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Abstract  
 
Background  
 
Chronic shoulder pain (CSP) is a common musculoskeletal condition that 

can significantly affect a personôs ability to work, sleep, and perform daily 

activities. It affects between 5% and 47% of the adult population annually 

worldwide. In the United Kingdom (UK), about 2.4% of adult people aged 

between 18 and 60 years old consulted their general practitioners (GPs) 

for CSP in 2006. However, whether the occurrence of CSP has changed 

in the past 20 years in the UK, whether it varies between geographical 

regions, and its associated comorbidities and consequences remain 

largely unknown. 

 

Objectives  
 
This research aimed to answer five objectives 

[1] to systematically review the existing literature on the prevalence and 

incidence of CSP and its related risk factors, and associated 

comorbidities. 

[2] to determine the current prevalence and incidence of CSP in the UK 

(2019). 

[3] to determine the trends of prevalence and incidence of CSP in the UK 

over the past twenty years (2000 - 2020). 

[4] to examine potential risk factors, and comorbidities that precede the 

diagnosis of CSP. 

[5] to explore the outcomes of CSP including associated comorbidities, all-

cause mortality, consultations and hospitalisations. 

 

Method s 
 
[1] a systematic review and meta-analysis were performed to summarise 

the literature on the prevalence and incidence of CSP and the associated 

risk factors in people aged 40 years and over. 
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The nationally representative UK primary care database, the Clinical 

Practice Research Datalink (CPRD) Aurum was used to determine: 

[2&3]  the cross-sectional prevalence, incidence, and trend of CSP in the 

UK  

[4]  risk factors and comorbidities occurring before the diagnosis of CSP 

using a case-control study design 

[5] outcomes occurring after CSP diagnosis using a cohort study design.  

 

Results  
 

A total of 29 studies from 19 countries were identified in the systematic 

review. Of which, 20 had a high quality, and nine had moderate quality. 

The pooled prevalence of CSP in the included studies was 29% and 

higher in specific populations such as people with physically demanding 

occupations (36% prevalence), and people with diabetes (35% 

prevalence). The incidence of CSP was higher in females and in those 

aged over 40 years. In addition to age and sex, CSP was associated with 

smoking, lower educational level, manual labour, have been reported to 

associate with CSP. Also, CSP was found to be associated with a number 

of comorbidities, including arthritis, diabetes, angina, and other sites of 

musculoskeletal (MSK) pain. 

 

In the UK, the prevalence of CSP in people aged 18 and above in 2019 

was found to be 1.9 % and the incidence was 1.2 per 1000 person-years. 

The prevalence and incidence were more common in females than males 

and increased with age, especially after age 40 years. The prevalence 

was found to increase during the study period from 0.42% in 2000 to 1.83 

in 2020, whereas the incidence increased significantly from 0.88 in 2000 

to 2.00 per 1000-person year in 2011, then decreased afterwards. The 

significant decline of the incidence in 2020 resulted from the reduced 

consultations during the COVID-19 pandemic and lockdown. Smoking, 

low socioeconomic status, Asian and mixed ethnicity, and a high body 

mass index increased the risk of CSP, while current alcohol consumers 

had a significantly lower risk of having CSP.  
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People with CSP were more likely to have comorbidities prior to and post 

the diagnosis of CSP compared to the control group. Retrospectively, 

people with other MSK conditions (aOR 1.71, 95% CI 1.68 to1.75), 

osteoarthritis (OA) (aOR 1.76, 95% CI 1.70 to1.82), diabetes (aOR 1.48, 

95% CI 1.43 to1.53), fibromyalgia (aOR 1.40, 95% CI 1.32 to 1.48), and 

insomnia (aOR 1.63, 95% CI 1.58 to1.69) were more likely to have CSP. 

 

Prospectively, people with CSP were more likely to develop other long-

term conditions compared to the control group. Of the twenty-two 

comorbidities studied, significant associations were seen with eighteen 

conditions. The strongest associations found were with sarcopenia (HR 

1.74, 95% CI 1.11 to 2.71), fibromyalgia (HR 1.71, 95% CI 1.62,1.81), 

osteoarthritis (HR 1.60, 95% CI 1.55 to 1.64), other MSK conditions (HR 

1.61, 95% CI 1.58 to1.64), and insomnia (HR 1.55, 95% CI 1.48 to1.63). 

Following their diagnosis, people with CSP had three times higher risk of 

GP consultations, 44% higher risk of hospitalisations, and 6% higher risk 

of all-cause mortality than those without CSP. 

 
 
Conclusion  
 
Chronic shoulder pain (CSP) affects around 2% of adults in the UK. The 

prevalence of this condition in primary care increased gradually in the past 

20 years whereas the incidence has increased until 2011 then decreased 

afterwards (reasons to be investigated). The findings demonstrated that 

age, sex, smoking, socioeconomic deprivation, Asian or mixed ethnicity 

and higher BMI were associated with an increased risk of CSP. Alcohol 

consumption was associated with a decreased risk of CSP. People with 

CSP had a higher burden of comorbidities, higher risk of mortality, and 

increased healthcare utilisations. This study has provided essential 

background information/evidence of CSP in the UK for policymakers to 

allocate resources, healthcare providers to optimally manage CSP, and 

researchers to undertake further research such as the causality between 

shoulder pain and individual comorbidities.



xii  

 

 

List of publications  
 
 
Published conference abstracts  
 
 
Alotaibi N.,  Swain S., Vinogradova Y., Shuaib M., Doherty M. and Zhang 

W., Hall M. Epidemiology of chronic shoulder pain in people aged 40 or 

older- a systematic review and meta-analysis of observational studies. 

British Journal of Pain 2023; 17:1-36 

 

Alotaibi N.,  Swain S., Vinogradova Y., Doherty M. and Zhang W., Hall M. 

POS1458-HPR. Trends of prevalence and incidence of chronic shoulder 

pain in the United Kingdom: findings from the Clinical Practice Research 

Datalink. Annals of the Rheumatic Diseases 2024; 83:1186. 

 

Published conference abstract are presented in Appendix 1 (pages 316-
320) 
 
 
Presentations at National/International C onferences : 
 

¶ The 56th Annual Scientific Meeting of the British Pain Society 

(Glasgow, May 2023).  Epidemiology of chronic shoulder pain in 

people aged 40 or older ï a systematic review and meta-analysis of 

observational studies. (Oral and poster presentation) 

¶ UK-RIME Showcase (Manchester, June 2023).  Epidemiology of 

chronic shoulder pain in the United Kingdom: a population-based 

study of UK primary care data using clinical practice research 

datalink (CPRD). (Oral presentation) 



xiii  

 

¶ The European Alliance of Associations for Rheumatology (EULAR) 

(Vienna, June 2024). Prevalence and incidence of chronic shoulder 

pain in the United Kingdom: findings from the Clinical Practice 

Research Datalink (CPRD) (poster presentation). 

 

¶ UK-RIME Showcase (Keele, September 2024).  Risk factors 

associated with chronic shoulder pain: a nested case-control study in 

the UK primary care setting using clinical practice research datalink 

(CPRD) (oral presentation). 

 

Other meetings :  
 

¶ Presentation of the ñThe frequency of chronic shoulder pain in the 

UKò in Versus Arthritis Pain Centre Internal Scientific Meeting 

(March 2023) and the annual School of Medicine Forum (June 

2023). 

 
  

Non-PhD collaborations : 
 
¶ I have been involved in the Monirah Shuaib (PhD student) 

systematic review and meta-analysis (ñLong-term conditions and 

related risk factors in professional footballers compared to the 

general population: a systematic review and meta-analysis of 

observational studiesò) as a second reviewer to extract and validate 

data and to assess the quality of all included studies.



xiv 

 

 

Acknowledgments  
 

 

I would firstly like to thank my supervisors Dr. Michelle Hall, Professor 

Weiya 

Zhang, Professor Michael Doherty, Dr. Subhashisa Swain, and Dr.Yana 

Vinogradova for their generous assistance and encouragement 

throughout this project. The PhD journey could not have been 

accomplished without my supervisorôs guidance, feedback and support, 

which made my experience at the University of Nottingham wonderful, 

unforgettable and inspiring. Their constructive feedback and advice 

enhanced my learning skills. I consider myself very lucky to develop my 

research skills under their supervision.  

Further, I would like to thank all the amazing researchers and colleagues 

with whom I had the pleasure of working during this time. My sincere 

gratitude goes to Dr. Barbara Iyen for her constant, well-considered 

feedback on my work and for validating the codes used in this project. My 

thanks also to Professor Tony Avery, for his support in validating the 

comorbidity codes, and to Dr. Andrew Prayle, for technical assistance with 

big data. For all the staff of Academic Rheumatology in the University of 

Nottingham, I would like to say a big thank you.  

I would also like to thank the government of the state of Kuwait 

scholarship program for financially supporting my PhD, and the University 

of Nottingham as the host institution for this project. Finally, my deepest 

gratitude goes to my mom, and my sister Maha, who have supported me 

physically and mentally every time it was needed. Your belief in me has 



xv 

 

been a constant source of strength, and without your support and 

continuous guidance, this work would not have been accomplished. Thank 

you for always being there and I hope I made you all proud.. I would like to 

extend my heartfelt gratitude to my best friend, Monirah Shuaib, for her 

unwavering support, encouragement, and understanding throughout my 

PhD journey. Your belief in me, helped me through the most challenging 

times. Thank you for always being there. I would like also to thank my 

friend Badryah for being there for me and for her kind support throughout 

this journey. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xvi 

 

 

 

 

List of Tables  
 

Table 1-1 Management of chronic shoulder pain ..................................... 39 

Table 1-2 Summary of reported prevalence of shoulder pain in the UK .. 48 

Table 1-3 Contents of data files in the CPRD .......................................... 94 

Table 2-1 Study selection criteria ........................................................... 104 

Table 2-2 Summary of study characteristics .......................................... 113 

Table 2-3 Quality analysis scores for cross-sectional studies ................ 116 

Table 2-4 Quality analysis scores for case-control studies .................... 117 

Table 2-5 Quality analysis scores for cohort studies .............................. 117 

Table 2-6 Prevalence of chronic shoulder pain in different subgroups .. 123 

Table 2-7 Incidence of chronic shoulder pain in the four included studies

 ............................................................................................................... 126 

Table 2-8 Risk factors associated with chronic shoulder pain ............... 128 

Table 2-9 Comorbidities associated with chronic shoulder pain ............ 131 

Table 3-1 Crude and age and sex standardised prevalence and incidence 

of chronic shoulder pain from 2000 to 2020 ........................................... 156 

Table 4-1 Comorbidities examined in the study ..................................... 182 

Table 4-2 Characteristics of the study population .................................. 189 

Table 4-3  Risk factors associated with chronic shoulder pain during a 

maximum period of 20 years prior to the index date .............................. 193 

Table 4-4 Comorbidities identified retrospectively in the case-control study

 ............................................................................................................... 195 

Table 4-5 Association of comorbidities with chronic shoulder pain ........ 196 

Table 5-1. Incidence of comorbidities in the incident chronic shoulder pain 

group and the matched controls ............................................................ 218 

Table 5-2. HRs and 95% CIs for each comorbidity comparing the incident 

chronic shoulder pain and the control groups for a maximum of 20 years 

of follow-up. ........................................................................................... 219 



xvii  

 

Table 5-3. Mortality rate, and associations with all-cause mortality in the 

chronic shoulder pain group and the control group. ............................... 221 

Table 5-4 Average number of (all-cause) GP consultations per year in the 

chronic shoulder pain group and the control group, and the negative 

binomial regression results .................................................................... 222 

Table 5-5 Average number of (all-cause) hospitalisations per year in the 

chronic shoulder pain and the control groups. ....................................... 223 

Table 6-1 First Patient and public involvement input ............................. 238 

Table 6-2 Final Patient and public involvement input ............................. 240 

Table 9-1 Search strategy for the systematic review ............................. 321 

Table 9-2 Detailed search strategy for the systematic review ................ 322 

Table 9-3 Individual study characteristics .............................................. 326 

Table 9-4 Validation results for the quality assessment ......................... 338 

Table 9-5 Included studies outcomes .................................................... 357 

Table 9-6 Medical code list for chronic shoulder pain ............................ 384 

Table 9-7 Multicollinearity assessment for the case-control study ......... 460 

Table 9-8 Associations of comorbidities and rotator cuff diseases ........ 465 

Table 9-9 Multicollinearity assessment for comorbidities ....................... 466 

Table 9-10 Multicollinearity assessment for Mortality ............................ 467 



XVIII  

 

 

List of Figures  
 

Figure 1.1 Case definition of shoulder pain in the cross-sectional survey. 5 

Figure 1.2 Case definition of shoulder pain in the cross-sectional survey. 6 

Figure 1.3 Anatomy of the shoulder girdle ............................................... 10 

Figure 1.4 Shoulder rotator cuff muscles. ................................................ 11 

Figure 1.5 Painful arcs:(a) painful middle arc (supraspinatus/subacromial 

bursitis), and (b) painful superior arc (acromioclavicular joint). ................ 14 

Figure 1.6 Radiograph showing osteoarthritis of the glenohumeral joint in 

(A), someone without a rotator cuff tear, and  (B) someone with a rotator 

cuff tear (shown by superior humeral head migration and sclerosis of the 

inferior acromion and superior humeral head) ......................................... 22 

Figure 1.7 Resisted active abduction ....................................................... 32 

Figure 1.8 Resisted active external rotation ............................................. 32 

Figure 1.9 Resisted active internal rotation .............................................. 33 

Figure 1.10 Illustrations of the acromial types according to the Bigliani 

classification. ........................................................................................... 62 

Figure 1.11 Chronological comorbidity model. ......................................... 69 

Figure 1.12 Causal inference comorbidity model. .................................... 69 

Figure 1.13 Biopsychosocial model of pain and consequences on quality 

of life. ....................................................................................................... 85 

Figure 1.14 Population structure of the UK in the year 2000 (a), and 2020 

(b). ........................................................................................................... 98 

Figure 2.1 PRISMA flow diagram for the study selection process ......... 110 

Figure 2.2 Forest plot showing the prevalence of chronic shoulder pain in 

the twenty included cross-sectional studies ........................................... 118 

Figure 2.3 Funnel plot showing the prevalence of chronic shoulder pain in 

the twenty included cross-sectional studies ........................................... 119 

Figure 2.4 Forest plot showing the prevalence of chronic shoulder pain in 

the general population ........................................................................... 120 

Figure 2.5 Funnel plot showing the prevalence of chronic shoulder pain in 

the general population ........................................................................... 121 



XIX  

 

Figure 2.6 Prevalence showing chronic shoulder pain based on different 

types of shoulder disorders .................................................................... 124 

Figure 2.7 Forest plot showing the association between manual work and 

shoulder pain (adjusted odds ratio for age and occupation) .................. 129 

Figure 3.1. CPRD study flow chart ......................................................... 149 

Figure 3.2 Age-specific prevalence (A) and incidence (B) of chronic 

shoulder pain in 2019 (red-females; green-males; back-total). .............. 153 

Figure 3.3 Prevalence of different chronic shoulder pain diagnoses in the 

year 2019. .............................................................................................. 154 

Figure 3.4 Crude and age and sex standardised prevalence (A) and 

incidence (B) of chronic shoulder pain from 2000 to 2020. .................... 157 

Figure 3.5 Trends of prevalence of chronic shoulder pain ..................... 158 

Figure 3.6 Trends of incidence of chronic shoulder pain ....................... 159 

Figure 3.7 Prevalence of specific and non-specific chronic shoulder pain

 ............................................................................................................... 160 

Figure 3.8 Incidence of specific and non-specific chronic shoulder pain 160 

Figure 3.9 Geographic variations in the prevalence (A) and incidence (B) 

of chronic shoulder pain in the UK in 2019 ............................................ 162 

Figure 4.1 Selection of study population ................................................ 176 

Figure 5.1 Survival probabilities of all-cause mortality in the CSP group 

and the control group. ............................................................................ 220 

Figure 9.1 Forest plot showing the prevalence of chronic shoulder pain in 

diabetic population ................................................................................. 343 

Figure 9.2 Forest plot showing the prevalence of chronic shoulder pain in 

workers .................................................................................................. 343 

Figure 9.3 Funnel plot showing the prevalence of chronic shoulder pain in 

workers .................................................................................................. 344 

Figure 9.4 Funnel plot showing the association between the prevalence of 

chronic shoulder pain according to different diagnosis .......................... 345 

Figure 9.5 Forest plot showing the association between chronic shoulder 

pain and age groups .............................................................................. 346 

Figure 9.6 Funnel plot showing the association between chronic shoulder 

pain and age groups .............................................................................. 347 



XX 

 

Figure 9.7 Forest plot showing the association between female sex and 

shoulder pain (crude) ............................................................................. 348 

Figure 9.8 Forest plot showing the association between female sex and 

shoulder pain (adjusted) ........................................................................ 348 

Figure 9.9 Funnel plot showing the association between female sex and 

chronic shoulder pain (crude) ................................................................ 349 

Figure 9.10 Funnel plot showing the association between female sex and 

shoulder pain (adjusted) ........................................................................ 350 

Figure 9.11 Forest plot showing the association between smoking and 

shoulder pain ......................................................................................... 350 

Figure 9.12 Forest plot showing the association between smoking and 

chronic shoulder pain (subgroup based on analysis) ............................. 351 

Figure 9.13 Funnel plot showing the association between smoking and 

shoulder pain ......................................................................................... 351 

Figure 9.14 . Forest plot showing the association between manual work 

and chronic shoulder pain ...................................................................... 352 

Figure 9.15 Funnel plot showing the association between manual work 

and chronic shoulder pain ...................................................................... 352 

Figure 9.16 Forest plot showing the association between pain in other 

joints and shoulder pain ......................................................................... 353 

Figure 9.17 Funnel plot showing the association between pain in other 

joint and shoulder pain ........................................................................... 353 

Figure 9.18 Forest plot showing the association between diabetes and 

chronic shoulder pain (crude odds ratio) ................................................ 354 

Figure 9.19 Forest plot showing the association between diabetes and 

chronic shoulder pain (subgroup based on analysis) ............................. 354 

Figure 9.20 Funnel plot showing the association between diabetes and 

shoulder pain ......................................................................................... 355 

Figure 9.21 Forest plot showing the association between chronic shoulder 

pain and depression (adjusted odds ratio) ............................................. 356 

Figure 9.22 Funnel plot showing the association between chronic shoulder 

pain and depression .............................................................................. 356 

Figure 9.23 Process map of inclusion and exclusion criteria application 390 

Figure 9.24 Selection of the study population ........................................ 462 



XXI  

 

Figure 9.23 Sample size calculation for different hazard ratios. ............ 463 

Figure 9.25 Log-log plot for all-cause mortality ...................................... 469 

Figure 9.26 Cumulative Probability of all-cause mortality in the CSP and 

control group .......................................................................................... 469 

Figure 9.27 Log-log plot for diabetes ..................................................... 470 

Figure 9.28 Log-log plot for hypothyroidism ........................................... 470 

Figure 9.29 Log-log plot for congestive heart failure .............................. 471 

Figure 9.30 Log-log plot for hyperlipidaemia .......................................... 471 

Figure 9.31 Log-log plot for hypertension .............................................. 472 

Figure 9.32 Log-log plot for Ischaemic heart disease ............................ 472 

Figure 9.33 Log-log plot for myocardial infarction .................................. 473 

Figure 9.34 Log-log plot for chronic obstructive pulmonary disease ...... 473 

Figure 9.35 Log-log plot for depression ................................................. 474 

Figure 9.36 Log-log plot for anxiety ....................................................... 474 

Figure 9.37 Log-log plot for osteoarthritis .............................................. 475 

Figure 9.38 Log-log plot for musculoskeletal disorder ........................... 475 

Figure 9.39 Log-log plot for fibromyalgia ............................................... 476 

Figure 9.40 Log-log plot for insomnia .................................................... 476 

Figure 9.41 Log-log plot for fatigue ........................................................ 477 

Figure 9.42 Log-log plot for sarcopenia ................................................. 477 

Figure 9.43 Log-log plot for tinnitus ....................................................... 478 

Figure 9.44 Log-log plot for scleroderma ............................................... 478 

Figure 9.45 Log-log plot for urinary incontinence ................................... 479 

Figure 9.46 Log-log plot for diverticular disease .................................... 479 

Figure 9.47 Log-log plot for diaphragmatic hernia ................................. 480 

Figure 9.48 Log-log plot for benign prostatic hyperplasia ...................... 480 

 

 

 

 

 

 

 

 



XXII  

 

List of abbreviations  
 

 

  

AAPC Average annual percentage change 

AC Acromioclavicular 

BDRM Basic Dementia Risk Model 

BESS  British Elbow and Shoulder Society 

BMI Body mass index 

BF Body fat  

CSP Chronic shoulder pain 

COPD Chronic obstructive pulmonary disease 

CPRD Clinical Practice Research Datalink 

CI Confidence interval 

CLBP Chronic low back pain  

CWP Chronic widespread pain 

CVD Cardio-vascular disease 

DLB Dementia with Lewy bodies 

EMIS Egton Medical information system 

EHRs Electronic Health Records  

FCP First Contact Practitioner 

FDR False discovery rate 

GP General practice 

GPs General practitioners 

GPRD General Practice Research Datalink 

GH Glenohumeral 

GAGs glycosaminoglycans  

HES Hospital Episode Statistic 

HR Hazard ratio 

ISAC Independent Scientific Advisory Committee 

IMD Index of multiple deprivation 

CES-D Centre for Epidemiologic Studies-Depression  

DASH Disability of arm, shoulder, and hand questionnaire 

QOF Quality and Outcomes Framework  

SD standard deviation 

SPHC Stockholm Public Health Cohort  

SE Standard error 

SNOMED CT Systematized Nomenclature of Medicine Clinical 

Terms 

SPADI Shoulder pain and disability index 

SC Sternoclavicular 

ST Scapulothoracic 

SOC Standard Occupational Classification 

THIN The Health Improvement Network  



XXIII  

 

MSK Musculoskeletal 

NSAIDS Non-steroidal anti-inflammatory drugs 

NHS National Health Services 

NICE National Institute for Health and Care Excellence 

OA Osteoarthritis 

ONS Office for National Statistics 

UK United Kingdom 

UKUFF United Kingdom rotator cuff 

USA United States of America 

VAS Visual analogue scale 

VIF Variance inflation factor 



1 

 

1 Chapter 1. Introduction  
 

This chapter provides an introduction to chronic shoulder pain (CSP) 

regarding its background, definition, shoulder joint structures and 

biomechanics, epidemiology, associated risk factors and comorbidities. 

Some shoulder pathologies and management options for these 

pathologies are outlined. The chapter contains a literature review of 

previous studies relevant to the scope of this thesis. The chapter also lays 

out the rationale for the studies undertaken for this PhD.  

 

1.1 Background  
 

Chronic musculoskeletal (MSK) pain is defined as pain in bones, muscles, 

joints, tendons, or ligaments lasting more than three months (Cimmino et 

al., 2011, Coppieters et al., 2016). It affects many people worldwide and is 

considered to be one of the most common types of chronic pain. Common 

chronic MSK pain conditions include, osteoarthritis (OA), spine - related 

neck and low back pain, fibromyalgia/chronic widespread pain (CWP), and 

chronic shoulder pain (CSP) (Bergman, 2007, McBeth and Jones, 2007). 

In 2015, a United Kingdom (UK) Biobank study examined 503,325 

participants aged between 40-69 and found a prevalence of chronic pain 

of 43%, the most common site-specific MSK pain being back (26.2%) 

followed by shoulder/neck (23.3%) and knee pain (20%) (Macfarlane et 

al., 2015). Chronic MSK pain can negatively affect an individualôs physical, 

psychological, and social well-being status, and reduce their quality of life 

(Woolf and Pfleger, 2003). Additionally, it results in a major burden on 
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healthcare systems, resulting in substantial financial costs (Woolf and 

Pfleger, 2003). 

CSP is one of the most common MSK conditions and affects between 5% 

to 47% of the adult population worldwide (Picavet and Schouten, 2003, 

Woolf, 2012, Noten et al., 2017, Djade et al., 2020). Shoulder pain can 

cause movement restrictions, sleeping problems and working difficulties 

(Noten et al., 2017, Djade et al., 2020) and can lead to functional 

limitations in daily activities such as driving, dressing, carrying and eating 

(Pribicevic, 2012, Greenberg, 2014, Noten et al., 2017, Djade et al., 

2020). The overall prevalence of shoulder pain in the UK population aged 

between 18 and 60 was approximately 1.47% in 2006 (Linsell et al., 

2006). The prevalence of shoulder pain among farmers on Jeju Island, 

South Korea was 17% (Lee et al., 2024). In Qatar, the prevalence of 

shoulder pain in the general population aged 15 years and above was 

15.9% (Sarakbi et al., 2020). Variations in prevalence reported between 

studies might be due to the different definitions of shoulder pain and the 

different methodologies used in these studies (Picavet and Schouten, 

2003, Woolf, 2012, Noten et al., 2017, Djade et al., 2020). For example, 

some studies asked patients whether they experienced shoulder pain or 

not, while others introduced specific questions, charts and diagrams to 

determine the exact site and characteristics of the pain (Pribicevic, 2012).  

 
Most CSP conditions are managed in primary care (Mitchell et al., 2005, 

Artus et al., 2017). A national cross-sectional survey of 5000 UK GPs 

reported a wide range of management options for CSP (Artus et al., 

2017). The survey included general questions about shoulder pain 
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management options, and specific questions on the two most common 

shoulder pain conditions reported in primary care, specifically adhesive 

capsulitis and rotator (RC) tendinopathy. Of 2500 postal questionnaires, 

542 were completed. Of 2471 online survey emails,182 online 

questionnaires were completed. Physiotherapy was the most common 

treatment option (71% adhesive capsulitis and 78% RC tendinopathy), 

followed by non-steroidal anti-inflammatory medications (NSAIDs) (74% 

adhesive capsulitis and 58% RC tendinopathy), and corticosteroid 

shoulder injection (adhesive capsulitis 49%, RC tendinopathy 48%). Most 

of the GPs selected more than one treatment option, the most common 

treatment combination being NSAIDs, and physiotherapy (45%) followed 

by corticosteroid injections and physiotherapy (36%) (Artus et al., 2017). 

Generally, surgery is recommended in the management of some 

conditions such as dislocation, end stage glenohumeral OA, and traumatic 

acute RC tear (Mitchell et al., 2005, Chaudhury et al., 2010). The National 

Institute for Health and Care Excellence (NICE) guidelines recommend 

several treatment options for shoulder pain conditions. NICE 

recommendations combine research evidence with expert opinion and 

also involve patients/public opinion of what constitutes good practice. 

Initial management of people with shoulder pain should include 

physiotherapy, prescription of analgesia, and activity modifications. If 

conservative management fails, corticosteroid injection and surgery can 

be considered (NICE, 2021). 
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1.2  Definition of shoulder pain  
 

Shoulder pain is defined as pain which arises in or around the shoulder 

from its joints or the surrounding soft tissues (Murphy and Carr, 2010). 

Chronic shoulder pain refers to persistent shoulder pain that presents for 

more than 6 months (Burbank et al., 2008, Herin et al., 2012). There is no 

consensus in the literature regarding the definition of shoulder pain (Pope 

et al., 1997, Luime et al., 2004, Pribicevic, 2012). This may reflect the 

complex structure of the shoulder joint and the biomechanical association 

with other joints including the spine (Pribicevic, 2012). The majority of 

studies have asked the people directly whether they have shoulder pain or 

not, and this relies on the personôs perception of the anatomical origins of 

their pain (Pope et al., 1997, Luime et al., 2004, Pribicevic, 2012). Pain 

can arise from structures around the shoulder joint and can be felt in a 

wider area such as the upper trunk and neck which might confuse the 

personôs perception concerning the origin of their shoulder pain 

(Pribicevic, 2012). Such aspects might cause differences in reporting 

shoulder pain prevalence. Imprecise perceptions of anatomical regions 

can lead to inaccurate reporting when asked directly about symptoms 

(Silman and Hochberg, 1993). Pope et al. (1997) studied the influence of 

case definition using a cross-sectional survey. Four definitions of shoulder 

pain were identified from the answers to the questionnaire (Pope et al., 

1997). The first definition was based on a direct question ñ During the past 

month have you experienced pain in your shoulder lasting more than 24 

hoursò (Pope et al., 1997). The second and third definition were based on 

line drawings on body manikin which the participants were asked to shade 
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any pain or aches experienced in the month before the questionnaire 

(Pope et al., 1997). Two definitions were derived from the areas shaded 

by participants : (1) pain in a restricted area in or around the shoulder 

complex (Figure 1.1), (2) pain felt in a broad area including the 

sternoclavicular region, anterior chest, and between the scapulae (upper 

trunk) (Figure 1.1).  

 

(1) Pain in a restricted area in or around the shoulder complex  

 

(2) pain felt in a broad area including the upper trunk region  

 

 

                   Reproduced with permission from Pope et al.1997 

Figure 1.1 Case definition of shoulder pain in the cross-sectional survey. 
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The fourth definition was based on a direct question about symptoms in a 

pre-shaded area including the upper trunk and neck on a separate body 

manikin (Pope et al., 1997) (Figure 1.2).  

 

Figure 1.2 Case definition of shoulder pain in the cross-sectional survey. 

 

They found that the prevalence estimates increased as the definition was 

broadened. The one-month prevalence of shoulder pain ranged from 31% 

to 48% across the four definitions (Pope et al., 1997). The direct question 

about shoulder symptoms yielded the lowest prevalence estimate among 

respondents (31%). The broadest definition, focussing on symptoms in a 

specific area on a manikin (upper trunk and neck), showed the highest 

prevalence (84%) (Pope et al., 1997). Limiting the definition to current 

symptoms (pain on interview day) and associated disability narrowed the 

prevalence estimate to 20% (Pope et al., 1997). An overlap was observed 

across the four definitions.  27% of all respondents answered positively to 

all four of the case definitions (Pope et al., 1997). Only seven respondents 

who answered positively when asked directly if they had symptoms in the 

shoulder (definition 1) did not mark symptoms on the body manikin 

drawing in the órestrictedô area (definition 2) (Figure 1.1) (Pope et al., 
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1997). In contrast, 30% of  those who answered negatively to the direct 

question either indicated symptoms on the pain drawing in the upper trunk 

area (definition 3) or positively to the question about symptoms in the 

upper or neck region (definition 4) (Figure 1.2) (Pope et al., 1997). Out of 

those who responded negatively to the direct question, only 9% reported 

symptoms in the 'restricted' area on the pain drawing (definition 2), while 

18% reported symptoms in the upper trunk area (definition 3) and 27% in 

the upper trunk and neck area (definition 4). However, a number of 

methodological aspects might have influenced the prevalence estimate in 

this study. Firstly, the fact that the questions relating to all four definitions 

were included as part of the same questionnaire might have influenced 

the participantsô responses and they expected that the various questions 

all related to the same definition. Secondly, the questions were asked in 

the same order for each definition, therefore, positive responses to initial 

questions might lead to positive answers to subsequent questions (Pope 

et al., 1997). 

Additionally, Linsell et al. (2006) reported that often general practitioners 

(GPs) did not record a specific diagnosis for patients presenting with a 

shoulder complaint in primary care but instead described the symptoms in 

general terms such as shoulder pain and shoulder syndrome. Linsell et al. 

(2006) found that of 426 codes included in their study, GPs predominantly 

reported only ten of these. The most frequent diagnostic codes recorded 

were shoulder syndrome, sprained shoulder, RC syndrome, shoulder joint 

pain, and sprain shoulder/upper arm. This finding is expected due to 

several reasons. First, as mentioned in the previous section, the shoulder 
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articulation has a complex structure and there is no consensus about the 

diagnostic criteria for shoulder problems, which makes specific diagnosis 

difficult to reach (Pope et al., 1997, Luime et al., 2004, Pribicevic, 2012). A 

second reason is that GPsô often lack confidence and expertise in 

diagnosing MSK conditions, which in turn relates to their training and 

clinical interests (Speed and Crisp, 2005, Linsell et al., 2006). Speed and 

Crisp (2005) reported that 63.4% of GPs referrals to orthopaedics services 

were requested with no provisional diagnosis from the GP. Therefore, the 

diagnostic criteria for CSP remains a challenge for general practitioners 

and physicians and there is major discrepancy in the literature regarding 

diagnostic criteria. 

 

1.3  Shoulder joint structures and biomechanics  

A comprehensive knowledge of the anatomy and biomechanics of the 

shoulder joint is crucial to diagnosing and managing shoulder disorders. 

The following section provides an overview of the structure of the shoulder 

joint and describes the role of biomechanics in people with shoulder pain.  

1.3.1 Shoulder anatomy  

The shoulder glenohumeral (GH) synovial joint is the most mobile joint in 

the body and connects the upper limb to the trunk (Brox, 2003, Pandya et 

al., 2018). It is described as a ñball and socketò type joint and is formed by 

the articulation of the head of the humerus with the glenoid cavity of the 

scapula. The glenoid cavity is a shallow socket, which is surrounded by a 

fibrocartilaginous labrum (Figure 1.3a). The main functions of the labrum 
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are to increase the area and depth of the glenoid fossa by 50% to help 

stabilise the shoulder joint (Brox, 2003, Bakhsh and Nicandri, 2018). In 

addition to the GH joint, the shoulder complex also includes the two 

smaller joints, acromioclavicular (AC) (Figure 1.3b) and sternoclavicular 

(SC) (Figure 1.3c) synovial joints at the lateral and medial end of the 

clavicle, respectively, and the broad scapulothoracic (ST) articulation 

(Pandya et al., 2018, Bakhsh and Nicandri, 2018).  

 

 

 

! 

. 
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Reproduced with permission from Clinical Examination in Rheumatology, Doherty and 
Doherty, Wolfe 1992". 

 

Figure 1.3 Anatomy of the shoulder girdle 
(A) the glenohumeral joint, (B) the acromioclavicular joint, ligaments and 
glenohumeral capsule, and (C) the sternoclavicular joint. 
 

The soft tissue structures surrounding the shoulder joint play a substantial 

role in maintaining glenohumeral stability. These structures are described 

as static (fibrous) and dynamic (muscles) (Pandya et al., 2018). Static 

stabilisers include the glenohumeral ligaments and glenoid labrum, while 

dynamic stabilisers include the RC muscles (Figure 1.4), peri-scapular 

muscles and the long head of biceps (Menge et al., 2014, Pandya et al., 

2018, Bakhsh and Nicandri, 2018). The RC muscles play a major role in 

stabilising the humeral head within the glenoid fossa through a 

compression force of the RC on the humeral head (Lewis, 2011). The 

deltoid muscle with the supraspinatus act as a force in the coronal plane, 

compressing the humeral head to the glenoid in abduction. On the other 

hand, subscapularis and infraspinatus provide a compressive joint 

reaction force in the axial plane (Parsons Iv et al., 2002). When they all 

contract together they bring the humeral head upwards and inwards (i.e., 

/ 
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deeper into the glenoid labrum) ï thus stabilising the head more securely 

(Bakhsh and Nicandri, 2018, Pandya et al., 2018).  

 
    Reproduced with permission from Clinical Examination in Rheumatology, Doherty and 

Doherty, Wolfe 1992". 

 
Figure 1.4 Shoulder rotator cuff muscles. 

 
 
 

1.3.2 Biomechanics  
 

Kinetics and kinematics  
 

The biomechanics of glenohumeral joint is complex compared to the hip 

and knee joint. The glenohumeral joint is the most mobile joint in the body 

and it has six mechanical degrees of movement, allowing the shoulder to 

move for greater range of motion (Akhtar et al., 2021). Shoulder 

movements represent coordinated motion of all the RC components (Lugo 

et al., 2008, Akhtar et al., 2021). For this movement to be completed, the 

humerus will rotate around the scapula at the glenohumeral joint (GH), the 

scapula rotates around the clavicle at the acromioclavicular (AC) joint, and 

the clavicle rotates around the sternum at the sternoclavicular joint (Akhtar 

et al., 2021). For the shoulder elevation to reach 180 degrees, all these 
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components need to move. During normal movement, up to 120 degrees 

of glenohumeral elevation is allowed within the glenoid fossa (Scibek and 

Carcia, 2012). After this point, the acromion and humerus neck impinge 

on each other, preventing the motion. For further humeral elevation, the 

scapula must rotate in a superior direction (Lugo et al., 2008). This 

rotation allows the humerus to elevate through an additional 60 degrees. 

This coordinated movement between humerus and scapula has been 

known as the scapulohumeral rhythm (Scibek and Carcia, 2012). The 

estimated ratio between the glenohumeral and scapulothoracic joint 

motion is approximately 2:1 (Inman et al., 1944). The scapula is the site of 

insertion for seventeen muscles. These muscles have a major role in the 

scapulothoracic movement, and include the trapezius, the serratus 

anterior, the levator scapulae, the pectoralis minor, the rhomboids, and 

the subclavius muscle (Lugo et al., 2008, Scibek and Carcia, 2012). The 

trapezius helps to rotate and elevate the scapula in synchrony with the 

glenohumeral movement, and the serratus anterior helps to maintain the 

medial angle against the chest wall (Lugo et al., 2008, Scibek and Carcia, 

2012). Disruption of these musclesô activity can lead to scapular winging 

(Lugo et al., 2008).  

 

Shoulder Stability  

As illustrated in the previous section (shoulder anatomy), the 

biomechanics of shoulder joint rely on the interaction of both dynamic and 

static structures (Lugo et al., 2008, Bakhsh and Nicandri, 2018). The RC 

muscles act to stabilise the humeral head in the neutral position (Akhtar et 
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al., 2021). They produce a force that compresses the glenohumeral joint, 

by keeping the humeral head further inside the glenoid concavity. Force 

couples occur when two opposing muscle groups produce a moment 

around a fulcrum (Huegel et al., 2015, Akhtar et al., 2021). The RC  

muscles produce a force couple around the joint, with coordinated 

activation and inactivation of agonist and antagonist muscles (Lugo et al., 

2008, Akhtar et al., 2021). The deltoid and supraspinatus act as a force 

couple in the frontal plane, thus compressing the humeral head to the 

glenoid in abduction (Lugo et al., 2008, Akhtar et al., 2021). Whereas 

subscapularis and infraspinatus provide a compressive force in the 

horizontal plane (Parsons Iv et al., 2002, Lugo et al., 2008). Therefore, 

disturbance in the RC  muscles' coupled activity can impact the force 

couples produced and thereby contribute to instability (Lugo et al., 2008). 

Rupture of RC  muscles can cause anterior dislocation of the humeral 

head on an intact anterior soft tissue surface (Lugo et al., 2008).  

The bony stability of the shoulder is insufficient, because the glenoid fossa 

is only 25% the size of the articular surface of the humeral head (Akhtar et 

al., 2021). Therefore, the shoulder stability is largely supported by the 

glenoid labrum, the joint capsule and glenohumeral ligaments (Lugo et al., 

2008). The labral tissue adds 50% to the glenoidô depth, in addition to the 

RC ôs compressive force, which provide a concave compression on the 

humeral head into the glenoid (Lugo et al., 2008, Akhtar et al., 2021). The 

scapulothoracic joint also provide stability to the shoulder joint (Brox, 

2003, Lugo et al., 2008, Scibek and Carcia, 2012). It allows for an 

additional range of motion beyond the initial 120 degrees provided by the 
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glenohumeral joint (Lugo et al., 2008, Scibek and Carcia, 2012). The 

scapular motion contributes to the shoulder abduction from 80 to 140 

degrees (Brox, 2003). This might explain the painful arc in patients with 

subacromial impingement syndrome and suggests that the subacromial 

space might be compromised at this range of motion (Figure 1.5) (Brox, 

2003). 

 

 

 

 

 

 

 

 

 
Reproduced with permission from Clinical Examination in Rheumatology, Doherty and 
Doherty, Wolfe 1992". 

 

Figure 1.5 Painful arcs:(a) painful middle arc (supraspinatus/subacromial 
bursitis), and (b) painful superior arc (acromioclavicular joint). 

 

 

Disruption of scapulo humeral rhythm  

Disruption of the normal scapulohumeral rhythm can cause glenohumeral 

joint pathology (Lugo et al., 2008). In people with instability, the ratio 

between the glenohumeral and scapulothoracic joint motion is increased, 

while in those with RC  tears and impingement it is decreased (Inman et 

al., 1944, Halder et al., 2000). A study from the Kerlan-Jobe Clinic showed 
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that subscapularis weakness and/or serratus anterior muscles led to 

symptoms of RC tendinitis in young baseball players (Glousman et al., 

1988). Therefore, in the rehabilitation for people with subacromial 

impingement syndrome and RC tendinitis it is important to focus mainly on 

scapulothoracic stabilisation by strengthening the scapular muscles (Lugo 

et al., 2008, Brox, 2003). 

 

1.4 Pain mechanism s and pathology of the shoulder  

This section describes pain mechanisms in people with CSP and provides 

an overview of the different pathologies of the shoulder joint. 

1.4.1 Pain mechanisms  
 

It is important to understand why some individuals with MSK pain develop 

a chronic pain syndrome. Pain may arise from different tissues including 

tendons, bursae, ligaments, and muscles. The threshold for experiencing 

pain depends on several factors such as sex, genetic factors, and 

psychological factors (Sanchis et al., 2015, Noten et al., 2017). Shoulder 

movement may be affected by pain, fear of pain or structural abnormality. 

Fear of pain means that expectation or fear of pain affects the patientôs 

behaviour and the neuromuscular function (Brox, 2003). It has also been 

found that depression and anxiety mediate central sensitisation and 

predict prognosis in people with MSK pain (Orenius et al., 2013). 

Specifically, people with shoulder pain appear to have higher rates of 

anxiety and depression compared to healthy controls (Cho et al., 2013). In 

recent years, the presence of central sensitisation has been demonstrated 
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in some people with shoulder pain. Central sensitisation is defined as the 

development of neural signalling within the central nervous system that 

provokes pain hypersensitivity (Sanchis et al., 2015, Noten et al., 2017). 

Central sensitisation is a broad term that includes sensory processing 

distortion in the central nervous system (Staud et al., 2007), dysfunction of 

descending pain inhibitory mechanisms (Meeus et al., 2008), and 

increased pain facilitatory mechanisms (Meeus and Nijs, 2007). 

 
Recent systematic literature reviews have highlighted that central 

sensitisation plays a major role in many chronic pain conditions such as 

OA (Lluch et al., 2014), chronic fatigue syndrome (Nijs et al., 2012), and 

rheumatoid arthritis (Meeus et al., 2012). Furthermore, some studies have 

demonstrated the role of the central nervous system in pain experienced 

by people with chronic RC tendinopathy (Littlewood et al., 2013), and 

adhesive capsulitis  (Struyf and Meeus, 2014). A systematic review by 

Sanchis et al. (2015) was conducted to evaluate the current evidence on 

the presence of central sensitisation in people with unilateral shoulder 

pain of different causes including RC tendinopathy and chronic 

subacromial impingement syndrome. A total of 10 studies were included, 

7 were categorised as case-control and the other three were cross-

sectional. Of the 10 studies, eight supported the presence of a key role of 

central sensitisation in people with unilateral shoulder pain and RC 

tendinopathy. This was confirmed through a variety of different objective 

(e.g., widespread hyperalgesia, suprathreshold heat pain response) and 

subjective (e.g., enlarged radiation of pain down the arm) parameters. 

However, two studies in this review did not find any evidence regarding 
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the presence of central sensitisation in people with unilateral shoulder 

pain or RC tendinopathy. Although the results suggested that peripheral 

mechanisms are involved and hypersensitivity of the central nervous 

system might play a substantial role in a subgroup within the shoulder 

pain population, this has been poorly investigated in the literature and 

needs further investigations (Sanchis et al., 2015).  

 

1.4.2 Shoulder pathologies  
 

CSP can result from one or more of the following pathologies: adhesive 

capsulitis, glenohumeral OA, subacromial pain, RC tendinopathy, RC 

tears, and bursitis. This section explains some shoulder pathologies and 

their symptoms, and some management options.  

 

1.4.2.1  Adhesive capsulitis (frozen shoulder) 
 

Adhesive capsulitis, also known as ñfrozen shoulderò, is a common 

condition that is characterised by a painful and progressive loss of active 

and passive range of motion (leading to fixed internal rotation and 

adduction) resulting from contracture and progressive fibrosis of the joint 

capsule (Neviaser and Hannafin, 2010, Ramirez, 2019). The 

pathophysiology of adhesive capsulitis in not completely clear and is 

regarded generally as an idiopathic condition (Ryan et al., 2016, Ramirez, 

2019, Redler and Dennis, 2019). Several studies have shown that it 

appears to start as an inflammation with associated synovitis that 

progresses to fibrosis formation and contracture of the shoulder capsule 

(Brox, 2003, Ramirez, 2019, Redler and Dennis, 2019).  
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The prevalence of adhesive capsulitis in the United States (USA) in 2019 

was between 2% to 5% in the general population aged between 40 and 60 

years old (Ramirez, 2019). In the UK, a large primary care study found 

that adhesive capsulitis affected 10% of females and 8% of males aged 

between 35 and 66 years (Walker-Bone et al., 2004). Most people with 

adhesive capsulitis are females, often with diabetes and aged between 40 

and 60 years (Brox, 2003, D'Orsi et al., 2012, Zreik et al., 2016, Ramirez, 

2019). A meta-analysis conducted by Zreik et al. (2016) found that people 

with diabetes were five times more likely to have adhesive capsulitis 

compared to those without diabetes. The prevalence of adhesive 

capsulitis in the population with diabetes was 13.4%, and the prevalence 

of diabetes in people with adhesive capsulitis was estimated to be 30% 

(Zreik et al., 2016). 

 
The clinical course of adhesive capsulitis consists of 4 stages, specifically: 

stage 1, the pre-adhesive stage; stage 2, acute adhesive capsulitis; stage 

3, the maturation phase and stage 4, the chronic stage (Neviaser and 

Hannafin, 2010, Ramirez, 2019). The pre-adhesive phase is characterised 

by an inflammatory reaction without adhesion. At this phase, people 

typically report pain that is worse at night but without limitation in the 

range of motion. Phase 2 is the acute phase during the adhesive 

capsulitis clinical course, which is marked by formation of adhesions and 

maximum pain that might radiate to the arm and hand. The most common 

symptoms at this time are pain and slight loss of range of motion. Phase 

3, the maturation phase, involves more fibrosis formation and less 

synovitis. Pain might be less severe in this phase, but the range of motion 
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is significantly limited (Neviaser and Hannafin, 2010). In phase 4, also 

known as the chronic stage and sometimes termed the ñthawingò stage 

(Neviaser and Neviaser, 1987), the adhesions will be fully mature, the 

movement is severely reduced, and shoulder pain is often only mild or 

absent (Neviaser and Hannafin, 2010, Ramirez, 2019). Although the 

amount of improvement seen in this phase is controversial, a gradual 

improvement in motion can occur in this stage. With time the movement of 

the shoulder can slowly improve back to or close to the personôs normal 

range (Neviaser and Hannafin, 2010).  

The management of adhesive capsulitis initially includes nonsurgical 

approaches such as physiotherapy, oral NSAIDS and intra-articular 

steroid injections (Neviaser and Hannafin, 2010, Ramirez, 2019). If there 

is insufficient improvement with nonsurgical approaches, arthroscopic 

capsular release and manipulation under anaesthesia may be considered 

(Neviaser and Hannafin, 2010, Yip et al., 2018, Ramirez, 2019).  

 

1.4.2.2  Glenohumeral osteoarthritis 

Osteoarthrosis (OA) is ña common complex disorder with multiple risk 

factors and varied phenotypic expressionò (Lafeber et al., 2016). Shoulder 

OA is sometimes described as either primary or secondary. Primary OA in 

the glenohumeral joint occurs when there are no specific causes that 

could lead to joint damage and malfunction (Chillemi and Franceschini, 

2013). Primary OA is relatively uncommon compared to other sites such 

as the knee or hand and mainly occurs in people aged 60 years or more 

(Millett et al., 2008, Silva et al., 2023). Secondary OA refers to OA due to 
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traumatic injury to the joint or from recurrent dislocations, severe RC injury 

and chronic instability (Millett et al., 2008, Silva et al., 2023). Several 

theories have been proposed in the literature regarding etiological factors 

leading to glenohumeral OA, such as advanced age, genetic factors, 

excessive mechanical loading, RC arthropathy, previous fracture and 

inflammatory arthritis (Lehtinen et al., 2000, Ecklund et al., 2007, Kopec et 

al., 2007, Fernández-Moreno et al., 2008, Sanchez-Adams et al., 2014, 

Kobayashi et al., 2014, Ibounig et al., 2021). Ageing is considered to be 

the principal risk factor for glenohumeral OA. As people age, their hyaline 

cartilage's chondrocyte density and responsiveness to growth factor 

decrease, making the joint cartilage more susceptible to damage (Martin 

and Buckwalter, 2003). The prevalence of glenohumeral OA increases 

with age, rising from 1.8% in people in their 40s to 27.5% in those in their 

80s (Kopec et al., 2007, Kobayashi et al., 2014). Degenerative joint 

damage has been recognised to be largely influenced by genetic factors 

(Fernández-Moreno et al., 2008). It is estimated that between 35% and 

65% of OA is due to genetic influence, and inheritance patterns are 

complex and polygenic (Fernández-Moreno et al., 2008). Some genetic 

variations and risk loci have been directly associated with OA in recent 

studies, while others have been associated with contributing factors like 

obesity, congenital joint malalignment, and excessive inflammation 

(Chapman and Valdes, 2012, Loughlin, 2015).            

Although glenohumeral OA is not as prevalent as knee and hip OA, the 

prevalence of radiographic glenohumeral OA in the UK was approximately 

21% in people with shoulder pain in primary care (Tran et al., 2022). The 
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prevalence increased with age, with prevalence peaking in the 80ï89 age 

group (37.4%) (Tran et al., 2022). Radiographic glenohumeral OA was 

detected in 17.4% of the residents of a single village in Japan, and the 

prevalence of shoulder OA among people aged 65 years or older was 

20.3% (Kobayashi et al., 2014). In Korea, the prevalence of primary 

glenohumeral OA was 16%, and the prevalence of secondary 

glenohumeral OA was estimated to be 1.3% in people aged between 65-

97 years (Oh et al., 2011).  

The most common presenting complaint in glenohumeral OA is persistent 

deep joint pain that is activity-related and slowly progressive (Ibounig et 

al., 2021). This pain is frequently localised to the posterior aspect of the 

shoulder. As it worsens it may associate also with night and rest pain and 

decreases in range of motion and function (Brox, 2003, Pandya et al., 

2018, Ibounig et al., 2021). The diagnosis of glenohumeral OA is based 

usually on clinical and radiographic findings. Clinical examination findings 

in people with glenohumeral OA may include a reduced range of 

movement, especially external rotation and abduction, equal pain and 

restriction on active or passive movement, anterior-joint line tenderness, 

anterior-joint line crepitus, and effusion (Ibounig et al., 2020, Silva et al., 

2023). Radiographic findings may include osteophyte formation, sub-

chondral sclerosis, cysts, and predominantly focal joint space narrowing 

(Silva et al., 2023) (Figure 1.6).  
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Courtesy of Prof. Michael Doherty 

Figure 1.6 Radiograph showing osteoarthritis of the glenohumeral joint in 
(A), someone without a rotator cuff tear, and  (B) someone with a rotator 
cuff tear (shown by superior humeral head migration and sclerosis of the 
inferior acromion and superior humeral head) 

 

 

The management of glenohumeral OA aims to reduce pain, to improve 

and maintain function, and to improve quality of life (NICE, 2021, NICE, 

2022, Wood et al., 2023). The management approaches can be classified 

as conservative and surgical (Brox, 2003, Ansok and Muh, 2018). 

Conservative approaches include rest, oral NSAIDs with a COX inhibitor 

for gut prophylaxis, intra-articular steroid injection, physiotherapy and 

modifications of the activities of daily living (Millett et al., 2008, Pandya et 

al., 2018, Ansok and Muh, 2018). In severe cases and if conservative 

approaches fail, surgery may be considered. Surgical strategies include 

total shoulder arthroplasty, reverse shoulder arthroplasty and 

hemiarthroplasty (Brox, 2003, Millett et al., 2008, Pandya et al., 2018).  
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1.4.2.3  RC tendinopathy (subacromial impingement syndrome) 
 

Disorders of the RC muscles or associated soft tissues are the most 

common cause of CSP (Lewis et al., 2009, Lewis, 2009, Seitz et al., 2011) 

(Hsiao et al., 2015, Consigliere et al., 2018, Creech and Silver, 2021), 

accounting for 44% to 65% of all shoulder complaints (Consigliere et al., 

2018, Creech and Silver, 2021). RC disorders has been described as a 

progressive disorders of RC tendons. It starts with an acute inflammation, 

pain and weakness and progresses to degeneration with partial thickness 

tear and potentially a full thickness tear (Seitz et al., 2011, Lewis et al., 

2015). It is a debilitating problem that can cause functional limitation and 

sleeping difficulties. In the Netherlands, a Dutch study found that 

impingement syndrome was the most frequent shoulder disorder (29%) in 

the general population, specifically between the ages of 25 and 64 years 

(van der Windt et al., 1995). More recently, in the UK, of the 20% to 50% 

of people who have shoulder pain and seek medical treatment, 25% are 

diagnosed with RC disorders (Consigliere et al., 2018, Creech and Silver, 

2021). The incidence of shoulder impingement syndrome was found to 

increase with age and to associate with lifting heavy loads, repetitive 

activities and some sports that require repetitive overhead arm activities 

such as swimming, handball and volleyball (van der Windt et al., 1995, 

Garving et al., 2017, Consigliere et al., 2018, Creech and Silver, 2021).  

The definitive cause of RC tendinopathy remains uncertain, but several 

proposed mechanisms have been described. The pathophysiology of RC 

tendinopathy may be divided into intrinsic, extrinsic (external) and 

combined mechanisms (Seitz et al., 2011).  
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Extrinsic mechanisms of RC tendinopathy include anatomical factors, 

biomechanical factors, or a combination of both that originate external to 

tendon, shear force or compression (Seitz et al., 2011). Anatomical factors 

that may significantly narrow the subacromial space and compress the RC 

tendons include variations in shape of the acromion or orientation of the 

slope/angle of the acromion (Vaz et al., 2000, Ogawa et al., 2005). One 

suggestion is that RC tendinopathy involves narrowing of the subacromial 

space due to coracoacromial ligament hypertrophy and subacromial 

osteophyte formation, which reduce the space for the RC tendons (Neer 

and Welsh, 1977). The subacromial space is formed by the acromion, 

coracoacromial ligament, and the acromioclavicular joint superiorly, and 

the humeral head inferiorly (Consigliere et al., 2018). The space between 

the acromion and the humeral head normally ranges from 1.0 to 1.5 cm 

(Consigliere et al., 2018, Creech and Silver, 2021). When the shoulder is 

abducted at 90 degrees and rotated internally at 45 degrees, the 

subacromial space width is at its lowest and the humerus comes closer to 

the acromion (Consigliere et al., 2018). If shoulder biomechanics are 

compromised, the soft tissues and the RC tendons between the acromion 

and the humeral head will be irritated and compressed increasingly. The 

repetitive compression and degeneration of the RC tendons contribute to 

the narrowing of the subacromial space (Creech and Silver, 2021, 

Consigliere et al., 2018). Another explanation proposed is that 

subacromial impingement syndrome involves inflammation of the 

subacromial bursa in response to RC injury (Brox, 2003, Hsiao et al., 

2015). The constitutional shape of the acromion might contribute also to 
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the development of impingement syndrome as an external compressive 

force (Creech and Silver, 2021, Varacallo et al., 2021). The shape of the 

acromion is classified by its three common morphologies into flat, curved, 

and hooked (Varacallo et al., 2021). Several studies have found an 

association between the hooked type of acromion and the presence 

of impingement syndrome symptoms (Gill et al., 2002, Inderhaug et al., 

2018, Varacallo et al., 2021). Biomechanical factors include postural 

abnormalities, RC and scapular muscle dysfunction, aberrant scapular 

and humeral kinematics, and reduced extensibility of the posterior 

shoulder tissues or pectoralis minor (Seitz et al., 2011).  

 
Extrinsic theories have suggested that RC tendinopathy might be a 

consequence of friction of the RC tendons with structures such as the 

humeral head below and the coracoacromial arch above and this is 

probably due to poor function and weakness of the RC and scapular 

muscles (Lewis et al., 2009, Lewis et al., 2015). Neer (1983) claimed that 

the majority of RC pathology was caused by irritation between the 

superior part of the RC and the anteroinferior surface of the acromion 

(Neer, 1972, Neer, 1983). On the other hand, intrinsic mechanisms are 

characterised by tendon pathology that originates mainly within the tendon 

(Seitz et al., 2011). Intrinsic mechanisms are factors that directly affect 

tendon health and quality, including ageing (Neer, 1983, Kumagai et al., 

1994, Milgrom et al., 1995, Woo, 2000), genetics (Harvie et al., 2004), and 

poor vascularity (Biberthaler et al., 2003). Overload also has been known 

to be one of the major causes of RC tendinopathy. Excessive loading 

occurs predominantly in dominant limbs, physically demanding manual 
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work and in some sports with upper limb loading including swimming (Sein 

et al., 2010). Several studies have suggested that intrinsic degeneration 

within the RC tendon is the major factor in RC pathology. Hashimoto et al. 

(2003) clarified the pathological mechanism of the RC tear by analysing 

the distribution of pathologic lesions in the torn tendons. Histopathologic 

examination revealed degenerative changes within RC tendons that 

included disorientation of collagen fibres, tendon thinning, hyaline 

degeneration, vascular proliferation, calcification, and  fatty infiltration 

(Hashimoto et al., 2003). 

Comprehensive history-taking and physical examination are fundamental 

to the diagnosis of RC tendinopathy. Other diagnostic approaches include 

imaging such as magnetic resonance imaging (MRI) and ultrasound 

(Garving et al., 2017). MRI allows evaluation of soft tissue and bony 

structures within the shoulder girdle, while ultrasound enables the 

assessment of bursitis tendinopathy, and tendon ruptures (Jaggi and 

Lambert, 2010, Creech and Silver, 2021). 

 

1.4.2.4  RC tears 
 

RC tear is the last stage of RC tendinopathy, which is characterised by 

rupture of the RC tendons (Brox, 2003, May and Garmel, 2021). It starts 

initially as tendinopathy and progress to partial tear, and finally to 

complete tear (May and Garmel, 2021). RC tear accounts for 

approximately 50% of major shoulder disorders (Murrell and Walton, 

2001) (Brox, 2003). In the UK, the ultrasonographic prevalence of 

symptomatic and asymptomatic full-thickness tears was 22% in the 
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population aged between 64 and 87 in a large general practice in 

Chingford, North London (Hinsley et al., 2022). The reported 

ultrasonographic prevalence of symptomatic and asymptomatic RC tears 

in the population aged over 60 and over 80 ranges between 30% and 60% 

respectively in Japan (Dang and Davies, 2018). In Germany, a 

prospective cohort study found that the prevalence of RC tear increased 

from 30% in people aged 70 to 50% in those aged 80 (Tempelhof et al., 

1999). Furthermore, a large observational study demonstrated a 

significant increase in RC repair surgery in the years 2008 and 2009 

(4.7/100 000, 95% CI 4.5 to 4.8) in 152 local health areas across England 

(Judge et al., 2014). The growing awareness of the availability of such 

surgical intervention among patients and GPs may be the cause of this 

increase. Additionally, the number of specialist shoulder surgeons 

qualified to carry out these operations has increased, as indicated by the 

BESS (British Elbow and Shoulder Society), which demonstrated a 164% 

rise over this period (Judge et al., 2014). After 2010, the rate of RC 

surgery in the UK had fallen dramatically returning to rates for this type of 

surgery seen ten years earlier. One possible reason for the observed 

decrease is that it occurred at the same time that the United Kingdom RC 

(UKUFF) trial started. UKUFF is a multicentre randomised controlled trial 

with approximately 90 surgeons from around the UK, evaluating the cost-

effectiveness and clinical results of various RC surgery options (Judge et 

al., 2014). 

The causes of RC tears are multifactorial, and it appears to be a 

combination of microtrauma and age-related degenerative changes 
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(Tashjian, 2012, May and Garmel, 2021). Additionally, there are several 

risk factors associated with RC tears such as age, smoking, poor posture, 

hypercholesterolemia, and activities that require repetitive overhead arm 

activity (Tashjian, 2012, May and Garmel, 2021, Varacallo et al., 2021). 

Again, the history and physical examination are the key elements in 

diagnosing RC tear. Most people with RC tear will complain of pain that 

commonly radiates down the deltoid muscle region (Dang and Davies, 

2018). The pain can be acute due to obvious trauma, or gradual in onset 

and increasing with time and activity. Traditionally, patients will report pain 

and difficulty with performing overhead arm tasks, lifting heavy objects 

and sleeping on the affected side. On physical examination, patients may 

show muscle weakness 

to resisted arm elevation in the Jobe position (supraspinatus muscle), or 

at 90 degrees of abduction (teres minor muscle), or weakness of internal 

rotation (subscapularis muscle) or resisted external rotation at 0 degrees 

of abduction (infraspinatus muscle)(Dang and Davies, 2018). There may 

be tenderness of the supraspinatus, infraspinatus, or teres minor muscles. 

Additionally, they commonly have pain in the mid-range of active, but not 

passive, movement between 60 and 120 degrees of abduction (i.e., the 

painful arch) (Hermans et al., 2013) (Figure 1.5).  

 

1.4.2.5  Shoulder bursitis  
 

Subacromial-subdeltoid bursa inflammation has been proposed recently 

as a primary cause for persistent shoulder pain and limitation of range of 

motion (Draghi et al., 2015, Kennedy et al., 2017, Faruqi and Rizvi, 2021). 
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Bursae are synovial lined sacs between MSK structures that function to 

reduce friction and facilitate normal movement (Draghi et al., 2015, Faruqi 

and Rizvi, 2021). The subacromial bursa is the main bursa of the 

shoulder, and it composed of three parts, the subacromial, subdeltoid, and 

subcoracoid portions (Draghi et al., 2015, Kennedy et al., 2017). The 

subacromial bursa, along with the RC muscles are considered to be the 

primary source of pain in the shoulder (Henkus et al., 2006, Lewis et al., 

2015). Bursitis accounts for approximately 0.4% of primary care shoulder 

pain consultations (Faruqi and Rizvi, 2021). It is common in people who 

are involved in repetitive overhead arm activities such as athletes and 

manual workers (Faruqi and Rizvi, 2021). Subacromial bursitis is more 

common in older people due to age-related wear and degeneration 

process leading to subacromial impingement (Faruqi and Rizvi, 2021). 

Subacromial bursitis can be caused by several pathologies including 

acromioclavicular joint disorders, RC tendinopathy, subacromial 

impingement syndrome, calcific periarthritis, infection, pigmented 

villonodular synovitis, rheumatoid arthritis and acute shoulder trauma 

(Blaine et al., 2005, Faruqi and Rizvi, 2021). These causes lead to 

inflammation of the subacromial bursa, which increases the production of 

fluid and collagen by the bursa's synovial cells (Hirji et al., 2011). This 

bursal effusion might become haemorrhagic and is frequently fibrin-rich 

(Blaine et al., 2005). Bursitis is divided into three stages, specifically 

acute, chronic, and recurrent. The acute phase is characterised by 

localised inflammation, which results in pain during movement, particularly 

with overhead arm activities, whereas the chronic phase is characterised 
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by a chronic inflammatory process, resulting in more constant pain, 

weakness and tears of the surrounding tendons and ligaments. Patients 

exposed to overhead arm activities and repetitive trauma may develop 

recurrent bursitis (Kennedy et al., 2017, Faruqi and Rizvi, 2021). 

 

1.4.3 Clinical diagnosis  
 
A comprehensive and systematic clinical examination is the keystone for 

evaluation of patients with shoulder pain (Brox, 2003, Yang et al., 2021). 

Having an accurate diagnosis leads to better targeted management. The 

clinical examination consists of taking a history, inspection, at rest and 

during movement, palpation, range of motion and muscle strength testing, 

and special tests (Tennent et al., 2003, Brox, 2003, Yang et al., 2021). 

History taking is the first essential step in the patientôs assessment as it 

gathers important information for effective clinical decision making (Brox, 

2003, Tennent et al., 2003). Common questions in history taking to assess 

the characteristics of shoulder pain should including the onset, duration, 

associated symptoms, radiation, and aggravating and alleviating factors. 

The next step is observation, which involves looking at the shoulder 

anteriorly and posteriorly. The examiner needs to look for asymmetry 

between the two shoulders, presence of muscle atrophy, winged scapula, 

swelling, deformity or redness. Following observation, palpation of the 

shoulder may reveal tenderness, soft-tissue mass, and muscle spasm 

(Brox, 2003, Yang et al., 2021). For example, pain triggered by deep 

palpation of the lateral deltoid may indicate supraspinatus tendinitis or RC 

tear (Burbank et al., 2008). The next steps are range of motion and 
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muscle strength assessment, which allows determination of limitation in 

movement and muscle weakness (Brox, 2003). Assessing range of motion 

includes both active and passive movement. Loss of both may indicate 

frozen shoulder, whereas loss of only active range of motion may reflect 

RC tendinopathy (Yang et al., 2021). 

Following these initial steps of the shoulder assessment, physical 

examination tests need to be performed, which include muscular strength 

tests and provocative tests. Muscle strength tests, or resisted active 

movements, are usually performed by comparing the shoulder muscles of 

the affected side and contralateral side (Jain et al., 2013). Resisted active 

movements are used to detect RC lesions (Woodward and Best, 2000, 

Jain et al., 2013). The following movements are tested: (1) Resisted active 

abduction when the patient is asked to push their elbow outwards against 

the examiner's hand (Figure 1.7). If the patient has a painful middle arc 

and resisted active abduction reproduces the same pain then a 

supraspinatus lesion is the likely cause (Woodward and Best, 2000). If, 

however, they have a painful arc and resisted active abduction is pain-free 

then the likely problem is subacromial bursitis. (2) In resisted active 

external rotation, the patient's elbow is at their side, steadied by one of the 

examiners hands, the hand is pointing forwards, and the examiner asks 

the patient to push the hand outwards against the examiner's other 

restraining hand (Figure 1.8). Pain experienced in the upper arm suggests 

an infraspinatus/teres minor lesion (Jain et al., 2013). (3) In resisted active 

internal rotation, the patient's elbow and arm are placed in the same 

position as in the previous test and the examiner asks them to push the 
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hand inwards against the examiner's restraining hand (Figure1.9). Pain 

experienced in the upper arm suggests a subscapularis muscle/tendon 

lesion (Woodward and Best, 2000, Jain et al., 2013). 

 

 

 

 

 

 

 

 

 

Reproduced with permission from Clinical Examination in Rheumatology, Doherty and 
Doherty, Wolfe 1992". 
 

Figure 1.7 Resisted active abduction 

 

 

 

 

 

 

 

 

 

Reproduced with permission from Clinical Examination in Rheumatology, Doherty and 
Doherty, Wolfe 1992". 
 

Figure 1.8 Resisted active external rotation 
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Reproduced with permission from Clinical Examination in Rheumatology, Doherty and 
Doherty, Wolfe 1992". 

 

Figure 1.9 Resisted active internal rotation 

 

Provocative or special tests can be considered after history taking and 

physical examination. A large number of special tests that aid in specific 

shoulder diagnosis have been described in the literature such as Neerôs 

sign, which suggests RC tendinopathy, Hawkins' test which suggests 

supraspinatus lesion, and drop arm test which might indicate RC tear (Liu 

et al., 1996, Caliĸ et al., 2000, Tennent et al., 2003, Brox, 2003, Hegedus 

et al., 2008, Arnander and Tennent, 2014). In some cases, the 

combination of special tests may improve the diagnostic accuracy of the 

physical examination of the shoulder. Michener et al. (2003) suggested 

that more than three positive results in the painful arc, Neer sign, empty 
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can test, Hawkins-Kennedy test, or resisted active external rotation can 

confirm the diagnosis of RC tendinopathy (Michener et al., 2003). 

 

Imaging tests, including radiography, ultrasound, and MRI are often used 

for the examinations for shoulder pathologies (Gimarc and Lee, 2020). 

Radiographs may show changes of the bone, osteophytes, and focal/ 

asymmetrical loss of normal space between the head of the humerus and 

the glenoid and superior subluxation of the humeral head (Millett et al., 

2008, Pandya et al., 2018). It can be useful for diagnosing pathologies of 

the shoulder joint such as glenohumeral arthritis, fractures and calcific 

tendinitis (Brox, 2003, Ramirez, 2019). In more advanced cases, severe 

changes with deformity may appear in the x-ray (Millett et al., 2008, 

Pandya et al., 2018). However, several studies have found that MRI and 

ultrasound are more helpful compared to radiographs in diagnosing joint 

capsule pathologies such as RC tear and labrum tear as these 

pathologies compromise soft tissue, which will not be visible on 

radiographs (Dinnes et al., 2003, Shahabpour et al., 2008, Ramirez, 2019, 

Yang et al., 2021). An example of that is adhesive capsulitis, which can be 

accurately diagnosed with MRI in conjunction with appropriate clinical 

examination (Brox, 2003, Shahabpour et al., 2008, Ramirez, 2019). In 

conclusion, focused history taking, comprehensive physical examination 

and appropriate diagnostic imaging methods together are important key 

elements to reach a confident diagnosis and provide the optimal 

management for the patients.  
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In the context of CSP, as described in the previous paragraph, a range of 

physical clinical tests are used to support the specific diagnosis. However, 

their diagnostic accuracy varies, which can influence the accuracy and 

precision of clinical coding in primary care (OôKane and Toresdahl, 2014, 

Yang et al., 2021). The Neer impingement test, commonly used to identify 

subacromial impingement, has demonstrated only moderate sensitivity 

(72%)  and specificity (60%), which limits its utility as a standalone 

diagnostic tool (Hegedus et al., 2012, Yang et al., 2021). Similarly, the 

Hawkins-Kennedy test, another provocative test for impingement, is 

reported to have high sensitivity (80%) but moderate specificity (65%), 

making it more suitable for ruling out impingement when negative, rather 

than definitively confirming it when positive (Hegedus et al., 2012, OôKane 

and Toresdahl, 2014, Yang et al., 2021). Therefore, when used in 

isolation, the physical examinations associated with impingement provide 

limited diagnostic value. The empty can test, commonly used to detect 

supraspinatus tendon involvement, demonstrates high specificity (90%) 

but low sensitivity (44%), which may limit its effectiveness as a standalone 

screening tool and suggests that it is more useful for confirming rather 

than excluding supraspinatus pathology (Park et al., 2005).  

These findings align with recent literature questioning the effectiveness of 

orthopaedic tests in diagnosing shoulder pain (Gismervik et al., 2017, 

Salamh and Lewis, 2020, Requejo-Salinas et al., 2022). Most orthopaedic 

tests for diagnosing shoulder pain have low accuracy (Hegedus et al., 

2012, Hegedus et al., 2015, Gismervik et al., 2017). This is likely due to 

the difficulty of isolating and stressing a single anatomical structure 
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(Lewis, 2016), the presence of multiple altered structures (Dean et al., 

2013), and changes in local tissue mechanosensitivity (Struyf et al., 2015). 

In some cases, the combination of special tests (test clusters) may 

improve the diagnostic accuracy of physical examination of the shoulder 

conditions (Park et al., 2005, Hegedus et al., 2015, Requejo-Salinas et al., 

2022). For example, Michener et al. (2009) suggested that Ó 3 positive 

results using the following tests -  painful arc, Neer impingement, 

Hawkins-Kennedy impingement, external rotation resistance, or empty 

can test - can confirm the diagnosis of subacromial impingement 

syndrome (Michener et al., 2009). Similarly, Litaker et al. (2000) identified 

three findings that may indicate a RC tear, specifically  age Ó65, night 

pain, and weakness on external rotation (Litaker et al., 2000, Yang et al., 

2021).  

These limitations highlight the need to interpret these tests within a 

broader clinical context, incorporating patient history, symptoms, and 

additional diagnostic measures to ensure accurate identification and 

coding of shoulder conditions. Despite the widespread clinical use of 

these shoulder orthopaedic tests to inform a diagnosis, there is little 

evidence to support their clinical utility (Hegedus, 2008, Lewis, 2009, 

Hegedus et al., 2012). Given that many people have identifiable structural 

pathology on imaging without shoulder symptoms (Girish et al., 2011), 

reliance on physical tests with inconsistent diagnostic validity alone could 

result in misclassification and an underestimation of certain shoulder 

conditions in epidemiological datasets.  
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Proper diagnostic coding requires accurate clinical differentiation, 

particularly when using systems such as ICD-10 or Read Codes, or 

SNOMED codes, which frequently require a clear diagnostic label (e.g., 

ñRC syndromeò vs. ñadhesive capsulitisò). Misclassification resulting from 

inconsistent or ambiguous clinical findings can impact patient care as well 

as the accuracy of diagnostic coding systems used in research and the 

epidemiological data. Therefore, greater standardisation in clinical 

assessment, potentially supported by clustering tests, imaging or 

consensus-based diagnostic criteria, may help to improve the reliability of 

CSP coding and data quality in primary care settings. 

 

1.4.4 Management of chronic shoulder pain 
 

As discussed previously, effective treatment depends on the cause of 

shoulder pain. Currently, there is a paucity of evidence on the optimal 

treatment for shoulder complaints in primary care, and information on the 

actual management by the GP is limited (Mitchell et al., 2005, Doorn et al., 

2021). Most management options focus on controlling pain and restoring 

full shoulder function (Mitchell et al., 2005, Burbank et al., 2008). Table 1-

1 outlines the management options of some conditions associated with 

CSP. In addition to these options, cognitive behavioural therapy is 

considered an effective management approach. Cognitive behavioural 

therapy is a psychological treatment reported to improve quality of life and 

pain-related distress and disability in people with chronic pain (Morley et 

al., 1999, Wetherell et al., 2011). The cognitive behavioural model of pain 

acknowledges the role of underlying pathology as a source of pain and 
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emphasises the crucial role of psychological factors in pain (Keefe and 

Somers, 2010). Emotional factors such as depression and anxiety, 

cognitive factors such as perceived helplessness and self-efficacy, and 

behavioural factors can influence the pain perception and how the person 

adapts to pain (Keefe and Somers, 2010, Linton and Shaw, 2011). 

Cognitive behavioural therapy approaches have been increasingly studied 

in people with low back pain (Hoffman et al., 2007), however the extent to 

which this has been incorporated into the management of CSP is limited. 

A scoping review by Farzad et al. (2021) identified ten studies (seven 

randomised trials and three cohorts) that addressed the psychological 

aspects of shoulder pain. Out of seven randomised trials, four compared 

psychological interventions with usual MSK care. Eight studies used 

cognitive approaches, including face-to-face cognitive-behavioural 

treatment, physical-cognitive-mindfulness training, emotional freedom 

techniques, pain coping strategies, and psychological flexibility. Three 

studies used the behavioural approaches as their main intervention, 

including graded exercise therapy and behavioural therapy (Farzad et al., 

2021). Only one study used one approach (either behavioural or cognitive) 

in its evaluation and management. Two studies examined pain intensity as 

a primary outcome, and five studies examined it as a secondary outcome. 

Cognitive factors were assessed in 50% of the studies using nine different 

outcome measures. Emotional factors were examined in 80% of studies 

using ten outcome measures (Farzad et al., 2021). Most studies (70%) 

that used a biopsychosocial approach found reduction in pain intensity 

and catastrophising thinking related to pain. Additionally, there was a 
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positive association between cognitive approaches and reductions in the 

emotional aspect of pain (Farzad et al., 2021). However, none of the 

studies provided a comprehensive explanation on how the three 

psychological factors (cognition, emotion, and behavioural) were 

addressed in evaluation, and treatment. 

 

 

 

Table 1-1 Management of chronic shoulder pain 

Condition Initial management 

Further treatment 
options if no 
improvement with 
initial management 

Adhesive capsulitis  Physiotherapy, activity 
modification, NSAIDs, 
intra-articular 
injections  

Intra-articular 
corticosteroid 
injection, surgery  

Glenohumeral OA  Physiotherapy, activity 
modification, NSAIDs 

Intra-articular 
corticosteroid 
injection, possible 
surgery 

Acromioclavicular 
joint OA  

NSAIDs, activity 
modification  

Corticosteroid /local 
anaesthetic injection, 
surgery 

Glenohumeral 
instability  

Physiotherapy, activity 
modification  

Surgery 

RC pathology  For small RC tear 
(physiotherapy, 
activity modification, 
NSAIDs) 
For large RC tear, 
conservative 
management as listed 
above   

Subacromial 
corticosteroid 
injection, surgery 

NSAIDs- nonsteroidal anti-inflammatory drugs, RC-rotator cuff 
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1.5  Epidemiology  of chronic shoulder pain  
 

Epidemiology is defined as ñ the study of the occurrence and distribution 

of disease in populations and the factors that account for this distributionò 

(Shy, 1986, Frérot et al., 2018). Prevalence and incidence are the most 

common measures of disease frequency in epidemiology (Noordzij et al., 

2010). Prevalence is a measure of the total burden of a disease within a 

population. It is defined as the total number of people with a specific 

condition at or within a specific time period. Incidence is defined as the 

number of newly developed cases in a population during a specified time 

period and can be expressed as a risk or an incidence rate (Noordzij et al., 

2010).  

Understanding the burden of CSP is crucial for clinicians and policy 

makers when providing healthcare services, and management options. 

Shoulder pain has been estimated to be the third most common MSK 

condition in primary care (Urwin et al., 1998). A number of studies 

examining the epidemiology of shoulder pain have been cited in the 

literature, and the prevalence and incidence estimates varied across these 

studies (Urwin et al., 1998, Tekavec et al., 2012, Cho et al., 2015, Sarakbi 

et al., 2020). Lucas et al. (2022) carried out a systematic review including 

61 observational studies which summarised the evidence on the 

prevalence and incidence of shoulder pain and explored the influence of 

different case definitions of shoulder pain on prevalence estimates. The 

case definition for shoulder pain in that review was restricted to pain in the 

shoulder region not incorporating the neck or upper limb areas. The 

majority (84%) of the studies used a questionnaire or interview method to 
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collect data on shoulder pain, while the remaining studies analysed 

primary care health records. Of the 61 included studies, 16 had an overall 

moderate risk of bias, 45 had an overall low risk of bias, and none had a 

high risk of bias. Results showed that the overall prevalence of shoulder 

pain in primary care (healthcare database) ranged from 1.0% to 4.8%. 

The prevalence of shoulder pain in the general population varied widely, 

from 0.67% to 55.2% in the population aged between 15 and 85 years. 

Females were found to be more likely to have shoulder pain than males, 

and studies undertaken in higher income countries had higher prevalence 

than those from lower income countries, specifically 16.9% and 0.7%, 

respectively. One explanation for that might be because of the easier 

healthcare accessibility and availability in the higher income countries 

compared to lower income countries. Eight studies reported the incidence 

of shoulder pain, of which seven were conducted in high income 

countries. The overall annual incidence rates for shoulder pain ranged 

from 7.7 to 62 per 1000 person-years. Only two studies focused on the 

general population, presenting an incidence of shoulder pain of 11.4 per 

1000 person-years in Kuwait and 62 per 1000 person-years in residents of 

a village in Bangladesh. A subgroup analysis was undertaken stratified by 

the duration of pain symptoms (1 week or less; 2 to 6 weeks; 12 months 

or longer), and the case definition of shoulder pain that was used. 

Prevalence estimates ranged from 10.8 ï 55% for a reference period of 

12-months or more, 2.0 ï 34 % for a reference period of 7 days, 12 ï 42 

% for a period of 2 ï 6 weeks, and 20.9 ï 26% for point-prevalence (Lucas 

et al., 2022). Prevalence estimates stratified according to case definition 
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show that studies using a restricted case definition reported similar 

prevalence estimates. As expected, studies using healthcare records 

reported a consistently lower prevalence of shoulder pain. However, there 

are several caveats to this study. The common limitation across the 

included studies was the use of a target population that was not 

representative of the general population. This was particularly apparent in 

countries where the socioeconomic status varied considerably across the 

country, such as between rural areas and urban centres. Additionally, 

there was a lack of standardised case definitions and data collection 

methods across the included studies. Some studies used a body map to 

identify areas of pain, swelling, or stiffness in the shoulder region, while 

others used a more restricted case definition including frequency and 

duration of shoulder pain symptoms, which might explain the considerable 

variations in prevalence estimates among studies. In contrast to the 

previous studies, a broader definition for shoulder pain has been 

introduced by Takala (1982), which included ache or stiffness or difficulty 

of movement in the shoulder or upper arm. The prevalence estimate 

according to this definition was 17% in adults aged between 40 and 64 

years (Takala, 1982) .  

 
Cho et al. (2015) conducted a cross-sectional study to determine the 

prevalence of radiographic OA in the spine, shoulder, hand, hip, and knee 

in the Korean population over the age of 65 years. Of the 1118 invited 

participants, 696 (females 398, males 298) participated in the study 

(response rate 62%). The mean age of respondents ranged from 65 to 99 

years. Radiographs of the spine, shoulder, hand, hip, and knee were 
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taken and examined for radiographic OA. Results revealed that the 

highest prevalence of radiographic OA was seen in the lumbar spine 

(66%) followed by the hand (60%), knee (38%), shoulder (5%), and hip 

(2%) (Cho et al., 2015). However, the findings of this study need to be 

interpreted with caution due to several limitations. First, there may have 

been recruitment bias in terms of participant selection since the 

respondents were younger than the non-respondents. Furthermore, 

people who were symptomatic might have been more likely to participate 

in the study to obtain radiographic examination and a diagnosis. 

Therefore, the true prevalence of OA among Koreans could be 

underestimated or overestimated as a result of these potential biases. 

Recently, Khosravi et al. (2019) examined the prevalence of shoulder pain 

in middle aged females in Iran. A total of 511 females aged between 45 

and 65 years old were selected through a cluster-sampling method 

(Khosravi et al., 2019). The case definition of shoulder pain was having 

pain lasting for more than one week and localised to the proximal 

anterolateral shoulder area. Presence of shoulder pain was determined 

from the following question: ñHave you ever had shoulder disorder in the 

present time or long lasting?ò. The point and lifetime prevalence of 

shoulder pain was 18.6% and 27.6%, respectively (Khosravi et al., 2019). 

However, 10% of the participants reported cervical radiculopathy 

(Khosravi et al., 2019). Thus, the prevalence estimates might not indicate 

the true estimate of shoulder pain in the population, because cervical 

disorders can mimic shoulder pathologies. Additionally, sometimes it is 

hard for people to differentiate between shoulder and neck pain.  
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1.5.1 Epidemiology of chronic shoulder pain in the UK 
 

Several studies in the literature have explored the epidemiology of MSK 

pain in the UK, but few have focused on CSP. In 1998, Urwin et al. 

conducted a cross-sectional study to determine the prevalence of MSK 

pain at multiple anatomical regions. A sample of 6000 adults aged 

between 16 and 75 from three general practices were mailed a 

questionnaire that collected data on demographic factors, physical 

disability, and MSK pain in the last month in the neck, back, shoulder, 

elbow, hand, hip, knee, or multiple sites. The most common site with MSK 

pain in the community was the back (23%; 95% CI 21 to 25) followed by 

the knee (19%; 95% CI 18 to 21), and the shoulder (16%; 95% CI 14 to 

17) (Urwin et al., 1998). However, the definition of shoulder pain was not 

clarified if it was chronic or acute in this study. In another study in 

Manchester, UK, Pope et al. (1997) explored the prevalence of shoulder 

pain according to four different shoulder pain definitions and restricted the 

definition to only those with associated disability (Pope et al., 1997). Two 

definitions were based on questions asking directly about pain in the 

shoulder and neck and the upper trunk areas, and two were based on 

marking the pain sites on a body chart of the shoulder region and the 

upper trunk. Postal questionnaires were sent to a sample of 500 people 

registered with a general practice in Manchester (Pope et al., 1997). The 

results showed that in total 160 (51%) people reported shoulder pain 

based on at least one definition. The one-month prevalence ranged from 

31% to 48% across the four definitions. The lowest prevalence was found 
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for the question asking directly about shoulder symptoms (31%). The 

highest prevalence was found for the broadest definition asking about pain 

in pre-defined areas on a body map (neck and trunk) (48%). In total, 27% 

of all respondents answered positively to all four definitions (Pope et al., 

1997). Only seven people who answered positively when asked directly 

about shoulder pain did not indicate symptoms on the body map for the 

shoulder region (Pope et al., 1997). On the other hand, 30% of those 

answering negatively to the direct question about shoulder pain pointed 

out symptoms on the body map for the upper trunk area or answered 

positively to the direct question about pain in the neck or upper trunk 

areas (Pope et al., 1997). It is clear that imprecise perceptions of 

anatomical areas by the participants often leads to inaccurate reporting of 

shoulder pain. However, the results of this study might not be 

generalisable as the population sample was taken from a single general 

practice in South Manchester (Pope et al., 1997). Additionally, the 

respondents were more likely to be people who had consulted their 

general practitioners for shoulder pain before the survey, which suggests 

that prevalence of shoulder pain based on the respondents to the 

questionnaire might have overestimated the prevalence in the general 

population.  

A prospective cohort study by Linsell et al. (2006) assessed the 

prevalence and incidence of shoulder pain in the UK population aged 

between 18 and 60 using a primary healthcare record database (the IMS 

Disease Analyzer-Mediplus UK) (Linsell et al., 2006). As far as is known, 

this was the only study that has examined the incidence of shoulder pain 



46 

 

in the UK. The overall prevalence and incidence of shoulder pain were 

2.4% and 14.7 per 1000 person years, respectively.  

 
Table 1-2 summarises the existing evidence regarding the general 

population burden of shoulder pain in the UK. Overall, the studies 

conducted in the UK highlighted that there are significant differences in 

reported prevalence and incidence rates of shoulder pain in the literature 

(Chard et al., 1991, Urwin et al., 1998, Lock et al., 1999, Badcock et al., 

2002, Walker-Bone et al., 2004, Linsell et al., 2006, Adamson et al., 2006, 

Jordan et al., 2010, Duncan et al., 2011, Docking et al., 2015a, Sanchez 

Santos et al., 2020). These differences might be explained by different 

case definitions of shoulder pain, population age and characteristics, 

variations in research and sampling methods used in these studies, and 

differences in reference periods which clearly led to discrepancy in results. 

However, there are several caveats to these studies, such as a lack of 

standardised case definition and data ascertainment methods. For 

example, in the study by Badcock et al. (2002), although the focus was on 

shoulder pain, the neck region was included which might not provide an 

accurate estimate for shoulder pain prevalence (Badcock et al., 2002), 

whereas Duncan et al. (2011) examined only the diagnosis of arthritis 

(Duncan et al., 2011). Many studies used questionnaires but the 

application of these was not consistent across studies. Also, Several 

studies did not obtain an adequate response rate, which can increase the 

risk of selection bias (Sanchez Santos et al., 2020). Furthermore, some 

studies did not report numerators and denominators with the prevalence 

or incidence estimate. The use of a selected target population might not 
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be representative of the UK general population, because socioeconomic 

status varies across areas of the UK, such as between rural areas and 

urban centres (Urwin et al., 1998, Jordan et al., 2010). For example, in the 

study by Sanchez Santos et al. (2020), although the population was 

broadly representative of the English population in terms of demographic 

and health-related characteristics, people living in more deprived area 

were less likely to participate in the study (Sanchez Santos et al., 2020). 

Only one study examined the incidence of shoulder pain in the UK using 

electronic medical records and found the incidence to be 14.7 per 1000 

person-years (Linsell et al., 2006). Finally, none of these studies 

specifically focused on the burden of CSP . 
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Table 1-2 Summary of reported prevalence of shoulder pain in the UK 

Study  Year  Country  Data 
ascertainment  

Study 
setting  

Sample 
Size 

Study 
population /  
Age group   

Case 
definition  

Prevalence 
period  

Prevalence  

Chard  1991 England Face-to-face 
questionnaire 
and physical 
examination 

Community 644 Age Ó 70. 
Residents of 
Cambridge 

Shoulder pain 
or disability 
 
More specific 
definition 
Shoulder 
condition by 
physical 
examination 

Point 
prevalence 
 
 
Prevalence 
of shoulder 
disorder 

26% 
 
 
 
21% 
 

Urwin  1998 England Face-to-face 
questionnaire 

Community 5752 Adults. Urban. 
Residents of 
Tameside and 
Glossop Area.  

Pain in the area 
of the shoulder 
for more than 
one week 

1 month 16% 

Lock  1999 England Postal 
questionnaire 

Community 1546 Age >= 17 
Urban. 
Residents of 
Newcastle-
upon-Tyne 

Shoulder pain 
restricted daily 
activities for 
more than 1 
week 

1 year 19.98% 

Badcock  2002 England Face-to-face 
questionnaire 

Community 2606 Age 18-75.  Ache or pain in 
the shoulder 
area. Marked 
on body map 

1 month 11.7% 

Walker-Bone  2004 England Face-to-Face 
questionnaire 
and physical 
examination 

Community 9696 Age 25-64. 
Southampton.  

Symptoms of 
pain, 
numbness, or 
tingling in the 
shoulder lasting 
at least one day 

7 days 7.4% 

Linsell  2006 UK Medical 
Records 

Primary 
care 

658469 Age Ó 18. 
Registered with 
a practice.  

Read codes 
from GP 
records - 
musculoskeletal 

1 year 2.36% 
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codes allocated 
to shoulder 
region 

Adamson  2006 Scotland Face-to-face 
questionnaire 

Community 858 Three cohorts 
aged around 15, 
35 and 55 
years. Urban. 
Residents of 
Glasgow 

Reported 
regular 
swelling, pain 
or stiffness in 
either shoulder.  
Marked on 
body map 

Unclear 25.52% 

Jordan  2010 UK Medical 
Records 

Primary 
care 

100758 Residents of 
North 
Staffordshire 

Read codes 
from GP 
records - 
musculoskeletal 
codes allocated 
to shoulder 
region 

1 year  1.99% 

Duncan  2011 England Face-to-face 
questionnaire 

Community 1029 Age Ó 85 
Residents of 
Newcastle 

Pain of the 
shoulder on 
most days 
during the last 
month 

1 month 30.7% 

Docking  2015 Scotland Face-to-face 
questionnaire 

Community 6013 Age Ó 55 
registered in 
general 
practices 

Any aches or 
pain that lasted 
for one day or 
longer in the 
shoulder 

1 month 27% 

Sanchez 
Santos  

2020 England Face-to-face 
questionnaire 

Community 5409 Age Ó 65 
 
Elderly 
residents in 
Merseyside, 
West-Yorkshire, 
West Midlands, 
Cambridgeshire, 
Gloucestershire, 
Dorset, 
Wiltshire, 

Any trouble 
(ache, pain, 
discomfort) in 
the shoulder 

6 weeks 29.80% 
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London or 
Oxfordshire.  
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1.5.2 Epidemiology of chronic shoulder pain in workers  
 

Work-related MSK conditions of the upper limb area is considered a major 

problem worldwide. Several epidemiological studies conducted in working 

populations have highlighted that there is a high prevalence of neck and 

shoulder pain disorders among workers with physically demanding jobs 

(Cassou et al., 2002, Feveile et al., 2002). Alipour et al. (2008) conducted 

a cross-sectional study to examine the prevalence of neck and shoulder 

pain in the largest Iranian car manufacturer workforce. Shoulder pain was 

defined as having complaints (aches, pain, and discomfort) in the shoulder 

region during the last year (Alipour et al., 2008). A total of 14,384 (79.8%) 

of all employees completed the questionnaire. Most of the employees 

were less than 30 years of age (59%), with low duration of employment 

(less than 6 years) (69%) (Alipour et al., 2008). Approximately 6.1% had 

self-reported shoulder pain (Alipour et al., 2008). However, in comparison 

to other studies of working populations comprising older workers in 

developed countries, the study by Alipour et al. (2008) focused on 

younger working population, and the prevalence of pain was relatively low. 

Several studies (Allander, 1974, Holmström et al., 1992, Daigneault and 

Cooney Jr, 1998) demonstrated that the prevalence of work-related neck 

and shoulder pain increases with age. 

 
In a prospective cohort study, Harkness et al. (2003) studied the new 

onset of shoulder pain in newly employed workers in different occupations 

in the UK. Participants were recruited from 12 occupational groups 

including firefighters, police officers, army officers, army infantry, dentists, 
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nurses, shipbuilders, postal workers, and forestry workers (Harkness et 

al., 2003). At baseline, a questionnaire was distributed to 1186 workers, 

and 1081 (91%) completed it. A body manikin was used to identify 

shoulder pain lasting at least 24 hours in the past month (Harkness et al., 

2003). Those participants identified at baseline as being free from 

shoulder pain (803, 74%) were eligible for follow-up. Follow-up 

questionnaires were sent to the participants at 12 and 24 months. Of 803 

at baseline, 638 (79%) responded at 12 months and 476 (88%) at 24 

months. Participants who reported shoulder pain for the first time were 93 

(15%) and 73 (15%), in the period 12 months and 24 months, respectively 

(Harkness et al., 2003). The prevalence estimates of shoulder pain varied 

largely according to the occupational group. For example, the prevalence 

in the army infantry was 35%, whereas in forestry workers, and 

shipbuilders the prevalence was 10% (Harkness et al., 2003).  

 
Recently in 2023, Yanik et al. (2023) conducted a population-based 

prospective cohort study to examine the relationship between 

occupational exposures and the risk of symptomatic RC diseases 

requiring surgery using UK Biobank data. Jobs and UK Standard 

Occupational Classification (SOC) codes were recorded during the UK 

Biobank verbal interview (Yanik et al., 2023) and lifetime job history was 

obtained through an online survey. Data on surgery for RC diseases were 

derived from the linked national hospital inpatient records. Yanik et al. 

(2023) linked UK SOC codes to the US SOC 2010 system to allow use of 

the recent job exposure matrix (JEM) based on the US occupational 

Information Network (O*NET) database. In brief, O*NET is an available 
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resource including scores rating the physical and mental requirements of 

over 800 jobs (Yanik et al., 2023). Approximately, 421,850 people aged 

between 40 and 69 were enrolled in this study. Of these, no job title was 

provided by 143,918 (34%) people, and 124 (0.03%) people had jobs that 

could not be scored with O*NET (Yanik et al., 2023). Results showed that 

of 277,808 people who reported their jobs, 1997 (0.7%) had RC disease 

operation, and 6.3% of these reported that their jobs often involved heavy 

manual work (Yanik et al., 2023). Additionally, it was found that more than 

10 years of exposure was significantly associated with increased risk of 

surgery for RC disease with an adjusted HR of 2.06 (95% CI 1.39 to 3.04, 

p < 0.003) (Yanik et al., 2023).  

 
In summary, occupations that require high physical demands on the arm 

are associated with shoulder disorders (Miranda et al., 2008, Svendsen et 

al., 2013, Seidler et al., 2020). Shoulder pain in workers might be due to 

mechanical exposures involving work load, repetitive work, heavy weights, 

lifting objects at or above shoulder level, carrying objects on one shoulder, 

and heavy pushing or pulling (Bernard and Putz-Anderson, 1997, van der 

Windt et al., 2000, Harkness et al., 2003). Previous studies clearly show 

that shoulder pain is considered to be one of the most frequent MSK 

conditions in the population. Knowledge of the determinants of shoulder 

pain is very important for the development of strategies to prevent 

shoulder pain. Thus, in the next paragraph, the potential risk factors for 

shoulder pain will be discussed. 
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1.5.3 Risk factors for chronic shoulder pain  
 

The aetiology of shoulder pain is thought to be multifactorial. Risk factors 

that have been associated with shoulder pain include personal risk factors 

such as female sex, older age, high body mass index (BMI) and smoking, 

and occupational risk factors such as activities that frequently require high 

force demands such as carrying heavy loads, packaging and working in 

industry (Bernard and Putz-Anderson, 1997, Luime et al., 2004, Ryall et 

al., 2007, Pribicevic, 2012, Sansone et al., 2014, Noten et al., 2017).  

 

1.5.3.1 Person specific risk factors  
 

 

Female sex   
 

Evidence shows that females are significantly more likely to experience 

shoulder pain compared to males (Andersen et al., 2003, Mitchell et al., 

2005, Straker et al., 2009), and that shoulder pain is almost twice as 

common in females as in males (Pribicevic, 2012, Djade et al., 2020). In a 

cross-sectional study conducted among a worker population in Denmark, 

being a female was found to be associated with neck and shoulder pain 

with an OR of 1.8 (95% CI 1.2 to 2.8) (Andersen et al., 2003). A 

prospective longitudinal cohort study by Hill et al. (2010) studied risk 

factors associated with shoulder pain in people aged 18 years old and 

above from the north-west region of Adelaide, South Australia (Hill et al., 

2010). At stage 1 of the study (2000), the sample was randomly recruited 

by telephone interview. At stage 2 (2002-2003), around 3206 participants 

attended the clinic to fill in a questionnaire and/or a clinical assessment 

(Hill et al., 2010). In total, 88% of the participants completed the self-report 
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questionnaire, 81% completed the telephone survey, and 81% attended 

the follow-up clinical evaluation. Results showed that females were 

significantly more likely to report shoulder pain, with an OR of 1.4 (95% CI 

1.2 to 1.7) (Hill et al., 2010).  

This could be explained by the biological differences in anatomy, strength 

and hormones that increase femalesô tendency to develop certain MSK 

conditions (Razmjou et al., 2016, Shultz and Fegley, 2023). Additionally, 

differences in pain thresholds between sexes and increased pain 

sensitivity in females could explain this higher prevalence (Razmjou et al., 

2016). Kindler et al. (2006) investigated the differences between males 

and females with shoulder pain in terms of their experience of 

experimental and clinical pain. Fifty-nine patients with shoulder pain 

requiring surgery were enrolled in the study. Information captured included 

demographics, clinical pain, catastrophising trait or state, and 

psychological status (Kindler et al., 2011). A series of experimental pain 

tests were conducted, which included pressure pain threshold, thermal 

pain, and thermal temporal summation (Kindler et al., 2011).They found 

that females reported greater pain severity (effect size 0.77, p-value, 

0.005) and showed enhanced sensitivity to experimental pain (masseter 

pressure pain effect size 0.92, p-value 0.001/ acromion pressure pain 

effect size 1.23, p-value <0.001/ Tolerance 1.23, p-value <0.001) (Kindler 

et al., 2011). However, the findings of this study might not be 

generalisable to other populations with pain, because the study population 

was a homogenous group of patients with marked CSP recruited prior to 

surgery, and excluded patients with less severe CSP (Kindler et al., 2011).  
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Age 

Most studies have reported that age is a strong risk factor for shoulder 

pain (Miranda et al., 2001, Luime et al., 2004, Jonasson et al., 2011). The 

reported increase of shoulder pain with age could result from degenerative 

changes of the shoulder and RC tendon which are associated with the 

ageing process (Pribicevic, 2012). Presumably, ageing-related 

physiological characteristics, such as joint and muscle degeneration, and 

decreased tissue healing, are thought to increase the risk of MSK 

conditions (Squires et al., 2003, Musumeci et al., 2015). Age has been 

shown to have a negative influence on tendon properties (Seitz et al., 

2011). Evidence from biomechanical studies suggest that there is a 

decrease in tendon elasticity, reduction in the number and functionality of 

tendon stem/progenitor cells, disorganised collagen content, and an 

increased deposition of glycosaminoglycans (GAGs), which may lead to 

inflammation, pain and impaired mobility. Also, with ageing, the total 

glycosaminoglycan and proteoglycans content in the supraspinatus 

tendon decreases (Riley et al., 1994). In older people, the number of 

microvessels in the tendon found to be significantly reduced, which makes 

the RC tissue more prone to adiposis, fibrovascular hyperplasia, 

calcification, and atrophy, which could be associated with RC tears (da 

Rocha Motta et al., 2014).The prevalence of CSP was found to increase 

from 23% in the 18-24 age group to 50% in the 55-64 age group in 

Australia (Pribicevic, 2012). Other studies have shown that those over age 

40 years are more likely to experience shoulder joint conditions such as 
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adhesive capsulitis, RC tears, RC tendinopathy, and glenohumeral OA 

(Woodward and Best, 2000, Murrell and Walton, 2001, Iannotti and Kwon, 

2005). Interestingly, several studies have reported the highest prevalence 

of shoulder pain in the middle aged population (40-64 years), which could 

relate to occupational activities, with a subsequent decrease of pain in 

older people that may result from reduced biomechanical stress following 

retirement (Chard and Hazleman, 1987, Picavet and Schouten, 2003, 

Parsons et al., 2007, Pribicevic, 2012).   

 

Obesity  

Obesity is considered a risk factor for shoulder pain. Two studies (Hill et 

al., 2010; Rechardt et al., 2010) found that shoulder pain was more 

common in females aged > 50 years, in smokers and in those classified 

as having high BMI (approximately 28 Kg/m2) (Hill et al., 2010) and a high 

waist circumference (Hill et al., 2010, Rechardt et al., 2010). Recently, 

Gumina et al (2014) studied the association between body fat and RC tear 

in a cross-sectional study. Approximately, 381 patients (180 males and 

201 females) who underwent RC repair were included (Gumina et al., 

2014). The control group included 220 participants with no RC repair. BMI 

and the percentage of body fat (BF%) were assessed for all the 

participants. They found that patients with RC tear had a higher BMI 

compared to subjects with no RC tear. Interestingly, patients with a small 

RC tear had lower BMI (27.85) and BF% (37.63) than patients with a 

massive tear (BMI, 29.93; BF%, 39.43) with significant differences 

between the two groups (p-value = 0.004; p-value =0.031) (Gumina et al., 
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2014). While this study presents strong evidence regarding the 

association between obesity and RC tear, other potential risk factors for 

RC tear which might have affected the results, such as smoking, genetic 

factors, physical activity level, diabetes and body habits were not 

considered or adjusted for in this study. It would be valuable to compare 

these findings with studies that took these factors into account. 

 

Smoking  
 
Shoulder pain has been associated also with smoking (D'Onise et al., 

2010, Gill et al., 2013). In a longitudinal cohort study conducted by Gill et 

al. (2013), current smoking was found to be associated with recurrent 

shoulder pain compared to people who did not smoke (p-value = 0.011). 

Smokers are more likely to complain of chronic MSK conditions in general 

(D'Onise et al., 2010, Gill et al., 2013). Barton et al. (1989) hypothesised 

that nicotine has a major effect on pain processing and may decrease 

pain threshold by sensitising pain receptors. This hypothesis is supported 

by an association found between tobacco and both chronic MSK pain and 

poor sleep quality (Averina et al., 2005, Mitchell et al., 2011). Mitchell et 

al. (2011) undertook a cross-sectional study of the Kentucky femalesô 

Health Registry from 2006 to 2008 to determine the relationship between 

smoking and chronic MSK pain. They found that females who were daily 

smokers reported more pain compared to females who never smoked 

(adjusted odds ratio [aOR] = 2.04 and 95% confidence interval [CI] 1.67 to 

2.49) (Mitchell et al., 2011). While this study provides evidence of the 

association between smoking and chronic MSK pain, it has some 
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limitations. For example, there is the possibility of selection bias since 

females not included in the registry may have differed from the females 

who participated in it (Mitchell et al., 2011).  

 

Socioeconomic status  

Socioeconomic status and education level are also considered a well-

known predictors of MSK pain in the literature (McBeth and Jones, 2007, 

Engebretsen et al., 2010, Putrik et al., 2015, Hansen et al., 2023), 

however, few studies explored this in people with shoulder pain. The term 

ñsocioeconomic statusò refers to differences in relative deprivation and is 

usually classified by factors such as levels of unemployment, home 

ownership and education (McBeth and Jones, 2007). Low socioeconomic 

status has consistently been associated with poor healthcare quality 

(Andresen and Miller, 2005). Macfarlane et al. (2009) found that people in 

the lowest social class experienced approximately a threefold increase in 

the risk of chronic widespread pain compared to the highest social class 

(RR 2.9, 95% CI 1.8 to 4.6). This might be explained by several factors 

such as lifestyle and psychological distress. There is evidence supporting 

the association between socioeconomic status and chronic pain, and two 

studies included area-level measures such as the Townsend Index (a 

combination of home ownership, car ownership, unemployment and over-

crowding) (Urwin et al., 1998, Eachus et al., 1999). Wilkinson (2010) 

proposed that social comparison, which has previously been shown to 

explain the link between poor health and low job status, might be a key 

mechanism by which inequality leads to poorer health (De Vogli et al., 
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2007). Additionally, social threats can cause anxiety and depression, 

which are involved in the development of chronic pain (Keefe et al., 2001). 

Socioeconomic factors such as low level of education was found to be 

associated with higher rates of chronic and disabling pain (McBeth and 

Jones, 2007). Engebretsen et al. (2010) studied the predictors of pain and 

disability (SPADI) and work status in 104 people with subacromial 

shoulder pain. Low education (Ò 12 years at school), was a significant risk 

factor for shoulder pain and disability at one year follow-up (aɓ-14.3, 95% 

CI -23.5 to -5.2; p-value = 0.003) (Engebretsen et al., 2010). High 

education levels found to be linked to improved personal economy, socio-

psychological resources, and a healthier lifestyle (Bot et al., 2005, Hagen 

et al., 2006, Furnée et al., 2008). Furthermore, low level of education 

found to be associated with low socioeconomic status, which has been 

suggested to associate with MSK pain (Bergman et al., 2001). One 

possible explanation for such association could be that people with low 

level of education could be more exposed to risk factors such as low level 

of physical activity, manual work, and nutritional deficits (Diderichsen et 

al., 2001). The clustering of these risk factors among people with lower 

educational level may increase their risk to the development of MSK 

conditions, and pain (Diderichsen et al., 2001). 

Another study by Kim et al. (2014) conducted a cross-sectional study to 

identify factors affecting the satisfaction and shoulder function of people 

with a recurrent RC tear. Education level was categorised to as high 

school graduate, college graduate, or postgraduate. The multivariable 

analysis showed that lower education level  was one of the significant 
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predictors of poorer scores in the functional limitations and pain scale (ɓ= 

0.39, p-value=0.003), Simple Shoulder test form (ɓ= 0.59, p-value=0.001), 

and pain visual analogue scale (VAS) (ɓ=0.33, p-value =0.01) of the 

shoulder in patients with RC muscle retear. However, this study has some 

limitations. First, the study is cross-sectional design which might not 

confirm the association between education level and MSK symptoms. 

Second, the VAS, as a one-dimensional linear scale, may not accurately 

reflect the multidimensional psychometric nature of patient satisfaction. In 

addition, only 48% of the included population were examined, therefore 

the data obtained may not reflect the entire population. 

 

Other risk factors  

There are other factors found to be key risk factors for RC tear such as 

type of acromion, and dominant side (Zhao et al., 2022, Xu et al., 2024). 

Acromion type was categorised based on the morphology observed in 

MRI using a common established classification system (Bigliani, 1986, Xu 

et al., 2024). This system identifies three types: Type I (flat), Type II (arc-

shaped), and Type III (hooked) (Figure 1.10) (Bigliani, 1986). Variations in 

acromion morphology found to be associated to mechanical impingement 

and RC disorders (Epstein et al., 1993, Gill et al., 2002, Varacallo et al., 

2021, Xu et al., 2024).  
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Figure 1.10 Illustrations of the acromial types according to the Bigliani 

classification. 

 

Acromion type 3 was significantly associated with greater risk of RC tear 

(Bigliani et al., 1991, Epstein et al., 1993, Worland et al., 2003, Morelli et 

al., 2019). Bigliani et al. (1991) proposed that a down-sloping acromion in 

the sagittal plane may cause impingement of the RC muscles, which could 

progressively lead to tear. People with a type-III acromion were found to 

have approximately three times higher odds of RC tear compared to 

people with a type-I or -II acromion (Morelli et al., 2019), however, not all 

authors have confirmed this (Ozaki et al., 1988, Balke et al., 2013).  

 

 

 

http://radiopaedia.org/
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1.5.3.2  Occupational risk factors 
 

Heavy, manual workload and repetitive shoulder movements have been 

associated with shoulder pain (Pribicevic, 2012, Noten et al., 2017) and 

prolonged durations of sustained shoulder or neck positions have also 

been found to be a major risk factor for RC tendon pain (Pribicevic, 2012, 

Noten et al., 2017). For example, dental hygienists and dentists undergo 

prolonged static postures, involving bilateral submaximal contractions of 

their muscles, with few intervals for rest (Hayes et al., 2014) and this 

might contribute for the high incidence of shoulder pain reported in dental 

professionals (Hayes et al., 2014). Previous research on samples of 

overhead athletes such as baseball players, as well as symptomatic and 

asymptomatic populations, has shown that repetitive loading increases 

tendon thickness (Malanga et al., 2012, Michener et al., 2015, McCreesh 

et al., 2017, Popchak et al., 2017, Porter et al., 2020). Repetitive loading 

during tasks can increase thickening of the supraspinatus tendon due to 

constant tendon remodelling (Wang et al., 2005). Repetitive loading 

causes thickness of the RC tendon (Leong et al., 2012, Malanga et al., 

2012, McCreesh et al., 2017). It has been demonstrated that people with 

tendinopathy have thicker supraspinatus tendons, which suggests an 

increase in tendon dimension (Joensen et al., 2009, Michener et al., 

2015). An increased thickness of the supraspinatus tendon causes the 

tendon to occupy a greater space of the subacromial space, which 

increase the likelihood of tendon compression and potentially pain 

(Michener et al., 2015, McCreesh et al., 2017). 
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In 2006, Sim et al. found that approximately 44% of manual workers 

experienced shoulder pain due to repetitive lifting of heavy objects and 

working in positions with their arms above shoulder height (Sim et al., 

2006). Another cross-sectional study involving 598 workers in occupations 

requiring repetitive movement such as supermarket cashiers, people 

working in packaging and people working in the food industry, especially 

meet cutting, found that in 18 different companies, repetitive working with 

arms above shoulder level was associated with shoulder pain (Leclerc et 

al., 2004). A recent systematic review by Wærsted et al. (2020) focused 

on the association and the exposureïresponse relationship between work 

above shoulder level and shoulder pain. 34 articles were included in which 

15 were cross-sectional, 16 were prospective cohort and 3 case-control. 

Of the 20 studies using questionnaires or interviews to assess self-

reported work with elevated arms, 15 used self-report approach only, four 

used a diagnosis of RC syndrome, and one study used partial or total 

supraspinatus tendon tears (Wærsted et al., 2020). Five studies used 

video recording to assess work exposure, five studies used technical 

measures (inclinometer) to measure arm elevation >90°, and four studies 

assessed work with elevated arms using expert ratings. Eighteen out of 

the 34 included studies presented a possible exposureïresponse 

relationship, with an increasing exposure to arm elevation associated with 

an increased reporting of shoulder pain and disorders.  

 
The findings demonstrated that, compared to studies with lower effect 

estimates, studies with large effect estimates (OR Ó 2) have a higher 

quality score, include analyses of severe arm elevation, use clinical 
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outcomes, and report an exposure-response relationship (Wærsted et al., 

2020). There was moderate evidence for an association between severe 

arm elevation with elbows above shoulder level ( >90°) and shoulder 

disorders (Wærsted et al., 2020). However, 15 of the 34 included studies 

were of cross-sectional design, which makes it difficult to evaluate 

causality. The mechanisms for the pathophysiology, relating arm elevation 

at work and MSK pain have been extensively explored. Multiple proposed 

mechanisms could be involved, including muscular fatigue (Armstrong et 

al., 1993, Kumar, 2001), prolonged muscle activity (Hagg, 1991, Visser 

and van Dieën, 2006), cumulative trauma disorder (Kumar, 2001), 

reduced microcirculation (Visser and van Dieën, 2006) and mechanical 

static or repetitive pressure on tendons (Seitz et al., 2011). Elevated 

shoulder, particularly between 60° and 120°, can cause pressure on the 

RC tendons by the undersurface of the acromion (Levitz and Iannotti, 

1995). 

 
Bodin et al. (2012a) assessed work-related risk factors on the incidence of 

shoulder pain in a large working population in France. Between 2002 and 

2005, 3,710 workers were randomly selected from a French region to 

participate in a cross-sectional survey (Bodin et al., 2012a). They 

completed a self-administered questionnaire about MSK conditions, 

demographic factors, and exposure to workplace difficulties. In 2007, 

2,332 people responded to a follow-up questionnaire. The analysis 

included 946 males and 709 females who did not have shoulder pain at 

baseline (Bodin et al., 2012a). At the follow-up, 11% males and 20.5% 

females reported shoulder pain. For males, working with arms above the 
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shoulder level (aOR 1.5, 95% CI 1.0 to 2.3), and high perceived physical 

exertion (aOR 1.6, 95% CI 1.0 to 2.5) increased the risk of shoulder pain. 

For females, temporary employment (a OR 2.1, 95% CI 1.1 to 3.7), high 

perceived physical exertion (aOR 2.2, 95% CI 1.4 to 3.5), and low 

decision latitude (the extent to which someone is allowed to make 

decision independently) (aOR 1.6, 95% CI 1.0 to 2.3) were risk factors for 

incident shoulder pain (Bodin et al., 2012a). This study demonstrated that 

beside physical exertion and working with arm above shoulder height , 

psychosocial factors can also be involved in shoulder pain. However, 

some methodological issues in this study need to be considered. The 

shoulder pain was defined as pain occurring during the preceding seven 

days (Bodin et al., 2012b). For the group without shoulder pain at 

baseline, workers with shoulder pain for more than eight days during the 

preceding 12 months were excluded, which could narrow the inclusion 

criteria and might omit people with shoulder pain at baseline. In summary, 

mechanical and psychosocial risk factors need to be a key focus for 

shoulder pain prevention strategies in the workplace. 

 
The prevalence of shoulder pain is expected to increase due to several 

reasons such as ageing, work load, lifestyle and the long-term use of 

computer and phone (Djade et al., 2020). Therefore, it is important to 

identify the modifiable risk factors that might contribute to shoulder pain in 

order to prevent its development and reduce healthcare costs. There is 

little information about determinants of shoulder pain in the existing 

literature. A recent systematic review conducted by da Costa and Vieira 

(2010), found only three studies that focused on shoulder pain, and these 
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only explored occupational risk factors and did not include personal risk 

factors and the older population. The majority of studies that have 

explored risk factors for shoulder pain have been cross-sectional so could 

not examine temporal associations between potential risk factors and the 

incidence of shoulder pain (Luime et al., 2004, Djade et al., 2020). A 

systematic review by Luime et al. (2004), investigated the incidence and 

prevalence of shoulder pain in the general population. They found that of 

18 studies identified, only one provided information about incidence of 

shoulder pain, the others reporting on prevalence alone (Luime et al., 

2004). The incidence of shoulder pain increased with ageing, from 0.9 for 

those aged 31-35 to 2.5% for those aged 70-74. Prevalence differed from 

6.9 to 26% for point prevalence, 18.6-31% for 1- month prevalence, 4.7- 

46.7 for 1 year prevalence (Luime et al., 2004). However, this study did 

not investigate the risk factors associated with shoulder pain. 

 
Recently, Djade et al. (2020) conducted a systematic review to review 

cohort studies that studied the incidence of shoulder pain in people aged 

 40 and to explore the associated risk factors. Of the six studies 

included, five were prospective cohort studies and one was retrospective 

(Djade et al., 2020). The overall annual incidence of shoulder pain in this 

review was 2.4%. Of the six studies, only two explored both occupational 

and non-occupational risk factors (Djade et al., 2020) and these reported 

that psychosocial stressors, repetitive manual work and awkward 

positions were associated with the incidence of shoulder pain. One study 

found that sleeping problems also were linked to shoulder pain. This 

systematic review has some limitations as there were few longitudinal 
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studies that estimated the incidence and the potential risk factors of 

shoulder pain for people aged  40. Also, the definition of shoulder pain 

was heterogenous in all the included studies, which might affect the 

results and make it difficult to draw specific conclusions (Djade et al., 

2020).   

 

1.6 Comorbidities  
 

Comorbidity is defined as the co-existence of another medical condition 

during the clinical course of a patient who has the index disease under 

study (Feinstein, 1970). Comorbidity is important to consider when 

estimating patient outcomes, because death or hospitalisation may be due 

to a comorbidity rather than the index disease alone (Valderas et al., 

2009). Comorbidity can alter the clinical course of people with the same 

diagnosis by affecting the time of detection, prognosis, management plan, 

and post-management outcome of the index disease (Feinstein, 1970). 

 

1.6.1 Types of comorbidities  
 

1.6.1.1  Primary versus Secondary  
 

Based on chronological sequence and causal inference, Feinstein 

proposed that comorbidities can be classified as primary or secondary 

(Feinstein, 1970). Chronological comorbidity (Figure 1.11) is time 

dependent and develops in sequence. For example, if an individual with 

chronic condition A develops condition B later in life and then condition C 

even later in life, there could be a linkage between the three conditions. In 

this case, B is the primary comorbidity of A and C is the secondary 
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comorbidity of A, but C can also be the primary comorbidity of B 

(Feinstein, 1970). 

 

 

Reproduced with permission from Subhashisa Swain (2020) 
 

Figure 1.11 Chronological comorbidity model. 

 

In causal inference, condition B developed later than A but occurs 

because of A. Similarly, C can develop later in life which is caused by A or 

B or both. The causal linkage could be because of the disease; the side 

effect of drugs used for one condition or other factors. (Figure 1.12) 

 

 

Reproduced with permission from Subhashisa Swain (2020) 

 

Figure 1.12 Causal inference comorbidity model. 

 

1.6.1.2  Concordant and discordant comorbidity (Piette and Kerr, 2006) 

 

Concordant comorbidities share characteristics of the same overall 

pathophysiologic risk profile. For example, metabolic syndrome is a 
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cluster of conditions that include hypertension, high blood sugar, excess 

body fat around the waist, abnormal cholesterol or triglyceride levels, and 

hyperuricaemia that occur together and increase the risk of heart disease, 

stroke and type 2 diabetes. On the other hand, discordant comorbidities 

are those that are not directly related in either their pathogenesis or 

management and do not share an underlying predisposing factor for 

example diabetes and irritable bowel syndrome (Piette and Kerr, 2006). 

 

1.6.2 Musculoskeletal conditions and comorbidities  
 

The existence of additional comorbidities may increase disease severity 

and increase demand on healthcare services and require more complex 

management guidelines. The majority of comorbidity patterns have a 

direct association with advanced age and are strongly associated with 

poor health outcomes such as frequent healthcare utilization, limitation in 

functional status, poor quality of life,  and higher mortality (Menotti et al., 

2001, Loza et al., 2009, Nikiphorou et al., 2020, Muckelt et al., 2020) . 

Hudon et al. (2008) reported that among patients with chronic MSK 

conditions (58%), the number of comorbidities ranged from 0 to 11, and 

the average was four comorbidities, especially hypertension, urinary 

diseases, cardiovascular disease and stomach ulcer. Approximately, 49% 

of patients had hypertension, 31% had urinary disease, 31% had 

cardiovascular disease, and 17% had stomach ulcers (Hudon et al., 

2008). Around 70% of patients with chronic MSK conditions had at least 

one of the four comorbidities reported above (Hudon et al., 2008). Swain 

et al. (2021) determined the burden of 49 comorbidities in people with OA 
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in the UK. A combined case-control and cohort study was conducted 

using the Clinical Practice Research Datalink (CPRD, GOLD) database 

(Swain et al., 2021). Results showed that 38 comorbidities were 

associated with OA both prior to and following the diagnosis of OA (Swain 

et al., 2021). People with OA were at greater risk of developing heart 

failure (adjusted hazard ratio aHR 1.63, 95% CI 1.56 to 1.71), dementia 

(aHR 1.62, 95% CI 1.56 to 1.68), liver diseases (aHR 1.51, 95% CI 1.37 to 

1.67), gastrointestinal bleeding (aHR 1.49, 95% CI 1.39 to 1.59), and 

irritable bowel syndrome (aHR 1.51, 95% CI 1.45 to 1.58) (Swain et al., 

2021). These comorbidities might be mediated through drug use for OA, 

for example oral NSAIDS, systemic inflammation associated with joint 

damage, or shared risk factors (e.g., ageing, high BMI) or be explained by 

other comorbidities in people with OA (Muckelt et al., 2020, Swain et al., 

2021). 

 

1.6.3 Chronic shoulder pain and comorbidities 
 

Few studies have examined the association between shoulder complaints 

and comorbidities, such as diabetes, lung problems, cardiovascular 

conditions, depression and other MSK conditions (Vogt et al., 2003, Luime 

et al., 2004, Wright et al., 2015) and very few have been carried out in the 

UK. Based on existing evidence, there was only one cohort study in the 

United States that reported associations between neck and shoulder pain 

and cardiovascular diseases, arthritis and neurological conditions in the 

older population (70 to 79 years old) (Vogt et al., 2003). In Finland, 

shoulder pain was found to be associated with low back pain and OA of 
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the knee, hip and hand in people aged 30 and older (Mäkelä et al., 1999). 

As far as is known, only one case-control study in the UK examined the 

comorbidities associated with RC tendinopathy using the THIN database 

(Titchener et al., 2014). That study identified a number of comorbidities 

and risk factors for RC tendinopathy. The study included 5000 patients 

with RC tendinopathy who were matched with a single control by age, sex, 

and practice (Titchener et al., 2014). Multivariate analysis showed that the 

comorbidities associated with RC tendinopathy were Achilles tendinitis 

(OR 1.78), trigger finger (OR 1.99), lateral epicondylitis (OR 1.71) and 

carpal tunnel syndrome (OR 1.55), and that oral corticosteroid therapy 

(OR 2.03) was a further association, whereas medial epicondylitis, cubital 

tunnel syndrome, de Quervain syndrome, and rheumatoid arthritis were 

not found to be associated with RC tendinopathy. However, the list of 

comorbidities examined in this study might be limited. An additional 

limitation of this study was the level of missing data and the exclusion of 

any individuals with missing values in the analysis, which might have 

introduced some bias into the result (Titchener et al., 2014). 

 

1.6.3.1  Chronic shoulder pain and diabetes  
 

Diabetes has been associated with several MSK conditions such as 

adhesive capsulitis, periarthritis of the shoulder, shoulder calcific 

tendinopathy, and flexor tenosynovitis (Cole et al., 2009, Shah et al., 

2015, Su et al., 2021). Several studies have reported a higher prevalence 

of shoulder pain in people with diabetes with a prevalence ranging from 

11% to 35% compared to 2% to 17% in people without diabetes (Cagliero 
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et al., 2002, Thomas et al., 2007, Laslett et al., 2007, Cole et al., 2009, Gill 

et al., 2013). These findings might be due to the relationship between poor 

glycaemic control or chronic hyperglycaemia and increased risk of 

developing microvascular complications around the shoulder joint and 

synovium in people with diabetes. Decreased circulation around the 

shoulder joint causes tissue hypoxia and overproduction of free radicals, 

which may result in apoptosis. This might lead to enhancement of 

degenerative changes and joint tissue damage (Hsu and Sheu, 2016). 

Most of this evidence has shown an association between MSK pain and 

diabetes, but the strength of this association is still debatable. Cole et al. 

(2009) conducted a cohort study to assess the relationship between 

shoulder pain and diabetes. Approximately 3128 patients were evaluated 

for diabetes and shoulder complaints through questionnaires, self-

reported shoulder pain and disability index (SPADI), physical examination 

and blood samples. Of the 3128 participants included in the study, 21.8% 

complained of shoulder pain and 221 (7.1%) had diabetes (Cole et al., 

2009). Participants with diabetes had a higher prevalence of shoulder pain 

(27.9% vs 21.3%; p-value = 0.025) and poorer total SPADI score (p-value 

= 0.02) (Cole et al., 2009). However, this association was no longer 

apparent when the data were adjusted for obesity. The definition of 

shoulder pain in this study was narrow as people with short-term muscle 

or ligament pain were excluded, which might have led to an 

underestimation of the prevalence of shoulder pain and thus reduced the 

probability of finding an association between shoulder pain and diabetes.  
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Recently, a population-based matched cohort study investigated the risk 

of calcific tendinopathy of the shoulder in people with diabetes in Taiwan 

(Su et al., 2021). A total of 42,915 people with diabetes (type 1and type 2) 

and 171,660 matched people without diabetes were included in this study 

(Su et al., 2021). A total of 122 (0.284%) of people with diabetes, and 340 

(0.198%) of people in the non-diabetic group developed shoulder calcific 

tendinopathy. They found that people with diabetes had a 27% increased 

risk of developing shoulder calcific tendinopathy after eight years of follow-

up. Several theories have been proposed about the pathologic 

mechanism of shoulder calcific tendinopathy, including ageing-related 

degeneration, repetitive injury, reactive calcification, ischaemic 

degeneration, and tenocyte necrosis (Rathbun and Macnab, 1970, 

Brewer, 1979, Uhthoff and Loehr, 1997, Sansone et al., 2018). In people 

with poorly controlled diabetes, angiopathy is one of the most common 

long-term complications, which may result in nephropathy, retinopathy, 

peripheral neuropathy, and atherosclerosis (Xu et al., 2012). Diabetes-

related impaired vascularity may lead to a reduction in the amount of 

oxygen and nutrients supplied to connective tissues, which can lead to 

degeneration and slow tendon wound healing, all of which may facilitate 

ectopic calcific deposition (Rathbun and Macnab, 1970). Additionally, 

various extracellular proteins may become glycosylated when connective 

tissue is exposed to high blood sugar levels. This can alter the 

biomechanical environment and accelerate ectopic calcification of the 

connective tissue (Rathbun and Macnab, 1970, Su et al., 2021). A recent 

matched cohort study in UK was conducted to determine if frozen 
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shoulder diagnosis is associated with a subsequent type 2 diabetes 

diagnosis using primary care electronic medical records (CPRD GOLD) 

(Dyer et al., 2024). The study included 31, 226 people with frozen 

shoulders matched with 31, 226 people without frozen shoulder. They 

found that people with frozen shoulder were more likely to be diagnosed 

with type 2 diabetes than people without frozen shoulder (HR 19.4, 95% 

CI 15.6 to 24.0). After adjusting for other factors such as hyperlipidaemia, 

hypertension, BMI, thyroid dysfunction, ethnicity, deprivation, sex, and 

age, the results were approximately similar (aHR 20.0, 95% CI 16.0 to 

25.0) (Dyer et al., 2024). The findings of this study suggest people 

presenting with frozen shoulder should be considered for risk assessment 

and testing for diabetes. However, it is crucial to state that this study do 

not support the theory that type 2 diabetes is caused by frozen shoulder 

(Hernán et al., 2019, Losciale et al., 2023). On the contrary, type 2 

diabetes has been proposed as a cause of frozen shoulder (Hsu and 

Sheu, 2016, Dyer et al., 2023), which may explain why it is more common 

in people with frozen shoulder. 

 

1.6.3.2  Chronic shoulder pain and respiratory diseases  
 

The association between respiratory function and posture is widely 

recognised due to their close relationship in anatomy and physiology 

(Cala et al., 1992, Rasmussen-Barr et al., 2023). Because of these 

factors, people with respiratory distress adopt positions that help the 

respiratory muscles work more easily. The diaphragm and other breathing 

muscles are suggested to play a major role in postural control (Hodges 
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and Gandevia, 2000). Furthermore, hyperventilation is a problem that 

affects the breathing muscles and as a result it affects the neck, shoulder, 

and thoracic region in people suffering from asthma (Lunardi et al., 2011, 

Shei et al., 2016). The respiratory muscles are used more frequently 

during an asthma attack to maintain sufficient ventilation in daily activities. 

An association between the head position and shoulder posture with peak 

expiratory flow rate has been observed in people with asthma (Robles-

Ribeiro et al., 2005). Robles-Ribeiro et al. (2005) reported that people with 

asthma often presented with forward flexion of the shoulder compared to 

healthy people, adopting an adaptive posture to overcome respiratory 

overload. 

Shoulder, and neck pain and respiratory distress have been investigated 

in the literature, with a particular emphasis on neck pain. Recently, a study 

of a general population cohort in Sweden investigated the relationship 

between respiratory disorders and neck and shoulder pain (Rasmussen-

Barr et al., 2023). Adults who at baseline reported no or only occasional 

neck/shoulder pain in the last six months were included from two 

subsamples from the Stockholm Public Health Cohort (SPHC), one 

subsample (n=15,155) being used to examine if having asthma at 

baseline was a risk factor, and the other subsample (n=25,273) being 

used to examine if having chronic obstructive pulmonary disease (COPD) 

at baseline was a risk factor. Adjusted results showed that those reporting 

asthma at baseline had a higher risk of neck/shoulder pain at follow-up 

four years later (RR 1.48, 95% CI 1.10 to 2.01) as did those with COPD at 
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baseline (RR 2.12 95% CI 1.54 to 2.93) (Rasmussen-Barr et al., 2023). 

However, the case definition for shoulder pain in this study was not clear. 

 

1.6.3.3 Chronic shoulder pain and psychological status 
 

Psychological stress can increase muscle activity and tension, which can 

increase shoulder pain (Lundberg et al., 1994, Lundberg et al., 1999). 

However, the relationship between shoulder pain and psychological status 

is potentially bidirectional. Psychological factors including depression and 

anxiety may influence shoulder pain intensity, and conversely, shoulder 

pain may affect psychological status (Ortego et al., 2016, Martinez-

Calderon et al., 2018). A prospective study in Korea examined the 

relationship between depression and CSP (Roh et al., 2012). 109 people 

with CSP were evaluated using the disability of arm, shoulder, and hand 

(DASH) questionnaire, VAS and the Centre for Epidemiologic Studies-

Depression (CES-D) Scale. Higher pain scores and greater disability were 

significantly associated with depressive symptoms in people with CSP 

(Roh et al., 2012). Although this study highlighted that the severity of 

depressive symptoms is significantly associated with shoulder pain and 

disability, the assessment of depression was limited to the CES-D Scale, 

and more extensive assessment including coping and illness behaviour 

would have been more valuable. Another study has found that 

psychological disorders such as depression and anxiety were associated 

with adhesive capsulitis, and that people with psychological disorders had 

more self-reported shoulder pain and functional limitations in daily 

activities (Ding et al., 2014). This is consistent with other research findings 
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that showed that restricted shoulder movement, CSP or night shoulder 

pain have a detrimental impact on psychological status (Miranda et al., 

2005, Scarlat and Florescu, 2005, Novati et al., 2008). 

 

1.6.3.4  Chronic shoulder pain and thyroid diseases 
 

Evidence for an association between shoulder pain and thyroid disease is 

inconclusive, and there is a paucity of evidence on the underlying possible 

mechanisms for such an association. A recent case-control study found 

that people with thyroid disorders, especially hypothyroidism, are at 

greater risk of having shoulder complaints and have 2.69 times the risk of 

developing adhesive capsulitis (Cohen et al., 2020). Chuang et al (2023) 

conducted a systematic review and meta-analysis to investigate the 

association of adhesive capsulitis with thyroid disease in comparative 

studies. They included 10 case-control studies comprising a total of 

127,967 participants. The prevalence of thyroid disorders was significantly 

higher in people with adhesive capsulitis (OR 1.87, 95% CI 1.37 to 2.57) 

than in those without adhesive capsulitis (Chuang et al., 2023), but no 

association between thyroid disease and other shoulder problems was 

identified. 

 
Some authors have proposed that the relationship between adhesive 

capsulitis and Hashimotoôs thyroiditis, which is the most common cause of 

hypothyroidism, has an autoimmune aetiology (Cakir et al., 2003, Reuters 

et al., 2009, Wang et al., 2013, Schiefer et al., 2017). Based on several 

hypothesis, adhesive capsulitis is characterised by inflammation of the 

synovium with a thickened and stiffened joint capsule (Wiley, 1991). 
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Histological results in people with adhesive capsulitis have shown 

increased extracellular matrix and fibroblast proliferation, an increase in 

the release of cytokines, including platelet-derived growth factor, 

interleukin, tumour necrosis factor, and transforming growth factor (Rodeo 

et al., 1997, Jump et al., 2021). Based on this hypothesis, the underlying 

mechanism of the association between thyroid disease and adhesive 

capsulitis has been examined in previous studies. Evidence proposed that 

some comorbidities such as diabetes, Dupuytren contracture, 

hyperlipidaemia, and thyroid dysfunction may predispose a person to a 

proinflammatory environment, resulting in an increased inflammatory 

response with elevated levels of inflammatory cytokines and tendency to 

fibrosis, and elevated blood lipids (Bunker and Anthony, 1995, Bunker and 

Esler, 1995, Rizos et al., 2011). Huang et al (2013) suggested that thyroid 

ophthalmopathy and adhesive capsulitis are caused by cytokine and 

fibroblast proliferation (Huang et al., 2013). Nevertheless, it is still 

challenging to identify the underlying mechanism of the association 

between thyroid disorders and adhesive capsulitis. 

 

1.6.3.5 Chronic shoulder pain and Parkinsonôs disease 
 

There are several studies in the literature that have explored shoulder 

problems in people with Parkinsonôs disease (Stamey et al., 2008, 

Madden and Hall, 2010, Kim and Jeon, 2013). People with Parkinson's 

disease frequently presents with rigidity, bradykinesia, and resting tremor 

(Fukunaga et al., 2014). Additionally, they have severe impairment of 

posture, characterised by decreased trunk mobility on all planes, 
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increased thoracic kyphosis and rounded shoulder (Fukunaga et al., 

2014). More sever postural changes can occur during advanced phases of 

the disease progression. As discussed previously in the shoulder 

biomechanics section, the shoulderôs kinematics involves the combined 

movement of the humerus, scapula, clavicle, thoracic wall and thoracic 

spine, therefore, decreased trunk mobility can results in impingement 

syndrome and capsulitis, which can cause inflammation of the bursa 

shoulder pain and decreased shoulder mobility (Papalia et al., 2019). 

Recently, Gadgaard et al. (2024) conducted a cohort study to examine the 

risk of incident Parkinsonôs disease following a first-time diagnosis of 

frozen shoulder using nationwide data from Danish population-based 

healthcare registry. The study identified 37,041 people with frozen 

shoulder, 370,410 general population comparators, and 111,101 people 

with back pain comparators. They found that people with frozen shoulder 

had an increased risk of Parkinsonôs disease compared with the general 

population (aHR 1.94, 95% CI 1.20 to 3.13) at 0ï1 year and (aHR of 1.45, 

95% CI 1.24 to 1.70) at 0ï22 years follow-up (Gadgaard et al., 2024). 

However, the mechanism of this association is not clear. Several 

hypothesis have been proposed, Parkinson's disease appears to be a 

plausible cause of severe immobility around the joint due to akinesia and 

a logical trigger for the onset of frozen shoulder (Riley et al., 1989).  

 
Another hypothesis suggests that that both frozen shoulder and back pain, 

and some other MSK conditions, are early symptoms of Parkinson's 

disease and therefore increase the risk of clinical Parkinson's disease 

diagnosis (Gadgaard et al., 2024). Furthermore, the frozen shoulder 



81 

 

cohort had a higher frequency of comorbidities compared to the general 

population cohort. Patients seen at the hospital with frozen shoulders or 

any of their comorbidities may have other early Parkinson's disease-

related symptoms (Gadgaard et al., 2024). Therefore, the reported 

increased risk of Parkinson's disease in patients with frozen shoulder 

compared with the general population might be explained by a higher 

chance of early diagnosis rather than a higher risk of developing the 

disease (Gadgaard et al., 2024). However, this study has some 

limitations. The study was restricted to inpatient and outpatient hospital 

diagnoses of Parkinsonôs disease, frozen shoulder, and back pain. 

However, people with mild symptoms of back pain and frozen shoulder 

might have received diagnoses and treatment in primary care, and 

therefore not been reported in the Danish medical registries. Additionally, 

people with mild symptoms of Parkinsonôs disease diagnosis might have 

been misdiagnosed initially, and therefore wrongly classified.  

 

1.6.3.6 Chronic shoulder pain and dementia  
 

Several studies have supported the association between pain, cognitive  

decline, and dementia (Kao et al., 2021, Rouch et al., 2021, Zhao et al., 

2023). Suggested potential mechanisms underlying the association 

between pain and dementia include inflammation, neuropathological 

changes (Cao et al., 2019), and changes in the brain function and 

structures (Tu et al., 2021, Tagliaferri et al., 2022). Tagliaferri et al. (2022) 

found that people with chronic back pain had higher caudate gray matter 

volume, lower primary motor and somatosensory grey matter volume 
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compared with pain-free group. In addition, CWP group had higher 

caudate gray matter volume, lower amygdala and primary somatosensory 

cortex gray matter volumes compared to pain-free group (Tagliaferri et al., 

2022). These findings demonstrate progressive adaptation of brain 

structure with increasing pain. However, whether shoulder pain is 

associated with dementia risk remains unclear, and very few studies have 

examined this.  

A recent cross-sectional study assessed cognitive function and shoulder 

joint range of motion in 234 participants at 7 memory clinics in Japan 

(Honjo et al., 2024). The participants were divided into 4 groups based on 

their diagnosis: Alzheimerôs disease dementia, dementia with Lewy bodies 

(DLB), other dementia and control group (people without dementia). They 

found that restricted shoulder range of motion was associated with 

dementia scores, nighttime disturbances scores, hallucinations and 

irritability (Honjo et al., 2024). Furthermore, dementia groups, particularly 

DLB, had more restricted shoulder joint range of motion (shoulder range 

of motion mean and standard deviation (SD) 44±9.3) compared to the 

control group (shoulder range of motion mean and SD 53.7± 4.5) (Honjo 

et al., 2024). Hallucinations and sleep disturbance were significantly 

related to shoulder joint range of motion (parameter estimate ī1.71, 95% 

CI ī2.83 to ī0.59, p-value= 0.01) (Honjo et al., 2024). One possible 

explanation for this might be because hallucinations often occur at night, 

patients may experience drowsiness during the day, which leads to 

reduced physical activity, and could lead to restricted shoulder movement. 

However, the mechanism of this relationship is still not clear and more 
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longitudinal research is needed. Similarly, Zheng et al. (2024) investigated 

the association between MSK pain and dementia risk in 10,759 people 

aged 45 years old and above in China using cross-sectional and 

longitudinal analysis. The Rotterdam Study Basic Dementia Risk Model 

(BDRM) was used to evaluate dementia risk (Zheng et al., 2024). This 

study revealed that people with persistent shoulder pain had higher risk of 

dementia during four years of follow-up (ɓ 1.74, 95% CI 0.46 to 3.02, p-

value= 0.008) (Zheng et al., 2024). However, this study has some 

limitations to consider. The BDRM used in this study has been validated in 

the general population (Licher et al., 2019), however, it was not validated 

in people with chronic pain. Therefore, it is not clear whether the BDRM 

can accurately predict dementia in people with chronic pain. Additionally, 

the BDRM score is a "risk score" and may not accurately assess dementia 

risk, which requires further investigation.  

 
However, some studies did not find association between pain and 

dementia and cognitive function, indicating that pain might be an earlier 

symptom of dementia rather than being a cause of dementia (Ezzati et al., 

2019, Kumaradev et al., 2021). Inconsistencies between studies may 

arise due to differences in study population, study design, definition of 

dementia, duration and intensity of pain, confounding factors, and 

outcome measurement. In summary, further exploration is needed to 

understand the relationship between shoulder pain and the risk of 

developing dementia. 
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The previous studies pointed out the importance of taking comorbidities 

into consideration in the diagnosis and management of CSP. Because 

most studies available in the literature are cross-sectional, there might be 

a lack of information available on whether people with shoulder pain are 

more likely to develop other long-term health conditions. As far as is 

known, no studies have been carried out in the UK to explore the possible 

association between CSP and comorbidities other than diabetes. 

 

1.7  The impact of chronic shoulder pain   
 

Chronic pain is considered to be a major health problem and has a 

detrimental effect on a personôs physical health, psychological health, and 

quality of life. The biopsychosocial model demonstrates the role that social 

and psychological factors have in the development of biological disease 

and chronic pain. In the light of this framework, it has been shown that 

chronic pain is associated with other mechanisms that, in turn, affect pain 

significantly (Figure 1.13). CSP can negatively affect the patient, their 

social life and the healthcare system. This section will discuss several 

aspects of how chronic pain influences the patientôs daily activities and 

quality of life, as well as its impact in the workplace, and on social life. 

Finally, the financial burden of CSP on the healthcare system is 

discussed. 
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The figure was reproduced with permission (Dueñas et al., 2016) 
 

Figure 1.13 Biopsychosocial model of pain and consequences on quality 
of life. 
 
 

1.7.1 The effect of chronic shoulder pain on the person 
 

Several studies have investigated how chronic pain affects a personôs life 

and have drawn attention to the substantial association between chronic 

pain and reduced physical activity (Lerman et al., 2015, Dueñas et al., 

2016). CSP can affect individuals in terms of physical activity, quality of 

life, increased disability, and psychological distress. The severity, 

duration, and site of the pain have been found to have a detrimental 

impact on a patient's ability to perform physical activities and even to lead 

to disability, which in turn has an impact on other aspects of their daily life 

(Jones et al., 2008). 

Badcock et al. (2002) investigated in the general community the impact of 

CSP on psychological status over time and how restriction of daily 
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activities affected pain perception and psychological health. Two postal 

questionnaires were sent to identify a group of people with CSP. The first 

questionnaire was sent to a random sample of people (n=40026) who 

were registered with a primary care practice (Badcock et al., 2002). It 

included a pain manikin, demographic questions, and the Hospital Anxiety 

and Depression scale (HAD) (Badcock et al., 2002). The second 

questionnaire was sent two years later to those people who reported 

unilateral shoulder pain in the first questionnaire and it included a 

shoulder-specific disability scale, the HAD and pain severity score 

(Badcock et al., 2002). Follow-up findings showed that shoulder pain was 

associated with significant disability in 50% of the people with CSP. In 

addition, both the disability score and psychological distress scores were 

found to be correlated significantly with pain severity (disability vs pain r = 

0.536, p< 0.001; psychological distress vs pain r = 0.269, p-value = 

0.002). Disability was significantly correlated with psychological distress 

on univariate (r = 0.445, p< 0.001) and multivariate analysis (r= 0.341, p-

value = 0.002) (Badcock et al., 2002). This study highlights the importance 

of measuring person-specific disability rather than pain severity alone in 

people with CSP in order to determine its severity. 

 
Similarly, Hill et al. (2010) measured the impact of shoulder pain on 

physical function, range of movement and quality of life. Overall, 3,206 

participants were included, and were asked to report whether they had 

pain, or stiffness in their shoulders (Hill et al., 2010). Data were collected 

on BMI, shoulder range of motion, lifestyle and socioeconomic status. 

Participants were asked to complete the shoulder pain and disability 
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index, the short form 36 (SF36), and the centre for epidemiologic studies 

depression scale. Results showed that 22.3% (776) of participants 

reported pain, aching or stiffness in either of their shoulders and 

participants with shoulder symptoms had significantly worse shoulder 

range of motion, compared to those without symptoms. These differences 

ranged from 10.4 degrees of flexion, 13.7ï16 degrees of abduction and 3 

ï 4.5 degrees of external rotation. In those with shoulder symptoms, 

females had more pain and worse shoulder function than males, and older 

people had worse shoulder function than younger people. Participants 

with shoulder pain scored lower on all domains of the SF36 (Hill et al., 

2010). Moreover, participants with shoulder pain were significantly more 

likely to report depressive symptoms (OR 2.81, 95% CI 2.23 to 3.55). 

However, this study was limited by its cross-sectional design, which does 

not allow determination of causality. Additionally, although they measured 

range of motion there was a lack of information about the specific 

shoulder diagnosis in participants.  

 

1.7.2 Impact of chronic shoulder pain on work and social life 

Chronic pain can have a major impact on work performance including 

increased sick leave, inability to perform work, changing occupation, and 

job loss (Blyth et al., 2003, Breivik et al., 2006, Patel et al., 2012, Azevedo 

et al., 2012). In Sweden, an 11-year prospective cohort study identified 

the factors that predict disability among young people on sick leave due to 

neck or shoulder or back diagnoses. 213 participants were recruited from 

a large database of all new sick-leave spells > 7 days in the county of 
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Ostergotland in 1985 (Borg et al., 2001). They found that low back pain 

and neckïshoulder disorders were considered to be the most common 

complaint to cause sick leave and early retirement in people aged 

between 25 to 35 years old (Borg et al., 2001). In addition to sick leave 

and chronic disability, shoulder complaints also led to reduced productivity 

at work. Functional limitations led workers to be less productive despite 

the fact they were present at work (Aronsson et al., 2000). 

Van den Heuvel (2007) conducted a cross-sectional study to determine 

the degree of productivity loss among 654 computer workers with 

neck/shoulder and arm/hand  symptoms in the Netherlands, and to 

investigate the relationship between pain severity, physical and 

psychosocial factors and productivity loss in this population (van den 

Heuvel et al., 2007). Productivity loss had two components: sick leave and 

decreased performance at work. Decreased performance at work was 

defined as decreased speed or decrease in working hours. Data were 

obtained from the baseline measurement of the PROMO-study 

(Prospective Research On MSK conditions in Office Workers) (Ijmker et 

al., 2006). In the study by Van den Heuvel et al. (2007), the analyses of 

associations between several factors such as pain intensity, and 

psychosocial factors and productivity at work were limited to workers who 

had reported work-related neck/shoulder and arm/hand symptoms in the 

previous three months, which included 654 computer workers. They found 

that of the total population, approximately 10% reported neck/shoulder 

and arm/hand symptoms. Productivity loss occurred in 26% of workers 

reporting symptoms, most often in workers reporting both neck/shoulder 
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and arm/hand symptoms (36%).  Approximately, 32% of all workers 

reported sick leave (van den Heuvel et al., 2007). Productivity loss 

involved absence from work in 11% of workers with arm/hand symptoms, 

32% of workers with neck/shoulder symptoms and 43% of workers 

reporting both symptoms (van den Heuvel et al., 2007). Productivity loss 

among computer workers was significantly associated with pain intensity 

(OR 1.26, 95% CI 1.12 to 1.41), high effort with adequate reward (OR 

2.26, 95% CI 1.24 to 4.12), and low job satisfaction (OR 3.10, 95% CI 

1.44 to 6.67) (van den Heuvel et al., 2007). 

 
Similarly, Martimo (2009) assessed self-reported productivity loss at work 

among people with upper limb disorders in Finland. 168 subjects 

participated in the study from different occupations such as nurses, other 

healthcare professions, office workers, and warehouse workers (Martimo 

et al., 2009). The majority of participants were female (87%), and the 

mean age was 45.3 years. The results showed that 27% of the 168 

participants reported high job strain, and 37% reported absence from work 

due to upper limb disorders in the previous year. The prevalence of 

specific shoulder disorders was 28%. Approximately 56% reported 

productivity loss (Martimo et al., 2009). Logistic regression analysis 

revealed that productivity loss was significantly associated with pain 

intensity (OR 2.8, 95% CI 1.2 to 6.5), and pain interference with work (OR 

5.7, 95% CI 2.2 to14.3) (Martimo et al., 2009). However, both these 

studies were cross-sectional in design, and the causality between pain 

severity and productivity loss needs to be examined by longitudinal 

studies. Additionally, in the study by Van den Huevel et al., the 
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productivity loss was measured using self-reported measures and it is 

very hard for workers to estimate the magnitude of their productivity loss, 

and in the absence of any objective measurement to evaluate employee 

performance, the validity of findings is open to question.  

 

1.7.3 The consequences of chronic shoulder pain on the 
healthcare system 

 

The consequences of pain on the healthcare system are considered to be 

a substantial issue. The total treatment cost of shoulder pain is rising at a 

rate of 13% annually (Oh et al., 2021). In 1995, MSK conditions accounted 

for 10 million sick leave days in the UK, of which 4 million (42%) were due 

to upper limb complaints (Jones, 1998). A study conducted in Sweden 

reported the cost associated with shoulder pain as ú4139 per patient per 

year, with sick leave accounting for more than 80% of the cost (Virta et al., 

2012). Annually, there are approximately 1.5 million shoulder 

consultations in the UK and the annual total cost of consultations has 

been estimated to be £100 million (van der Windt et al., 2019). 

CSP has a variable prognosis and is predominantly managed in primary 

care (Artus et al., 2017). In primary care, first-line CSP management 

usually includes medications and physiotherapy. Shoulder pain conditions 

account for approximately 2.4 of all consultations in  UK primary care 

(Linsell et al., 2006) and 4.5 million visits to the GPs annually in the USA 

(Oh et al., 2007). In the UK, from 2000 to 2003 around 22 % of patients 

with shoulder pain were referred to secondary care, 31% were prescribed 

NSAIDs and 11% were managed by local injections by their GP (Linsell et 

al., 2006). The annual cost of shoulder pain management in the USA has 
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been estimated to be $3 billion (van der Windt et al., 1996). If patients do 

not improve with these conservative approaches, surgery such as RC 

repair and shoulder arthroplasty might be considered which could become 

a significant financial burden for both patients and the healthcare system. 

Approximately 300,000 RC repairs are performed annually in the United 

States (US) (Aurora et al., 2007, Wolf et al., 2011). Between 2000 and 

2010, a total of 101,254 patients underwent subacromial decompression 

in the UK (Judge et al., 2014). Of these, 50% (n = 51,177) were females, 

and 49.5% (n = 50,077) were males. There was a significant increase in 

RC surgical repair  in 2008/2009 (4.7 /100,000 (95% CI 4.5 to 4.8)), which 

was followed by a considerable decline in 2009/2010 (2.6 / 100,000 (95% 

CI 2.5 to 2.7)) (Judge et al., 2014). This decline might be explained by the 

beginning of the UK RC (UKUFF) multicentre randomised controlled trial 

(Judge et al., 2014). In conclusion, CSP has a major impact including 

substantial economic costs, increased demands on healthcare resources, 

and significant effects on an affected individualôs health and quality of life.  

1.8  Administrative medical databases and research  
 

Medical databases are large repositories that provide substantial 

information about real-life patient data, hospitalisation, and consultation 

records. These databases provide a large amount of information for 

various purposes including epidemiological research (Baron and 

Weiderpass, 2000, Gavrielov-Yusim and Friger, 2014). The use of 

administrative medical databases in research has several advantages 

including the large sample size and inexpensive access to the data (Baron 

and Weiderpass, 2000). Linkage of several databases such as the Death 
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Registration Data and Pregnancy Register can enrich the dataset and 

overcome limitations of data availability (Baron and Weiderpass, 2000, 

Wolf et al., 2019). Since the data are collected over time, longitudinal 

follow up of patients is feasible. However, these databases have some 

limitations, such as information bias, coding inaccuracies and limitations in 

external validity, which should be considered in the planning stage and 

when interpreting the research results (Gavrielov-Yusim and Friger, 2014).  

Additionally, there are methodological concerns in database research 

including chance associations, confounding, and selection bias (Baron 

and Weiderpass, 2000). Appropriate training in epidemiological and 

statistical methodology, along with knowledge of each specific database 

and their coding systems, is vital to enhance the advantages of databases 

and reduce potential problems. 

 

1.8.1 The Clinical Practice Research Datalink  
 

The CPRD is a routinely collected nation-wide primary care database in 

the UK (Herrett et al., 2015, Wolf et al., 2019). CPRD was established in 

London in 1987 and was named as the small Value-Added Medical 

Products (VAMP) dataset based on general practices with VISION clinical 

system. Later in 1993, it grew to become the General Practice Research 

Database (GPRD), and in 2012 was renamed as the CPRD. The CPRD 

routinely collects anonymised electronic health record data from general 

practices to provide data monthly (Herrett et al., 2015). In 2018, CPRD 

launched a new data resource called CPRD Aurum (Wolf et al., 2019, 

Persson et al., 2020) which contains data contributed by general practices 
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that use EMIS health (previously Egton Medical information system) 

software systems. The CPRD contains data including demographics, 

symptoms, diagnoses, referrals, immunisations, tests and results (Herrett 

et al., 2015). Approximately 20 million patients from 738 practices were 

included in the CPRD database at the year 2018 (Herrett et al., 2015, Wolf 

et al., 2019, Persson et al., 2020). In 2023, around 67 million patients from 

1,720 practices were included (Clinical Practice Research Datalink, 2023).  

 

1.8.1.1  Structure of the CPRD Aurum 
 

The CPRD Aurum collects data broadly including two categories, namely 

practice data and patient data. In practice data, the geographical regions 

are recorded according to the 10 regions in the UK from England and 

Northern Ireland (Wolf et al., 2019).The contents of the CPRD are divided 

into registration data, which records demographics of patients, staff and 

practices, and clinical data, which records clinical information on 

consultations, observations (medical history, and diagnosis), referrals, 

problems, and drugs (Wolf et al., 2019). Descriptions of the CPRD Aurum 

structure are provided in Table 1-3 
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Table 1-3 Contents of data files in the CPRD 

Abbreviations: GP, general practitioners 

 

1.8.1.2  External linkages   
 

The CPRD provides linkages to other databases including the Hospital 

Episode Statistics (HES), Cancer Registry, motherȤbaby link, 

socioeconomic status data and Office for National Statistics (ONS) 

mortality data, which greatly extends the scope for research (Wolf et al., 

2019). However, ONS mortality data and HES are only available for 

practices within England. The CPRD also includes small area-level 

linkages on practice or patients. These linkages contains residence 

postcodes, and  several measures of area-level deprivation (Index of 

Multiple Deprivation (IMD), Townsend Index)  (Wheeler, 2022), and 

practice-level ruralïurban classification (Office for National Statistics, 

2016). If needed, researchers should request these external linkages with 

appropriate justification, in their Independent Scientific Advisory 

Committee (ISAC) application. 

Data files                                          Contents  

Registration files  

Patient  Patient demographics and patient registration details. 

Practice  The practice identifier, practice region, and the last collection 
date.  

Staff  Practice staff details for each staff member, job category. 

Clinical data files  

Consultation  Information relating to the type of consultation as entered by 
the GP (e.g., telephone, home visit, practice visit).  

Observation  The medical history data entered on the GP system including 
symptoms, clinical measurements such as blood pressure, 
height, and weight, laboratory test results, and diagnoses.  

Referral  Referral details recorded on the GP system  

Problems  Details of the patientôs medical history that have been defined 
by the GP as a óproblemô  

Drugs  Details of all prescriptions on the GP system  
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1.8.1.3  Diagnostic codes and validation 
 

The CPRD provides data dictionaries to identify codes in the CPRD 

Aurum database. The Medical Dictionary lists CPRD medical codes 

related to information about medical history and diagnosis and 

corresponds to Systematized Nomenclature of Medicine Clinical Terms 

(SNOMED CT)(UK edition), Read Version 2 and local EMIS Web® codes 

(Wolf et al., 2019, Persson et al., 2020). Observations in CPRD Aurum are 

coded using medical codes (Wolf et al., 2019). CPRD undertakes various 

levels of validation process, through frequent checks of the integrity of the 

data, that maintain the data quality. The accuracy may differ across 

diagnoses, and ongoing validations have shown good agreement between 

GP and linked data (Jick et al., 2023). However, further assessment of 

other data elements is needed to provide additional insight into this recent 

data resource, and its utility for epidemiological research. 

 

1.8.1.4  Strengths and limitations of the CPRD 
 

The CPRD is one of the largest healthcare datasets, It provides a large 

amount of patient data and its representative of the UK population, thus 

giving an excellent opportunity for clinical research and epidemiological 

studies (Herrett et al., 2015, Wolf et al., 2019). The CPRD do not provide 

patient identifiers such as name, full date of birth, or postcode to external 

researchers (Wolf et al., 2019, Jick et al., 2020). These identifiers are 

removed prior to transfer of data to CPRD in order to protect patient 

confidentiality. A major strength of CPRD is that the quality of the data is 

maintained by the Quality and Outcomes Framework (QOF), which was 
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introduced in 2004 (Roland, 2004, Kontopantelis et al., 2014). QOF has 

certain criteria for measuring the quality of services provided by general 

practices (Roland, 2004, Kontopantelis et al., 2014). CPRD data 

underwent various levels of validation and quality assurance covering the 

integrity, structure and format of the data. CPRD also provides a patient-

level data quality check in the form of an óacceptabilityô flag (Wolf et al., 

2019, Persson et al., 2020). A patient is considered acceptable if they 

have completed data entered about the key variables including date of 

birth, date of registration in the practice and transfer out date. Other 

strengths include the availability of examination, and laboratory results 

data, and multiple external linkages (Persson et al., 2020). However, 

CPRD has several limitations. For example, occupation and employment 

data are generally limited in this database, though recent external linkage 

to patient-level data for social deprivation (Townsend score, Index of 

Multiple Deprivation) helps to compensate for that (Wolf et al., 2019). Also 

some records within general practice may not be electronically coded and 

therefore available to researchers, but the addition of linkage to the 

Hospital Episode Statistic (HES) may fill these gaps (Wolf et al., 2019). 

The size and complexity of the CPRD requires comprehensive experience 

and statistical training. The cost of accessing the database is also a 

burden for some researchers (Strom and Kimmel, 2006).   
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1.9 Population  structure of the UK (2000 - 2020) 
 

It is important to understand the population structure in the UK since 2000, 

and to recognise that general practice delivery in the year 2020 was 

significantly affected by the coronavirus (COVID-19) pandemic. The UK 

population has continued to increase from 2000 to 2020 (Figure 1.14) 

(Office for National Statistics, 2020). In 2020, the percentage of the 

population aged 60-79 years and above was higher than in 2000 and 

continues to increase since 2020 (Population pyramids of the world from 

1950 to 2000, 2020). In mid-2020 there were 12.5 million people aged 65 

years and above in the UK, compared to 10.3 million a decade earlier 

(Office for National Statistics, 2020). However, the number of deaths in 

the UK in 2020 exceeded the number of live births (689,629) and was 

higher in the older population due to the pandemic (Office for National 

Statistics, 2020). 
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(a) 

 
 

 

(b) 

 

 
Source: Office For National Statistics, National Records of Scotland and Northern Ireland Statistics and 

Research Agency,2020 

Figure 1.14 Population structure of the UK in the year 2000 (a), and 2020 
(b). 
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1.10  Rationale of the thesis  
 

Current UK data exploring the prevalence and incidence of shoulder pain 

at different time points, and the geographical variations of CSP are lacking 

in the literature. As far as is known, only one prospective cohort study in 

2006 has assessed the incidence and prevalence of consultations for 

shoulder complaints in UK primary healthcare (Linsell et al., 2006). They 

used the Mediplus database that contains anonymised medical records of 

approximately 1,700,000 patients from 211 general practices in the UK. 

The overall prevalence and incidence of patients consulting GPs for 

shoulder pain was 2.36% and 1.47%, respectively. Prevalence was found 

to be increased in older people and was higher in females compared to 

males (Linsell et al., 2006). Additionally, they found that GPs used only a 

limited number of codes when reporting diagnosis, specifically five out of 

426 Read codes related to shoulder conditions and accounted for 74.6% 

of the diagnosis recorded by GPs. However, this study has  several 

limitations. The Mediplus database used in this study has limited regional 

assessment compared to other databases such as the CPRD, which 

represents wider regional assessment and has a large number of patients. 

They examined only two risk factors, specifically, sex and age, and 

omitted other possible risk factors associated with shoulder pain such as 

smoking, BMI, alcohol consumption and occupation. Also, they did not 

explore the outcomes of shoulder pain in the UK such as number of 

hospitalisations per year, number of consultations, comorbidities and 

mortality rate. Additionally, this study was published in 2006, which may 
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not capture the current prevalence of shoulder pain in the UK. Therefore, 

current data about shoulder pain and the risk factors associated with this 

condition in the UK are required to investigate the epidemiology and the 

determinants of shoulder pain using an available good quality resource. 

In the UK, there are less data available on whether people with CSP are 

more likely to have other long-term health conditions and based on 

existing evidence no study has been carried out in the UK to explore 

comorbidities that associate with CSP disorders apart from diabetes. 

 

1.11  Aim  and study objectives  
 

1.11.1 Aims 
 

This study aimed to investigate the epidemiology of CSP from 2000 to 

2020, specifically (1) prevalence and incidence, and the trend of 

prevalence and incidence; and (2) the risk factors, and comorbidities 

associated with CSP. The study was conducted using the large UK CPRD 

which is representative of the general population in the UK. 

 

1.11.2 Objectives and general methods  
 

1- To undertake a systematic review and meta-analysis of observational 

studies on the prevalence and incidence of CSP and its related risk 

factors, and comorbidities.  

 

2- To determine the current prevalence and incidence of CSP in the UK in 

the year 2019 using CPRD. 
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3- To determine the trends of prevalence and incidence of CSP in the past 

20 years (2000ï2020). 

 

4- To examine potential risk factors, and comorbidities associated with CSP 

using a nested matched case-control study within the CPRD. 

 

5- To explore the outcomes of CSP using a cohort study within the CPRD. 

 
 

 

1.12  Structure of this thesis  
 

This thesis examines and discusses the epidemiology of CSP in the UK. 

The contents of each chapter are briefly summarised as follows:  

Chapter 2  presents the systematic review and meta-analysis of the 

prevalence, incidence, risk factors and comorbidities associated with CSP.  

Chapter 3  reports the prevalence and incidence of CSP in primary care in 

the UK.  

Chapter 4  explores the risk factors, and comorbidities associated with 

CSP. 

Chapter 5  presents the outcomes of CSP. 

Chapter 6 presents the Patient and Public Involvement (PPI) that I have 

been involved with during my research studies. 

Chapter 7  is the general discussion that summarises this thesis and 

presents the implications of the findings and future research questions.
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2 Chapter 2. Epidemiology of chronic shoulder 
pain  in people aged 40 or older ï a systematic 
review and meta-analysis of observational 
studies  
  

2.1 Methods  
 

2.1.1 Protocol  

A systematic review was performed using a predetermined protocol, in 

accordance with the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) 2020 statement (Page et al., 2021). The 

review was registered with the PROSPERO database in September 2021 

(registration number CRD42021283902).  

2.1.2 Data sources and search strategy  
 
Electronic searches were undertaken using Medline (OVID), Scopus and 

CINAHL (EBSCO), EMBASE and the first 100 records Google Scholar, 

from their inception to September 2022. A systematic search was 

conducted using different search terms according to three domains, 

specifically shoulder pain and its subtypes, outcomes of interest, and type 

of study, as shown below.   

 

¶ Shoulder pain : [ (Shoulder) OR (glenohumeral) OR 

(acromioclavicular) AND (chronic pain) OR (chronic shoulder pain) OR 

(pain$) OR (osteoarthritis) OR (periarthritis) OR (frozen shoulder) OR 

(adhesive capsulitis) OR (rotator cuff tear) OR (subacromial pain) OR 

(shoulder impingement syndrome) OR (shoulder impingement) OR 
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(subacromial impingement syndrome) OR (tendinopathy) OR 

(tendinosis) OR (tendinitis) OR (bursitis).   

 

¶ Outcomes : incidence, prevalence, risk factors, epidemiology  

 

¶ Type of study : observational studies such as case control or cohort 

studies  

 
The three domains of searches were combined using the Boolean 

operator óANDô. The references of the included articles and relevant 

systematic reviews were also searched to maximise the findings. The 

search strategy is outlined below, and the detailed search strategy is 

presented in Appendix 2 (Table 9-1 and Table 9-2, pages 321-323). The 

search was conducted independently by a single reviewer, Nouf Alotaibi 

(NA). The search strategy was piloted initially and refined by the research 

team to mitigate the potential bias with a single independent search. 

Potentially relevant articles were selected initially through title and abstract 

screening, followed by full text screening for those articles which meet the 

inclusion criteria. The articles identified were managed by the Endnote 

web database. All identified references were gathered and the duplicates 

removed using a software platform (Rayyan) (Ouzzani et al., 2016). All 

articles meeting the inclusion criteria were retained for data extraction and 

quality assessment. 

 

2.1.3 Study selection (Inclusion and Exclusion criteria)  
 

All types of observational studies that documented prevalence or 

incidence of CSP were included. CSP was defined as pain in the shoulder 
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for more than three months and included specific CSP conditions such as 

adhesive capsulitis and RC disease as listed above. For risk factors and 

comorbidities, the PECO approach (Participants, Exposure, Comparator, 

Outcomes) was used to determine the inclusion criteria. There were no 

restrictions with respect to the language or publication date of papers. 

Studies were excluded if they were reviews, case reports, or conference 

abstracts (Table 2-1).  

 

Table 2-1 Study selection criteria 

 Inclusion  Exclusion  

Participants  All adults aged 40 or more  Postoperative shoulder pain, 
patients with severe acute 
trauma, fracture, rheumatoid 
arthritis, ankylosing 
spondylitis, psoriatic arthritis, 
metastasis, Pagetôs disease of 
bone, avascular necrosis and 
co-existent neck pain.  

Exposure  Exposure to any of the 
potential risk factors, e.g., 
occupation, smoking, alcohol 
etc. 
 

- 

Comparator  people without chronic shoulder pain 
 

Outcomes  Prevalence, incidence and 
risk factors and comorbidities 
associated with chronic 
shoulder pain 

- 

 

2.1.4 Data extraction  

During the initial review of the studies, the data were extracted using a 

standardised data extraction form which included the following 

information: authors, date, country, study design, participants, population 

age, case definition of shoulder pain, prevalence, incidence, risk factors, 
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diagnosis of shoulder pain and outcome measurements. Data extraction 

was managed using covidence software (Babineau, 2014).  

2.1.5 Validation of study data 
 

Each stage of screening and data extraction was conducted by a single 

reviewer (NA). This was independently validated by a second reviewer 

(Monirah Shuaib (MS)) who screened a random 10% sample using the 

same software platform (Rayyan) (Hartling et al., 2012). Agreement 

between the two reviewers of above 80% was considered acceptable 

(Furlan et al., 2011, Belur et al., 2021). Discrepancies in the screening 

were recorded and resolved by discussion with a third reviewer (MH). If 

the overall level of agreement was less than 80%, reasons for the 

disagreements would be explored thoroughly, and a further screening of 

10% of full text articles would be undertaken. The quality assessment was 

independently validated by a second reviewer (MS). Again, a level of 

agreement between the two reviewers of above 80% was considered 

acceptable (Furlan et al., 2011, Belur et al., 2021). If the level of 

agreement was less than 80%, disagreement between the two 

researchers (NA and MS) was resolved by discussion with a third reviewer 

(MH), if required.  

 

2.1.6 Quality assessment 
 

All included studies were assessed for methodological quality using the 

Newcastle-Ottawa Scale (NOS) for observational studies (Wells et al., 

2000). The NOS assessment includes three broad perspectives, 

specifically selection, comparability, and outcome (exposure in case 
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control studies). The scale has three different forms for each study design. 

For the case control and cohort studies, NOS has eight questions, while 

for cross-sectional studies NOS has seven questions (the NOS for cross 

sectional studies was adapted from the NOS for cohort studies) (Lo et al., 

2014, Luchini et al., 2017). The risk of the following bias categories were 

allocated according to the NOS score for each study: low bias risk (7ï9 

points); moderate risk bias (4ï6 points); and high bias risk (< 4 points) 

(Sun et al., 2019).  

For cross-sectional studies, the maximum score is ten and stars were 

awarded according to the representativeness of the sample (maximum 

one star), sample size (maximum one star), non-respondents (maximum 

one star), ascertainment of the exposure (risk factor) (maximum two star), 

assessment of the outcome (maximum two star), statistical test (maximum 

one star), and comparability of the subjects in different outcome groups on 

the basis of the design or analysis (maximum two stars).  

For case-control studies, the maximum score for the NOS is 9 and stars 

were awarded according to selection of cases (maximum one star), 

representativeness of the cases (maximum one star), selection of the 

control (maximum one star), ascertainment of exposure (maximum one 

star), ascertainment for cases and controls (maximum one star), non-

response rate (maximum one star), and comparability of cases and 

controls on the basis of the design or analysis (maximum two stars). 

For cohort studies, the maximum score for the NOS is nine and stars were 

awarded according to representativeness of the exposed cohort 
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(maximum one star), selection of non-exposed cohort (maximum one 

star), ascertainment of exposure (maximum one star), assessment of 

outcome adequacy of follow-up for cohorts (maximum one star), 

demonstration that the outcome of interest was not present at the start of 

the study (maximum one star), follow-up being long enough for outcomes 

to occur (maximum one star), selection of the non- exposed (maximum 

one star), and comparability of cohorts on the basis of the design or 

analysis (maximum two stars). The stars serve as an indicator of the 

quality of the specific studies. 

2.1.7 Data synthesis and meta-analysis 

The statistical analysis was conducted using the R package (meta, 

metafor) (Schwarzer, 2007). All the equations and R codes used in this 

analysis are provided in Appendix 3, pages 324-325. Heterogeneity 

between the studies was measured using I2 test  (Morris, 2008), the 

thresholds used being ñlowò (I2=25%ï49%), ñmoderateò (I2 = 50%ï74%), 

and ñhighò (I2 Ó 75%) (Higgins et al., 2003). If the test of heterogeneity 

was significant, a random effect model was applied for pooling the results, 

and if the studies were homogenous and the test of heterogeneity was 

zero, a fixed effect model was applied (Morris, 2008, Borenstein et al., 

2010, Higgins et al., 2024). 

Publication bias was assessed using funnel plots and Egger test when 

there were at least ten studies, but if there were less than ten studies 

Beggôs test and Harbord test were used instead (van Enst et al., 2014).  



108 

 

The characteristics of the included studies were summarised. The 

prevalence and incidence rate of CSP were calculated where possible. To 

perform meta-analysis for prevalence, the cross-sectional studies were 

used to pool prevalence. For prevalence estimation, subgroup analysis 

was undertaken according to the population studied (e.g., general 

population, people with physically demanding jobs, people with diabetes). 

Physically demanding jobs were defined as those that require a high level 

and/or duration of physical exertion to perform occupational tasks (Smith 

et al., 2009). This included occupations such as painters, dental 

hygienists, plane pilots and crewmembers, physical therapists, kitchen 

workers, and motor vehicle manufacturing workers. 

The 'inverse variance weighted' method was used in the analysis 

(Barendregt et al., 2013). This method uses untransformed proportions to 

perform meta-analysis for prevalence. Standard error (SE) of prevalence 

was calculated from the following formula, where p is the prevalence or 

incidence, and n is the total population for prevalence or the population at 

risk of CSP for incidence. 

SE=  

Incidence was reported narratively as it was not possible to group the 

studies in a meta-analysis because the selected studies did not measure 

the occurrence of CSP in a uniform way. Identified risk/associated factors 

were grouped into three domains (personal, work-related, comorbidities). 

A p value of 0.05 were used for a statistically significant inference. When 



109 

 

data from at least two studies could be combined, a meta-analysis was 

performed to obtain a pooled estimate of the odds ratio (OR) with 

corresponding 95% CI. All relative risk estimates (e.g., OR, risk ratio (RR)) 

were transformed into a natural logarithm. The log-transformed OR 

(logOR) and its standard error (SE) were used for the meta-analysis. The 

SE for the logOR was calculated based on the 95% CI for the risk 

estimate. The LogOR and its SE were entered to R package and a 

random effects model meta-analysis was used to generate the forest plots 

and the pooled OR and its 95% CI.  

 

2.2 Results  
 

2.2.1 Selection of studies 
 
The systematic search identified a total of 5,208 titles. Nine more studies 

were collected and added through manual searching of the references. 

After removing duplicates, 3,382 were screened by title and abstract. 

Subsequently, 200 studies were screened for full texts. The final number 

of studies that met the eligibility criteria was 29. The PRISMA flow 

diagram presents the process of study selection and reasons for exclusion 

(Figure 2.1).
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PRISMA Flow Diagram  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Figure 2.1 PRISMA flow diagram for the study selection process
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Additional records identified 
through other sources 

(n = 9) 

Records after duplicates removed 
(n = 3382) 

 

Title and abstract 
screened  

 (n = 3382) 

3182 removed after title and 
abstract screening  

 
 

Full-text articles 
assessed for eligibility 

(n = 200) 

171 full-text articles excluded, 
with reasons 

 
 
Outcomes not meeting criteria       65 

Participants not meeting criteria     71 

Review articles                               35 

 

 
 
 

Studies included in the 
systematic review  

(n = 29) 
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2.2.2 Study Characteristics  
 
The 29 included studies were published between 1998 and 2022. The 

characteristics of the included studies are shown in Table 2-2. The studies 

comprised 21 cross-sectional, four case-control, and four cohort studies 

(two retrospective and two prospective cohort studies). Most of the 

included studies examined shoulder pain in the general population (n=10) 

(Vogt et al., 2003, Hill et al., 2010, Burner et al., 2014, Kobayashi et al., 

2014, Otoshi et al., 2014, Wright et al., 2015, Cho et al., 2015, Ahmad et 

al., 2020, Wu et al., 2021, Hinsley et al., 2022), eight studies examined 

workers in specific occupations (Niedhammer et al., 1998, Haukka et al., 

2006, Morse et al., 2007, Janwantanakul et al., 2008, Alrowayeh et al., 

2010, Kaliniene et al., 2016, Loew et al., 2019, Posch et al., 2019), and 

three studies examined the prevalence of shoulder pain in people with 

diabetes (Thomas et al., 2007, Kiani et al., 2014, Ahmed et al., 2021). 

Four studies examined the incidence of shoulder pain (Leclerc et al., 

2004, Östergren et al., 2005, White et al., 2011, Tekavec et al., 2012). 

The sample size ranged from 93 to 2,188,958 and the age ranged from 40 

to 87 years. Two studies did not report the mean age (Leclerc et al., 2004, 

Hill et al., 2010), and one study just reported the median age (71 years) 

(Hinsley et al., 2022). 
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The definitions of shoulder pain varied across the studies. Some studies 

reported specific criteria for shoulder pain, for example, in the Kobayashi 

et al. (2014) study, glenohumeral OA was defined and classified according 

to the Samilson-Prieto classification14 (S-P classification) (Elsharkawi et 

al., 2013). In other studies, definitions were more general, for example in 

the study by Burner et al (2014) shoulder pain was defined as pain in the 

shoulder region for more than three months in the last year (Table 9-3, 

Appendix 4, pages 326-337). In 14 studies shoulder pain was defined 

using a combination of validated questionnaire, clinical assessment, and 

imaging. Two studies defined shoulder pain using clinical assessment 

alone, while eight studies focused on self-reported shoulder pain. The 

other studies used imaging alone or electronic medical record databases 

(Table 2-2). The characteristics of the individual studies are presented in 

Table 9-3 (Appendix 4, pages 326-337).
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Table 2-2 Summary of study characteristics 

Study characteristics  Number of studies  N 

Total  

Age range, years  

29 

               40-87 
 

 
 

3,382,099 
 
 

     
  

   
Study design  

Cross-sectional 

Case-control 

Retrospective cohort 
study 

Prospective cohort study 

 
 

                 21 
 

4 
 

2 

2 

 

Country of the study  

  Europe  

  North America 

  Asia 

  Oceania 

 

 
 
                 11 

 
7 

 
10 
 

1 

 

Study setting  

  Community  

  Hospital  

 

 

                 21 

8 

 

Outcomes examined  

  Prevalence                                                                

  Incidence  

  Risk factors  

  Comorbidities   

 

                 20 

4 

13 

9 
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Definition of shoulder 
pain  

  Self-reported 

  Clinical assessment 

  Radiographs* 

  Medical record database 

  Mixed 

 

                                                   
8 

2 

1 

2 

14 

 

 * Radiographs were used to define glenohumeral osteoarthritis according to Kellgren Lawrence 

grades and the presence of osteophytes plus narrowing of the glenohumeral articulation. N = 

number 
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2.2.3 Methodological quality and risk of bias   

For the quality analysis, there was some disagreement between the two 

reviewers regarding seven items (Appendix 5, Table 9-4, page 338), 

which was resolved by discussion with the third reviewer (MH). The quality 

analysis scores of the included studies are reported in Tables 2-3, 2-4 and 

2-5. 

Of the 29 studies, 20 had a high quality, and nine had moderate quality.  

The most common issues across the 21 cross-sectional studies were the 

lack of description of the tool used to determine the outcome, whether it 

was validated or not, and whether it relied on self-report alone. The most 

common risk of bias aspect across the case-control studies was that the 

definition of shoulder pain was based on medical records. For cohort 

studies, the most common risk of bias aspects was the lack of information 

concerning the adequacy of follow-up and the fact that assessment of 

shoulder pain was based on self-report alone. Details about individual 

study risk of bias aspects are reported in Appendix 6 (pages 340- 342).    

 

 

 

 

 



116 

 

 

Table 2-3 Quality analysis scores for cross-sectional studies  

 

Author, year                Selection  Comparability  Outcome  Total 
stars  

Standardised 
quality score 

(% of the 
maximum 

score)  

Question 
number 

1  2 3 4 5 6 7 
 

 

Maximum 
number of stars 
per question 
(10) 

1 1 1 2 2 2 1   

Ahmad, 2020 ¸ ¸ ¸ ¸
¸ 

 
¸
¸ 

¸ 8 80 

Burner, 2014 ¸ ¸ ¸ ¸
¸ 

 
¸
¸ 

¸ 8 80 

Ding, 2014 ¸ 
  

¸
¸ 

 
¸
¸ 

¸ 6 60 

Kiani, 2014 ¸ 
  

¸
¸ 

¸ ¸
¸ 

¸ 7 70 

Kobayashi, 
2014 

¸ ¸ ¸ ¸
¸ 

 
¸
¸ 

¸ 8 80 

Loew, 2019 ¸ ¸ 
 

¸
¸ 

 
¸
¸ 

¸ 7 70 

Morse, 2007 ¸   ¸
¸ 

¸ ¸
¸ 

¸ 7 70 

Otoshi, 2014 ¸   ¸
¸ 

¸ ¸
¸ 

¸ 7 70 

Posch, 2019 ¸  ¸ ¸
¸ 

 ¸
¸ 

¸ 7 70 

Wright, 2015 ¸ 
 

¸ ¸
¸ 

¸¸ ¸ ¸ 8 80 

Wu, 2015 ¸ ¸  ¸
¸ 

 ¸
¸ 

¸ 7 70 

Cho, 2015 ¸   ¸
¸ 

¸¸ ¸
¸ 

¸ 8 80 

Vogt, 2003                             ¸   ¸ ¸¸ ¸ ¸ 6 60 

Hill, 2010 ¸  ¸ ¸
¸ 

¸¸ ¸
¸ 

¸ 9 90 

Alrowayeh, 
2010 

¸  ¸ ¸
¸ 

 ¸ ¸ 6 60 

Haukka, 2006  ¸  ¸ ¸
¸ 

¸¸ ¸ ¸ 8 80 

Kaliniene, 2016 ¸ ¸ ¸ ¸
¸ 

¸¸ ¸
¸ 

¸ 9 90 

Janwantanakul, 
2008 

¸ 

 
 ¸ 

 

¸
¸ 

 

 ¸ 

 

¸ 

 
6 60 

Hinsley, 2022 ¸ 
 

 ¸ 
 

¸
¸ 

       ¸¸ ¸
¸ 

 ¸ 9           90 

Fehringer, 
2008 

¸ 

 

¸ 

 
 ¸ 

 
       ¸¸ ¸

¸ 
 ¸ 

 
8 80 

Niedhammer 
,1998 

¸ 

 
 ¸ ¸

¸ 
¸¸ ¸

¸        
¸ 9 90 
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Table 2-4 Quality analysis scores for case-control studies 

Author, year  Selection  Comparability  Exposure  Total 
stars  

Standardised 
quality score 

(% of the 
maximum 

score)  

Question 
number 

1 2 3 4 5 6 7 8   

Maximum 
number of 
stars per 
question (10) 

1 1 1 1 2 1 1 1   

Milogram 
2008 

¸ ¸  ¸  ¸ ¸ ¸ 6 60 

Rodriguez 
Diez-
Caballero 
2020 

 ¸ ¸ ¸ ¸ ¸ ¸ ¸ 7 70 

Thomas 
2007 

¸ ¸  ¸  ¸ ¸ ¸ 6 60 

Baumgarten 
2010 

¸ ¸  ¸ ¸  ¸  5 50 

 

 

Table 2-5 Quality analysis scores for cohort studies 

Author, year  Selection  Comparability  Exposure  Total 
stars  

Standardised 
quality score (% 
of the maximum 

score)  

Question number 1 2 3 4 5 6 7 8   

Maximum number 
of stars per 
question (10) 

1 1 1 1 2 1 1 1   

Tekavec, 2012 ¸  ¸ ¸  ¸ ¸ ¸ 6 60 

White, 2011 ¸ ¸ ¸ ¸ ¸¸ ¸ ¸  8 80 

Ostergren, 2005 ¸   ¸ ¸  ¸ ¸ 5 50 

Lecrac, 2004 ¸ ¸  ¸ ¸ ¸ ¸ ¸ 7 70 
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2.2.4 Prevalence of chronic shoulder pain 
 

20 cross-sectional studies examined the prevalence of CSP. The 

prevalence of CSP in these studies ranged from 4% to 61% (Figure 2.2). 

The pooled prevalence in the included cross-sectional studies was 29% 

(95% CI 20 to 37). The funnel plot was asymmetric (Figure 2.3), and the 

results of Eggerôs test were significant p-value = 0.0009, indicating that 

there was publication bias. 

 

 

Figure 2.2 Forest plot showing the prevalence of chronic shoulder pain in 
the twenty included cross-sectional studies 
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Figure 2.3 Funnel plot showing the prevalence of chronic shoulder pain in 
the twenty included cross-sectional studies 

A, Ahmed et al., 2020, B, Burner et al., 2014, C, Kiani et al.  2014, D, Kobayashi et al.  2014, E, 

Loew et al.  2019, F, Morse et al.  2007, G, Otoshi et al. 2014, H, Posch et al. 2019, I, Wright et al. 

2015, J, Wu et al.  2021, K, Cho et al.  2015, L, Vogt et al. 2003, M, Hill et al.  2010, N, Alrowayeh 

et al. 2010, O, Haukka et al. 2006 

P, Kaliniene et al.  2016, Q, Janwantanakul et al.  2008, R, Hinsley et al. 2022, S, Fehringer et al. 

2008, T, Niedhammer et al. 1998 
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2.2.5 Subgroup analysis  
 

2.2.5.1  Prevalence of chronic shoulder pain in the general population 
 

The prevalence of CSP in the general population ranged from 4% to 42% 

(Figure 2.4). There was very high heterogeneity between the included 

studies (I2 = 99%), so the random effects model was selected. The pooled 

prevalence of CSP in 10,654 participants was 21% (95% CI 13  to 29). 

The funnel plot was asymmetric (Figure 2.5), and the results of Eggerôs 

test were not significant (p = 0.058), which may suggest no publication 

bias. The larger studies (i.e., smaller SE) tended to have a smaller 

prevalence, whereas the smaller studies (i.e., larger SE) tended to have a 

larger prevalence (Figure 2.5). 

 

 

Figure 2.4 Forest plot showing the prevalence of chronic shoulder pain in 
the general population 
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Figure 2.5 Funnel plot showing the prevalence of chronic shoulder pain in 
the general population 

A, Burner et al., 2014, B, Kobayashi et al.  2014, C, Otoshi et al. 2014, D, Wright et al. 2015, E, Wu 

et al., 2021, F, Cho et al.  2015, G, Vogt et al. 2003, H, Hill et al.  2010, I, Hinsley et al. 2022 J, 

Fehringer et al.2008 
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2.2.5.2  Prevalence of chronic shoulder pain in people with diabetes 
 

Two cross-sectional studies assessed the prevalence of shoulder pain, 

specifically adhesive capsulitis, in people with diabetes (Appendix 7, 

Figure 9.1, page 343). The prevalence ranged from 9% to 61%. There 

was a significant heterogeneity between included studies (I2 = 99%). The 

prevalence of CSP in 622 people with diabetes was 35% (95% CI 0 to 85). 

The statistical test for publication bias could not be performed because the 

number of studies were too small to test for small study effects. 

 

2.2.5.3  Prevalence of chronic shoulder pain in physically demanding 
occupations 

A total of eight cross-sectional studies examined the prevalence of CSP in 

people employed in physically demanding occupations. The overall 

prevalence in these population ranged from 7% to 53%. There was a 

significant heterogeneity between included studies (I2 = 97%). The pooled 

prevalence of CSP in 1839 workers was 36% (95% CI 18 to 54) (Appendix 

7, Figure 9.2, page 343). The funnel plot was approximately symmetrical 

(Appendix 7, Figure 9.3, page 344). The results of the Begg test P = 0.69 

were not significant, indicating that there was no publication bias. The 

prevalence of CSP in different subgroups are summarised in Table 2-6.  
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Table 2-6 Prevalence of chronic shoulder pain in different subgroups 

Population  Number of 
studies  

(participants)  

Prevalence 
(95% CI) 

Heterogeneity 
I2 

Publication 
bias, p  

 

All cross-sectional 
studies 

20(13,115) 29% (20- 37) 99% p = 0.0009 

General  10 (10,654) 21% (14- 28) 99% p = 0.058 

Diabetes 2 (622) 35% (0 - 85) 99% - 

Physically 
demanding 
occupations 

8 (1839) 36% (18- 54) 97% p = 0.69 

 

 

2.2.6 Type of chronic shoulder pain   
 

While a number of specific CSP conditions were identified in the included 

studies (adhesive capsulitis, glenohumeral OA, shoulder impingement, 

bursitis, acromioclavicular joint disorders, biceps tendon injury, RC tear, 

RC tendinopathy), only three specific conditions could be pooled 

statistically. Only nine studies reported a specific diagnosis for CSP 

conditions (Appendix 7, Figure 2.6, Figure 9.4, page 345). Meta-analysis 

for the prevalence of CSP based on different types of shoulder disorders 

was performed (Figure 2.6). The pooled prevalence of shoulder pain 

according to different specific diagnoses was 24%. The test for subgroup 

difference (random effect model) was p-value = 0.23, which means that 

there was no statistical difference between different types of shoulder pain 

prevalence.  
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RC, rotator cuff  

 

Figure 2.6 Prevalence showing chronic shoulder pain based on different 
types of shoulder disorders 
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2.2.7 Incidence of chronic shoulder pain 
 

Four cohort studies examined the incidence of CSP with follow-up periods 

ranging from one year to 13 years, two of which were conducted in the 

general population (White et al., 2011, Tekavec et al., 2012), and two 

focused specifically on workers (Leclerc et al., 2004, Östergren et al., 

2005) (Table 2-7). Risk of bias varied across the studies, six had low risk 

of bias and two had moderate risk of bias. The incidence was higher in 

females compared to males in three studies (Östergren et al., 2005, White 

et al., 2011, Tekavec et al., 2012), except in the study by Leclerc et al. 

(2004) in which the incidence was higher in males than in females.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



126 

 

 

 

 

Table 2-7 Incidence of chronic shoulder pain in the four included studies 

 

 

 

 

 

 

 

 

 

 

 

 

Author  Incidence 
measures  

Female Male 

White et al., (2011)  Incidence rate 

per 1,000 person-

years 

 3.38  2.36  

Tekavec et al. (2012)  Incidence rate 

per 10,000 

person-years 

80  

129 (50 to 59 

years)  

74  

116 (60 to 69 

years) 

Ostergren et al. (2005)  One-year 
cumulative 
incidence  

8.9% 

45-49 years 

(10.3%) 

5.9% 

55-59 years 

(6.8%) 

Leclerc et al. (2004)  Three- years 
cumulative 
Incidence 

21 % 29%  
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2.2.8  Person-specific risk factors for chronic shoulder pain 
 

A total of 15 studies (11 cross-sectional, two case-control, and two cohort 

) reported risk factors. A total of eight person-specific risk factors were 

identified in this review (Table 2-8). Risk of bias varied across the studies, 

12 had low risk of bias and three had moderate risk of bias. Risk factors 

that were found to be significantly associated with CSP were: age above 

40 years (Appendix 7, Figures 9.5 and 9.6, pages 346-347); female sex 

(Appendix 7, Figures 9.7- 9.10, pages 348-350); and lower educational 

level. Table 2-8 presents the identified risk factors with pooled odds ratio, 

heterogeneity and publication bias. Forest plots and funnel plots for the 

identified risk factors are presented in Appendix 7 (pages 346-351). 
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Table 2-8 Risk factors associated with chronic shoulder pain 

 

Risk 
factors  

No. of studies 
(participants)  

OR (95% CI) Heterogeneity 
I2 

Publication 
bias p 

Age >40 
years  

       50-69 

       70-79 

        >80 

4 (3408) 

3 (3198) 
 
2 (2685) 
 
2 (2685) 

2.44 (2.14, 2.78) 
 
1.98 (1.08 , 3.64) 
 
2.44 (2.13, 2.80) 
 
2.56 (0.70, 9.31) 

18.2% 

10% 
 
31.5% 
 
65% 

p = 0.29 

p = 0.60 
 
- 
 
- 

Sex (F/M) 4 (3364) 2.05 (1.54, 2.72) 38% p = 0.49 

BMI, kg/m 2* 1 (696) 1.70 (0.80, 3.80) - - 

Smoking 
(Yes/No)  

3 (1216) 1.72 (0.92, 3.24) 67% p = 0.68 

Educational 
level**  

1(4919) 1.80 (1.35, 2.38) - - 

Dominant 
arm 

1 (200) 1.88 (0.70, 5.01) - - 

Kyphosis  

Thoracic  

Lumbar  

1 (2144) 

 

 

                  

 
 
1.65 (1.02, 2.64) 
 
1.06 (0.68,1.67) 
 
 

- 

 

- 

 

Manual work  4 (5380) 3.55 (1.68, 7.49) 91% p= 0.174                     

 
F, female, M, male, BMI, body mass index , OR , odds ratio, CI=confidence interval, * 
BMI of 25Kg/m2 or greater vs. BMI below 25Kg/m2, **education level (< 9 years Vs. >10-
12 years). No.= number of
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2.2.9 Work-related risk factors  

Four studies ( two cross-sectional, one case-control and one cohort) 

examined manual work versus non-manual work as a risk factor for CSP 

in working populations. Risk of bias varied across the studies, three had 

low risk of bias and one had moderate risk of bias. The results showed 

that people who undertook manual work were more likely to have CSP 

compared to non-manual workers, with an adjusted OR of 3.55 (95% CI 

1.68 to 7.49, z= 3.33, p-value = 0.0009) (Figure 2.7). There was high 

heterogeneity between the included studies (I2 = 91%, p-value = 0.01). 

The funnel plot was approximately symmetrical (Appendix 7, Figure 9.15, 

page 352), and there was no indication of publication bias (Begg test: p = 

0.174). 

 

 
 TE= log odds ratio, seTE=standard error of odds ratio, CI= confidence interval, aOR=adjusted 

odds ratio 

Figure 2.7 Forest plot showing the association between manual work and 
shoulder pain (adjusted odds ratio for age and occupation) 
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2.2.10  Comorbidities associated with chronic shoulder pain 

A total of 13 comorbidities were identified from eight studies ( five cross-

sectional, two case-control, and one cohort). Risk of bias varied across 

the studies, three had low risk of bias and five had moderate risk of bias. 

Several comorbidities were found to be significantly associated with CSP 

including: angina (Vogt et al., 2003, Östergren et al., 2005, Wright et al., 

2015); pain in other joints (Vogt et al., 2003, Milgrom et al., 2008, 

Kobayashi et al., 2014, Wright et al., 2015) (Appendix 7, Figures 9.16 and 

9.17, page 353); diabetes (Thomas et al., 2007, Milgrom et al., 2008, 

Kobayashi et al., 2014, Wright et al., 2015) (Appendix 7, Figures 9.18- 

9.20, pages 354-355); and arthritis (Vogt et al., 2003) (Table 2-9). In 

another study with 190 participants, family history of diabetes was found 

to be associated with adhesive capsulitis (Ahmad et al., 2020). There 

were some other potential comorbidities found from just single studies that 

might be associated with CSP including anxiety, sarcopenia, and 

hypothyroidism (Milgrom et al., 2008, Ding et al., 2014, Wu et al., 2021). 

Also, there were some comorbidities found in this review that were not 

associated with CSP including depression, cardiovascular diseases, 

hyperlipidaemia, and hypertension. The study outcomes are presented in 

Table 9-5 (Appendix 8, pages 357-362). 
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Table 2-9 Comorbidities associated with chronic shoulder pain 

Comorbidities  No. of studies 
(participants)  

OR (95% CI) 

Arthritis  1 (3046)  5.1 (3.2, 8.2) * 

Diabetes  4 (3506)  2.97 (1.29, 6.80) 
 1.73(1.37, 2.19)* 
RR 5.42 (4.15, 7.08)*  

Pain in other joints  3 (9637)  2.73(1.73, 4.30) * 

Angina  1 (3046) 1.63 (1.23, 2.15) * 

Hypothyroidism  1 (224)  F** RR 7.3 (4.8, 11) 
 M** RR 2.6 (0.4,17) 

Sarcopenia  1 (122)  2.7 (1.33, 5.79) 

Anxiety  1 (254)  1.9 (1.0, 3.7) 

Depression  2 (4718)  2.39 (0.99, 5.76) * 

Hypertension  2 (3587)  1.69 (1.03, 2.77) 
 1.39 (0.91, 2.11)*  

Hyperlipid aemia  1(541)  0.95 (0.59,1.5) 

Myocardial infarction  1(3046) 1.35 (0.94,1.92) * 

Cardiovascular diseases   1 (1672) 1.99 (1.58, 2.49) * 

Lung conditions (bronchitis 
and emphysema)  

1(1672) 1.97 (0.9, 4.32) * 

Abbreviations: * adjusted odds ratio, Pain in other joints: defined as musculoskeletal 
pain at other musculoskeletal regional sites includes the neck, knee, hip, back, hand, 
and foot,  
, **F female, M male, ***RR risk ratio  

 
 
 
 
 
 
 

2.3 Discussion  
 

This systematic review and meta-analysis have summarised the current 

evidence on the prevalence and incidence of CSP, risk factors and 

associated comorbidities. A total of 29 studies from 19 countries, were 

included. The following were the key findings. (1) The pooled prevalence 

of CSP in the included studies was 29% and was higher in specific 

populations such as those with physically demanding jobs (36%) and 

people with diabetes (35%). (2) The incidence of CSP was higher in 
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female and increased over the age of 40 years. (3) CSP was associated 

with age, female sex, lower educational level, and manual work. (4) 

Several comorbidities were found to be associated with CSP, specifically, 

angina, other MSK pain, diabetes and arthritis. (5) The pooled prevalence 

of shoulder pain according to different specific diagnoses was 26%.  

Although the pooled prevalence was estimated, this needs careful 

interpretation owing to the large heterogeneity between the included 

studies. There were large differences in age range studied, for example, 

Vogt et al. (2003), Burner et al. (2014) and Cho et al. (2015) focused on 

shoulder pain in people aged over 60 years old only, while for most of the 

other studies the mean age was 45. Differences in prevalence estimates 

across these studies could be due to the diversity of shoulder pain 

conditions, the definitions used, the population studied (e.g., workers in 

different work sectors, people with diabetes), the research method used, 

and sampling method. For example, Kobayashi et al. (2014) examined 

glenohumeral OA, which was more common in the older population 

(17%), while Otoshi et al. (2014) defined shoulder pain as subacromial 

pain syndrome (4%) and the prevalence of glenohumeral OA was higher 

than subacromial pain syndrome. Another potential explanation for the 

variations in prevalence estimates across studies was the reference 

periods used. Some studies focused on participants experiencing 

shoulder pain in the last three months, while others used reference 

periods of up to 12 months. Where the reference period was specified 

clearly, a longer duration of the reference period was associated with 

increasing prevalence estimates. For example, Posch et al. (2019) 
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focused on any reported pain experience in the previous 12 months giving 

a prevalence of 74%, while Haukka et al. 2006 used a reference period of 

three months which gave a prevalence of 39%.  

The incidence of CSP was consistently higher in females than in males 

(3.38 and 2.36 per 1000 person-years respectively). Furthermore, females 

born between 1920 and 1929 were 8% less likely to develop adhesive 

capsulitis than females born between 1930 and 1939. Females born 

between 1940-1949, 1950-1959, and 1960-1969 were 1%, 11%, and 14% 

more likely to develop adhesive capsulitis respectively (White et al., 2011). 

According to the 2002 Labour Force Survey, the number of working 

females in the UK between the ages of 50 and 64 has increased, with 

increases in jobs with low physical activity (Dufýeld, 2002). Since 

adhesive capsulitis is more common in sedentary jobs compared to active 

jobs, these shifts toward more recently born females taking more 

sedentary jobs might explain the increase in adhesive capsulitis incidence 

(Neviaser and Neviaser, 1987). The cumulative incidence in males 

seemed to peak in the age group 55-59, which might be due to the nature 

of the work at this age group, which includes manual work, and 

occupations that required high force transmission through the shoulder 

(Östergren et al., 2005). The incidence was found to decline with further 

increase in age, which might be explained by the retirement stage. 

The current results are consistent with other systematic reviews in terms 

of variations of prevalence, and incidence estimates. Lumie et al (2004) 

conducted a systematic review to investigate the incidence and 
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prevalence of shoulder complaints in the general population. A total of 17 

studies met their inclusion criteria for prevalence, and one study met the 

inclusion criteria for both prevalence and incidence (Luime et al., 2004). 

The prevalence of shoulder pain ranged from 6.9 to 26% for point 

prevalence, 18.6  to 31% for one month prevalence, 4.7 to 46.7% for one 

year prevalence and 6.7 to 66.7% for lifetime prevalence (Luime et al., 

2004). The incidence ranged between 0.9 and 2.5% for different age 

groups (Luime et al., 2004). The prevalence estimate decreased, when 

the case definition was restricted, and increased when the shoulder pain 

was defined more broadly. Although it is evident that studies with larger 

sample size could estimate the prevalence more precisely, this did not 

influence the prevalence estimates. In two studies with a large sample 

size, but different case definition, the prevalence varied significantly 

(11.8% and 27% respectively) (Allander, 1974, Badley and Tennant, 

1992). On the other hand, Pope et al. (1997), with a small sample size but 

comparable case deýnition, found prevalence results similar to Makela et 

al. (1999) with large sample size (31% and 28% respectively) (Pope et al., 

1997, Mäkelä et al., 1999). The previous studies supported the claim that 

the broad range of prevalence estimates reported in epidemiological 

studies is mostly due to different definitions of shoulder pain. 

This review identified several person-specific risk factors that could have a 

major role in the development of CSP. Increasing age and female sex 

were the most common risk factors associated with shoulder pain, as they 

are for many other common MSK regional pain syndromes (e.g. chronic 

knee pain)(Bunt et al., 2018, Takahashi et al., 2018).  
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Shoulder pain would be expected to increase with age because of 

degenerative changes of the shoulder joint and tendons of the RC which 

both associate with the ageing process (Linsell et al., 2006, Pribicevic, 

2012). Many studies have reported the highest prevalence of shoulder 

pain in middle age (40-64 years), which could relate to occupational 

activities, with a subsequent decline in older people that may result from 

reduced biomechanical stress following retirement (Chard and Hazleman, 

1987, Picavet and Schouten, 2003, Parsons et al., 2007, Pribicevic, 

2012). Also, several previous hypotheses have explained why shoulder 

symptoms are more prevalent in females than males. For example, 

hormonal changes and physiological differences in females can contribute 

to higher pain sensitivity (Vincent and Tracey, 2008). According to one 

large prospective cohort study, sex was identified as a major risk factor for 

the development of shoulder pain, with females being particularly at riskð

showing a prevalence of 15% compared to 8% in males (Cassou et al., 

2002). 

The current review found that smoking was not associated with CSP, 

which differs from the results of a previous systematic review (Bishop et 

al., 2015). 13 studies were included in that review, comprising a total of 

16,172 patients, of whom 6,081 were smokers. Four of those studies 

examined the association between smoking and patient-reported shoulder 

dysfunction (i.e., poor scores on shoulder rating scales) and symptoms. 

Another four studies examined the correlation between smoking and 

provider-reported RC disorder. The other studies investigated the 

relationship between smoking and degree of RC pathology (three clinical, 



136 

 

one cadaveric, and one basic science study). Bishop et al. (2015) found 

that smoking was associated with shoulder dysfunction, RC tears, poor 

shoulder function and higher pain scores. Also, it can accelerate RC 

muscle degeneration (Bishop et al., 2015). However, one study in the 

current review had examined time-dependent and dose-dependent 

relationship between tobacco use and RC tears (Baumgarten et al., 2010). 

The odds ratio for risk of RC tear in people who smoked > two packs per 

day was 3.35 (p-value = 0.0007) compared to 1.08 (p-value = 0.79) for 

people who smoked < one pack per day. Possible explanations for the 

different results might be due to the population studied in the current 

review (painters vs. diabetic vs. general population), the definition of 

shoulder pain (adhesive capsulitis vs. RC pathology), or smoking 

measurement.    

Further study would potentially clarify the causative components of 

tobacco smoke and the biochemical and pathophysiologic mechanisms in 

RC pathology, which is essential for understanding whether nicotine 

replacement therapy is  appropriate option for people at risk of RC 

pathology. 

In the current review, low educational level was considered as a risk factor 

with an aOR of 1.80 (95% CI 1.35 to 2.38). This is consistent with the 

results of other studies of chronic MSK conditions where the prevalence 

has been reported to be  associated with lower educational level 

(Cimmino et al., 2011, Farioli et al., 2014, Oha et al., 2014, Madadizadeh 

et al., 2017). Less educated people have been reported to experience 
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more upper limb pain (OR = 2.99, 95% CI 1.89 to 4.71), lower limb pain 

(OR = 2.26, 95% CI 1.38 to 3.70), and low back pain (OR = 4.09, 95% CI 

2.71 to 6.16), compared to more highly educated people (Baek et al., 

2010). A possible explanation for this is that low education might increase 

psychological distress and financial burden, which might lead to 

aggravation MSK pain. Additionally, less well-educated people are more 

likely to have manual work.  

This review also confirmed that people working in occupations that require 

manual work and higher physical demands on the shoulder are likely to 

report more shoulder pain compared to other occupations and non-

manual work. The current results align with the results of some previous 

studies. Highly demanding jobs were found to be a major risk factor for 

neck and shoulder pain in two prospective cohort studies (OR 1.50, 95% 

CI 1.20 to 1.90; and OR 2.00, 95% CI 1.20 to 3.30, respectively ) 

(Andersen et al., 2003, Rasmussen-Barr et al., 2014). 

Regarding comorbidities associated with CSP, one study in the current 

review reported that angina was associated with shoulder pain. However, 

that was a cross-sectional study, so was unable to confirm a temporal or 

causal relationship. There is thus very limited evidence regarding the 

relationship between angina and shoulder pain. A previous cross-sectional 

study conducted in the UK examined the prevalence and association 

between chronic MSK pain and cardiovascular diseases (Ryan et al., 

2014). Older adults with chronic MSK pain were significantly more likely to 

have cardiovascular diseases with an OR of 1.82 (95% CI 1.45 to 2.30; p-
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value < 0.001) (Ryan et al., 2014). However, the primary limitations of this 

study were its cross-sectional design and the grouping together of any 

chronic MSK pain. Further prospective cohort studies are needed to 

explore the temporal and causal association between cardiovascular 

diseases and CSP.  

CSP was found to be significantly associated with other painful MSK 

conditions including arthritis and pain in other MSK regions. However, 

research about such relationships with CSP are limited. One cross-

sectional study conducted in Finland found that chronic neck pain was 

associated with chronic pain at other joint sites, specifically, low back pain 

(OR 5.82, 95% CI 4.98 to 6.81), and shoulder joint disorders (OR 6.43, 

95% CI 5.19 to 7.96) (Mäkela et al., 1991). Another prospective cohort 

study reported that back and foot pain each were significantly associated 

with incident shoulder pain with odds ratios of 2.46 (95% CI  1.72 to 3.51) 

and 1.68 (95% CI 1.08 to 2.61), respectively (Gill et al., 2013). However, 

in that study, there was a lack of specific diagnosis for shoulder pain.  

The identification of diabetes as a risk factor for CSP was not unexpected. 

MSK conditions are recognised to be the most common complications in 

people with diabetes (Sözen et al., 2018). Shoulder disorders, such as 

adhesive capsulitis and RC tendinopathy are commonly seen in people 

with diabetes (Cole et al., 2009, Sözen et al., 2018). Although the causes 

of adhesive capsulitis are still underexplored and have not been identified, 

it is generally believed that it develops because of perivascular 

inflammation and fibroblastic proliferation, followed by capsular fibrosis 
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and contractures. Hyperglycaemia is the key factor in the progression of 

fibrosis in people with diabetes. Hyperglycaemia can cause subsequent 

formation of non-enzymatic glycosylation products and produce advanced 

glycosylation end-products (AGEs) (Goldin et al., 2006). These AGEs 

increase cross-linking in collagen, tendons, and ligaments, making these 

structures stiffer and weaker (Goldin et al., 2006). This unfavourable 

microvascular environment occurs around the shoulder joint as well 

(Goldin et al., 2006). The impaired circulation leads to tissue hypoxia and 

overproduction of free radicals, which can lead to joint tissue damage and 

enhancement of degenerative changes (Goldin et al., 2006). 

Other potential comorbidities found in this review that might be associated 

with CSP including thyroid diseases, anxiety and sarcopenia. However, 

the evidence for these is from single cross-sectional studies, so further 

longitudinal studies that examine these possible associations are required 

to draw a conclusion. 

 

Strengths and weakness  

This review has some limitations. Firstly, there was no standard definition 

for CSP, and a wide range of shoulder pain definitions was used which 

had a major impact on the heterogeneity across the studies. Some studies 

had a general definition for shoulder pain, for example ñany shoulder pain 

in the past 3 monthsò (Haukka et al., 2006, Burner et al., 2014), while 

others had specific criteria for shoulder pain (for example RC 

tendinopathy: shoulder pain during shoulder elevation and a positive Neer 
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or Hawkins impingement test result) (Morse et al., 2007, Loew et al., 

2019). Also, there was marked variability between the studies as they 

examined different populations (e.g., general population, people with 

diabetes, and specific working populations). Another reason that might 

contribute to the significant heterogeneity in this review was the large 

differences in age range studied, for example, some studies focused on 

shoulder pain only in people aged over 60 years, while for most of the 

studies the mean age was 45 years. Secondly, 20 of the included studies 

were cross-sectional in design, which does not allow determination of the 

temporal and causal relationship between associations and shoulder pain. 

Thirdly, publication bias was difficult to assess because of the small 

number of studies included in the meta-analysis. However, this systematic 

review and meta-analysis has several strengths, including inclusion of all 

observational study designs. A major strength of this review was the 

inclusion criteria of the meta-analysis which identified several risk 

factors and comorbidities. Furthermore, the current review highlights the 

variations of shoulder pain definition and the need for a standard protocol 

to diagnose and define CSP in future studies. This will facilitate 

interpretation of the results and comparisons with other data.  

 

 

2.4 Conclusion  
 

The prevalence of CSP in the included studies ranged from 4% to 61%. 

One in four people aged 40 years old or more has CSP. Major risk factors 
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and comorbidities associated with CSP include age, female sex, lower 

education, manual work, arthritis, diabetes, and MSK pain elsewhere. The 

results need cautious interpretation owing to the heterogeneity between 

the included studies, and the relatively limited number of studies. 

Knowledge of evidence-based related risk factors and associated 

comorbidities can inform strategies for primary and secondary prevention 

of CSP. There is a significant need for specific policy and workplace 

interventions to address the quality of work and the intensity of work to 

reduce work-related CSP. Some comorbidities such as cancer, 

cardiovascular and lung disorders need further exploration in longitudinal 

studies, because the cross-sectional design of existing studies in the 

literature cannot explain the temporal and potentially causal relationships 

between shoulder pain and associated comorbidities. As CSP is 

considered to be a common MSK problem, and can have a detrimental 

effect on patientsô lives, it would be interesting to understand the burden of 

shoulder pain. Thus, in the next chapter (Chapter 3), the trend of CSP in 

the UK will be explored.  

 

 
 
 
 

3 Chapter 3. The prevalence and incidence of 
chronic shoulder pain in the UK  from 2000 to 
2020: a temporal  trend analysis  

 

 

3.1 Introduction  
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As far as is known, no study has been conducted on the trends of CSP in 

the UK. The lack of up-to-date information makes it challenging to 

estimate the burden of CSP. Based on existing evidence, only two 

countries have explored the trends of shoulder pain. 

In Sweden, the trends of the prevalence of neck, shoulder-arm pain and 

concurrent low back pain were examined in the general population aged 

between 21 and 64 from 1996 to 2006. They used questionnaire data 

collected every 4 years from 1996 to 2006. Over this 16-year period, the 

prevalence of self-reported neck-shoulder-arm pain rose slightly, from 

22.8% to 25.0% among females (prevalence rate ratio 1.10) and from 

12.8% to 15.4% among males (prevalence rate ratio: 1.21) (Leijon et al., 

2009). In Norway, Engebretsen et al. (2015) explored the prevalence of 

shoulder pain in the general population over the period 1990 to 2004. A 

questionnaire was sent to participants belonging to the six birth cohorts of 

1918ï20, 1928ï30,1938ï40, 1948ï50, 1958ï60 and 1968ï70 in 1990 

and1994 (Engebretsen et al., 2015). The case definition of shoulder pain 

in this study was categorized into localized shoulder pain, and regional 

shoulder pain. Localised shoulder pain was defined as pain in the 

shoulder site only, without neck or upper arm pain, while regional shoulder 

pain was defined as the occurrence of shoulder pain with neck or upper 

back pain or both. The prevalence of shoulder pain only, increased from 

7.7% in 1990 to 8.6% in 2004 (Engebretsen et al., 2015). However, it 

might have been difficult to clearly identify shoulder and neck complaints. 

Pain in these body regions is considered to have multifactorial origins, and 

this might involve shared pathology. However, in most of the available 
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studies, the case definition of shoulder pain was not limited to the 

shoulder region only and incorporated other areas including neck and 

upper limb. Not all of them were conducted in the general population, and 

none of these studies focused on the epidemiology of CSP conditions. 

Furthermore, none of these studies explored the trends of incidence of 

shoulder pain. Therefore, the current study aimed to explore the 

prevalence and incidence of CSP in the year 2019 by age, sex and UK 

regions, and the trends in both incidence and prevalence of CSP in the 

UK during the period from 2000 to 2020 using the CPRD which is a large 

national representative primary care database. 

 

 

3.2 Method s 
 

3.2.1 Ethical approval 

The study was approved by the Independent Scientific Advisory 

Committee (ISAC) for conducting research using the UK CPRD (protocol 

number: 21_000633) (Appendix 9, pages 363-382). The approval grants 

the legitimacy to conduct research using the CPRD to determine the 

prevalence, incidence, and associated risk factors of CSP in the UK.  

 

 

3.2.2 Funding  
 

This study was jointly funded by the University of Nottingham and the PhD 

studentship from the Kuwait Cultural Office and the Ministry of Health in 

Kuwait. 
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3.2.3 Data source 
 

For this study, CPRD Aurum data was used for people registered from 1st 

January 2000 until 31st December 2020.  

 

3.2.4 Case definition of chronic shoulder pain 
 

The case definition of CSP used in this study was having at least two 

consultations for shoulder pain in primary care within a six-month period 

and with no history of severe acute shoulder trauma or fracture in the six 

months prior to the first consultation for shoulder pain. The sample size 

calculation presented in Appendix 9, page 383. Medical codes were 

extracted to identify people with a diagnosis of CSP within the CPRD 

between 1st January 2000 to 31st December 2020 (Appendix 10, Table 9-

6, pages 384-387). The list of CSP used in this study was derived from the 

Read codes of CSP from Keele university (https://www.keele.ac.uk/mrr/), 

and an extensive search was undertaken using an open safely code lists 

platform, which allows creating and sharing of code lists 

(https://www.opencodelists.org) to include other CSP conditions. The list 

of CSP codes included 120 codes for chronic shoulder conditions. The 

code list was initially generated by one of the researchers (Nouf Alotaibi 

(NA), physiotherapist and PhD student) and independently validated by 

two others, specifically Professor Michael Doherty (MD), Emeritus 

Professor of Rheumatology at the University of Nottingham and 

internationally recognised expert in MSK conditions, and Dr. Barbara Iyen 

(BI), Clinical Associate Professor in Primary Care at the University of 

https://www.keele.ac.uk/mrr/
https://www.opencodelists.org/
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Nottingham, with expertise in public health and epidemiology. This 

multidisciplinary validation process ensured both clinical relevance and 

coding accuracy of the final list. 

 

3.2.5 Rational for the definition of CSP  
 

Chronic pain is typically defined as pain lasting for three months or more. 

While direct symptom duration data may not always be available in 

primary care settings, repeated consultations can serve as a practical 

proxy to identify patients with pain persisting beyond an acute phase (Mills 

et al., 2016). The IASP (International Association for the Study of Pain) 

defines chronic pain as pain that persists for three months or longer 

(Treede et al., 2019). The definition used was specifically designed for this 

study to capture chronic cases of shoulder pain within the large database. 

It has not been reported directly from previous studies but aligns with 

approaches used in previous research on MSK conditions (Coates et al., 

2023), where repeated consultations within a specific time frame serve as 

proxies for chronicity in the absence of direct symptom duration data 

(Coates et al., 2023). Coats et al.,(2023)  defined a chronic pain episode 

as a series of pain-related GP consultations relating to pain symptoms 

associated with chronic low back pain (CLBP) or OA and/or a pain-related 

specialist consultation (rheumatology, orthopaedics, or pain management) 

in the secondary care setting, where gaps between visits were 

Ò12 months.  

The reason for choosing more than one consultation was to include 

people with CSP and to exclude acute self-limiting cases. The rationale is 
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that people experiencing short-term or self-limiting pain episodes are less 

likely to return for repeated consultations. By adopting this definition, it 

was intended to avoid transient conditions and identify people with 

persistent shoulder pain while excluding cases related to acute injuries, 

thereby focusing on non-traumatic or degenerative causes of CSP. People 

having shoulder surgery in the three months before the first consultation 

were excluded to ensure that only people with chronic non-surgical 

shoulder pain are included, and not those recovering from recent 

procedures. People with cervical root entrapment/neuralgia three months 

before or after incident CSP were excluded because people with cervical 

disorders often experience referred pain to the shoulder, which could 

confound the results of the study. People with a previous diagnosis of 

rheumatoid arthritis, ankylosing spondylitis, or psoriatic arthritis were 

excluded because these conditions could lead to secondary shoulder pain 

due to joint involvement. By excluding people with these conditions, the 

study was more focused on primary CSP. 

 

3.2.6 Selection of study population 
 

3.2.6.1  Inclusion criteria 
 

Inclusion criteria were: 1) age 18 and above; 2) registered for at least one 

year after the earliest date that the practice started contributing quality-

assured (the up-to-standard) data to CPRD; 3) a minimum of two GP 

consultations within a six months period for the same problem/complaint 

(the reason for choosing more than one consultation was to include 

patients with CSP and to exclude acute self-limiting cases; the first 
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consultation date was used as the index date); and 4) data quality flagged 

as óacceptableô in the database. 

 

3.2.6.2 Exclusion criteria:  
 

1. Severe acute trauma, including fracture, in the past 6 months prior 

to the first consultation 

2. Shoulder surgery within the previous 3 months.   

3. A diagnosis of cervical root entrapment and neuralgia 3 months 

before or after incident shoulder pain (to exclude patients with 

referred pain to the shoulder)  

4. Previous diagnosis of rheumatoid arthritis, ankylosing spondylitis, 

or psoriatic arthritis.   

The methodological process for inclusion and exclusion criteria is 

presented In Appendix 11 (pages 388-390) . 

 

 

3.2.7 Study design 
 

A cross-sectional study and a cohort study were conducted to examine 

the prevalence and incidence, respectively, of CSP each year from 2000 

to 2020 in the UK, according to age, sex and geographic distribution. The 

trend of prevalence and incidence of CSP in the UK over the past 20 

years (2000-2020) was determined. Additionally, the prevalence of 

different diagnostic codes for CSP in the year 2019 was examined. 
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3.2.8 Outcomes  
 

¶  Primary outcomes: 
 

1- Current prevalence and incidence of CSP in the UK. To avoid the 

influence due to the COVID-19 pandemic and lockdown, the 

prevalence and incidence in 2019 were used to present the current 

prevalence and incidence. 

2- The prevalence and incidence for the year 2019 according to age, 

sex and UK region 

3- Trends of CSP prevalence and incidence over the past 20 years 

(2000 ï 2020). 

 
¶  Secondary outcomes:  

 

1- Prevalence of different types of CSP diagnosis in 2019 

 

 

3.2.9 Data management  
 

All data management was conducted using R statistical software (3.4.2) 

and STATA SE v 15 software. Data were extracted by YV and then 

downloaded and saved on OneDrive and R Drive. Data management is 

explained in Figure 3.1.  
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people with end date in the 
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people with registration date 
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Figure 3.1. CPRD study flow chart 

 

 

 

 

 

 

 

 

 

 

3.2.10 Data analysis 
 

All data analysis was conducted using R (3.4.1) and STATA SE v 15 

software. Cross-sectional studies were conducted to examine the 

prevalence of shoulder pain each year from 2000 to 2020. The current 

Total Acceptable people  

(n= 41,133,738) 

Final total people  

(n= 30,194,407) 

people with shoulder pain  

(n= 353,465) 

 

people without shoulder pain 

(n= 29,840,942) 
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prevalence of shoulder pain in the year 2019 was calculated by dividing 

the number of people diagnosed with shoulder pain at 1st July 2019 by the 

total number of people in the sample at that time point in the calendar 

year.  

For incidence rate calculations, the eligible population for incidence rate 

calculations were those with their first time recording of shoulder pain 

during the study period. People at risk (i.e., no previous diagnosis of 

shoulder pain) were identified at 1st January of 2019 and followed them 

until 31st December 2019 to identify incident cases of shoulder pain (i.e. 

the first diagnosis of shoulder pain during that year). Total person-years of 

follow up were calculated by summing the individual follow-up times for all 

participants. The prevalence and incidence for the year 2019 was reported 

overall and by age, sex, and UK regions and the prevalence of different 

types of shoulder pain in 2019 was also examined. The 95% confidence 

interval (CI) was calculated for the prevalence and incidence.  

The trend of prevalence and incidence of shoulder pain in the UK over the 

past 20 years (2000-2020) was calculated. A similar approach as 

mentioned above for 2019 was followed for each year starting from 2000 

to 2020. The 95% confidence interval (CI) was calculated for the 

prevalence and incidence for the 20 years (2000-2020). Prevalence and 

incidence for each year from 2000 until 2020 was standardised according 

to the age and sex structure of the 2019 CPRD population.  

The Joinpoint Regression Program (V.4.0.4) was used to estimate trends 

of prevalence and incidence of CSP. The program uses Bayesian 
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Information Criterion to generate different numbers of ójoinpointsô in time 

when the trend of prevalence and incidence of CSP changed significantly 

and to determine the best-fit data series. Initially models contained zero 

joinpoints (i.e., a straight line fitted to the data) with joinpoints added 

whenever a change in trend over time was statistically significant, with the 

user specifying the maximum number of allowable joinpoints (Kim et al., 

2000, Ghafoor et al., 2003). Using a Bayesian information criterion 

approach, a maximum of three joinpoints were selected (Kim et al., 2000, 

Ghafoor et al., 2003). Annual percentage changes (APC) for each 

segment and average APC for the entire study period of prevalence and 

incidence of CSP were calculated. The significance level was set at 0.05.  

 

3.3 Results  
 

People aged 18 and above with a diagnosis of CSP were identified from 

the CPRD Aurum between January 2000 to December 2020 (Figure 3.1). 

Patients with at least 2 consultations for shoulder pain within 6 months 

were selected (n= 353,465). The total number of patients who met the 

inclusion criteria for calculating the prevalence and incidence of CSP was 

30,194,407. 

 

3.3.1 Current prevalence and Incidence of chronic shoulder 
pain in the UK. 

 

Of 11,092,332 eligible individuals in 2019, there was 202,876 prevalent 

cases of CSP, giving a prevalence of 1.91% (95% CI 1.91% to 1.92%). 
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Females had a higher prevalence of CSP (2.04 %, 95% CI 2.03% to 

2.05%) than males (1.68 %, 95% CI 1.67% to 1.69%). CSP prevalence 

was increased in both females and males aged 40 years and above, 

peaking at 4.5% in those aged >70 years (Figure 3.2a). In people aged 40 

to 70 years, the prevalence was higher in females (2.85%, 95% CI  2.83% 

to 2.86%) than in males (2.6 %, 95% CI 2.59% to 2.62%) (Figure 3.2a).   

 

There was a total of 11,164,066 person years of follow-up in 2019 during 

which 13514 incident cases of CSP were identified, giving an overall 

incidence of 1.2 (95% CI 1.19 to1.23) per 1,000 person years. The 

incidence per 1,000 person years of CSP was higher in females (1.35, 

95% CI 1.32 to1.38) than in males (1.06, 95% CI 1.04 to1.09). As shown 

in Figure 3.2b, the incidence of CSP increased in people aged 40 years 

and above in both males and females, then it decreased slightly in males 

aged 70 years and above. Females had a higher incidence of CSP (2.12, 

95% CI 2.07 to 2.17, per 1,000 person years), than males (1.63, 95% CI 

1.59 to1.68 per 1,000 person years) in people aged 40 years and above.  

 

   

 

 

(A) 
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(B) 

 

Figure 3.2 Age-specific prevalence (A) and incidence (B) of chronic 
shoulder pain in 2019 (red-females; green-males; back-total). 
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3.3.2 The prevalence of different types of chronic shoulder pain 
diagnosis in the year 2019  

 

The most common eight diagnostic codes for CSP identified in the CPRD 

database in 2019 were: shoulder bursitis, acromioclavicular joint 

arthralgia, painful arc syndrome, glenohumeral OA, RC syndrome, RC 

tear, frozen shoulder, RC syndrome and shoulder pain (Figure 3.3). 

Shoulder pain and RC syndrome codes were those most commonly used 

by GPs giving an individual prevalence of 0.75% (95% CI 0.75 to 0.76) 

and 0.49% (95% CI 0.49 to 0.50), respectively.  

 

 
 

Figure 3.3 Prevalence of different chronic shoulder pain diagnoses in the 
year 2019. 
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3.3.3 Trend of prevalence and incidence of chronic shoulder 
pain between 2000 and 2020 

Table 3-1 shows the trends in prevalence and incidence of CSP from 

2000 to 2020. In general, both crude and standardised overall prevalence 

estimates increased over time during this period. However, both crude 

and standardised incidence estimates increased from 2000 to 2011, then 

decreased back to the 2000 level. The standardised estimates were 

slightly higher than the crude ones, accounting for the fact that the 

population structure was different in the year 2019 and 2000. 

The age and sex standardised prevalence of CSP increased over the 

study period from 0.42% (95% CI 0.42 to 0.43) in 2000 to 1.83 (95% CI 

1.83 to 1.84) in 2020 (Figure 3.4a). Furthermore, there were two joinpoints 

at 2004 and 2012 with respective APCs of 17.81% (12.2 to 23.7), 10.29% 

(8.8 to 11.7) and 0.63% (-0.2 to 1.5) for segment 2000ï2004, 2004ï2012 

and 2012ï2020, respectively (Figure 3.5). 

The age and sex-standardised incidence also increased significantly from 

0.88 (95% CI 0.86 to 0.9) in 2000 to 2.00 (95% CI 1.96 to 2.00) per 1000-

person years in 2011, then decreased back to the 2000 level (Figure 

3.4b). The significant decline in 2020 coincided with the pandemic (COVID 

19). There were two joinpoints at 2004 and 2011 with respective APCs of 

18.7 (7.6 to 29.6), 2.8 (-2.2 to 8) and -8.2 (-10.7 to -5.7) for segment 

2000ï2004, 2004ï2011 and 2011ï2020, respectively (Figure 3.6).
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Table 3-1 Crude and age and sex standardised prevalence and incidence of chronic shoulder pain from 2000 to 2020 

Year 
Eligible 

population  

Crude prevalence 
% 

(95% CI) 
 

Age and sex 
standardised 
prevalence % 

(95% CI) 

New 
cases  

Person 
years  

Incidence rate 
(95% CI) per 
1000 person - 

years  

Age and sex 
standardised 
incidence rate 

(95% CI) 

2000 8,290,526 0.41(0.40,0.41) 0.42 (0.42,0.43) 7289 8486862 0.80 (0.83 0.87) 0.88 (0.86,0.90) 
2001 8,507,293 0.48 (0.47,0.48) 0.49 (0.49,0.50) 8971 8797974 0.96 (0.99,1.04) 0.97 (0.94,0.98) 

2002 8,666,178 0.56 (0.55,0.56) 0.60 (0.58,0.60) 10333 8994771 1.14 (1.12,1.17) 1.20 (1.15,1.20) 
2003 8,903,632 0.64 (0.64,0.65) 0.70 (0.66,0.70) 12519 9041854 1.38 (1.36,1.41) 1.40 (1.38,1.40) 
2004 9,060,695 0.75 (0.75,0.76) 0.80 (0.77,0.80) 14617 9223488 1.58 (1.5,1.61) 1.63 (1.60,1.65) 
2005 9,183,707 0.87 (0.86,0.87) 0.90 (0.89,0.90) 15724 9443151 1.66 (1.63,1.70) 1.68 (1.66,1.70) 
2006 9,338,158 0.98 (0.98,0.99) 1.00 (1.0,1.10) 16645 9600071 1.73 (1.70,1.76) 1.80 (1.75,1.80) 
2007 9,497,766 1.00 (1.0,1.10) 1.00 (1.0,1.10) 17507 9606080 1.82 (1.79,1.84) 1.84 (1.82,1.88) 
2008 9,641,986 1.20 (1.2,1.22) 1.24 (1.23,1.25) 18222 9735029 1.87 (1.84,1.9) 1.90 (1.88,1.90) 
2009 9,739,329 1.33 (1.33,1.34) 1.40 (1.37,1.40) 19108 9964209 1.90 (1.89,1.94) 1.94 (1.91,1.96) 
2010 9,862,577 1.45 (1.44,1.46) 1.50 (1.47,1.50) 19627 10083636 1.94 (1.91,1.97)   1.98 (1.95,2.00) 
2011 9,951,774 1.56 (1.5,1.60) 1.60 (1.58,1.60) 19848 10033362 2.00 (1.95, 2.00) 2.00 (1.96,2.00) 
2012 10,089,619 1.66 (1.65,1.67) 1.70 (1.67,1.70) 19173 10170891 1.88 (1.85,1.91) 1.90 (1.89,1.94) 
2013 9,986,825 1.75 (1.65,1.75) 1.80 (1.78,1.80) 16627 10234206 1.62 (1.60,1.64) 1.63 (1.59,1.64) 
2014 10,063,864 1.81 (1.80,1.82) 1.83 (1.80,1.83) 14090 10304359 1.36 (1.34,1.39) 1.40 (1.35,1.40) 
2015 10,236,584 1.82 (1.82,1.83) 1.83 (1.82,1.84) 14011 10313375 1.35 (1.33,1.40) 1.35 (1.33,1.37) 
2016 10,433,313 1.83 (1.82,1.84) 1.84(1.83,1.85) 13798 10527742 1.31 (1.28,1.33) 1.32 (1.3,1.34) 
2017 10,648,742 1.83 (1.82,1.84) 1.84 (1.83,1.85) 13888 10862196 1.27 (1.25,1.30) 1.27 (1.25,1.30) 
2018 10,859,453 1.83 (1.82,1.84) 1.83 (1.83,1.84) 13806 11072909 1.24 (1.22,1.26) 1.26 (1.23,1.30) 
2019 11,092,332 1.91 (1.91,1.92) 1.91 (1.91,1.92) 13514 11164066 1.20 (1.19 ,1.23) 1.20 (1.19 ,1.23) 
2020 10,912,158 1.86 (1.86, 2.00) 1.83(1.83,1.84) 8063 10686985 0.75 (0.73, 0.77) 0.74 (0.73,0.76) 
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(A) 

 

(B) 

 

Figure 3.4 Crude and age and sex standardised prevalence (A) and 
incidence (B) of chronic shoulder pain from 2000 to 2020. 
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Figure 3.5 Trends of prevalence of chronic shoulder pain 

Two joinpoints at 2004 and 2012 with respective APCs of 17.81% (12.2 to 
23.7), 10.29% (8.8 to 11.7) and 0.63% (-0.2 to 1.5) for segment 2000ï
2004, 2004ï2012 and 2012ï2020, respectively 
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Figure 3.6 Trends of incidence of chronic shoulder pain 

Two joinpoints at 2004 and 2011 with respective APCs of 18.7(7.6 to 

29.6), 2.8 (-2.2 to 8) and -8.2 (-10.7 to -5.7) for segment 2000ï2004, 

2004ï2011 and 2011ï2020, respectively 

 

 

3.3.4 Specific and non-specific chronic shoulder pain   
 

The prevalence of specific CSP, that is those with a specified cause, 

increased from 2000 to 2020. After the year 2012, specific CSP diagnoses 

continued to increase, and the use of non-specific CSP terms declined 

(Figure 3.7).  

With respect to incidence, after the year 2005 rates for specific CSP 

diagnoses decreased. However, in 2013 a sharp decline was found in the 

incidence of non-specific CSP whereas the incidence of specific CSP 

diagnoses increased (Figure 3.8). 
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   Figure 3.7 Prevalence of specific and non-specific chronic shoulder pain 

 

 

 

 
 

Figure 3.8 Incidence of specific and non-specific chronic shoulder pain 
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3.3.5 Geographic variation of chronic shoulder pain in 2019 

Both the prevalence and incidence of CSP were not uniform throughout 

the UK. As shown in Figure 3Ȥ9a, the age and sex standardised 

prevalence (95% CI) of CSP was highest in Yorkshire and the Humber 

(2.4%, 95% CI 2.3% to 2.4%) and the East of England (2.2%, 95% CI 2.2 

to 2.3). Regions with the lowest prevalence of CSP were London (1.4%, 

95% CI 1.4% to 1.4%) and Northern Ireland (1.2%, 95% CI 1.1% to 

1.3%).Yorkshire and the Humber and the North West had the highest 

incidence (2.2, 95% CI 2.0 to 2.4 and 2.0, 95% CI 2.0 to 2.2 per 1,000 

personȤyears, respectively). The North East and Northern Ireland were the 

regions with the lowest standardised incidence of CSP (1.5, 95% CI 1.3 to 

1.7), and 0.32, 95% CI 0 to 0.3 per 1000 personȤyears, respectively) 

(Figure 3.9b) 
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Figure 3.9 Geographic variations in the prevalence (A) and incidence (B) 
of chronic shoulder pain in the UK in 2019 

! 

. 
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3.4 Discussion  

This study demonstrates that the burden of CSP in the UK during the 

study period was higher than previously thought, with a current (year 

2019) prevalence of 1.9% and an incidence of 1.2 per 1000 person-years 

in people aged 18 years and over. The prevalence of CSP continued to 

increase from 2000 to 2019, while the incidence of CSP showed an 

increase from 2000 to 2011 but then a decline after 2011. Females had a 

higher prevalence of CSP than males in those aged 40 years and above, 

peaking in those aged >70 years (4.5%). Females had a higher incidence 

of CSP (2.12, 95% CI  2.07 to 2.17 per 1,000 person years), than males 

(1.63, 95% CI 1.59 to 1.68 per 1,000 person years) in those aged 40 

years and above. Both prevalence and incidence of CSP declined in 2020 

which might be due to fewer consultations during the COVID-19 pandemic 

and lockdown. Shoulder pain and RC syndrome were the most common 

codes used by GPs in the year 2019. Geographically, CSP was not 

distributed uniformly within the UK, the highest prevalence and incidence 

of CSP being found in Yorkshire and the Humber region.  

Very few studies have addressed the prevalence and incidence of CSP in 

the UK. The current estimates of prevalence and incidence in general fall 

within the previous reported ranges. Previous studies showed an increase 

in shoulder pain prevalence in the UK up until 2000, when a prospective 

cohort study by Linsell et al (2006) assessed the incidence and 

prevalence of shoulder complaints in UK in 2000 using the IMS Disease 

Analyzer-Mediplus UK. In that study, the overall annual prevalence and 
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incidence of adult patients consulting GPs for shoulder pain was 2.4% and 

1.47%, respectively. There was a significant increase in prevalence from 

1% in the population aged 18ï29 years old to 4% in those aged > 80 

years old and the prevalence was higher in females aged  40 years than 

in males aged   40 years old (X2
; P< 0.001). Additionally, they reported 

that a limited number of codes were used for recording shoulder pain 

diagnosis, with just five out of 426 Read codes related to shoulder 

conditions accounting for 75% of the diagnoses recorded by GPs. These 

five codes were sprained shoulder, shoulder joint pain, dislocated 

shoulder, RC shoulder syndrome and shoulder syndrome. Shoulder 

syndrome was the most common diagnostic code used by GPs, which 

aligns with the current results. However, the study by Linsell et al. (2006) 

included the use of the Mediplus database which has limited regional 

coverage of general practices in Scotland and Northern Ireland, whereas 

the CPRD data includes more regions in the UK. Recently, Hinsley et al. 

(2022) explored the prevalence of RC tears in a large general practice in 

North London. The study participants were part of the Chingford Females 

cohort, which included 464 females aged between 64 and 87. Full-

thickness tear was defined as having at least one unilateral full-thickness 

tear using MSK ultrasound assessment on bilateral shoulders (Hinsley et 

al., 2022). The prevalence of full-thickness tears was 22% and showed to 

be increase with age (Hinsley et al., 2022). That study demonstrated a 

higher prevalence figure compared to the current study, which can be due 

to different case definition of shoulder pain, and the sample size. 

Additionally, the clinical presentation of RC tears varies across 
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populations and sometimes may not be associated with symptoms that 

require medical help, which might underestimate the true prevalence of 

shoulder pain in general practices. 

3.4.1 Trends of incidence and prevalence  

Surprisingly, there was an overall slow decline in incidence rates of CSP 

since 2011. In the current study, Joinpoint analysis revealed a sharp 

decline in incidence from 2011 to 2020. Swain et al. (2020) found a similar 

overall decline in incidence rates for OA from 1998 to 2017. An increase in 

incidence rate of specific CSP was found this century, whereas the 

incidence rate for óunspecifiedô CSP declined, indicating a possible 

improvement in clinical coding. Although the incidence rate declined over 

the second part of the study period, prevalence continued to increase. 

There was an increase in standardised prevalence of CSP from 2000 to 

2019, with an annual percentage increase of 7.7%. The increased 

prevalence trend could be due to the cumulative nature of the longitudinal 

database. CPRD is a dynamic electronic health records database with 

people moving in and out of the database at any time point, which might 

affect the eligible population for every year. Also, the prevalence trend has 

become more stable since 2007/2008, which might explain the effect of 

declining incidence.  

Another case definition, which requires specific shoulder pain diagnosis 

and nonȤspecific CSP diagnosis, was used to identify if the coding toward 

specific diagnosis has been improved in the past 20 years. The 

prevalence and incidence of specific shoulder pain from 2000 to 2020 
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suggests that the GP coding might have changed in 2004/2005 and 

2012/2013. Similar findings were found in previous studies on gout by Kuo 

et al. (2015) and OA by Swain et al. (2020). Furthermore, a cross-

sectional study by Rockenschaub et al. (2020) identified changes in 

cardiovascular disease recording in two English electronic health records 

databases (CPRD Gold and secondary care (HES data) between 2001 

and 2015. They found an improvement in primary care coding in 

2004/2005, which might be linked to the introduction of the Quality and 

Outcomes Framework (QOF), a financial incentive scheme introduced in 

2004 aimed to improve the management and recording of chronic disease 

in primary care (Gillam and Siriwardena, 2011). Also, they detected 

notable changes in primary care coding after 2011, and this potentially 

was due to the introduction of new practice management software that 

was incompatible with CPRD Gold.  

Another possibility is that ultrasound imaging, which in recent years has 

become much more widely available outside of a hospital setting might be 

used more as an investigation by GPs and this will often give a specific 

diagnosis for CSP. Therefore it may be that improvements in coding by 

GPs may have led to the apparent decline of the incidence of gout (Kuo et 

al., 2015), OA (Swain et al., 2020) and CSP in the UK. There is a paucity 

of evidence regarding the experience of GPs in diagnosing shoulder MSK 

conditions in primary care. Artus et al. (2017) explored the diagnosis of 

shoulder pain by GPs in the UK between April and July in the year 2015. 

Binley's database was used to select 5000 UK GPs randomly. A random 

sample of 2500 GPs received a postal questionnaire, and an email with a 
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link to an online survey was sent to the remaining 2500 (Artus et al., 

2017). The questionnaire included three main sections, GP characteristics 

(e.g. sex, duration of clinical experience), scenario-based questions, and 

general questions. For scenario-based questions GPs were asked to 

choose the clinical diagnosis from a list of options: acute RC tear, 

glenohumeral OA, acromioclavicular joint disorders, RC tendinopathy, 

referred neck pain, and adhesive capsulitis (Artus et al., 2017). For each 

diagnosis selected GPS were asked to rate their confidence in the 

diagnosis on a 7-point scale (ódefinitely yesô, ómost likelyô, ólikelyô, ónot 

sureô, óunlikelyô, ómost unlikelyô and ódefinitely notô). GPs were asked 

whether they would request investigations for each patient. If yes, they 

were asked to select from several options such as blood tests, plain 

radiograph, MRI and ultrasound and state the reason for choosing this 

investigation whether to confirm or to exclude the diagnosis (Artus et al., 

2017). The general questions were not related to specific diagnoses and 

aimed to assess GP decision making in terms of requesting MRI scans 

and ultrasound and management decisions. The findings demonstrated 

that 56% of the GPs who selected the correct diagnosis of RC 

tendinopathy indicated they were confident of this diagnosis, 10% were 

not sure, and 26% stated the diagnosis was likely. The majority of GPs 

(83%) indicated that they were confident about adhesive capsulitis 

diagnosis, 4% were not sure, and 9% stated that the diagnosis was likely. 

Plain shoulder radiographs were the most common investigation for RC 

tendinopathy (60%), followed by blood tests (42%) and ultrasound scans 

(38%). For adhesive capsulitis, the most common investigations were 
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blood tests (60%), plain shoulder radiographs (58%), and ultrasound 

scans (31%). A theme of GPs' apparent reluctance to base their diagnosis 

only on clinical assessment appears to be reinforced by the fact that, even 

when they were confident in the diagnosis, they requested investigations 

to confirm it. The results of this survey might represent low confidence 

among GPs in the UK in making a specific diagnosis on clinical 

assessment alone and the frequent use of investigations, particularly 

blood tests and plain radiographs. However, in this study the coding of 

shoulder disorders by GPs was not discussed. Furthermore, the low 

response indicates that the results should be interpreted with caution. 

In light of the challenges related to diagnostic accuracy and data quality, 

there has been growing emphasis on incorporating patient-reported 

outcomes into electronic health records (EHRs) to more effectively reflect 

the burden of MSK conditions. Yu et al. (2021) conducted a population-

based study to explore the feasibility of using routinely collected primary 

care electronic health records (EHRs) to estimate the population health 

burden of non-inflammatory MSK conditions in England. They collected 

patient-reported data through a local survey of adults aged >35 years 

presenting to English general practices over 12 months for low back pain, 

shoulder pain, osteoarthritis and other regional MSK disorders. Then, they 

combined patient-reported data with linked EHRs to develop and validate 

models for estimating five key health indicators, specifically high-impact 

chronic pain, MSK-specific health status (MSK-HQ), quality of life (EQ-

5D), and moderate-to-severe low back and shoulder pain. The authors 

applied their models, utilising code lists, to an independent national 
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primary care electronic health record database (CPRD) to generate 

national and regional estimates for each health indicator across three 

consecutive years (2014/15, 2015/16, and 2016/17). After applying 

models to national EHR, the study estimated that 31.9% of adults aged 35 

years and over who had consulted for any non-inflammatory MSK 

condition in 2016ï2017 experienced high impact chronic pain. 

Approximately, 26.0% had moderate-to-severe chronic LBP, and 27.8% 

had moderate-to-severe CSP. Yu et al. (2021) concluded that routinely 

collected EHR data can be effectively used to generate national and 

subnational estimates of MSK health burden. However, this study also 

emphasised the limitations of using coded data, especially the under-

representation of subjective factors like impact and severity of pain. In the 

absence of direct patient-reported outcomes, their techniques set a useful 

guideline for the secondary use of EHRs to estimate the burden of MSK 

conditions. The prevalence of CSP identified in the present study was 

1.9% using CPRD Aurum data and a strict case definition of chronicity. 

This is considerably lower than the prevalence estimate of moderate-to-

severe shoulder pain (27.8%) reported by Yu et al. (2021) using CPRD 

Gold data and predictive modelling applied to a consulting MSK 

population. This discrepancy likely reflects differences in study 

populations, case definitions, and methodological approaches, with the 

present study focusing exclusively on chronic cases identified through 

coded consultation data, while Yu et al. (2021) estimated the burden of 

moderate-to-severe pain using a model incorporating proxy measures for 

symptom severity. 
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3.4.2  Geographical distribution of chronic shoulder pain 

There appeared to be regional variations in CSP. However, such variation 

in CSP needs careful interpretation because of the non-uniform practices 

involved in the CPRD database. The patterns for prevalence and 

incidence were similar, with the Yorkshire and Humber regions having the 

highest estimates for both prevalence and incidence. Regional variation in 

MSK conditions within the UK has been examined previously in two 

studies. In 2015, Kuo et al. reported a higher prevalence and incidence of 

gout in the North East and Wales, with a prevalence of  3.11% (95% CI 

3.00% to 3.23%) and 2.98% (95% CI 2.93 to 3.02), respectively, and an 

incidence of 2.28 (95% CI 2.13 to 2.43) and 2.17 (95% CI 1.85 to 2.54) 

per 1000 patient-years, respectively (Kuo et al., 2015).  

More recently, Swain et al. (2020) reported that the prevalence of OA was 

highest in Scotland and Northern Ireland ranging from 7% (95% CI 6 to 7)  

to 9% (95% CI 7 to 9), but the incidence was highest in the East Midlands 

and the North East (12.6, 95% CI 12 to 13 per 1000 person-years and 

11.7, 95% CI 11 to 12 per 1000 person-years, respectively) (Swain et al., 

2020). However, only one previous study, using the THIN database, has 

examined the geographical variation for incidence of RC tendinopathy 

from 1987 to 2006 (White et al., 2014). The regional distribution of 

incidence demonstrated an even spread across 13 UK health authorities 

apart from Wales, where the incidence was significantly higher (122 per 

100 000 person-years; p < 0.001) (White et al., 2014).  The results from 

this study could not be compared with the current results because of the 
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area coverage of Wales and Scotland in THIN database compared to 

CPRD Aurum. However, the high incidence in North West and East of 

England were comparable with the current results. Based on the current 

evidence, there are no previous reports of geographical variation in 

prevalence of CSP in the UK. The reasons for current geographic 

variation in CSP most likely may relate to differences in lifestyle, 

educational level, prevalent occupations, and socioeconomic status, 

though further studies are required to explore these. East Anglia and East 

Yorkshire were found to have a higher proportion of agricultural industry 

compared to other regions, which might contribute to the higher burden of 

shoulder pain (Alderton, 2017). In the UK, there is a well-established 

ñNorthïSouth divideò, which suggest that the North generally has poorer 

health compared to the South including higher premature mortality 

(Whitehead et al., 2014, Buchan et al., 2017). A recent study in the UK 

found a strong association between physical inactivity and higher 

prevalence of back pain in coastal areas and the South West (Smalley 

and Edwards, 2023). This was explained by the proportion of residents 

that were over age 60 years, in low-skilled jobs, smokers, disabled, 

female, obese, and pregnant (Smalley and Edwards, 2023). 

3.4.3 Limitations of this study  
 

There are some limitations to this study. Firstly, the case definition was 

based on diagnosis by the GPs, rather than a specific diagnosis or to a 

'gold standard' obtained by a physician with MSK expertise and use of 

imaging such as ultrasound, and this may lead to misclassification bias. 

The coding of MSK conditions in healthcare database might be 
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controversial. However, A narrow definition of CSP with a specific 

inclusion criterion was used in this study to identify patients with chronic 

shoulder conditions. Secondly, because the current estimates were based 

on GP consultations for symptomatic CSP, and not all people with 

symptomatic shoulder pain will consult their GP, these data may 

underestimate the true population prevalence and incidence of 

symptomatic CSP. Furthermore, the prevalence and incidence of CSP 

might have been underestimated because CSP was not included in the 

QOF by the NHS in 2004. Additionally, the exclusion criteria used in this 

study might have led to underestimation of the burden of CSP. Finally, it is 

important to acknowledge that the underlying data are predominantly 

derived from sources based in England and North Ireland. As such, these 

estimates may not fully capture the epidemiological patterns in Scotland, 

and Wales, where demographic characteristics, healthcare systems, and 

disease recording practices can differ. This limitation affects the extent to 

which the findings can be generalised to the entire UK population and 

should be carefully considered when interpreting the results. 

 

3.5 Conclusion  

In conclusion, both the prevalence and incidence of CSP have risen in the 

UK in the past 20 years despite the decline in incidence after 2011. The 

prevalence and incidence of CSP were higher in females compared to 

males and increased in those aged over 40 years. Geographically, the 

highest prevalence and incidence of CSP were found in the Yorkshire and 

the Humber regions. The results of this study suggest that there might 
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have been a recent improvement in the coding of CSP by GPs toward a 

more specific shoulder pain diagnosis, however, validation studies are 

needed to confirm this. Having insight into the burden of CSP might help 

to inform strategies to reduce the occurrence of CSP in the UK and to 

understand the impact of CSP on primary healthcare utilisation. Future 

research is needed to explore the outcomes of CSP and its associated 

comorbidities.
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4 Chapter  4. Risk  factors  associated  with  
chronic  shoulder  pain : a nested  case-control  
study  in the UK primary care setting.  

 

 

4.1 Introduction  
 

There are several risk factors of shoulder pain reported in the literature 

such as older age, female sex, heavy manual work, and smoking. 

However, current UK data exploring risk factors and comorbidities 

associated with CSP is limited. As far as is known, only one case-control 

study in the UK has explored the comorbidities associated with RC 

tendinopathy using the THIN database. That study identified a number of 

comorbidities that associated with RC tendinopathy including lateral 

epicondylitis, diabetes, carpal tunnel syndrome, trigger finger, and Achilles 

tendinitis (Titchener et al., 2014). However, the list of comorbidities 

examined in this study might be limited. Therefore, this study aimed to 

explore the risk factors and comorbidities associated with CSP using the 

CPRD.  

 

4.2 Method s 
 

A nested case-control study was conducted to examine the risk factors 

associated with CSP. Incident cases of shoulder pain were identified 

between 2000 and 2020 (first diagnosis date as index date). Each case 

was matched with a control without shoulder pain by age, sex, and 

practice and was assigned the same index date. The potential exposures 
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such as alcohol consumption, smoking, BMI, ethnicity IMD and a list of 

comorbidities were compared between cases and controls retrospectively 

at the index date.  

 

4.2.1 Ethical approval 
 

The study was approved by the Independent Scientific Advisory 

Committee (ISAC) (protocol number: 21_000633). The protocol approved 

is provided in Appendix 1. 

 

4.2.2 Data source 
 

CPRD Aurum data for registered people from 1st January 2000 until 31st 

December 2020 were used for this study (details of CPRD Aurum were 

presented in the Introduction).  

 

4.2.3 Selection of the study population 
 

4.2.3.1  Case definition of chronic shoulder pain 
 

The case definition of CSP used in this study, the list of CSP codes 

included in this study and inclusion and exclusion criteria were the same 

as in the prevalence and incidence study and are explained in Chapter 3. 

Sample size calculation for the case-control study is provided in Appendix 

12 (page 391).  

 

4.2.4 Selection of controls 
 

Controls were people registered for at least 12 months of registration and 

with no record of diagnosed CSP. One control was selected per CSP case 
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(i.e. 1:1 matching), matched by year of birth, sex, and practice. The same 

index as their matched date (i.e. date of first CSP diagnosis) was used. 

The controls were selected using incidence density sampling. Each 

patient was utilised only once. Cases without controls were also removed, 

using a similar approach to that employed in a previous study (Swain et 

al., 2021). Selection of cases and controls is explained in Figure 4.1. 

 

 

 
 

Figure 4.1 Selection of study population 
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4.2.5 External linkages 
 

The 2019 English patient IMD was used to determine socio-economic 

status (Wolf et al., 2019). HES linkage data were used to determine 

ethnicity. 

 

4.2.6 Definition of key epidemiological variables  
 

In this study, key epidemiological variables are defined to establish a clear 

conceptual and analytical framework. A risk factor is defined as any 

characteristic or exposure that increases the likelihood of developing the 

outcome of interest (CSP). For example, smoking may be a risk factor for 

the development of CSP. Comorbidities refer to the presence of additional 

diseases or conditions in a person that occur alongside the primary 

condition being studied. For instance, cardiovascular disease, and 

diabetes are present in someone with CSP. Covariates are variables that 

are included in statistical models to control for their potential influence on 

the relationship between exposure and outcome. These can include 

demographic variables such as age, and sex, which may independently 

affect the outcome. Confounders are defined as a specific subset of 

covariates that are associated with both exposure and the outcome. For 

example, socioeconomic status was considered a confounder because it 

may be associated with lifestyle factors such as occupation, smoking, or 

alcohol use which may influence the risk of CSP.  
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In the case-control study, the outcome is the presence of CSP, with 

exposures including risk factors such as smoking, BMI, alcohol 

consumption, socioeconomic status, and comorbidities. Comorbidities, 

such as diabetes or depression, are existing medical conditions that may 

influence both the exposure and the outcome. Covariates, including 

demographic factors like age and sex, are controlled for in the analysis to 

account for their potential influence. In this context, confounders refer to 

variables such as age or comorbidities that are associated with both the 

exposure (e.g., BMI or smoking) and the outcome (CSP), potentially 

biasing observed associations if not adjusted for. To address this, the 

model adjusts risk factors and comorbidities for each other, and also for 

relevant demographic covariates. 

In the cohort study, the exposure is CSP, and the outcomes are the 

development of comorbidities. Again, covariates such as age and sex are 

adjusted for, as well as risk factors and baseline comorbidities, some of 

which acted as confounders depending on their associations. All relevant 

variables were selected based on existing literature, theoretical relevance, 

and statistical significance in the univariate model. There were no 

moderating variables examined in this study. 

 

4.2.7 Exposures and Outcome 
 

The outcome in this study was a record of CSP. The exposures were risk 

factors and comorbidities prior to the record of CSP. 
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4.2.7.1  Risk factors 
 

The list of risk factors examined were alcohol consumption, smoking BMI, 

IMD, and ethnicity. Risk factors were defined as previous recording any of 

these prior to the index date (date of CSP diagnosis). Values recorded at 

the closest date before the index date were captured and used in the 

analysis. 

Recorded risk factors were identified using primary care coding (SNOMED 

codes). SNOMED codes were extracted and transferred to medical codes 

to extract risk factors data. Risk factors were categorised as follows: 

1. For smoking status, the following categories were used: current smoker; 

ex-smoker; and non-smoker (Marston et al., 2014, Matharu et al., 2019, 

Swain et al., 2022).  

2. Records of alcohol consumption included codes quantifying alcohol 

drinking, specifically non-drinker (never), ex-drinker, current drinker 1-9 

units/week, current drinker >=10 units/week, and current drinker 

(unknown amount) (Swain et al., 2021, Swain et al., 2022). 

3. For BMI, height and weight were extracted and BMI was calculated. 

Then, BMI was categorised as normal, underweight, overweight, and 

obese using extensive code lists (NHS, 2018, Jan and Weir, 2021).  

4. Ethnicity and socioeconomic data were extracted from Linkage data 

(HES patient, and IMD, respectively). Ethnicity was categorised as white, 

black, Asian, mixed, other, and unknown (UK Government, 2021, Chen 

et al., 2023, Somathilake et al., 2025). The practice/patient level IMD (the 

2019 English IMD, using composite and individual domains), was used 

as a marker for the socioeconomic status. The IMD was ranked from 1 to 
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5, where 1 represents least deprived and 5 represents most deprived 

(Ministry of Housing/Communities & Local Government, 2019, Heward et 

al., 2024).  

The code lists for risk factors were developed using the CPRD code 

browser, which is a tool that was created to support the development of 

code lists (CPRD Code Browser quick user guide September 2022). The 

Wildcare search method using (*) (e.g. *smoking*) was carried out to 

develop the code lists (CPRD Code Browser quick user guide September 

2022). Additionally, an extensive search was undertaken using an open 

safely code lists platform, which allows creation and sharing of code lists 

(https://www.opencodelists.org) to include other risk factor codes. The 

code lists of the risk factors were extracted by NA, and validated by three 

reviewers (BA, SS, and TA). 

 

4.2.7.2  Comorbidities  
 

The comorbidities identified in the systematic review were examined. 

Comorbidities were defined as previous recording of chronic conditions 

prior to the index date. Comorbidities identified in the systematic review 

were other MSK pain, anxiety, depression, sarcopenia, hypothyroidism, 

diabetes, hyperlipidaemia, OA, hypertension, cardiovascular conditions 

(angina, heart failure, ischemic heart disease, myocardial infarction), and 

lung conditions (emphysema, bronchitis, COPD). In addition to 

comorbidities identified in the systematic review, sleep problems, fatigue 

and fibromyalgia were examined since these had been associated with 

https://www.opencodelists.org/
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shoulder pathologies, and also MSK pain and lower physical function 

(Mannerkorpi et al., 1994, Macfarlane, 1999, Tekeoglu et al., 2013, Côté, 

2014, Daneshmandi et al., 2017, Longo et al., 2019, Hammad et al., 

2022). Some other comorbidities were examined as negative controls 

such as tinnitus, urinary incontinence, benign prostatic hyperplasia, 

diaphragmatic hernia, and diverticular disease, as they could not be linked 

logically with shoulder pain so were considered to be very unlikely to 

associate with shoulder pain. Recorded comorbidities were identified 

using primary care coding (SNOMED codes). The comorbidities code lists 

were developed using the CPRD code browser. Additional codes were 

obtained from clinical code repositories, in the Primary Care Unit of the 

University of Cambridge, University of Nottingham, University of 

Manchester and Keele University (Table 4-1). The comorbidities codes 

were validated by clinicians (BI, TA). The code lists for comorbidities are 

provided in Appendix 13 (pages 392-456).  
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Table 4-1 Comorbidities examined in the study 

Comorbidities Source 

Insomnia Developed using CPRD code browser (*insomnia*, *sleep 

problems*), and additional codes were obtained from clinical 

codes repository (https://clinicalcodes.rss.mhs.man.ac.uk) 

Anxiety  Developed using CPRD code browser (*anxiety*) 

Depression The codes were obtained from the Primary Care Unit, University 

of Cambridge ( 

https://www.phpc.cam.ac.uk/pcu/research/research-

groups/crmh/cprd_cam/codelists/v11/) 

Fatigue Developed using CPRD code browser (*fatigue*), and additional 

codes were obtained from clinical codes repository 

(https://clinicalcodes.rss.mhs.man.ac.uk) 

hyperlipidaemia Developed using CPRD code browser (*hyperlipidaemia*, *high 

cholesterol*), and additional codes were obtained from clinical 

codes repository (https://clinicalcodes.rss.mhs.man.ac.uk) 

hypertension Developed using CPRD code browser (*hypertension*), and 

additional codes were obtained from clinical codes repository 

(https://clinicalcodes.rss.mhs.man.ac.uk) 

Other MSK 

pain 

Developed using CPRD code browser (*neck pain*, *knee pain*, 

*elbow pain*, * wrist pain*, *hip pain*, *ankle pain*, *spine pain*, 

*lumbar pain*, *thoracic pain*, *cervical pain* ), and additional 

codes were obtained from Keele university 

(https://www.keele.ac.uk/mrr/codelists/musculoskeletalcodelists/) 

https://clinicalcodes.rss.mhs.man.ac.uk/
https://www.phpc.cam.ac.uk/pcu/research/research-groups/crmh/cprd_cam/codelists/v11/
https://www.phpc.cam.ac.uk/pcu/research/research-groups/crmh/cprd_cam/codelists/v11/
https://clinicalcodes.rss.mhs.man.ac.uk/
https://clinicalcodes.rss.mhs.man.ac.uk/
https://clinicalcodes.rss.mhs.man.ac.uk/
https://www.keele.ac.uk/mrr/codelists/musculoskeletalcodelists/
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Fibromyalgia 

(chronic 

widespread 

pain) 

Developed using CPRD code browser (*fibromyalgia*, * chronic 

widespread pain*), and additional codes were obtained from 

Keele university 

(https://www.keele.ac.uk/mrr/codelists/musculoskeletalcodelists/), 

and from clinical codes repository 

(https://clinicalcodes.rss.mhs.man.ac.uk) 

Sarcopenia Developed using CPRD code browser (* muscle atrophy *, * 

muscle wasting*, * Sarcopenia*) 

Hypothyroidism  Developed using CPRD code browser (*hypothyroidism*), and 

additional codes were obtained from clinical codes repository 

(https://clinicalcodes.rss.mhs.man.ac.uk) 

OA Developed using CPRD code browser (*osteoarthritis*), 

additional codes were obtained from clinical codes repository 

(https://clinicalcodes.rss.mhs.man.ac.uk), and Keele university 

(https://www.keele.ac.uk/mrr/codelists/musculoskeletalcodelists/) 

Diabetes  Developed using CPRD code browser (*diabetes*), additional 

codes were obtained from the Primary Care Unit, University of 

Cambridge ( https://www.phpc.cam.ac.uk/pcu/research/research-

groups/crmh/cprd_cam/codelists/v11/) 

Myocardial 

infarction 

Developed using CPRD code browser (*myocardial infarction*, 

*heart attack*), additional codes were obtained from the code list 

developed by a clinician in the in the primary care unit, University 

of Nottingham. 

Heart failure Developed using CPRD code browser (*heart failure*, 

*congestive Heart Failure*), additional codes were obtained from 

the code list developed by a clinician in the in the primary care 

unit, University of Nottingham. 

https://www.keele.ac.uk/mrr/codelists/musculoskeletalcodelists/
https://clinicalcodes.rss.mhs.man.ac.uk/
https://clinicalcodes.rss.mhs.man.ac.uk/
https://clinicalcodes.rss.mhs.man.ac.uk/
https://www.keele.ac.uk/mrr/codelists/musculoskeletalcodelists/
https://www.phpc.cam.ac.uk/pcu/research/research-groups/crmh/cprd_cam/codelists/v11/
https://www.phpc.cam.ac.uk/pcu/research/research-groups/crmh/cprd_cam/codelists/v11/
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Ischemic heart 

diseases 

For angina, the code list was developed using CPRD code 

browser (*angina*). Additional codes for other ischemic heart 

diseases were obtained from the code list developed by a 

clinician in the primary care unit, University of Nottingham. 

COPD Developed using CPRD code browser (*chronic obstructive 

pulmonary disease*, * chronic obstructive disease*, *COPD*), 

and additional codes were obtained from clinical codes repository 

(https://clinicalcodes.rss.mhs.man.ac.uk) 

Tinnitus Developed using CPRD code browser (*tinnitus *), and additional 

codes were obtained from clinical codes repository 

(https://clinicalcodes.rss.mhs.man.ac.uk) 

Scleroderma Developed using CPRD code browser (*scleroderma *), and 

additional codes were obtained from clinical codes repository 

(https://clinicalcodes.rss.mhs.man.ac.uk) 

Urinary 

incontinence 

Developed using CPRD code browser (*urinary incontinence * 

incontinence of urine*), additional codes were obtained from 

clinical codes repository (https://clinicalcodes.rss.mhs.man.ac.uk) 

Diverticular 

disease 

Developed using CPRD code browser (*diverticular disease *, 

*diverticulitis* diverticulosis*), additional codes were obtained 

from the Primary Care Unit, University of Cambridge ( 

https://www.phpc.cam.ac.uk/pcu/research/research-

groups/crmh/cprd_cam/codelists/v11/) 

Diaphragmatic 

hernia 

Developed using CPRD code browser (*diaphragmatic hernia*, 

*hiatus hernia*), additional codes were obtained from clinical 

codes repository (https://clinicalcodes.rss.mhs.man.ac.uk) 

https://clinicalcodes.rss.mhs.man.ac.uk/
https://clinicalcodes.rss.mhs.man.ac.uk/
https://clinicalcodes.rss.mhs.man.ac.uk/
https://clinicalcodes.rss.mhs.man.ac.uk/
https://www.phpc.cam.ac.uk/pcu/research/research-groups/crmh/cprd_cam/codelists/v11/
https://www.phpc.cam.ac.uk/pcu/research/research-groups/crmh/cprd_cam/codelists/v11/
https://clinicalcodes.rss.mhs.man.ac.uk/


  

185 

 

Benign 

Prostatic 

Hyperplasia 

Developed using CPRD code browser (*benign prostatic 

hyperplasia*), additional codes were obtained from clinical codes 

repository (https://clinicalcodes.rss.mhs.man.ac.uk) 

 

 

 

4.2.8 Statistical analysis 
 

All data management and analysis were conducted using R (3.4.1) and 

STATA SE v 15 software (Appendix 14, pages 457- 458). For the 

retrospective analysis, a nested matched (please see above concerning 

matching) case-control design was undertaken. Number and percentage 

were used to present categorical variables. All continuous data were 

checked for the assumption of normality. For normally distributed 

variables measures were presented as the mean and the SD. Although 

some variables (such as BMI, age) were moderately skewed, descriptive 

characteristics were presented as mean and SD according to the central 

limit theorem, that is, when sample size increases, the data for these 

measures tend to be normally distributed (McDonald, 2009, McDonald, 

2014).  

Attempts were made to transform (log-transformation, square and square-

root transformation) skewed data (for example, BMI) and after 

transformation data were tested for normality. If transformation was 

successful, parametric tests were used. If transformation was not 

successful, non-parametric tests were used. If a continuous variable was 

normally distributed and the comparison was between two dependent 

groups (for example, matched sets), then, paired t-test was used 

https://clinicalcodes.rss.mhs.man.ac.uk/
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(Armitage et al., 1971, Conway et al., 2013). McNemar test was used to 

estimate the association between categorical variables (Lachenbruch, 

2014). ORs and 95% CI were used to estimate the associations between 

CSP and each risk factor and comorbidity using conditional logistic 

regression. All included risk factors were adjusted for each other in the 

multivariable conditional logistic regression model and adjusted p-values 

were calculated. All examined comorbidities were adjusted for each other 

in conjunction with demographic variables (for example, BMI, alcohol 

status, ethnicity, smoking status, and IMD) in multivariable conditional 

logistic regression model, and adjusted p-values were calculated. All 

variables that were significantly (p < 0.05) associated with shoulder pain in 

the univariate model were included as potential confounders in the 

multivariable model. 

Multiple imputation was used to replace missing values for BMI, smoking 

status, IMD and alcohol consumption. Multiple imputation with chained 

equations was used to generate five imputations using the MICE package 

in R software (R Foundation for Statistical Computing, Vienna, Austria) 

(Van Buuren and Oudshoorn, 2005, Van Buuren and Groothuis-

Oudshoorn, 2011). In the imputation model all predictor variables, along 

with age, sex, index year and the outcome variable were included. Results 

were combined across the imputed datasets using Rubinôs rules (Rubin, 

2004, Nguyen et al., 2017, Rubin, 2018).  

To address the risk of a higher false discovery rate (FDR) due to ómultiple 

significance testingò (Greenland, 2008), the FDR method proposed by 

Benjamini-Hochberg was used to calculate adjusted p-values (Benjamini 
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and Hochberg, 1995, Benjamini and Yekutieli, 2001). The steps for 

calculating adjusted p-values are presented in Appendix 15 (page 459). 

The results were re-checked using the R built in function for calculating 

adjusted p-values (Appendix 15, page 459). The results were deemed to 

be statistically significant when the p-value was less than the adjusted 

significance level of 0.05. Multicollinearity was checked using the Variance 

Inflation Factor (VIF) function in R (Shrestha, 2020). A value of VIF =1 

indicates that there is no correlation between a predictor variable and any 

other predictor variables in the model. A value between 1 and 5 indicates 

moderate correlation between a predictor variable and other predictor 

variables in the model. A value > 5 indicates potentially severe correlation 

between a predictor variable and other predictor variables in the model. 

No multicollinearity was found between predictors (Appendix 16, pages 

460- 461).  

 

4.3 Results  
 

4.3.1 Participant characteristics  

Table 4-2 summaries the demographic data of the people with shoulder 

pain and controls. During the period 1st January 2000 to 31st December 

2020, 111,979 incident CSP cases were identified and matched to 

111,979 controls. The mean age of the cases at diagnosis was 50.08 

years (S.D 10.2) with 54.23% being females. The same mean age (SD) 

and proportion of females were obtained in the control group. The majority 

of participants were white, and the ethnic distribution was approximately 

similar between cases and controls for both males and females. People 
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who developed CSP were more likely to live in more deprived areas (p < 

0.0001). Cases were more overweight and obese compared to controls 

(Table 4-2). Also, there were more former and current smokers and more 

current alcohol consumers in cases than in controls (p < 0.0001). 
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Table 4-2 Characteristics of the study population 

Characteristics  Cases 
     (n = 111,979)  

       Controls 
(n = 111,979) 

 

p-value 

Age, mean (S.D.), 
years 

50.08 (10.2) 50.08 (10.2) NAa 

Age (male) mean 
(S.D.), years 

49.82 (10.7) 49.82 (10.7)  

Age (Female) mean 
(S.D.), years 

 

50.29 (9.7) 50.29 (9.7)  

Age (years)    NAa 

18-30 5990 (5.35) 5990 (5.35)  
31-40 13393 (11.96) 13393 (11.96)  
41-50 35497 (31.70) 35497 (31.70)  
51-60 42256 (37.74) 42256 (37.74)  
61-70 14536 (12.98) 14536 (12.98)  
 71 

 

  307 (0.27)   307 (0.27)  

Sex, n (%)    NAa 

Male  51257 (45.77) 51257 (45.77)  
Female 

 

60722 (54.23) 60722 (54.23)  

Ethnicity    p*<0.0001 

White 82167 (73.38) 69666 (62.21)  
Black  3038 (2.71) 2305 (2.06)  
Asian 6151 (5.49) 3897 (3.48)  
Mixed    676 (0.61)   466 (0.42)  
Other 1410 (1.26) 1067 (0.95)  
Unknown 3376 (3.01) 5146 (4.60)  
Missing 
 

15161 (13.54) 29432 (26.28)  

Practice   NAa 
England 110200 (98.42) 110200 (98.42)  
North Ireland 
 

    320 (0.29)     320 (0.29)  

IMD   p*<0.0001 
1(Least deprived) 22806 (20.37) 23991 (21.42)  
2 23132 (20.66) 23589 (21.07)  
3 20926 (18.69) 20866 (18.63)  
4 21315 (19.03) 20422 (18.24)  
5 (Most deprived) 21683 (19.36) 20226 (18.06)  
Missing 
 

2117 (1.89) 2885 (2.58)  

BMI (kg/m2), n (%)    p*<0.0001 

BMI, mean (S.D.)  28.06 (6.0) 27.37 (5.8) 0.69 (0.64,0.74) 
<18.5 (underweight)  1600 (1.43) 1844 (1.65)  
18.5ï24.9 (normal) 33171 (29.62) 35115 (31.36)  
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25.0ï29.9 
(overweight)  

32839 (29.33) 29740 (26.56)  

 30 (obese) 26820 (23.95) 20886 (18.65)  
Missing 
 

17549 (15.67) 24394 (21.78) - 

Smoking status, n 
(%)  

  p*<0.0001 

Non-smoker 57562 (51.40) 58093 (51.88  
Current smoker 24775 (22.12) 22579 (20.16)  
Ex-smoker 24880 (22.22) 20931 (18.69)  
Missing  
 

4762 (4.25)       10376 (9.27)  

Alcohol 
consumption 
(units/week), n (%)  

  p*<0.0001 

Non- drinker (Never) 27015 (24.13) 22267 (19.88)  
Ex-drinker   536 (0.48)   371 (0.33)  
Current drinker 1-9  38688 (34.55) 37920 (33.86)  
Current drinker 10 20484 (18.29) 21043 (18.79)  
Current drinker 
(amount unknown) 

5903 (5.27) 5182 (4.63)  

Missing  
 

19353 (17.28) 25196 (22.50)  

aMatched by age, sex, practice, and index date, BMI- Body mass index, NA-not applicable. SD-standard 
deviation.  
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4.3.2 Risk factors for chronic shoulder pain 
 

Risk factors for CSP prior to the index date are shown in Table 4-3. Of the 

five risk factors studied, significant associations were seen with four, 

specifically smoking, IMD, ethnicity and BMI. All results, both crude OR 

and adjusted (aOR) models are presented in Table 4-3. 

Alcohol consumption was found to be negatively associated with CSP in 

cases compared to controls in both crude and adjusted models (Table 4-

3). participants with records of alcohol drinking were less likely to have 

records of CSP (crude OR 0.82, 95% CI 0.80 to 0.85; p-value <0.0001), 

and this association remained significant after adjusting for all other 

demographic variables (aOR 0.87, 95% CI 0.84 to 0.90; p-value <0.0001). 

However, being a former alcohol drinker was associated with CSP with a 

crude OR of 1.17 (95% CI 1.03 to 1.32, p-value = 0.01) and an aOR of 

1.15 (95% CI 1.01 to 1.30, p-value = 0.02). Being a current smoker was 

found to be significantly associated with CSP in crude and adjusted 

analyses (crude OR 1.11, 95% CI 1.08 to 1.13 and aOR 1.14, 95% CI 

1.19 to 1.24, respectively; both p-value <0.0001). Compared with non-

smokers, former smokers were at higher risk of having CSP in the crude 

and adjusted analysis (crude OR 1.21, 95% CI 1.18,1.23 and aOR 1.21, 

95% CI 1.19 to1.24 respectively; both p < 0.0001) (Table 4-3). People in 

more deprived areas were found to be at higher risk of having CSP 

compared to those in the least deprived areas (crude OR 1.23, 95% CI 

1.19 to 1.27, and aOR 1.13, 95% CI 1.09 to 1.17 respectively; both p-

value < 0.0001). People of Asian ethnicity and mixed ethnicity were at 

greater risk of having CSP compared to those of white ethnicity (aOR 
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1.43, 95% CI 1.36 to 1.50 and aOR 1.26, 95% CI 1.12 to 1.41, 

respectively; both p-value <0.0001). People who were underweight 

showed  lower odds of CSP compared to people in the normal weight 

category (aOR 0.86, 95% CI 0.78 to 0.94; p-value <0.0001) and those 

who were overweight and obese were more likely to develop CSP (aOR 

1.16, 95% CI 1.13 to 1.19, and aOR 1.32, 95% CI 1.29 to1.35, 

respectively, both p-value < 0.0001). 
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          Table 4-3  Risk factors associated with chronic shoulder pain during a maximum 
period of 20 years prior to the index date 

Characteristics  Crude OR (95 % CI), p-value  aOR* (95% CI), p-value**  

Alcohol consumption 
(units/week)  

  

Non- drinker (never) (Reference) (Reference) 
Current drinker 1-9 0.82 (0.80, 0.85), p < 0.0001 0.87 (0.84, 0.90), p < 0.0001 
Current drinker 10 0.78 (0.76, 0.80), p < 0.0001 0.81 (0.79, 0.84), p < 0.0001 
Current drinker (amount 
unknown) 

0.92 (0.88, 0.97), p =0.002 0.96 (0.91, 1.01), p = 0.1 

Ex-drinker 
 

1.17 (1.03, 1.32), p = 0.01 1.15 (1.01, 1.30), p = 0.02 

Smoking status    
Non-smoker Reference Reference 
Current smoker 1.11(1.08,1.13), p <0.0001 1.14 (1.11, 1.16), p < 0.0001 
Ex-smoker 1.21(1.18,1.23), p < 0.0001 1.21 (1.19, 1.24), p < 0.0001 

   

Index of multiple 
deprivation (IMD)  

  

1(Least deprived) Reference Reference 
2 1.05 (1.02, 1.08), p = 0.0001 1.03 (1.00, 1.06), p = 0.01 
3 1.09 (1.06,1.13), p < 0.0001 1.05 (1.02,1.08), p =0.0006 
4 1.17 (1.13, 1.20), p < 0.0001 1.10 (1.06, 1.13), p < 0.0001 
5 (Most deprived) 1.23 (1.19, 1.27), p < 0.0001 1.13 (1.09, 1.17), p < 0.0001 

Ethnicity    
White (Reference) (Reference) 
Black 1.18 (1.12, 1.25), p < 0.0001 1.14 (1.08, 1.21), p <0.0001 
Mixed 1.26 (1.12, 1.41), p = 0.0001 1.24 (1.10, 1.40), p = 0.0003 
Asian 1.44 (1.37,1.52), p < 0.0001 1.43 (1.36,1.50), p < 0.0001 
Other 1.15 (1.06,1.25), p = 0.0005 1.14 (1.05,1.24), p = 0.001 
Unknown 0.54 (0.51,0.57), p < 0.0001 0.56 (0.53, 0.58), p < 0.0001 
   
 

BMI (kg/m 2) 

  

18.5ï24.9 (normal) (Reference) (Reference) 
<18.5 (underweight)  0.89 (0.81, 0.98), p = 0.02 0.86 (0.78, 0.94), p < 0.0001 
25.0ï29.9 (overweight)  1.17 (1.14, 1.20), p < 0.0001 1.16 (1.13,1.19), p < 0.0001 
 30 (obese) 1.36 (1.33, 1.39), p < 0.0001 1.32 (1.29, 1.35), p < 0.0001 

*aOR, odds ratio adjusted for ethnicity, BMI, smoking, alcohol, and IMD. ** p- value adjusted for multiple testing using óFalse 
discovery rateô 
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4.3.3 Comorbidities associated with chronic shoulder pain 
 

Comorbidities prior to the index date within the maximum 20-year 

observational period in the CSP case and control groups are shown in 

Table 4-4. Of the 22 comorbidities studied, significant associations were 

seen with 16 comorbidities (Table 4-5). The strongest associations were 

seen with OA (aOR 1.76, 95% CI 1.70 to 1.82), other MSK conditions 

(aOR 1.71, 95% CI 1.68 to 1.75), diabetes (aOR 1.48, 95% CI 1.43 to 

1.53) and fibromyalgia (aOR 1.40, 95% CI 1.32 to 1.48). Other 

comorbidities found to be associated with CSP were depression, 

insomnia, COPD, hypothyroidism, diverticular disease, and diaphragmatic 

hernia (Table 4-5).
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Table 4-4 Comorbidities identified retrospectively in the case-control study 

COPD, chronic obstructive pulmonary disease, MSK, musculoskeletal, OA, osteoarthritis

Comorbidities  Cases  
(111,979) 

Controls  
(111,979) 

p-value  

Metabolic/endocrine     

Diabetes  19005 (16.79%) 11974 (10.69%) <0.001 

Hypothyroidism 6184 (5.52%) 4502 (4.02%) <0.001 

Hyperlipidaemia 12845 (11.47%) 9201 (8.22%) <0.0001 

Cardiovascular/Circulatory     

Congestive heart failure 7042 (6.29%) 4502 (4.02%) <0.0001 

Hypertension 23386 (20.88%) 19458 (17.38%) <0.0001 

Ischemic heart diseases 4922 (4.40%) 3293 (2.94%) <0.0001 

Myocardial Infarction 1725 (1.54%) 1137 (1.02%) <0.0001 

Respiratory     

COPD 16017 (14.30%) 11757 (10.50%) <0.0001 

Psych ological     

Depression 42560 (38.01%) 30391 (27.14%) <0.0001 

Anxiety 17950 (16.03%)     13437 (12.0%) <0.0001 

Musculoskeletal     

OA 16851 (15.05%) 8834 (7.89%) <0.0001 

Other MSK conditions 54224 (48.42%) 36945 (32.99%) <0.0001 

Fibromyalgia 5207 (4.65%) 2588 (2.31%) <0.0001 

Fatigue 4202 (3.75%)       2757 (2.46%)    <0.0001 

Sarcopenia      90 (0.08%)   56 (0.05) 0.005 

Genito -urinary     

Urinary incontinence  5682 (5.07%) 3777 (3.37%) <0.0001 

Benign prostatic hyperplasia 2315 (2.07%) 1630 (1.46%) <0.0001 

Digestive     

Diverticular disease 3123 (2.79%) 1924 (1.72%) <0.0001 

Diaphragmatic hernia 4573 (4.08%)  2847 (2.54%) <0.0001 

Others     

Insomnia   10443 (9.33%)  6452 (5.76%) <0.0001 

Tinnitus     4638 (4.14%) 3278 (2.93%) <0.0001 

Scleroderma         54 (0.04%)      37 (0.03%) 0.07 
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Table 4-5 Association of comorbidities with chronic shoulder pain 

Comorbidities  Crude OR (95 % CI)  aOR# (95% CI)  aOR## (95% CI) 

Metabolic/endocrine     

Diabetes  1.98 (1.93, 2.04)* 1.77 (1.72, 1.82)* 1.48 (1.43, 1.53)* 

Hypothyroidism 1.41 (1.35, 1.47)* 1.34 (1.29, 1.40)* 1.21 (1.15, 1.26)* 

Hyperlipidaemia 
 

1.52 (1.47, 1.56)* 1.42 (1.38, 1.46)* 1.19 (1.15, 1.23)* 

Cardiovascular/Circulatory     

Congestive heart failure 1.23 (1.18, 1.28)* 1.13 (1.08, 1.17)* 0.95 (0.91, 1.00) 

Hypertension 1.30 (1.27, 1.33)* 1.19 (1.16, 1.22)* 1.01 (0.98, 1.04) 
Ischemic heart diseases 1.56 (1.49, 1.64)* 1.41 (1.35, 1.48)* 1.08 (1.02, 1.14)* 

Myocardial Infarction 
 

1.54 (1.43, 1.66)* 1.38 (1.28, 1.49)* 1.05 (0.96, 1.16) 

Respiratory     
COPD 
 

1.46 (1.42, 1.5)* 1.39 (1.35, 1.43)* 1.20 (1.17, 1.24)* 

Psych ological     

Depression 1.71 (1.68,1.75)* 1.62 (1.59, 1.65)* 1.28 (1.25, 1.31)* 

Anxiety 
 

1.43 (1.39, 1.46)* 1.39 (1.36, 1.43)* 1.09 (1.06, 1.12)* 

Musculoskeletal      
OA  2.29 (2.22, 2.36)* 2.15 (2.09, 2.22)* 1.76 (1.70, 1.82)* 
Other MSK conditions 2.07 (2.03, 2.11)* 1.97 (1.94, 2.01)* 1.71 (1.68, 1.75)* 
Fibromyalgia 2.13 (2.03, 2.24)* 1.94 (1.85, 2.04)* 1.40 (1.33, 1.48)* 
Fatigue 1.56 (1.49, 1.64)* 1.52 (1.45, 1.60)* 1.19 (1.12, 1.25)* 
Sarcopenia 
 

1.60 (1.15, 2.24)* 1.58 (1.12, 2.21)* 
1.16 (0.81, 1.66) 
 

Genito -urinary     
Urinary incontinence  1.55 (1.49,1.62)* 1.47 (1.41, 1.53)* 1.19 (1.13,1.24)* 

Benign prostatic hyperplasia 
 

1.46 (1.37,1 .56)* 1.44 (1.34, 1.54)* 1.23 (1.14,1.32)* 
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# aOR, adjusted odds ratio for smoking, alcohol consumption, IMD, Ethnicity, and BMI, ## aOR, adjusted odds ratio for smoking, alcohol consumption, IMD, 
Ethnicity, BMI, and all other comorbidities, COPD, chronic obstructive pulmonary disease, MSK, musculoskeletal, # P value 0.05 adjusted for multiple testing 
using óFalse discovery rate, * p-value<0.0001

Digestive     

Diverticular disease 1.66 (1.57, 1.76)*  1.58 (1.49, 1.68)* 1.30 (1.22, 1.38)* 

Diaphragmatic hernia 
 

1.65 (1.57, 1.73)*  1.56 (1.48, 1.63)* 1.31 (1.24, 1.38)* 

Others     
Insomnia 1.70 (1.65, 1.76)*   1.63 (1.58, 1.69)* 1.26 (1.22, 1.31)* 
Tinnitus 1.43 (1.37, 1.50)*   1.42 (1.36, 1.49)* 1.23 (1.17, 1.29)* 
Scleroderma 1.45 (0.96, 2.21)   1.47 (0.96, 2.25)     1.33 (0.85, 2.09) 
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4.4 Discussion  

This chapter explored the risk factors and comorbidities prior to the 

diagnosis of CSP using a nationally representative large UK primary care 

database. The key findings were that smoking, a higher IMD, Asian and 

mixed ethnicity and a high BMI were significantly associated with CSP, 

while current alcohol drinking had a significantly lower risk of having CSP. 

Comorbidities that were associated retrospectively with CSP included 

other MSK conditions, OA, diabetes, fibromyalgia, depression, insomnia, 

COPD, and hypothyroidism. 

Risk factors for chronic shoulder pain  

Current alcohol consumption was found to have a significant negative 

association with CSP in both crude and adjusted models. Since alcohol is 

known to have analgesic effects, this might reduce the likelihood of 

someone presenting with CSP to their GP (Ferreira et al., 2013, 

Thompson et al., 2017, Zambelli et al., 2021). However, although a 

plausible hypothesis, other explanations such as reverse causation, are 

possible. Previous studies have investigated the relationship between 

alcohol consumption and MSK conditions. Leboeuf-Yde (2000) conducted 

a systemic review in 2000 that included nine studies (2 case-control and 7 

cross-sectional studies) to evaluate the relationship between alcohol 

consumption and the risk of developing acute low back pain. The review 

found that drinking alcohol was not associated with LBP (Leboeuf-Yde, 

2000). In contrast to Leboeuf-Yde (2000), Ferreira et al. (2013) conducted 

a later systematic review and meta-analysis in 2013 using a wider search 
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strategy. Twenty-six studies were included, 22 of which were retrospective 

cohort studies, two were case-control studies, and one was a longitudinal 

study employing a combination of cross-sectional, and cohort designs 

(Ferreira et al., 2013). Pooled results from the case control and 

retrospective cohort studies showed that alcohol consumption increased 

the risk of LBP (OR 1.3, 95% CI 1.1 to 1.5) (Ferreira et al., 2013). 

However, this association appeared only in people with chronic LBP, and 

in studies investigating alcohol as an abuse dependence substance 

(Ferreira et al., 2013). Only one longitudinal study in this review found a 

negative association between alcohol consumption and a future episode 

of low back pain (OR 0.7, 95% CI 0.5 to 0.9) (Hestbaek et al., 2006). 

Recently, Karimi et al. (2022) investigated whether alcohol drinking is 

related to the incidence of MSK chronic pain. Sixteen studies, comprising 

13 cohort and 3 case control studies, were included with a total population 

of 642, 587 individuals (Karimi et al., 2022). The results showed that 

alcohol consumption was negatively associated with chronic pain (OR 

0.76, 95% CI 0.61 to 0.95) (Karimi et al., 2022). The findings of the current 

study and the previous studies align with plausible biological explanations. 

Studies on animals have demonstrated that alcohol could partially inhibit 

pain receptors (Neddenriep et al., 2019), and the same effect was found in 

humans (Arout et al., 2016). Another theory is that ethanol acts like 

gamma-aminobutyric acid (GABA), an inhibitory neurotransmitter in the 

brain, which binds to GABA receptors to block neuronal communication 

(Gatch, 1999). According to a different study, drinking alcohol causes a 

dose-related release of endogenous opioid ligands, which lowers the 
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transmission of pain signals to the central nervous system (Mitchell et al., 

2012).  

Another risk factor identified in current study was smoking. A history of 

previous smoking was found to have an association, albeit it relatively 

small, with CSP. This finding is consistent with previous studies (Mallon et 

al., 2004, Baumgarten et al., 2010, McRae et al., 2011, Tangtrakulwanich 

and Kapkird, 2012, Bishop et al., 2015). Baumgarten et al. (2010) found a 

dose-dependent and time-dependent relationship between smoking and 

RC tears. They retrospectively examined 584 patients, 473 of whom were 

smokers, who were referred for a diagnostic shoulder ultrasound for 

atraumatic unilateral shoulder pain. Diagnostic ultrasound determined 375 

patients with RC tears and 211 did not (Baumgarten et al., 2010). Patients 

with RC tears had a higher daily tobacco smoking rate compared to those 

without RC tears (61.9% versus 48.3%) (Baumgarten et al., 2010). 

Results showed that the risk of RC tears increased when smoking 

occurred within 10 years of the shoulder pain complaint (OR 4.24, 95% CI 

1.75 to 10.25; p-value= 0.0006), was significant in those with a history of 

smoking of one to two packs per day (OR 1.66; p-value= 0.009) and was 

greater for those who smoked more than two packs per day (OR 3.35; p-

value = 0.0007) (Baumgarten et al., 2010). However, recall bias was a 

potential limitation in this study because participants were asked to self-

report the dates of starting and stopping smoking and the amounts of 

tobacco use, and this may have led to some misclassification. 

Tangtrakulwanich and Kapbird (2012) conducted a case control study to 

evaluate the association between smoking and impingement syndrome. 
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The study group consisted of 111 cases with impingement syndrome and 

191 healthy controls, with a mean age of 49.8 and 43 years, 

retrospectively. All included participants were interviewed to obtain basic 

demographic data in addition to information about smoking status 

(Tangtrakulwanich and Kapkird, 2012). They found that people who were 

currently smoking had 6.8 times greater risk of developing impingement 

syndrome than non-smokers (OR 6.8, 95% CI 1.2 to 39.8). However, one 

of the limitations of this study was that the control group differed in 

demographic characteristics in terms of age, sex and occupation. 

Therefore, selection bias of the control group might have influenced the 

strength of the association.  

The results of the current study and the previous studies align with 

existing knowledge, and the hypothesis that tobacco can cause RC  

pathology is biologically plausible. Smoking may contribute to tendon 

degeneration because nicotine causes hypoxia, which reduces blood flow 

to the hypo-vascular area of the RC (Katzer et al., 1997). This hypoxic 

environment may alter the metabolism, lower mechanical resilience, and 

delay the healing process following a RC tear (Katzer et al., 1997). 

Similarly, nicotine might make tendons stiffer by increasing collagen 

synthesis and decreasing matrix metalloproteinase production (Ichinose et 

al., 2010). 

Highly deprived people in this study had significantly higher risk of having 

CSP than less deprived people. This finding is in line with previous studies 

that have reported that low socioeconomic status is associated with MSK 
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pain (Urwin et al., 1998, Webb et al., 2003, Ayis and Dieppe, 2009, 

Bonathan et al., 2013, Nicolson et al., 2021). Urwin et al. investigated the 

self-reported prevalence of MSK pain in multiple sites by sending a postal 

questionnaire on demographics, MSK symptoms and physical disability to 

6000 adults in three general practices in Manchester. The response rate 

was 78.5% (5752), and non-responders were more likely to be people 

who lived in high social deprivation areas. Using the Carstairs index as a 

measure of social deprivation, Urwin et al. found that MSK pain increased 

as the deprivation score increased, and people who were in more 

deprived areas were more likely to report MSK pain, especially back pain 

(X
2 test for trend = 11.46, p-value <0.001) (Urwin et al., 1998). Similarly, 

Webb et al. investigated the prevalence and the predictors of reported 

back and neck pain in a postal questionnaire mailed to 5752 adults in 

three general practices in the UK, Manchester. The response rate was 

78.5%. Of the 4515 respondents, 1481 reported back pain, with 960 

identifying this as their predominant pain site. Using the Townsend index 

as a marker for the socioeconomic status of the participants, they found 

that high deprivation was a strong predictor for back pain (adjusted for 

age, sex, BMI and additional pain sites) with an aOR of 1.7 (95% CI 1.1 to 

2.7) (Webb et al., 2003). One possible explanation for the association 

between socioeconomic status and pain could be the differences in type 

of occupation, as people with lower socioeconomic status might work in 

more physically demanding jobs compared to people with high 

socioeconomic status. However, occupation was not taken into 

consideration as a potential confounder in the analysis. Another 
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explanation might be the educational inequalities that impact health 

through health literacy. There might be a conflict between a person's 

ability and level of education required to obtain health services and 

understand health information. Additionally, people in lower 

socioeconomic categories may be more likely to encounter barriers in 

accessing medical care compared to those in higher socioeconomic 

categories (Elstad, 2016). 

Another risk factor identified in this study was ethnicity. Asian and mixed 

ethnic groups were at greater risk of having CSP compared to other ethnic 

groups. A possible explanation is that ethnicity might influence how a 

person experiences and responds to pain. Potential ethnic differences in 

endogenous pain regulatory mechanism have been proposed as a 

contributing factor that might explain racial differences in reporting pain 

(Campbell and Edwards, 2012). Comparing the current results to previous 

research, Malavolta et al. (2018) conducted a cross-sectional study in 

Brazil using medical records and found that Asian patients were more 

likely to develop adhesive capsulitis compared to other ethnic groups, with 

an adjusted OR of 3.6 (95% CI 2.0 to 6.5; p-value <0.001) (Malavolta et 

al., 2018). Similarly, Webb et al. (2003) found that Asian ethnicity was a 

significant predictor for both neck and back pain, each with disability, with 

an adjusted odds ratio of 2.15 (95% CI 1.62 to 2.85), and 1.85 (95% CI 

1.27 to 2.67), respectively.  

The current study found that high BMI is a significant risk factor for CSP. 

Previous epidemiological studies have shown that high BMI is a significant 
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and important risk factor for some MSK conditions such as knee and hip 

OA (Wearing et al., 2006, Jiang et al., 2011, Jiang et al., 2012, Viester et 

al., 2013). Increased hip and knee OA in obese people might be linked to 

increased biomechanical loading in these lower limb weight-bearing joints. 

However, several studies have demonstrated that higher BMI associates 

also with MSK conditions that affect non weight-bearing joints, such as 

hand OA (Gumina et al., 2014, ¥zkuk and Ateĸ, 2020). Therefore, it has 

been suggested that not only mechanical but also systemic factors might 

be involved in the pathogenesis of cartilage damage and OA related to 

obesity (Marshall et al., 2013, Sellam and Berenbaum, 2013, Visser et al., 

2014, Visser et al., 2015). The demonstrated increase in serum 

inflammatory mediators, such as IL-6 and C-reactive protein (CRP), led to 

the suggested classification of obesity as a ñlow-grade inflammatory 

diseaseò (Greenberg and Obin, 2006, Sellam and Berenbaum, 2013). 

Comorbidities  

In this study, CSP was found to be associated with a large number of 

long-term conditions (i.e., comorbidities). As far as is known, this is the 

only study to examine the association of CSP with comorbidities in a large 

UK primary care database. Some of the MSK conditions that associated 

with CSP in this study have been reported in previous studies that have 

focused on individual conditions, including fibromyalgia (Guler et al., 1992, 

Gostine et al., 2018, Compagnoni et al., 2023), OA and other MSK 

conditions (Mäkela et al., 1991, Mäkelä et al., 1999, Wright et al., 2015, 

Laslett et al., 2016). A large observational study in the UK investigated the 

associations between incident shoulder pain at Year 4 and persistent knee 
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pain (pain in 1 or in 2 knees over years 0ï3) (Laslett et al., 2016). 

Persistent pain in either 1 or 2 knees has found to be associated with the 

development of incident shoulder pain at Year 4 with an aRR of 1.59 (95% 

CI 0.97 to 2.61) and 2.02 (95% CI 1.17 to 3.49), respectively (adjusted for 

age, sex, BMI, depression score and lower limb pain). The relationship 

between incident shoulder pain and persistent pain in one or both knees 

might be mediated by functional weakness in the lower limbs, which may 

result in more reliance on the upper limbs for daily activities such as using 

stairs and getting out of a chair (Laslett et al., 2016). This appeared to be 

in line with current theoretical frameworks, which include the idea that 

abnormal joint loads or altered lifting patterns could result in 

biomechanical correlations (Radin et al., 1991, Frost, 1994, Back, 2001, 

Shakoor and Moisio, 2004, Fischer et al., 2015). However, the study by 

Laslett et al. (2016) included individuals with unspecified knee pain, which 

might restrict the generalisability to individuals who have knee OA or are 

at risk of developing knee OA.  

In the current study, people with diabetes and hypothyroidism were at 

greater risk of having CSP. Endocrine diseases such as diabetes and 

hypothyroidism are well known to be associated with MSK symptoms 

(Mäkelä et al., 1999, Cakir et al., 2003, Cohen et al., 2020, Song et al., 

2022, Chuang et al., 2023). Several studies have examined the 

association between diabetes and MSK conditions (Wyatt and Ferrance, 

2006, Thomas et al., 2007, Wright et al., 2015, Sözen et al., 2018), and 

specifically adhesive capsulitis (Smith et al., 2003, Kiani et al., 2014). The 

development of MSK conditions in people with diabetes is thought to be 
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influenced by a number of factors, including increased collagen in the skin 

and MSK connective tissues, damage to vessels and nerves, and protein 

glycosylation (Kim, 2002). Some studies argued that the true causal 

association between diabetes and MSK pain results from the 

accumulation of advanced glycosylation end products (AGEs) in the joints 

(Aydeniz et al., 2008, Shirazi et al., 2016, Sözen et al., 2018). Both 

thyrotoxicosis and hypothyroidism may result in a wide range of 

symptomatic MSK conditions  (Persellin and Rutstein, 1979, Ingbar et al., 

2000). In a small prospective cohort study, 45 adults diagnosed with 

thyroid dysfunction were evaluated clinically using electrodiagnosis and 

hand-held dynamometry (Duyff et al., 2000). They found that 79% of 

hypothyroid patients had neuromuscular symptoms, 38% showed muscle 

weakness in one or more muscle groups, 42% showed indications of 

sensorimotor axonal neuropathy, and 29% had carpal tunnel syndrome 

(Duyff et al., 2000). However, the absence of a control group matched for 

age and sex is a significant limitation of this study. In another study, 

Cohen et al. (2020) assessed the association between self-reported 

thyroid disease and adhesive capsulitis. In that study, 166 patients 

diagnosed with adhesive capsulitis were compared with 129 patients with 

RC tears and 251 control subjects without shoulder problems (Cohen et 

al., 2020). They found that people with thyroid dysfunction had 2.69 times 

the likelihood of developing adhesive capsulitis compared to the two other 

groups. There was also a sex association, with females having a higher 

risk of developing adhesive capsulitis (Cohen et al., 2020). 
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In the current study, individuals who had depression were found to have 

an increased risk of CSP. A comparable result was observed with 

insomnia. These findings align with those of previous studies. Research 

has shown a high prevalence of sleep disturbance, anxiety and 

depression in people with chronic MSK pain, such as fibromyalgia, 

arthritis, and back pain. (Celiker et al., 1997, Wilson et al., 2002, Lin, 

2008, Wilson et al., 2022). There is evidence for a bidirectional 

association between depression and MSK pain, that is that depression 

promotes pain and equally pain promotes depression (Magni et al., 1994, 

Bair et al., 2008). In a large observational study conducted by Generaal et 

al. (2017), insomnia and short sleep duration were significant risk factors 

for chronic MSK pain development, with an aHR for insomnia of 1.60 

(95% CI 1.30 to 1.96) and an aHR for short sleep of 1.52 (95% CI 1.22 to 

1.90). Additionally, previous observational studies have shown that 

shoulder disorders were associated with depression, anxiety, and sleep 

disturbance (Auvinen et al., 2010, Hoe et al., 2012, Cho et al., 2013, 

Mulligan et al., 2015). The relationship between poor sleep and pain in 

people with chronic pain may be explained by the mediation effect of 

negative mood (O'Brien et al., 2010), in that lack of delta sleep reduces 

descending pain inhibition, lowers mood, and can cause cognitive 

dysfunction (Lautenbacher et al., 2006, Haack et al., 2020). 

In the current study, other comorbidities with a significant association with 

CSP were COPD, diverticular diseases and diaphragmatic hernia. COPD 

is a well-recognised risk factor for developing MSK pain. In cross-sectional 

population-based observational studies people with respiratory disorders 
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have reported a higher prevalence of MSK pain in different sites including 

the back, neck and shoulder areas (Janssen et al., 2016, Andenæs et al., 

2018, Rasmussen-Barr et al., 2023). Referred pain to the shoulder can 

also be part of the presentation of diaphragmatic hernia and diverticular 

disease (Gray, 2011, Kohli et al., 2016, Hall, 2016).  

Some of the comorbidities that associated with CSP in the current study 

have not been reported previously and are difficult to explain in terms of 

potential causal mechanisms, for example urinary incontinence, tinnitus 

and benign prostatic hyperplasia. There is some evidence that release of 

inflammatory substances in people with chronic pain may be associated 

with hearing loss. Takatsu et al. (2005) demonstrated that people with 

rheumatoid arthritis have higher rates of latent-type conductive hearing 

loss due to middle ear stiffness, and higher rates of sensorineural hearing 

loss, which might be due to systemic inflammation and tissue damage. 

However, no studies have been conducted to assess hearing impairment 

in patients with shoulder pain. Furthermore, one study has reported a 

significant relationship between the daily use of NSAIDs for MSK pain and 

the risk of having benign prostatic hyperplasia (HR 1.21, 95% CI 1.01 to 

1.46) (Schenk et al., 2012). There are no previous studies regarding the 

associations between these comorbidities and shoulder pain. It is possible 

that the associations could be due to misdiagnosis or miscoding and 

further investigation of these associations is required. 
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Limitations of this study  

Strengths of this study include the large sample size and the adjustments 

for other important confounders (age, sex, etc.). However, this study also 

has several caveats. Firstly, the case definition was based on diagnosis 

by the general practitioners, rather than a more rigorous diagnosis 

obtained by a physician with MSK expertise and use of imaging such as 

ultrasound to clarify the precise causal lesion, and this may have led to 

misclassification bias. However, a strict and narrow definition of CSP was 

used in this study to identify people with chronic pain. Another important 

limitation is the unavailability of data on risk factors such as occupation 

and physical activity to include in the analysis, since these are not 

consistently recorded in the CPRD database. Another limitation is that 

smoking, and alcohol data were self-reported, and not necessarily 

accurate. Finally, the missing data with respect to recording of BMI, 

alcohol intake, etc. might have reduced the statistical power of the study 

and produced biased estimates, leading to invalid conclusions. However, 

multiple imputation was conducted to address missing data, and this was 

followed by internal checks to ensure that the imputed data were 

reasonable. However, future studies are needed to explore other risk 

factors such as occupation and physical activity. Regarding comorbidities, 

the majority of the results were interpreted in the context of previously 

published research, so it is unlikely that false positive results had a 

significant impact on the conclusions. Most of the previously significant 

results remained significant even after applying Benjamini-Hochberg when 
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the multiple outcome measures under consideration were not 

independent. 

4.5 Conclusion  

In conclusion, the findings suggested that smoking, IMD, ethnicity and 

BMI were associated with CSP, whereas alcohol drinking associated with 

a significantly lower risk of CSP. Further studies are required to explore 

whether work-related risk factors are associated with CSP. This study 

provides important information on the comorbidities associated with CSP 

including other MSK conditions, COPD, diabetes, hypothyroidism, and 

depression. Understanding the possible association of other comorbidities 

with CSP, such as urinary incontinence, tinnitus and benign prostatic 

hyperplasia, merit further research. The findings of this study might have 

important implications for the development of health education and 

preventive strategies for targeted individuals who are at risk of CSP. 

Further studies are required to determine the causality of these 

associations with CSP. 
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5 Chapter 5. Outcomes associated with chronic 
shoulder pain : a prospective cohort study 

using the CPRD UK population   
 

 

5.1 Introduction  
 

As far as is known, no studies have been done in the UK to estimate the 

healthcare utilisations in people with CSP, and whether those people are 

more likely to have other long-term conditions. Exploring the health 

outcomes in people with CSP should provide a clear picture of the 

healthcare utilisations in this group. Therefore, the current study explored 

GP consultations, inpatient admissions, associated comorbidities, and all-

cause mortality in people with CSP and in matched controls. 

 

5.2 Methods  
 

5.2.1 Study design  
 

A cohort study was conducted to examine the outcomes and healthcare 

utilisations of people with CSP. Cases were defined as people with CSP 

identified between 2000 and 2020 (the first diagnosis date being the index 

date), whereas controls were defined as people without shoulder pain. 

Each case was matched with a control without shoulder pain by age, sex, 

and practice at the index date. See chapter 3 (pages 148) for further 

details about the inclusion and exclusion criteria. Selection of the study 

population and sample size are provided in Appendix 17 (pages 462-463). 
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5.2.2 External linkages 
 
ONS Death Registration data on the date and causes of death were used 

to determine mortality (Herrett et al., 2015). HES Admitted Patient Care 

(HES APC) data, which  contains information on hospital admissions, 

admission and discharge dates, and diagnoses (identifying primary 

diagnosis) in England was used to determine hospitalisations (Herbert et 

al., 2017). Records are coded using the International Classification of 

Diseases version 10 (ICD10) coding frame. In January 2022, 98% of the 

CPRD Aurum patients were linked to HES (Datalink, 2022). 

 

5.2.3 Exposure and Outcomes 
 
The exposure in this study was CSP. 

 The outcomes were: 

¶ Comorbidities.  

All comorbidities investigated retrospectively in the case-control study 

(Chapter 4) were examined in this prospective study. Comorbidity was 

defined as the recording of a diagnosis of a predefined chronic 

condition in individuals in both groups. 

¶ All-cause mortality.  

For mortality, all cause of deaths after the index date were captured to 

calculate mortality rates for the CSP group and the control group. 

¶ GP consultations  

Information on GP consultations was derived from the consultation 

files. The number of consultations for any cause was used for the 

calculation of average consultations per year. The average number of 



  

213 

 

consultations per year was calculated by dividing the total number of 

GP consultations recorded after the index date, by the years of 

follow-up. For example, if a person had a total of 9 years of follow-up 

and had 120 consultations recorded during that period, then the 

average number of consultations for that person was 120/9 = 13.3 

consultations per year.  

¶ Hospitalisations  

The number of hospitalisations for any cause was used for the 

calculation of average hospitalisations per year. The average number 

of hospitalisations per year was calculated by dividing the total 

number of inpatients admissions recorded after the index date, by the 

years of follow-up. For example, if a person had a total of 9 years of 

follow-up and had 12 hospitalisations recorded during that period, 

then the average number of hospitalisations for that person was 12/9 

= 1.3 hospitalisations per year.  

 

5.2.4 Covariates 
 
Owing to the longitudinal nature of the data, the health-related behaviours 

of participants could change over time. For example, during a 20-year 

follow-up period, BMI status, alcohol consumption, and smoking habits 

could vary considerably and research has shown that the occurrence of 

comorbidities is significantly influenced by these health-risk behaviours 

(Bhaskaran et al., 2013). Data on BMI, IMD, alcohol use and smoking 

status, together with age, sex, index date, and practice were used in the 

analysis. 
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5.2.5 Statistical analysis 
 
Data management was conducted using R software (3.4.1) (Appendix 18, 

page 464). Data analysis was conducted using R software (3.4.1) 

(survival, and survminer) packages (Therneau and Lumley, 2015, 

Kassambara et al., 2017). Participant characteristics were presented 

using descriptive statistics, with mean and SD or median and interquartile 

range being used to summaries continuous variables, and frequency 

being used for categorical variables. 

 

5.2.5.1  Comorbidities and all-cause mortality   
 

For comorbidities, incident comorbidity at the earliest date of diagnosis 

after the index date was assessed. For each specific comorbidity, people 

without the comorbidity at the index date (i.e., people at risk of developing 

the comorbidity) in both the CSP and matched control group, were 

followed for up to 20 years after the index date. Participants were 

censored at the earliest date of comorbidity diagnosis, death, transfer out 

or end of the study date (31 December 2020) or last collection date, 

whichever occurred first. Hazard ratios (HRs) and 95% CIs were 

calculated for each comorbidity using the Cox proportional hazards model, 

adjusting for age, sex, practice, index date, BMI, IMD, ethnicity, smoking 

and alcohol consumption, and number of comorbidities at baseline. A 

sensitivity analysis was conducted for people with RC diseases to restrict 

the definition of CSP, and to assess whether RC diseases is associated 

with development of comorbidities (Appendix 19, Table 9-8, page 465).  
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For all-cause mortality, the people with CSP and the matched controls 

were followed up for up to 20 years after the index date. The follow-up of 

participants was censored at the earliest date of death, transfer out or end 

of the study date (31st December 2020), whichever occurred first. To 

evaluate simultaneously the effect of several factors on the rate of death, 

the hazard rate was calculated using the Cox regression. The univariate 

association between cases and controls and death was estimated using 

Cox proportional hazards regression analysis. All covariates that were 

statistically significantly (p-value < 0.05) associated with mortality were 

evaluated as potential confounders in the final analyses. Hazard ratios 

and 95% CIs were calculated using Cox regression adjusting for BMI, 

IMD, ethnicity, alcohol, smoking, and all comorbidities at baseline. 

 

5.2.5.2  GP consultations and Hospitalisations 
 

For GP consultations, descriptive statistics were reported as both mean 

(standard deviation) and median (inter quartile range). Normality 

distribution was tested using a histogram. As reported previously in the 

outcomes section, the average number of GP consultations per year was 

calculated by dividing the total number of consultations recorded after the 

index date by the years of follow-up. Due to evidence of overdispersion 

(the variance higher than average), Negative Binomial regression was 

used to allow for overdispersion. A similar method has been used before 

in the literature to analyse recurrent events in healthcare data (Thomsen 

and Parner, 2006, Banham et al., 2010, Korda et al., 2015). Negative 

binomial regression was applied to compute GP consultation risk ratio 
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(RR) and its 95% CI with follow-up time as an offset variable (Gwynn et 

al., 2000). 

 

For hospitalisations, descriptive statistics were reported as both mean 

(standard deviation) and median (interquartile range). Normality 

distribution was tested using a histogram. The average of hospitalisation 

per year was calculated by dividing the total number of inpatients 

admissions recorded after index date, by years of follow-up. Due to 

evidence of overdispersion, negative binomial regression was applied to 

compute hospitalisations RR and its 95% CI with follow-up time as an 

offset variable. 

 

Multicollinearity was checked using the Variance Inflation Factor (VIF) 

function in R (Shrestha, 2020). A value of VIF=1 indicates that there is no 

correlation between a predictor variable and any other predictor variables 

in the model. A value between 1 and 5 indicates moderate correlation 

between a predictor variable and other predictor variables in the model. A 

value > 5 indicates potentially severe correlation between a predictor 

variable and other predictor variables in the model. No multicollinearity 

was found between variables (Appendix 20, Tables 9-9 and 9-10, pages 

466-468). To address the risk of a higher false discovery rate (FDR) due to 

multiple significance testing (Greenland, 2008), the FDR method proposed 

by Benjamini-Hochberg was used to calculate adjusted p-values 

(Benjamini and Hochberg, 1995, Benjamini and Yekutieli, 2001). The 

results were re-checked using the R built in function for calculating 
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adjusted p-values. The results were considered statistically significant 

when the p-value is less than the adjusted significance level of 0.05. 

For all the previous outcomes, the survival between the two groups was 

compared using a Kaplan-Meier (KM) curve (Ranstam and Cook, 2017). 

The proportional hazard assumption (PH assumption) was assessed 

using KM curves, log-log plots and testing of scaled Schoenfeld residuals 

(Dessai and Patil, 2019, Kuitunen et al., 2021). Log-log plots are 

presented in Appendix 21 (pages 469-480).  

 

5.3 Results  
 

A total of 111,979 cases and 111,979 age, sex and practice matched 

controls were included in the analysis. 

 

5.3.1  Comorbidities  
 
The incidence of comorbidities in the CSP group and matched control 

group is shown in Table 5-1. The incidence of comorbidities was 

statistically significantly higher in people with incident CSP than in the 

controls. The crude and adjusted HR for incident comorbidities between 

CSP cases and controls are shown in Table 5-2. Of the 22 comorbidities 

studied, significant associations were seen with 18 comorbidities over the 

20-year period (Table 5-2). The strongest associations were seen with 

fibromyalgia (aHR 1.71, 95% CI 1.62 to 1.81), sarcopenia (aHR 1.71, 95% 

CI 1.09 to 2.67), other MSK conditions (aHR 1.61, 95% CI 1.58 to 1.64), 

OA (aHR 1.60, 95% CI 1.55 to 1.64 and insomnia (aHR 1.54, 95% CI 1.47 

to 1.61) (Table 5-2). 
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Table 5-1. Incidence of comorbidities in the incident chronic shoulder pain group and 
the matched controls  

 Chronic shoulder pain 

(n=111,979) 

Control group         

  (n=111,979) 

Comorbidities     n             incidence/100 p-y 

                         (95% CI) 

n               incidence/100 p-y 

           (95% CI) 

Diabetes  18507 2.62 (2.58, 2.66) 15222 1.99 (1.96, 2.02) 

Hypothyroidism    3007 0.37 (0.36, 0.39)   2767 0.33 (0.32, 0.34) 

Congestive heart 

failure  

  8900 1.14 (1.11, 1.16)   8041 1.00 (0.98, 1.02) 

Hypertension 19072 2.84 (2.80, 2.88) 17572 2.47 (2.44, 2.51) 

Ischemic heart 

disease  

  4829 0.60 (0.58, 0.61)   3362 0.40 (0.39, 0.41) 

Myocardial 

infarction  

  1593 0.19 (0.18, 0.20)   1148 0.13 (0.12, 0.14) 

Hyperlipidaemia    9618 1.31 (1.29, 1.34)   7589 0.98 (0.95,1.00) 

COPD   7386 1.02 (1.00, 1.05)   5344 0.69 (0.67, 0.71) 

Depression 19428 3.68 (3.63, 3.73) 14157 2.27 (2.24, 2.31) 

Anxiety   9473 1.34 (1.31, 1.37)   6886 0.91 (0.89, 0.93) 

OA 17137 2.45 (2.41, 2.48)   9699 1.25 (1.22, 1.27) 

Other MSK 

conditions  

29330 6.85 (6.78, 6.93) 21768 3.94 (3.88, 3.99) 

Fibromyalgia   4496 0.56 (0.54, 0.58)   2288 0.27 (0.26, 0.28) 

Insomnia   6079 0.80 (0.78, 0.83)   3677 0.45 (0.44, 0.47) 

Fatigue   3390 0.42 (0.40, 0.43)   2203 0.26 (0.25, 0.27) 

Sarcopenia       77 0.009 (0.007, 0.011)       35 0.004 (0.002, 0.008) 

Tinnitus   3929 0.49 (0.47, 0.50)   2699 0.32 (0.31, 0.33) 

Scleroderma       32 0.003 (0.002, 0.005)       28 0.003 (0.002, 0.004) 

Urinary 

incontinence   

  3608 0.45 (0.43, 0.46)   2310 0.27 (0.26, 0.29) 

Diverticular disease   4706 0.57 (0.56, 0.59)   3378 0.40 (0.38, 0.41) 

Diaphragmatic 

hernia 

  4113 0.51 (0.49, 0.52)   2710 0.32 (0.31, 0.33) 

Benign Prostatic 

Hyperplasia 

  2799 0.34 (0.32, 0.35)   2029 0.24 (0.23,0.25) 

                 COPD, chronic obstructive pulmonary diseases. MSK, musculoskeletal 
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Table 5-2. HRs and 95% CIs for each comorbidity comparing the incident chronic 
shoulder pain and the control groups for a maximum of 20 years of follow-up. 

        *Adjusted for age, sex, practice, index date, BMI, IMD, smoking, alcohol and all comorbidities at baseline, a, for 

male only, COPD, chronic obstructive pulmonary diseases. MSK, musculoskeletal, **p-value <0.05 adjusted for 
multiple testing using óFalse discovery rateô. 

 
 

Comorbidities  Crude HR, p-value Adjusted HR*, p-value** 

Metabolic/endocrine   

Diabetes  1.28 (1.25, 1.31), p<0.0001 1.19 (1.16, 1.22), p<0.0001 

Hypothyroidism 1.21 (1.15,1.27),  p<0.0001 1.13 (1.07, 1.19), p<0.0001 
Hyperlipidaemia 1.31 (1.27, 1.36), p<0.0001 1.27 (1.23, 1.31), p<0.0001 

 
Cardiovascular/Circulatory 

  

Congestive heart failure 1.12 (1.09, 1.16), p<0.0001 1.00 (0.97, 1.04), p=0.60 

Hypertension 1.13 (1.11, 1.16), p<0.0001 1.03 (1.01, 1.05), p=0.002 
Ischemic heart diseases 1.47 (1.41, 1.54), p<0.0001 1.27 (1.21, 1.33), p<0.0001 

Myocardial Infarction 
 

1.39 (1.28, 1.51), p<0.0001 1.22 (1.12, 1.32), p<0.0001 

Respiratory    
COPD 
 

1.46 (1.41, 1.52), p<0.0001 1.33 (1.28, 1.38), p<0.0001 

Psychological    

Depression 1.58 (1.54, 1.62), p<0.0001 1.34 (1.31, 1.37), p<0.0001 

Anxiety 
 

1.44 (1.40, 1.49), p<0.0001 1.34 (1.30, 1.39), p<0.0001 

Musculoskeletal    
OA  1.70 (1.66, 1.75), p<0.0001 1.60 (1.55, 1.64), p<0.0001 
Other MSK conditions 1.75 (1.72, 1.79), p<0.0001 1.61 (1.58, 1.64), p<0.0001 
Fibromyalgia 2.01 (1.90, 2.12), p<0.0001 1.71 (1.62, 1.81), p<0.0001 
Fatigue 1.60 (1.51, 1.70), p<0.0001 1.42 (1.34, 1.51), p<0.0001 
Sarcopenia 
 

2.00 (1.29, 3.11), p=0.001 1.71 (1.09, 2.67), p=0.01 

Genito-urinary   
Urinary incontinence  1.60(1.52, 1.70), p<0.0001 1.42(1.34, 1.50), p<0.0001 
Benign Prostatic 
Hyperplasiaa 

 

1.40(1.32, 1.49), p<0.0001 1.36(1.28, 1.45), p<0.0001 

Gastrointestinal   
Diverticular disease 1.43 (1.37, 1.50), p<0.0001 1.33 (1.27, 1.39), p<0.0001 
Diaphragmatic hernia 1.56 (1.48, 1.64), p<0.0001 1.42 (1.34, 1.49), p<0.0001 
 
Others  

  

Insomnia 1.71 (1.64, 1.79), p<0.0001 1.54 (1.47, 1.61), p<0.0001 
Tinnitus 1.50 (1.42, 1.58), p<0.0001 1.42 (1.34, 1.49), p<0.0001 
Scleroderma 0.98 (0.57, 1.68), p=0.95 0.96 (0.55, 1.66), p=0.89 
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5.3.2  Mortality  
 
During the study period, there were 3331(3.15%) deaths in the CSP group 

and 2802 (2.64%) deaths in the control group. The mortality rates were 

0.39 (95% CI 0.37 to 0.40) per 100 person years in cases, and 0.32 (95% 

CI 0.31 to 0.33) per 100 person years in controls (Figure 5.1). After the 

adjustment for BMI, IMD, ethnicity, alcohol, and smoking, people with CSP 

had 16% higher risk of all-cause mortality (aHR 1.16, 95% CI 1.10 to 

1.22). When additionally adjusting for all comorbidities at baseline, the 

CSP group had a 6% higher risk of allȤcause mortality compared to the 

control group (aHR 1.06, 95% CI 1.00 to 1.11; p-value= 0.01) (Table 5-3).  

 

 
 

Figure 5.1 Survival probabilities of all-cause mortality in the CSP group 
and the control group. 
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Table 5-3. Mortality rate, and associations with all-cause mortality in the 
chronic shoulder pain group and the control group. 

Group Chronic shoulder pain 
(n=111,979) 

 

Control group 
(n=111,979) 

Total deaths (n) 3331 2802 

Mortality rate per 100 
person years (95% CI) 

0.39 (0.37, 0.40) 0.32 (0.31, 0.33) 

Crude HR (95% CI) 1.21 (1.15,1.27) reference 

Adjusted HR (95% CI) * 1.16 (1.10, 1.22) reference 

Adjusted HR (95% CI) ** 1.06 (1.00, 1.11) reference 

 n, number, *Adjusted for age, sex, index date, practice, BMI, IMD, ethnicity, alcohol, and 
smoking. 
**Adjusted for age, sex, index date, practice, BMI, IMD, ethnicity, alcohol, smoking, and 
number of comorbidities at baseline, p-value<0.001 

 

 
 

5.3.3  GP Consultations  
 

The average number of GP consultations per year in people with CSP 

(23.60) was higher than in the control group (14.36). The negative 

binomial regression model showed that people with CSP were at 53% 

higher risk of having more GP consultations compared to the control 

group (aRR 1.53, 95% CI 1.52 to 1.54) (Table 5-4). 
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Table 5-4 Average number of (all-cause) GP consultations per year in the 
chronic shoulder pain group and the control group, and the negative 
binomial regression results 

 Chronic shoulder pain 

(n= 111,979) 

Control group 

(n= 111,979) 

Average GP consultations 
 per year  

Mean (SD)             23.60 (21.76)         14.36 (16.10) 

Median (IQR)      17.96 (10.11- 20.15) 
 

                10.03 (4.06 - 15.18) 

 
Number of GP consultations  

Mean (SD)    164.18 (182.43)              110.24 (143.67) 

Median (IQR)            108 (46- 217) 
 

          64 (19 - 148) 

Crude RR (95% CI)     1.63 (1.61, 1.64) reference 

Adjusted RR (95% CI)*        1.53 (1.52, 1.54) ** reference 

SD- standard deviation, IQR- inter quartile range, *Adjusted for age, sex, practice, index-date, 

smoking, alcohol, BMI, and number of comorbidities at baseline, ** p-value <0.0001, RR- risk ratio 
 
 

5.3.4  Hospitalisations 
 
The mean average number of hospitalisations per year in people with CSP 

was higher (0.65) than in the controls (0.43) (Table 5-5). The negative 

binomial regression model showed that the number of hospitalisations in 

cases were 37% higher than in controls (aRR 1.37; 95% CI 1.35 to 1.39) 

(Table 5-5). 

 

 

 

 

 

 



  

223 

 

Table 5-5 Average number of (all-cause) hospitalisations per year in the 
chronic shoulder pain and the control groups. 

 Chronic shoulder pain 

(n= 111,979) 

Control group 

(n= 111,979) 

Average hospitalisations 
 per year  

Mean (SD) 0.65 (2.22) 0.43 (2.35) 

Median (IQR)    0.28 (0-0.51) 
 

   0.13 (0-0.37) 

 
Number of hospitalisations  

Mean (SD) 4.35 (17.09)   3.05 (13.08) 

Median (IQR)              2 (1-5) 
 

                    3 (0-3) 

Crude RR (95% CI)      1.48 (1.45, 1.50) reference 

Adjusted RR (95% CI)*         1.37 (1.35, 1.39)**                  reference 

SD- standard deviation, IQR- inter quartile range, *Adjusted for age, sex, smoking, alcohol, BMI, 

and number of comorbidities at baseline, ** p-value <0.0001, RR-risk ratio 

 

 

5.4 Discussion  
 

Outcomes in CSP have been well studied with respect to quality of life, 

functional disability, psychological distress, and physical activity level 

(Alizadehkhaiyat et al., 2017, Walankar et al., 2020, Hwang and Oh, 

2022). However, the burden and type of comorbidities associated with 

CSP and health services utilisation by people with CSP have not been 

well studied. Four outcomes were explored in this study using a large 

primary care database in the UK, specifically, the incidence of 

comorbidities and associations, all-cause mortality, GP consultations, and 

hospitalisations (inpatient admissions). The data demonstrated that 

people with CSP were at 53% higher risk of having more GP 

consultations, 37% higher risk of hospitalisations, 6% higher risk of all-
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cause mortality, and a higher burden of comorbidities. The strongest 

associations observed were with sarcopenia (aHR1.71, 95% CI 1.09 to 

2.67), fibromyalgia (aHR 1.71, 95% CI 1.62 to1.81), OA (aHR 1.60, 95% 

CI 1.55 to 1.64), other MSK conditions (aHR 1.61, 95% CI 1.58 to1.64), 

and insomnia (aHR 1.54, 95% CI 1.47 to 1.61).  

 

Comorbidities and chronic shoulder pain 

The study found that people with CSP were more likely to develop all of 

the examined comorbidities except for congestive heart failure and 

scleroderma. The association of CSP with other MSK conditions aligns 

with previous studies which reported associations between fibromyalgia 

(Guler et al., 1992, Gostine et al., 2018, Compagnoni et al., 2023), OA and 

other MSK conditions (Mªkela et al., 1991, Mªkelª et al., 1999, Wright et 

al., 2015, Laslett et al., 2016). Wright et al. (2015) found that shoulder pain 

was associated with cancer (aOR 1.4), diabetes (aOR 1.6), depression 

(aOR 4.0), cardiovascular diseases (aOR 2.2) and other MSK conditions 

(aOR 2.2) (Wright et al., 2015a). However, because of the cross-sectional 

nature of the study, it is difficult to draw firm conclusions about the 

temporal or causative relationships for the observed associations. In the 

current longitudinal study, it was found that people with CSP were at 

greater risk of developing diabetes and hypothyroidism. Previous studies 

have reported that endocrine diseases including diabetes and 

hypothyroidism may be associated with MSK pain (Mªkelª et al., 1999, 

Cakir et al., 2003, Cohen et al., 2020, Song et al., 2022, Chuang et al., 

2023). Several studies have highlighted the association between diabetes 
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and MSK conditions such as adhesive capsulitis, tenosynovitis and 

Dupuytrenôs contracture (Wyatt and Ferrance, 2006, Thomas et al., 2007, 

Wright et al., 2015, Sºzen et al., 2018). Thyroid diseases were also known 

to be associated with several MSK symptoms such as muscle weakness, 

muscle pain, and adhesive capsulitis (Persellin and Rutstein, 1979, Ingbar 

et al., 2000). There is a paucity of evidence on the underlying mechanism 

of the relationship between shoulder pain and thyroid disease. Some 

authors reported that the relationship between adhesive capsulitis and 

Hashimotoôs thyroiditis, which is the most common cause of 

hypothyroidism, has an autoimmune aetiology (Cakir et al., 2003, Reuters 

et al., 2009, Wang et al., 2013, Schiefer et al., 2017). Histological findings 

have shown evidence of chronic nonspecific inflammation in people with 

adhesive capsulitis indicated by increased vascularity of tissues, 

increased tissue edema, proliferation of fibroblasts, and synovial 

membrane thickening (Jump et al., 2021). Metabolic findings in people 

with adhesive capsulitis showed increase in blood lipids (Jump et al., 

2021). The association between adhesive capsulitis and other conditions 

such as diabetes, thyroid diseases, hyperlipidaemia and Dupuytren 

contracture may have similar basis (Jump et al., 2021). Like adhesive 

capsulitis, these conditions may create a proinflammatory environment, 

resulting in increased inflammatory response with elevated levels of 

inflammatory cytokines and fibrosis as well as elevated blood lipids 

(Bunker and Anthony, 1995, Bunker and Esler, 1995, Rizos et al., 2011). 

However, most of the previous studies were cross-sectional, or case-
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control and they did not examine prospectively whether people with 

shoulder pain could develop these comorbidities.  

 
As far as is known, only one prospective cohort studies have been 

undertaken recently in the UK to explore if people with adhesive capsulitis 

can develop type 2 diabetes in the future. This study was conducted by 

Dyer et al. (2024) using a large primary care electronic medical record 

(CPRD GOLD). The study included 31, 226 people with adhesive 

capsulitis matched by age, sex and practice with 31, 226 people without 

adhesive capsulitis. The findings showed that people with adhesive 

capsulitis were more likely to be diagnosed with type 2 diabetes compared 

to people without adhesive capsulitis (aHR 20.0, 95% CI 16.0 to 25.0) 

(Dyer et al., 2024). However, the association in this study might have been 

inflated if those with adhesive capsulitis were being tested more frequently 

than those without adhesive capsulitis. It is possible that people with 

adhesive capsulitis were already getting tested for type 2 diabetes more 

frequently since GPs are aware that these two conditions are associated. 

It is important also to state that this study do not support the theory that 

type 2 diabetes is caused by adhesive capsulitis (Losciale et al., 2023, 

Hern§n et al., 2019). On the contrary, type 2 diabetes has been proposed 

as a cause of adhesive capsulitis (Hsu and Sheu, 2016, Dyer et al., 2023), 

which might explain the high prevalence of diabetes in people with 

adhesive capsulitis. 

 
The finding that people with CSP have sleep disturbance, depression, and 

anxiety also aligns with previous reports regarding people with adhesive 
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capsulitis (Ding et al., 2014, Bagheri et al., 2016, Toprak and Erden, 

2019). Sleep disturbance, depression, and anxiety are also well known to 

be associated with other forms of chronic MSK pain, such as fibromyalgia, 

arthritis, and back pain. (Celiker et al., 1997, Wilson et al., 2002, Lin, 

2008, Wilson et al., 2022).  

 
Cardiovascular diseases such as ischemic heart diseases and myocardial 

infarction have been found to be associated with chronic MSK pain, but 

few studies have examined their association specifically with shoulder 

pain. There is high-quality evidence that people with chronic MSK pain are 

more likely to have cardiovascular diseases compared with those without 

chronic MSK pain (RR 1.91, 95% CI 1.64 to 2.21) (Ryan et al., 2014, 

Oliveira et al., 2020). A possible explanation is that people with chronic 

MSK pain often have functional limitations that are commonly combined 

with psychological distress (Carvalho et al., 2017, Asavasopon, 2018), 

both of which could lead to reduced physical activity, a known risk factor 

for cardiovascular diseases (McBeth et al., 2010). Frequent use of 

nonsteroidal anti-inflammatory medicines (NSAIDs) is another example of 

a mechanism that might raise the risk of cardiovascular diseases in those 

with chronic MSK pain (Trelle et al., 2011, Lindhardsen et al., 2014, Bally 

et al., 2017). The use of NSAIDs for MSK pain may have impact on the 

cardiovascular system, including high blood pressure, thrombotic events, 

and congestive heart failure (Jüni et al., 2004). Both nonselective NSAIDs 

and selective COX-2 inhibitors increase the risk of congestive heart 

failure, which is attributed to vasoconstriction, blood pressure elevation, 

and sodium and water retention (Bhala et al., 2013). Large clinical trials 
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have found that rofecoxib increased the risk of myocardial infarction, 

which raised concerns about the potential cardiotoxicity of nonselective 

NSAIDs and selective COX-2 inhibitors (Jüni et al., 2004). One of the 

suggested explanations for the elevated risk of thrombotic events was the 

degree of inhibition of COX-2 in comparison to COX-1 (Dubreuil et al., 

2018). This could lead to an imbalance between the pro-thrombotic 

vasoconstrictive effects of thromboxane A2, induced by COX-1 in 

platelets, and the antithrombotic vasodilatory actions of prostacyclin, 

induced by COX-2 in blood vessel walls (Braun et al., 2020). It is difficult 

to postulate mechanisms for some of the comorbidity associations that 

were found with CSP, for example, tinnitus, benign prostatic hyperplasia, 

and urinary incontinence. More studies are needed to determine the 

nature of these associations and whether they are direct or indirect.  

A sensitivity analysis was conducted in this study for those who had RC 

diseases, and that analysis revealed no significant associations with 

congestive heart failure, hypertension, sarcopenia, or scleroderma. 

Restricting the definition did not greatly alter the findings but did suggest 

that the broad definition of shoulder pain might affect the results.  

Mortality and chronic shoulder pain 

Based on the existing evidence, this is the first study to examine the 

relationship between CSP and all-cause mortality. Some studies have 

reported positive associations between MSK pain and increased mortality, 

which aligns with the current results (Macfarlane et al., 2001, McBeth and 

Jones, 2007, Nitter and Forseth, 2013, Docking et al., 2015a, Macfarlane 
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et al., 2017). A large cohort study conducted by Macfarlane et al. (2017) 

examined the relationship between CWP and mortality using the UK 

Biobank database. Around half a million people aged 40ï69 years who 

were registered with a general practitioner were recruited between 2006 

and 2010. Participants reporting ôpain all over the bodyô for more than 3 

months were compared with participants without chronic pain. Information 

on death (with causes) was derived from the ONS records (Macfarlane et 

al., 2017). 7130 participants with CWP had excess mortality compared to 

participants without CWP (mortality RR 2.43). Specific causes for excess 

mortality were cancer (aRR 1.73), cardiovascular disease (aRR 3.24), and 

respiratory disease (aRR 5.66). After adjustment for low levels of physical 

activity, high BMI, smoking, and poor diet the mortality risk reduced (aRR 

1.47, 95% CI 1.24 to 1.73) (Macfarlane et al., 2017). It is clear from the 

results that increased mortality in people with CWP could in part be 

explained by unfavourable lifestyle factors that could be addressed in the 

management of these participants. However, other studies have reported 

no significant association between MSK pain and mortality, especially after 

controlling for some demographic and behavioural factors (Smith and 

Leggat, 2004, Andersson, 2009, Andorsen et al., 2016, Fernandez et al., 

2017). Torrance et al. (2010) examined the relationship between chronic 

pain and mortality using a cohort record linkage study over a 10-year 

period. The cohort consisted of 6940 people recruited from 29 practices 

across the UK with information being collected on chronic pain status, 

general health and sociodemographic information (Torrance et al., 2010). 

A record linkage between these data and the regularly gathered national 
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dataset for death registration was carried out ten years after its 

establishment. The analysis was conducted to determine HRs for all-

cause, system-specific, and disease-specific mortality by chronic pain 

grade. Out of the initial cohort, 5858 (84.4%) people were linked, including 

1557 who died. They found significant associations between chronic pain 

and all-cause mortality (HR 1.32), but when they adjusted for 

sociodemographic factors, this association was lost. However, those who 

reported severe chronic pain were at greater risk of mortality compared to 

people who reported mild or no chronic pain (HR 1.49) and after 

adjustment for sociodemographic factors, severe chronic pain remained 

significantly associated with all-cause mortality (aHR 1.49), and specific 

cause (circulatory system disease) mortality (aHR 1.68). However, this 

study had some limitations. For example, although they adjusted for 

several sociodemographic factors, they were unable to adjust for smoking 

and BMI, which are well established risk factors for conditions such as 

cardiovascular disease, cancer, and death.  

Although the majority of previous studies adjusted only for age and sex, 

the primary findings of the current study align with their results, showing 

an increased risk of all-cause mortality in people with CSP (Macfarlane et 

al., 2001, Andersson, 2009, Nitter and Forseth, 2013, Docking et al., 

2015a). Other covariates were also included such as risk factors and 

comorbidities, and although the HRs decreased when additional 

confounders were taken into account, the association remained 

significant. In general, the association between CSP and increased 

mortality might at least in part be explained by confounding caused by 
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socio-demographic factors, and comorbidities. Apart from these, the 

functional limitations, disability, and use of analgesics such as NSAIDs in 

people with CSP might explain the higher mortality rate (Badcock et al., 

2003, Trelle et al., 2011, Roh et al., 2012, Luque-Suarez et al., 2020). 

Physical activity has been shown to enhance cardiorespiratory fitness, 

flexibility, balance, muscular endurance, and strength (Bai et al., 2022). 

People with disabilities are at higher risk for secondary conditions, such as 

cardiovascular disease, pressure sores, diabetes, and urinary tract 

infection, which will have a negative impact on overall health (Campbell et 

al., 1999). Previous studies have reported that functional limitations in 

daily activities associate with increased mortality (Forman-Hoffman et al., 

2015, Bai et al., 2022, Gao et al., 2023, Smythe and Kuper, 2024). 

Additionally, NSAIDs use in people with chronic pain increases the risk of 

gastrointestinal (GI) bleeding, stroke, myocardial infarction, thrombotic 

events and hypertension, which might increase the risk of death (Stillman 

and Stillman, 2007, Roumie et al., 2008, Sabzwari et al., 2013). 

 

GP consultations, hospitalisations and chronic shoulder pain 
 

Chronic MSK pain previously has been found to be associated with higher 

use of healthcare services in several studies  (Eriksen et al., 2004, 

Hartvigsen et al., 2014). However, healthcare utilisations for people 

specifically with shoulder pain have not been described thoroughly. GP 

consultations and hospitalisations for any reason in the CSP group 

compared to the matched control group were examined in this study. The 

average number of GP consultations per year was higher in people with 
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CSP compared to the control group, and people with CSP were at 53% 

higher risk of having more GP consultations. Shoulder pain is mainly 

managed in primary care (Urwin et al., 1998, Luime et al., 2004, Artus et 

al., 2017), which might explain the high number of GP consultations. 

However, all GP consultations were examined irrespective of the primary 

reason for the consultation. Similarly, the average number of 

hospitalisations per year was higher in people with CSP compared to the 

control group, and people with CSP were at 37% higher risk of more 

hospitalisations. Increased risk of hospitalisations in people with CSP 

could be due to multimorbidity (Soley-Bori et al., 2021), comorbidities 

(Lentz et al., 2019, Friebel and Maynou, 2022), opioid use (Friebel and 

Maynou, 2022), low socioeconomic status (Beyera et al., 2019, Lentz et 

al., 2019), poor general heath (Cornally and McCarthy, 2011, Emilson et 

al., 2020), and work-related injuries and associated disability (Wah et al., 

2024). However, in the current study, after adjusting for comorbidities, the 

results did not change significantly.  

Previous studies have demonstrated that long-term use of NSAIDs 

contributes to increased hospital admissions predominantly for GI 

bleeding (Laporte et al., 2004, Gupta and Eisen, 2009, Hnepa et al., 

2021), and cardiovascular disease (Bhatnagar et al., 2015, Hemmo et al., 

2021). Cassel et al. (2018) reported that multimorbidity was strongly 

associated with increased health services utilisation in the UK, people with 

multimorbidity accounting for 53% of all GP consultations and 56% of 

hospital admissions (Cassell et al., 2018). Few studies have explored the 

healthcare utilisations by people with CSP, and none have described GP 
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consultations and hospitalisations for CSP which makes it difficult to 

compare the results of this study to previous research. Matsen et al. 

(2014) found that advanced age and comorbidities were associated with 

readmission of people with primary shoulder arthroplasties after 90 days 

(Matsen et al., 2014). Another study in Korea investigated the medical 

services used and the usual care of common shoulder disorders, 

specifically, adhesive capsulitis, RC tendinopathy, and shoulder 

impingement syndrome (Joo et al., 2017). They found that people with RC 

syndrome had the highest overall and per-patient cost. Patients with RC 

tendinopathy were more likely than those with adhesive capsulitis to 

receive surgical management, and the number of in-patient admissions 

with RC tendinopathy was more than twice that of the other two groups 

(Joo et al., 2017). However, in that study there was no information on 

smoking status, drinking habits, educational level, socioeconomic status, 

and individual income, which could limit further investigations of person-

specific causal relationships (Joo et al., 2017).  

 

In summary, an in-depth analysis of the current trend of healthcare 

utilisation for the treatment of chronic shoulder disorders is warranted 

given the rise in the prevalence of this condition, and the variety of 

treatment options. Further studies are required to explore the causes of 

hospitalisations in this population.  
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Strengths and limitations 
 
Major strengths of this study are the large sample size, the inclusion of 22 

comorbidities, a long follow-up period (20 years), and adjustment for a 

number of confounders in the analysis. However, this study has some 

limitations. Only all- cause mortality was estimated in this study, whereas 

cause-specific mortality might provide further insights into specific causal 

pathways leading to the death of people with CSP. GP consultations and 

hospitalisations were calculated regardless of any specific causes, which 

could be influenced by the incidence of comorbidities. The GP 

consultation definition in this study might not be accurate as it includes 

recording of visits to the primary care for any cause. Potentially, people 

who visited their GP more frequently had higher chance of being 

diagnosed with long-term chronic conditions and vice versa. However, 

adjustments were made for a number of comorbidities in the analyses. 

Additionally, the associations with opioids or other oral drugs were not 

investigated which might explain the relationship between CSP and 

mortality, and hospitalisations. Although the majority of the comorbidities in 

the study have already been validated, misclassification bias for 

comorbidities remains a possibility. Additionally, the case definition for 

CSP was based on the diagnosis made by the GPs, rather than a specific 

diagnosis or to a 'gold standard' obtained by a physician with MSK 

expertise, and this may have led to misclassification bias. However, a 

sensitivity analysis was conducted restricted to one specific definition (RC 

diseases), which did not greatly alter the findings. Finally, the number 

of comorbidities examined in the current study was limited to just 22, 
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which could be interpreted as conservative, and it would be good to 

consider a more expanded list of comorbidities for use in future studies. 

Future longitudinal studies are required to investigate a causal relationship 

to determine whether some specific CSP conditions such as shoulder OA, 

adhesive capsulitis and bursitis can lead to long term comorbidities or vice 

versa.  

 

5.5  Conclusion  
 

In conclusion, this study found that people who have CSP had higher 

incidence rates of comorbidities, GP consultations and hospitalisations, 

and all-cause mortality. These findings provide information on the long-

term effects of CSP and align with earlier findings about the associations 

between MSK pain in general and comorbidities, mortality, and 

hospitalisations. Understanding these associations may help healthcare 

practitioners evaluate and treat these people with shoulder pain more 

effectively. However, the association of CSP with some comorbidities 

could not be explained and might not be mechanistically linked to the 

shoulder pain but result indirectly from shared risk factors related to 

ageing. Further studies are required to investigate the aetiology and 

causality of these associations. The findings about the outcomes of CSP 

are expected to provide basic healthcare data for future research to aid 

policymakers as well as researchers. 
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6 Chapter 6. Patient and public involvement  
 

 

Patient and public involvement (PPI) in healthcare research is increasingly 

essential and helps to ensure that research focuses on topics that are 

relevant to patients and the public (Staniszewska et al., 2012, Brett et al., 

2014). Although this study did not require direct patient involvement, it is 

important for the public and patients to contribute to every stage in the 

research to ensure that the research priorities align with those of patients 

and healthcare service users.   

 

Aims  

To improve research quality and relevance by incorporating the viewpoint 

of the public. Involving patients and the public can reinforce and improve 

how research is applied in practice. 

 

6.1 Methods  
 

A sample of patients and public were identified people who had 

volunteered for such activities in the research website 

https://www.peopleinresearch.org. The People in Research is a free 

website that provides opportunities for members of the public to become 

actively and anonymously involved with the research process. For the first 

PPI input, a form was posted on the website that included a lay summary 

of the study, a brief description of the method used in the research, and 

six specific questions (Appendix 22, pages 481-483). For the final PPI 

input, a brochure that included the results of the study together with 

https://www.peopleinresearch.org/
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questions was introduced through the same website (Appendix 23, pages 

484-487).  

 

6.2 Feedback  
 

A total of nine responses were received in the first PPI input (Table 6-1). 

Eight out of nine respondents had CSP. Four people had one long-term 

condition, while five had more than two long-term conditions. All 

respondents stated that this project is worth doing and could benefit 

people with CSP. They also stated that this research will benefit patients 

with CSP in many ways, specifically:  

¶ It would help care providers understand the severity of shoulder 

pain in the UK which could potentially lead to further research and 

treatment:  

¶ To improve best practice for this condition, which will result in better 

health outcomes 

¶ To understand the cause of shoulder pain 

¶ To investigate if the trend of CSP is increasing 

¶ To investigate how CSP can affect daily activities and the 

psychological effects of this condition. 

 

For the final PPI input, a total of 9 responses were received. The 

responses are presented in Table 6-2. Most of the participants found that 

the project was worth doing and could benefit people with shoulder pain. 

Most of the participants found that the results were presented in a clear 

and understandable way. Only one participant found that the analysis 
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does not point to why the shoulder pain varied across UK regions. He 

reported that ñthis is a picture of what has happened rather than why this 

is what has happenedò. Another participant reported that ñQuantitative 

data rather than comparative would be betterò and commented on the title 

ñwhy UK, when only England and Northern Ireland are reportedò. The 

same participant suggested that causes are more important than 

incidence (e.g. trauma, arthritis, occupation, long-term immobility etc.).  

 

Table 6-1 First Patient and public involvement input 

Question  Response  

Have you had CSP ? 
 
 

8 out of 9 people had CSP  

What other conditions do you have? Behcetôs disease, cancer, arthritis, 
sarcoidosis, ulcerative colitis, osteoporosis, 
diabetes, gout, hyperlipidemia, obesity, 
peripheral neuropathy; mixed dementia; 
medication-controlled hypertension, psoriasis, 
hypermobility, 
Lupus with Sjogren's, Antiphospholipid 
syndrome, fibromyalgia, OA 
 
4 has one long term condition 
5 has more than two long term conditions  
 

Do you think this project is worth 
doing? 
 

Yes (all respondents) 

Do you think this research will benefit 
patients with CSP, Yes/No.' ' if so, 
how?' 

Yes (all respondents) 
 

¶ To improve the best practice for this 
condition, better health outcomes and 
quality of life  
 

¶ To understand the cause of shoulder pain  
 

¶ To investigate if the trend of CSP is 
increasing  

 

¶ To investigate how CSP can affect daily 
activities and the psychological effects of 
CSP  
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¶ To explore the treatment shared will be 
interesting 

 

It will help care providers understand the 
severity of shoulder pain in the UK, and it 
could potentially lead to further research and 
treatment options 

Is there any part of this study that 
needs to be improved, or have we 
missed anything that you think more 
important? 

¶ Consider psychological issues arising from 
this condition. Employment issues? Effect 
on the family? Effect on driving. Effect on 
personal care. 
 

¶ Ttreatments v. outcomes 
 

¶ ñPerhaps those that have extreme 
shoulder pain could undergo radiographs 
which can be compared to radiographs of 
someone who has no pain to see what the 
differences are?ò 

 

¶ Link of shoulder pain with other diseases 
e.g. osteoporosis 

 
Unsure as pain can be caused by different 
things 

To make this research meaningful to 
people with CSP and public, we would 
like to have your inputs from time to 
time (September 2023). Are you 
happy for us to approach you again 
for this purpose? 
 
 

8 out of 9 were happy to be contacted again 
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Table 6-2 Final Patient and public involvement input 

Question  Response  

Do you think the results were presented in a 
clear and understandable way? Yes/No. If 
no, how this could be improved 

Yes (5 respondents) 

Do you think this project is worth doing? Yes (8 respondents), only one person found 
it not worth it  

Do you think this research will benefit 
patients with CSP , Yes/No. 

Yes (7 respondents) 
 
 

¶ Comprehensive knowledge of CSP is 
crucial to optimise practice and patient 
outcomes. 
 

¶ It may lead to patients better 
understanding of why they get this pain 
and how they can manage this condition 

 

Is there any part of this study that needs to 
be improved, or have we missed anything 
that you think important?  

Yes (7 respondents) 

 

 

 

6.3 Discussion  
 

Patient and public involvement in this study was effective, specifically for 

disseminating the results and to ensure that the results were presented in 

a clear and understandable way. The respondents highlighted several 

important aspects to consider in future research including psychological 

aspects, the work-related impact of shoulder pain, and management 

options for shoulder pain. The respondents recommended that the project 

would be significantly improved by analysis of why shoulder pain is 

different in various parts of the UK. For example, one of the respondents 

reported that while the South West area is heavily reliant on heritage and 

tourism, East Anglia and East Yorks have a higher proportion of 
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agricultural industry compared to other regions and that this might be a 

factor. The current study has suggested potential causes for varied 

prevalence among UK regions might include differences in life style, 

educational level and/or occupation. The PPI participants also proposed 

that some patients may not report pain to their GPs because of the 

difficulty of getting an appointment. However, it was suggested that the 

estimated prevalence might not accurately reflect the true prevalence of 

CSP because some people have symptoms but do not consult GPs, 

rather than specifying ñdifficulty in obtaining appointmentsò as an 

important cause. One participant observed that this research reported 

what happened rather than why it happened. However, this research 

provides basic information about the burden of CSP in the UK and might 

inform future research on why shoulder pain varies across UK regions, 

and which type of shoulder pain diagnosis is more common. 

 

Although the PPI was effective, there were some limitations. There was a 

lack of complete information about respondentsô physical activity or the 

cause of their shoulder pain. Because of the nature of the website, and 

the fact that patient involvement was anonymised, it was not possible to 

confirm whether the people who responded to the second input were the 

same as those who had responded to the first input. In future studies, 

arranging face-to-face or on-line meetings with such individuals might 

overcome this limitation and allow for much fuller discussion of the study 

and its results. 
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6.4 Conclusion  
 

PPI involvement is a crucial element in healthcare research. The PPI 

involvement in this study helped to facilitate the planning for future 

research. Other PPI approaches such as interviews or meetings should be 

considered in the future to ensure comprehensive feedback and 

involvement of the PPI group in each research phase. Future exploration 

of the causes of shoulder pain variations among UK regions is required.  
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7 Chapter 7. General Discussion 
 

Shoulder pain was reported to be the third most common MSK condition 

in the UK (Jordan et al., 2010, Greving et al., 2012). It can arise from 

various causes, often overlapping with other MSK conditions, and can 

coexist with pain in other joints such as neck, back pain. Eight out of ten 

people in England reported that some of their chronic pain is MSK and in 

one of the following areas neck or shoulder, back, and limbs (Versus 

Arthritis, 2017). This chapter aims to provide a summary of this thesis and 

to propose clinical implications of the results and suggest future research 

questions. 

 

7.1 Summary  
 
The systematic review and meta-analysis have summarised the current 

evidence on the prevalence and incidence of shoulder pain, risk factors 

and associated comorbidities. It highlighted the variations of shoulder pain 

definition across the literature and the need for a standard protocol to 

diagnose and define CSP in future studies. The systematic review and 

meta-analysis helped to justify the need for longitudinal observational 

studies to explore the possible association between CSP and wide range 

of comorbidities.  

This thesis focused on the epidemiology of CSP in the UK using a large 

nationally representative NHS database involving four different studies to 

explore CSP epidemiology, including prevalence and incidence, risk 

factors, comorbidities, mortality and healthcare utlisations.  
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The discrepancy in age-related inclusion criteria between the systematic 

review and meta-analysis, which included only adults aged 40 years and 

over, and the CPRD-based observational studies, which included all 

adults aged 18 years and above may be considered a potential limitation. 

The decision to restrict the systematic review to older adults was guided 

by the relative scarcity of studies focusing specifically on this age group, 

despite their elevated risk of chronic MSK conditions, including CSP. On 

the other hand, the broader inclusion criteria adopted in the CPRD studies 

were intended to provide a comprehensive view of the burden of CSP 

across the adult population. This inconsistency can limit the comparability 

of findings and may affect the generalisability of conclusions drawn from 

the systematic review to the population represented in the CPRD 

analyses. However, in the CPRD analyses, prevalence estimates stratified 

by age indicated a notable rise among adults aged 40 years and older, 

providing justification for the age threshold used in the systematic review. 

 

The CPRD findings demonstrate an increase in the prevalence of CSP in 

the UK between the year 2000 and 2019 from 0.42% to 2%. While this 

may be considered a low burden compared to other chronic MSK 

conditions such as knee pain, which has shown an increased prevalence 

from 2.8% in 1997 to 18.6% in 2017 in the UK (Swain et al., 2020), it 

reflects an increase in the overall burden of MSK pain in the UK and the 

need for primary care to be prepared to handle this. The prevalence of all 

OA increased in the UK during 1997- 2017, from 6.15% to 10.77% (Swain 
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et al., 2020). Population growth, ageing, and other risk factors such as 

obesity and work-related factors can lead to a significant increase in the 

burden of MSK conditions, especially in developing countries (2010, Hoy 

et al., 2012, Murray et al., 2012, Cross et al., 2014). Carnes et al. (2007) 

found that in the UK general population more people had MSK chronic 

pain that was multi-site than single site (34% vs. 11.25%). This reflects 

that chronic MSK pain rarely presents as a single-site problem and 

commonly occurs as in various body joints simultaneously. Therefore, 

understanding the relationship between pain in different body sites and 

the health impact of multi-site pain is required to help inform management 

and meet healthcare needs (Carnes et al., 2007). 

 
In the current study the prevalence and incidence of shoulder pain 

decreased in the year 2020, which might be influenced by reduced 

consultations during the COVID-19 pandemic and lockdown. Welsh et al. 

(2023) demonstrated that restrictions related to the pandemic resulted in a 

significant drop in rheumatic and MSK conditions consultations in primary 

care in March 2020 and a relative rise in the prescription of analgesics, 

including potent opioids, in the UK. This needs to be taken into 

consideration by policy makers when implementing future restrictions and 

consider preserving non-pharmacological approaches to pain 

management, such as exercise and physiotherapy.  

 
In the current study, a high recording of ñspecificò shoulder pain was seen 

from the year 2012, which might be explained by possible change in 

coding. The findings confirmed that CSP increases with age above 40 
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years and is more common in female. However, the incidence of CSP 

started to decrease after the year 2011. This could be due to less 

incidence (less inputs) or improvement in management care, the last 

possibility is less likely because there was no clear evidence that the 

management for CSP in the UK has been improved.  

The potential change in diagnostic recording  aligns with a broader 

conceptual shift in how shoulder pain is classified in clinical practice. Due 

to the challenges of differential diagnosis for shoulder pain, many common 

shoulder pain presentations associated with subacromial pain 

(impingement), RC tendinopathy, subacromial bursitis and tears are 

recently more increasingly being grouped under a broader, more 

pragmatic diagnostic umbrella of ñrotator cuff-related shoulder painò 

(RCRSP) (Lewis, 2016, Requejo-Salinas et al., 2022, Lo et al., 2022). 

Lewis et al., (2016) suggested that because it may be difficult to derive a 

definitive structural pathognomonic label, terms such as rotator cuff 

related shoulder pain (RCRSP) or subacromial or RC pain syndrome may 

be more appropriate. Such an overarching term was proposed to help 

patients understand their experience of shoulder pain and weakness and 

to overcome the limitations and inconsistencies associated with previous 

diagnostic labels, such as subacromial impingement syndrome (SIS), and 

to replace potentially flawed pathoanatomical classifications such as 

bursitis and RC tears. (Lewis, 2016, Lo et al., 2022, Requejo-Salinas et 

al., 2022). The term RCRSP acknowledges that the underlying cause of 

the shoulder pain is currently unknown. It is one of many painful shoulder 

presentations that are characterised by pain and/or weakness during 
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shoulder elevation and external rotation, without evidence of referred pain 

(i.e. from cervical spine), and are associated with shoulder loading and 

lifestyle factors (Lewis, 2016, Burne et al., 2020, Requejo-Salinas et al., 

2022).  

However, although several diagnostic criteria for RCRSP have been 

proposed in the literature (Hermans et al., 2013, Diercks et al., 2014, 

Lewis, 2016), none have been supported by sufficiently robust 

methodology, which has hindered their acceptance as standardised 

diagnostic tools (Requejo-Salinas et al., 2022). Recently, Requejo-Salinas 

et al. (2022) identified the most relevant clinical descriptors for RCRSP 

based on the opinion of an international panel of experts with a high level 

of clinical, teaching, and research experience. A total of fifteen physical 

therapy experts participated in the Delphi survey. Following three rounds, 

consensus was achieved on 18 clinical descriptors. Of these, ten were 

allocated to the "subjective examination" domain, one to the "patient-

reported outcome measures" domain, three to the "diagnostic 

examination" domain, two to the "physical examination" domain, and two 

to the "functional tests" domain. No descriptors reached consensus within 

the "special tests" domain. Among the items with the highest levels of 

agreement were the reproduction of symptoms under load, during 

overhead activities, and the importance of evaluating both active and 

resisted shoulder movements (Requejo-Salinas et al., 2022). Although this 

study utilised a panel of highly experienced experts, selected through a 

systematic search process aimed to minimise selection bias, the relatively 

low response rate in the initial Delphi round (26.8%) may limit the external 
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validity of the proposed clinical descriptors. Another limitation lies in the 

inclusion of physical therapists only, which may restrict the generalisability 

of the diagnostic criteria to other healthcare professionals involved in the 

management of shoulder pain, such as GPs, rheumatologists, sports 

medicine physicians, and orthopaedic surgeons. Further research is 

required to evaluate and validate these clinical descriptors across a 

broader range of clinical disciplines. 

The conceptual shift toward using broader terms such as rotator cuff-

related shoulder pain (RCRSP) can have implications on how shoulder 

pain is coded in primary care (Lewis, 2016). In the absence of a gold-

standard diagnostic approach and given the limited reliability of clinical 

tests for specific shoulder pathologies, GPs often rely on symptom-based 

or nonspecific diagnostic codes. This reflects both diagnostic uncertainty 

and pragmatic decision-making in routine practice and may result in 

variability in coding between clinicians and practices, with the use of terms 

such as "shoulder disorder NOS," or "shoulder pain NOS (not otherwise 

specified) (Linsell et al., 2006).  

The introduction of Musculoskeletal First Contact Practitioner (FCP) 

Physiotherapists into primary care represents a significant shift in the 

assessment and the management of MSK conditions within the UK 

healthcare system in 2018/19 (Goodwin et al., 2021, Bicker et al., 2024, 

Golding and Jackson, 2024). FCPs are specialised physiotherapists with 

enhanced skills embedded within general practice, who assess and 

manage patients with MSK conditions without the need for GP referral 

(Goodwin et al., 2020, Goodwin et al., 2021). The integration of FCPs into 
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primary care may influence the coding of shoulder pain conditions in 

several ways. Firstly, the direct access to physiotherapy services might 

result in an increase in the number of MSK consultations recorded in 

electronic health records  by FCPS and at the same time reduce GP 

workload by decreasing repeated MSK consultations (Babatunde et al., 

2020, Bishop et al., 2021), potentially affecting the prevalence and 

incidence estimates of this condition. Secondly, the clinical documentation 

of FCPS may differ from those of GPs, possibly affecting the consistency 

and accuracy of diagnostic coding. For instance, FCPs might use different 

terminologies or coding terms, which could lead to variations in how 

shoulder pain is recorded and classified in routinely collected data. 

Furthermore, FCPs are trained to accurately diagnose and treat MSK 

conditions. With their MSK expertise, the precision of coding for specific 

shoulder pain conditions terms may increase (Chartered Society of 

Physiotherapy, 2017, Langridge, 2019).  

Additionally, the presence of FCPs may influence referral patterns and 

subsequent coding (Horne et al., 2019, Walsh et al., 2024). Patients seen 

by FCPs might be less likely to be referred to secondary care services, 

which could result in fewer cases of shoulder pain being coded in hospital 

records. This shift in referral patterns may contribute to changes in the 

overall coding landscape for MSK conditions. These potential shifts in 

coding practice should be considered when interpreting temporal trends in 

incidence and prevalence, especially in studies reliant on electronic health 

record data. Future research is needed to investigate whether the 
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introduction of FCP has affected the coding of shoulder pain diagnosis in 

primary care. 

In the current study, the burden of CSP varied across UK regions, with the 

Yorkshire and the Humber being the highest area in terms of both 

prevalence and incidence. This might reflect the variations in 

environmental, genetic/racial, and lifestyle factors as discussed in Chapter 

3.  Although the prevalence and incidence estimates presented in this 

thesis are frequently referred to as óUKô figures, it is important to 

acknowledge that the underlying data are predominantly derived from 

sources based in England and North Ireland. As such, these estimates 

may not fully reflect the epidemiological patterns in Scotland, and Wales, 

where demographic characteristics, healthcare systems, and disease 

recording practices can differ. This limitation restricts the generalisability 

of the findings to the entire UK population and should be taken into 

account when interpreting results or applying them in a broader national 

context. 

People with CSP are more likely to have comorbidities both prior to and 

following the diagnosis of CSP, than people without shoulder pain. 

Sarcopenia, fibromyalgia, OA, other MSK conditions, insomnia, and 

diabetes were associated both before and after the diagnosis of shoulder 

pain, whereas myocardial infarction and hypertension only associated with 

CSP after its diagnosis. Further studies are needed to confirm causation. 

People with CSP were at higher risk of having more GP consultations and 

hospitalisations (all-cause rather than specific to shoulder pain), but the 

reasons for hospitalisations and referrals to secondary care need to be 
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explored further. The findings of this thesis illustrate the trend of the 

burden of CSP in the UK, which might be considered as a baseline for 

programme design, relevant policies, and follow-up studies to potentially 

reduce the burden of CSP disorders. 

 

One of the key issues highlighted throughout this thesis is the lack of a 

standardised definition for CSP and the variability of shoulder pain 

definitions in the literature. The systematic review and meta-analysis 

revealed a considerable variability in how shoulder pain is defined. Some 

studies defined chronicity based on symptom duration (e.g., >3 or >6 

months) while others relied on clinical assessment or medical records, 

and some studies even lacked a clear definition. Such variability in 

definitions can result in misclassification, inconsistent reporting of 

prevalence and incidence rates, and difficulties in comparing results 

across populations. Also, it can affect clinical decision-making and 

guideline development. The research in this thesis  addressed this issue 

by applying a consistent definition of CSP based on repeated 

consultations within a defined time frame (Ó 2 consultations within 6 

months). By establishing this definition, this study clarified how CSP could 

be defined in primary healthcare records and also contributed to the 

growing body of evidence on its epidemiology. Although the definition 

applied in the current study provides a consistent and feasible method for 

identifying CSP, defining CSP solely based on healthcare consultations 

has important limitations. It may not fully account for the duration and 

severity of symptoms or their impact on a patientôs function and quality of 
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life. The inclusion of patient-reported outcomes could greatly improve the 

clinical relevance and accuracy of the definition. 

It has become clear that a more consistent and widely accepted gold-

standard definition for CSP is needed. The next steps in addressing this 

issue should include the development of a standardised definition, which 

could be guided by both clinical expertise and research-based data. 

Future research could consider integrating patient-reported outcomes, 

such as pain duration and severity, functional limitations, and symptom 

persistence, into the definition of CSP. This could be achieved through: 

Å Establishing a consensus-based definition of CSP, potentially through 

Delphi studies involving both clinicians and researchers and patients. 

Å Validating case definitions in electronic healthcare records against gold-

standard clinical assessments or consensus-derived definitions.  

Å Incorporating patient-reported outcome measures to capture symptom 

duration, functional limitations, and impact on daily activity and quality of 

life. 

In conclusion, this research highlights the critical need for a standardised 

CSP definition and offers a framework that can guide the development of 

future consensus, helping to clarify how CSP might be defined and 

classified within large primary healthcare records. This standardisation is 

crucial for improving the comparability of research data as well as guiding 

clinical practice and policy development. 
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7.2 Clinical implications  

This thesis has significant implications for both clinicians and 

policymakers. The most important clinical implication is the high 

prevalence of CSP in primary care, which was found to have increased 

from 2000 to 2020. Primary care facilities must be prepared to manage 

the future trends of CSP. People with CSP need to be considered for 

screening for early diagnosis of the related comorbidities and for 

management of the modifiable associated risk factors. Additionally, the 

management plan for people with shoulder pain might need to take into 

account the presence of comorbidities. An integrated person-centred care 

plan can be developed for people with CSP and take into account 

psychological aspects such as depression and anxiety. From a population 

health perspective, having insight into the frequency of CSP in the UK will 

help to understand the burden of this condition and the population at risk. 

There is no direct economic impact for this research, However, the output 

can potentially help to inform strategies to address modifiable risk factors 

and so reduce the occurrence of CSP, and to know the impact of CSP on 

healthcare utilisation. Furthermore, the prevalence of CSP and the 

variability in GP diagnostic coding suggest a possible need for improved 

education regarding clinical assessment of the shoulder in GP training. 

7.3 Novel findings  

As far as is known, this is the first study to use a large primary healthcare 

database to examine the prevalence and incidence of CSP in the UK, and 

geographical variations in these. The prevalence of CSP increased in the 

UK from 2000 to 2020. The incidence of CSP increased from 2000 to 
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2011, then decreased dramatically. Shoulder pain and RC syndrome 

codes were the most common codes used by GPs. In addition, the 

prevalence and incidence of specific CSP were examined for those 

patients with a specific diagnosis. It was found that after 2012, the 

prevalence of specific CSP continued to increase, and the use of non-

specific CSP terms declined, which might suggest both improvements in 

the coding used by GPs and increased use of ultrasound imaging, which 

in recent years has become much more widely available outside of a 

hospital setting. With respect to incidence, after the year 2005 specific 

CSP decreased. From 2013 a remarkable decline was found in the 

incidence of non-specific CSP whereas the incidence of specific CSP 

increased, which might suggest coding improvement towards a specific 

diagnosis of shoulder pain. 

Several risk factors were found to be associated with CSP including 

smoking (aOR 1.21, 95%CI 1.19, 1.24, p-value < 0.0001) a higher IMD 

(aOR 1.13, 95%CI 1.09, 1.17, p-value < 0.0001), Asian ethnicity (aOR 

1.43, 95%CI 1.36,1.50, p-value < 0.0001) and having higher BMI  30 

(kg/m2) (aOR 1.32, 95%CI 1.29, 1.35, p-value < 0.0001). Alcohol 

consumption was (significantly) negatively associated with CSP compared 

to controls (aOR 0.87, 95% CI 0.84 to 0.90; p-value <0.0001). Additionally, 

CSP was associated with 16 comorbidities retrospectively. The strongest 

associations were seen with OA (aOR 1.76, 95% CI 1.70 to 1.82), other 

MSK conditions (aOR 1.71, 95% CI 1.68 to 1.75), diabetes (aOR 1.48, 

95% CI 1.43 to 1.53) and fibromyalgia (aOR 1.40, 95% CI 1.32 to 1.48). 

Other comorbidities found to be associated with CSP were depression, 
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insomnia, COPD, hypothyroidism, diverticular disease, and diaphragmatic 

hernia.  

As far as is known, this is the first cohort study to examine a number of 

comorbidities associated prospectively with CSP. For all comorbidities, the 

incidence was statistically significantly higher in people with incident CSP 

than in the control group. People with CSP were at higher risk of 

developing 18 comorbidities. The strongest associations being with 

sarcopenia (aHR 1.74, 95% CI 1.11 to 2.71), fibromyalgia (aHR 1.71, 95% 

CI 1.62 to 1.81), OA (aHR 1.60, 95% CI 1.55 to 1.64), other MSK 

conditions (aHR 1.61, 95% CI 1.58 to 1.64), and insomnia (aHR 1.55, 

95% CI 1.48 to  1.63).  

In this thesis, several outcomes of CSP were examined including 

mortality, hospitalisations and GP consultations. The CSP group had a 6% 

higher risk of allȤcause mortality compared to the control group (aHR 1.06, 

95% CI 1.00 to 1.11; p-value= 0.02). Several reasons, apart from 

comorbidities, may help explain the higher risk of mortality in people with 

CSP, include obesity, pain, disability or functional limitations (Land and 

Yang, 2006, World Health Organization, 2009). However, this risk is lower 

compared to other MSK conditions discussed in the literature. Compared 

with CSP, Swain et al. (2023) found that people with OA in the UK had 

increased risk of all-cause mortality compared with people without OA 

(aHR  1.89, 95% CI 1.85 to 1.93). People with knee OA (HR 2.09, 95% CI  

2.01 to 2.19) and hip OA (HR 2.08, 95% CI 1.95 to 2.21) had higher risk of 

mortality followed by wrist/hand OA (HR 1.80, 95% CI 1.58 to 2.06) in the 
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UK from the year 1997 to 2017 (Swain et al., 2023). The reason for higher 

risk of mortality in people with OA compared to CSP might be because OA 

is a more complex condition compared to CSP, and found to be 

associated with incidence of more long-term health conditions along with 

obesity, pain, and disability (Swain et al., 2021). The risk of all-cause 

mortality was found to be higher in people with pain in other body joints 

compared to those with shoulder joint pain alone. Chen et al. (2021) 

examined the association between chronic MSK pain and all-cause 

mortality in adult population using UK Biobank data from 2006 to 2010. 

The risk of all-cause mortality for people with neck or shoulder pain was 

aHR 1.07 (95% CI 1.02 to 1.13), which is similar to the results of the 

current study. However, in Chen et al.ôs (2021) study, the multivariable 

adjusted HR for all-cause mortality for people with back pain was aHR 

1.17 (95% CI 1.11 to 1.22), and aHR 1.15 (95% CI 1.07 to 1.24) for 

people with hip pain. Similarly, Docking et al. (2015b) found that disabling 

back pain was significantly associated with a higher risk of all-cause 

mortality in UK older adultsô population with an adjusted HR of 1.5 (95% 

CI 1.2 to 1.9), which remained significant after further adjustment for 

health-related conditions, risk of falls, and use of medication (aHR 1.3, 

95% CI 0.99 to 1.7). One possible explanation is that people with disabling 

chronic pain may have a lifestyle characterised by factors likely to 

increase mortality, such as poor diet, low physical activity, and  

professional hazards (e.g., manual work). 

In the current study, the average number of GP consultations per year in 

people with CSP (23.60) was higher than in the control group (14.36) and 
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patients with CSP had 53% higher risk of GP consultations compared to 

the controls (aRR 1.53, 95% CI 1.52 to 1.54). The reasons for the 

increased consultations in the CSP group is multifactorial. MSK conditions 

considered to be the second highest reason for consultations in UK 

(Versus Arthritis, 2023). Also, the mean average number of 

hospitalisations per year in people with CSP was higher than in the control 

group. The aRR of hospitalisation in the CSP group being 1.37 (95% CI 

1.35 to 1.39). The number and burden of other chronic conditions in 

people with CSP might be the cause of increased hospital admissions 

(Palladino et al., 2016). Additionally, increased risks of falls and injury 

(Eker and Kaygēsēz, 2019) and the requirement for shoulder joint 

arthroplasty could be the reasons for these rates of hospital admissions 

(Ben-Shlomo et al., 2021, Chung and Emery, 2025). 

Although there was no direct patient involvement in this thesis, the PPI 

contribution in CPRD research considered meaningful and could add 

value to the research. The PPI was effective in terms of ensuring 

relevance and focus of the research question,  disseminating the results 

and suggesting several aspects to be considered in future research.  

 

7.4 Future work  
 

This thesis addresses some important questions, but others need to be 

investigated.  
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¶ Although a recent improvement was found in the coding of CSP by GPs 

toward a specific shoulder pain diagnosis, validation studies are needed to 

confirm this. The prevalence of unspecified CSP in primary care, and the 

reasons for such recording, needs to be investigated further. 

Nevertheless, a more detailed validation of the SNOMED codes for 

shoulder pain could significantly improve the reliability of the CPRD Aurum 

in shoulder pain research. 

 

¶ Regional variations were investigated in the prevalence and incidence of 

CSP, but this could be better studied using a more comprehensive 

primary care database of the UK that includes data on people in Scotland 

and Wales. The reasons for shoulder pain prevalence variations in UK 

regions need to be explored. 

 

¶ Although individual comorbidities associated with CSP were examined, 

future studies could be undertaken to explore whether people with CSP 

are more likely to have multimorbidity (two or more concurrent chronic 

conditions). 

 

¶ Further economic analysis studies should be carried out to understand the 

burden of CSP on specific healthcare utilisations such as surgical 

shoulder procedures (e.g., RC repair, shoulder total replacement), and the 

cost associated with each.  

 

¶ This study showed that people with CSP have a higher risk of 

comorbidities, but further detailed studies are required to confirm 

causation and to further explore the reason for these associations. For 
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example, the association between CSP and tinnitus is interesting but 

needs further explanation and research. Epidemiological and biological 

research are required to confirm the associations found. A different 

research method in a different database might be useful to validate the 

findings. Furthermore, the possibility that oral analgesic (NSAIDS, opioids) 

use by people with CSP may be responsible for the development of 

certain comorbidities and for the increased mortality observed needs 

further investigations. 

¶ The impact of CSP on work participation needs to be investigated to 

determine work productivity, sickness absence, and the association of this 

condition with risks of early retirement or permanent work disability in the 

UK.  

¶ There is paucity of evidence available about the pattern and the prognosis 

of shoulder pain in the general population in the UK over time. 

Understanding the long-term prognosis of shoulder disorders is crucial for 

both researchers and clinicians because it could support the clinical 

judgements needed to make intervention decisions.  

7.5 Conclusion  

In conclusion, this study represents a significant contribution to the current 

evidence on the burden of shoulder pain in the UK and its association with 

comorbidities and risk factors. CPRD Aurum data have been used to 

investigate the burden of CSP, and address clinically relevant questions 

for primary care. The thesis presents evidence for the current 

epidemiology of CSP, associated risk factors and comorbidities. The 
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methodologies used in this thesis lay the foundation for future research in 

studying CSP using electronic medical records. 
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9 Appendi ces  
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Abstract published in Annals of the rheumatic diseases journal (EULAR 
European Congress of Rheumatology 2024) 
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9.2 Appendix 2.  Search strategy for systematic literature 
review  

 

Table 9-1 Search strategy for the systematic review 

P I C O Sô 

Shoulder    Incidence Cohort  

OR   OR Or  

glenohumeral   Prevalence Case-control  

OR   OR Or 

acromioclavicular    Risk factors Cross-

sectional 

AND   OR  

Chronic pain   epidemiology  

OR     

Pain$     

OR     

Bursitis     

OR     

Osteoarthritis     

OR     

Periarthritis      

OR     

Subacromial impingement 

syndrome 

    

OR     

Subacromial pain     

OR     

Shoulder impingement      

OR     

Shoulder impingement syndrome     

OR     

Tendinopathy     

OR     

Tendinosis     

OR     

Tendinitis      

OR     

RC tear     

OR     

Frozen shoulder      

OR     

Adhesive capsulitis      

These terms combined with (AND)  
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Table 9-2 Detailed search strategy for the systematic review 

Database  Search strategy  Articles 
identified   

Medline 
(Ovid)  
 

1. Shoulder/ or shoulder.mp. 
2. glenohumeral.mp. 
3. Acromioclavicular Joint/ or acromioclavicular.mp. 
4. chronic pain.mp. or Chronic Pain/ 
5. Pain/ or Shoulder Pain/ or Chronic Pain/ 
6. Osteoarthritis.mp. or Osteoarthritis/ 
7. periarthritis.mp. or Periarthritis/ 
8. dysfunction.mp. 
9. subacromial pain.mp. 
10. Shoulder Impingement Syndrome/ or impingement.mp. 
11. Tendinopathy/ or tendinopathy.mp. 
12. RC tear.mp. or RC Injuries/ 
13. adhesive capsulitis.mp. or Bursitis/ 
14. frozen.mp. 
15. syndrom.mp. 
16. Prevalence/ or prevalence.mp. 
17. incidence.mp. or Incidence/ 
18. Epidemiology/ or epidemiology.mp. 
19. risk factors.mp. or Risk Factors/ 
20. 1 or 2 or 3 
21. 16 or 17 or 18 or 19 
22. 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 
23. 20 and 21 and 22 
24. case-control.mp. 
25. cohort.mp. 
26. cross-sectional.mp. 
27. 24 or 25 or 26 
28. 23 and 27 
 

1010 

CINHAL 
(EBSCO) 

S32 (((S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S23 OR S24 OR S25 
OR S26 OR S27 OR S28) AND (S16 OR S22)) AND (S17 AND S29 AND S30)) AND (S21 
AND S31) 
S31 ((S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S23 OR S24 OR S25 
OR S26 OR S27 OR S28) AND (S16 OR S22)) AND (S17 AND S29 AND S30) 
S30 (S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S23 OR S24 OR S25 
OR S26 OR S27 OR S28) AND (S16 OR S22) 
S29 S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S23 OR S24 OR S25 
OR S26 OR S27 OR S28 
S28 "Bursitis" 
S27 "Tendinitis" 
S26 "Tendinosis" 
S25 "Shoulder impingement syndrome" 
S24 "Shoulder impingement" 
S23 "Subacromial impingement syndrome" 
S22 "RC" 
S21 S18 OR S19 OR S20 
S20 "case control" 
S19 "cross sectional" 
S18 "cohort" 
S17 S12 OR S13 OR S14 OR S15 
S16 S1 OR S2 OR S3 
S15 "epidemiology" 
S14 "risk factors" 
S13 "incidence" 
S12 "prevalence" 
S11 "periarthritis" 
S10 "subacromial pain" 

643 
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S9 "tendinopathy" 
S8 "RC tear" 
S7 "osteoarthritis" 
S6 "adhesive capsulitis" 
S5 (MH "Chronic Pain") OR (MH "Pain") OR "pain*" 
S4 "chronic pain" 
S3 "acromioclavicular" 
S2 "glenohumeral" 
S1 "shoulder" 
 
 

Scopus  Shoulder OR glenohumeral OR acromioclavicular  
AND 
 chronic AND pain OR shoulder AND pain  

OR pain$ OR osteoarthritis ORperiarthitis OR frozen AND shoulder  
OR adhesive AND capsulitis OR rotator AND cuff AND tear OR subacromial AND pain OR 
shoulder 
 AND impingement AND syndrome OR shoulder AND impingement OR subacromial  
AND impingement  
AND syndromeOR tendinopathy OR tendinitis OR tendinosis OR bursitis  

AND incidence OR prevalence OR  

risk AND factors OR epidemiology AND  
case- AND control OR cross-sectional OR cohort  
 

1649 

EMBASE 1. shoulder.mp. or shoulder/ 
2. glenohumeral.mp. 
3. acromioclavicular.mp. 
4. chronic pain.mp. or chronic pain/ 
5. pain/ or chronic pain/ or pain$.mp. 
6. osteoarthritis.mp. or osteoarthritis/ 
7. RC tear.mp. or RC rupture/ 
8. tendinopathy.mp. 
9. subacromial pain.mp. 
10. prevalence.mp. or prevalence/ 
11. incidence.mp. or incidence/ 
12. risk factors.mp. or risk factor/ 
13. epidemiology.mp. or epidemiology/ 
14. periarthritis/ or Periarthritis.mp. 
15. cohort.mp. 
16. case-control.mp. 
17. cross-sectional.mp. 
18. 1 or 2 or 3 
19. 10 or 11 or 12 or 13 
20. 15 or 16 or 17 
21. adhesive capsulitis.mp. 
22. frozen shoulder.mp. or frozen shoulder/ 
23. tendinitis/ or tendinitis.mp. 
24. Tendinosis.mp. or tendinitis/ 
25. subacromial impingement syndrome.mp. or shoulder impingement syndrome/ 
26. shoulder impingement.mp. or shoulder impingement syndrome/ 
27. Shoulder impingement syndrome.mp. or shoulder impingement syndrome/ 
28. 4 or 5 or 6 or 7 or 8 or 9 or 14 or 21 or 22 or 23 or 24 or 25 or 26 or 27 
29. 18 and 28 
30. 19 and 29 
31. 20 and 30 
32. Bursitis.mp. or bursitis/ 
33. 4 or 5 or 6 or 7 or 8 or 9 or 14 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 32 
34. 18 and 19 and 33 

1915 
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9.3 Appendix 3. R codes for meta -analysis  
 

R package was used for data analysis.  
 
Library (meta) 
Library (metafor) 
Library (metadat) 
 
 
Inverse variance meta-analytical methods involve computing an 
intervention effect estimate and its standard error was calculated for each 
study.  
 

 

 

Meta-analysis for prevalence  
 
metaprop_results <- metaprop(event=n, n= Total,studlab = Author, data 
=Total_prevalence) 
 
metaforest<-forest(metaprop_results, xlim=c(0,1)) 
 
forest(metaprop_results, xlim=c(0,1),leftlabs = c("Author", "cases", 
"Total"),Rightlabs = c("prevalence")) 
 
pdf (file = "prevalnecforest.pdf", width = 8, height = 7) 
forest.meta(metaprop_results,  leftlabs = c("Author", "cases", 
"Total"),xlim=c(0,1),Rightlabs = c("prevalence")) 
 
dev.off() 
 
Meta-analysis for risk factors and comorbidities  
 
To calculate SE for log odds ratio:  
 
female_sex_unadjusted$seTE <- (log(female_sex_unadjusted$Upper) - 
log(female_sex_unadjusted$OR))/1.96 
 
To perfom the meta-analysis for odds ratio: 
 
result <- metagen(TE = female_sex_unadjusted$TE,seTE = 
female_sex_unadjusted$seTE,sm = "OR", method.tau = "PM", studlab = 
female_sex_unadjusted$Author,fixed = FALSE,random = TRUE,  title = 
"Female sex") 
 
forest.meta(result, leftlabs = c("Author", "log OR", "SE(log OR)")) 
pdf (file = "female_forest.pdf",width = 8, height = 7) 
forest.meta(result) 
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dev.off() 
 
 
Met-analysis for odds ratio if the n. of events in cases and control 
are present  
 
test_result3 <- metabin(event.e = 43,event.c = 20,n.e = 66,n.c = 49,sm = 
"OR") 
forest.meta(test_result3) 
 
Arguments: 
event.e: Number of events in experimental group or true positives in 
diagnostic study. 
n.e: Number of observations in experimental group or number of ill 
participants in diagnostic study. 
event.c: Number of events in control group or false positives in diagnostic 
study. 
n.c: Number of observations in control group or number of healthy 
participants in : diagnostic study. 
 
To conduct the funnel plot:  
 
funnel. meta(result, xlim = c(0.1, 10),  studlab = TRUE) 
 
pdf(file = "funnelplot.pdf",width = 8, height = 7) 
funnel. meta(result, xlim = c(0.1, 10),studlab = TRUE) 
dev.off() 
  
 
Testing for publication biasusing Eggerôs test 
 
 
metabias(result, method.bias = "linreg") 
 
Beggôs test  
ranktest(OR, TE, seTE, data= female_sex_unadjusted) 
metabias(ma.binary, method. Bias = "rank") 
 
 
Guide for help  
https://cjvanlissa.github.io/Doing-Meta-Analysis-in-R/ 
https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/effects.ht
ml 
https://www.metafor-project.org/doku.php/tips:assembling_data_or 
https://stackoverflow.com/questions/35636805/meta-analysis-in-r-with-
adjusted-ors 
https://cjvanlissa.github.io/Doing-Meta-Analysis-in-
R/smallstudyeffects.html 
meta: General Package for Meta-Analysis (r-project.org) 
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9.4 Appendix 4. Individual study characteristics  
 
 
Table 9-3 Individual study characteristics 

 
 

Study ID  Author  Year Country  Study design  Participants (sample size, population, 
sex, age)  

Shoulder pain definition  

1 Ahmad et al. 2020 Pakistan Cross-sectional General population n (190) 

 

n. of patients with SP (115) 

n. of patients without SP (75) 

Female (99)  

Male (91) 

mean age = 50.54 ±12.126 

Painful and restricted movement of 
shoulder joint upon lateral rotation, 
abduction, and medial rotation. 
(Questionnaire based interview and 
clinical assessment) 

2 Burner et al. 2014 USA Cross-sectional General population n (93) 

 

n. of patients with SP (29) 

n. of patients without SP (64) 

Female (9) 

Male (84) 

mean age = 74.7 ±10 

Shoulder pain for more than 3 months in 
the last year (Questionnaire and clinical 
assessment) 

3 Ding et al. 2014 China Cross-sectional General population n (254) 

 

n. of patients with SP (124) 

Insidious onset of shoulder pain and last 
for at least three months / night pain / 
tenderness around the joint capsule/ 
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n. of patients without SP (130) 

Female (150) 

Male (104) 

mean age for patients with SP= 52.16 ± 
6.16           mean age for patients without 
SP= 51.86 ± 6.87 

external rotation is the most restricted 
motion (Questionnaire and clinical 
assessment) 

4 Kiani et al. 2014 Iran Cross- sectional Diabetic population 
n (432) 
n. of patients with SP (38) 
n. of patients without SP (394) 
Female (298) 
Male (134) 
mean age for patients with SP= 59.6 ± 6.9               
mean age for patients without SP= 52.5 ± 
15.3 

Shoulder capsulitis: shoulder pain for no 
less than one month with difficulty in 
laying on the affected shoulder and 
limited active and passive shoulder joint 
movements in at least three planes 
(Questionnaire and clinical assessment). 

5 Kobayashi et 
al. 

2014 Japan Cross- sectional General population 

n (541) 

n. of patients with SP (94) 

n. of patients without SP (447) 

Female (341) 

Male (200) 

mean age = 55.6 ±11 

Shoulder OA was classified according to 
the Samilson-Prieto classification14 (S-P 
classification) for glenohumeral OA. 
(Questionnaire and clinical assessment + 
radiography) 

6 Loew et al. 2019 Germany Cross- sectional Working population (painters) 

n (200) 

n. of patients with SP (82) 

n. of patients without SP (118) 

Female (0) 

Male (200) 

RC lesions: Movement above shoulder 
level were painful and if there was pain 
under loading or motion, analysed on 
MRI and classified as intact, partial tear 
or complete tear. (Clinical assessment 
and MRI) 
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mean age = 64 ± 9 

7 Milogram et 
al. 

2008 Israel Case-control General population  

n (226) 

n. of patients with SP (126) 

n. of patients without SP (98) 

Female (140) 

Male (84) 

mean age for patients with SP= 55 ± 8.4                  
mean age for patients without SP= 56 ± 
5.5 

Frozen shoulder: the presence of both 
active and passive restriction of the 
glenohumeral joint in flexion, abduction, 
and internal rotation, with external 
rotation restricted to less than 50% of the 
normal side with the arm at the side, and 
a normal radiograph of the joint/ 
Idiopathic frozen shoulder: was defined 
as if there was no history of trauma and 
an ultrasound study showed no evidence 
of a RC tear (Clinical assessment). 

8 Morse et al. 2007 USA Cross-sectional Working population (dental hygienists) 

n (94) 

n. of patients with SP (33) 

n. of patients without SP (61) 

Female (92) 

Male (2) 

mean age = 45.6 ± 8.8 

Shoulder diagnoses including 
impingement syndrome, RC tendonitis, 
range of motion abnormalities, scapular 
winging, superior trapezius pain and 
trigger points, and findings for the 
Adson's, Roos, and Spurling tests. 
(Questionnaire and clinical assessment) 

9 Otoshi et al. 2014 Japan Cross-sectional General population 

n (2144) 

n. of patients with SP (95) 

n. of patients without SP (2049) 

Female (1285) 

Male (859) 

Diagnostic criteria for SIS: shoulder pain 
during shoulder elevation and a positive 
Neer or Hawkins impingement test result. 
(Clinical assessment). 
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mean age = 67.9 ± 9 

10 Posch et al. 2019 Austria Cross-sectional Working population (pilots and 

crewmembers) 

n (221) 

n. of patients with SP (164) 

n. of patients without SP (57) 

Female () did not report 

Male () did not report 

mean age = 44.7 ± 8.4 

Any reported pain experience, ache, or 
discomfort in shoulder area (in the 
previous 12 months) (Questionnaire). 

11 Rodriguez 
Diez-
Caballero et 
al. 

2020 Spain Case-control Working population (automotive 

manufacturing sector) 

n (167) 

n. of patients with SP (73) 

n. of patients without SP (94) 

Female (16) 

Male (151) 

mean age = 47 

Shoulder disorders are included into the 
same 2D0101 diagnosis code as 
tendinous chronic pathology of the RC 
(subacromial impingement syndrome, 
calcifying and chronic tendinitis and RC 
tears) (database). 

12 Tekavec et 
al. 

2012 Sweden Retrospective 
Cohort 

General population 

n (1,169,464) 

n. of patients with SP (6268) 

n. of patients without SP (1,163,196) 

n. of patients with SP female (3295) 

n. of patients with SP male (2973) 

Female (593,569) 

Male (575,895) 

Shoulder pain diagnoses were collapsed 
into three major classes based on the 
ICD-10 coding: 1; Adhesive capsulitis 
(M75.0), 2; Tendinitis, bursitis, and 
impingement of the shoulder (M75.1-5) 
and 3; Unspecified shoulder pain 
diagnoses (M75.8, M75.9 and M75.9 P) 
(database). 
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mean age (male) = 56                                               
mean age (female) = 58 

13 Thomas et al. 2007 Scotland Case-control Diabetic population 

n (1067) 

n. of patients in diabetic group (865) 

n. of patients in non-diabetic group (202) 

 

n. of patients with SP in diabetic group 

(222) 

n. of patients without SP in diabetic group 

(643) 

n. of patients with SP in non-diabetic 

group (10) 

n. of patients without SP in non-diabetic 

group (192) 

 

Female (550) 

Male (517) 

mean age = 58.6 

Frozen shoulder, defined as pain for 
more than 3 months and both shoulders 
restricted to less than 30 degrees 
external rotation (Questionnaire and 
clinical assessment). 

14 White et al. 2011 USA Retrospective 
cohort 

General population 

n (2,188,958) 

n. of patients with SP (41,391) 

n. of patients without SP (2,147,567) 

Read codes for adhesive capsulitis. 2 
diagnostic Read codes, i.e., N210.00 and 
N210.12, which represent adhesive 
capsulitis and frozen shoulder, 
respectively. (Database) 
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n. of patients with SP female (24,505) 

n. of patients with SP male (16,886) 

 

Female (1,094,479) 

Male (1,094,479) 

Min age = 40      Max age = 79 
15 Wright et al. 2015 USA Cross-sectional General population 

n (1672) 

n. of patients with SP (419) 

n. of patients without SP (1253) 

Female (1129) 

Male (543) 

mean age = 68.2 ± 9 

ñOn most days do you have pain, aching, 
or stiffness of your left or right shouldersò 
(Questionnaire, Interview, clinical 
assessment, and radiography) 

16 Wu et al. 2021 Taiwan Cross-sectional General population 

n (112) 

n. of patients with SP in sarcopenic group 

(28) 

n. of patients with SP in non-sarcopenic 

group (12)       n. of patients with 

sarcopenia (56) 

n. of patients without sarcopenia (56) 

 

Female (86) 

Male (26) 

Patients with sarcopenia mean age = 
75.12 ± 5.91   Patients without sarcopenia 
mean age = 75.12 ± 5.54    

Intra-tendinous calcification: the 
presence of hyperechoic plaques with 
acoustic shadows underneath. 
Subluxation of the long head of the 
biceps tendon: when more than 50% of 
the tendonôs cross-section was outside 
the bicipital groove.  Subdeltoid bursitis: 
when the bursa was thicker than 2 mm. 
RC tendon tears: the existence of visible 
gaps or total absence of tendon tissue in 
the subacromial space. (Questionnaire, 
clinical assessment, and ultrasound 
scanning) 
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17 Cho et al. 2015 Korea Cross-sectional General population 

n (696) 

n. of patients with SP (36) 

n. of patients without SP (660) 

Female (398) 

Male (298) 

mean age = 72 ± 5 

Radiographic glenohumeral OA: 
according to knee K/L grades, the 
presence of osteophytes plus narrowing 
of the glenohumeral articulation.  
If the K/L grade in one or both joints was 
Grade 2 or higher, the subject was 
considered to have radiographic shoulder 
OA. (Radiography) 

18 Baumgarten 
et al. 

2010 USA Case-control  General population 

n (584) 

n. of patients with SP (375) 

n. of patients without SP (209) 

Female () not reported  

Male () not reported 

mean age = 57.8 

Ultrasonography findings. Full-thickness 
RC tear: when the RC could not be 
visualized because of complete avulsion 
and retraction under the acromion or 
when there was a focal defect in the RC 
created by a variable degree of retraction 
of the torn tendon ends. 
Partial-thickness tear: minimal flattening 
of the bursal side of the RC (a bursal-
side partial-thickness tear) or a distinct 
hypoechoic or mixed hyperechoic and 
hypoechoic defect visualized in both the 
longitudinal and the transverse plane at 
the deep articular side of the RC (an 
articular-side partial-thickness tear) 
(Questionnaire and diagnostic 
ultrasound).  

19 Vogt et al. 2003 USA Cross-sectional General population 

n (3046) 

n. of patients with SP (575) 

n. of patients without SP (2471) 

Shoulder pain lasting at least 1 month 
during the previous year (Home 
interview, questionnaire, and clinical 
assessment). 
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Female (1569) 

Male (1477) 

mean age for patients with SP= 73.4 ± 2.9                
mean age for patients without SP= 73.6 ± 
2.9 

20 Ostergren et 
al. 

2005 Sweden Prospective cohort  Working population (different jobs) 

n (4919) 

n. of patients with SP (359) 

n. of patients without SP (4560) 

n. of patients with SP female (202) 

n. of patients with SP male (157) 

Female (2270) 

Male (2649) 

Min age = 45, Max age= 65 

Shoulder pain during the past 12 months 
(Questionnaire). 

21 Hill et al. 2010 Australia Cross-sectional General population 

n (3448) 

n of population > = 40 years old (1782) 

n. of patients with SP (487) 

n. of patients without SP (1295) 

Female (1776) 

Male (1712) 

mean age = not reported 

Pain or aching in their shoulder at rest or 
when moving, on most days for at least a 
month and if they had ever had stiffness 
in their shoulder when getting out of bed 
in the morning on most days for at least a 
month (Questionnaire). 

22 Alrowayeh et 
al. 

2010 Kuwait  Cross-sectional Working population (physiotherapists) 

n (212) 

n of population > = 40 years old (55) 

n. of patients with SP (4) 

n. of patients without SP (51) 

Pain in the shoulder during the preceding 
12 months (Questionnaire). 
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Female (99) 

Male (113) 

mean age = 36.5 ± 9.1 
23 Haukka et al. 2006 Finland Cross-sectional Working population (kitchen workers) 

n (495) 

n of population > = 40 years old (347) 

n. of patients with SP (134) 

n. of patients without SP (213) 

Female (504) 

Male (19) 

mean age = 45 ± 10 

Pain during the past 3 months in the 
shoulder (Questionnaire). 

24 Kaliniene et 
al. 

2016 Lithuania Cross-sectional Working population (computer workers) 

n (513) 

n of population > = 40 years old (367) 

n. of patients with SP (198) 

n. of patients without SP (169) 

Female (486) 

Male (27) 

mean age = 45.9 ± 11.1 

Pain in the shoulder during the preceding 
12 months (Questionnaire). 

25 Janwantanak
ul et al. 

2008 Thailand Cross-sectional Working population (Office workers) 

n (1185) 

n of population > = 40 years old (345) 

n. of patients with SP (61) 

n. of patients without SP (284) 

Female (807) 

Male (378) 

mean age = 35.2 ± 8.4 

Pain in the shoulder during the preceding 
12 months (Questionnaire).  
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26 Lecrac et al. 2004 France  Prospective 
Cohort study 

Working population (repetitive work) 

n (598) 

n of population > = 40 years old (256) 

n. of patients with SP (163) 

n. of patients without SP (120) 

Female (420) 

Male (178) 

mean age = not reported 

Shoulder incidence: Subjects free from 
SP at base line were those who did not 
report SP in the six months preceding the 
first questionnaire (1993ï94). Incident 
cases were defined as the subjects free 
from SP at baseline who reported 
experiencing it at least one day in the six 
months preceding the second 
questionnaire (1996ï97). Shoulder 
prevalence: period prevalence, for the six 
months preceding the questionnaire 
(Questionnaire). 

27 Hinsley et al.  2022 UK Cross-sectional General population 

n (464,928 shoulders) 

n. of patients with SP (103) 

median age = 71 

Full-thickness tears was defined as 
having at least one unilateral full-
thickness tear. Tendon abnormalities 
was defined as having at least a 
unilateral tendon abnormality ranging 
from abnormal enthesis to a full-
thickness tear.  

28 Fehringer et 
al. 

 

2008 USA Cross-sectional General population  

n ( 104) 

n. of shoulders total (200) 

n. of shoulders with tear (44) 

n. of shoulders without tear (156) 

Age 65 years or older  

Full thickness tear : only full thickness 
tears, which were measured from 
anterior to posterior at their footprint. The 
first author, an orthopaedist trained and 
experienced in RC ultrasonography, 
performed all functional testing and 
ultrasounds.  
Shoulders were divided into 4 groups, 
depending on whether the subject had 
previously presented to a physician for 
their respective shoulder based on 
Milgrom et alôs definition of asymptomatic 
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cuff tears; ie, óó.no history of shoulder 
problems in the past severe enough to 
have required medical attention. These 4 
groups included: 1) those subjects 
without RC tears who had not seen a 
physician for their respective shoulders 
(control); 2) those without RC tears who 
had seen a physician for their respective 
shoulders; 3) those with RC tears who 
had not seen a physician for their 
respective shoulders, and 4) those with 
RC tears who had seen a physician for 
their respective shoulders.  

 

29 Niedhammer 
et al.  

 

1998 France  Cross-sectional Working population 

n (210) 

n. of people aged 40 and more ( 38 ) 

 

Shoulder pain during the preceding six 
months, they had suffered pain, stiffness, 
or discomfort in any of the four hatched 
areas of the shoulders on the diagram 
(left, right, front, or back). The following 
six variables relating to shoulder 
disorders were investigated according to 
the location of pain (right or left side), 
and the chronicity of pain: 1) shoulder 
disorders on whichever side; 2) right 
shoulder disorders; 3) left shoulder 
disorders; 4) chronic shoulder disorders 
(symptoms lasting more than 30 days) on 
whichever side; 5) chronic right-shoulder 
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disorders; and 6) chronic left-shoulder 
disorders.  
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9.5 Appendix 5. Validation of the quality assessment  
 
 
Table 9-4 Validation results for the quality assessment 

 

Study ID Item Reviewer 

discussion 

Agreement 

2 Sample size  NA: B 

MS:  A 

Overall:  A 

Resolved by 

discussion 

2 Non respondents NA: A 

MS:  C 

Overall: A  

Resolved by 

discussion 

8 Sample size  NA: B 

MS: A 

Overall: B 

Resolved by 

discussion  

13 Non-response rate NA: C 

MS:  A 

Overall: A 

Resolved by 

discussion 

15 Representativeness 

of the sample  

NA: B 

MS: A 

Overall: A 

Resolved by 

discussion 

22 Ascertainment of 

the exposure (risk 

factor) 

NA: B 

MS: A 

Overall: A 

Resolved by 

discussion 

23 Sample size  NA : B Resolved by 

discussion  
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MS: A  

Overall: B 
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9.6 Appendix 6. Quality assessment risk of bias aspects  
 

A: Quality assessment risk of bias aspects of cross-sectional studies using 
the Newcastle-Ottawa Scale 
 

Author, year  Score  Risk of bias aspect  

Ahmad, 2020  50 There is no description of the tool if it is validated or not / no description 

of the response rate / it relies only on self-report / the study did not 

control for the most important factors 

Burner, 2014  60 The non-random sampling: Its restriction to a Veteran affairs population 

which included few women. 

Ding, 2014  60 No description if confounding factors were controlled 

Kiani, 2014  80 - 

Kobayashi, 

2014 

80 - 

Loew, 2019  80 The recruitment method may not yield a true-cross-sectional 

representation of the general population and may result in a selection 

bias towards a better educated and healthier volunteers 

Morse, 2007  90 - 

Otoshi, 2014  70 No description of the response rate 

Posch, 2019  70 The response rate of 69.8% has been achieved. They did not achieve a 

higher response rate. Unfortunately, only a small number of military pilots 

could be acquired, presenting a potential limitation. 

Wright, 2015  80 The age of the cohort may limit generalizability to younger individuals. 

Wu, 2015 80 - 

Cho, 2015 80 The selection bias related to the recruitment of participants might exist. 

Respondents were younger than nonrespondents. Furthermore, 

individuals with symptoms and disability might have been more likely to 

volunteer to get radiographic examination and a diagnosis. These 

sampling errors might induce under or overestimation of the actual 

prevalence of OA in Koreans. the population studied is not truly 

representative of the Asian population because epidemiologic 

characteristics may vary by ethnicities and geographic region. 

Vogt, 2003                             60 The health ABC cohort specifically excluded younger individuals and 

those who were frail. Thus, the results are not generalizable to the entire 

US population of similar age 

Hill, 2010  80 There is no description if the assessment was blind or not 
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Alrowayeh, 

2010 

50 There is no description of the tool if it is validated or not / non-random 

sampling / the sample size not justified / the study didnôt control for the 

most important factor 

Haukka, 2006  70 There is no description of the tool if it is validated, or not / it relies only on 

self-report 

Kaliniene, 2016  80 There is no description if the assessment was blind or not 

Janwantanakul, 

2008 

70 There is no description of confounding factors controlled 

Lecrac, 2004  70 There is no description of the tool if it is validated, or not / it relies only on 

self-report / the sample size is not justified / The target population were 

selected according to occupational criteria and were required to be 

exposed to repetitive work. 

Hinsley, 2022  90  

 
 
 
 

B: Quality assessment risk of bias aspects of case-control studies using 
the Newcastle-Ottawa Scale 
 

Author, year  Score  Risk of bias aspect  

Milogram 

2008 

70 small sample size  
 

Rodriguez 

Diez-

Caballero 

2020 

70 Data were retrieved from clinical records. The case definition was based on 
records only 

Thomas 

2007 

60 the definition should have included a criteria for normal radiographic 
appearance to differentiate between osteoarthritis, primary degenerative 
arthritis and frozen shoulder  
 

Baumgarten 

2010 

60 no description of non-respondents / recall bias: Data were collected for 
patients who were unavailable for telephone interview by chart review. 
However, chart reviews did contain information on history of smoking, dates 
of cessation, and amount of tobacco use as determined by mean packs per 
day. Recall bias was a potential confounder of the data because patients 
were asked to recall dates of initiation and cessation and average amounts 
of tobacco use. 
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C: Quality assessment risk of bias aspects of cohort studies using the 
Newcastle-Ottawa Scale 
 

Author, year  Score  Risk of bias aspect  

Tekavec, 

2012 

50 They only access diagnostic codes from public healthcare. They needed to 
adjust their estimates for the missing data which may introduce bias. No 
statement about the adequacy of follow up  
 

White, 2011  50 The diagnosis of AC in our sample could not be validated beyond being 
diagnosed by a general practitioner. / They did not report any statement 
about the adequacy of follow up for the cohorts  
 

Ostergren, 

2005 

50 The assessment of shoulder pain was based on questionnaires only (self-
report) which might affect the results / Possible selection bias of the MSNS 
sample was estimated by comparing sociodemographic data from the 
municipal statistics office regarding the complete age cohort in February 
1994.  
 

Lecrac, 2004  40 No description about the adequacy of follow up for outcome to occur/ it relies 
only on self-report / The sample size is not justified / The target population 
were selected according to occupational criteria and were required to be 
exposed to repetitive work 
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9.7 Appendix 7. Forest plots and funnel plots  
 

Figure 9.1 Forest plot showing the prevalence of chronic shoulder pain in 
diabetic population 

  
 

 

Figure 9.2 Forest plot showing the prevalence of chronic shoulder pain in 
workers 
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Figure 9.3 Funnel plot showing the prevalence of chronic shoulder pain in 
workers 
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Figure 9.4 Funnel plot showing the association between the prevalence of 
chronic shoulder pain according to different diagnosis 
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Figure 9.5 Forest plot showing the association between chronic shoulder 
pain and age groups  

 
             TE= log odds ratio, seTE=standard error of odds ratio, CI= confidence interval  
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Figure 9.6 Funnel plot showing the association between chronic shoulder 
pain and age groups 
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Figure 9.7 Forest plot showing the association between female sex and 

shoulder pain (crude) 

TE= log odds ratio, seTE=standard error of odds ratio, CI= confidence interval 

 
 
 

Figure 9.8 Forest plot showing the association between female sex and 
shoulder pain (adjusted) 

 
TE= log odds ratio, seTE=standard error of odds ratio, CI= confidence interval 
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Figure 9.9 Funnel plot showing the association between female sex and 
chronic shoulder pain (crude) 
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Figure 9.10 Funnel plot showing the association between female sex and 
shoulder pain (adjusted) 

 
 

 

 

Figure 9.11 Forest plot showing the association between smoking and 
shoulder pain 

(Multivariable odds ratio) 

 

TE= log odds ratio, seTE=standard error of odds ratio, CI= confidence interval 
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Figure 9.12 Forest plot showing the association between smoking and 
chronic shoulder pain (subgroup based on analysis) 

 

 
 

Figure 9.13 Funnel plot showing the association between smoking and 
shoulder pain 
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Figure 9.14 . Forest plot showing the association between manual work 
and chronic shoulder pain 

 

 

Figure 9.15 Funnel plot showing the association between manual work 
and chronic shoulder pain 
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Forst plots and funnel plots for comorbidities  
 
 

Figure 9.16 Forest plot showing the association between pain in other 
joints and shoulder pain 

(Adjusted odds ratio) 

 
        TE= log odds ratio, seTE=standard error of odds ratio, CI= confidence interval 

 

 

 

Figure 9.17 Funnel plot showing the association between pain in other 
joint and shoulder pain 

 
 








































































































































































































































































