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ABSTRACT
Objectives  To compare the patterns of multimorbidity 
between people with and without rheumatic and 
musculoskeletal diseases (RMDs) and to describe 
how these patterns change by age and sex over time, 
between 2010 and 2019.
Participants  103 426 people with RMDs and 
2.9 million comparators registered in 395 Wales general 
practices (GPs). Each patient with an RMD aged 0–100 
years between January 2010 and December 2019 
registered in Clinical Practice Research Welsh practices 
was matched with up to five comparators without an 
RMD, based on age, gender and GP code.
Primary outcome measures  The prevalence of 29 
Elixhauser-defined comorbidities in people with RMDs 
and comparators categorised by age, gender and 
GP practices. Conditional logistic regression models 
were fitted to calculate differences (OR, 95% CI) in 
associations with comorbidities between cohorts.
Results  The most prevalent comorbidities were 
cardiovascular risk factors, hypertension and diabetes. 
Having an RMD diagnosis was associated with a 
significantly higher odds for many conditions including 
deficiency anaemia (OR 1.39, 95% CI (1.32 to 1.46)), 
hypothyroidism (OR 1.34, 95% CI (1.19 to 1.50)), 
pulmonary circulation disorders (OR 1.39, 95% CI 1.12 
to 1.73) diabetes (OR 1.17, 95% CI (1.11 to 1.23)) 
and fluid and electrolyte disorders (OR 1.27, 95% CI 
(1.17 to 1.38)). RMDs have a higher proportion of 
multimorbidity (two or more conditions in addition to 
the RMD) compared with non-RMD group (81% and 
73%, respectively in 2019) and the mean number of 
comorbidities was higher in women from the age of 25 
and 50 in men than in non-RMDs group.
Conclusion  People with RMDs are approximately 
1.5 times as likely to have multimorbidity as the 
general population and provide a high-risk group for 
targeted intervention studies. The individuals with 
RMDs experience a greater load of coexisting health 
conditions, which tend to manifest at earlier ages. This 
phenomenon is particularly pronounced among women. 

STRENGTHS AND LIMITATION OF THIS STUDY
	⇒ Our large study cohort provides sufficient statistical 
power to calculate overall and age-specific and sex-
specific prevalence rates of individual comorbidities 
between 2010 and 2019.

	⇒ In addition to the recognised and frequently reported 
comorbidities such as cardiovascular risk factors, our 
findings highlight several comorbidities such as defi-
ciency anaemia, fluid and electrolyte disorders and val-
vular disease that are highly prevalent in people with 
RMDs, but which are under-reported in the literature. 
We prioritise the early identification of RMDs and relat-
ed health conditions, with a particular focus on younger 
women.

	⇒ We have analysed only pairs of diseases, but higher-
order combinations of diseases probably interact in 
more complicated ways. In terms of the application of 
these findings, it should be noted that the prevalence 
measure was based on Elixhauser conditions; there is 
no established gold standard list of diagnoses used to 
define multimorbidity and definitions of multimorbidity 
vary in the medical literature.

	⇒ The origins of RMD in Wales are probably similar to 
those in other UK nations with comparable access to 
the National Health Service and genetic links related 
to RMD. As a result, we expect that the risk factors 
and the prevalence of coexisting health conditions 
will exhibit similarities. However, when applying this 
approach to other countries, it is crucial to recognise 
that the specific comorbidities may vary based on the 
distinct health characteristics of each nation. To en-
hance the applicability of our findings, validation across 
diverse healthcare systems and patient populations is 
essential.

	⇒ To our knowledge, this is the first study to present 
analysis using different approaches in a large popu-
lation of Wales in people with and without rheumatic 
and musculoskeletal diseases (RMDs) using routine 
primary care data.
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Additionally, there is an under-reporting of comorbidities in individuals 
with RMDs.

INTRODUCTION
Multimorbidity is a global public health concern and 
refers to the existence of multiple long-term conditions in 
a single individual.1–3 Morbidity refers to individual long-
term morbid conditions. The prevalence of multimor-
bidity appears to have increased in many regions of the 
world over the past 20 years. It is anticipated to continue 
to rise and evidence from high-income countries suggests 
that, while multimorbidity is highly prevalent in older 
populations (typically those over 65 years of age), it also 
affects younger people.4 Epidemiologically, the term 
comorbidity is used when estimating co-occurring condi-
tions among populations with an index condition and 
the term ‘multimorbidity’ is used when estimating the 
prevalence of co-occurring conditions among the wider 
population.5 6

Rheumatic and musculoskeletal diseases (RMDs) 
comprise over 200 diseases and syndromes, which can 
affect the joints, connective tissue, cartilage and tendons; 
they are usually progressive, associated with pain and are 
among the most common chronic non-communicable 
diseases. The prevalence of disability, premature mortality 
and physical impairment7 8 in RMDs is increased meaning 
they are a major burden on individuals, social care systems 
and health systems and this burden has been recognised 
by WHO and the United Nations.9 For example, in the 
UK, an estimated 8.75 million people have sought treat-
ment for osteoarthritis, the equivalent to a third of all 
people over 45 years of age.10 In addition, an estimated 
one in five men and one in two women aged over 50 years 
will sustain a low-trauma fracture as a result of osteo-
porosis11–13 with the situation set to worsen with ageing 
populations. Previous studies have found that people 
with RMDs are often living with additional chronic condi-
tions14–16 and RMDs appear to form a principal compo-
nent of certain multimorbidity clusters.17–19 Certainly, a 
substantial proportion of people with RMDs now live with 
multimorbidity,20 but most current clinical guidelines 
have ‘single-condition’ model of care without considering 
multimorbidity. Multimorbidity has a number of negative 
outcomes, including disability and death, reduced quality 
of life and higher healthcare utilisation and expenses.21

Several studies have described comorbidities in the 
RMDs population,22 23 but it remains to be determined if 
the increased comorbidity in patients with RMDs relates 
to specific comorbid conditions, occurs across the life 
course or differs by sex. The longitudinal nature of the 
(Secure Anonymised Information Linkage (SAIL)) Data-
bank in Wales, UK, enables the analysis of information on 
diagnoses and consultations at multiple time points for 
RMDs in general.24 25 Therefore, using a large electronic 
linked primary care data set on the resident population 
in Wales, this study aimed to examine the patterns of 28 
chronic conditions in people with and without RMDs over 

a 10-year study period. We further stratified the comor-
bidities prevalence rates by age, gender and assessed the 
association between diagnosis of RMDs and the presence 
of a comorbidity and described the patterns of all two 
coexisting comorbidities.

METHODS
Data sources
Data used for this study were accessed via the SAIL Data-
bank (www.saildatabank.com). SAIL is a state-of-the-art, 
remotely accessible, privacy-protecting Trusted Research 
Environment accredited under the Digital Economy Act. 
SAIL contains linked anonymised population scale data 
sources at an individual person level, household level and 
multiple ecological levels, for the population of Wales.24 25 
SAIL Databank sources include inpatient, outpatient, crit-
ical care, emergency department, mortality, birth register 
and demographic information for people that use health-
care services in Wales.

Morbidities were defined based on Elixhauser catego-
ries, a well-established scheme distinguishing 30 classes of 
chronic diseases. HIV was not included as data is not avail-
able in SAIL due to data privacy policies. The primary 
care Read codes V.2 (CTV2) were used to identify Elix-
hauser morbidities in healthcare records.

The Welsh Multimorbidity e-Cohort (WMC) is based 
on the 83% of the Welsh population covered by general 
practice (GP) practices in Wales that contribute to the 
SAIL Databank. A report by Jones in 202226 (online 
supplemental material) showed how this compared with 
the 100% of the population. The distributions of sex and 
age group are identical, and the distribution of depriva-
tion scores are very similar. The Elixhauser coding algo-
rithms used to establish the presence of each Elixhauser 
morbidity were downloaded from online supplemental 
material of Metcalfe et al27 and resulted in a set of 28 
comorbidities and rheumatoid arthritis/collagen vascular 
diseases (RMDs).

Patient and public involvement
None

Missing data
This analysis used age, sex and the presence or absence 
of comorbidities. Age and sex were complete as they were 
derived from the algorithm creating the anonymised 
linkage fields from National Health Service (NHS) regis-
tration data. The presence of comorbidities was defined 
by the presence of the relevant diagnostic codes in the 
electronic health records. When there was no diagnostic 
code for a particular condition in a patient’s record, it 
was assumed that that patient did not have that condition. 
This is a common approach when using data from elec-
tronic health records. As a result, there were no missing 
data in the data that we analysed.

Participants
Study participants were selected from the WMC, which 
consists of 2 902 101 million people living in Wales on 1 
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January 2000 with follow-up until 31 December 2019 and 
was created to provide accessible research ready data for 
the understanding of multimorbidity.28

RMDs cohort
Patients aged 0–100 years with a first diagnostic RMDs 
medical code between 1 January 2010 and 31 December 
2019 were identified. The index date was defined as the 
earliest date of RMDs diagnosis. Patients were followed 
until movement out of a SAIL providing practice, death 
or end of the study observation period (31 December 
2019). Our sample was restricted to patients having≥1-
year follow-up for each matched case and comparator (eg, 
cases and comparators in the matched cohort in 2019).

Non-RMD cohort
We performed a matched, retrospective cohort study 
within the WMC. Within each year, up to five patients 
without RMDs (comparators) were identified and 
matched to each patient with RMDs on the following 
variables at the RMDs diagnosis date: age (±2 years differ-
ence), sex and GP code.

A time period of ±2 year was used for matching to 
increase the comparator sample after discussion with 
clinicians that age groups within this interval are clinically 
comparable. CTV2 for GP records were used to identify 
patient records with an RMD diagnosis. We required 
each comparator to be enrolled with the same GP on the 
index date of the accompanying patient with RMDs and 
assigned the same index date.

Outcomes
Overall, the presence of morbidities was defined as condi-
tions recorded before and after RMDs diagnosis date 
(index date) and up to the end of the calendar year. 
We defined multimorbidity as the presence of at least 
two conditions from the Elixhauser comorbidity index, 
excluding RMDs as one of the conditions, to avoid bias in 
our results towards greater multimorbidity in the RMDs 
cohort.

Statistical analyses
Descriptive statistics of the differences between the 
cohorts are reported as the total percentage of multi 
morbid persons (two or more) conditions, the percentage 
distribution of the total number of comorbidities and the 
mean number of comorbidities by sex and age group. 
To explore the patterns of multimorbidity, the data were 
analysed using four approaches:

	► Temporal trends for specific Elixhauser conditions 
were explored using prevalence rates. Annual prev-
alence rates were derived for each cohort over the 
10-year period and were calculated separately for each 
comorbidity by dividing the number of persons diag-
nosed in or before the study year by the total number 
of persons contributing throughout the same study 
year. Corresponding 95% CIs were calculated.

	► The prevalence rates were also calculated stratified by: 
(1) 20-year age groups and (2) sex, with RMDs and 
matched comparator patients in the last study year.

	► The patterns of morbidity conditions were examined 
using pairwise associations between all comorbidities. 
The percentage of patients with both comorbidities 
was calculated for each pair of conditions for each 
cohort.

	► Logistic regression models were used to explore the 
association between the presence/absence of each 
comorbidity and diagnosis of RMD. Conditional 
models, adjusted for age and sex, were fitted to esti-
mate differences between cohorts with associations 
for Elixhauser comorbidities. The coefficients were 
exponentiated and reported as ORs along with corre-
sponding 95% CIs. Regression models restricted to 
males and females were also fitted to calculate sex-
specific estimates.

All analyses were conducted using Python software 
V.3.7. We used the Strengthening the Reporting of Obser-
vational Studies in Epidemiology cohort checklist when 
writing our report.29

RESULTS
Patient population
Of 2 902 101 million individuals enrolled in WMC between 
2000 and 2019, we identified 102 042 who fulfilled our 
eligibility criteria for people with RMDs. Patients with 
RMDs were matched to 1 637 632 million people without 
RMDs (comparators). Figure 1 shows the flow chart for 
identification of patients with and without RMDs regis-
tered in linked GPs.

Annual prevalence of comorbidities
We investigated the prevalence of 28 comorbidities 
overall, but results for 7 comorbidities with less than 
5 subjects have not been reported due to statistical 
disclosure control requirements in SAIL Databank. 
Statistical disclosure control rules meant that cells with 
less than five subjects cannot be reported in order to 
prevent the inadvertent disclosure of individuals. The 
UK’s Office for National Statistics (ONS) created guid-
ance (https://ukdataservice.ac.uk/app/uploads/thf_​
datareport_aw_web.pdf) to safeguard privacy through 
design and statistical disclosure control. SAIL adheres 
to the ONS disclosure regulations. 

The annual prevalence rates of the remaining 21 comor-
bidities between 2010 and 2019 are presented in figure 2. 
The most common comorbidities were cardiovascular 
risk factors, hypertension and diabetes without compli-
cations. Other neurological disorders (OND), increased 
sharply over the study period in people with RMD from 
0.9% (95% CI: 0.56% to 1.24%) in 2010 to 10.2% (95% 
CI: 9.86% to 10.62%) in 2019; and from 0.7% (95% CI: 
0.56% to 0.83%) in 2010 to 8.6% (95% CI: 8.41% to 
8.73%) in 2018 in comparators. Drug abuse, peptic ulcer 
disease and liver diseases were the least common chronic 
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conditions in both people with and without RMDs. The 
prevalence rates (and CIs) of all remaining 21 comor-
bidities in RMDs and comparators in 2010 and 2019 are 
presented in online supplemental table 1.

Rheumatoid arthritis (RA), connective tissue diseases, 
polymyalgia rheumatica and giant cell arteritis and juve-
nile idiopathic arthritis are different type of RMDs. For 
all these subtypes similar to the RMD group as a whole, 
we found the most common comorbidities to be cardio-
vascular risk factors, hypertension and diabetes without 
complications.

The annual prevalence of Elixhauser comorbidities for 
each RMDs subtype between 2010 and 2019 is presented 
in online supplemental figure 1.

Number of comorbidities, age specific, sex specific
In 2019, patients with RMDs had a higher proportion of 
multimorbidity (two or more conditions in addition to 
the RMDs) compared with the comparator cohort (81% 
and 73%, respectively) figure 3A. The mean number of 
comorbidities increased with age for both groups but 
was higher in women with RMDs between the ages of 
25 and 100 compared with the comparator group while 
in men, the mean number of comorbidities was higher 

among patients with RMD only from the age of 50 years, 
figure 3B.

The age–gender-specific analysis, in relation to the 
specific comorbidities for RMDs and comparators, are 
presented in 2019, figure 4. Depression was observed as 
the most prevalent condition in the age groups 16–50 
years for RMDs and non-RMDs, with diabetes without 
complications being the second most prevalent condi-
tion in patients with RMDs in those age groups. OND and 
cancer were the second and third most prevalent condi-
tion for patients with non-RMD, respectively. In 2019, 
the prevalence of hypertension was nearly 4% higher in 
women and men than comparators. The plot for other 
years in age–gender-specific analysis is presented in 
online supplemental figures 2–4.

Proportion of patients with two comorbidities
The most common pairs of coexisting morbidi-
ties across both the RMD and comparator groups in 
2019 were combinations of hypertension, chronic 
pulmonary disease, depression, diabetes and obesity. 
The patterns of all two coexisting comorbidities in 
people with and without RMDs in 2019 are illustrated 
in figure  5. The dark blue colour in the heatmap is 

Figure 1  Flow chart for identification of patients with and without RMDs registered in WMC, using year 2019 as an example. 
RMDs, rheumatic and musculoskeletal diseases; WMC, Welsh Multimorbidity e-Cohort.

https://dx.doi.org/10.1136/bmjopen-2023-079169
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determined by a higher percentage of patients with the 
two comorbidities in the same plot and not between 
separate plots. The plot for other years is presented in 
online supplemental figure 5.

ORs (95% CI) for associations of RMDs with specific 
comorbidities in annual cohorts 2010–2019
Patients with RMDs were at least 30% more likely to have: 
deficiency anaemia (OR 1.39, 95% CI: 1.32 to 1.46), hypo-
thyroidism (OR 1.34, 95% CI: 1.19 to 1.50), pulmonary 
circulation disorders (OR 1.39, 95% CI: 1.12 to 1.73), 
renal disease (OR 1.35, 95% CI: 1.22 to 1.50) and weight 
loss (OR 1.30, 95% CI: 1.17 to 1.45) compared with those 
without RMDs.

RMDs patients were also 27% more likely to have both 
and electrolyte disorders (OR 1.27, 95% CI: 1.17 to 1.38) 
and valvular disease (OR 1.27, 95% CI: 1.15 to 1.41), 
17% more likely to have diabetes (OR 1.17, 95% CI: 
1.11 to 1.23) and 9% more likely to have a diagnosis of 
obesity (OR 1.09, 95% CI: 1.05 to 1.13) when compared 
people without RMDs. A cancer diagnosis was 19% less 
likely for the RMDs group. Similarly, OND, diabetes 
with complications, peripheral vascular disorders, drug 
abuse and alcohol abuse were all significantly less likely 
to be diagnosed among people with RMDs compared 
with people without. ORs were generally stable over the 
study period between 2010 and 2019, with the exception 

Figure 2  Annual prevalence of Elixhauser comorbidities in RMDs cases and matched comparators 2010–2019. CHF, 
congestive heart failure; CPD, chronic pulmonary disease; DEF, deficiency ; DIAB, diabetes; DIAB_COMP, diabetes complicated; 
FED, fluid and electrolyte disorder; OND, other neurological disorders; PCD, pulmonary circulation disorders; PEP_ULCER, 
peptic ulcer disease excluding bleeding; PVD, peripheral vascular disorders; RMDs, rheumatic and musculoskeletal diseases.

https://dx.doi.org/10.1136/bmjopen-2023-079169
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of depression, which was found to be significantly higher 
among patients with RMDs between 2010 and 2015 but 
was significantly (although slightly) lower in 2018 and 
2019. The ORs are presented in table 1. The ORs for the 
gender-specific analyses is presented in online supple-
mental figure 6.

DISCUSSION
To our knowledge, this is the first study to examine and 
compare the patterns of 28 Elixhauser-defined comor-
bidities using different statistical approaches in a large, 
well-characterised population of people with RMDs and 
people without RMDs in Wales. The primary care database 

Figure 3  Trends of comorbidities in patients with RMDs and matched comparators. (A) The number of conditions in patients 
with RMDs and matched comparators without RMDs in 2010–2019. (B) Mean number of comorbidities in patients with RMDs 
and comparators by age categories and sex 2019. RMDs, rheumatic and musculoskeletal diseases.

https://dx.doi.org/10.1136/bmjopen-2023-079169
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that we used to estimate the prevalence of multimorbidity 
covered over 83% of the population in the Wales, so the 
findings should be generalisable in that population.

Our findings show that comorbidities were more prev-
alent in people with RMDs than comparators throughout 
the 10-year study period. Overall, comorbidities were 
more prevalent in women than in men and the preva-
lence rates increased with age. Our results demonstrate 
people with RMDs are approximately 1.5 as likely to have 
multimorbidity as the general population throughout 

the 10-year study period. Diabetes and hypertension are 
the epicentre of RMD disease and potentially part of the 
trajectories of several other chronic conditions, suggesting 
a need for a more integrative multidisciplinary approach 
focusing on better management and prevention of these 
conditions.2

An Australian systematic review of population-based 
studies in the elderly15 has previously reported that over 
50% of elderly patients with arthritis also had hyperten-
sion, followed by cardiovascular diseases, dyslipidaemia, 

Figure 4  Age–gender-specific analysis, in relation to specific Elixhauser comorbidities in 2019. (A) Age-specific analysis in 
patients with RMDs. (B) Age-specific analysis in comparators. (C) Gender-specific analysis in patients with RMDs. (D) Gender-
specific analysis in comparators. CHF, congestive heart failure; CPD, chronic pulmonary disease; DEF, deficiency; DIAB, 
diabetes; DIAB_COMP, diabetes complicated; FED, fluid and electrolyte disorder; OND, other neurological disorders; PCD, 
pulmonary circulation disorders; PEP_ULCER, peptic ulcer disease excluding bleeding; PVD, peripheral vascular disorders; 
RMDs, rheumatic and musculoskeletal diseases.
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diabetes and mental health problems, in keeping with our 
findings. Our study was not restricted to elderly patients 
but shows that the mean number of comorbidities is also 
higher in women at younger ages (25–100 years) while in 
men, the increased mean number of comorbidities was 
observed from the age of 50 years.

Patients with RA have also been reported to have a 
greater prevalence of diabetes mellitus and hypertension, 
two key risk factors for chronic kidney disease, possibly 
arising from the use of corticosteroids to manage RA.30 
Some studies show that weight loss is a strong predictor of 
death in patients with RA31–33 so it is important to recog-
nise that weight loss is more highly prevalent across all 
RMDs from our study.

For patients with axial spondyloarthritis identified 
from health insurance data in Germany, the most prev-
alent comorbid Elixhauser conditions were ‘hyperten-
sion’ followed by ‘depression’ and ‘chronic pulmonary’ 
disease,34 illustrating that these comorbid conditions are 
common regardless of the specific RMD. Based on the 
findings, it will be important for international guideline 
committees to assess comorbidities, rather than specific 
comorbidities.

The European League Against Rheumatism (EULAR) 
guidelines provide specific recommendations for the 
management of several comorbidities in individuals 
with RMDs, including cardiovascular disease, osteo-
porosis, depression and anxiety.35 For example, the 
guidelines recommend that individuals with RMDs and 
cardiovascular disease should be treated with statins and 
antiplatelet agents35; Individuals with RMDs and osteo-
porosis should be treated with bisphosphonates and that 
depression or anxiety should be treated with cognitive 

behavioural therapy or antidepressants.35 However, other 
comorbidities are not considered specifically. The impli-
cations of our findings are that holistic assessment of all 
comorbidities is required, and our results suggest this is 
applicable to RMDs as a whole.

Strengths and limitations
Our study has several strengths: first, to our knowledge, 
this is the first study to present analysis using different 
approaches in the large population of Wales in people 
with and without RMDs using routine primary care data 
so avoiding biased sampling strategies. Furthermore, 
the study design minimised bias by matching groups on 
relevant confounders. Second, our large cohort provides 
sufficient statistical power to calculate overall and age-
specific and sex-specific prevalence rates of individual 
comorbidities between 2010 and 2019. Finally, in addition 
to the recognised and frequently reported comorbidities 
such as cardiovascular risk factors, our findings highlight 
a number of comorbidities such as deficiency anaemia, 
fluid and electrolyte disorders and valvular disease that 
are highly prevalent in people with RMDs but which are 
under-reported in the literature.

The study replicates and confirms the finding from 
previous studies, for example, Ziade et al22 in a 769 Leba-
nese population, who report the most frequent comor-
bidities for patients with RMDs were cardiovascular risk 
factors (hypertension and diabetes), hypercholester-
olemia and depression. Consistent with our findings, 
all reports listed hypertension as the most common 
individual comorbidity, but we also add renal disease, 
weight loss, fluid and electrolyte disorders and valvular 
disease as new pair of comorbidities, that could be tested 

Figure 5  Proportion of patients in relation to specific Elixhauser comorbidities in 2019. (A) RMDs. (B) Comparators. CHF, 
congestive heart failure; CPD, chronic pulmonary disease; DEF, deficiency; DIAB, diabetes; DIAB_COMP, diabetes complicated; 
FED, fluid and electrolyte disorder; OND, other neurological disorders; PCD, pulmonary circulation disorders; PEP_ULCER, 
peptic ulcer disease excluding bleeding; PVD, peripheral vascular disorders; RMDs, rheumatic and musculoskeletal diseases.
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directly in other populations with data available. It is 
essential to recognise that our focus is on investigating 
patterns of multimorbidity rather than establishing causal 
relationships.

Our study is a first step towards service transformation 
for patients with multimorbid RMD. It does not provide 
directly actionable recommendations but can be used as a 
starting point to consider creating dedicated pathways for 
patients with comorbidities that commonly co-occur with 
RMD, similar to EULAR guidelines.

The aetiology of RMD in Wales is likely comparable to 
other UK nations with similar access to the NHS and genetic 
associations related to RMD. Consequently, we anticipate 
that the risk factors and the pattern of coexisting health 
conditions will be similar. However, when applying this 
method to other countries, it is essential to consider that 
the specific comorbidities may differ based on the unique 
health characteristics of each country. To enhance the 
generalisability, the findings should be validated in diverse 
healthcare systems and patient populations.

The findings could inform policies around resource 
allocation, healthcare planning and the development 
of integrated care models for individuals with RMDs 
and comorbidities; while that is beyond the scope of the 
current work, our findings will provide valuable infor-
mation from a large population, using robust and estab-
lished methods to highlight that patients with RMDs have 
a higher burden of comorbidities that start to occur at 
younger ages, particularly in women.

The SAIL Databank holds records from administrative 
sources within the NHS; efforts to link non-health data 
such as socioeconomic status, education and lifestyle 
factors are underway, but it is likely to be some years 
before such linkage is available. This is a limitation of the 
current analysis, as well as a focus for future work.

A further limitation is that we have analysed only pairs of 
diseases, but higher-order combinations of diseases prob-
ably interact in more complicated ways. While pairwise 
comparison is a simple and easy-to-understand method, 
advanced statistical methods such as network analysis,36 
and clustering algorithms can provide a more nuanced 
understanding of comorbidities by considering the inter-
actions between multiple diseases and could be applied 
in future work.

Further research is required to explore potential vari-
ation within subpopulations, such as differences among 
rural and urban areas, and we would like to note that 
our point about generalisability of these findings with 
regard to ethnic background are based on the fact that 
the population of Wales are majorly white (above 80%).37 
In terms of the application of these findings, it should 
be noted that the prevalence measure was based on Elix-
hauser conditions; there is no established gold standard 
list of diagnoses used to define multimorbidity and defi-
nitions of multimorbidity vary in the medical literature,38 
making direct comparisons across studies and different 
populations more challenging. However, separately both 
the Charlson and Elixhauser indices are often used39 and 

the Cambridge multimorbidity score has been published 
recently38 and there is some overlap between these indices 
in defining comorbidity.

CLINICAL IMPLICATIONS
We emphasise early detection of RMDs and associated 
conditions, especially in younger women. Healthcare 
practitioners should facilitate patient access to commu-
nity resources such as exercise programmes and support 
groups to enhance overall well-being and address depres-
sion in the age range of 16 to 50 years based on our study 
findings. We also introduce focused screening initiatives 
for prevalent comorbidities linked to RMDs, including 
renal disease, weight loss and fluid and electrolyte 
disorder and valvular disease.

Considering the high prevalence of RMDs in the 
population, the discovery that patients face a signifi-
cantly elevated risk of various co-morbidities is crucial. 
This finding could guide targeted screening efforts for 
primary and secondary prevention in clinical settings. 
This is particularly relevant for the common comorbidi-
ties such as hypertension, where multiple treatments are 
available and screening at healthcare visits in this high-
risk population would provide an opportunity to intro-
duce prevention measures for subsequent conditions 
such as cardiovascular disease and stroke. The finding 
that risks are increased from a younger age in patients 
with RMD and in women implies that screening should 
be extended to the whole RMD population rather than 
the general population screening, which focusses on 
older age groups.

CONCLUSION
In conclusion, we provide the first detailed 10-year epidemi-
ological analysis of multimorbidity burden in people with 
RMDs in comparison with individuals without RMDs using 
Welsh primary care data. We found a substantially higher 
prevalence and burden of multimorbidity in patients with 
RMDs relative to those without, suggesting that RMDs 
patients represent a high-risk group for multimorbidity. 
A greater understanding of multimorbidity could aid 
clinicians in developing and delivering comprehensive 
treatment pathways and to action primary and secondary 
prevention of comorbidities in people with RMDs.

This higher mean number of comorbidities is seen from 
the age of 25 in women and 50 in men. Further research 
is required to determine whether targeted interventions 
could reduce overall disease burden from multimorbidity 
in that group. This study depends on diagnoses reported 
in electronic health records, it is possible that patients 
with undiagnosed conditions, such as those who did not 
visit a general practitioner, were missed in our study.

Author affiliations
1Centre for Genetics and Genomics Versus Arthritis, Centre for Musculoskeletal 
Research, Faculty of Biology, Medicine and Health, Manchester Academic Health 
Science Centre, The University of Manchester, Manchester, UK



11Jalali-najafabadi F, et al. BMJ Open 2024;14:e079169. doi:10.1136/bmjopen-2023-079169

Open access

2Population Data Science, Swansea University Medical School, Swansea, UK
3Division of Informatics, Imaging and Data Science, School of Health Science, 
Faculty of Biology, Medicine and Health, University of Manchester, Manchester, UK
4NIHR Manchester Musculoskeletal Biomedical Research Unit, Central Manchester 
NHS Foundation Trust, Manchester Academic Health Science Centre, Manchester, 
UK
5The Healthcare Improvement Studies Institute (THIS Institute), Department of 
Public Health and Primary Care, University of Cambridge, Cambridge, UK

X Farideh Jalali-najafabadi @faridehJalali, Ashley Akbari @AshleyAkbari, Glen Philip 
Martin @glen_martin1 and Niels Peek @NielsPeek

Acknowledgements  The views expressed are those of the authors and not 
necessarily of the NHS, the National Institute for Health Research or the Department 
of Health. The authors would also like to acknowledge all data providers who 
make anonymised data available for research. All research conducted has been 
completed under the permission and approval of the SAIL independent Information 
Governance Review Panel (IGRP) project number 0911. This work uses data 
provided by patients and collected by the NHS as part of their care and support. 
The authors would like to acknowledge all data providers who make anonymised 
data available for research. We also acknowledge help and advice from Dr Salwa S 
Zghebi from School of Health Science, Manchester University, UK.

Contributors  FJ-n: Methodology, software, formal analysis and writing original 
draft. RB: Formal analysis and writing—review and editing. JL: Data curation 
and writing—review and editing. AA, TBD, NA, JR, AW and GPM: Writing—review 
and editing. JB and AB: Supervision and writing—review and editing. RL: Project 
administration and writing—review and editing. NP: Project administration, 
supervision and writing—review and editing.FJ-n had full access to all study 
data, performed all the statistical analyses, supervised by NP and AB and takes 
responsibility for the integrity of the data and the accuracy of data analyses. All 
authors contributed to interpretation of data and revised the paper for important 
intellectual content and agreed on the final version before submission.

Funding  The datasets used in this study were supported by grants cofunded by 
Medical Research Council (MRC) and National Institute for Health Research (NIHR) 
(grant number: MR/S027750/1); and supported by Health Data Research UK (grant 
number: HDR-9006), which receives its funding from the UK Medical Research 
Council, Engineering and Physical Sciences Research Council, Economic and 
Social Research Council, Department of Health and Social Care (England), Chief 
Scientist Office of the Scottish Government Health and Social Care Directorates, 
Health and Social Care Research and Development Division (Welsh Government), 
Public Health Agency (Northern Ireland), British Heart Foundation and the Wellcome 
Trust. This work was supported by the ADR Wales programme of work. The ADR 
Wales programme of work is aligned to the priority themes as identified in the 
Welsh Government’s national strategy: Prosperity for All. ADR Wales brings together 
data science experts at Swansea University Medical School, staff from the Wales 
Institute of Social and Economic Research, Data and Methods (WISERD) at Cardiff 
University and specialist teams within the Welsh Government to develop new 
evidence which supports Prosperity for All by using the SAIL Databank at Swansea 
University, to link and analyse anonymised data. ADR Wales is part of the Economic 
and Social Research Council (part of UK Research and Innovation) funded ADR UK 
(grant ES/S007393/1). This research was partially funded by the NIHR’s Manchester 
Biomedical Research Centre. The views expressed are those of the author(s) and 
not necessarily those of the NHS, the National Institute for Health research or 
the Department of Health and Social Care. The work is supported by the Centre 
for Genetics and Genomics Versus Arthritis (UK grant number 21754). AB is an 
NIHR Senior Investigator. FJ-n’s research is supported by an MRC/University of 
Manchester Skills Development Fellowship (grant number MR/R016615).

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants. Approval for the use 
of anonymised data in this study, provisioned within the Secure Anonymised 
Information Linkage (SAIL) Databank, was granted by an independent Information 
Governance Review Panel (IGRP) under project 0911. The IGRP has a membership 
comprised of senior representatives from the British Medical Association, the 
National Research Ethics Service (NRES), Public Health Wales and Digital Health 
and Care Wales and members of the public. The SAIL Databank is compliant with 
General Data Protection Regulations and the UK Data Protection Act. SAIL provides 

access to deidentified data and, as such, informed consent was not applicable, as 
per NRES guidance. All research was performed in accordance with SAIL Databank 
processes and guidelines and relevant regulations. Participants gave informed 
consent to participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available on reasonable request. The 
data used in this study are available in the SAIL Databank at Swansea University, 
Swansea, UK, but as restrictions apply they are not publicly available. All proposals 
to use SAIL data are subject to review by an independent Information Governance 
Review Panel (IGRP). Before any data can be accessed, approval must be given 
by the IGRP. The IGRP gives careful consideration to each project to ensure proper 
and appropriate use of SAIL data. When access has been granted, it is gained 
through a privacy protecting safe haven and remote access system referred to as 
the SAIL Gateway. SAIL has established an application process to be followed by 
anyone who would like to access data via SAIL at https://www.saildatabank.com/​
application-process.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Farideh Jalali-najafabadi http://orcid.org/0000-0003-4895-4578
Jane Lyons http://orcid.org/0000-0002-4407-770X
Ashley Akbari http://orcid.org/0000-0003-0814-0801
Alan Watkins http://orcid.org/0000-0003-3804-1943
Glen Philip Martin http://orcid.org/0000-0002-3410-9472
Ronan A. Lyons http://orcid.org/0000-0001-5225-000X
Anne Barton http://orcid.org/0000-0003-3316-2527

REFERENCES
	 1	 Wu S-Y, Green A. Projection of Chronic Illness Prevalence and Cost 

Inflation. 18. Santa Monica, CA: RAND Heal, 2000.
	 2	 Buttorff C, Ruder T, Bauman M. Multiple chronic conditions in the 

united states 10, 2017. Available: http://www.rand.org/pubs/tools/​
TL221.html

	 3	 Whitty CJM, MacEwen C, Goddard A, et al. Rising to the challenge of 
multimorbidity. BMJ 2020;l6964. 

	 4	 Barnett K, Mercer SW, Norbury M, et al. Epidemiology of 
multimorbidity and implications for health care, research, 
and medical education: a cross-sectional study. The Lancet 
2012;380:37–43. 

	 5	 Haregu T, Oldenburg B, Setswe G. Perspectives, constructs and 
methods in the measurement of multimorbidity and comorbidity: a 
critical review. The Internet Journal of Epidemiology 2012;10. 

	 6	 Zghebi SS, Steinke DT, Rutter MK, et al. Eleven-year multimorbidity 
burden among 637 255 people with and without type 2 diabetes: a 
population-based study using primary care and linked hospitalisation 
data. BMJ Open 2020;10:e033866. 

	 7	 Palazzo C, Ravaud J-F, Papelard A, et al. The burden of 
musculoskeletal conditions. PLoS One 2014;9:e90633e90633. 

	 8	 Sparks JA, Chang S-C, Liao KP, et al. Rheumatoid arthritis and 
mortality among women during 36 years of prospective follow-up: 
results from the nurses’ health study. Arthritis Care Res (Hoboken) 
2016;68:753–62. 

	 9	 Woolf AD, Pfleger B. Burden of Major Musculoskeletal Conditions. 
Bull. . world health organization, 2003:81. 646–56.

	10	 Ellis BM, Conaghan PG. Reducing arthritis pain through physical 
activity: a new public health, tiered approach. Br J Gen Pract 
2017;67:438–9. 

https://x.com/faridehJalali
https://x.com/AshleyAkbari
https://x.com/glen_martin1
https://x.com/NielsPeek
https://kriya2.kriyadocs.com/proof_review?doi=bmjopen-2023-079169&customer=bmj&project=bmjopen&type=journal
https://kriya2.kriyadocs.com/proof_review?doi=bmjopen-2023-079169&customer=bmj&project=bmjopen&type=journal
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-4895-4578
http://orcid.org/0000-0002-4407-770X
http://orcid.org/0000-0003-0814-0801
http://orcid.org/0000-0003-3804-1943
http://orcid.org/0000-0002-3410-9472
http://orcid.org/0000-0001-5225-000X
http://orcid.org/0000-0003-3316-2527
http://www.rand.org/pubs/tools/TL221.html
http://www.rand.org/pubs/tools/TL221.html
http://dx.doi.org/10.1136/bmj.l6964
http://dx.doi.org/10.1016/S0140-6736(12)60240-2
http://dx.doi.org/10.5580/2cc3
http://dx.doi.org/10.1136/bmjopen-2019-033866
http://dx.doi.org/10.1371/journal.pone.0090633
http://dx.doi.org/10.1002/acr.22752
http://dx.doi.org/10.3399/bjgp17X692633


12 Jalali-najafabadi F, et al. BMJ Open 2024;14:e079169. doi:10.1136/bmjopen-2023-079169

Open access�

	11	 Melton LJ, Cooper EA, Lane AW. Perspective. How many women 
have osteoporosis. 1992;1:5.

	12	 Kanis JA, Johnell O, Oden A, et al. Long-term risk of Osteoporotic 
fracture in Malmö. International. Osteoporosis International 
2000;11:669–74. 

	13	 Dr. Melton LJ, Atkinson EJ, O’Connor MK, et al. Bone density and 
fracture risk in men. J Bone Miner Res 1998;13:1915–23. 

	14	 Taylor AW, Price K, Gill TK, et al. Multimorbidity-not just an older 
person’s issue. results from an Australian BIOMEDICAL study. BMC 
Public Health 2010;10:718:1–10:. 

	15	 Caughey GE, Vitry AI, Gilbert AL, et al. Prevalence of Comorbidity of 
chronic diseases in Australia. BMC Public Health 2008;8:221:1–13:. 

	16	 Vogeli C, Shields AE, Lee TA, et al. Multiple chronic conditions: 
prevalence, health consequences, and implications for quality, care 
management, and costs. J Gen Intern Med 2007;22:391–5. 

	17	 Prados-Torres A, Calderón-Larrañaga A, Hancco-Saavedra J, et al. 
Multimorbidity patterns: a systematic review. Journal of Clinical 
Epidemiology 2014;67:254–66. 

	18	 Diederichs C, Berger K, Bartels DB. The measurement of multiple 
chronic diseases—a systematic review on existing Multimorbidity 
indices. The Journals of Gerontology Series A: Biological Sciences 
and Medical Sciences 2011;66A:301–11. 

	19	 Violan C, Foguet-Boreu Q, Flores-Mateo G, et al. Prevalence, 
determinants and patterns of Multimorbidity in primary care: 
a systematic review of observational studies. PLoS One 
2014;9:e102149. 

	20	 Lowe DB, Taylor MJ, Hill SJ. Cross-sectional examination of 
musculoskeletal conditions and Multimorbidity: influence of different 
thresholds and definitions on prevalence and Association estimates. 
BMC Res Notes 2017;10:51:51:. 

	21	 Salive ME. Multimorbidity in older adults. Epidemiologic Reviews 
2013;35:75–83. 

	22	 Ziade N, El Khoury B, Zoghbi M, et al. Prevalence and pattern of 
Comorbidities in chronic rheumatic and musculoskeletal diseases: 
the Comord study. Sci Rep 2020;10:1–10. 

	23	 England BR, Roul P, Yang Y, et al. Burden and trajectory of 
Multimorbidity in rheumatoid arthritis: a matched cohort study from 
2006 to 2015. Ann Rheum Dis 2021;80:286–92. 

	24	 Lyons RA, Jones KH, John G, et al. The sail Databank: linking 
multiple health and social care Datasets. BMC Med Inform Decis 
Mak 2009;9:3. 

	25	 Ford DV, Jones KH, Verplancke J-P, et al. The sail Databank: building 
a national architecture for E-health research and evaluation. BMC 
Health Serv Res 2009;9:157. 

	26	 Jones C. Gp data - full report (2022-03-30). 2022.
	27	 Metcalfe D, Masters J, Delmestri A, et al. Coding Algorithms for 

defining Charlson and Elixhauser Co-morbidities in read-coded 
databases. BMC Med Res Methodol 2019;19:115. 

	28	 Lyons J, Akbari A, Agrawal U, et al. Protocol for the development 
of the Wales Multimorbidity E-cohort (WMC): data sources and 
methods to construct a population-based research platform to 
investigate Multimorbidity. BMJ Open 2021;11:e047101. 

	29	 Elm E von, Altman DG, Egger M, et al. The strengthening the 
reporting of observational studies in epidemiology (Strobe) 
statement: guidelines for reporting observational studies. BMJ 
2007;335:806–8. 

	30	 Adcock IM, Mumby S. Glucocorticoids. Pharmacol Ther Asthma 
COPD 2016;171–96. 

	31	 Baker JF, Billig E, Michaud K, et al. Weight loss, the obesity paradox, 
and the risk of death in rheumatoid arthritis. Arthritis & Rheumatology 
2015;67:1711–7. 

	32	 England BR, Baker JF, Sayles H, et al. Body mass index, weight loss, 
and cause-specific mortality in rheumatoid arthritis. Arthritis Care & 
Research 2018;70:11–8. 

	33	 Willadsen TG, Bebe A, Køster-Rasmussen R, et al. The role 
of diseases, risk factors and symptoms in the definition of 
Multimorbidity–a systematic review. Scandinavian Journal of Primary 
Health Care 2016;34:112–21. 

	34	 Redeker I, Callhoff J, Hoffmann F, et al. The prevalence and impact 
of Comorbidities on patients with axial Spondyloarthritis: results 
from a nationwide population-based study. Arthritis Res Ther 
2020;22:1–11. 

	35	 Damarell RA, Morgan DD, Tieman JJ. General practitioner strategies 
for managing patients with Multimorbidity: a systematic review 
and thematic synthesis of qualitative research. BMC Fam Pract 
2020;21:131:131:. 

	36	 Rafferty J, Watkins A, Lyons J, et al. Ranking sets of morbidities 
using Hypergraph Centrality. Journal of Biomedical Informatics 
2021;122:103916. 

	37	 Akbari A, Torabi F, Bedston S, et al. Developing a research ready 
population-scale linked data ethnicity-spine in wales. Public and 
Global Health [Preprint] 2022. 

	38	 Payne RA, Mendonca SC, Elliott MN, et al. Development 
and validation of the Cambridge Multimorbidity score. CMAJ 
2020;192:E107–14. 

	39	 Johnston MC, Crilly M, Black C, et al. Defining and measuring 
Multimorbidity: a systematic review of systematic reviews. European 
Journal of Public Health 2019;29:182–9. 

http://dx.doi.org/10.1007/s001980070064
http://dx.doi.org/10.1359/jbmr.1998.13.12.1915
http://dx.doi.org/10.1186/1471-2458-10-718
http://dx.doi.org/10.1186/1471-2458-10-718
http://dx.doi.org/10.1186/1471-2458-8-221
http://dx.doi.org/10.1007/s11606-007-0322-1
http://dx.doi.org/10.1016/j.jclinepi.2013.09.021
http://dx.doi.org/10.1016/j.jclinepi.2013.09.021
http://dx.doi.org/10.1093/gerona/glq208
http://dx.doi.org/10.1093/gerona/glq208
http://dx.doi.org/10.1371/journal.pone.0102149
http://dx.doi.org/10.1186/s13104-017-2376-4
http://dx.doi.org/10.1093/epirev/mxs009
http://dx.doi.org/10.1038/s41598-020-64732-8
http://dx.doi.org/10.1136/annrheumdis-2020-218282
http://dx.doi.org/10.1186/1472-6947-9-3
http://dx.doi.org/10.1186/1472-6947-9-3
http://dx.doi.org/10.1186/1472-6963-9-157
http://dx.doi.org/10.1186/1472-6963-9-157
http://dx.doi.org/10.1186/s12874-019-0753-5
http://dx.doi.org/10.1136/bmjopen-2020-047101
http://dx.doi.org/10.1136/bmj.39335.541782.AD
http://dx.doi.org/10.1007/978-3-319-52175-6
http://dx.doi.org/10.1007/978-3-319-52175-6
http://dx.doi.org/10.1002/art.39136
http://dx.doi.org/10.1002/acr.23258
http://dx.doi.org/10.1002/acr.23258
http://dx.doi.org/10.3109/02813432.2016.1153242
http://dx.doi.org/10.3109/02813432.2016.1153242
http://dx.doi.org/10.1186/s13075-020-02301-0
http://dx.doi.org/10.1186/s12875-020-01197-8
http://dx.doi.org/10.1016/j.jbi.2021.103916
http://dx.doi.org/10.1503/cmaj.190757
http://dx.doi.org/10.1093/eurpub/cky098
http://dx.doi.org/10.1093/eurpub/cky098

	10-­year multimorbidity patterns among people with and without rheumatic and musculoskeletal diseases: an observational cohort study using linked electronic health records from Wales, UK
	Abstract
	Introduction
	Methods
	Data sources
	Patient and public involvement
	Missing data
	Participants
	RMDs cohort
	Non-RMD cohort
	Outcomes

	Statistical analyses

	Results
	Patient population
	Annual prevalence of comorbidities
	Number of comorbidities, age specific, sex specific
	Proportion of patients with two comorbidities
	ORs (95% CI) for associations of RMDs with specific comorbidities in annual cohorts 2010–2019

	Discussion
	Strengths and limitations

	Clinical implications
	Conclusion
	References


