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Abstract

Objective Estimate the effect of type 2 diabetes on the development of frozen shoulder and investigate whether the
effect is mediated by other metabolic factors.

Methods Primary care medical record-based cohort study containing 43,977 people newly diagnosed with type

2 diabetes and 43,977 without diabetes. Variables were identified using established Read codes. A weighting
approach with Cox regression was used to decompose the total effect into the direct effect and indirect effect,
mediated by metabolic health (which was defined as the number of metabolic factors developed during follow-up).
Estimates were expressed as hazard ratios (HR). Confounders were identified using a DAG. Sensitivity to unmeasured
confounding, extreme weights, and missing data were tested.

Results The total effect of type 2 diabetes on the development of frozen shoulder was HR=4.38 (95% Cl: 3.70-5.21),
the natural indirect effect (mediated through metabolic health) was HR=0.98 (95% Cl: 0.93-1.03) and the natural
direct effect was HR=4.46 (95% Cl: 3.68-5.41). Results were robust to unmeasured confounding, extreme weights, and
missing data.

Conclusions This study suggests that type 2 diabetes may be a cause of frozen shoulder but does not support the
hypothesis that the effect is mediated by metabolic health. Clinicians should remain alert that shoulder pain in people
with diabetes could be indicative of a frozen shoulder. This study should raise awareness that, despite often being
overlooked, musculoskeletal conditions can be complications of diabetes and should be considered during clinical
conversations with patients.
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Introduction

Background

Frozen shoulder is a common, painful condition that
restricts shoulder function and inhibits the patient’s
ability to carry out basic everyday tasks [1, 2]. The con-
dition arises from the contracture of the glenohumeral
joint capsule, although the exact underlying aetiology is
unclear [3—5]. Current histological evidence suggests that
the pathogenesis may start with an inflammatory process
which leads to capsular fibrosis [6].

It has been hypothesised that diabetes may play a role
in initiating the aforementioned inflammatory-fibrotic
process [7, 8]. Diabetes (types 1 and 2) is the most com-
mon comorbidity observed in people with frozen shoul-
der, with a prevalence of 30% [9]. A systematic review
including two cohort studies and six case-control studies
found evidence to suggest that diabetes is associated with
the onset of frozen shoulder [10]. Since the publication
of the review, an additional cohort study [11] and four
case-control studies [12—15] have also found an asso-
ciation. However, limited numbers of cohort studies and
inadequate adjustment for confounding variables reduces
the current certainty in evidence of whether diabetes is a
potential cause of frozen shoulder [10]. The first objective
of this cohort study was to address the gaps in existing
evidence by using causal inference methods, with the aim
of estimating the causal effect of type 2 diabetes on the
development of frozen shoulder.

There are currently two, not necessarily mutually exclu-
sive, hypotheses for the reasons why diabetes may cause
frozen shoulder. Firstly, hyperglycaemia promotes glyca-
tion of capsule tissues, resulting in collagen cross-linking
which would explain the observed capsular fibrosis in
frozen shoulder [16]. Secondly, the inflammation asso-
ciated with diabetes could initiate the inflammatory-
fibrotic process underlying the pathogenesis of frozen
shoulder [7, 8]. Some authors have suggested that inflam-
mation associated with metabolic syndrome, not just
type 2 diabetes, could initiate the development of frozen
shoulder and requires more research [7, 17]. The other
components of metabolic syndrome (hyperlipidaemia,
hypertension, obesity) have been shown to be prevalent
amongst people with frozen shoulder [18-20], but lon-
gitudinal analysis of the association between metabolic
syndrome and frozen shoulder is scarce. The call for
more research on the association between metabolic syn-
drome and frozen shoulder motivated the second objec-
tive of this study, which was to investigate whether the
increased inflammation associated with metabolic syn-
drome could mediate the effect of type 2 diabetes on fro-
zen shoulder.
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Objectives
Objective 1 — Estimate the causal effect of type 2 diabetes
on the development of frozen shoulder.

Objective 2 — Estimate the proportion of the effect of
type 2 diabetes on the risk of developing frozen shoulder
that is mediated by metabolic health.

Methods

Study design, setting and participants

This population-based matched cohort study was con-
ducted using UK primary care electronic health records
from the Clinical Practice Research Datalink (CPRD)
GOLD database [21]. In February 2020, CPRD GOLD
contained patient records for 18.5 million people [22].
The CPRD GOLD population’s age, gender, and ethnic-
ity distributions are broadly representative of the UK
population [21]. To obtain deprivation and ethnicity data,
CPRD data were linked to Index of Multiple Depriva-
tion (IMD) data and Hospital Episode Statistics (HES)
data [21, 23]. The start date for this study (1st May 2004)
was set to coincide with the introduction of the Quality
Outcomes Framework which improved the quality of pri-
mary care coding, especially for people with diabetes [24,
25].

People were eligible for this study if they were aged 18
years or older and had their first ever Read code for type
2 diabetes between 1st May 2004 and 31st December
2017. Each individual’s index date was defined as the date
of their first ever type 2 diabetes Read code. Each person
with type 2 diabetes was matched on exact age, gender,
and practice to a single individual without a diabetes
Read code prior to the index date of their matched pair.
The people without diabetes needed to be alive and reg-
istered with a CPRD practice on the index date. People
were ineligible if they had any shoulder pain Read codes
prior to the index date. It was also required that all peo-
ple had at least two years of “up-to-standard” [21] data on
the index date. People were followed up until the earli-
est of: end of the study follow-up period (17th February
2020); date of death (derived from CPRD data); date of
last data collection from their practice.

This study was approved by the Independent Scien-
tific Advisory Committee for Medicines and Healthcare
products Regulatory Agency (19_219R).

This study did not involve patients or the public in the
design, conduct, or reporting, or dissemination plans of
our research.

Variables

To assess whether the effect of type 2 diabetes on the
development of frozen shoulder was mediated by meta-
bolic health, the mediator was defined as the number of
metabolic factors (hyperlipidaemia, hypertension, obe-
sity) developed during follow-up (post-index date). The
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mediator was classed as either 0, 1, or >2 metabolic fac-
tors developed since only a small proportion of people
developed all 3 metabolic factors during the follow-up
period (Table 1). The role of confounders was visual-
ised using a Directed Acyclic Graph (DAG) [26] (Fig. 1),
which was constructed prior to data acquisition based on
knowledge of the causal relationships between covariates,
type 2 diabetes, metabolic factors, and frozen shoulder.
The DAG was constructed using the guidelines pro-
vided by Tennant et al. [27]. All variables were defined
using Read Code lists which were either taken from
peer-reviewed publications or were constructed by an
academic GP with experience of using electronic health
records for research. Read code lists and their method
of construction are provided in Appendix A. The factor
levels for categorical variables (type 2 diabetes, frozen
shoulder, hyperlipidaemia, hypertension, obesity, ethnic-
ity, alcohol, smoking, gender, deprivation, and thyroid
dysfunction) are given in Appendix B.

Statistical methods

A weighting approach [28-30] was used to estimate the
natural direct and natural indirect effects with a Cox
proportional hazards model. For a binary exposure, the
natural direct effect is the effect of the exposure on the
outcome whilst fixing the mediator to the value it would
have been had the person not been exposed. The natu-
ral indirect effect is the effect of changing the mediator
from the value it would have taken in the absence of the
exposure to the value it would take in the presence of
the exposure while keeping the exposure fixed to being
exposed.

The weighted approach to causal mediation analysis,
set in the counterfactual framework, uses an exposure
weight (a stabilised inverse probability weight) with the
aim of creating a pseudo-population in which the value
that the exposure takes should be independent of the
value of the set of confounders (attempting to mimic
a randomised trial). The exposure weighting aims to
account for exposure-mediator confounding and expo-
sure-outcome confounding; however, mediator-outcome
confounding also needs to be accounted for in a causal
mediation analysis. A second weighting method, called
Ratio of Mediator Probability Weighting (RMPW) [29,
30] was used to decompose the total effect into the nat-
ural direct effect and the natural indirect effect while
accounting for mediator-outcome confounding. After the
two weighting approaches have been applied, a Cox pro-
portional hazards model can be used, and the two Cox
model coefficients provide the estimates of the natural
direct effect and natural indirect effect on the log hazard
ratio scale. The total effect hazard ratio is given by the
product of the natural direct effect hazard ratio and nat-
ural indirect effect hazard ratio. Bootstrapping must be
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used to obtain 95% confidence intervals [31]. The pres-
ence of exposure-mediator interaction was tested.

Causal mediation analysis requires the following no
unmeasured confounding assumptions: no unmea-
sured exposure-outcome confounding, no unmeasured
mediator-outcome confounding, no unmeasured expo-
sure-mediator confounding, no mediator-outcome con-
founder is caused by the exposure [32]. The DAG implied
adjustment set was: age; gender; ethnicity; deprivation;
practice; smoking; alcohol thyroid dysfunction; and pre-
index date hyperlipidaemia, hypertension, and obesity.

Mediator weights were obtained through ordinal logis-
tic regression as the mediator, the number of metabolic
factors developed during follow-up, is ordinal. Exposure
weights were obtained through binary logistic regres-
sion as the exposure, type 2 diabetes, is binary. This was
a matched cohort study, so generalised estimating equa-
tions were used in the ordinal logistic regression and
binary logistic regression models to account for the lack
of independence between matched individuals. Individu-
als were censored upon death, transfer to a non-CPRD
practice, at the end of follow-up (17th February 2020),
or if the person obtained their first-ever type 2 diabetes
Read code after the index date. The proportional hazards
assumption was assessed using Schoenfeld residual plots.
The missing indicator method (use of a dummy variable
to indicate missingness on a particular variable) was used
to handle missing data for smoking, alcohol, ethnicity,
and obesity; otherwise, it was assumed that the absence
of a Read code indicated the absence of the disease. A
Kaplan-Meier plot and estimates for not being diagnosed
with a frozen shoulder were also presented.

Data were prepared in Stata version 14.0 and analysed
in RStudio version 1.2.5033.

Sensitivity analyses

An E-value [33] was calculated to assess the strength of
unmeasured confounding that would be required to com-
pletely explain away an estimated effect. The Cox model
was re-run with truncated weights (exposure weights
exceeding the 95th percentile were truncated at the value
of the 95th percentile) to assess the sensitivity of results
to extreme weights. A complete case analysis was con-
ducted to assess the sensitivity of results to missing data.

Results

Sample characteristics

The study contained 43,977 people newly diagnosed
with type 2 diabetes matched to 43,977 people without
diabetes (Table 1). 57% of the people with type 2 diabe-
tes were male, and the mean age at diagnosis was 59.4
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Table 1 Table of baseline characteristics for participants with type 2 diabetes and participants without diabetes. 1 defined as time
from index date to the earliest of: end of study (17th February 2020), date of death, date of transfer to a non-CPRD practice, or date
of last CPRD data collection. 2 hyperlipidaemia, hypertension, or obesity. 3 referring to other non-specific codes that could relate to

hypothyroidism or hyperthyroidism

Type 2 diabetes

No diabetes

All

n=43,977 (50%)

n=43,977 (50%)

n=87,954

Median follow-up'in years (IQR)
Mean age (years)

Gender

Male

Female
Hypertension
(pre-index date)
Diagnosed

Not diagnosed
Hyperlipidaemia
(pre-index date)
Diagnosed

Not diagnosed
Obesity
(pre-index date)
Obese

Not obese
Missing

8.24 (4.90-11.65)
5943 (SD=14.01)

25,236 (57.38%)
18,741 (42.62%)

21,538 (48.98%)
22439 (51.02%)

8,649 (19.67%)
35,328 (80.33%)

23,603 (53.77%)
17,599 (40.09%)
2,693 (6.14%)

Number of metabolic factors>’developed during follow-up

0
1
2
3

Thyroid dysfunction

Diagnosed
Not diagnosed

Type of thyroid dysfunction Read code

Congenital
Hyperthyroidism

Hypo/Hyperthyroidism?*

Hypothyroidism
Malignant
Surgery

Other
Smoking

Yes

No

Ex

Missing
Alcohol

Yes

No

Ex

Missing
Ethnicity
Bangladeshi
Black African
Black Caribbean
Black — other

30,542 (69.45%)
11,052 (25.13%)
2,173 (4.94%)
210 (0.48%)

4,014 (9.13%)
39,963 (90.87%)

13 (0.03%)
625 (1.42%)
588 (1.34%)
3,043 (6.92%)
17 (0.04%)
398 (0.91%)
1,010 (2.30%)

8,149 (18.53%)
20,686 (47.04%)
14,398 (32.74%)
744 (1.69%)

29,468 (67.01%)
8,090 (18.40%)
1,487 (3.38%)
4,932 (11.21%)

124 (0.28%)
184 (0.42%)
223 (0.51%)
78 (0.18%)

9.06 (5.95-12.19)
5943 (SD=14.01)

25,236 (57.38%)
18,741 (42.62%)

9,803 (22.29%)
34,174 (77.71%)

3,782 (8.60%)
40,195 (91.40%)

6,687 (15.23%)
25,847 (58.88%)
11,361 (25.88%)

38,609 (87.79%)
4,466 (10.16%)
828 (1.88%)

74 (0.17%)

2,396 (5.45%)
41,581 (94.55%)

7 (0.02%)
418 (0.95%)
319 (0.73%)
1,622 (3.69%)
19 (0.04%)
287 (0.65%)
703 (1.60%)

8,498 (19.32%)
20,292 (46.14%)
8,599 (19.55%)
6,588 (14.98%)

27,074 (61.56%)
4,814 (10.95%)
584 (1.33%)
11,505 (26.16%)

47 (0.11%)
102 (0.23%)
141 (0.32%)
59 (0.13%)

8.69 (542-11.93)
5943 (SD=14.01)

50,472 (57.38%)
37,482 (42.62%)

31,341 (35.63%)
56,613 (64.37%)

12,431 (14.13%)
75,523 (85.87%)

30,290 (34.50%)
43,446 (49.49%)
14,054 (16.01%)

69,151 (78.62%)
15,518 (17.61%)
3,001 (3.41%)
284 (0.32%)

6,410 (7.29%)
81,544 (92.71%)

20 (0.02%)
1,043 (1.19%)
907 (1.03%)
4,665 (5.30%)
36 (0.04%)
685 (0.78%)
1,713 (1.95%)

16,647 (18.93%)
40,978 (46.59%)
22,997 (26.15%)
7,332 (8.34%)

56,542 (64.29%)
12,904 (14.67%)
2,071 (2.35%)

16,437 (18.69%)

171 (0.19%)
286 (0.33%)
364 (041%
(

)
137(0.16%)
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Table 1 (continued)

Type 2 diabetes No diabetes All

n=43,977 (50%) n=43,977 (50%) n=87,954
Chinese 79 (0.18%) 56 (0.13%) 135 (0.15%)
Indian 590 (1.34%) 184 (0.42%) 774 (0.88%)
Mixed 168 (0.38%) 93 (0.21%) 261 (0.30%)
Other Asian 6 (0.72%) 98 (0.22%) 4(0.47%)
Other 356 (0.81%) 286 (0.65%) 642 (0.73%)
Pakistani 320 (0.73%) 141 (0.32%) 461 (0.52%)
Missing 11,020 (25.06%) 12,331 (28.04%) 23,351 (26.55%)
White 30,519 (69.40%) 30,439 (69.22%) 60,958 (69.31%)
IMD Quintile
Least deprived quintile 8,535 (19.41%) 9,899 (22.51%) 18,434 (20.96%)
2nd least deprived quintile 78 (20.87%) 9,675 (22.00%) 18,853 (21.44%)
3rd least deprived quintile 9 376 (21.32%) 9,320 (21.19%) 18,696 (21.26%)
4th least deprived quintile 8,811 (20.04%) 40 (18.51%) 16,951 (19.27%)
Most deprived quintile 8,052 (18.31%) 6,885 (15.66%) 14,937 (16.98%)
Missing 25 (0.06%) 58 (0.13%) 83 (0.09%)

years (SD=14.0). The median follow-up' was 8.2 years
(IQR: 4.9-11.7) for the type 2 diabetes group and 9.1
years (IQR: 6.0-12.2) for the group without diabetes.
The individuals with type 2 diabetes were less likely to
have missing data for their alcohol and smoking statuses.
(Note that people who require routine health monitor-
ing are more likely to have complete alcohol and smoking
records [34], which would indicate data are missing not
at random.)

Results for the effect of type 2 diabetes on the
development of frozen shoulder

During follow-up, 1076 (1.22%) individuals developed
frozen shoulder. Within the people with diabetes, 797
(1.81%) people developed frozen shoulder; and within the
people without diabetes, 279 (0.63%) people developed
frozen shoulder. The 1-, 3-, 5-, 10-, and 15.8-year Kaplan-
Meier estimates for not being diagnosed with a frozen
shoulder were 99.7%, 99%, 98.6%, 97.8%, 97.7% for people
with diabetes and >99.9%, 99.7%, 99.5%, 99.3%, 99.3% for
people without diabetes (Fig. 2).

The estimate for the total effect of type 2 diabetes on
the development of frozen shoulder was HR=4.38 (95%
CI: 3.70-5.21). The E-value, an estimate of the strength of
effect that a hypothetical unmeasured confounder would
need to have on the exposure and outcome to completely
explain away the effect estimate, was 4.87 for the point
estimate and 4.30 for the 95% CI lower bound. This
means that it would require an unmeasured confounder
that is strongly associated with both type 2 diabetes and

! Defined as time from index date to the earliest of: end of study (17th Feb-
ruary 2020), date of death, date of transfer to a non-CPRD practice, or date
of last CPRD data collection.

frozen shoulder in order to completely explain away the
total effect estimate.

The natural indirect effect of type 2 diabetes on the
development of frozen shoulder that is mediated through
metabolic health was estimated to be HR=0.98 (95% CI:
0.93-1.03) and the remaining natural direct effect was
estimated to be HR=4.46 (95% CI: 3.68-5.41). Thus,
there was no evidence that metabolic health mediated
the effect of type 2 diabetes on the development of fro-
zen shoulder. The exposure-mediator interaction term
was excluded since there was no evidence of interaction
(HR =0.98). There was no evidence to suggest any viola-
tion of the proportional hazards assumptions (Fig. 2, Fig-
ures C1 and C2).

When repeating the analysis with truncated
weights, the results were similar. The total effect was
HR=3.10 (95% CI: 2.78-4.13), the natural indirect
effect was HR=0.93 (95% CI: 0.90-1.07), and the natu-
ral direct effect was HR=3.32 (95% CIL 2.90-4.15).
Thus, the results were robust to extreme weights.
The distribution of exposure weights (WiX), media-
tor weights (W), final untruncated model weights
(Wi, untruncated = WX.WM), and final truncated
model weights (W;,truncated) are shown in Figures
D1-D4.

Conducting a complete case analysis (80.5% of people
had complete data) also produced similar results, but
with a smaller direct effect (and therefore also a small
total effect). The total effect was HR =2.59 (95% CI: 2.20—
3.05), the natural indirect effect was HR=0.99 (95% CI:
0.94-1.04), and the natural direct effect was HR=2.62
(95% CI: 2.21-3.09). So, the hazard ratio was smaller in
magnitude when only those with complete data were
included in the analysis, but the estimated causal effect
was still strong. Thus, regardless of how missing data was
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Other metabolic factors
(Before index date)

Type 2 diabetes

Other metabolic factors
(After index date)

Frozen shoulder

Fig. 1 (See legend on next page.)
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(See figure on previous page.)
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Fig. 1 A DAG to illustrate plausible relationships between covariates, type 2 diabetes, metabolic factors, and frozen shoulder. Block arrows represent arcs
to all nodes below. (This decision was made to avoid overcrowding the diagram.) Thin arrows represent potential direct causal relationships between
variables. The exposure, type 2 diabetes, is green; the outcome, frozen shoulder, is grey; the mediator, other metabolic factors (post-index date), is orange;
exposure-outcome confounders are red. All exposure-outcome confounders were also mediator-outcome confounders (and vice versa). Note that it was
not required to create a composite variable ‘number of metabolic factors’ for pre-index date metabolic factors to meet the confounding assumptions;
thus, pre-index date hyperlipaemia, hypertension, and obesity are left as separate variables. The variables are represented by one node, **Other metabolic
factors (Before index date)’, in the DAG to avoid overcrowding. The only omitted arcs are from gender to deprivation and from gender to practice; this can
be argued since geographical areas and practices will be unlikely to significantly differ from a 50/50 gender split

handled, the conclusion drawn is the same - the results
suggest a causal effect of type 2 diabetes on the develop-
ment of frozen shoulder.

Discussion

This study has found evidence to support the hypothesis
that type 2 diabetes may be a cause of frozen shoulder.
It had previously been suggested that the inflammation
associated with type 2 diabetes and metabolic health
may be an important factor in the development of fro-
zen shoulder [7, 17]; although, the results of this causal
mediation analysis did not support the hypothesis that
the effect of type 2 diabetes on the development of fro-
zen shoulder is mediated by metabolic health. The large
E-value suggested that it would require an unmeasured
confounder with a strong effect on both type 2 diabetes
and frozen shoulder to completely explain away the total
effect estimate; thus, results were robust to unmeasured
confounding. Sensitivity analyses also suggested that
the results were also robust to missing data and extreme
weights.

To conduct the mediation analysis, it was necessary to
classify the mediator as "the number of metabolic factors
developed during follow-up’ It was not possible to inves-
tigate the separate metabolic factors as individual media-
tors since they would be mediator-outcome confounders
for each other and are all caused by the exposure; thus,
the no unmeasured confounding assumptions would be
violated. Also, it was opted to include “the number of
metabolic factors developed” as the mediator rather than
a binary variable indicating whether the individual had
metabolic syndrome since this provided more informa-
tion about the person’s metabolic health (e.g., an indi-
vidual that has two metabolic factors, but not metabolic
syndrome, will have worse metabolic health than an indi-
vidual without any metabolic factors).

The number of metabolic factors developed during
follow-up is likely to be a good indicator of an individ-
ual’s metabolic health; however, this approach does have
limitations. This composite variable treats each individ-
ual metabolic factor equally, such that an individual who
developed hypertension and an individual who devel-
oped hyperlipidaemia would both be classed in the cat-
egory ‘‘one metabolic factor developed” Further, this
way of classifying metabolic health requires that the met-
abolic factors be dichotomised, which also leads to loss

of information. Given that there are limitations in the
way that metabolic health was defined, the results of this
study mustn’t be used to completely reject the hypothesis
that metabolic health could mediate the effect of type 2
diabetes on the development of frozen shoulder; rather,
the results have failed to support the hypothesis.

Read codes were used to identify the outcome in this
study. At the end of follow-up, the Kaplan-Meier esti-
mate for being coded as having developed frozen shoul-
der within the individuals with type 2 diabetes was 2.3%.
This is much less than expected given that the prevalence
of frozen shoulder in people with diabetes is estimated to
be 13.4%. Research has shown that general practitioners
(GPs) in the UK and the Netherlands are hesitant to give
specific shoulder condition diagnoses but prefer to use
non-specific shoulder pain codes [35, 36]. Further, the
pre-existing knowledge of the association between dia-
betes and frozen shoulder may mean that GPs are more
likely to give a specific frozen shoulder diagnosis to a per-
son with diabetes than a person without diabetes. Thus,
this may have led to some overestimation of association
sizes.

To our knowledge, this is the first time this approach to
causal mediation analysis has been conducted using data
coming entirely from electronic health records. Using
electronic health records provided a large, representa-
tive sample of people with type 2 diabetes; although, a
limitation is that there are large amounts of missing data
[21]. The missing indicator method is commonly used to
handle missing data in the analysis of medical records to
avoid losing a large proportion of participants and losing
the representativeness of the sample. The missing indi-
cator method can produce biased estimates; however,
there are a lack of alternatives since multiple imputation
methods are inappropriate when data are missing not at
random, which is the case for BMI, ethnicity, smoking,
and alcohol data [37]. A complete case analysis was con-
ducted to assess the sensitivity of results to missing data
and suggested that the results were robust.

Previously, three cohort studies [11, 38, 39] had found
evidence that type 2 diabetes was associated with the
onset of frozen shoulder. This study was the first to use
causal inference methods to estimate the effect of type
2 diabetes on frozen shoulder development and was the
first study to investigate one of the proposed mecha-
nisms of how type 2 diabetes may lead to frozen shoulder.
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Fig. 2 A plot of Kaplan-Meier estimates (with 95% confidence intervals) for not being diagnosed with a frozen shoulder in people with type 2 diabetes

versus people without diabetes, including a percentage at risk table

Further, this is the first cohort study addressing this ques-
tion outside of East Asia. Despite differences in popula-
tion, environmental, and lifestyle characteristics, and
differences in health care strategies (e.g., the QOF, rou-
tine diabetes reviews and screening strategies), the con-
clusions of this study are consistent with the three East
Asian cohort studies [11, 38, 39].

Future research should focus on investigating the other
main hypothesis for how diabetes may lead to the devel-
opment of frozen shoulder — that glycation processes
alter shoulder capsule tissues. One study did not find
evidence to suggest that HbAlc was associated with the
prevalence of frozen shoulder; although, the study was
limited by only including HbA1c as a single measurement
within a cross-sectional analysis [40]. Another study
generated a non-validated variable to indicate histori-
cal HbA1lc values and found that poor glycaemic control

was associated with the development of frozen shoulder
[41]. To improve the understanding of this association,
joint modelling strategies could be used to estimate the
association between longitudinally measured HbAlc and
the development of frozen shoulder using a cohort study
design. This research could also include people with type
1 diabetes. To meet the causal identifiability assumptions
required for this study it was necessary to only include
people with type 2 diabetes, but previous research has
shown type 1 diabetes to also be associated with frozen
shoulder [9]. Additionally, future work could further
investigate whether blood pressure, waist circumference,
and lipid measures (in their non-dichotomised form) are
associated with the onset frozen shoulder. This would
improve the understanding of the role of metabolic
health and inflammation in the development of frozen
shoulder.
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Conclusion

The results of this study support the hypothesis that type
2 diabetes is a cause of frozen shoulder but did not sug-
gest that this effect is mediated by metabolic health. Cli-
nicians should remain alert that shoulder pain in people
with type 2 diabetes could be indicative of a frozen shoul-
der. This study also should raise awareness that, despite
often being overlooked, musculoskeletal conditions can
be complications of diabetes and should be considered
during clinical conversations with patients.
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