteristics of study participants.

Mean (SD) follow-up duration?, years

Mean age (years)
Gender, n (%)
Male
Female
Obesity, n (%)
Obese
Not obese
Missing
Hypertension, n (%)
Diagnosed
Not diagnosed
Hyperlipidaemia, n (%)
Diagnosed
Not diagnosed
Thyroid dysfunction, n (%)
Diagnosed
Not diagnosed
Ethnicity, n (%)
Bangladeshi
Black African
Black Caribbean
Black—other
Chinese
Indian
Mixed
Other Asian
Other
Pakistani
Missing
White
IMD quintile, n (%)
Least deprived quintile
2nd least deprived quintile
3rd least deprived quintile
4th least deprived quintile
Most deprived quintile
Missing

Frozen shoulder n = 31 226 (50%)

8.58 (4.29)
59.78 (13.24)

11 825(37.87)
19 401 (62.13)

7678 (24.59)
21 094 (67.55)
2454 (7.86)

9159 (29.33)
22 067 (70.67)

4580 (14.67)
26 646 (85.33)

2986 (9.56)
28 240 (90.44)

28 (0.09)
87(0.28)
129 (0.41)
38(0.12)

61 (0.20)
247 (0.79)
71(0.23)
127 (0.41)
220 (0.70)
103 (0.33)
7227 (23.14)
22 888 (73.30)

7634 (24.45)
6923 (22.17)
6771 (21.68)
5496 (17.60)
4378 (14.02)

24 (0.08)

Kaplan-Meier plots for participants with frozen shoulder and par-

ticipants without frozen shoulder are presented.>®

Data were manipulated and cleaned using Stata version 14.0°*

and analysed using RStudio version 1.2.5033.%°

No frozen shoulder n = 31 226 (50%) Alln = 62 452
8.59 (4.24) 8.58 (4.27)
59.78 (13.24) 59.78 (13.24)

11 825(37.87)
19 401 (62.13)

6182 (19.80)
20 837 (66.73)
4207 (13.47)

8632 (27.64)
22 594 (72.36)

3694 (11.83)
27 532 (88.17)

2804 (8.98)
28 422 (91.02)

23(0.07)

78 (0.25)
111 (0.36)
38(0.12)

26 (0.08)
138 (0.44)
78 (0.25%)
61 (0.20)
222(0.71)
87 (0.28)
7407 (23.72)
22 957 (73.52)

7875 (25.22)
7029 (22.51)
6592 (21.11)
5341 (17.10)
4005 (12.83)
384 (1.23)

23 650 (37.87)
38802 (62.13)

13 860 (22.19)
41 931 (67.14)
6661 (10.67)

17 791 (28.49)
44 661 (71.51)

8274 (13.25)
54 178 (86.75)

5790 (9.27)
56 662 (90.73)

51 (0.08)

165 (0.26)
240 (0.38)
76(0.12)

87(0.14)

385 (0.62)
149 (0.24)
188 (0.30)
442 (0.71)
190 (0.30)
14 634 (23.43)
45 845 (73.41)

15 509 (24.83
13 952 (22.34
13 363 (21.40
10837 (17.35
8383 (13.42)
408 (0.65)

)
)
)
)

2Defined as the time from the index date to the earliest of: End of study (17 February 2020), date of death, date of transfer to a non- Clinical Practice

Research Datalink (CPRD) practice, or date of last CPRD data collection.

Abbreviation: IMD, Index of Multiple Deprivation.
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3 | RESULTS

3.1 | Sample characteristics

The study contained 31 226 patients with their first-ever frozen
shoulder Read code and 31 226 patients without a frozen shoulder
Read code before or on their index date (Table 1). The participants
with frozen shoulder were more likely to be female (62%) than male
(38%), and the mean (SD) age of frozen shoulder diagnosis was 59.8
(13.2) years. The median (SD) duration of follow-up was 8.6 (4.3)
years, which was similar in those with and without frozen shoulder.

3.2 | Association between incident frozen
shoulder and a following type 2 diabetes diagnosis

Across all participants, 1647 participants (2.6%) had an incident type
2 diabetes Read code during follow-up. In those with frozen shoulder,
1559 out of 31 226 participants (5.0%) were diagnosed with type
2 diabetes during follow-up, compared to 88 out of 31 226 partici-
pants (0.3%) in those without frozen shoulder. The difference in the
probability of being diagnosed with type 2 diabetes can be seen in
the Kaplan-Meier plot (Figure 1). The 5-year Kaplan-Meier estimate
for the frozen shoulder group was 96.2% compared to the 15.8-year
estimate of 93.1%, showing that more type 2 diabetes diagnoses
occurred in the 5 years after frozen shoulder diagnosis than in the fol-
lowing 10.8 years (Figure 1).

The association between incident frozen shoulder and a subse-
qguent incident diagnosis of type 2 diabetes was estimated to be
HR 19.4 (95% Cl 15.6-24.0). In the secondary analysis, when adjust-
ing for other factors associated with frozen shoulder and being diag-

nosed with type 2 diabetes, the association estimate was similar

Strata No frozen shoulder —— Frozen shoulder
L R — —
Z 0.9751
o
©
<o
=
=% 0.950 1
s e
3 ———
3 0.9251
0.900 1
0 4 8 12 16
Time (years)
Percentage at risk
% Nofrozen shoulder{ 100 77 41 5
& Frozen shoulder{100 73 38 5
0 5 10 15
Time (years)
FIGURE 1 Plot of Kaplan-Meier estimates (with 95% confidence

intervals) for not being diagnosed with type 2 diabetes among
patients with frozen shoulder compared to patients without frozen
shoulder, with a percentage at risk (of developing type 2 diabetes)
table.

(HR 20.0, 95% CI 16.0-25.0). Complete-case analysis (76.1% of
patients had complete data) provided a similar HR (21.3, 95% ClI
16.5-27.6). Thus, regardless of how missing data were handled in the
analysis, the results and conclusions drawn were the same.

The Schoenfeld residual plots did not show evidence that the pro-
portional hazards assumption was violated in the Cox models
(Appendix C).

4 | DISCUSSION

Type 2 diabetes is highly prevalent in people with frozen shoulder.
This has led to researchers hypothesizing that people presenting with
frozen shoulder may be more likely to have undiagnosed type 2 diabe-
tes than people without frozen shoulder. This study suggests that
there is likely to be a strong association between a new diagnosis of
frozen shoulder and a subsequent diagnosis of type 2 diabetes in the
following (up to 15.8) years. The association remained when account-
ing for other factors known to be more common in people with frozen
shoulder and associated with a diagnosis of type 2 diabetes, which
further suggests that frozen shoulder may potentially be a clinically
important predictor of undiagnosed type 2 diabetes. It is important to
state that this research does not support a hypothesis that frozen
shoulder is a cause of type 2 diabetes.’®>” Rather, a potential reason
why type 2 diabetes is highly prevalent in people with frozen shoulder
is because it has been hypothesized that type 2 diabetes could be a
cause of frozen shoulder.”~ 1!

Previous studies have shown conflicting results, but this could be
attributable to differences in study setting, small sample sizes, or differ-
ences in the methods used to establish existing and newly diagnosed
type 2 diabetes. Previous estimates from cross-sectional studies for
new diagnoses of type 2 diabetes among patients presenting with inci-
dent frozen shoulder are 27% (n = 135),' 39% (n = 88),%2 17%
(n=77)2 17% (n = 18)** and 0% (n = 122).>® The two studies with
the largest percentages of patients with undiagnosed type 2 diabetes
had ‘invited patients to be tested’ and thus there may be participation
bias, where patients are more likely to accept the invitation to be
tested if they suspect they are more at risk of having type 2 diabetes.

This study utilized CPRD data to attempt to understand whether
the results from these smaller studies could be replicated in a large
UK primary care electronic health record database that simulates
usual care. The results of this study are consistent with previous stud-
ies, but the interpretation of results differs due to differences in the
way this study was designed and the healthcare system in which it
was set. The use of electronic health records was beneficial to provide
a large, representative sample of people presenting to primary care
with frozen shoulder, but electronic health records have limitations.
The main limitation is that, unlike previous studies, not every partici-
pant in this study was tested for type 2 diabetes. Read codes were
used to identify the presence of type 2 diabetes, but this relies on
type 2 diabetes being diagnosed either through symptomatic presen-
tation or health screening. This is especially problematic as type 2 dia-
betes is a disease that can go undetected for substantial periods of
time; however, strategies are continuously being put in place to
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identify and prevent diabetes. It is likely that the true number of
patients that developed type 2 diabetes during follow-up was under-
estimated given the lower estimate of the incidence of type 2 diabetes
of 5% in this cohort. Further, the participants with frozen shoulder
may already have been undergoing testing more frequently for type
2 diabetes due to general practitioners (GPs) being aware that frozen
shoulder is associated with type 2 diabetes. In a survey of 714 UK
GPs, 60% reported that they would run blood tests on patients pre-
senting with frozen shoulder. Although the survey response rate was
low (14.7%) and the respondents may not conduct screening in all
patients with frozen shoulder, the survey results would suggest that
our results may contain bias.>® If participants with frozen shoulder
were being tested more frequently than people without frozen shoul-
der, then the association would have been exaggerated. Adjusting for
other risk factors associated with type 2 diabetes may only partly
have accounted for this risk of detection bias. The absence of a short,
sharp drop in the Kaplan-Meier plot during the first few months of
the study shows that people presenting with frozen shoulder contin-
ued to be diagnosed with type 2 diabetes at later time points. Given
the later time of diagnosis, these participants would have been less
likely to have been diagnosed as a result of a test conducted when ini-
tially presenting with frozen shoulder. It may need further study to
determine whether adding a diagnosis of frozen shoulder will increase
the performance of existing diabetes risk assessment tools (such as
QDiabetes®©%%) and to what extent it will be cost-effective to test
every patient presenting with frozen shoulder for type 2 diabetes.
However, this work motivates this to be considered, particularly
within the high-priority context of diabetes detection and prevention.

In conclusion, this study has shown that people presenting to pri-
mary care with frozen shoulder are more likely to have a subsequent
diagnosis of type 2 diabetes than people without frozen shoulder. The
results of this study suggest patients presenting with frozen shoulder
should be considered for risk assessment and/or testing for diabetes,
although further research is needed to determine the added predictive
performance of a frozen shoulder diagnosis alongside other risk fac-
tors, and the cost-effectiveness of implementing screening of this
additional group.
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