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ABSTRACT
Objectives  To compare the annual and period prevalence 
of modifiable cardiovascular risk factors (MCVRFs) 
between populations with and without osteoarthritis (OA) in 
the UK over 25 years.
Methods  215 190 patients aged 35 years and over from 
the UK Clinical Practice Research Datalink GOLD database 
who were newly diagnosed OA between 1992 and 2017, 
as well as 1:1 age-matched, sex-matched, practice-
matched and index year-matched non-OA individuals, were 
incorporated. MCVRFs including smoking, hypertension, 
type 2 diabetes, obesity and dyslipidaemia were defined 
by Read codes and clinical measurements. The annual 
and period prevalence and prevalence rate ratios (PRRs) 
of individual and clustering (≥1, ≥2 and ≥3) MCVRFs were 
estimated by Poisson regression with multiple imputations 
for missing values.
Results  The annual prevalence of MCVRFs increased in 
the population with OA between 1992 and 2017 and was 
consistently higher in the population with OA compared 
with the population without OA between 2004 and 2017. 
Trends towards increased or stable annual PRRs for 
individuals and clustering of MCVRFs were observed. A 
26-year period prevalence of single and clustering MCVRFs 
was significantly higher in individuals with OA compared 
with non-OA individuals. Period PRRs were higher in 
Southern England, women and increased with age for most 
MCVRFs except for obesity, which has the higher PRR in 
the youngest age group.
Conclusions  A consistently higher long-term prevalence 
of MCVRFs was observed in individuals with OA compared 
to those without OA. The higher prevalence of obesity in 
the youngest age group with OA highlights the need for 
public health strategies. Further research to understand 
MCVRF management in OA populations is necessary.

INTRODUCTION
Osteoarthritis (OA) is the most common joint 
condition and is one of the leading reasons 
for disability in adults.1 In the UK, 8.7 million 
adults aged 45 and over have consulted 
primary care practices for OA between 2004 
and 2010.2 OA is associated with a higher risk 
of cardiovascular disease (CVD).3 4 Recent 

studies have proposed that shared risk factors 
(eg, ageing and obesity) for OA and CVD 
explain some of the increased risk.5 Modifi-
able cardiovascular risk factors (MCVRFs), 
such as smoking, obesity, type 2 diabetes 
mellitus (T2DM), dyslipidaemia and hyper-
tension, are the key targets of prevention 
programmes.6 7 The hypothesis regarding the 
differential clustering of cardiovascular risk 
factors between individuals with OA and those 
without OA is based on factors such as higher 
prevalence of pain and functional limitations 
leading to reduced physical activity,8 increased 
sedentary behaviour,9 comorbidities such as 
obesity and metabolic disorders often asso-
ciated with OA10 and potential influence of 
OA medications on cardiovascular risk factor 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Previous studies have suggested that shown osteo-
arthritis (OA) might share risk factors with cardio-
vascular diseases (CVDs).

	⇒ However, there is a limited research on the long-
term prevalence of modifiable cardiovascular risk 
factors (MCVRFs) in OA populations in the UK.

WHAT THIS STUDY ADDS
	⇒ This study found that individuals with OA have a 
consistently higher long-term prevalence of MCVRFs 
compared with those without OA.

	⇒ The prevalence of obesity in the youngest age group 
with OA was also found to be higher, highlighting the 
need for public health strategies.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study emphasises the necessity for public 
health strategies aimed at addressing the high-
er prevalence of obesity in young individuals with 
OA and suggests that the findings could inform the 
development of targeted interventions and public 
health policies to manage MCVRFs and reduce the 
burden of CVD in this population.
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clustering.11 It is therefore important in understanding 
the pattern and the number of these risk factors with 
OA for formulating tailored preventive strategies and 
management plans. Individual risk factors, including 
obesity, hypertension, dyslipidaemia and diabetes,12–14 
have been reported to be more common, while smoking 
has been reported to be less common in people with OA 
than those without OA.15 16 Based on a recent systematic 
review,17 only a limited number of studies have examined 
the long-term (over 20 years) temporal trend of the prev-
alence of MCVRFs among both populations with and 
without OA and investigated the long-term prevalence 
differences between the two populations, which can only 
be assessed using long-term longitudinal datasets. Such 
studies are crucial for enhancing our understanding of 
MCVRFs profiles and providing valuable insights for opti-
mising CVD prevention strategies in populations with 
OA.

Electronic health records (EHRs) from primary care 
serve as a valuable longitudinal dataset that enables the 
monitoring of long-term trends of the prevalence of 
MCVRFs which are consistently recorded and managed 
in primary care settings. These estimates can be consid-
ered representative of the general population, as a large 
proportion of people (over 98%) are registered with a 
primary care GP in the UK. This provides the opportunity 
to assess MCVRFs in the general practice population and 
patient groups using EHRs from the primary care.18–20

Our aim is to analyse the temporal trend from 1992 to 
2017 (the data availability period for our current study) 
in the prevalence and prevalence rate ratios (PRRs) 
of single and clustering MCVRFs in adults with newly 
diagnosed OA and without. We will consider overall 
trends as well as account for common population-level 
confounders (age and sex) and geographical region due 
to regional coding variations and geographical depriva-
tion at primary care settings.21

METHODS
Study population
In this study, matched retrospective cohorts were 
extracted from the Clinical Practice Research Datalink 
(CPRD) GOLD. The CPRD GOLD database contains 
anonymous EHR data of 11.3 million patients registered 
at 674 UK general practices, starting from 1987 to the 
present day.21 The database covers patients from the first 
until their last visit to a general practice contributing data 
to the CPRD. Eligible participants for this study were newly 
diagnosed OA individuals aged 35 and above between 1 
January 1992 and 31 December 2017 with complete and 
up-to-standard (UTS) data and registered in the CPRD 
for at least 3 years prior to the incident OA diagnosis. The 
UTS date, calculated for each participating practice, is a 
practice-based quality metric that determines the latest 
date at which practices meet minimum quality criteria 
based on the continuity of recording and the number of 
recorded deaths.21 An incident OA individual was defined 

as those with the first OA (defined by Read Codes; acces-
sible at https://www.keele.ac.uk/mrr/) consultation in 
each calendar year and without a recorded OA diagnosis 
within 3 years prior to the consultation. The selection of 
eligible participants is presented in online supplemental 
figure 1.

Each patient with OA was matched with one non-OA 
individual based on age (35–44, 45–54, 55–64, 65–74, 85 
years and over), sex and registered practice, using the 
risk set sampling method.22 The date of the incident OA 
diagnosis was defined as the index date, and non-OA 
individuals were assigned the same index date without 
any OA consultation in the 3 years prior to it. Patients 
with OA or non-OA individuals who were transferred out 
or died before the index date were excluded.

Definition of MCVRFs
Current smoking, hypertension and T2DM, recorded 
prior to the index consultation of each study participant, 
were identified using Read codes (available at https://
www.keele.ac.uk/mrr/). Individuals without records of 
smoking status, hypertension diagnosis or T2DM diag-
nosis were considered as never smoked, non-hypertensive 
and non-diabetes, respectively. Obesity was identified 
using a body mass index (BMI)≥30 kg/m2.23 Dyslipi-
daemia was identified using a high total cholesterol level 
(≥5 mmol/L), high triglyceride level (≥1.7 mmol/L) or 
low HDL cholesterol level (<1.0 mmol/L for men and 
<1.2 mmol/L for women). The nearest BMI or lipid 
assessment to the index date was used when more than 
one measurement was recorded within 3 years before the 
index consultation.

The use of clinical measurements, such as body weight, 
height and lipid profiles, instead of relying solely on 
Read codes, improves the accuracy and sensitivity in 
defining obesity and dyslipidaemia prevalence, providing 
a more reliable representation of these risk factors in the 
underlying population. Individuals who had clustering of 
MCVRFs were defined as those with a record of at least 
one (≥1), two (≥2) or three (≥3) MCVRFs within 3-year 
prior to the index consultation.

Statistical analyses
Both period and annual prevalence were estimated to 
provide insights into the overall proportion of individuals 
with the specific CVRF over the study period and to assess 
the temporal trend of the proportion of individuals with 
the specific CVRF in each calendar year. The annual and 
period prevalence of single and clustering of MCVRFs 
were estimated with 95% CI by Poisson regression for 
the populations with and without OA between 1992 and 
2017. To estimate the relative difference in the prevalence 
between the OA and non-OA populations during the 
specific periods (1 year for annual prevalence and 26 year 
for period prevalence) from 1992 to 2017, we calculated 
the annual and period PRRs using Poisson regressions. 
The PRRs represent the ratio of the prevalence in the OA 
population to the prevalence in the non-OA population. 

https://www.keele.ac.uk/mrr/
https://dx.doi.org/10.1136/rmdopen-2023-003298
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We considered overall trends as well as accounted for 
common population-level confounders (age and sex) and 
geographical regions due to regional coding variations 
and geographical deprivation at primary care settings.21 
Stratified analyses for period prevalence and PRRs by age 
groups (35–44, 45–54, 55–64, 65–74, 75–84, 85 and over), 
sex and UK geographical regions (North East, North 
West, Yorkshire and The Humber, East Midlands, West 
Midlands, East of England, South West, South Central, 
London, South East Coast, Northern Ireland, Scotland, 
Wales) were conducted. The missing data in BMI and 
lipid assessment was imputed by multiple imputations 
using chained equations.24 Based on the worst scenario 
of 11% of patients with 1 more missing data, 11 imputed 
datasets were created for multiple imputations with the 
chained equation, and estimations were made by Robin’s 
rule.24 Stata MP V.17.0 (Stata Corporation, College 
Station, Texas, USA) was used for data management and 
statistical analyses.

RESULTS
Between 1992 and 2017, 215 190 newly diagnosed 
patients with OA aged 35 and over were included in this 
study alongside 1:1 matched non-OA individuals (online 
supplemental figure 1). The demographic characteristics 
of OA and matched non-OA cohorts were presented in 
table 1. The mean age of OA population was 62.62±11.53 
years and that of non-OA population was 62.41±11.87 
years. Matched OA and non-OA populations had the 
same percentage of women (64.79%), in each geograph-
ical region, and each index year (online supplemental 
table S1).

Annual prevalence and PRR of MCVRFs
The annual prevalence of certain risk factors exhibited 
an upward trend throughout the study period in both the 
OA and non-OA populations. In the OA population, the 
prevalence of current smoking increased from 18.34% in 
1992 to 23.75% in 2017, while in the non-OA population, 
it rose from 12.60% to 21.72%. Hypertension prevalence 
showed an increase from 28.18% to 38.35% in the OA 
population and from 21.55% to 27.18% in the non-OA 
population. T2DM prevalence rose from 1.99% to 
11.72% in the OA population and from 3.54% to 8.17% 
in the non-OA population. Dyslipidaemia prevalence 
increased from 50.83% to 68.24% in the OA population, 
whereas it remained relatively stable around 51.93% in 
the non-OA population. Obesity prevalence witnessed an 
increase from 27.73% to 39.12% in the OA population 
and from 20.11% to 29.92% in the non-OA population. 
The prevalence of having ≥1 MCVRFs rose from 75.91% 
to 89.00% in the OA population and remained constant 
at 75.91% in the non-OA population. Similarly, having 
≥2 MCVRFs increased from 38.34% to 57.84% in the OA 
population and from 27.96% to 43.23% in the non-OA 
population. The prevalence of having ≥3 MCVRFs expe-
rienced an increase from 11.27% to 26.42% in the OA 

population and from 10.06% to 19.13% in the non-OA 
population (figure 1).

A consistent increasing trend in PRRs was observed 
between 1992 and 2017 for certain risk factors. Hyperten-
sion showed an increase from 1992 (PRR: 1.31) to 2017 
(PRR: 1.41). T2DM exhibited an increase from 1992 
(PRR: 0.56) to 2017 (PRR: 1.43). Dyslipidaemia showed 
an increase from 1992 (PRR: 0.98) to 2017 (PRR: 1.32). 
The PRRs for having ≥1 MCVRFs increased from 1992 
(PRR: 1.09) to 2017 (PRR: 1.27). Having ≥2 MCVRFs 
increased from 1992 (PRR: 1.37) to 2017 (PRR: 1.34). 
Having ≥3 MCVRFs increased from 1992 (PRR: 1.12) to 
2017 (PRR: 1.38). The PRR for T2DM remained rela-
tively stable throughout the period, with values of 1.38 
in 1992 and 1.31 in 2017. However, the PRR for current 
smoking decreased from 1992 (PRR: 1.46) to 2017 (PRR: 
1.09) (figure 2).

Period prevalence and PRR of MCVRFs
Over the 26-year study period (1992–2017), the prev-
alence rates were estimated as follows in the OA 

Table 1  Demographical characteristics of the study 
participants

Osteoarthritis Non-osteoarthritis

Patients, n 215 190 215 190

Age

 � Mean±SD years 62.62±11.53 62.41±11.87

 � 35–44, n (%) 11 360 (5.28) 11 360 (5.28)

 � 45–54, n (%) 43 852 (20.38) 43 852 (20.38)

 � 55–64, n (%) 69 988 (32.52) 69 988 (32.52)

 � 65–74, n (%) 53 631 (24.92) 53 631 (24.92)

 � 75–84, n (%) 31 030 (14.42) 31 030 (14.42)

 � 85+, n (%) 5329 (2.48) 5329 (2.48)

Sex, n (%)

 � Women 139 426 (64.79) 139 426 (64.79)

 � Men 75 764 (35.21) 75 764 (35.21)

Region, n (%)

 � North East 4593 (2.13) 4593 (2.13)

 � North West 27 200 (12.64) 27 205 (12.64)

 � Yorkshire and The 
Humber

9277 (4.31) 9275 (4.31)

 � East Midlands 8960 (4.16) 8957 (4.16)

 � West Midlands 22 256 (10.34) 22 250 (10.34)

 � East of England 18 103 (8.41) 18 101 (8.41)

 � South West 18 251 (8.48) 18 249 (8.48)

 � South Central 20 656 (9.60) 20 655 (9.60)

 � London 15 763 (7.33) 15 767 (7.33)

 � South East Coast 19 290 (8.96) 19 294 (8.97)

 � Northern Ireland 6430 (2.99) 6434 (2.99)

 � Scotland 20 521 (9.54) 20 519 (9.54)

 � Wales 23 890 (11.10) 23 891 (11.10)

https://dx.doi.org/10.1136/rmdopen-2023-003298
https://dx.doi.org/10.1136/rmdopen-2023-003298
https://dx.doi.org/10.1136/rmdopen-2023-003298
https://dx.doi.org/10.1136/rmdopen-2023-003298
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population: 24.07% for current smoking, 37.45% for 
hypertension, 8.44% for T2DM, 37.00% for obesity, 
68.33% for dyslipidaemia, 88.59% for having ≥1 MCVFR, 
56.32% for having ≥2 MCVRFs and 23.85% for having ≥3 
MCVRFs. In the non-OA population, the prevalence rates 
were estimated as follows: 18.66% for current smoking, 
27.67% for hypertension, 7.61% for T2DM, 28.39% for 
obesity, 57.13% for dyslipidaemia, 74.32% for having ≥1 
MCVRFs, 42.12% for having ≥2 MCVRFs and 17.12% for 
having ≥3 MCVRFs (table 2).

The PRR over the 26-year period was estimated as 
follows: 1.29 for current smoking, 1.35 for hypertension, 
1.11 for T2DM, 1.30 for obesity, 1.20 for dyslipidaemia, 

1.19 for having ≥1 MCVRF, 1.34 for having ≥2 MCVRFs 
and 1.39 for having ≥3 MCVRFs (figure 3).

The period prevalence of single and clustering of 
MCVRFs was higher in Northern English regions and 
Scotland for both the OA and non-OA populations 
(online supplemental table S2). Within each geograph-
ical region, the OA population had a higher period prev-
alence of single and clustering of MCVRFs compared 
with the non-OA population (table 3). Higher PRRs were 
more likely to be found in Southern regions, mainly 
due to the lower prevalence of single and clustering of 
MCVRFs in the non-OA populations in those regions 
figure 4(table 3).

Figure 1  Annual prevalence of modifiable cardiovascular risk factors in osteoarthritis and non-osteoarthritis populations 
between 1992 and 2017 in the UK. The black circle lines indicate estimations for the osteoarthritis population; the grey triangle 
lines indicate estimations for non-osteoarthritis populations. MCVRFs, modifiable cardiovascular risk factors.

https://dx.doi.org/10.1136/rmdopen-2023-003298
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The sex–age-stratified period prevalence of single and 
clustering of MCVRFs revealed that higher prevalence 
was found in females of the elder age group (≥65 years) 
(online supplemental figure S2). The higher PRR of 
single and clustering of MCVRFs was found in women 
and the PRR increased with age for most single and clus-
tering of MCVRFs, as the highest PPR was found in the 
eldest age group (age≥85 years). For obesity, the PRR 
decreased with age and the highest PRR was found in the 
youngest age group (age 35–44 years) (online supple-
mental figure S3).

DISCUSSION
Our study, based on a large-matched cohort from the UK 
primary care database, shows that the annual prevalence 
of single and clustering MCVRFs significantly increased 
from 1992 to 2017 in both the population with OA and 
the matched non-OA population. This trend is seen in 
both men and women over the age of 35 and in all UK 
regions. The higher prevalence of MCVRFs in the OA 
population compared with the non-OA population was 
consistent over 26 years, ranging from an 11% differ-
ence for hypertension to a 39% difference for having 3 
or more MCVRFs. The difference was higher in women 
and increased with age for most MCVRFs, but the largest 
difference for obesity was found in the youngest age 
group. The relative difference in prevalence varied 
among UK regions, with the highest difference seen in 
Southern England regions. This potentially reflects a 
lower prevalence of MCVRFs in the non-OA population 
(part of the general population) comparing with those in 
the Northern England regions and Scotland.

The prevalence of smoking in the OA population has 
been previously reported; however, few studies have 
compared the prevalence between OA and non-OA 
populations. In a study conducted by Leyland et al, the 
period prevalence of current smoking was found to be 
12.5% among individuals with knee OA, with a mean age 
of 68 years, in Catalonia, Spain between 2006 and 2011.25 
However, the estimate from our current study, which 
used a longer prevalence period of 26 years compared 
with their 6-year period, indicates a significantly higher 
prevalence of smoking at 24.07%. This difference can 
be attributed to the extended time frame examined in 
our study. The higher prevalence of smoking in the OA 
cohort suggests a possible lower socioeconomic status 
(SES), as smoking has long associated with lower SES.26 
The persistent higher disparity in smoking prevalence 
between OA and non-OA populations, particularly 
among women across age groups, highlights the need to 
address lifestyle factors among women with OA. Although 
the causal relationship between smoking and OA has not 
been definitively established,27 it is important to consider 
implementing stop-smoking services in accordance with 
guidelines28 and promoting smoking cessation through 
public health campaigns29 for populations with OA. 
This is crucial due to the well-known strong association 

Figure 2  Annual prevalence rates ratio for single and 
clustering of modifiable risk factors between osteoarthritis 
and non-osteoarthritis populations in the UK between 1992 
and 2017. MCVRF, modifiable cardiovascular risk factor; 
PRR, prevalence rate ratio.

https://dx.doi.org/10.1136/rmdopen-2023-003298
https://dx.doi.org/10.1136/rmdopen-2023-003298
https://dx.doi.org/10.1136/rmdopen-2023-003298
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between smoking and adverse cardiovascular outcomes 
and mortality.30

The higher period prevalence of certain MCVRFs in 
individuals consulting for OA observed in this study 
is consistent with previous findings. Furthermore, the 
current study revealed consistent patterns in subgroups 
defined by sex, age and geographical regions. Previous 
studies, using primary care EHRs, have consistently 
demonstrated a higher prevalence of obesity, hyperten-
sion, diabetes and dyslipidaemia among individuals with 
OA compared with those without OA.31–33 These risk 
factors are considered to be shared between OA and CVD. 
Notably, obesity, a primary risk factor for knee and hip 
OA, along with the presence of hypertension, alterations 

in lipid profile, blood glucose levels and the use of OA 
medications such as non-steroidal anti-inflammatory 
drugs, collectively contribute to the inflammatory 
milieu underlying both OA and CVD.5 13 34 Particularly 
concerning is the significant disparity in obesity preva-
lence between individuals with OA and those without 
OA in the youngest age group (35–44 years) for both 
men and women. This finding raises concerns regarding 
future health and economic burdens, as well as the poten-
tial impact on healthy life expectancy and increased 
CVD risk.35 These observations align with the overall 
increased prevalence of obesity among young individuals 
due to the higher prevalence of sedentary lifestyles and 
unhealthy dietary habits in recent decades.36 The higher 

Table 2  Period prevalence of single and clustering of modifiable cardiovascular risk factors in OA and non-OA samples in the 
UK between 1992 and 2017

Risk factor

OA Non-OA

Prevalence (95% CI), % Prevalence (95% CI), %

Current smoking 24.07 (23.89 to 24.25) 18.66 (18.50 to 18.83)

Hypertension 37.45 (37.25 to 37.66) 27.67 (27.49 to 27.86)

Type 2 diabetes mellitus 8.44 (8.32 to 8.56) 7.61 (7.50 to 7.72)

Obesity 37.00 (36.80 to 37.21) 28.39 (28.20 to 28.58)

Dyslipidaemia 68.33 (68.13 to 68.52) 57.13 (56.92 to 57.34)

Having ≥1 risk factors 88.59 (88.46 to 88.73) 74.32 (74.13 to 74.50)

Having ≥2 risk factors 56.32 (56.11 to 56.53) 42.12 (41.91 to 42.33)

Having ≥3 risk factors 23.85 (23.67 to 24.03) 17.12 (16.96 to 17.28)

OA, osteoarthritis.

Figure 3  Period prevalence rates ratio for single and clustering of modifiable risk factors between osteoarthritis and non-
osteoarthritis populations in the UK between 1992 and 2017. CVRF, cardiovascular risk factor; PRR, prevalence rate ratio.
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obesity rate observed in young individuals with newly 
diagnosed OA may be attributed to the shared biolog-
ical link between obesity and OA.37–39 Thus, it is crucial 
to implement more robust public health strategies, such 
as promoting healthy eating habits40 and reducing the 
accessibility of fast food, specifically targeting the young 
population with early-onset OA.41

There do not appear to be previous reports of the 
temporal trends of MCVRFs in individuals with OA using 
primary care EHRs. In general populations, the preva-
lence of MCVRFs such as obesity, diabetes and hyperten-
sion is increasing in the UK.42 The current study showed 
an increase in the prevalence of MCVRFs in both indi-
viduals with and without OA over the study period. This 
study is the first to report the difference in the preva-
lence of MCVRFs between individuals with and without 
OA and revealed an increasing gap in hypertension, 
T2DM, dyslipidaemia and the clustering of MCVRFs. The 
temporary increase in the annual prevalence of T2DM 
in individuals consulting for OA in 2004 found in this 
study is likely due to the Quality and Outcomes Frame-
work, an incentive scheme introduced in the same year 
to improve the identification of clinical conditions in the 
primary care.43 The continued increase in the prevalence 
ratio of T2DM between individuals with and without OA 
throughout the study period raises concerns that there 
may be a further increase in the burden of T2DM and a 
resulting increase in the risk of CVD in the UK popula-
tion with OA.

Postmenopausal women face an increased risk of 
CVD due to hormonal factors that decrease the cardi-
oprotective effects of oestrogen, as well as an increased 
likelihood of obesity, dyslipidaemia and hypertension.44 
These factors are shared pathways with OA.37–39 Notably, 
the larger disparity in the prevalence of having three 
or more MCVRFs between women with OA and those 
without across age groups in women, compared with 
men, highlights the gender-specific nature of this issue. It 
emphasises the need to address the clustering of MCVRF 
in women with OA. Therefore, it is essential to consider 

targeted public health promotion initiatives aimed at 
improving lifestyle factors specifically for women with 
OA.

Geographic inequalities in CVD risk, characterised by 
a pronounced North–South gradient, have been high-
lighted in previous studies in the UK. This gradient 
reflects disparities in the quality of local services (such as 
coding behaviour at primary care settings) and the preva-
lence of CVD risk factors.45 Certain CVD risk factors such 
as hypertension and obesity demonstrate higher preva-
lence in areas of socioeconomic deprivation. Additionally, 
a North–South divide is observed in the UK, with higher 
rates of these risk factors in the North of England (North 
East, North West and Yorkshire and Humber) and Scot-
land compared with the South of England (South West, 
South East and London).46 This North–South divide 
was also observed in populations with OA, exhibiting a 
higher prevalence of MCVRFs in the Northern regions. 
Socioeconomic deprivation might increase not only the 
risk factors but also the incidence of CVD in populations 
with OA through its impact on education, income, health 
services access and resource availability.47 However, the 
regional data used in this study may miss important vari-
ations in deprivation at a smaller area level. For example, 
the North West of England includes both affluent and less 
affluent rural areas, with diverse populations.46 Further 
studies using data at a smaller area level are needed to 
better understand whether cardiovascular risk factors are 
influenced by socioeconomic deprivation in populations 
with OA.

The study findings had potential limitations. First, this 
study did not include some MCVRFs such as physical 
inactivity, drinking and an unhealthy diet. However, this 
study covered five common modifiable risk factors with 
advantages in the completeness of recording and being 
managed in the primary care setting. This provides the 
basis for the assessment of healthcare needs for MCVRF 
treatment. Second, there was a lack of validation of each 
MCVRF in people with and without OA specifically. No 
resource was available to check for misclassification and 

Figure 4  Period prevalence rates ratio of single and clustering of modifiable cardiovascular risk factors in osteoarthritis and 
non-osteoarthritis populations in the UK between 1992 and 2017
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whether it is differential or not. Third, a common issue 
related to selection bias in EHR-based studies was also 
highly likely in the current study. The non-OA individ-
uals were those who consulted primary care for non-OA 
reasons and might be less healthy than the general popu-
lation. This might lead to an underestimated difference 
in the prevalence of MCVRFs between people with OA 
and non-OA. Fourth, the PRR reported here should 
not be used to indicate the causality between OA and 
MCVRFs as it can only tell the prevalence difference 
between people with and without OA and there was no 
temporal sequence of OA and MCVRF in the current 
study. Although matching was used in the current study, 
there remained unmeasured confounders (eg, genetics, 
lifestyles, environmental factors) that could explain 
the difference in the prevalence of MCVRFs between 
people with OA and non-OA. Fifth, previous studies have 
revealed the high specificity48 and low sensitivity49 of OA 
diagnosis in primary care records, which may result in 
some misclassification, primarily affecting the non-OA 
population. Finally, comparisons of prevalence estimates 
and PRRs between regions and years might be treated 
with caution due to the differences in various potential 
confounders (eg, age and sex distribution, socioeco-
nomic deprivation, completeness of recording) that 
could influence the occurrence of MCVRFs between 
regions and calendar years.

CONCLUSION
In conclusion, the study found that people with newly 
diagnosed OA had a consistently higher annual preva-
lence of individual and clustering of MCVRFs compared 
with those who did not consult for OA, especially between 
2004 and 2017. This difference was seen in various age 
groups, gender and regions. The increasing gap in the 
prevalence of MCVRFs between the two groups under-
scores the importance of primary care providers assessing 
and treating CVD risk factors in line with current guide-
lines for patients with OA. Further research is needed to 
understand the influence of socioeconomic factors on 
CVD risk in OA populations and to determine the clin-
ical effectiveness, cost-effectiveness and acceptability of 
potential preventive care strategies.
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