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Abstract 

The University of Manchester 

Candidate name: Ruth E Costello 

Degree title: PhD by published works 

Title of thesis: The use of digital data to investigate the management of rheumatoid 
arthritis 

Year: 2021 

Increasingly there are large amounts of digital data that can be harnessed for 
epidemiological research. The theme of this thesis is to describe how digital data, in 
particular electronic health records (EHR) and data collected through an online 
health community, can be used to answer questions about the management of 
rheumatoid arthritis (RA). These two data sources have different strengths - EHRs 
produce large longitudinal datasets representing the whole of the UK and can be 
linked to other administrative datasets. For bespoke surveys, collecting data through 
an online health community is a quick and efficient method to identify issues 
important to patients.  Both have limitations that need addressing through careful use 
of epidemiological techniques. 

This thesis presents seven studies that highlight these methodological challenges 
focused on two interventions used to manage RA: vaccinations and glucocorticoids. 
Primary care EHR data was used to estimate influenza and pneumococcal 
vaccination uptake the UK (publication 1) and timing of pneumococcal vaccination in 
relation to starting disease-modifying anti-rheumatic drugs (publication 2), where the 
main challenges addressed were related to misclassification. EHR data was used to 
answer questions related to adverse outcomes associated with glucocorticoids: 
mortality, overall (publication 3) and in people with comorbid type 2 diabetes mellitus 
(publication 4), and hypertension (publication 5). These studies required careful 
preparation of drug data to correctly attribute risk and consideration of biases such 
as peri-mortal bias and surveillance bias. Data collected through an online health 
community measured patient perspectives of glucocorticoid side effects (publication 
6) and the challenge of representativeness of responders was directly addressed 
through capturing the characteristics of patients with RA and comparing them to 
patients with RA identified using EHR data to understand the representativeness of 
online health community responders (publication 7).   

The studies highlighted important clinical issues: 1) vaccination uptake was not 
occurring as guidelines recommend, 2) glucocorticoid use was associated with 
increased risk of mortality and hypertension, 3) the glucocorticoid side effects of 
importance to patients are not frequently researched and  4) patients recruited 
through online health communities represent a younger and more diverse RA 
population. The thesis shows how digital data can be used, to successfully address a 
variety of previously unanswered questions, related to different aspects of RA 
management, using methods applicable to the investigation of other chronic 
diseases.  
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publications submitted give evidence. 

 

Chapter 1: Introduction 

1.1 Thesis overview 

This thesis will present seven studies with the theme of using digital data to answer 

questions around the management of rheumatoid arthritis (RA). Five of the studies 

presented use a research database derived from electronic health records (EHR) and the 

final two use an online health community to collect survey data. Within the thesis, I will 

discuss where my work fits in the current literature, the methodological challenges of using 

these types of data and how I overcame some of these challenges within my studies. The 

work presented in this thesis was completed while working as a research assistant in the 

Centre for Epidemiology so has also been shaped by the needs of the Centre. While the 

research questions may be less explicitly connected compared to a thesis planned from the 

start, there are consistent and recurring themes of digital data methods and RA treatments. 

1.2 Chapter overview 

This chapter will introduce digital data, its opportunity and use as a data source within 

epidemiology and methodological challenges of using these types of data. I will then 

introduce the subject area of RA, describing the disease itself and treatments used. I will 

finish with the overall aim of the thesis. 

1.3 The use of digital data in epidemiological studies 

Epidemiology is defined as “the study of the distribution and determinants of health-related 

states or events in specified populations and the application of this study to control of health 

problems” [1]. Studies within this field are broadly described as either interventional or 

observational. Interventional studies assign patients to a specific intervention such as a 
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medication or a non-pharmacological therapy, and outcomes are measured. Observational 

studies observe people without intervening. There are benefits and drawbacks to both types 

of study.  

Interventional studies, such as randomised controlled trials (RCT) are essential for 

determining medication efficacy. Efficacy refers to how well an intervention works in ideal 

conditions. In RCTs, patients who meet study inclusion criteria are randomised to receive 

either the treatment under study or comparator, and outcomes are compared. 

Randomisation results in the balancing of characteristics, measured and unmeasured, 

allowing causal conclusions. The results of these studies provide evidence for licensing 

drugs. The major limitations of RCTs are: 1) the studies often use a specific population, 

although they will all have the disease of interest there are often restrictions on age and 

comorbidities, this means results may not generalise to all people with the disease of 

interest, 2) the studies usually have a short duration, which is not long enough to identify 

longer-term side effects and 3) the studies usually lack the power to study rare adverse 

events. 

Observational epidemiology studies are essential to help answer questions arising due to 

these limitations, and determining medication effectiveness. Effectiveness refers to how well 

an intervention works in real-world conditions. The study designs frequently used are cross-

sectional studies, case-control studies and cohort studies. Cross-sectional studies observe 

people at one point in time. Cohort and case-control studies observe people over time. In 

case-control studies, people with the outcome of interest are identified as the cases and then 

matched to controls (i.e. those without the outcome), on factors such as age and gender. 

Exposures are usually identified retrospectively, and associations with the outcome of 

interest are measured. This is not the case for nested case-control studies where a case-

control study is nested within a cohort study, therefore exposures are measured 

prospectively. Cohort studies identify patients who meet eligibility criteria related to the 

exposure, for example being prescribed a specific treatment of interest or diagnosed with a 
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specific disease, and they are followed up for outcomes [1]. Cohort studies may be 

prospective, where people with particular exposures are followed up over time. These types 

of studies have the advantage of not relying on recall. However, they can take a long time to 

complete as follow-up can be many years, resulting in high costs. Cohort studies can also be 

retrospective, where historical data is used and people meeting eligibility criteria in the past 

are identified and then followed up to the present time. This reduces the length of time to 

complete the study and associated costs.  

1.3.1 Pharmacoepidemiology 

This thesis will mainly focus on pharmacoepidemiology. This is defined as “the study of the 

use and effects of drugs used in large numbers of people” [2]. Studies within this field are 

focused specifically on medications, for example they may be interested in how frequently 

specific medications are used, or the side effects, or long-term effects, of different 

medications. Cohort studies and registries are particularly useful in this context, however it 

can be difficult to recruit large numbers of people to prospective studies, particularly for rare 

diseases.  

1.3.2 Where does digital data fit?  

Various forms of digital data can be used in epidemiology. They include digital records of our 

interactions with the health services, data from digital devices where we track our lifestyle, 

and social media and online forums where we discuss our health and concerns. Data from 

these sources may already be collected and then repurposed for research, or the data 

source may enable specific data to be collected for a study in a more efficient manner. I will 

focus on the data sources used in the studies in this thesis, firstly digital data already 

collected in the form of databases of routinely collected health data and then using a digital 

data source to enable specific data collection.   
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1.4 Databases of routinely collected health data 

Databases of routinely collected health data fall into two main types: 1) insurance claims and 

administrative data, and 2) databases derived from EHR data. Claims data refers to 

insurance claims databases such as Medicare [3]. These contain details of interactions with 

the health services and details of therapies, including the prescribed medications, for the 

purposes of billing. This type of data comes from countries, such as the United States, 

where the health system is funded through insurance. Administrative data refers to data 

recording interactions with public services, for examples educational attainment in schools 

and notifications of births and deaths. EHRs are routinely collected data recording patient’s 

interactions with health services. These usually replace paper medical records and may 

contain information from consultations, such as symptoms and diagnoses, results of tests 

and prescriptions of medications. Research databases are available that are derived from 

this data. These types of database can be linked to administrative databases, such as 

notifications of deaths, to enhance the data.  

The next sections will focus on research databases derived from EHRs in the UK. I will first 

set the scene by describing the healthcare service in the UK. 

 1.4.1 The healthcare system in the UK 

The UK has a government funded National Health Service (NHS) which covers all 

healthcare and can be considered a “cradle to grave” service. It is structured with a primary 

care service provided by general practitioners (GPs), who act as gatekeepers for the service 

and are the first point of contact. They provide general medical care and make referrals to 

secondary care. Secondary care provides specialist care, usually in hospitals in either an 

outpatient or inpatient setting. If a condition is very complex or rare, a patient may be 

referred from secondary care to tertiary care. Tertiary care usually takes place in specialist 

hospitals. 
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1.4.2 Research databases derived from electronic health records in the UK 

Research databases in the UK are usually derived from primary care EHR data, often with 

linkage to secondary care and administrative data and are pseudo-anonymised. There are 

different databases dependent on the software used by the practice, at the time of writing 

this thesis the biggest research database is the Clinical Practice Research Datalink (CPRD). 

There are two parts to this database, CPRD GOLD contains data derived from EHRs, for GP 

practices using specific software called Vision [4]. CPRD Aurum is a newer database that 

contains data derived from EHR for practices using a software package called EMIS web [5]. 

These both contain data on all interactions with the GP including family history, diagnoses, 

symptoms, prescriptions, immunisations and referrals. Other UK research databases based 

on primary care EHRs include THIN and QRESEARCH, which are very similar to CPRD, 

where the databases are based on data GP practices using EMIS and Vision software 

(THIN) [6] and EMIS alone (QRESEARCH) [7]. The Phoenix Partnership (TPP) are another 

UK primary care data provider, where data comes from GP practices using Systmone 

software [8]. TPP has the advantage of linkage to UK Biobank, a prospective cohort study of 

over 500,000 participants, that contains a wide range of data, often not available within 

primary care records [9]. For each of the databases, after study approval, the researcher 

downloads a subset of the data, based on their study population, for analysis within their 

own data environment. Another UK database that has been recently been developed in 

collaboration with TPP is OpenSAFELY [10]. This uses a different model, where the data 

remains within the secure OpenSAFELY data centre and is analysed there. This reduces the 

risks associated with data leaving the secure data environment and allows analysis to be 

performed on up to date records in a timely manner. The database was developed during 

the COVID-19 pandemic to allow rapid analysis of data.  

1.4.3 Data recording 

Most clinical details, such as diagnoses and symptoms are recorded as Read codes. Read 

codes are a coding system used in primary care, developed by Dr James Read in the 
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1980’s. These codes enable detailed coding of clinical observations and symptoms, and 

other aspects such as occupation, lifestyle indicators such as smoking, social circumstances 

and ethnicity. When certain codes are entered into the system that indicate a measurement 

has been taken, for example blood pressure, the user will be prompted to enter details of the 

measurement. There is also the facility to make detailed notes in the form of free text, 

however this is not available within research databases due to confidentiality, as the text 

may contain, for example, the patient’s name. Prescribed medications are recorded using a 

Gemscript Drug Dictionary and described as product codes, where generic and branded 

products at different doses can be prescribed. De-identified data from the EHR are collected 

and processed, forming the research database.  

1.4.3 Linking databases 

These research databases can be linked to a variety of other datasets, for more 

comprehensive information that may not be available in primary care records. Commonly 

seen linkages are linkage to various Hospital Episode Statistics (HES) data providing 

information about secondary care such as hospital admissions and outpatient appointments 

[11]. Within HES, datasets diagnoses are recorded as ICD-10 codes, an internationally 

recognised disease classification system. Linkage to Office for National Statistics (ONS) 

death registration data provides more comprehensive mortality data than is otherwise 

available, including date and cause of death. The linkages available are dependent on the 

research database provider. 

1.5 Using a digital data source for data collection 

Although research databases contain large amounts of data, there are questions that cannot 

be answered using this data source. To study aspects of healthcare that are not captured in 

health records, such as patient perspectives, it is possible to identify patients that appear in a 

research database, and ask them to answer a bespoke questionnaire. However, as 

researchers do not have direct access to patients, the study must be run through the 

database provider and relies on practices agreeing to take part and uptake has been lower 
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than expected in previous studies [12]. Alternatively, researchers could go to a hospital or 

GP clinics to directly recruit patients, or ask clinicians to recruit patients, but both options are 

again time-consuming and resource-intensive. Furthermore, recruitment from a small 

number of sites can introduce selection bias resulting in an unrepresentative sample. If the 

survey needed completing at more than one time point, this would be even more difficult. 

Online recruitment is one way to have quick, inexpensive access to a large number of 

patients for surveys that a person can self-complete, and using social media is a way to 

target a population. Studies have evaluated the use of generic social media such as 

Facebook and Twitter to recruit participants [13,14] and found them effective at recruiting a 

large number of patients and inexpensive. A less frequently used resource are online health 

communities.    

Online health communities are websites where patients with the same condition can discuss 

issues and experiences related to their health condition; this is termed peer-to-peer support 

[15]. In 2013, it was estimated 1 in 4 people specifically seek health information from other 

people with the same condition [16]. In 2018, it was estimated that 54% of the UK population 

looked online for health-related information [17]. These platforms provide quick and 

inexpensive access to a large number of patients for surveys and recruitment can target 

people living with a particular disease more easily than generic social media platforms.  

1.6 Pharmacoepidemiology using digital data 

Studying pharmacoepidemiology involves studying 1) the use and 2) the effects of drugs.  

1.6.1 Drug utilisation 

When studying drug use, researchers may want to understand drug prescribing across a 

population, this type of study would fall under the category of a drug utilisation study. To 

study drug utilisation researchers may be reliant on surveys or audits within a single centre 

or across a number of centres. These types of studies are time-consuming, they may not 

give a full picture across the country and it may be difficult to measure trends over time. 
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Drug utilisation studies using research databases allow measurement of drug utilisation 

across a country, rather than in a specific centre. As data are usually available over a long 

period, it allows the measurement of trends over time.  

1.6.2 Drug safety 

As described earlier clinical trials are not usually long enough to identify all side effects of 

medications. Prospective studies such as registries can provide insights into drug safety, 

however they can be time-consuming and expensive. Research databases are well suited to 

drug safety studies as they contain prescription information as well as diagnoses and 

symptoms information, with dates, allowing identification of new diagnoses after the 

commencement of treatment. Alongside the disease group and outcome of interest, the data 

contains information on potential confounders, for example age, gender, body mass index 

(BMI), smoking status and other diseases or treatments. Linkage to datasets, such as HES 

data and ONS death registration data, amongst others, allows the study of more serious 

outcomes, such as admission for myocardial infarction and death. As these outcomes are 

relatively rare, the large numbers of patients available for analysis in these databases gives 

the power to detect differences between two groups that may not be possible to detect 

otherwise. For example, the association between NSAIDs and myocardial infarction was not 

clear from RCTs as the event is rare, and people with cardiovascular disease (CVD) were 

excluded. Observational data provided the power to study this association. One such study 

used data from QRESEARCH. A nested case-control study design was used, where 9,218 

first ever myocardial infarction were identified, with an incident rate of 1.71 per 1000 person 

years. These patients were matched to 86,349 controls. The size of the study allowed the 

authors to compare different types of NSAIDs and provide evidence that in both COX-2 

inhibitors and non-selective NSAIDs were associated with increased risk of MI. For example, 

ibuprofen was associated with a 24% increased odds of MI (odds ratio (1.24 (95% 

confidence interval 1.11 to 1.39) [18]. Without a database of this size it would have been 

very difficult to observe this: given the low incidence rate (1.17 per 1000 person-years) and 
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assuming the odds ratio is equivalent to the hazard ratio a sample size of 24.5 million would 

be needed to detect an effect of this magnitude. 

1.7 Methodological challenges when using digital data 

Although there are many benefits to using digital data within pharmacoepidemiology, there 

are some methodological challenges. When using EHR data, there are a number of steps 

when preparing the data: identifying the population, identifying exposures, outcomes and 

covariates and defining these in a suitable way for analysis. I will summarise some of the 

main challenges related to this data preparation and then challenges related to bias and 

confounding. I will then summarise the challenges related to data collection using digital 

data.  

1.7.1 EHR challenges - data preparation – defining disease diagnosis 

As described in section 1.4.3 diseases are recorded using Read codes. GP’s can record 

different levels of detail about the diagnosis, therefore there is not just one Read code for a 

disease. To identify people with a particular disease, a code list is developed to include all 

possible codes. To avoid misclassification, the code list should be validated, either externally 

or internally. External validation would be either confirmation of the diagnosis by a GP, or a 

record of the diagnosis in linked HES data or linked national registry data. Internal validation 

would be other indicators of the disease such as confirmatory tests, medications prescribed 

or symptoms recorded in the EHR [19]. This is a time-consuming process, but for many 

diseases it has been completed already [20–22]. For some populations and diagnoses there 

may not be an algorithm or validation may not be possible. The researcher will need to 

consider whether an un-validated code list will suffice for the purposes of analysis.  

1.7.2 EHR challenges - data preparation – defining drug exposures 

As described in section 1.4.3, product codes are used to record medications prescribed. 

There are different product codes for different doses and brands of the same drug, therefore, 

code lists need to be generated to ensure all drug exposure is identified. Unlike disease 
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codes, codes for medications are only in one section of the record and are essential for 

dispensing, therefore are more reliable than disease codes. However, the data does not 

provide exact durations of the prescriptions, therefore data preparation is required to 

estimate stop dates of drug exposure. This will be discussed further in section 3.5.1.  

1.7.3 EHR – missing data 

Lifestyle factors are often important for studies, however these are often not systematically 

collected for all patients. For example, body weight or smoking information is usually 

collected opportunistically, leading to missing data. If not accounted for appropriately, 

missing data can lead to biased results, if those without missing data do not represent those 

with missing data. For variables with missing data, a researcher will need a strategy 

dependent on the nature of the variable, i.e. exposure, confounder or outcome, and the 

amount of missing data. The type of missingness will need to be determined: missing 

completely at random (missing for reasons unrelated to anything observed or unobserved), 

missing at random (missingness is related to observed data) or missing not at random 

(missingness is related to unobserved data) [23]. The decision on the type of missing data is 

based on judgement. If data are considered to be missing at random then multiple 

imputation can be used [24]. Multiple imputation involves predicting the missing value based 

on available data, including all variables to be included in the analysis and other variables 

that help predict missingness. If the amount of missing data is small or there are not many 

extra variables that provide information about missingness, or if the data is not missing at 

random then complete case analysis may be preferable [25].   

1.7.4 EHR challenges – bias and confounding 

Observational research challenges commonly relate to potential bias and confounding, and 

need consideration in the context of research databases [26]. 
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1.7.4.1 Bias 

Bias is described as “any systematic error in the design, conduct or analysis of a study that 

results in a mistaken estimate of an exposure’s effect on the risk of disease” [1]. As 

described in section 1.4.1, when using EHR data code lists and algorithms are used to 

define a disease population, these need to be comprehensive to capture the disease 

population fully. Systematic differences in those selected to take part in the study may result 

in bias. If the study population is defined further by having a specific characteristic 

measured, e.g. body weight, there may be selection bias if those who are heavier are more 

likely to have their weight measured and therefore are more likely to be included in the 

study. Other forms of bias may arise because data are not captured systematically. For 

example, surveillance bias occurs when the exposed group has more of an opportunity for 

the outcome to be measured due to greater surveillance compared to the unexposed group 

[27] and may be more of an issue when using EHR data, this will be discussed further in 

section 3.8.1. Further examples will be described throughout the thesis.  

1.7.4.2 Confounding 

A confounder is a variable that is associated with the exposure, a risk factor for the outcome 

and not on the causal pathway. If a confounder is not accounted for, it can result in a 

distorted association, where either a true association is masked or an association is seen 

where one does not exist [1]. A particular concern when using EHR data is confounding by 

indication. This occurs when people who are treated with a specific drug may differ from 

those who are not treated, due to other characteristics that influence a clinician’s decision to 

treat [28]. For example, a person with severe disease is more likely to receive therapies that 

are more intensive compared to those with less severe disease. This can result in an 

imbalance in baseline covariates and biased results if disease severity is associated with the 

outcome. This can be taken into account in the design or in the analysis, through 

adjustment, and will be discussed further in section 3.5.2. 
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1.7.5 Challenges in data collection using digital data 

One big challenge of data collection through an online platform is recruitment: the people 

who use this platform, and agree to take part in studies, may not be representative of the 

underlying patient population, this will be discussed further in chapter 5. Another challenge is 

that the data relies on self-report, resulting in possible recall bias. This could be differential if 

recall is different between cases and controls, for example, cases with lung cancer may 

recall their smoking history in more detail than controls who do not have lung cancer. It may 

be that there is recall error and this is non-differential which will bias towards the null.  

Having described the use of digital data in epidemiology, I will now give an overview of the 

subject area of this thesis - RA and its treatments.  

1.8 Rheumatoid arthritis - overview 

RA is a chronic autoimmune disease characterised by inflammation in the joints. This 

inflammation causes pain, stiffness and swelling in the joints and can lead to irreversible 

damage [29,30].   

1.8.1 Diagnosis 

In the UK, the National Institute for Health and Care Excellence (NICE) guidelines [31] 

recommend that people who attend primary care with symptoms suggestive of inflammatory 

arthritis are referred to a rheumatologist in secondary care, for further assessment and to 

determine if the patient has RA. Although classification criteria exist for the purposes of 

research [32], diagnosis of RA is based on clinical signs and symptoms, blood tests and 

imaging. Severity of disease is measured using composite scores such as the 28 joint 

disease activity score (DAS28) [33].  

1.8.2 Prognosis 

In the past, severe disease would result in major bone deformity and immobility, particularly 

in the hands, and this would result in disability. Nowadays patients are treated with disease-

modifying anti-rheumatic drugs (DMARDs) (Figure 1), and severe deformity is seen less 
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often, though disability is still present [34–36]. RA is a systemic disease, this means that not 

only the joints are affected. Extra-articular features can affect the cutaneous, respiratory and 

cardiovascular systems therefore the frequency of comorbidities is high [37], with the most 

frequent being CVD, cancers, infection and osteoporosis [37–43]. Mortality rates are also 

increased in patients with RA are increased compared to the general population [44]. CVD is 

the most frequent cause of death in patients with RA [45,46]. 

1.8.2 Pharmacological therapies 

RA is primarily treated with DMARDs, a class of drug that interfere with the disease process 

thereby reducing joint pain and inflammation, reducing consequent damage and improving 

long-term outcomes of the disease [47]. There are now several classes of DMARDs: 

conventional synthetic DMARDs (csDMARDs), biological DMARDs (bDMARDs) and 

targeted synthetic DMARDs (tsDMARDs), and prescribing is guided by NICE, European 

League against Rheumatism (EULAR) and British Society for Rheumatology (BSR) 

guidelines [31,48,49]. csDMARDs comprise of drugs including methotrexate, sulfasalazine, 

leflunomide and hydroxychloroquine, prescribed alone or in combination depending on 

disease severity. These are prescribed initially in secondary care, with ongoing prescribing in 

primary care once treatment is stable. bDMARDs and tsDMARDs were developed to target 

specific immune pathways. bDMARDs are large proteins, whereas tsDMARDs are smaller 

synthetic compounds. NICE guidelines indicate that bDMARDs and tsDMARDs are only 

used in severe disease, if csDMARDs have not bought the disease under control. They are 

exclusively prescribed in secondary care, usually in combination with methotrexate, unless 

methotrexate is not tolerated. For further symptom control, non-steroidal anti-inflammatory 

drugs (NSAIDs) may be recommended, depending on a patient’s age and risk of side effects 

associated with NSAIDs. Glucocorticoid (GC) treatment may also be needed, both at the 

start of treatment, and to control disease after treatment has started. GCs will be discussed 

in more detail in chapters 3 and 4. GCs and NSAIDs are prescribed in primary care.  

 



30 
 

 

Figure 1: Timeline of events in history of rheumatoid arthritis management 
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1.8.3 Non-pharmacological therapies and preventative interventions 

In addition to these pharmacological therapies, non-pharmacological therapies may also be 

of benefit to patients, such as physiotherapy, occupational therapy and exercise 

programmes. In addition, there are preventative interventions and assessments to prevent 

common comorbidities. It is recommended that patients with RA should have annual reviews 

where comorbidities, such as CVD and osteoporosis, are monitored, allowing early 

identification and treatment [31]. These take place in primary care and form part of the 

quality and outcomes framework (QOF), a programme to incentivise GPs described in 

section 2.1 [50]. It is also recommended that patients are vaccinated to reduce the chance of 

infections. Vaccinations take place in primary care and will be discussed further in chapter 2.  

1.9 Chapter conclusions and thesis aims 

This chapter has introduced digital data, focusing on research databases derived from 

EHR’s and using digital data as a source for data collection, as well as some of the resultant 

methodological challenges. This thesis will show how digital data can be used to describe 

treatment uptake and understand outcomes in relation to treatments for people living with 

RA. The thesis will have a focus on the type of data used and the methodological 

considerations while using these types of data. My research has concentrated on two areas 

of RA management: vaccinations and GCs. The following chapters will provide more details 

of these two areas and my work. The specific objectives will be given throughout the 

chapters.  
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Chapter 2: Vaccinations 

Vaccinations are an important part of the management of RA, due to a predisposition to 

infection [41,42,51]. The risk of infections is increased in patients with RA due to the disease 

itself [41] and the immunosuppressive drugs these patients are prescribed to treat the 

condition, including GCs, csDMARDs and bDMARDs [52,53]. Further to this, as mentioned 

in section 1.8.2, patients with RA have an increased risk of mortality, and serious infections 

are one of the leading causes of death [54,55]. Vaccinations are one way to reduce the risk 

of common community-acquired infections [56,57] , and influenza and pneumococcal 

vaccinations are recommended for patients with RA [58,59].  

2.1 Vaccinations in rheumatoid arthritis 

Both EULAR and BSR have recommended influenza and pneumococcal vaccinations in 

patients with autoimmune inflammatory rheumatic diseases, including RA, since 2011 

[49,60–62]. National guidelines in the UK recommend influenza and pneumococcal 

vaccinations for all people ≥65 years and for patients in a clinical risk group, such as patients 

with RA taking immunosuppressive medications [58,59]. Influenza vaccinations in those 

aged ≥65 years and in clinical risk groups are incentivised in primary care through the 

Quality and Outcomes Framework (QOF) [63]. This is an annual reward and incentive 

programme where GP practices achieve points by hitting specific targets, and are paid 

based on the points they achieve and what they aspired to achieve. Pneumococcal 

vaccinations in the same groups are incentivised through the enhanced services programme 

where practices are paid based on the number of vaccinations recorded. Vaccinations 

eligible for incentives are identified through the Read codes.  

Understanding whether these recommendations are being followed is important from a 

public health perspective. If vaccinations are not taking place, there is the opportunity to 

highlight this and encourage vaccinations. The UK national figures of vaccination uptake 

describe uptake for patients who are immunosuppressed, but not disease groups, such as 
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RA, within this category [64]. On reviewing the literature, studies describing pneumococcal 

and/or influenza vaccination uptake in the UK in patients with RA did not provide a clear 

picture of vaccination status of patient with RA across the UK. Studies were limited to small, 

single centre, cross-sectional studies (N<200) therefore may not be representative of the 

whole UK. The studies also relied on self-reported vaccination status means there is the 

potential for selection bias and recall error in these studies [65–70]. Sowdon et al did 

additionally reviewed hospital records and information from a local immunisation centre [69] 

and reported the lowest uptake: 53% had received an influenza vaccination and 28% 

pneumococcal vaccination, compared to 77-59% and 40-43% for influenza and 

pneumococcal vaccinations, respectively, in studies relying on recall only [65–68,70]. This is 

consistent with other studies that found self-reported vaccination status tended towards false 

positives in the unvaccinated [71].  

More recently, international guidelines have specified that the timing of vaccination in 

relation to starting immunosuppression may be important and made recommendations 

related to this. An RCT in 2018 found that a temporary 2 week discontinuation of 

methotrexate after influenza vaccination significantly improved immunogenicity, [72] 

suggesting timing of vaccination may be important in relation to methotrexate. Meta-

analyses have also found that methotrexate and bDMARDs in particular reduced the 

immunogenicity of both influenza and pneumococcal vaccinations [73,74]. EULAR guidance 

only recommended vaccination prior to B-cell depleting therapy in the past, but the 2019 

update did expand this to all DMARD types [62]. The BSR guidelines have recommended 

vaccination prior to immunosuppression since 2011 [49,61]. Only one previous study, 

conducted at a single centre in the US, has described timing of vaccinations [75]. This study 

used EHR and claims data and found 37% patients with RA, received a pneumococcal 

vaccination prior to starting immunosuppressive medication, but only represents people in 

the US.   

The first objective of this thesis was:  
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 To describe vaccination uptake in RA and its timing in relation to starting disease 

modifying anti-rheumatic drugs using data from primary care EHRs. 

I conducted two studies to investigate this objective. The first examined vaccine uptake, 

while the second looked at the timing of its administration with respect to DMARD use. The 

studies used data from CPRD GOLD, as described in section 1.4.2, (referred to as CPRD 

throughout the rest of thesis, as Aurum did not exist at the time of the studies described).   

2.2 Publication 1: Influenza and Pneumococcal Vaccination Uptake in Patients 

with Rheumatoid Arthritis Treated with Immunosuppressive Therapy in the 

UK: A Retrospective Cohort Study Using Data from the Clinical Practice 

Research Datalink 

2.2.1 Methodology 

Population: This study used a cohort of patients with incident RA identified during the study 

period 1st January 2000 to 31st December 2013, followed from RA diagnosis until death, 

leaving their practice, when their practice stopped contributing to CPRD or the end of the 

study period. People with RA were identified using a previously validated algorithm [76]. The 

algorithm uses multiple indicators for RA, with either >1 Read code for RA, or an RA code 

and DMARD medication codes and no alternative indications for DMARDs in the previous 5 

years. External validation through GP confirmation of diagnosis showed these criteria had 

sensitivity and specificity of >80%. The algorithm was slightly updated in 2015 [77] but it was 

after the majority of the studies described in this thesis were started therefore the older 

algorithm is used throughout this thesis.  

Exposure: Vaccinations during follow-up were identified using Read and product codes. As 

influenza is an annual vaccine, vaccination status each year was determined, with the year 

start corresponding with the influenza season (1st September) and vaccinations until 31st 

March identified. For pneumococcal vaccination, only the first vaccination was counted. For 
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both types of vaccination, it was determined whether the first vaccination was prior to 

starting csDMARDs. 

Analyses: For both vaccination types, the proportion with at least one vaccination and the 

proportion vaccinated prior to starting csDMARDs was tabulated. To understand if influenza 

vaccinations were taking place annually, the proportion of vaccinations received was 

determined, with the denominator being the expected number of vaccinations to the number 

of vaccinations based on the years of follow-up available. All analyses were stratified by age 

(<65 years compared to ≥65 years).  

2.2.2 Results 

This study found that vaccination uptake was suboptimal for both influenza and 

pneumococcal vaccination. Although 80% of patients received at least one influenza 

vaccination, in the first 5 years after RA diagnosis, up to two-thirds were not vaccinated 

annually. Only 50% patients received their pneumococcal vaccination. Those aged under 65 

years were less frequently vaccinated. Overall, just under half (49%) of patients received an 

influenza vaccination prior to starting csDMARDs and 42% received a pneumococcal 

vaccination prior to starting csDMARDs.  

2.2.3 Contribution to the literature and impact 

This was the first study to report on influenza and pneumococcal vaccination in patients with 

RA in the UK as a whole, using nationally representative data. The results show that 

vaccinations are not taking place as recommended, particularly for those under 65 years. 

This suggests that people may be vaccinated due to meeting the age threshold, where there 

are incentives to vaccinate, rather than because of their RA. The incentive programme for 

pneumococcal vaccination provides fewer incentives for practices to improve compared to 

the QOF, which may explain the lower rates of pneumococcal vaccination. Therefore, 

clinicians should be particular vigilant to ensure those under 65 years are vaccinated.  
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The yearly uptake of influenza vaccination was lower than in previous studies that relied on 

self-report [65–68,70], and most similar to Sowden et al where medical records were 

reviewed [69]. This provides further evidence that self-reported vaccination status 

overestimates the proportion vaccinated, and shows the suitability of EHR data for studying 

vaccination uptake.   

Overall, the results are important from a public health perspective, as they highlight that 

patients with RA are missing their vaccinations, and rheumatologists and GPs should be 

encouraged to offer vaccinations to reduce the chance of infection. This publication has 

been cited 26 times (as of April 2021). This includes a citation in the latest EULAR 

recommendations in adult patients with autoimmune inflammatory rheumatic diseases, 

where this work provided part of the evidence that vaccination uptake was suboptimal [62]. 

An abstract of this work was selected for oral presentation at the 2015 EULAR annual 

conference and for e-poster presentation at 2015 BSR annual conference.  

 

2.3 Publication 2: Pneumonia vaccination timing in relation to starting 

conventional synthetic disease-modifying antirheumatic drugs in patients with 

rheumatoid arthritis. 

Since the previous study in 2014, EULAR recommendations have been updated to 

recommend vaccination should be prior to all immunosuppression, rather than just b-cell 

depleting therapy [62]. Following these guideline updates, I wanted to explore the timing of 

vaccination in relation to starting csDMARDs in more detail. Changes over time may indicate 

the recommendations have changed practice and measuring how close vaccinations were to 

starting csDMARDs may indicate that vaccination was taking place due to starting 

immunosuppressive medication rather than another indication, such as age. I chose to focus 

on pneumococcal vaccinations for a two reasons. Firstly methotrexate in particular has been 

shown to reduce the immunogenicity of pneumococcal vaccinations [74] and secondly 
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influenza vaccination is annual, so it would not be possible to identify a particular temporal 

association with starting csDMARDs. There is NICE guidance that pneumococcal 

vaccination should be “repeated at 10-yearly intervals if given before starting the DMARD, or 

at 5-yearly intervals if given after starting the DMARD” [78] and this was taken into account 

when designing the study. 

2.3.1 Methodology 

Population: This study used the same data as publication 1, though the study period was 

extended to 31st December 2018 and there were some slight changes to the cohort 

definition. As starting csDMARDs was when follow-up started and therefore central to this 

study, there was the additional requirement of csDMARDs being prescribed up to a 

maximum of 3 months prior to, or any time after, the first RA code.  

Exposure: To be sure that the pneumococcal vaccination was up to date, only 

pneumococcal vaccinations up to 5 years prior to starting csDMARDs and any time after 

were included.  

Analyses: For each patient it was determined if the first vaccination was prior to starting 

csDMARDs. As with paper 1, I stratified by age. I compared the proportions vaccinated 

within the first year or within 3 years, prior to or after starting csDMARDs. I determined the 

proportion vaccinated prior to starting csDMARDs by year csDMARDs were started. 

2.3.2 Results 

This study showed that 36.5% were vaccinated prior to starting csDMARDs. Those aged 65 

years or over were more frequently vaccinated prior to starting csDMARDs. Although the 

proportion vaccinated prior to starting csDMARDs was low, there were some more positive 

findings: there was evidence that RA diagnosis was triggering pneumococcal vaccination as 

the frequency of vaccination was highest around this point, with 22% vaccinated in the year 

after RA diagnosis. There were increases in the proportion vaccinated prior to starting 

csDMARDs over time, from 17% in 2000 to 55% in 2016. 



38 
 

2.3.3 Contribution to the literature and impact 

Besides paper 1, only one other study has reported on timing of vaccination in relation to 

csDMARDs. Desai et al found that 37% of patients with RA were vaccinated prior to starting 

csDMARDs over 2 years (2008-2010), in a single centre in the USA [75], which was similar 

to these findings. However, the data I used enabled further investigation into when 

vaccination was occurring and whether there had been changes over time at a national level. 

This helps show clinicians where improvements can be made, and provides some 

encouragement that timing was improving over time, perhaps reflecting the increased 

awareness given the changes in recommendations. Again, the results highlight the 

disparities by age, indicating that those under 65 years are most frequently unvaccinated. 

With this study, though misclassification around the date of vaccination was unlikely, there 

could be misclassification with the start date of csDMARDs, as csDMARDs may be started in 

secondary care, this means the proportions vaccinated prior to starting csDMARDs could be 

an overestimate.  

An abstract of this work was presented as a poster at EULAR 2020. Since publication in 

June 2020, the letter has been downloaded 1491 times (as of April 2021).  

2.4 Chapter conclusions 

The objective of this chapter was to describe the uptake of influenza and pneumococcal 

vaccination in RA and its timing in relation to starting csDMARDs. The studies showed that 

vaccination uptake and timing was suboptimal, particularly in those under 65 years. This is 

important in this group at risk of infections. The studies highlights the need for clinicians to 

consider vaccinations, particularly when starting csDMARDs. 
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Chapter 3: Glucocorticoid associated outcome 

As described in section 1.9 the other area of RA management I have been interested in is 

GCs. In this chapter, I will give a background to GCs as a therapy in RA, before describing 

the studies I have conducted using CPRD data to answer questions related to the risk of 

specific GC side effects in patients with RA. 

3.1 History of glucocorticoids 

The clinical benefits of GCs were discovered in the 1950’s by Phillip Hench. He showed their 

anti-inflammatory properties and efficacy treating RA and other inflammatory conditions [79]. 

Hench won the Nobel Prize in 1950 for this work. At this time, RA was a debilitating disease 

with a paucity of treatments. Rheumatologists were invited to see the effects of GCs in 

patients with RA and reported that “during the course of two days we saw them miraculously 

improve” [80].  At this time, cortisone was given as intra-muscular injections and the steroid 

compounds themselves came from animals. Significant side effects, however, were noted 

from early on (see section 3.3). In the following decades synthetic steroids were developed, 

the most frequently used being prednisolone or prednisone [81], with various routes of 

administration: oral tablets, intra-muscular injections or inhalation. As well as treating 

rheumatic diseases, they have a range of applications in other inflammatory diseases 

involving all systems of the body. For example, they are frequently used in the treatment of 

respiratory diseases such as asthma, where typically inhaled GCs are used; skin conditions, 

such as eczema, where topical GCs are the most common form; and as part of active and 

palliative treatment of some cancers  [81,82]. A recent example is the use of dexamethasone 

to treat COVID-19 [83,84]. 

3.2 Prevalence of glucocorticoid use 

In 2011, Fardet et al conducted a study of the prevalence of long-term GC therapy over the 

previous 20 years. They showed that on average 0.75% of the population were prescribed 

oral GCs for at least 3 months and the most frequent indications were asthma, polymyalgia 
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rheumatic/GCA and chronic obstructive pulmonary disease [81]. Another study in 2000 had 

shown similarly that 1% of the UK population was prescribed GCs, with the most frequent 

indication being respiratory disease (40% patients) and 6% for musculoskeletal disorders 

[82].  

3.3 Glucocorticoid side effects 

As GCs are synthetic versions of naturally occurring hormones, they are able to bind to most 

cell types. This means they have effects throughout the body [85]. The anti-inflammatory 

effect is of benefit, but there are a number of adverse effects. At the time of discovery, there 

were few regulations around the introduction of medicines.  Today, new medicines go 

through multiple stages of clinical trials testing safety and efficacy in order to gain approval 

by regulatory bodies (Medicines and Health Regulatory Authority in the UK) and come to 

market. When first studied in patients with RA, the doses of cortisone were large at 100mg. 

There were reports of facial rounding and weight gain with these large doses [86]. 

Nowadays, GCs are administered at lower doses where possible, for example maintenance 

therapy in rheumatic disease is often <7.5mg prednisolone equivalent dose (PED) per day 

[87]. A variety of GC side effects have been reported, from weight gain and insomnia to 

clinically serious side effects including type 2 diabetes mellitus (DM), osteoporosis, infections 

and cardiac disorders. However, the evidence is not clear-cut. The summary of product 

characteristics for prednisolone, for example, says the frequency for all undesirable effects is 

unknown [88].  Similarly EULAR recommendations for medium to high dose GCs state there 

is a paucity of data on “wanted and unwanted clinical effects of GCs”. This makes it difficult 

for clinicians and patients to weigh up the benefits and risks of GCs. Indeed, there are 

opposing views on how much GCs should be used by clinicians due to the side effects [89].    

An understanding of the side effects is important particularly in patients with RA, given their 

frequent comorbidities and increased risk of mortality (section 1.8.2). Communicating risks 

and benefits to patients is particularly important in the course of shared decision making 

where clinicians and patients decide together the path of treatment [48,90,91],  and is 
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described as comprising of four dimensions (nature of benefits/harms, probability they will 

occur, importance to the individual and maximising benefits/minimising harms)  [92]. The 

work on GCs that I will describe relate to two of these dimensions, the first refers to the 

probability of side effects, based on the available evidence (this chapter) and the second 

refers to the importance of side effects to individuals (chapter 4).  

3.4 Chapter objective 

The second objective of this thesis, related to the probability of side effects is: 

 To investigate the probability of GC related outcomes in RA: all-cause and 

cardiovascular mortality and hypertension using data derived from EHRs. 

There are three studies related to this objective, the first describes the association between 

GC use and mortality, the second describes how comorbid type 2 DM affects the association 

between GC use and mortality and the third describes the association between GC use and 

hypertension. CPRD data is well placed to address these questions. In particular this is 

because oral GCs are typically prescribed in primary care, therefore are well captured in 

CPRD, allowing the exposure to be modelled in a time-varying manner.  Further, CPRD can 

be linked to ONS death registration data (as I will go onto describe) to provide robust 

mortality data, and both hypertension and DM are routinely assessed and managed in 

primary care, so are also well-captured.  

3.5 Methodological points for this chapter 

Before describing the specific methodology for the publications, I will describe medication 

data preparation and confounding by indication more broadly, which applies to all three 

papers in this chapter. 

3.5.1 Medication data preparation 

Before analysis, medication data in CPRD requires preparation as the raw dataset only 

contains the start date of the prescription, and a number of different variables that can help 
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estimate the prescription end date: 1) quantity and numeric daily dose, 2) number of days of 

the prescription and 3) dose duration. Further, within the dataset, 2 and 3 are frequently 

missing. In pharmacoepidemiology studies, this step of data preparation is often not well 

described. Different researchers are likely to prepare the data slightly differently, which has 

been shown to impact results and result in misclassification [93,94]. An algorithm, known as 

DrugPrep [94], has been created to improve both the efficiency and transparency of drug 

exposure data preparation.  It contains a sequence of steps for cleaning the data, deciding 

which data points to use to determine the length of the prescription, handling multiple and 

overlapping prescriptions and handling gaps between prescriptions. The transparency of 

data preparation has gained greater importance more recently through its inclusion in the 

reporting guidelines for pharmacoepidemiology studies using routinely collected data [95]. I 

will describe where this algorithm has been applied for each publication.  

3.5.2 Confounding by indication 

For studies throughout this chapter, a potential confounder by indication is disease severity, 

as people with high disease activity may be more likely to be prescribed GCs and this high 

disease activity may make patients more likely to have the outcomes of interest (mortality, 

type II DM and hypertension). This means that GCs may appear to be associated with worse 

outcomes but actually, it is disease activity that is associated with these poor outcomes. In 

CPRD, measures of disease activity are not routinely captured, as this is usually monitored 

in secondary care rather than primary care. However, disease activity can be inferred 

through proxy measures. Ward et al showed that frequency of rheumatology visits did 

correlate with functional disability [96]. In the following studies, I have used measures of 

healthcare utilisation: average number of rheumatology outpatient visits in those with linkage 

to HES outpatient data and the mean number of GP visits per year. This allowed me to 

address this problem, although residual confounding remains possible.  
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3.6 Publication 3: Oral glucocorticoid therapy and all-cause and cause-specific 

mortality in patients with rheumatoid arthritis: a retrospective cohort study    

The association between GC use and mortality is an important question, as described in 

section 3.3 GCs have a range of side effects, some of these (such as CVD) are serious and 

could be potentially fatal. Therefore, it is conceivable that GCs could increase the risk of 

mortality. However, in RA, it is also possible that GCs may reduce mortality risk by lowering 

inflammation and disease activity. Previous studies examining GC use and mortality in 

patients with RA produced conflicting results. Many found that GC use was associated with 

increased mortality [45,46,97–100], but not all [101–103]. These studies had a variety of 

definitions of GC use, often summarising GC use, for example summarising dose category 

over the previous 12 months [98]. This risks not fully capturing the inconsistent nature of GC 

prescribing, which changes in response to disease activity. Further, some studies had small 

numbers and many were based on data from a limited number of centres 

[45,97,99,100,103].  

ONS linkage was critical to this study. Death registration is a legal requirement in England 

and Wales, and therefore provides comprehensive coverage. Although date of death is 

available in CPRD data, an algorithm is used to derive this date, thus is considered less 

accurate [104]. In addition, ONS data includes cause of death (unavailable in CPRD), 

allowing investigation of cause-specific mortality. 

3.6.1 Methods 

Study population: A cohort of patients with RA and linkage to ONS death registration data 

during the study period 1st January 1998 to 1st October 2011 was identified. Patients entered 

the study at the latest of RA diagnosis date, date of ONS linkage or 1st January 1998, so 

were a mixture of prevalent and incident cases.  

Exposures and outcomes: Date of death was identified from the linked data only. This study 

was conducted prior to the completion of the DrugPrep algorithm, therefore GC data 
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preparation did not follow all of the decisions of the algorithm, though they were similar. The 

steps used are described in the manuscript appendix. GC use was defined in six different 

ways: ever GC use, current GC use, current GC dose, current GC dose category, cumulative 

GC dose and cumulative GC dose category. This allowed an understanding of the impact of 

dose, and provided more certainty that any association seen was a true association, if seen 

across different definitions of GC use.   

Analyses: In the main analyses, Cox proportional hazards (PH) regression models measured 

the association between the six definitions of GC exposure and all-cause and cause-specific 

mortality. The proportion of missing data for each variable was assessed. Variables with less 

than 5% proportion of missing data (smoking and deprivation) were included in the final 

model in a complete case analysis.  BMI was the only variable with more than 5% missing 

data.  The analysis plan a priori was to impute such a variable if it was associated with the 

outcome or altered the hazard ratio by more than 10%.  However, this was not the case for 

BMI and it was therefore excluded from the final model. 

Studying mortality associated with medication use can be difficult, as researchers need to 

disentangle mortality associated with medication use and medication use due to worse 

disease that results in increased mortality (i.e. not due to the medication itself). This is a form 

of protopathic bias – where an exposure is thought to be the associated with an outcome, 

when in fact the exposure is due to early signs or symptoms of the outcome. In this study 

this was termed “peri-mortal bias” where being in the later stages of life influenced GC 

prescribing, which in turn affects the association seen between GC use and mortality. This 

was examined in three ways: firstly, the overall and cause-specific mortality rate in the first 

six months after GC initiation was compared to the mortality rate more than six months after 

GC initiation. Secondly, making the same comparison but using the proportion of deaths as 

opposed to mortality rate. Both these measures provided an indication of GC prescribing in 

response to a terminal illness. The third  approach was to use a lag-time window and 

excluding GC use in the six months prior to deaths [105]. Using these three approaches 
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allowed a greater understanding, and greater certainty, of whether peri-mortal bias was a 

problem.  

3.6.2 Results 

This study found that all definitions of GC use were associated with an increased risk of 

mortality. When dose was categorised, no association was seen at the lowest GC dose 

(<7.5mg) however above this, risk increased with increasing dose. The peri-mortal bias 

analyses indicated its presence, however it did not completely explain the association seen. 

As GC use was associated with death from other causes, unmeasured confounding was 

explored using the rule out approach [106], where the amount of confounding required to 

completely explain the confounding is determined. For this study, unmeasured confounding 

would need to have a 40% prevalence, increase the relative risk of mortality by a factor of 3 

and increase the odds of GC exposure by 3.5 to completely explain the findings, which 

seems unlikely.  

3.6.3 Contribution to the literature and impact 

The findings of this study fit with previous literature [45,46,99,100], in particular with two 

studies where only doses over 5mg were associated with increased risk of all-cause 

mortality [98] and cardiovascular mortality [97]. Specifically, this study adds to the previous 

literature through use of a large national study population, and multiple models of time-

varying GC exposure, providing more confidence in the results, as well as investigating “peri-

mortal” bias and potential unmeasured confounding, which were not addressed in the 

previous studies. Clinically the implications remain that GCs should be used at the lowest 

effective dose to reduce the risk of mortality. It has been cited 25 times, and was referenced 

in a systemic review informing the 2019 update of EULAR recommendations for the 

management of RA [107]. 



46 
 

3.7 Publication 4: The effect of glucocorticoid therapy on mortality in patients 

with rheumatoid arthritis and concomitant type II diabetes: a retrospective 

cohort study. 

This study explores whether comorbid type 2 DM affected the association between GC use 

and mortality (as seen in publication 3). GC use is associated with an increased risk of DM 

[108,109] and DM itself is also associated with an increased risk of CVD and mortality 

[110][111]. Given the increased risk of CVD and mortality in RA [44][112–114], 

understanding possible interaction between GC use and DM, may be particularly important 

for patients with RA.  

3.7.1 Methodology 

Study population: In this study, I replicated the study period in publication 3, but included 

only patients with incident RA. Prevalent cases were not included to avoid potential survivor 

bias, where prevalent cases who survive to be included in a cohort may be systematically 

different to those who do not.  

Exposures and outcomes: To ensure as complete case capture as possible, patients with 

DM were identified in three ways: 1) a Read code for type 2 DM, 2) at least 2 prescriptions 

for anti-diabetic medication, or 3) fasting blood sugar ≥ 7.0 mmol/litre, random glucose test ≥ 

11.1 mmol/litre, glucose tolerance test ≥ 11.1mmol/litre or a glycosylated haemoglobin 

(HbA1C) ≥7%. As patients with polycystic ovary syndrome could be prescribed an anti-

diabetic medication without having DM, patients with this diagnosis were excluded. For this 

study, I used the time-varying definition of current GC use as this most accurately reflected 

the intermittent nature of prescribing. GCs were prepared using the DrugPrep algorithm. As 

the end date of prescriptions is an estimate and to allow for potentially long-lasting effects of 

GCs, a six-month risk attribution window was used.  This meant that events were attributed 

to GC use for six months after the estimated end date of the prescription. This definition will 

be described as recent GC use. 
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Analyses: In standard regression models, measures of risk including interaction are on the 

multiplicative scale, so risk is estimated relative to baseline risk. Measures on the additive 

scale, such as risk difference, provide an estimate of the additional cases. This is more 

useful to assess the public health impact, as it is not dependent on a baseline risk. If the 

baseline risk of mortality in people with DM is higher compared to those without DM, relative 

risk may not provide a true reflection of mortality associated with GC use in people with DM. 

To estimate the effect of GC use and comorbid DM on mortality, interaction was measured 

on both the additive and multiplicative scales. Multiplicative interaction was measured by 

including an interaction term in the Cox PH model. Additive interaction relates to risk 

difference and was measured by calculating the relative excess risk due to interaction [115] 

and the ratio of absolute effects (manuscript appendix). Missing BMI and smoking data were 

imputed using multiple imputation. For this study disease activity was not expected to 

confound differentially by DM status, i.e. patients with DM were not expected to have more 

or less active RA than patients without DM, so additional analysis accounting for this was not 

performed. 

3.7.2 Results 

This study found that when measuring the association between GC use and all-cause 

mortality, patients with DM had a lower risk ratio but higher risk difference compared to those 

without DM (Table 1). This emphasised the impact of higher baseline mortality in patients 

with DM and the importance of measuring additive interaction.  

Table 1: Association between recent GC use and all-cause mortality stratified by diabetes 
mellitus status. 

Diabetes status Risk ratio (95% 

confidence interval (CI)) 

Risk difference (95% CI) 

Diabetes mellitus 2.99 (2.32 to3.87) 44.9 (32.9 to 56.8) 

No diabetes mellitus 4.37 (3.77 to 5.07) 34.4 (30.1 to 38.7) 
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In the Cox PH model for all-cause mortality, there was no multiplicative interaction seen 

(0.86 (95% CI: 0.64–1.15)), however additive interaction indicated increased risk of mortality, 

though it was not statistically significant (adjusted ratio of absolute effects: 1.22 (95% CI: 

0.86 to 1.72)). This means that patients with RA and comorbid DM who are prescribed GCs 

have a 1.22 times increased absolute risk of mortality compared to those with RA but no 

comorbid DM who are prescribed GCs.   

3.7.3 Contribution to the literature and impact 

To my knowledge, this is the first study to estimate the mortality risks associated with GC 

use and comorbid type 2 DM in patients with RA. In the general population, Olivarius et al 

investigated mortality in those using GCs at DM diagnosis compared to those not using GCs, 

there were only 35 deaths and increased mortality in the GC group was explained by age 

[116]. Methodologically this study shows the importance of considering the baseline risks 

and measuring additive interaction, as recommended by Knol and Vanderweele [115]. 

Clinically this study highlights the importance of considering comorbid DM when prescribing 

GCs. This publication has one citation as of April 2021. An abstract of this work was selected 

for oral presentation at EULAR 2018.  

3.8 Publication 5: Glucocorticoid use is associated with an increased risk of 

hypertension. 

Hypertension associated with GC use had not been well studied in patients with RA. As 

patients with RA are at higher risk of CVD and hypertension can be easily measured and 

treated, it is important to understand if an association exists. Indeed, a study of patient and 

rheumatologist views on GC side effects found hypertension was the third most worrisome 

side effect for rheumatologists, though less so for patients [117]. Only a few studies had 

previously investigated GC-associated hypertension in patients with RA and have had 

conflicting results. A positive association was seen in two studies,  however Huscher et al 
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used self-reported data, making it prone to recall bias [118], and the study by Panoulas et al 

was cross-sectional limiting interpretation over time [119]. Two studies did not find an 

association, Wilson et al used primary care data, but only used Read codes, therefore may 

not have captured hypertension completely [120], the other study by Jackson et al had small 

numbers [121]. 

There are a number of key advantages in using CPRD for this study.  Firstly, blood pressure 

is frequently measured in primary care,  and since 2004 GPs have been incentivised to 

measure blood pressure in those aged 40 years and over through QOF [50]. Further, blood 

pressure measurements are directly inputted into the EHR, allowing identification of patients 

with hypertension in addition to Read codes. Alongside this antihypertensive medication is 

prescribed in primary care, and can be used to support case definition.  

3.8.1 Methodology 

Study population: A cohort of patients with incident RA who did not have hypertension at RA 

diagnosis were identified, the study period was extended from the previous two studies to 1st 

January 1992 to 31st June 2019.  

Exposures and outcomes: GC data were prepared using the DrugPrep algorithm (decisions 

described in supplemental data 1). There were three definitions of GC exposure: current 

use, current dose and cumulative dose. For each definition, a 3-month risk attribution 

window was used. A validated definition of hypertension was used where patients were 

required to have either two consecutive systolic blood pressure measurements over 

140mmHg, two consecutive blood pressure measurements over 90mmHg or a hypertension 

Read code and therapy with anti-hypertensives [122].  

Analyses: Adjusted Cox PH regression models measured the association between GC use 

and hypertension. Missing data for BMI and smoking was imputed using multiple imputation. 

A number of sensitivity analyses were conducted: the inclusion of healthcare utilisation 

indicators as proxies for disease activity, different length attribution windows (window 
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increased to six months and decreased to one month) and a stricter definition of 

hypertension. 

A concern with this study was potential surveillance bias. People who were prescribed GCs 

may have had their blood pressure measured more frequently because of the risk of 

hypertension with GC use, therefore may have more opportunity for hypertension to be 

identified. To explore this, the frequency of blood pressure measures was compared 

between people at three levels of GC exposure (no use, intermittent use and continuous 

use) in the first two years since RA diagnosis. As people with hypertension have their blood 

pressure measured more frequently, if hypertension diagnosis occurred within these first two 

years, follow up was censored at diagnosis.  

3.8.2 Results 

This study found the incidence rate of hypertension was 64.1 per 1000 person-years. 

Hypertension was most frequently identified through consecutive high blood pressure 

measurements. Of those patients with consecutive high readings, only 60% were 

subsequently prescribed antihypertensive medication. The incidence rate of hypertension 

was higher in those prescribed GCs (GC use: 87.6 vs no GC use: 59.7 per 1000 person 

years). Current GC use was associated with a 17% increased risk of hypertension after 

adjustment for confounders. Only GC doses ≥7.5 mg were associated with increased risk of 

hypertension. In the first 2 years, the frequency of blood pressure measurements did not 

differ by level of GC exposure, indicating surveillance bias was not a problem.   

3.8.3 Contribution to the literature and impact 

This study adds to the literature by providing robust estimates of risk, where there was 

previous uncertainty. These results agree with the two studies that found an association 

[118,119]. Another study used CPRD data and did not find an association, but only used 

Read codes to identify hypertension resulting in a lower IR of 23 per 1000 person-years. 

This misclassification, if across both GC and non-GC users would bias results to the null and 
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may explain why an association was not seen [120]. I found that 40% of patients’ 

hypertension was untreated, in keeping  with another UK study in secondary care that also 

identified 40% of patients had untreated hypertension [123]. The study indicates clinicians 

need to be vigilantly monitoring blood pressure in those prescribed GCs, and act on these 

measurements. This is particularly important patients with RA, who are already at high risk of 

CVD. An abstract of this work was presented as a poster at BSR 2020 and EULAR 2020. 

3.9 Chapter conclusions 

The objective of this chapter was to investigate GC related outcomes (all-cause and 

cardiovascular mortality and hypertension) using data derived from primary care EHRs. All 

three studies indicated that GC use was associated with increased risk of their respective 

outcomes. In publications 3 and 5 which investigated dose, low dose GCs (<7.5mg) were not 

associated with increased risk of mortality and hypertension, supporting current 

recommendations to treat at the lowest dose possible [48]. The use of data derived from 

EHRs allowed me to investigate these clinically important outcomes in a large population, 

addressing issues including peri-mortal bias, surveillance bias, unmeasured confounding 

and measure interaction on both the multiplicative and additive scales. This meant I was 

able to confidently provide estimates of risk for each of the outcomes, and population 

groups, that clinicians can use to inform patients, and that also have wider impact such as 

informing clinical guidelines and wider public health.   
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Chapter 4: The importance of GC side effects to patients 

 This thesis has focused so far on what are considered “clinically important” GC side effects 

[117], but understanding patient perspectives of side effects is also an important aspect of 

drug safety [92]. As described in section 1.5, surveying patients identified in CPRD data is 

not an efficient method of collecting this data because many practices do not agree to take 

part in these types of study. To address this, I conducted a study collecting data on patient 

perspectives using an online health community.  

4.1 Patient perspectives 

GCs have a wide range of adverse effects, and those that are priorities for patients may 

differ from those considered important to clinicians and health services. Van Der Goes et al 

compared the most worrisome side effects of GCs of patients with rheumatic disease versus 

rheumatologists, using focus group discussions. The top 10 most worrisome side effects 

were ranked from a list of 37, and it was found that the ranking varied between patients and 

rheumatologists. Further, they identified that the side effects of concern to patients were 

often those more frequently occurring rather than those most clinically serious [117].  Focus 

groups provide rich qualitative data, however, the dynamics of  group discussion means it is 

possible that some individuals may not express their true feelings, and the full range of 

perspectives may not be captured [124]. Surveys are another way to measure patient 

perspectives, usually as quantitative data.  Although this can reduce some of the richness of 

the information gathered compared to qualitative research, they can be complimentary. 

Surveys are typically completed individually, and capture each participant’s perspective, 

which can then be combined to understand perspectives at the population level. Importantly 

this means each person’s perspective is not influenced by anyone else. Side effects of GCs 

has not previously been investigated through surveys, and as discussed in section 1.5 online 

platform provide an opportunity to conduct a survey over a short period and in a less 
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resource intense manner than traditional postal or interview surveys. Therefore the objective 

of this chapter was: 

 To describe the side effects of glucocorticoids that are most important to patients as 

reported by patients using an online health community. 

4.2 Publication 6: Patient perceptions of glucocorticoid side effects: a cross-

sectional survey of users in an online health community. 

For this study, participants were recruited from HealthUnlocked, which is the largest online 

health community in the UK, hosting hundreds of groups that relate to specific medical 

conditions or interventions.  For example, there is a National Rheumatoid Arthritis Society 

(NRAS) group and a couch to 5km group. Within these groups people post questions, 

answer other people’s posts, or just read the posts. HealthUnlocked therefore provided 

direct access to thousands of patients, with the ability to target a given diagnosis or 

medication through the groups or identifying posts with titles or tags with words related to the 

diagnosis or medication of interest. The use of keywords to target the population is relatively 

novel in the setting of epidemiology, online surveys usually post a link out to members of a 

patient organisation or online platform [125], or are advertised through social media [126] 

rather than targeting particular patients directly in this way.   

4.2.1 Methodology 

Survey: A short survey (see manuscript appendix) was designed that collected information 

about timing and beliefs about GCs. The survey popped up on the HealthUnlocked website 

when a user clicked on a post, within any group, with the title word ‘steroid’ or the tags 

‘glucocorticoid’, ‘prednisolone’, ‘prednisone’, ‘steroid’ or ‘dexamethasone’.  

Population: Users who were currently taking GCs or had taken them in the last month were 

eligible for the survey. This was to limit recall bias, as people who had taken GCs some time 

ago may not remember all side effects equally and therefore their perspectives may not be 

truly representative.  
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Analysis: This study focused on the question where respondents rated how important 

particular side effects were to them on a scale from 1 to 10. The distribution of responses 

was plotted in histograms for each side effect. Scores were categorised and then stratified 

by community group to see if there were differences in perspectives between disease 

groups.  

4.2.2 Results  

In this study, 604 users completed the survey, from 17999 pop-ups. Most came from the 

NRAS group (n=229) and the polymyalgia rheumatica and giant cell arteritis UK 

(PMRGCAUK) group (n=221). When ranked the side effects most important to respondents 

were weight gain, insomnia and moon face. Weight gain was the top concern for all groups 

except the PMRGCAUK group where eye disease was of most concern.  

4.2.3 Contribution to the literature and impact 

These results were broadly similar to the small number of previous studies [117,127,128]. 

There were some differences compared to the study by Van der Goes et al, where 

osteoporosis ranked top and weight gain was 5th. The study populations may explain this, 

as Van der Goes et al comprised of patients with rheumatic diseases only, most frequently 

RA (61%). In my study osteoporosis ranked higher in the RA population, compared to the 

overall population, in keeping with Van der Goes et al [117]. This study adds to the literature 

by providing patient perspectives based on individual rankings rather than focus group 

combined rankings. It highlights that side effects not frequently studied are important to 

patients, this means clinicians cannot provide evidence-based information to patients on side 

effects that are important to them. These results should therefore drive the future research 

agenda. This study also had methodological impact, as it was a novel study design, in that 

the survey popped-up based on keywords, and shows how over 600 responses can be 

collected over only 3 months. An abstract of this work was selected for oral presentation at 

ACR 2018. The paper has been cited 21 times including more recent patient perspective 
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studies on GC side effects and a review of GCs and European guidelines for paediatric 

Crohns disease [129]. 

4.3 Chapter conclusions 

Publication 6 showed that weight gain, insomnia and moon face were the side effects most 

important to patients. These side effects are less frequently, if ever, studied and highlights 

areas where research is needed. The use of an online health community to conduct a survey 

online allowed me to understand patient perspectives easily and relatively quickly, and 

provided me with data that was not available in CPRD data.    
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Chapter 5: Representativeness of patients using an online 

health community 

While conducting publication 6 I was aware that it was not clear how representative the 

survey respondents were of the general UK population. There may be selection bias if, for 

example, people who use online communities are younger than the disease population as a 

whole, this has implications for any researchers using such methodology to understand the 

external validity of their results. Therefore, the objective of this chapter was: 

 To understand how representative patients with RA from online health communities 

are compared to patients with RA from the general population.   

At the time, there were no available data on the characteristics of online health communities 

or survey respondents from those communities that would allow me to better understand 

this. I was able to use my knowledge of both HealthUnlocked and CPRD data as a 

comparator to help address this data gap. 

5.1 Publication 7: Representativeness of a digitally engaged population and a 

patient organisation population with rheumatoid arthritis and their willingness 

to participate in research: a cross-sectional study. 

This study was focussed on patients with RA, as this disease has been a topic of the 

majority of my work so far. To understand how people from different populations may differ, I 

explored the characteristics of members of a patient organisation (NRAS), as well as people 

from an online health community and compared them to the well characterised and 

representative population within CPRD. Although NRAS has been used to recruit patients 

with RA in research previously [130–132], the representativeness of the group has not been 

described.  
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5.1.1 Methods 

This was a cross-sectional study comparing three groups of people with RA: 1) those who 

completed a survey on HealthUnlocked, 2) those who are members of NRAS and 3) those 

identified in CPRD. For group 1 (HealthUnlocked), I designed a survey (see manuscript 

appendix) to capture characteristics and willingness to take part in research, with input from 

the rest of the study team including other epidemiologists and clinical rheumatologists. A 

combined patient and public involvement group and NRAS then reviewed the survey to 

ensure it did not burden respondents. Once finalised, it was embedded on HealthUnlocked 

within all posts in the NRAS community and popped up for completion when a user viewed 

an NRAS post. For group 2 (NRAS), NRAS provided an anonymised database of current 

members that contained information about their characteristics. For group 3, people with RA 

were identified from CPRD using the validated algorithm used in previous studies throughout 

this thesis. The characteristics of a prevalent cohort of patients with RA were chosen to 

represent the general RA population. The groups were compared by testing the difference in 

proportions for each characteristic.  

5.1.2 Results 

There were differences in the age distributions of both NRAS and HealthUnlocked 

populations compared to CPRD. NRAS had an over-representation of people aged 55-75 

and an under-representation of those aged 75 years and over. HealthUnlocked had a 

significantly younger population with fewer respondents aged 65 years and over. Both NRAS 

and HealthUnlocked had an over-representation of females. Disease duration also differed 

between data sources, HealthUnlocked respondents were more recently diagnosed, 

whereas NRAS members were more likely to have had the disease for longer with fewer 

people diagnosed between 2010 and 2016. Respondents from HealthUnlocked were more 

likely to be from deprived areas compared to CPRD.  
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5.1.3 Contribution to the literature and impact 

Similar to publication 6, this study showed that a reasonably large sample of participants can 

be recruited over a short space of time though HealthUnlocked, with 615 responses from 

patients with RA available for this study. The results indicate that researchers need to 

consider where participants are recruited, as it may affect the study population 

characteristics. The greater representation of people from more deprived areas was an 

interesting finding, as this differs from traditional survey respondents who more frequently 

have higher socioeconomic status [133]. The use of online health community may therefore 

allow improved representation of this “harder to reach” group, and increase diversity 

amongst research participation [134–136]. The results have specific implications for the 

interpretation of publication 6, as they suggest that those study results may not fully reflect 

the perspectives of older people and those with longer disease duration. This does not mean 

those results should be disregarded, but when interpreting the results for people with RA, we 

need to be aware of the groups that survey results may be less applicable to. It may also 

explain the differences between the publication 6 results and those of van der Goes et al 

where study participants had a mean disease duration of 14 years [117]. An abstract of this 

work was selected for poster presentation at EULAR 2018, and the publication has been 

cited twice.   

5.2 Chapter conclusions 

This chapter has shown that people with RA from HealthUnlocked are younger and more 

recently diagnosed compared to the general RA population, and this approach may 

encourage inclusion of people from more diverse backgrounds than traditional survey 

methodology. I was able to use various digital data sources to understand 

representativeness. These findings are important for researchers when considering which 

study population to use.   
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Chapter 6: Discussion 

6.1 Summary of work presented 

The overall aim of this thesis was to show how digital data can be used answer questions 

around the management of RA. I used CPRD data to show how influenza and 

pneumococcal vaccination uptake in the UK is suboptimal, and frequently not taking place 

prior to starting csDMARDs, as recommended. Vaccinations had not been studied at this 

scale in the UK previously, and would have been difficult to study without routinely collected 

digital data. I also used CPRD data to study GC drug safety, and showed that GC use is 

associated with increased risk of mortality, particularly in those with comorbid DM, and that 

GC use is associated with increased risk of hypertension. For both mortality and 

hypertension, lower doses were associated with less risk. CPRD data allowed me to answer 

these previously unanswered questions related to GC drug safety, in a large study 

population using robust methods. I used an online health community to collect survey data to 

enable me to describe patient perspectives of GC side effects. I showed that weight gain, 

insomnia and moon face were most important to patients. I also used an online health 

community to understand the representativeness of survey respondents with RA. I found that 

survey respondents from this platform were younger, more recently diagnosed and from 

more deprived areas compared to the general population, represented by patients with RA 

identified using CPRD data. This had implications for the interpretation of the previous study, 

as the results may reflect the perspectives of patients with these characteristics rather than 

the general RA population. We do not know if the perspectives of those less well 

represented would be different, and the results are still useful but it is important to have an 

awareness of this issue. Using an online health community to collect survey data was a 

novel method. The platform brings together people with specific diagnoses allowing the 

targeting of specific patient groups, in both studies this resulted in data being collected for 

over 600 people in a short period.  
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6.2 Benefits and challenges of the data 

There are benefits and challenges common to both data sources. For example, both require 

no or minimal data collection resources but challenges include representativeness, where 

those who complete surveys and those who attend GPs, may not truly represent the disease 

population and issues around exposure measurement quality, as survey data relies on self-

reported data and EHR data does not contain the prescription end date. These issues may, 

or may not be a problem, but need consideration when designing the study. Alongside these, 

each data source has specific benefits and challenges.  

6.2.1 EHR data 

The major advantage with EHR data is its size, a vast amount of data is captured, often with 

more detail than other data sources. For example, all prescribing by GPs is captured and is 

reliable as the prescribing is required for dispensing by pharmacy. This makes the data 

particularly suitable for pharmacoepidemiology studies as I have shown. Data are routinely 

captured, as a record of clinical care, and are not affected by information bias when entered 

by the GP. However, this routine capture presents different challenges when using the data. 

6.2.2 EHR Challenges - misclassification 

One aim of data preparation (section 1.7.1) is to correctly attribute diseases, exposures and 

events to patients, thereby avoiding misclassification. An example of this, used throughout 

the thesis, is the validated algorithm used to identify patients with RA [76]. This algorithm 

has sensitivity and specificity of >80%, thereby reducing misclassification, however it should 

be acknowledged that misclassification cannot be removed completely. For example, using 

the RA algorithm, a person is considered a case from the first Read code for RA, however it 

is possible that they have a diagnosis and are prescribed csDMARDs, but the code has not 

yet made it onto the EHR from a hospital letter. This means there is time prior to the first 

Read code that could be misclassified, which may, or may not, affect study results. In 

publication 2, starting csDMARDs was central to the study so the first RA Read code had to 

be within 3 months of starting csDMARDs. For the other studies, this potential 
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misclassification was less of a problem. Another example where misclassification was 

examined was for the outcome of hypertension (publication 5). Though identified using a 

validated algorithm [122], with multiple indicators of hypertension, sensitivity analyses were 

conducted with a stricter definition of hypertension using Read codes and anti-hypertensive 

medication to explore potential misclassification. With this definition, there were fewer cases, 

though many did meet the blood pressure criteria prior to meeting this strict criteria. The 

association between GCs and hypertension was still seen with this definition suggesting 

misclassification was not a major problem and we could be confident in the main results. 

EHR data will never be perfect, but I was able to understand and identify where there could 

be potential misclassification and minimise important misclassification.   

6.2.3 EHR Challenges – data availability 

As certain data is not captured systematically for all patients, this can result in bias from 

missing data. For example, BMI (a relevant covariate in publications 3, 4 and 5) was 

frequently missing, as it is typically measured opportunistically. Different methods were used 

to address this, in publication 3, the impact of the variable was assessed and it was not 

included in the final model and in publications 4 and 5, BMI was imputed as I judged it to be 

missing at random. The aim of these different methods were to reduce the impact of this 

missing data, and I have continued to learn about how best to deal with missing data [25]. 

After publication 3, I learned that a complete case analysis in those with BMI could be biased 

if missingness was associated with the outcome. As it is possible those who had BMI 

measured did so because they were obese, which is associated with mortality, there could 

be bias. To avoid this potential bias I decided to impute in later publications. In publication 3, 

BMI would be an unmeasured confounder, but we showed that an unmeasured confounder 

would need to be highly prevalent and highly associated with the outcome and exposure. 

This seemed unlikely to be the case for BMI.  

Alongside biases due to non-systematic data capture, there are also challenges related to 

the absence of potentially important information in EHR datasets. Prescription indication is 
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not provided, this would be useful, particularly when drugs have multiple indications. A 

specific example of this is in publication 3 where potential peri-mortal bias was examined in 

different ways, as we were not able to measure it directly. If we could have known what the 

GCs were prescribed for, people with GC prescriptions for terminal illnesses could have 

been excluded. Another challenge, caused by not having disease specific information is 

confounding by indication (section 3.5.2). As RA is managed in secondary care, there are 

not measures of disease severity in the primary care record, therefore we cannot account for 

disease severity directly in analyses. I used the proxy of healthcare utilisation, this did not 

impact on any of the analyses so it is hard to know how well this measured disease severity. 

I did consider using the number of csDMARDs prescribed, as increased numbers of 

csDMARDs may indicate higher disease severity. However, there are other reasons for a 

person switching csDMARDs such as adverse reactions to a particular csDMARD, so this 

may not represent disease severity well and this was shown in a previous study [137]. CRP 

is measured as a marker of inflammation, which may indicate disease severity, however this 

is measured too infrequently in primary care to be of use. As healthcare utilisation has some 

evidence behind it [96], this seemed to be the best proxy to use.  

Another challenge related to unavailable data is unmeasured confounding [106]. I had 

planned to study whether influenza and pneumococcal vaccinations prevent infection in 

patients with RA, as most studies only measure short-term immunogenicity. Unfortunately, 

despite trying many approaches, we could not deal with the problem of unmeasured 

confounding. We did not feel confident in publishing the initial results from our Cox PH 

modelling as influenza vaccination was associated with increased flu symptoms and 

pneumococcal vaccination was associated with increased risk of pneumonia infection, which 

was not biologically plausible. I adjusted for additional confounders such as frailty but this did 

not change the results, I then used a negative control (cellulitis) and saw that vaccinations 

were associated with increased risk of cellulitis, further supporting unmeasured confounding. 

I considered a self-controlled study as this eliminates confounding, as each person is their 
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own control. To use this method the requirements are: 1) recurrent events need to be 

independent, 2) the event should not influence future exposure and 3) the event must not 

censor the observation period [138]. This study did not meet the requirements for this type of 

study as previous pneumonia or influenza infection could influence whether a person 

received a vaccination. We spent some time working on using an instrumental variable (IV). 

An IV is a variable that is associated with the exposure, but not the confounders, and is not 

directly associated with the outcome. Using an IV can reduce unmeasured confounding 

[139]. The predicted probability of vaccination at the practice and region level was used as 

an IV, however this was found to be a weak instrument, resulting in wide confidence 

intervals, therefore we did not continue with this analysis. This was one of the first studies I 

led, it showed me the limitations of the data and the importance of considering all possible 

confounders. In this situation the limiting factor was that there was no good measurement of 

a person’s propensity to receive a vaccination. Ultimately, we did not feel sufficiently 

confident in the results to publish.  

In general, these challenges occur because of the way the data is, or is not, captured. After 

identifying potential problems through insights from clinicians and comparison to previous 

studies, various methods can be applied to identify whether bias is present, to minimise the 

chance of bias and, if we cannot minimise its occurrence, to measure the impact of bias. If 

we produce results that we are confident in then the benefits of the data outweigh the 

challenges posed.   

6.2.4 Data collection using online health communities  

The major benefit of using online health communities to collect data is that data can be 

collected efficiently, over a short period of time, directly from patients. I have shown that this 

method of data collection can represent some of the traditionally harder to reach groups, 

such as those who are more deprived. However, there are limitations on the data that can be 

collected. The studies presented were cross-sectional studies, and descriptive. These types 

of analyses provide value and important insights for researchers of certain questions, 
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however this type of data is unlikely to be suitable for studies of complex associations. 

Surveys can be conducted at more than one time point, and I was involved with a 

longitudinal study interested in the impact of using HealthUnlocked on health outcomes. 

Another group designed the study and I was involved with the analysis only. The data was 

collected at two time points, and only a third of people completed the second survey, those 

who did complete the second survey were those who engaged with the site frequently and 

may not represent all HealthUnlocked users, therefore attrition is likely to be a problem in 

longitudinal studies collecting data in this method. There were interesting findings, but as the 

data were collected from HealthUnlocked users only, it was difficult to make causal 

conclusions as there was no control group, so we do not know whether changes seen would 

have happened regardless of HealthUnlocked use [140]. Although longitudinal studies can 

be conducted through this platform, careful study design is important.   

Publication 7 addressed the issue of representativeness when using online health 

communities. The results are useful for future studies, if the less well represented groups 

were particularly important for a study, it may be that data collection could be supplemented 

by using another data source, such as NRAS itself. Overall, despite the challenges, online 

health communities are a valuable resource for studies requiring information directly from 

patients that is difficult to capture otherwise. 

6.3: Future research 

The studies presented would benefit from further work to translate the results to patients. I 

will do this through a blog post on the department website and creating a summary video of 

my findings, to share on social media. The understanding gained from the work in this thesis 

has led me to number of future research questions, some of which are already in progress. I 

have used my knowledge of developing code lists and using linked data in another study 

using CPRD GOLD and Aurum data, investigating the occurrence and outcomes of juvenile 

idiopathic arthritis (JIA).  I am using my experience of modelling GC exposure and risk 

attribution to develop a protocol that expands the adult GC safety analyses to a wider range 
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of inflammatory diseases, and extends beyond what I have done to date, in terms of the 

population studied and the methodology.  For example, we plan to use weighted cumulative 

dose, where exposure is attributed to the event based on the GC dose, duration and recency 

[141]. Using these new methods will continue my development as an epidemiologist. This 

work has also led me to be interested in the impact of GC use in children and young people 

with JIA, partly as most GC research focuses on adults, but also because it brings additional 

methodological challenges. These drugs are used differently in children and young people 

compared to adults, with more intra-articular injections in children and young people, for 

example. 

6.4: Conclusions 

These studies show how different forms of digital data can be used to study the 

management of RA. I have shown how EHR data can be used to study both treatment 

uptake, and complex associations between treatment and side effects. Through these 

studies, I have learnt about the importance of understanding the data source and how data 

are (or are not) collected which then informs study design. The importance of exploring the 

impact of any issues identified, this allows us to be confident in the results. Collecting data 

through an online health community allowed me to answer questions related to patient 

perspectives and representativeness that could not have been answered using EHR data. 

Learning about this efficient method of data collection complements my learning around 

EHR data. Through these studies, I have gained knowledge of methods that are applicable 

to other chronic disease areas, and successfully provided answers to clinically important 

questions related to the management of RA. 
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Abstract

Introduction

Guidelines for the management of rheumatoid arthritis (RA) recommend using influenza

and pneumococcal vaccinations to mitigate infection risk. The level of adherence to these

guidelines is not well known in the UK. The aims of this study were to describe the uptake of

influenza and pneumococcal vaccinations in patients with RA in the UK, to compare the

characteristics of those vaccinated to those not vaccinated and to compare vaccination

rates across regions of the UK.

Methods

A retrospective cohort study of adults diagnosed with incident RA and treated with non-bio-

logic immunosuppressive therapy, using data from a large primary care database. For the

influenza vaccination, patients were considered unvaccinated on 1st September each year

and upon vaccination their status changed to vaccinated. For pneumococcal vaccination,

patients were considered vaccinated after their first vaccination until the end of follow-up.

Patients were stratified by age 65 at the start of follow-up, given differences in vaccination

guidelines for the general population.
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Results

Overall (N = 15,724), 80% patients received at least one influenza vaccination, and 50%

patients received a pneumococcal vaccination, during follow-up (mean 5.3 years). Of those

aged below 65 years (N = 9,969), 73% patients had received at least one influenza vaccina-

tion, and 43% patients received at least one pneumococcal vaccination. Of those aged over

65 years (N = 5,755), 91% patients received at least one influenza vaccination, and 61%

patients had received at least one pneumococcal vaccination. Those vaccinated were

older, had more comorbidity and visited the GP more often. Regional differences in vaccina-

tion rates were seen with the highest rates in Northern Ireland, and the lowest rates in

London.

Conclusions

One in five patients received no influenza vaccinations and one in two patients received no

pneumonia vaccine over five years of follow-up. There remains significant scope to improve

uptake of vaccinations in patients with RA.

Introduction
Patients with rheumatoid arthritis (RA) are known to have a two-fold increased risk of infec-
tions compared to the general population [1]. This is thought to be due to the disease itself,
shared risk factors such as smoking, comorbidities and immunosuppressive treatment [2]. For
certain infections such as influenza and pneumonia, vaccinations may confer protection [3, 4].
Studies have shown that influenza and pneumococcal vaccinations are safe in patients with RA
and produce an antibody response despite immunosuppressive medication [5].

The European League Against Rheumatism (EULAR) recommendations for vaccination in
patients with rheumatic diseases recommend vaccination during stable disease, and ideally
prior to starting disease-modifying anti-rheumatic drug (DMARD) therapy. A pneumococcal
vaccination and annual influenza vaccinations are recommended for patients with RA being
treated with immunosuppressive medication. It is unknown whether patients should have
booster pneumococcal vaccinations [5]. The UK guidelines recommend a single vaccination
for immunocompromised patients [6] and the US guidelines recommend revaccination 5 years
after first vaccinations for those below 65 years of age and at age 65 years, or later if at least 5
years have elapsed since the previous dose [7].

Previous studies have investigated the uptake of both influenza and pneumococcal vaccines
in patients with rheumatic diseases [8–20]. These have typically been small single centre studies
mostly conducted in the US and Europe, often reliant on self-report of vaccinations. They have
shown suboptimal uptake of vaccinations, especially pneumococcal vaccinations [9–13, 18–
20]. At a national level in the UK, the Department of Health publishes data on vaccination
uptake [21], but the figures are not broken down by indication. Only one study in the US has
looked at whether patients with rheumatic diseases are being vaccinated prior to starting
immunosuppressive therapy [15].

Patients with RA are a high risk group with specific guidelines about vaccination and infec-
tion prevention, with little data about vaccination uptake at a national level in the UK. Given
this, the aims of this study were to describe the influenza and pneumococcal vaccination uptake
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in patients with incident RA in the UK, to compare the characteristics of those vaccinated to
those who were not vaccinated and to compare vaccination coverage across regions of the UK.

Materials and Methods
This study used data from the Clinical Practice Research Datalink (CPRD)—a large database of
anonymised primary care electronic medical records from general practitioners in the UK. As
of March 2011, it contains data for over 12 million patients from the mid 1980’s onwards [22].
The records provide a rich source of information on clinical diagnoses and symptoms, immu-
nisations, prescriptions, referrals and tests. The CPRD use data quality metrics to ensure the
quality of the data at the individual level, by indicating poor data recording or non-continuous
follow-up with an acceptability flag, and at the practice level, by indicating when a practice’s
data is up to research standard.

Definition of patients with incident RA
This was a retrospective cohort study, with the study period 1st January 2000 to 31st December
2013. To be included in the cohort patients needed to be i) diagnosed with RA for the first time
within the study window, identified using Read codes (see S1 Table for codelist) according to a
validated definition [23], ii) treated with immunosuppressive therapy at some point during fol-
low-up (identified through product codes (medication codes) for methotrexate, sulfasalazine,
leflunomide, hydroxychloroquine and other non-biologic DMARDs) (see S2 Table for code-
list). iii) aged 18 years or over and iv) have at least 12 months electronic medical record data
prior to entry to the study, to allow determination of baseline characteristics. To ensure data
quality, data from patients deemed unacceptable and data prior to the practice being up to
standard was not used. Patients entered the study on the date of their RA diagnosis, defined as
the first Read code for RA. Follow-up time was censored at either death, transfer out of the
practice, when the GP practice stopped contributing CPRD data, or the time of data extraction
from CPRD, whichever came sooner.

Vaccination status
Influenza vaccine is an annual vaccine that is adjusted each year depending on the strains of
influenza predicted for the influenza season, estimated to be 1st September to 31st March.
Exposure to influenza vaccination was therefore time dependent. On 1st September all indi-
viduals had an unvaccinated status and, upon vaccination their status changed to vaccinated.
On 31st August their status returned to unvaccinated and this was repeated each year. Vacci-
nation for influenza was identified through Read and product codes (see S3 Table for code-
lists). If there was more than one entry for immunisation during the season the first date was
used. Pneumococcal vaccination (PPV23) was identified using Read and product codes (see S4
Table for codelists). Following pneumococcal vaccination patients were considered vaccinated
for the rest of follow-up during the study time-period. Any repeat vaccinations remained in
the database but did not alter vaccination status. For both vaccines, patients were classified by
whether they had any vaccinations during follow-up and the number of vaccinations during
follow-up. The expected number of vaccinations during follow-up was calculated for influenza
vaccinations.

Covariates
Age at baseline (date of RA diagnosis) was calculated by subtracting year of RA diagnosis from
year of birth. Patients were then divided into those above and below 65 years of age, due to
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differences in vaccination guidelines in the general population. Baseline covariates were deter-
mined using data from at least 12 months prior to cohort entry. Baseline smoking status (ever
smoker vs never smoker) was identified using the latest Read code or product code indicating
smoking status prior to baseline (see S5 Table for codelists). Median height (calculated using
height measurements prior to baseline and during follow-up) and the nearest weight measure-
ment within 5 years prior to RA diagnosis were used to calculate body mass index (BMI) at
baseline. Other disease groups for which influenza and pneumonia vaccinations are recom-
mended were identified using Read codes: these included chronic respiratory disease, chronic
heart disease, chronic kidney disease, chronic liver disease, chronic neurological disease, diabe-
tes, asplenia or dysfunction of the spleen and other immunosuppression (see S6 Table for code-
lists). Patients were classified as meeting another clinical risk category at baseline if they had a
Read code for at least one of these diseases prior to baseline. DMARD therapy was identified
using product codes. The date of first DMARD prescription was identified for each patient,
which may have been prior to the date of RA diagnosis. Using this information patients were
classified by whether they were vaccinated prior to starting DMARD therapy, using data prior
to RA diagnosis where necessary. The number of face-to-face GP consultations during the year
prior to baseline was identified from the database, and the mean number of consultations was
calculated.

Analysis
For both vaccines, the number and percentage of patients who had at least one vaccination dur-
ing follow-up, and who had their first vaccination prior to starting immunosuppressive ther-
apy, stratified by age at baseline, was tabulated. The number of expected vaccinations was
compared to the number of vaccinations received during follow-up, stratified by age at base-
line. For the pneumococcal vaccination, this was described for the whole follow-up period. For
the influenza vaccination only the first 5 years are reported due to the high number of vaccina-
tions in some patients. The proportion of those vaccinated for each characteristic was calcu-
lated. Proportions vaccinated were compared by calculating the difference in the proportion
vaccinated, and 95% confidence intervals (CI), between strata for each characteristic. The
region of the practices was identified, and the percentage of patients who received at least one
vaccination during follow-up was calculated for each practice, and displayed as a box and whis-
ker plot by region.

The protocol for this study has been approved by Independent Scientific Advisory Commit-
tee for Medicines and Healthcare Regulatory Agency database research (Protocol number:
14_173). As this study used routinely collected anonymised electronic health records consent
was not required.

Results
As shown in Fig 1 there were 15,724 patients with RA who met the criteria for inclusion in the
study. These patients had a mean follow-up of 5.3 years (range: 0.003–14.0 years). Thirty-
seven percent of the cohort were age 65 years and over at baseline, and 69% were female. Just
over half (54%) of the cohort were smokers or ex-smokers at baseline, 20% had normal BMI,
26% met another clinical risk category at baseline and 22% visited their GP for a face-to-face
consultation more than 5 times in the year prior to baseline. The DMARDmost frequently
prescribed during follow-up was methotrexate, and 50% of patients were prescribed oral glu-
cocorticoids during follow-up (Table 1). 21% had a DMARD prescription prior to baseline,
with patients prescribed DMARDs for a mean of 20.6 days (standard deviation: 17.7) prior to
RA diagnosis. Overall, 12,492 (80%) patients had received at least one influenza vaccination
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during follow-up and 7,780 (50%) had received at least one pneumococcal vaccination during
follow-up (Table 2).

Of those aged below 65 years at baseline (N = 9,969), 7282 (73%) patients had received at
least one influenza vaccination. Of those whose first DMARD was during the influenza season
(N = 4,092) 1,415 (35%) were vaccinated prior to starting DMARD therapy. Of those expected
to have up to 5 vaccinations (N = 4,309), 21%—31% received all expected vaccinations. There
were 4,278 (43%) patients who received at least one pneumococcal vaccination, of whom 1,059
(25%) were vaccinated prior to starting DMARD therapy and 175 (1.8%) were revaccinated at
least once (Tables 2 and 3).

Of those aged 65 years and above at baseline (N = 5,755), 5210 (91%) patients received at
least one influenza vaccination. Of those whose first DMARD was during the influenza season
(N = 2,991), 2,220 (74%) were vaccinated prior to starting DMARD therapy. Of those expected
to have up to 5 vaccinations (N = 2,961), 55%-76% received all expected vaccinations. There
were 3,502 (61%) patients who received at least one pneumococcal vaccination, of whom 2,199
(63%) received a vaccination prior to starting DMARD therapy and 181 (3.1%) were revacci-
nated at least once (Tables 2 and 3).

Fig 1. Flowchart of patients eligible for the cohort.

doi:10.1371/journal.pone.0153848.g001
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Table 1. Characteristics of RA cohort, by vaccination status (N = 15724).

Characteristic All Vaccinated for influenza Vaccinated for pneumonia

N (% of
cohort)

N Proportion
vaccinated

Difference in proportion
vaccinated (95%

Confidence Interval)

N Proportion
vaccinated

Difference in proportion
vaccinated (95%

Confidence Interval)

Baseline age

18–44 years 2910
(18.5)

1835 63.1 Reference 887 30.5 Reference

45–54 years 3005
(19.1)

2145 71.4 8.3 (5.9, 10.7) 1121 37.3 6.8 (4.4, 9.2)

55–64 years 4054
(25.8)

3302 81.5 18.4 (16.3, 20.5) 2270 56.0 25.5 (23.2, 27.8)

65–74 years 3502
(22.3)

3186 91.0 27.9 (25.9, 29.9) 2318 66.2 35.7 (33.4, 38.0)

Over 75 years 2253
(14.3)

2024 89.8 26.8 (24.6, 28.9) 1184 52.6 22.1 (19.4, 24.7)

Gender

Female 10781
(68.6)

8525 79.1 Reference 5318 49.3 Reference

Male 4943
(31.4)

3967 80.3 1.2 (-0.2, 2.5) 2462 49.8 0.5 (-1.2, 2.2)

Baseline smoking

Never smoker 6250
(39.8)

4919 78.7 Reference 3027 48.4 Reference

Ever smoker 8505
(54.1)

6877 80.9 2.2 (0.8, 3.4) 4293 50.5 2.0 (0.4, 3.7)

Missing 969 (6.2) 696 71.8 -6.9 (-9.9, -3.9) 460 47.5 -1.0 (-4.3, 2.4)

Baseline BMI

Underweight 166 (1.1) 124 74.7 -5.3 (-12.1, 1.4) 69 41.6 -7.6 (-15.3, 0.1)

Underweight (<18.5)

Normal 3102
(19.7)

2483 80.0 Reference 1526 49.2 Reference

Normal (18.5–24.9)

Overweight 3502
(22.3)

2949 84.2 4.2 (2.3, 6.0) 1818 51.9 2.7 (0.3, 5.1)

Overweight (25–29.9)

Obese 2607
(16.6)

2184 83.8 3.7 (1.7, 5.7) 1359 52.1 2.9 (0.3, 5.5)

Obese (30–39.9)

Morbidly obese 372 (2.4) 297 79.8 -0.2 (-4.5, 4.1) 188 50.5 1.3 (-4.0, 6.7)

Morbidly obese (> = 40)

Missing 5975
(38.0)

4455 74.6 -5.5 (-7.3, -3.7) 2820 47.2 -2.0 (-4.2, 0.2)

Met at least one other clinical
risk category at baseline

Yes 4034
(25.7)

3652 90.5 14.9 (16.1, 13.7) 2127 52.7 4.4 (6.2, 2.6)

No 11690
(74.3)

8840 75.6 Reference 5653 48.4 Reference

Number of face-to-face GP
visits in year prior to baseline

<5 visits 12329
(78.4)

9466 76.8 Reference 5916 48.0 Reference

(Continued)
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Of those aged 65 years and above at baseline (N = 5,755), 5210 (91%) patients received at
least one influenza vaccination. Of those whose first DMARD was during the influenza season
(N = 2,991), 2,220 (74%) were vaccinated prior to starting DMARD therapy. Of those expected
to have up to 5 vaccinations (N = 2,961), 55%-76% received all expected vaccinations. There
were 3,502 (61%) patients who received at least one pneumococcal vaccination, of whom 2,199

Table 1. (Continued)

Characteristic All Vaccinated for influenza Vaccinated for pneumonia

N (% of
cohort)

N Proportion
vaccinated

Difference in proportion
vaccinated (95%

Confidence Interval)

N Proportion
vaccinated

Difference in proportion
vaccinated (95%

Confidence Interval)

5–9.9 visits 2684
(17.1)

2371 88.3 11.6 (10.1, 13.0) 1429 53.2 5.3 (3.2, 7.3)

10–14.9 visits 556 (3.5) 510 91.7 14.9 (12.5, 17.4) 335 60.3 12.3 (8.1, 16.4)

�15 visits 155 (1.0) 145 93.5 16.7 (12.8, 20.7) 100 64.5 16.5 (8.9, 24.1)

Prescribed oral
glucocorticoids during follow-
up

Yes 7792
(49.5)

6735 84.9 11.0 (12.3, 9.8) 4347 54.8 10.7 (12.3, 9.2)

No 7932
(50.5)

5757 73.9 Reference 3433 44.1 Reference

Prescribed methotrexate
during follow-up

Yes 11453
(72.8)

9517 83.1 13.4 (15.0, 11.9) 6006 52.4 10.9 (12.6, 9.2)

No 4271
(27.2)

2975 69.7 Reference 1774 41.5 Reference

Prescribed
hydroxchloroquine during
follow-up

Yes 5593
(35.6)

4433 79.3 -0.2 (1.0, -1.6) 2749 49.2 -0.5 (1.1, -2.1)

No 10131
(64.4)

8059 79.5 Reference 5031 49.7 Reference

Prescribed sulfasalazine
during follow-up

Yes 7344
(46.7)

5869 79.9 0.9 (2.1, -0.4) 3773 51.4 3.6 (5.1, 2.0)

No 8380
(53.3)

6623 79.0 Reference 4007 47.8 Reference

Prescribed leflunomide
during follow-up

Yes 1838
(11.7)

1594 86.7 8.2 (9.9, 6.5) 1093 59.5 11.3 (13.7, 8.9)

No 13886
(88.3)

10898 78.5 Reference 6687 48.2 Reference

Prescribed other non-
biologic DMARDs during
follow-up

Yes 1205
(7.7)

1047 86.9 8.1 (10.1, 6.0) 786 65.2 17.1 (19.9, 14.2)

No 14519
(92.3)

11445 78.8 Reference 6994 48.2 Reference

doi:10.1371/journal.pone.0153848.t001
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(63%) received a vaccination prior to starting DMARD therapy and 181 (3.1%) were revacci-
nated at least once (Tables 2 and 3).

The characteristics of the study cohort are shown in Table 1. Those who were vaccinated for
influenza were older, 91% of those aged 65–74 years at baseline and 90% of those aged 75 years
or older at baseline were vaccinated compared to 63% of those aged 18–44 years at baseline,
giving differences of 28 percentage points (95% CI: 26, 30 percentage points) and 27 percentage

Table 2. Influenza and pneumonia vaccination uptake, and timing of vaccinations in relation to starting DMARD therapy (N = 15724).

Influenza vaccination N (%) Pneumonia vaccination N (%)

<65 years �65 years Total <65 years �65 years Total

Ever had a vaccination

Yes 7282 (73.0) 5210 (90.5) 12492 (79.5) 4278 (42.9) 3502 (60.9) 7780 (49.5)

No 2687 (27.0) 545 (9.5) 3232 (20.5) 5691 (57.1) 2253 (39.2) 7944 (50.5)

First vaccination prior to starting DMARDs1

Yes 1415 (34.6) 2220 (74.2) 3635 (51.3) 1059 (24.7) 2199 (62.8) 3258 (41.9)

No 2677 (65.4) 771 (25.8) 3448 (48.7) 3219 (75.3) 1303 (37.2) 4522 (58.1)

1 For influenza vaccination: Includes patients whose first DMARD was during influenza season (September-March) as patients would not be vaccinated

between April and August (N = 7083).

doi:10.1371/journal.pone.0153848.t002

Table 3. The expected versus received influenza and pneumonia vaccinations of the RA cohort, by age group.

Vaccinations expected Vaccinations received Influenza vaccination1 N (%) Pneumonia vaccination2 N (%)

<65 years �65 years Total <65 years �65 years Total

1 0/1 140 (68.6) 33 (24.3) 173 (50.9) 5691 (57.1) 2253 (39.2) 7944 (50.5)

1/1 64 (31.4) 103 (75.7) 167 (49.1) 4103 (41.2) 3321 (57.7) 7424 (47.2)

2+/1 - - - 175 (1.8) 181 (3.1) 356 (2.3)

2 0/2 470 (46.8) 106 (14.6) 576 (33.3)

1/2 263 (26.2) 133 (18.4) 396 (22.9) - - -

2/2 272 (27.1) 485 (67.0) 757 (43.8)

3 0/3 395 (35.8) 92 (11.8) 487 (25.8)

1/3 195 (17.7) 65 (8.3) 260 (13.8) - - -

2/3 253 (22.9) 160 (20.4) 413 (21.9)

3/3 262 (23.7) 466 (59.5) 728 (38.6)

4 0/4 297 (29.2) 60 (8.9) 357 (21.1)

1/4 133 (13.1) 28 (4.1) 161 (9.5)

2/4 128 (12.6) 47 (7.0) 175 (10.3) - - -

3/4 251 (24.7) 146 (21.6) 397 (23.5)

4/4 208 (20.5) 395 (58.4) 603 (35.6)

5 0/5 269 (27.5) 62 (9.7) 331 (20.4)

1/5 108 (11.0) 20 (3.1) 128 (7.9)

2/5 93 (9.5) 21 (3.3) 114 (7.0) - - -

3/5 123 (12.6) 49 (7.6) 172 (10.6)

4/5 172 (17.6) 135 (21.0) 307 (19.0)

5/5 213 (21.8) 355 (55.3) 568 (35.1)

1 Includes those who were expected to receive up to 5 vaccinations only (N = 7270).
2 Whole cohort (N = 15724)

doi:10.1371/journal.pone.0153848.t003
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points (95% CI: 25, 29 percentage points), respectively. This was similar for pneumococcal vac-
cinations, though those aged over 75 years at baseline had a lower percentage of coverage
(53%) than those aged 65–74 years at baseline (66%). There were small differences in influenza
vaccination coverage between baseline BMI categories, with higher coverage observed in the
overweight and obese categories (84% in both categories) compared to the normal category
(80%), a difference of only 4 percentage points. A similar pattern was observed for pneumococ-
cal vaccination, though again the coverage was lower than for influenza vaccination. A greater
proportion of those who met at least one other clinical risk category had been vaccinated, com-
pared to those who did not meet another clinical risk category. This was true for both influenza
and pneumococcal vaccinations, though there was a greater difference for those vaccinated for
influenza, with a difference 15 percentage points (95% CI: 16, 14 percentage points) compared
to a difference of 4 percentage points (95% CI 6, 3 percentage points) for pneumococcal vacci-
nations. Those who visited their GP more often were more likely to be vaccinated with either
vaccine. A greater proportion of those prescribed oral glucocorticoids, methotrexate, lefluno-
mide and other DMARDs were vaccinated, for both types of vaccine. A greater proportion of
those prescribed sulfasalazine had a pneumococcal vaccination, though this was not true for
influenza vaccination. There were no differences in the proportion vaccinated in those pre-
scribed hydroxychloroquine. There were small differences in the proportion vaccinated by
smoking status. Ever smokers were vaccinated with either vaccine slightly more than never
smokers. The proportion vaccinated with either vaccine did not differ by gender.

Regional differences were observed in both influenza and pneumococcal vaccination cover-
age. The highest coverage of influenza and pneumococcal vaccination was in Northern Ireland
(86% and 61% respectively). The lowest coverage was in London (72% and 43% respectively)
(Fig 2). The differences in regional variation were unchanged when stratified by age.

Discussion
This large cohort study, using electronic health records from GPs in the UK, has shown that
one in five immunosuppressed patients with RA did not receive any influenza vaccinations
during follow-up, and up to two thirds were not vaccinated annually. Half of those vaccinated
received their first vaccination prior to starting DMARDs. Uptake of pneumococcal vaccina-
tions was much lower, less than half were vaccinated, and less than 3% of patients received
booster vaccinations. Of those vaccinated, 50% were vaccinated prior to starting DMARDs.
Those who were younger, who did not meet another clinical risk category, and who visited
their GP less often were least likely to be vaccinated. There was some variation in the propor-
tion who received at least one vaccination by region with Northern Ireland having the highest
coverage, and London having the lowest coverage.

The EULAR recommendations for vaccination in patients with rheumatic diseases [5], and
the UK vaccination guidelines for patients who are immunosuppressed [6, 24], recommend an
annual influenza vaccination and a pneumococcal vaccination. To our knowledge, this is the
first large study to describe the uptake of influenza and pneumococcal vaccinations, and timing
of vaccinations in relation to starting DMARD therapy, in patients with incident RA in the
UK. There have been a small number of single centre audits of vaccination uptake in patients
with rheumatic diseases in the UK [9–13, 19, 20] (Table 4), only 3 of these were investigating
patients with RA specifically [10–12]. The audits had between 64 and 169 patients and found
influenza vaccination uptake to be between 56% and 79% [9–13, 19, 20]. Pneumococcal vacci-
nation rates were lower at between 33% and 43% [11, 13, 20]. Though in one study influenza
vaccination uptake varied between 54% and 93%, and pneumococcal vaccination varied
between 38% and 64% depending on the type of DMARD the patient was taking and whether
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Fig 2. Box and whisker plots of influenza and pneumococcal vaccination uptake by region. Box and
whisker plots showing the percentage of patients within a practice receiving at least one influenza vaccination
(1A) or pneumonia vaccination (1B), by region. Box plots represent the median (central line), interquartile
range (box), range, excluding outliers (whiskers) and outliers (dots) of the percentage of patients within a
practice who receive at least one vaccination during follow-up.

doi:10.1371/journal.pone.0153848.g002
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they had any other risk factors for vaccination [9]. Another study used data from a cohort
study, which included 43 UK patients, and described vaccination uptake [16]. The study found
that 84% of UK patients had ever received an influenza vaccination, only 30% had optimal use,
and 44% of UK patients had ever received a pneumococcal vaccination. These results were sim-
ilar to this study. The Department of Health estimates that 52% of those on immunosuppres-
sive medication aged 18–64 years, were vaccinated for influenza in 2013/14 and 73% of those
aged 65 years and over were vaccinated for influenza [21]. This study has found slightly higher
numbers had received at least one influenza vaccination; compared to previous audits, however
when broken down by the number of expected and received vaccinations the patients receiving
all vaccinations expected was lower than the previous audits at between 33%-50% for those
with 5 years follow-up, which is suboptimal. The percentage of patients who received a pneu-
mococcal vaccination during follow-up was similar to previous audits.

In previous studies patients were only expected to receive one pneumococcal vaccination,
with no boosters. Although there are guidelines recommending boosters every 5 years [7], the
green book for GPs in the UK recommend only vaccinating once [6], and the EULAR guide-
lines state that it is unknown whether boosters are required [5], so this may explain why
patients have not received booster vaccinations and perhaps needs clarification.

This study also found that those with another indication for vaccination, in particular being
aged 65 years or over had higher rates of vaccination, which was similar to previous audits.
Only one previous study in the US had reported the proportion of patients with rheumatic dis-
eases who received a pneumococcal vaccination prior to starting immunosuppressive therapy
[15]. They found 37% of patients were vaccinated prior to starting immunosuppressive ther-
apy, which was similar to this study where 42% of those vaccinated received a pneumococcal
vaccination prior to starting DMARD therapy. There was wide variation by age, those below 65
years of age were much less likely to have been vaccinated prior to starting DMARDs (only
35% and 25% for influenza and pneumonia vaccination, respectively, for those below 65 years
of age compared to 74% and 63% in those over 65 years of age). Future research is required to
see whether this confers a clinical benefit in terms of reducing the incidence of infection.
Because DMARDs can be initiated in hospitals with GP prescribing only after the first few
months’ hospital treatment, the proportions of patients vaccinated prior to DMARD therapy
may be an over-estimate. It may be more difficult to vaccinate for influenza prior to starting

Table 4. Summary of studies of influenza and pneumococcus vaccination uptake in the UK.

Author Type of
study

N Disease group Influenza vaccine uptake Pneumococcal vaccine
uptake

Pradeep et al (2006) Audit 64 Rheumatoid arthritis 63% 43%

Doe et al (2007) Audit 169 Rheumatic
diseases

79% 34%

Thomas et al (2004) Audit 111 Rheumatic
diseases

70% 33%

Bridges et al (2003) Audit 129 Rheumatoid arthritis 56% (of those taking MTX
(n = 59))

-

Clarke et al (2011) Audit 71 Rheumatoid arthritis ~70% -

Saravana et al (2004) Audit 100 Rheumatic
diseases

77% -

Sowden et al (2007) Audit 101 Rheumatic
diseases

54%-93% 38%-64%

Hmamouchi et al
(2015)

Cohort 43 (UK
patients)

Rheumatoid arthritis 84% 44%

doi:10.1371/journal.pone.0153848.t004
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DMARDs, as vaccination takes place at a specific point in the year, however pneumonia vacci-
nation can take place all year round, so should be easier to accomplish.

Interestingly there was some variation in uptake of vaccinations by region and the trend was
similar to the variation seen in the NHS immunisation statistics for England 2013/14 [25].
Northern Ireland had the highest rates of vaccination and London had the lowest rates of vacci-
nation, perhaps due to regional differences in the promotion of vaccination.

In the UK there are incentives for GPs to provide influenza vaccinations for those aged 65
years and over and those with coronary heart disease, a history of stroke or transient ischaemic
attacks, diabetes and chronic obstructive pulmonary disease, through Quality and Outcomes
Framework (QOF) targets. Pneumonia vaccinations for those aged 65 years and over, and
influenza vaccinations for those at-risk but not on the QOF indicators (including those who
are immunosuppressed), are implemented through enhanced services. These provide GPs
with payment for immunisations, though do not specify targets for how many should be vacci-
nated. This may explain the low vaccination rates observed, particularly for pneumonia vacci-
nations, where the enhanced services only covers those aged 65 years or over and it does not
cover at risk groups. The UK influenza and pneumococcal vaccination booklets are not spe-
cific regarding RA, and the decision on whether to vaccinate individual immunosuppressed
patients is left to clinician discretion. Therefore, it may be beneficial for rheumatologists to
provide more input into the vaccination process. For example, they may wish to consider
administering vaccines themselves prior to initiating immunosuppressive therapy, or provide
GPs with clear advice on when vaccines should be administered. Regardless, experience tells
us it is essential that both approaches should be implemented and resourced or they will be
ineffective.

The study has several advantages—it used a large sample of patients with RA therefore the
study population is likely to be representative of patients with RA in the UK. The data used
came from electronic medical records which were recorded at the time of the visit so there
should not be inconsistencies in the way GPs recorded the data or in how patients reported
their symptoms. The data is “real-world data” and contains information on administered vacci-
nations, rather than being self-reported, therefore is likely to be accurate and free from recall
bias. In the UK vaccinations primarily take place in primary care therefore most vaccinations
will have been identified using primary care electronic medical records. There are however
some limitations to be considered when interpreting the results. There may be some misclassi-
fication with respect to the identification of diseases such as RA, within CPRD as these are
coded by the practices. However, vaccinations should be coded accurately as the product codes
are generally only added to the health records after administration by a clinician, hence repre-
senting administration and not prescription. In addition, the vaccination codes are used to
identify QOF and enhanced services compliance to determine payment, so GPs have an incen-
tive to ensure they are accurate. Studies have shown that patients with RA on biologic DMARD
therapy were more likely to have received a pneumococcal vaccination [8, 16]. Biologic
DMARD therapy is not captured on the CPRD database as these are prescribed in secondary
care, therefore we do not know what influence this had on vaccination uptake. There was some
missing data for BMI and smoking as this is collected opportunistically, however the amount
of missing data was small, particularly for smoking.

In conclusion, despite international recommendations, this study has found that many
patients with RA in the UK are not being immunised regularly for influenza, and often not at
all for pneumonia. Many patients are not being immunised prior to starting DMARD therapy.
The patients most often being missed are those who are below 65 years of age and who do not
have another disease for which vaccination is recommended.
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Figure 1 Timing of vaccination in relation to starting csDMARDs by 
year, overall and stratified by age. csDMARD, conventional synthetic 
disease- modifying anti- rheumatic drug.

      
      

 

Pneumonia vaccination timing in relation to 
starting conventional synthetic disease- 
modifying antirheumatic drugs in patients with 
rheumatoid arthritis

Patients with rheumatoid arthritis (RA) are at increased risk 
of infections, and pneumococcal vaccination is recommended. 
With some evidence that pneumococcal vaccinations are not as 
effective when administered after starting disease- modifying 
antirheumatic drugs (DMARDs), in particular methotrexate,1 
guidance on when best to vaccinate, in relation to DMARDs, 
has become more consistent in recent years. Early European 
League Against Rheumatism guidelines (2011) only referred to 
B- cell depleting biological DMARDs, but more recent guide-
lines (2019)2 recommend vaccination prior to commencement 
of all DMARD types. Since 2011, British Society for Rheuma-
tology (BSR) guidance advises vaccination prior to starting any 
DMARD.3 4 The aims of this study were to explore the timing 
of pneumococcal vaccination in patients with RA in relation 
to starting conventional synthetic DMARDs (csDMARDs) and 
examine whether this has changed over time.

This was a cross- sectional study using data from the Clinical 
Practice Research Datalink GOLD (UK primary care electronic 
health records). The study period was from 1 January 2000 to 
31 December 2018. To be included, patients were required to 
(1) have a diagnosis of RA identified using a validated algo-
rithm5; (2) be prescribed csDMARDs up to a maximum of 3 

months prior to, or anytime after, RA diagnosis and (3) have 
received a pneumococcal vaccination up to a maximum of 5 
years prior to, or anytime after, starting csDMARDs. For each 
patient, it was determined if vaccination was prior to starting 
csDMARDs.

Of 21 461 patients with RA who started csDMARDs within 
the study window, 8205 (38.2%) were vaccinated and met 
the inclusion criteria. Nearly half (44.3%, n=3633) were 
age ≥65 years, 66.4% (n=5445) were female and 26.7% 
(n=2188) had a diagnosis for another disease where vacci-
nation is also recommended. Overall, 2997 (36.5%) patients 
were vaccinated prior to starting csDMARDs. When stratified 
by age, of those vaccinated prior to starting csDMARDs, 88% 
(n=1911/2170) of those age ≥65 years and 72% (n=596/827) 
of those <65 years, were vaccinated prior to RA diagnosis. 
The frequency of vaccination was higher in the first year after 
starting csDMARDs, with 1779 (21.7%) vaccinated compared 
to 833 (10.2%) in the year preceding (online supplemen-
tary figure 1). However, 1000 (12.2%) were vaccinated >3 
years prior, and 1844 (22.5%) were vaccinated >3 years after 
starting csDMARDs. By calendar year, the proportion vacci-
nated prior to starting csDMARDs increased over time, with 
the greatest increases seen between 2003 and 2007 where the 
proportion increased from 18% to 47%. When stratified by 
age (65 years or over, when UK guidelines recommend vacci-
nating everyone against pneumococcus), the proportions 
vaccinated prior to starting csDMARDs were higher overall in 
the ≥65 years old age group. In those <65 years, the propor-
tions rose more steadily over time from 13.0% in 2000 to 
29.2% in 2015 (figure 1).

This study has shown that, of patients with RA who received 
pneumococcal vaccinations, only around one- third of vacci-
nations occurred prior to starting csDMARDs. This is similar 
to a study in the USA where 41% were vaccinated prior to 
starting csDMARDs.6 There was evidence that commence-
ment of csDMARDs prompts vaccination, however the peak in 
vaccination was in the year after starting csDMARDs. Vaccina-
tion prior to starting csDMARDs has increased through time 
with greater increases seen in those aged ≥65 years. A marked 
increase followed the 2003 change in national guidelines 
recommending all adults≥65 years should receive a pneumo-
coccal vaccination. Indeed, most patients ≥65 years old vacci-
nated prior to starting csDMARDs were vaccinated prior to 
RA diagnosis. In those <65 years old, there were still increases 
over time, which was positive. Encouragingly, overall, there 
was also a steady increase from 2011, when BSR vaccination 
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guidelines were published.3 Although the proportion decreases 
in 2018, further data are required to determine if this is a long- 
term trend. Given recent guidelines, we encourage rheumatol-
ogists to promote awareness of the importance of vaccinations 
prior to csDMARD initiation through timely communications 
to patients and primary care physicians.
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Abstract Previous studies of glucocorticoid (GC) therapy

and mortality have had inconsistent results and have not

considered possible perimortal bias—a type of protopathic

bias where illness in the latter stages of life influences GC

exposure, and might affect the observed relationship

between GC use and death. This study aimed to investigate

all-cause and cause-specific mortality in association with

GC therapy in patients with rheumatoid arthritis (RA), and

explore possible perimortal bias. A retrospective cohort

study using the primary care electronic medical records.

Oral GC exposure was identified from prescriptions.

Mortality data were obtained from the UK Office for

National Statistics. Multivariable Cox proportional hazards

regression models assessed the association between GC use

models and death. Several methods to explore perimortal

bias were examined. The cohort included 16,762 patients.

For ever GC use there was an adjusted hazard ratio for all-

cause mortality of 1.97 (95 % CI 1.81–2.15). Current GC

dose of below 5 mg per day (prednisolone equivalent dose)

was not associated with an increased risk of death, but a

dose–response association was seen for higher dose cate-

gories. The association between ever GC use and all-cause

mortality was partly explained by perimortal bias. GC

therapy was associated with an increased risk of mortality

for all specific causes considered, albeit to a lesser extent

for cardiovascular causes. GC use was associated with an

increased risk of death in RA, at least partially explained

by perimortal bias. Importantly, GC doses below 5 mg

were not associated with an increased risk of death.

Keywords Rheumatoid arthritis � Glucocorticoids �
Mortality � Steroids

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory dis-

ease which affects between 0.5 and 1 % of the adult pop-

ulation worldwide [1–3]. Oral glucocorticoid (GC) therapy

was introduced as a treatment for patients with RA nearly

60 years ago [4] and is still used widely. Around one third

of patients with RA are current users, and two thirds of

patients have ever used GCs [5]. GCs improve symptoms

of active RA through reducing joint pain, swelling and

stiffness [6]. However, there are some concerns about their

potential side effects including cardiovascular (CV) events,

diabetes, infection, fracture, and cataracts [7–11], many of

which are associated with an increased risk of mortality.

Previous studies have investigated the association

between GC therapy and mortality, mostly focusing on all-

cause mortality, though some have investigated CV mor-

tality [5, 12–16]. Findings from these studies are not con-

sistent. GCs have been associated with an increased risk of
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all-cause mortality in some [12–15, 17, 18] but not all

studies [16, 19, 20], with similar inconsistency for CV

mortality [12, 14, 16]. Very few studies have examined

other cause-specific mortality. In studies that consider

dose, some have suggested no association with doses

\5 mg prednisolone equivalent [12, 13], reflecting either a

lack of significant side effects at this dose or perhaps a

favourable balance between side effects and positive anti-

inflammatory properties.

There are important methodological issues when con-

sidering GC exposure and mortality, including confound-

ing by indication—whereby GC therapy is given to patients

with high disease severity and high disease severity is itself

associated with increased mortality. However, studies have

rarely considered a form of protopathic bias we will call

‘perimortal bias’, where illness in the latter stages of life

influences GC exposure, and which consequently might

affect the observed relationship between GC use and death.

For example, if a patient were to develop cancer, GC

therapy may be prescribed to treat the malignancy and a

resultant association would be observed between GCs and

(cancer-specific) mortality. The aim of this study was to

investigate all-cause and cause-specific mortality in asso-

ciation with various models of oral GC exposure in patients

with RA, and to explore and control for the possible

existence of perimortal bias.

Methods

Database

The Clinical Practice Research Datalink (CPRD) is a

database of anonymised UK primary care electronic med-

ical records covering 9 % of the population. There are 650

General Practitioner (GP) practices who contribute high-

quality data, with over 5.5 million active patients who are

broadly representative of the UK population [21, 22].

Information on the database includes patient demographics,

medical diagnoses, clinical tests, hospital referrals, and

drug prescriptions. Diagnoses on CPRD have been shown

to have a high validity [23]. Selected practices consent to

linkage to mortality data for England and Wales from the

UK Office for National Statistics (ONS), and to Hospital

Episode Statistics (HES), which provides information on

hospital admissions.

Study population

Patients with RA were identified in the CPRD database

using a validated algorithm [24]. To satisfy the algorithm

patients needed either: more than one RA Read code, a

seropositive/erosive RA or ‘‘rheumatoid arthritis’’ code

(such as RA of knee), and no code for an alternative

diagnosis after the last RA code; or a DMARD prescription

with no Read code for an alternative indication in the

5 years prior to the first DMARD prescription. A study

window of 1st January 1998–1st October 2011 was used.

The cohort was restricted to the 340 GP practices eligible

to be linked to ONS mortality and HES data, with data

restricted to the period of mortality data linkage for each

GP practice to ensure accurate vital status information.

Patients entered the study on the latest of first RA code,

date of ONS linkage or 01/01/1998. Patients under

16 years of age were excluded. The population was also

restricted to patients with at least 1 year’s information in

CPRD prior to cohort entry, to allow assessment of prior

GC exposure. Follow-up ended at transfer out of GP

practice, GP practice data last collection, death, or 01/10/

2011, whichever came first.

Exposure definition

The dose and duration of each GC prescription was derived

from the available prescription information using a pre-

specified algorithm (see Online Resource item A1). Doses

of oral GCs were converted into a prednisolone-equivalent

dosage (PED). Time-varying GC exposure was then

defined in six ways: (1) ever use: a patient was considered a

never user until the point of their first GC prescription

when they became an ever user. This was the primary

analyses. (2) Current use: a patient was considered a cur-

rent user during their GC prescription and became a non-

user during the periods without a GC prescription. (3)

Current dose (5 mg/day): during a patient’s GC prescrip-

tion this was the dose divided by 5, during non-use this was

zero. (4) Current dose category: a patient’s current dose

was categorised into the following categories: non-use,

[0–4.9, 5–7.4, 7.5–14.9, 15–24.9 and 25 mg and over

PED/day. (5) Cumulative dose since cohort entry

(1000 mg/day): a patient’s cumulative dose was calculated

by summing the doses that had been prescribed up to that

point and dividing by 1000, during non-use the cumulative

dose would remain at the cumulative dose of prescriptions

up to that point. (6) Cumulative dose category: a patent’s

cumulative dose was categorised into the following cate-

gories: non-use, [0–959, 960–3054, 3055–7299 and

7300 mg and over PED/day. An example of a patient’s

changing GC status through time is shown in Fig. 1. As

time in hospital creates a gap in primary care records,

because patients cannot attend the primary care practice,

the GC exposure was set to the latest GC status prior to

admission for the duration of any hospital inpatient stay

identified using HES data.
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Death ascertainment

The ONS defines cause of death by International Classifi-

cation of Diseases version 2010 (ICD 10) codes with a

specified underlying cause of death. We examined the

underlying cause of death by the most frequent ICD 10

chapter headings of circulatory (ICD chapter I), neoplasms

(ICD chapters C and D), respiratory diseases (ICD chap-

ter J), and the remaining chapter headings grouped together

in an ‘‘other causes’’ category. We also identified the

leading causes of death in each chapter. Causes of death

prior to 2001 were coded using ICD 9 and were later

mapped to ICD 10.

Confounders

The following a priori potential confounders were included

in the analyses: gender, age, body mass index (BMI),

smoking status, socioeconomic status (SES) (Townsend

quintile), prior 1 year cumulative GC dose at baseline,

baseline Charlson comorbidity index [25], time-varying

use of the DMARDs methotrexate, hydroxychloroquine,

sulfasalazine and leflunomide and use of other DMARDs

(penicillamine, azathioprine, cyclosporin, injectable gold)

and time-varying use of non-steroidal anti-inflammatory

drugs (NSAIDs) during follow-up. For a subgroup of the

cohort who had the information available, the mean num-

ber of rheumatology outpatient visits per year and the mean

number of GP visits per year was calculated and addi-

tionally adjusted for in a sensitivity analysis.

Statistical analysis

Baseline characteristics were tabulated for the whole

cohort, and stratified by ever use at the end of follow-up, to

examine if there were any differences between ever users

and never users.

Mortality rates with 95 % confidence intervals (CI) were

estimated by dividing the number of deaths by the total

number of person-years follow-up.

Primary analyses examined the association between GC

exposure and time until death, using Cox proportional

hazards regression [26], using the six GC exposure defi-

nitions described above. Associations between GC expo-

sure and mortality (both all-cause and cause-specific) were

estimated through crude, and fully adjusted hazard ratios

(HR), with 95 % CI. The proportional hazards assumption

was checked by testing the Schoenfeld residuals. The

association between oral GC use and cause-specific mor-

tality was further explored using the Fine and Gray com-

peting risks approach [27]. All data analysis was performed

using Stata/MP Version 12.1 (StataCorp, Texas).

Missing data

The proportion of missing data for all confounders was

assessed. If there was more than 5 % missing data the

Fig. 1 Example of GC exposure definitions during follow-up for a hypothetical patient

Oral glucocorticoid therapy and all-cause and cause-specific mortality in patients with… 1047
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variable was included in a fully adjusted model 1, and

assessed in a complete case analysis. Any variable that was

significantly associated with the outcome or changed the

hazard ratio for the primary exposure by at least 10 % was

included in the analyses, and therefore imputed. Other

variables were excluded from the analysis. If there was

\5 % missing data the variable was included in the model,

and only complete cases were included in the analyses.

Exploring potential perimortal bias

Possible perimortal bias was explored in three ways. First, in

order to explore whether GC therapy was being initiated in

response to a terminal illness such as cancer, the distribution of

cause-specific deaths in the first 6 months after GC initiation

was compared to the distribution of cause-specific deaths

more than 6 months after GC initiation in ever GC users.

Second, the proportion of deaths was compared among two

groups: (1) GC users who had oral GC therapy less than

6 months before death; and (2) GC users who had oral GC

therapy more than 6 months before death but no GC use in the

6 months prior to death. Third, exposure during a 6 month

period before death was excluded from the analyses to see if

this had an impact on the results [28]. The same GC exposure

models were used, although now based on the GC status at

6 months prior to death (see Figure A1 in Additional file 2).

The protocol for this study has been approved by

Independent Scientific Advisory Committee for Medicines

and Healthcare Regulatory Agency database research

(Protocol number: 11_113RA4). As this study used rou-

tinely collected anonymised electronic health records

consent was not required.

Results

There were 37,983 patients identified with a diagnosis of

RA, of whom 21,355 were eligible for ONS linkage. After

applying the exclusion criteria, the cohort reduced to

16,762 patients (Fig. 2). Table 1 summarizes the patient

characteristics of the whole cohort, ever GC users and non-

users. 70 % of patients were female, with similar propor-

tions in the GC and non-GC groups. Mean age at baseline

was 60.2 years [standard deviation (SD): 14.6].

There were 8367 (50 %) patients who received at least

one prescription for oral GCs. These patients were on

average 4 years older, more likely to have received GCs in

the 1 year prior to RA (44 vs. 6 %, respectively) and had

higher DMARD use during follow-up compared to non-

users. The mean baseline Charlson comorbidity index was

slightly higher in ever users compared with never users

(1.39 vs. 1.25) (Table 1).

During active GC prescriptions, the mean current daily

dose (PED) was 7.5 mg (SD 6.9 mg). The mean cumula-

tive dose (PED) among the 8367 patients who received GC

therapy was 5.3 g (SD 6.0 g).

During a total of 111,099 person years, 2996 patients

died (median follow-up of 6.1 years per person), giving an

all-cause mortality rate of 27.0 deaths per 1000 person-

years (pyrs) (95 % CI 26.0–28.0) (Table 2). In those never

exposed to GCs the mortality rate was 15.5 deaths per 1000

pyrs, compared to 44.0 deaths per 1000 pyrs in those ever

exposed to GCs.

Overall the most common cause of death was cardio-

vascular disease, followed by neoplasms and respiratory

diseases. The underlying causes of death in the ‘‘other

causes’’ category were mostly musculoskeletal (28.0 %).

Figure 3 shows the cumulative incidence curves from Fine-

Gray models [27] for the four categories of cause-specific

mortality. Ever users had higher mortality rates in each

cause-specific category compared to never users. For each

category the mortality rate for ever users was higher than

never users from the start of follow-up, and the mortality

rate was consistent through follow-up for both exposed and

unexposed groups.

Cardiovascular mortality rates were 15.8 deaths per

1000 pyrs in ever users compared to 6.4 deaths per 1000

pyrs in never users. Within this chapter, ischemic heart

disease had the highest mortality rate for both ever and

never users. Neoplasms had the second highest mortality

rate for ever GC users. Conversely, the second highest

mortality rate for never users was other causes of death.

Respiratory diseases had the lowest mortality rate in both

ever and never GC users (Table 2).

Fig. 2 Flowchart of the ONS linked patient cohort
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Table 3 shows the associations between oral GC use and

risk of all-cause and cause-specific mortality, estimated

through six alternative Cox models, adjusted for age,

gender, smoking status, SES, prior cumulative dose of GC,

baseline Charlson comorbidity index, time-varying NSAID

use and time-varying DMARD use.

BMI was the only potential confounder with higher than

five percent of missing data (Table 1). When it was

included in a complete case analysis of model 1 it did not

alter the hazard ratio for GC use and was not significantly

associated with mortality and so was not included in the

fully adjusted models. Smoking and SES had\5 % miss-

ing data and were included in the fully adjusted models. All

models consistently showed that risk of death was associ-

ated with GC use and increased with higher dosages of

GCs. There was a nearly twofold greater risk of all-cause

mortality in ever users, compared to never users (HR 1.97,

95 % CI 1.81–2.15). For cause-specific mortality, ever

users had over a three times higher risk of death from

neoplasms compared to never users (HR 3.20, 95 % CI

2.66–3.86). For both all-cause and cause-specific mortality,

a similar pattern was seen for current use, though the point

estimates were lower. For each 5 mg increase in GC dose

there was a 33 % increased risk of all-cause mortality

compared to non-users (HR 1.33, 95 % CI 1.30–1.35).

Similar increased risks were seen for each of the cause

specific mortality categories, with the highest risk seen for

neoplasms (HR 1.46, 95 % CI 1.42–1.49).

The categorisation of current daily dose showed that for

all-cause mortality, CV mortality and mortality due to

respiratory diseases, a dose below 5 mg per day was not

associated with an increased risk of death. Furthermore, for

neoplasms and ‘other causes’, a dose of below 7.5 mg per

day was not associated with an increased risk of death.

However, as current daily dose increased above these

doses, so too did the risk of death. Comparing between the

hazard ratios for cause-specific mortality, the risk of car-

diovascular mortality was notably lower than for the other

three categories of death, for current GC dose above

7.5 mg.

There was a 6 % increased risk of all-cause mortality for

each 1000 mg/day increase in cumulative dose since cohort

Table 1 Characteristics of the

cohort, stratified by oral GC

therapy status during follow-up

All subjects Never users Ever users

Number of patients, n (%) 16,762 8395 (50.1) 8367 (49.9)

Follow-up time, total (person-years) 111,099 66,560 44,538

Females, n (%) 11,748 (70.1) 5945 (70.8) 5803 (69.4)

Age at baseline (years), mean (SD) 60.2 (14.6) 58.2 (14.9) 62.1 (14.1)

Body Mass Index at baseline

Mean (SD) 26.8 (5.6) 26.9 (5.5) 26.8 (5.71)

Missing (%) 2763 (16.5) 1483 (17.7) 1280 (15.3)

Smoking status at baseline, n (%)

Non smoker 7832 (46.7) 4115 (49.0) 3717 (44.4)

Ex smoker 3192 (19.0) 1489 (17.7) 1703 (20.4)

Current smoker 5227 (31.2) 2525 (30.1) 2702 (32.3)

Missing 511 (3.1) 266 (3.17) 245 (2.93)

Socioeconomic status quintile at baseline, n (%)

First (least deprived) 3672 (21.9) 1871 (22.3) 1801 (21.5)

Second 4040 (24.1) 2031 (24.2) 2009 (24.5)

Third 3566 (21.3) 1746 (20.8) 1820 (21.8)

Fourth 3213 (19.2) 1601 (19.1) 1612 (19.3)

Fifth (most deprived) 2204 (13.2) 1112 (13.3) 1092 (13.1)

Missing 67 (0.4) 34 (0.4) 33 (0.4)

Prior history of GC use, n (%) 4138 (24.7) 484 (5.80) 3661 (43.8)

Charlson comorbidity index at baseline, mean (SD) 1.32 (0.70) 1.25 (0.64) 1.39 (0.76)

Methotroxate ever during follow-up, n (%) 8949 (53.4) 4020 (47.9) 4929 (58.9)

Hydroxycholoroquine ever during follow-up, n (%) 3728 (22.2) 1726 (20.6) 2002 (23.9)

Sulfasalazine ever during follow-up, n (%) 4793 (28.6) 2249 (26.8) 2544 (30.4)

Leflunomide ever during follow-up, n (%) 1465 (8.74) 455 (5.42) 1010 (12.1)

Other DMARDs ever during follow-up, n (%)a 4304 (25.7) 1683 (20.1) 2621 (31.3)

a Other DMARDS: penicillamine, azathioprine, cyclosporin, injectable gold
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Table 2 Underlying causes of death and crude mortality rates, overall and by ever GC use status

All subjects Never GC useb Ever GC use

Events (%) Mortality ratea Events (%) Mortality ratea Events (%) Mortality ratea

1 All-causes 2996 27.0 (26.0–28.0) 1034 15.5 (14.6–16.5) 1962 44.0 (42.1–46.0)

2 Cardiovascular diseases 1131 (100) 10.2 (9.60–10.8) 428 (100) 6.40 (5.84–7.07) 703 (100) 15.8 (14.7–17.0)

Ischemic heart diseases 581 (51.4) 5.23 (4.82–5.67) 207 (48.4) 3.11 (2.61–3.37) 374 (53.2) 8.39 (7.59–9.29)

Cerebrovascular diseases 247 (21.8) 2.22 (1.96–2.52) 121 (28.3) 1.82 (1.52–2.17) 126 (17.9) 2.83 (2.37–3.37)

Others 303 (26.8) 2.73 (2.44–3.05) 100 (23.3) 1.50 (1.24–1.83) 203 (28.9) 4.56 (3.97–5.23)

3 Neoplasms 639 (100) 5.75 (5.32–6.22) 191 (100) 2.87 (2.49–3.31) 448 (100) 10.1 (9.17–11.0)

Respiratory neoplasm 208 (32.6) 1.87 (1.63–2.14) 41 (21.5) 0.62 (0.45–0.84) 167 (37.3) 3.75 (3.22–4.36)

Digestive neoplasm 135 (21.1) 1.22 (1.03–1.44) 46 (24.1) 0.69 (0.52–0.92) 89 (19.9) 2.00 (1.62–2.46)

Others 296 (46.3) 2.66 (2.38–2.99) 104 (54.4) 1.56 (1.29–1.89) 192 (42.8) 4.31 (3.74–4.97)

4 Respiratory diseases 509 (100) 4.58 (4.20–5.00) 132 (100) 1.98 (1.67–2.35) 377 (100) 8.46 (7.65–9.36)

Respiratory infection 216 (42.4) 1.94 (1.70–2.22) 80 (60.6) 1.20 (0.97–1.50) 136 (36.1) 3.05 (2.58–3.61)

Lower respiratory diseases 205 (40.3) 1.85 (1.61–2.12) 32 (24.2) 0.48 (0.34–0.68) 173 (45.9) 3.88 (3.35–4.51)

Others 88 (17.3) 0.79 (0.64–0.98) 20 (15.2) 0.30 (0.19–0.47) 68 (18.0) 1.53 (1.20–1.94)

5 Others causes of death 717 (100) 6.45 (6.00–6.94) 283 (100) 4.25 (3.78–4.77) 434 (100) 9.74 (8.87–10.7)

Musculoskeletal diseases 201 (28.0) 1.81 (1.58–2.08) 67 (23.7) 1.00 (0.79–1.28) 134 (30.9) 3.01 (2.54–3.56)

Digestive diseases 158 (22.0) 1.42 (1.22–1.66) 68 (24.0) 1.02 (0.81–1.29) 90 (20.7) 1.64 (1.79–2.48)

Genitourinary diseases 75 (10.5) 0.68 (0.54–0.85) 22 (7.8) 0.33 (0.22–0.50) 53 (12.2) 1.19 (0.91–1.56)

Injury, poisoning and external causes 102 (14.2) 0.92 (0.76–1.11) 47 (16.6) 0.71 (0.53–0.93) 55 (12.7) 1.23 (0.95–1.61)

Others 181 (25.3) 1.63 (1.41–1.88) 79 (27.9) 1.19 (0.95–1.48) 102 (23.5) 2.29 (1.89–2.78)

a Mortality rates per 1000 patient-years
b Patients who had not yet used GCs could initially contribute person time to the ‘never GC use’ group, and then switch to ‘ever GC use’ person

time on receipt of their first GC prescription

Fig. 3 Cumulative incidence

curves by GC status
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entry (HR 1.06, 95 % CI 1.05–1.07). Similar increases in

risk were seen for each cause-specific mortality category.

Categorisation of cumulative dose showed a dose response

increased risk of all-cause mortality in each category of

cumulative dose, with risk of death increasing with

increased categories of cumulative dose. The exception to

this was for other causes of death, where there was not an

increased risk of death from other causes with cumulative

doses up to 3054.9 mg (Table 3). Additional adjustment

for mean number of rheumatology outpatient visits per year

and mean number of GP visits per year in general increased

the risk of all-cause mortality and cause-specific mortality,

but did not alter the significance, except for the lowest

current dose category (0-4.9 mg) where a significantly

reduced risk of mortality due to neoplasms was seen

(Online resource Table A1).

Perimortal bias

The mortality rate in the first 6 months following GC

therapy initiation was 56.5 deaths per 1000 pyrs, compared

to 42.8 deaths per 1000 pyrs beyond 6 months after GC

initiation. The rate of neoplasm deaths was higher in

patients in the first 6 months following GC initiation (23.5

per 1000 pyrs compared to 8.7 per 1000 pyrs beyond

6 months) (Online Resource Table A2).

Of those who died (N = 2996), 1962 patients ever used

GCs. Of these, 1576 patients used GCs during the 6 months

prior to death and 368 last used GCs more than 6 months

prior to death. Those who used GC in the 6 months prior to

death had a higher proportion of deaths due to respiratory,

neoplasms and other causes, but a lower proportion of CV

deaths, compared to those patients who received GC

therapy more than 6 months prior to death. For example

23.4 % of those who used GCs during the 6 months prior

to death died from neoplasms, compared to 20.7 % in those

who used GCs more than 6 months prior to death (Online

Resource Table A3).

After the exclusion of GC information in the 6 months

prior to death, the association between ever use and all-

cause mortality was reduced but remained statistically

significant (HR 1.64, 95 % CI 1.50–1.79). A similar

reduction in hazard ratio was seen for cause-specific mor-

tality, in particular neoplasm mortality where ever users

had only a 76 % increased risk of death from neoplasms

(HR 1.76, 95 % CI 1.47–2.10), compared to a threefold

greater risk when the 6 months prior to death was included

(HR 3.20, 95 % CI 2.66–3.86). In Model 4, the magnitude

of risk was reduced for the highest dose category of

[25 mg PED for all-cause and each cause-specific mor-

tality. Excluding the exposure data from 6 months prior to

death had the biggest impact on deaths caused by

Table 3 Association between oral GC use and all-cause and cause-specific mortality (n = 16,187)

Model Oral GC pattern Adjusted hazard ratio (aHR) with 95 % CIa

All-cause mortality

death = 2770

CV mortality

death = 1039

Neoplasms

death = 606

Respiratory

diseases

death = 468

Other causes

death = 657

1 Ever use, (ref = never use) 1.97 (1.81–2.15) 1.66 (1.45–1.91) 3.20 (2.66–3.86) 2.64 (2.11–3.31) 1.39 (1.16–1.66)

2 Current use, (ref = non-use) 1.77 (1.62–1.93) 1.58 (1.37–1.83) 2.22 (1.84–2.68) 1.92 (1.57–2.36) 1.69 (1.41–2.02)

3 Current dose per 5 mg/day 1.33 (1.30–1.35) 1.21 (1.16–1.27) 1.46 (1.42–1.49) 1.36 (1.30–1.41) 1.25 (1.20–1.31)

4 Current dose category, (ref = non-use)

[0–4.9 mg 1.02 (0.87–1.20) 1.10 (0.85–1.41) 0.79 (0.51–1.22) 0.87 (0.57–1.33) 1.15 (0.85–1.57)

5.0–7.4 mg 1.44 (1.26–1.64) 1.59 (1.31–1.94) 1.07 (0.75–1.52) 1.74 (1.30–2.32) 1.23 (0.93–1.63)

7.5–14.9 mg 2.24 (1.98–2.54) 1.96 (1.59–2.42) 2.34 (1.75–3.13) 2.19 (1.62–2.97) 2.66 (2.09–3.38)

15.0–24.9 mg 4.50 (3.61–5.62) 2.79 (1.80–4.31) 8.07 (5.41–12.0) 8.03 (5.31–12.2) 2.06 (1.09–3.90)

C25 mg 11.0 (8.87–13.6) 2.48 (1.23–4.99) 31.3 (23.5–41.9) 11.4 (6.84–19.0) 6.87 (4.01–11.8)

5 Cumulative dose since cohort

entry (1000 mg/day)

1.06 (1.05–1.07) 1.05 (1.04–1.07) 1.06 (1.04–1.08) 1.07 (1.05–1.09) 1.07 (1.05–1.08)

6 Cumulative dose category (ref = non-use)

[0–959.9 mg 1.60 (1.42–1.81) 1.41 (1.16–1.72) 2.51 (1.97–3.21) 2.18 (1.61–2.95) 1.04 (0.79–1.36)

960–3054.9 mg 1.83 (1.62–2.07) 1.38 (1.12–1.70) 3.84 (3.04–4.87) 2.24 (1.64–3.05) 1.16 (0.88–1.52)

3055–7299.9 mg 2.11 (1.87–2.39) 1.91 (1.57–2.32) 3.31 (2.55–4.30) 2.65 (1.95–3.61) 1.48 (1.15–1.92)

C7300 mg 3.11 (2.74–3.52) 2.59 (2.11–3.18) 3.85 (2.90–5.10) 4.85 (3.59–6.55) 2.54 (1.98–3.25)

a Adjusted for gender, age, smoking status, SES, prior cumulative dose of GC, Charlson comorbidity index at baseline, time-varying NSAID use

and time-varying DMARD use
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neoplasms, with hazard ratios falling from 8.07 (95 % CI

5.41–12.0) to 3.42 (95 % CI 1.87–6.28) for 15–25 mg, and

from 31.3 (95 % CI 23.5–41.9) to 5.66 (95 % CI

2.80–11.4) for [25 mg. Full results for models 1-6 fol-

lowing exclusion of GC information in the 6 months prior

to detail are shown in Online Resource Table A4.

Unmeasured confounding

The cause-specific analyses found an association between

oral GC use and death from other causes, supporting the

possibility of unmeasured confounding. To explore this, a

post hoc sensitivity analysis was conducted using the rule

out approach [29, 30]. This approach finds the minimum

effect an unmeasured confounder would need to have to

remove statistical significance. It was found that an

unmeasured confounding factor with 40 % prevalence

would have to increase the relative risk of mortality by a

factor 3 and at the same time increase the odds of GC

exposure by a factor of 3.5 in order to fully remove the

association found between ever use and mortality risk due

to other causes (HR 1.39, 95 % CI 1.16–1.66). For each of

the other causes of death the unmeasured confounders

would need to increase the relative risk of mortality and the

odds of GC exposure by too large an amount for them to

explain the result fully. For example, an unmeasured con-

founding factor for CV mortality would have to increase

the relative risk of CV mortality by a factor of 3 and

increase the odds of GC exposure by a factor of 7.7 in order

to remove the association found, which seems unlikely.

Similarly, an unmeasured confounder with increased risk

of death by a factor below 3 cannot plausibly explain the

observed association between GC exposure and CV

mortality.

Discussion

This study examined the association between oral GC

therapy and mortality rates in a cohort of patients with RA

in the UK. Ever GC use and current GC use was associated

with an increased risk of all-cause mortality and cause-

specific mortality, with a largely consistent dose–response

effect. An increase in current dose of 5 mg per day was

associated with an increased risk of death, however cate-

gorisation showed that taking\5 mg per day at the time of

death did not increase the risk of all-cause mortality or

cause-specific mortality, and taking\7.5 mg per day at the

time of death did not increase this risk of death from

neoplasms or other non-CV and non-respiratory causes. In

addition, moderate to high doses of GC therapy were

associated with a lesser risk of CV deaths compared to

neoplasm, respiratory and other causes of death, which

might suggest GC therapy has a less harmful effect on CV

mortality.

The study showed that perimortal bias partially

explained some of the results, especially at higher doses.

Perimortal bias is important to consider for a number of

reasons. GCs can be used to treat diseases that might

develop through the course of follow-up, and where that

disease is the leading cause of death. For example, if a

patient were to develop a malignancy, they might start GC

therapy as part of their cancer treatment which would lead

to a positive association between GCs and (cancer-related)

mortality. Similarly, end of life care might lead to a switch

from disease-modifying anti-rheumatic drug (DMARD)

therapy (that requires regular blood monitoring) to GC

therapy, again generating an association between GC use

and death.

When GC use in the 6 months prior to death was

removed, the association between ever GC use and all-

cause mortality remained significant, but the risks were

reduced. This was mainly influenced by the large reduction

in risk of death from neoplasms, where there is a clear

possibility of perimortal bias: GCs are prescribed as a

treatment for cancer [31]. Initial signals of possible peri-

mortal bias were evident in the magnitude of the associa-

tion between high-dose GCs and risk of death due to

neoplasm (HR 31.3, 95 %CI 23.5–41.9).

The all-cause mortality rate for this study was 27 deaths

per 1000 person-years, and the cardiovascular mortality

rate was 10 deaths per 1000 person-years. This was higher

than a recent cohort study in the UK (Norfolk Arthritis

Registry (NOAR)) [32] where rates were 20–21 per 1000

person-years and 7–8 per 1000 person years for all-cause

mortality and cardiovascular mortality respectively. This

would be expected as NOAR includes patients with early

inflammatory arthritis, whereas this study included patients

with a higher baseline age and with RA only, and therefore

more severe disease.

Our findings are in agreement with some previous

studies [5, 12–15, 17] which have investigated all-cause

mortality or CV mortality in association with GC use.

Caplan et al. [5] found an increased risk of death with

current GC use, with an adjusted odds ratio of 2.2 (95 % CI

1.9–2.7) and an increased risk of death with increasing

duration of GC treatment. del Rincon et al. [12] found a GC

dose-dependent increase in death from all causes (HR 1.07

per 1 mg/day (95 % CI 1.05–1.08) and CV cause with a

similar point estimate. They also showed that there was a

dose response association for cumulative dose for all-cause

and CV mortality with a threshold of 40 g. Listing et al.

[13] showed that GC doses higher than 5.0 mg per day

were significantly associated with increased all-cause

mortality, independent of disease activity. Treatment with

prednisolone higher than 15 mg per day was associated
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with 3.4-fold (95 % CI 2.01–5.86) increased risk of all-

cause mortality compared with non-use. Our findings of

probable perimortal bias, however, might suggest that the

hazard ratios reported in these previous studies are over-

estimates of the true effect.

An important finding of this study was the absence of an

association between both all-cause and cause-specific

mortality and GC doses lower than 5 mg per day. This may

reflect either a low risk of adverse events at this dose, or at

least a favourable balance between the harms and the

biologically plausible benefits through their anti-inflam-

matory effects [33]. This finding replicates similar findings

from Listing et al. [13] and del Rincon et al. [12], which

showed that doses lower than 5 and 8 mg PED, respec-

tively, had no association with mortality risk.

The strengths of this study are firstly its size, with nearly

3000 deaths in 16,762 patients. This meant the study had

greater power to detect differences in mortality rates and

allowed us to explore cause-specific mortality. We were

thus able to see an increased rate of respiratory deaths,

accepting the possibility of perimortal bias but also likely

driven by a causal increased risk of respiratory infection

[9]. Second, the study used linkage to the national mortality

register, providing robust and complete information on

cause of death for all patients in the study. Third, time-

varying covariates for DMARDs, NSAIDs and GCs, were

used to allow more accurate estimation compared to time-

independent variables for these drugs. Fourth, a range of

patterns of GC use were explored including GC use, GC

daily dose, and cumulative dose since cohort entry and

their categorical variables compared with non GC use in

association with risk of death. This approach allowed some

consideration of the impact of dose, duration and timing of

treatment on mortality risk. For example, the finding that

the highest current dose category was associated with very

high HRs for neoplasm, respiratory and other causes of

death, whilst the highest quartile had notably lower HRs,

suggests that high doses may be used at the end of life

when cumulative exposure is less of an issue. We also

explored possible perimortal bias which has not been

considered in previous studies. Moreover, we examined

oral GC therapy in association with cause-specific mor-

tality beyond CV mortality which has not been investigated

in previous studies.

There were some limitations with the study. The pre-

scription data from the CPRD dataset are reliable in terms

of drugs prescribed, but does not cover drugs prescribed in

secondary care only, such as biologic DMARDs, or over

the counter use of NSAIDs; although it has been shown

that biologic DMARDs are not associated with an

increased mortality compared to standard DMARDs [34].

In addition there may have been some exposure misclas-

sification because of assumptions in data preparation,

missing data, patient adherence, injectable steroids and

hospital administered GC, although the latter is likely to be

minimal as UK rheumatologists typically make recom-

mendations for oral GC treatment to GPs. Like all obser-

vational studies, the impact of confounding and bias

needed consideration. A range of possible confounders

were adjusted for, including time-varying exposure to

DMARDs and NSAIDS, and healthcare utilisation vari-

ables as surrogate measures of RA disease severity.

Although we didn’t have direct measures of disease

severity, previous studies that did adjust for clinician-re-

ported disease severity found a persistent association

between GC use and mortality [13]. It is thus likely that

there was some residual confounding by disease severity.

In terms of possible residual or unmeasured confounders

affecting the results, of which disease severity is one,

sensitivity analyses showed that these would need to be

very large to fully explain the results. So even though, for

example, high cumulative disease severity has been shown

to be associated with lymphoma [35] this would not fully

explain the results seen. Adjusting for the Charlson

comorbidity index at baseline was expected to control for

key comorbidities that contribute to an increased risk of

mortality. The main difference at baseline between GC

users and non-GC users was prior GC use, which was much

higher in GC users (44 vs. 6 %). It may have been that this

group was particularly susceptible to death, and any asso-

ciation between GC use and death may have been exag-

gerated. However, prior GC use was adjusted for so the

results should not be biased.

It is very challenging to understand the true causal

relationship between oral GC use and mortality from an

observational study due to the complex relationships

between the indication for treatment (that changes through

time) and the outcome, as well as the granularity of the data

from a population necessarily large to support the analysis.

Nonetheless, despite this blurring of causality by bias and

confounding, some important messages emerge. Doses

\5 mg were not associated with an increased risk of death.

This absent risk is not explained by confounding by disease

severity (where you would expect mortality to be higher in

the treated compared to non-treated), or by perimortal bias

where you would again expect an increased risk compared

to non-use. The lower dose-specific hazard ratios for car-

diovascular deaths compared to the hazard ratios seen for

the other causes of death raises the interesting hypothesis

that GC therapy might have a beneficial effect on cardio-

vascular mortality; yet a protective effect is impossible to

conclude with certainty as there is a statistically significant

increased risk for CV mortality with all doses above 5 mg.

Disentangling these complex factors is impossible, but the

large population observational research raises questions
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that can feed back into more targeted studies, both basic

science and epidemiological.

Conclusions

This study has found that GC use is associated with an

increased risk of death in RA, both all-cause and cause-

specific mortality, which is partially explained by peri-

mortal bias. Importantly, doses of below 5 mg PED were

not associated with an increased risk of death. There is a

suggestion that GCs may have a less harmful effect on CV

mortality compared to their association with other cause-

specific mortality, but targeted research is required to

examine this signal further.
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Abstract
Background: Patients with rheumatoid arthritis (RA) have increased cardiovascular (CV) and mortality risk. Patients
with RA are also frequently prescribed glucocorticoids (GCs) which have been associated with increased risk of
mortality. In addition, for patients who have concomitant diabetes mellitus (DM), GCs are known to worsen
glycaemic control and hence may further increase CV and mortality risk. This study aimed to understand the
relationship between GCs, DM and mortality in patients with RA.

Methods: This was a retrospective cohort study of patients with incident RA identified from UK primary care electronic
medical records. Patients with linkage to Office for National Statistics (ONS) for mortality data (N = 9085) were included.
DM was identified through Read codes, prescriptions and blood tests, and GC use was identified through prescriptions.
Mortality rate ratios (RR) and rate differences (RD) were calculated across the different exposure groups. Cox proportional
hazards regression models were used to estimate interaction on the multiplicative and additive scales.

Results: In those without DM GC use had a 4.4-fold increased all-cause mortality RR (95% confidence interval (CI): 3.77
to 5.07) compared to non-use, whilst those with DM had a lower RR for GC use (2.99 (95% CI: 2.32, 3.87)). However,
those with DM had a higher RD associated with GC use because of their higher baseline risk. In those with DM, GC use
was associated with an additional 44.9 deaths/1000 person-years (pyrs) (95% CI: 32.9 to 56.8) compared to non-use,
while in those without DM GC use was associated with an additional 34.4 deaths/1000 pyrs (95% CI: 30.1 to 38.7)
compared to non-use, while in those without DM GC use was associated with an additional 36.2 deaths/1000 pyrs
(95% CI: 31.6 to 40.8). A similar pattern was seen for CV mortality. The adjusted Cox proportional hazards model
showed no evidence of multiplicative interaction, but additive interaction indicated a non-significant increased risk. For
CV mortality there was no interaction on either scale.

Conclusions: GC use was associated with higher mortality rates in people with comorbid DM compared to people
without DM, despite apparently reassuring similar relative risks. Clinicians need to be aware of the higher baseline
risk in patients with DM, and consider this when prescribing GCs in patients with RA and comorbid DM.
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Background
Rheumatoid arthritis (RA) is an inflammatory disease that
is thought to affect around 1% of the UK population [1]
and is associated with a significantly higher rate of cardio-
vascular (CV) mortality compared to the general popula-
tion [2]. Glucocorticoids (GC) have been widely used as a
treatment for RA since their discovery in the 1950s [3]
and continue to be used in around half of patients with
RA [4]. Although GCs have many benefits, they also have
risks associated with them, including possible increased
risk of CV events and mortality [5, 6]. In addition, GCs
are known to increase the risk of diabetes mellitus (DM)
[7, 8] and are associated with poor glucose control [9],
meaning they may also affect the long-term outcome of
DM (including CV events and mortality) [10, 11]. This has
not been investigated in patients with RA. Further, it is
not known how the additional burden of DM and then
GC therapy influence the cardiovascular and mortality risk
in patients with RA. Therefore an important unanswered
question is whether GC treatment in RA is associated with
worse outcomes in patients with comorbid DM, compared
to patients without DM.
As we think that the baseline risk of CV and all-cause

mortality for patients with RA and DM will be higher
than those with RA only, to investigate the impact of
GCs it is appropriate to look at the absolute risks as well
as the relative risks. The aims of this study were: 1) to
compare the event rates for all-cause mortality and CV
mortality, by GC use status and DM status, and 2) to
examine whether DM modifies, on either the multiplica-
tive or additive scales, the effect of GCs on all-cause
mortality and CV mortality.

Methods
Setting
This was a retrospective cohort study using data from
the Clinical Practice Research Datalink (CPRD) which
was linked to mortality data from the Office of National
Statistics (ONS). The CPRD is a large database of pri-
mary care electronic medical records that covers around
7% of the UK population and has been shown to be
broadly representative of the UK population. Consenting
practices in England have linkage to the ONS mortality
data, which represents around 58% of all CPRD practices
[12]. CPRD provide indicators of when a practice’s data
was up to research standard, and whether a patient’s
data meets their acceptability standards. For this study,
only data from practices that consented to ONS linkage
were used if the data met acceptability standards and
was up to research standard.

Study population
The study period began at the start of ONS coverage (1st
January 1998) and ended 1st October 2011. Patients with

incident RA during the study period were identified from
CPRD using a validated algorithm where patients have to
have either at least 2 Read codes for RA and no alternative
diagnosis after their last RA code or a Read code for RA
and at least 2 product (medication) codes for Disease-
Modifying Anti-Rheumatic Drugs (DMARDs) and no al-
ternative diagnosis for the DMARDs in the previous 5
years [13]. Patients entered into the study upon RA diag-
nosis and participation ended at death, the date the
patient left the practice or at the end of the study period.
All patients were registered with the practice for a year
prior to RA diagnosis, to ensure patients were truly inci-
dent cases.

Exposures
Patients were identified as having type 2 DM if they had
either (1) a Read code for type 2 DM; (2) at least two pre-
scriptions for oral anti-diabetic medication, either on 2
different dates or the same date with 2 types of medica-
tion; or (3) fasting blood sugar ≥7.0mmol/litre, random
glucose test ≥11.1mmol/litre, glucose tolerance test ≥11.1
mmol/litre or a glycosylated haemoglobin (HbA1C) ≥7%
[7]. Patients with polycystic ovary syndrome (PCOS)
treated with metformin were excluded as it was possible
they were incorrectly identified as diabetic because of
taking anti-diabetic medication. Diagnosis of DM was
time-varying and could be prior to diagnosis of RA
whereby a person would be flagged as diabetic throughout
follow-up, or during follow-up whereby a person would be
flagged as diabetic from the point of DM diagnosis. Where
the diagnosis was made on the basis of two sequential pre-
scriptions, the date of onset was allocated as the date of
the second prescription to avoid immortal time bias.
Oral GC therapy was identified using product codes

from prescription data. Patients were classified by current/
recent use of GCs, whereby a person was classified as
exposed for the duration of each GC prescription and for
6months after the end of the prescription.

Outcomes
All-cause and CV mortality were identified through
linkage to ONS data with date of death and cause of
death provided. Cause of death was recorded on ONS
using International Statistical Classification of Diseases
and Related Health Problems (ICD) version 10 codes.
Deaths prior to 2001 were recorded using ICD-9 codes
and these were mapped to ICD-10 codes. There also
were 31 deaths recorded on CPRD but not on ONS
and these were included in the all-cause mortality ana-
lyses. CV mortality was identified using ICD-10 codes
under the circulatory chapter heading as the under-
lying cause of death.

Costello et al. BMC Rheumatology             (2020) 4:4 Page 2 of 8



Covariates
Age at RA diagnosis was calculated using year of birth and
year of RA diagnosis. Gender was given on the CPRD
database. Baseline Charlson comorbidity index was deter-
mined using an adaption of the index for CPRD data
where diseases were identified through Read codes for
diagnosis at any point prior to RA diagnosis [14]. DMARD
types and non-steroidal anti-inflammatory drugs
(NSAIDs) were identified using product codes and were
time-varying. GC use in the year preceding baseline was
determined from GC prescriptions prior to baseline. Base-
line smoking category (ever or never) was determined
using Read codes and product codes at any point up to
RA diagnosis, or in the 3months after RA diagnosis. Prior
macrovascular disease was defined as diseases of large
blood vessels including myocardial infarction, stroke,
peripheral artery disease or amputation [15] and were
identified through Read codes prior to RA diagnosis. Body
mass index (BMI) at baseline was calculated using median
height and weight measurements from the 5 years prior to
baseline. All code lists can be found in Additional file 1.

Analysis
For both outcomes, mortality rates were estimated (with
95% confidence intervals (CI)), stratified by time-varying
DM status and time-varying current/recent use of GCs.
As mentioned earlier, the baseline risk of CV and all-
cause mortality for patients with RA and DM will be
higher than those with RA only. Therefore, to investigate
the impact of GCs both rate ratios (RR) and rate differ-
ences (RD) between GC users and non-GC users were
calculated for those with and without DM separately.
When estimating the effect of both GC exposure and

DM status, the presence of interaction was measured on
both the multiplicative scale, corresponding to the RR,
and on the additive scale, corresponding to the RD.
Interaction on the additive scale can give more meaning-
ful comparisons as it is not dependent on baseline risks
[16]. Crude and adjusted Cox proportional hazards (PH)
regression models were fitted with an interaction term
for time-varying DM and time-varying current/recent
use of GCs. Multiplicative interaction was assessed via
the inclusion of an interaction term in the Cox model.
Additive interaction cannot be estimated directly from

the Cox model as it depends on the baseline hazard
function [17]. However, we can estimate the Relative Ex-
cess Risk due to Interaction (RERI) and Ratio of Abso-
lute Effects (RAE): 1) RERI [17, 18] assesses if there is a
difference in the hazard differences. The RERI is equal
to 0 if the additive interaction effect is equal to 0. There-
fore, if it is statistically significantly different from zero
then this is interpreted as a statistically significant differ-
ence in the hazard differences between those with and
without DM, and indicates the direction of the effect. 2)

RAE is defined as the ratio of hazard differences in pa-
tients with DM compared to those without DM (See
Additional file 2 for further information). Departure
from 1 indicates a difference in the two groups and it
was calculated here in addition to the RERI as it gives an
indication of the magnitude of the difference in sub-
group absolute effects, unlike the RERI. Both measures
are calculated after the Cox model as a function of the
model parameters.

Missing data
Ever smoking at baseline and baseline BMI had 753 (8%)
and 3849 (42%) missing data, respectively. Multiple im-
putation with 57 imputations was used to replace these
missing values. The number of imputations was based
on the fraction of missing information. Forty-nine pa-
tients did not have a Townsend score, however this was
not imputed as it was not used in the final models.

Results
There were 15,833 patients identified who had a diagnosis
of RA and were registered at their practice for at least 1
year prior to diagnosis, 6748 were excluded due to either
inconsistent follow-up dates, being age 18 years or under
at diagnosis, being registered at a practice that did not
consent to ONS linkage or having a diagnosis of PCOS
and being treated with metformin, resulting in 9085 pa-
tients in the final cohort (Fig. 1). The cohort had a mean
follow-up of 5.2 years (standard deviation 3.5 years).
At baseline there were 1034 patients with DM, and

761 patients developed DM during follow-up. Compared
to those without DM at baseline, those with DM at base-
line were older (DM: mean 64 years vs non-DM: mean
59 years) had a greater proportion of males (DM: 37% vs
non-DM: 30%) and ever smokers (DM: 58% vs non-DM:
50%), had more GC use prior to baseline (DM: 31% vs
non-DM: 23%), had more macrovascular disease at base-
line (DM: 11% vs non-DM: 4%) and had a higher BMI
(DM: 30 vs non-DM: 27) (Table 1). 50% of patients had
used GC at any point during follow-up. Those with prior
DM had slightly higher average GC dose over follow-up
(DM: 4.9 mg prednisolone equivalent dose (PED) vs
non-DM: 4.4 mg PED). Across both those with and with-
out DM those who ever used GC were older and had
more prior macrovascular disease.

All-cause mortality
During follow-up there were 1,005 deaths. Mortality rates
differed according to the presence of DM and the use of
GC therapy. For those with DM, the mortality rate was
67.4 (95% CI 57.1 to 79.5) per 1000 person-years (pyrs)
in those with GC exposure and 22.5 (95% CI 18.7 to
27.1) per 1000 pyrs in those without GC exposure. For
those without DM, the mortality rate was 44.6 (95% CI
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40.6 to 48.9) per 1000 pyrs in those exposed to GCs and
10.2 (95% CI: 9.1 to 11.4) per 1000 pyrs in those without
GC exposure. The risk ratio for GC use was slightly
lower for those with DM (DM RR 2.99 (95% confidence
interval (CI) 2.32 to3.87) compared to those with no
DM RR 4.37 (95% CI 3.77 to 5.07)). However, despite
this lower RR, those with DM had a higher RD com-
pared to those without DM (DM RD: 44.9 (95% CI: 32.9
to 56.8) vs no DM RD: 34.4 (95% CI: 30.1 to 38.7 per
1000 pyrs) (Table 2).
The unadjusted Cox PH model for all-cause mortality

showed current/recent GC use and DM interacted on the
multiplicative scale (0.69 (95% CI 0.51, 0.91)). Adjustment
removed this significant interaction (0.86 (95% CI: 0.64–
1.15)) (Table 3). In both the unadjusted and adjusted
models both the RERI and RAE indicated increased risk
for those with DM and current/recent GC use but were
not statistically significant (adjusted RAE: 1.22 (95% CI:
0.86 to 1.72) (Table 3).

CV mortality
There were 384 CV deaths during follow-up. A similar
pattern was seen for CV mortality, where a slightly lower
RR was seen for those with DM compared to those
without DM, but the RD was higher for those with DM
(Table 2). The unadjusted and adjusted Cox models
showed that DM did not interact with ever GC use on the

multiplicative scale, the additive interaction indicated in-
creased risk but was not statistically significant (Table 3).

Discussion
In this study, we have shown that in patients with RA and
DM, the RR of GC use on all-cause and CV mortality was
slightly lower than in patients with RA alone. This might
seem reassuring at first glance, suggesting the impact of
GC therapy in patients with DM is no worse than in pa-
tients without DM. However, the RD was notably higher
in those with DM compared to those without. The higher
baseline mortality rate for those with DM is thus resulting
in a greater number of excess deaths despite the slightly
lower RR. When examined together in an adjusted Cox
PH model, current/recent use of GC in those with DM
was associated with a non-significant absolute increased
hazard of all-cause mortality compared to those without
DM, but not a relative increased hazard. A similar pattern
was seen for CV mortality. The increased absolute hazard
for all-cause mortality indicates the greater public health
impact of people with RA using GCs if they have DM.
This increase is not seen on the multiplicative scale be-
cause the comparison made is relative to other patients
with DM who have a higher risk of mortality prior to
using GCs. Notably, most studies only assess effect modifi-
cation or interaction on the multiplicative scale, despite

Fig. 1 Flowchart of patients selected for the study
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Table 1 Baseline characteristics by diabetes mellitus status and ever use of glucocorticoids during follow-up (N = 9085)

DM at baseline No DM at baseline DM during FUa

All
subjects

Never
users

Ever
users

All
subjects

Never
users

Ever
users

All
subjects

Never
users

Ever
users

N = 1034 N = 512 N = 522 N = 8051 N = 4026 N = 4025 N = 761 N = 269 N = 492

Females, n (%) 652
(63.1)

325
(63.5)

327
(62.6)

5600
(69.6)

2878
(71.5)

2722
(67.6)

503
(66.1)

176
(65.4)

327
(66.5)

Age at baseline (years),
mean (standard deviation (SD))

64.42
(13.0)

63
13.6)

65.81
(12.3)

58.51
(14.7)

55.94
(14.6)

61.07
(14.4)

64.63
(12.8)

62.4
(12.9)

65.86
(12.5)

Body Mass Index in year prior to baseline

mean (SD) 29.77
(6.5)

29.78
(6.7)

29.77
(6.3)

27.14 (5.5) 27.17 (5.5) 27.1 (5.4) 29.86
(6.9)

30.71
(6.8)

29.35
(6.9)

Missing (%) 180
(17.4)

87 (17.0) 93 (17.8) 3669
(45.6)

1853
(46.0)

1816
(45.1)

224
(29.4)

68 (25.3) 156
(31.7)

Smoking status at baseline, n (%)

Never smoker 407
(39.4)

203 (39.7) 204
(39.1)

3337
(41.5)

1748
(43.4)

1589
(39.5)

234
(30.8)

80 (29.7) 154
(31.3)

Ever smoker 600
(58.0)

293 (57.2) 307
(58.8)

3988
(49.5)

1949
(48.4)

2039
(50.7)

505
(66.4)

182
(67.7)

323
(65.7)

Missing 2 (0.2) 1 (0.2) 1 (0.2) 41 (0.5) 20 (0.5) 21 (0.5) 5 (0.7) 1 (0.4) 4 (0.8)

SES quintile at baseline (In subset), n (%)

First (least deprived) 214
(20.7)

102
(19.9)

112
(21.5)

1830
(22.7)

910 (22.6) 920 (22.9) 165
(21.7)

60 (22.3) 105
(21.3)

Second 224
(21.7)

98 (19.1) 126
(24.1)

1993
(24.8)

1023
(25.4)

970 (24.1) 182
(23.9)

65 (24.2) 117
(23.8)

Third 215
(20.8)

121
(23.6)

94 (18.0) 1731
(21.5)

839 (20.8) 892 (22.2) 156
(20.5)

62 (23.1) 94 (19.1)

Fourth 229
(22.2)

119 (23.2) 110
(21.1)

1470
(18.3)

741 (18.4) 729 (18.1) 161
(21.2)

49 (18.2) 112
(22.8)

Fifth (most deprived) 150
(14.5)

71 (13.9) 79 (15.1) 986 (12.3) 493 (12.3) 493 (12.3) 92 (12.1) 32 (11.9) 60 (12.2)

Missing 2 (0.2) 1 (0.2) 1 (0.2) 41 (0.5) 20 (0.5) 21 (0.5) 6 (0.8) 1 (0.4) 5 (1.0)

Charlson comorbidity index
at baseline, mean (SD)

2.57
(0.8)

2.48 (0.8) 2.66 (0.8) 1.32 (0.7) 1.23 (0.6) 1.42 (0.7) 2.63 (0.8) 2.39
(0.7)

2.76 (0.8)

Prior history of macrovascular diseases,
n (%)

113
(10.9)

41 (8.0) 72 (13.8) 297 (3.7) 108 (2.7) 189 (4.7) 77 (10.1) 16 (6.0) 61 (12.4)

History of GC use in year
prior to baseline, n (%)

325
(31.4)

42 (8.2) 283
(54.2)

1861
(23.1)

256 (6.4) 1605
(39.9)

299
(39.3)

3 (1.1) 296
(60.2)

Duration of diabetes at baseline (yrs)

Mean (SD) 4.59 (3.7) 4.88 (3.8) 4.31 (3.6) N/A N/A N/A N/A N/A N/A

Number of anti-DM medication prior to baseline

0 525
(50.8)

264
(50.6)

261
(51.0)

N/A N/A N/A N/A N/A N/A

1 482
(46.6)

249
(47.7)

233
(45.5)

N/A N/A N/A N/A N/A N/A

2 26 (2.5) 8 (1.5) 18 (3.5) N/A N/A N/A N/A N/A N/A

3 1 (0.1) 1 (0.2) 0 (0) N/A N/A N/A N/A N/A N/A

Prescribed insulin prior to follow-up, n
(%)

155
(15.0)

86 (16.8) 69 (13.2) N/A N/A N/A N/A N/A N/A

DMARDs prescribed during follow-up, n (%)

Methotrexate 633
(61.2)

309
(60.4)

324 (62.1) 5012
(62.3)

2386
(59.3)

2626
(65.2)

353
(46.4)

110
(40.9)

243
(49.4)

Hydroxychloroquine 261 132 129 2304 1129 1175 138 49 (18.2) 89 (18.1)
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recommendations to use both the multiplicative and addi-
tive scales [16, 19].
To our knowledge no previous studies have looked at

the effect of both GCs and DM on mortality in patients
with RA. Studies have looked at short term diabetic out-
comes with GC use, investigating its effects on glucose
intolerance or metabolic syndrome in patients with RA
[8, 20]. Two studies have investigated longer term out-
comes of GC use in patients with DM but not RA. One
looked at mortality 14 years after diagnosis and found
that after adjustment for age and gender there was not
increased mortality in patients with DM who had GC
treatment compared to those who did not, however only
small numbers of patients had GC treatment in this
study (35/1334) [10]. The other study aimed to describe

the adverse effects of GC treatment in patients with DM,
but did not discuss mortality [11]. We and others have
previously shown GC therapy to be associated with
higher all-cause mortality rates in patients with RA.
However, a causal association is difficult to establish as
several biases are at play in an observational study in-
cluding ‘peri-mortal bias’ [21].
This was a large study that used electronic medical re-

cords that are a rich source of medical information.
CPRD data has been shown to be broadly representative
of the UK population, so results should be generalisable
to the UK RA population [12]. However, there are some
limitations with the study. Although we used a validated
algorithm to identify patients with RA there could still
be some misclassification. Further misclassification may

Table 1 Baseline characteristics by diabetes mellitus status and ever use of glucocorticoids during follow-up (N = 9085) (Continued)

DM at baseline No DM at baseline DM during FUa

All
subjects

Never
users

Ever
users

All
subjects

Never
users

Ever
users

All
subjects

Never
users

Ever
users

N = 1034 N = 512 N = 522 N = 8051 N = 4026 N = 4025 N = 761 N = 269 N = 492

(25.2) (25.8) (24.7) (28.6) (28.0) (29.2) (18.1)

Sulfasalazine 372
(36.0)

171
(33.4)

201
(38.5)

3333
(41.4)

1591
(39.5)

1742
(43.3)

207
(27.2)

80 (29.7) 127
(25.8)

Leflunomide 75 (7.3) 28 (5.5) 47 (9.0) 719 (8.9) 264 (6.6) 455 (11.3) 57 (7.5) 13 (4.8) 44 (8.9)

Other 70 (6.8) 15 (2.9) 55 (10.5) 549 (6.8) 117 (2.9) 432 (10.7) 54 (7.1) 6 (2.2) 48 (9.8)

Average GC dose during
follow up, mean (SD)

4.93
(14.0)

0 9.8 (18.5) 4.38 (6.3) 0 8.75 (6.4) 5.02 (6.3) 0 7.77 (6.4)

aCharacteristics at time of diabetes mellitus diagnosis

Table 2 Mortality rates, rate ratios and rate difference by diabetes mellitus and glucocorticoid use status
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result from medication being based on prescription data
rather than dispensing data. However, any differences
between prescribed medication and medication dis-
pensed are unlikely to differ by DM status. To allow
examination of interaction a simple model of oral GC
exposure was used, therefore it was not possible to
examine the impact of GC dose or intramuscular GCs.
This study focuses on type 2 DM, as GCs induce insulin
resistance similar to type 2 diabetes. Results are likely to
be similar with type 1 diabetes, but given the different
pathogenetic mechanisms, further work would be re-
quired to confirm this. There could be confounding by
indication, as RA disease severity has been shown to
confound the relationship between GCs and CVD in RA
[22]. However, there is no measure of disease activity
available on CPRD and we would not expect the con-
founding to differentially affect those with or without
DM. There may be known unmeasured confounding,
there were no measures of biologic DMARD use in this
study as biologics are only prescribed in secondary care
in the UK. This may be important as biologics have been
shown to be associated with reduced CVD [23]. Unfor-
tunately we were not able to use methods to explore un-
measured confounding as most are applied to relative
risks rather than additive interaction terms.

Conclusions
This study gives an indication that GC therapy may be
associated with a higher number of deaths in patients

with RA and comorbid type 2 DM. Rheumatologists
should consider DM status when prescribing GCs to pa-
tients with RA given this potential impact of GC therapy
on glucose control and mortality.
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diabetes mellitus and ever glucocorticoid use

Outcome Multiplicative
interaction

Additive interaction

Hazard ratio (95%
confidence interval)

RERI (95%
confidence
interval)

RAE (95%
confidence
interval)

All-cause mortality

Unadjusted 0.69 (0.51 to 0.91) 0.94
(−0.29 to 2.16)

1.27
(0.95 to 1.70)

All-cause mortality

Adjustedb 0.86 (0.64 to 1.15) 0.41
(−0.36 to 1.18)

1.22
(0.86 to 1.72)

CV mortality

Unadjusted
0.70 (0.44 to 1.11) 0.40

(−1.19 to 2.00)
1.17
(0.64 to 2.14)

CV mortality

Adjustedb 0.93 (0.60 to 1.48) 0.11
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1.11
(0.48 to 2.57)

a On the multiplicative scale significant interaction is different than 1, on the
additive scale significant interaction for the RERI is different than 0 and for the
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bAdjusted for age, gender, Charlson comorbidity index, baseline BMI, baseline
smoking status, DMARDs, prior GC, prior macrovascular disease and NSAIDs
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The RAE measure 
 

Suppose we wish to determine if the effect of treatment, 𝑇, on some outcome, 𝑌, is different across 

patient subgroups defined by variable 𝑀, where 𝑇 and 𝑀 are binary. In a time-to-event data setting, 

the additive interaction effect is defined as the difference in risk differences across subgroups of 𝑀, 

𝐼𝑁𝑇𝐴 = (𝜆(𝑙; 𝑇 = 1, 𝑀 = 1, 𝑋) − 𝜆(𝑙; 𝑇 = 0, 𝑀 = 1, 𝑋)) 

− (𝜆(𝑙; 𝑇 = 1, 𝑀 = 0, 𝑋) − 𝜆(𝑙; 𝑇 = 0, 𝑀 = 0, )) 

where 𝜆(𝑙, … ) denotes the hazard function at time 𝑙. If this measure departs from 0, there is a 

difference in the hazard differences in the subgroups of M.  

The most common model for time-to-event data is the Cox proportional hazards model. This is a 

semi-parametric model which incorporates a baseline hazard, 𝜆0(𝑙), which is a function of time and 

is not estimated. However, if we were to fit this model including the treatment, the moderator, 

interaction between the two and any additional covariates, 𝑋𝑘, 𝑘 = 1, . . , 𝑛 (equation 1) we would 

not be able to directly estimate the additive interaction effect as a function of the estimated 

regression coefficients as this measure depends on the baseline hazard function 𝜆0(𝑙) (equation 2). 

𝜆(𝑙; 𝑇, 𝑋) = 𝜆0(𝑙)𝑒  𝛽0+𝛽1𝑇+𝛽2𝑀+𝛽3𝑇𝑀+∑ 𝑐𝑘𝑋𝑘
𝑛
𝑘=1  ( 1 ) 

 

𝐼𝑁�̂�𝐴 = (𝜆0(𝑙)𝑒  �̂�0+�̂�1𝑇+�̂�2𝑀+�̂�3𝑇𝑀+∑ 𝑐�̂�𝑋𝑘
𝑛
𝑘=1 − 𝜆0(𝑙)𝑒  �̂�0+�̂�2𝑀+∑ 𝑐̂𝑘𝑋𝑘

𝑛
𝑘=1 ) 

− (𝜆0(𝑙)𝑒  �̂�0+�̂�1𝑇+∑ 𝑐�̂�𝑋𝑘
𝑛
𝑘=1 − 𝜆0(𝑙)𝑒  �̂�0+∑ 𝑐�̂�𝑋𝑘

𝑛
𝑘=1 ) 

= 𝜆0(𝑙)𝑒∑ 𝑐�̂�𝑋𝑘
𝑛
𝑘=1 (𝑒�̂�1+�̂�2+�̂�3 − 𝑒  �̂�1 − 𝑒  �̂�2 + 1) 

( 2 ) 
 

 

However, we can also compare the hazard differences in subgroups of 𝑀 by considering the ratio of 

the hazard differences; defined the Ratio of Absolute Effects  (𝑅𝐴𝐸) measure.  



𝑅𝐴𝐸 =
𝜆(𝑙; 𝑇 = 1, 𝑀 = 1, 𝑋) − 𝜆(𝑙; 𝑇 = 0, 𝑀 = 1, 𝑋)

𝜆(𝑙; 𝑇 = 1, 𝑀 = 0, 𝑋) − 𝜆(𝑙; 𝑇 = 0, 𝑀 = 0, 𝑋)
 

If this measure departs from 1, there is a difference in the hazard differences in the subgroups of M. 

An 𝑅𝐴𝐸 = 𝑎 implies that the absolute treatment effect in patients with 𝑀 = 1 is 𝑎 times that in 

patients with 𝑀 = 0. An 𝑅𝐴𝐸 > 1 suggests either a larger positive absolute effect or a smaller 

negative effect in patients with 𝑀 = 1 compared to patients with 𝑀 = 0. If 𝑅𝐴𝐸 ≈ 1, there is no 

suggestion of treatment effect modification by 𝑀 on the additive scale. Moreover if 𝑅𝐴𝐸 < 0, the 

estimated absolute treatment effect is in the opposite direction in the two subgroups. 

When the 𝑅𝐴𝐸 is estimated as a function of the regression coefficients of the Cox model, the 

baseline hazard function cancels out; thus, unlike the additive interaction effect, the 𝑅𝐴𝐸 measure 

can be calculated from this model.  

𝑅𝐴�̂� =
λ0(𝑙)𝑒�̂�0+�̂�1+�̂�2+�̂�3+∑ 𝑐�̂�𝑋𝑘

𝑛
𝑘=1 − λ0(𝑙)𝑒�̂�0+�̂�2+∑ 𝑐̂𝑘𝑋𝑘

𝑛
𝑘=1

λ0(𝑙)𝑒�̂�0+�̂�1+∑ 𝑐�̂�𝑋𝑘
𝑛
𝑘=1 − λ0(𝑙)𝑒�̂�0+∑ 𝑐̂𝑘𝑋𝑘

𝑛
𝑘=1

 

=
𝑒�̂�1+�̂�2+�̂�3 − 𝑒�̂�2

𝑒�̂�1 − 1
 

The standard error for this measure can be estimated using the delta method. As the 𝑅𝐴𝐸 is a ratio, 

it is unlikely to be normally distributed. Therefore, to obtain a 95% confidence interval for the 𝑅𝐴�̂�, 

one can calculate log (𝑅𝐴𝐸) and it’s standard error, calculate a 95% confidence interval for 

log (𝑅𝐴𝐸) assuming it is approximately normally distriuted (95% CI: estimate ±1.95 × standard 

error) and then exponentiate the upper and lower limits.  
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Correction to: BMC Rheumatol 4, 4 (2020)
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Following publication of the original article [1], the au-
thors noted several errors in the reported values in
Table 2, the ‘Results’ section of the abstract, and in the
first sentence of the “All-cause mortality” sub-section.
The correct Table and text are given below with the cor-
rected values highlighted in bold for the Abstract.
The original article has been updated.
Abstract
Results: In those without DM GC use had a 4.4-fold in-

creased all-cause mortality RR (95% confidence interval
(CI): 3.77 to 5.07) compared to non-use, whilst those with
DM had a lower RR for GC use (2.99 (95% CI: 2.32,
3.87)). However, those with DM had a higher RD associ-
ated with GC use because of their higher baseline risk. In
those with DM, GC use was associated with an additional
44.9 deaths/1000 person-years (pyrs) (95% CI: 32.9 to
56.8) compared to non-use, while in those without DM
GC use was associated with an additional 34.4 deaths/
1000 pyrs (95% CI: 30.1 to 38.7). A similar pattern was
seen for CV mortality. The adjusted Cox proportional
hazards model showed no evidence of multiplicative

interaction, but additive interaction indicated a non-
significant increased risk. For CV mortality there was no
interaction on either scale.

In the “All-cause mortality” sub-section it now cor-
rectly reads “During follow-up there were 1005 deaths”
rather than 1002 deaths.
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Glucocorticoid use is associated with an increased
risk of hypertension

Ruth E. Costello 1, Belay B. Yimer1, Polly Roads1, Meghna Jani 1,2 and
William G. Dixon 1,2

Abstract

Objectives. Patients with RA are frequently treated with glucocorticoids (GCs), but evidence is conflicting about

whether GCs are associated with hypertension. The aim of this study was to determine whether GCs are associ-

ated with incident hypertension in patients with RA.

Methods. A retrospective cohort of patients with incident RA and without hypertension was identified from UK pri-

mary care electronic medical records (Clinical Practice Research Datalink). GC prescriptions were used to deter-

mine time-varying GC use, dose and cumulative dose, with a 3 month attribution window. Hypertension was identi-

fied through either: blood pressure measurements >140/90 mmHg, or antihypertensive prescriptions and a Read

code for hypertension. Unadjusted and adjusted Cox proportional hazards regression models were fitted to deter-

mine whether there was an association between GC use and incident hypertension.

Results. There were 17 760 patients in the cohort. A total of 7421 (42%) were prescribed GCs during follow-up.

The incident rate of hypertension was 64.1 per 1000 person years (95% CI: 62.5, 65.7). The Cox proportional haz-

ards model indicated that recent GC use was associated with a 17% increased hazard of hypertension (hazard

ratio 1.17; 95% CI: 1.10, 1.24). When categorized by dose, only doses above 7.5 mg were significantly associated

with hypertension. Cumulative dose did not indicate a clear pattern.

Conclusion. Recent GC use was associated with incident hypertension in patients with RA, in particular doses

�7.5 mg were associated with hypertension. Clinicians need to consider cardiovascular risk when prescribing GCs,

and ensure blood pressure is regularly monitored and treated where necessary.

Key words: rheumatoid arthritis, cardiovascular, epidemiology, immunosuppressants, primary care
rheumatology

Introduction

RA is a chronic inflammatory condition, affecting around

1% of the general population [1]. Patients with RA are at

an increased risk of all-cause mortality compared with

the general population [2]. Cardiovascular (CV) disease

is a major driver of this: a meta-analysis showed that

patients with RA have a 50% increased risk of CV mor-

tality compared with the general population [3]. This

increased risk of CV disease [4] is due not only to trad-

itional risk factors such as smoking and hypertension,
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. Glucocorticoid use increases the risk of hypertension in patients with RA.

. Glucocorticoid doses of �7.5 mg in particular are associated with hypertension.
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1Centre for Epidemiology Versus Arthritis, Centre for
Musculoskeletal Research, Manchester Academic Health Science
Centre, University of Manchester, Manchester and 2Department of
Rheumatology, Salford Royal NHS Foundation Trust, Salford, UK

Submitted 13 December 2019; accepted 31 March 2020

Correspondence to: Ruth Costello, Centre for Epidemiology Versus
Arthritis, Centre for Musculoskeletal Research, Manchester Academic
Health Science Centre, The University of Manchester, Oxford Road,
Manchester M13 9PT, UK. E-mail: ruth.costello@manchester.ac.uk

C
L

IN
IC

A
L

S
C

IE
N

C
E

VC The Author(s) 2020. Published by Oxford University Press on behalf of the British Society for Rheumatology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and
reproduction in any medium, provided the original work is properly cited.

Rheumatology
Rheumatology 2021;60:132–139

doi:10.1093/rheumatology/keaa209

Advance Access publication 27 June 2020

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/60/1/132/5864541 by U
niversity of M

anchester user on 07 M
ay 2021

http://orcid.org/0000-0003-2709-6666
http://orcid.org/0000-0002-1487-277X
http://orcid.org/0000-0001-5881-4857


but also to disease-related factors such as disease ac-

tivity, which increases inflammation [5, 6], and potential-

ly to medication used to manage RA, for example

NSAIDs [7] or glucocorticoids (GCs).

GCs are frequently prescribed in RA, with up to two-

thirds of patients with RA ever prescribed GCs [8, 9].

This reflects their powerful anti-inflammatory effects, yet

their use is associated with a wide range of adverse

effects, such as fractures, infections, insomnia and

weight gain [10]. Another less well studied but widely

cited side effect of GCs is hypertension. Hypertension

has been captured as one of many adverse events in

clinical trials [11–14]. In placebo controlled trials of

patients with a variety of rheumatic conditions (RA, poly-

myalgia rheumatica, GCA) there were 3–28 hypertension

events per 100 patient years in those using chronic me-

dium dose GCs (7.5 to <30 mg/day). However, the

range of reported hypertension events is wide compared

with other GC adverse events [15]. There have been

very few studies focussed specifically on GC-induced

hypertension in RA. Observational studies specifically

investigating hypertension and GC use have had con-

flicting results: some studies have described medium to

high dose GCs being associated with hypertension

[16, 17], while other studies found no association [18, 19].

As hypertension may further increase CV risk, it is import-

ant to evaluate whether GCs increase the risk of hyper-

tension and if so, how this might relate to dose.

Therefore, the aim of this study was to determine whether

GCs are associated with increased risk of incident hyper-

tension in a cohort of patients with incident RA.

Methods

Design

This was a retrospective cohort study using data from

the Clinical Practice Research Datalink (CPRD), a data-

base of UK primary care electronic medical records. The

data covers around 7% of the UK population and it has

been shown to be broadly representative of the general

population [20]. This study used only data from practi-

ces that were considered up to research standard (a

CPRD measure indicating when practice data is up to

research quality based on mortality rates and continuity

of data). The study period was from 1 January 1992 until

31 June 2019. The protocol for this study has been

approved by the Independent Scientific Advisory

Committee (Protocol number: 11_113RA6).

Study population

All patients with incident RA diagnosed during the study

period were identified using a validated algorithm [21].

Patients were excluded if they had a diagnosis of hyper-

tension (criteria for diagnosis described in the outcome

section below) before the RA diagnosis date or were

aged <18 years at RA diagnosis. Patients were followed

up from RA diagnosis until leaving the practice, death or

the end of the study period.

Exposure

Oral GC prescriptions were identified through product

codes. The data were prepared using a published algo-

rithm [22] and the assumptions made are described in

Supplemental Data S1 available at Rheumatology online.

People were considered GC users for the duration of

each prescription. GC dose for each prescription was

converted to prednisolone equivalent doses [23]. Dose

was then categorized as non-use, >0–4.9, 5–7.4, 7.5–

14.9 and �15 mg/day. Cumulative dose was calculated

by multiplying daily GC dose by the number of days pre-

scribed, and then summing this value for all prescriptions

up to that time point. Values were divided by 1000 to

give cumulative dose in grams (g) rather than milligrams

(mg). Categories of cumulative dose were then defined

as non-use, >0 to <2.5, 2.5 to <5, 5 to <10 and �10 g.

Outcome

A validated definition of hypertension was used [24]

where a person was considered to have hypertension

from the earliest of either: (i) two consecutive systolic

blood pressure (SBP) readings �140 mmHg within a

year, (ii) two consecutive diastolic blood pressure (DBP)

readings �90 mmHg within a year, (iii) a hypertension

Read code (see [25] and Supplemental Data S1, available

at Rheumatology online), and on therapy with antihyper-

tensive medications (angiotensin-converting enzyme

inhibitors, alpha blockers, angiotensin receptor blockers,

beta blockers, calcium channel blockers and diuretics)

prescribed on at least two different dates within 6 months

either side of the Read code. For criteria (i) and (ii), a per-

son was considered hypertensive from the second BP

reading as a person would not be considered hyperten-

sive based on one BP reading. For criteria (iii), a person

was considered hypertensive from the earliest of Read

code or antihypertensive prescription start date. Follow-

up was censored at the point of hypertension diagnosis.

Confounders

The following covariates were included in the analyses:

baseline age; gender; baseline BMI calculated using

height and nearest weight measurement (if present within

5 years prior to baseline); baseline smoking status, classi-

fied as ever or never using Read codes and smoking

cessation prescription codes; time-varying conventional

synthetic DMARD use and time-varying prescribed

NSAID use, identified using product codes where

patients were considered exposed for the duration of

their prescription; and Charlson comorbidity index at

baseline, determined using a validated algorithm [26],

where patients were considered to have the comorbidity

if they had a Read code at any point from registration

with the practice or up to research standard date, which-

ever was latest, until baseline. All these covariates were

considered a priori confounders and were included in the

analysis. All code lists can be found in Supplemental

Data S1, available at Rheumatology online.
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Missing data

Baseline BMI and smoking status had 43% and 17%

missing data, respectively. Data were imputed using

multiple imputation with 47 imputations, this number

was based on the fraction of missing information.

Risk attribution model

A risk attribution model was used whereby a person was

considered at risk of hypertension for 3 months after the

estimated GC, DMARD and NSAID prescription end

dates. This allowed for uncertainty around the start and

stop dates, infrequent BP assessment and for potential

long lasting effects of these drugs. All GC exposure mod-

els used this risk attribution model, therefore GC use and

GC dose will be described as recent GC use and recent

GC dose. In sensitivity analyses the attribution model

was explored by running the same analyses with a GC

exposure risk attribution model of 1 month and then

6 months, to see if this affected the results.

Analysis

The baseline characteristics of the cohort were

described stratified by whether GC was ever prescribed

during follow-up. Incidence rates overall and by GC sta-

tus were calculated. Cox proportional hazards regres-

sion models (unadjusted, age and gender adjusted, and

adjusted for all confounders) were used to examine

whether recent GC use, categories of GC dose and cat-

egories of cumulative GC dose were associated with in-

cident hypertension.

Accounting for possible surveillance bias

As hypertension is a potential side effect of GCs, it is

plausible that people prescribed GCs may have their BP

measured more often than people not prescribed GCs

and therefore may have more opportunity for hyperten-

sion to be identified (a surveillance bias). To investigate

this, the frequency of BP measurements was compared

in the first 2 years since diagnosis stratified by the level

of GC exposure. As follow-up length varied, follow-up

was censored at 2 years or at hypertension diagnosis if

this was prior to 2 years to allow comparison between

groups. As GC use had been measured in a time-

varying manner a summary variable was created to de-

scribe level of GC use over the 2 years. GC exposure

was classified as ‘no GC use’, ‘intermittent GC use’, if

they had <80% of follow-up with GC use in the first

2 years since diagnosis or ‘continuous GC use’ if they

had �80% GC use in the first 2 years.

Sensitivity analyses

CPRD data can be linked to secondary care data and

area-based datasets where practices consent to linkage,

with 58% of all practices currently consenting to linkage

[20]. For those practices, data were linked to Hospital

Episodes Statistics outpatient data and practice level

deprivation data. This allowed additional adjustment for

healthcare utilization and socioeconomic status in a

subpopulation. Healthcare utilization was measured as a

proxy for disease severity where a person was consid-

ered to have high disease activity if they had more than

three rheumatology outpatient visits per year.

Socioeconomic status was measured using quintiles of

English Index of Multiple Deprivation (IMD) 2015. Further

sensitivity analyses using a stricter definition of hyper-

tension were conducted, where only those with a Read

code for hypertension and at least two antihypertensive

medication prescriptions within 6 months either side of

the Read code were considered hypertensive.

Patient and public involvement

Patients were not involved in the design, conduct or

reporting of this study.

Results

Cohort characteristics

Of 31 657 patients with a diagnosis of RA, 13 897 (44%)

had hypertension prior to RA diagnosis, resulting in

17 760 patients who were included in this cohort (sup-

plementary Fig. S1, available at Rheumatology online).

Those included in the cohort had a mean age 56.3 years

(S.D. 12.7) and were predominantly female (68%,

N¼12 101). Of those, 41.8% (N¼7421) were prescribed

GCs during follow-up, and these patients were slightly

older (mean age 57.7 vs 55.3 years of those never pre-

scribed GCs), were predominantly female, had a history

of smoking and had more comorbidities compared with

those not prescribed GCs during follow-up (Table 1).

There were 6243 cases of incident hypertension over

97 547 person years (pyrs) of follow-up, giving an inci-

dent rate of 64.1 per 1000 pyrs (95% CI: 62.5, 65.7).

Cases were most frequently first identified through con-

secutive high SBP measurements alone (N¼ 4018, 64%),

followed by consecutive high SBP and DBP measure-

ments (N¼ 1134, 18%) and consecutive high DBP meas-

urements alone (n¼504, 8%). Only 7% (N¼ 449) were

identified first through antihypertensive prescriptions and

Read codes alone (Fig. 1). Of those identified through

high BP measurements, 60% (N¼ 3396/5656) were sub-

sequently prescribed antihypertensive medication.

Glucocorticoid association with hypertension

In those exposed to GCs there were 1321 cases of inci-

dent hypertension with an incidence rate of 87.6 per

1000 pyrs. In those unexposed there were 4922 cases

with an incidence rate of 59.7 per 1000 pyrs. (Table 2).

The unadjusted Cox proportional hazards model for

recent GC use showed GC use was associated with a

44% increased hazard of hypertension [hazard ratio

(HR) 1.44; 95% CI: 1.35, 1.53]; when fully adjusted this

was attenuated to 17% increased hazard but remained

statistically significant (HR 1.17; 95% CI: 1.10, 1.24).

The unadjusted model for categories of recent exposure
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dosage showed all GC dosage categories were associ-

ated with hypertension. When fully adjusted, only doses

of �7.5 mg were statistically significant, indicating

increased hazard of hypertension (7.5–14.9 mg: HR 1.18;

95% CI: 1.08, 1.29; �15 mg: HR 1.36; 95% CI: 1.18,

1.56). Doses <7.5 mg had increased hazard but were

not statistically significant. The unadjusted model for

categories of cumulative dose showed all categories

were significantly associated with hypertension, but

when fully adjusted there was no clear pattern. Only the

category of 5–9.99 g was statistically significant, though

�10 g had a similar point estimate (Table 3). Point esti-

mates for the covariates in the adjusted models were in

the expected direction, with leflunomide having the big-

gest effect and NSAIDs having a similar magnitude of

effect on hypertension as recent GC use (supplementary

Table S1, available at Rheumatology online).

Possible surveillance bias

When the cohort follow-up was censored to 2 years,

most patients (73%) had at least 2 years’ follow-up. The

majority of the cohort did not use GCs during this period

(n¼12 124, 68.3%), 3461 (19.5%) had intermittent use

and 2175 (12.3%) had continuous use. There were no

differences in the frequency of BP measurements be-

tween the groups (Table 4 and Fig. 2), suggesting that

surveillance bias was not present.

Sensitivity analyses

There were 5860 patients with linkage to Hospital

Episodes Statistics outpatient data, of whom 1487

developed incident hypertension giving an incident rate

of 59.9 per 1000 pyrs (95% CI: 57.0, 63.0). Additional

adjustment for our proxy for disease activity and IMD

TABLE 1 Baseline characteristics of cohort overall and stratified by glucocorticoid use during follow-up

Overall Never prescribed GCs
during follow-up

Ever prescribed GCs
during follow-up

N 17 760 10 339 (%) 7421 (%)
Baseline age [mean (S.D.)] 56.31 (12.7) 55.31 (12.4) 57.72 (13.1)
Female gender (%) 12 101 (68.1) 7139 (69.0) 4962 (66.9)

Baseline ever smoker (%)a 8817 (60.0) 4936 (57.5) 3881 (63.4)
Baseline BMI [mean (S.D.)]a 26.89 (5.45) 26.95 (5.44) 26.79 (5.47)

Baseline BMI category (%)
Underweight 219 (2.2) 104 (1.8) 115 (2.7)
Normal 3864 (38.8) 2238 (38.7) 1626 (38.8)

Overweight 3541 (35.5) 2072 (35.8) 1469 (35.1)
Obese 2084 (20.9) 1217 (21.0) 867 (20.7)

Morbidly obese 261 (2.6) 152 (2.6) 109 (2.6)
Baseline Charlson comorbidity index (%)

0 13 760 (77.5) 8435 (81.6) 5325 (71.8)

1 2845 (16.0) 1333 (12.9) 1512 (20.4)
2 786 (4.4) 388 (3.8) 398 (5.4)

3 or more 369 (2.1) 183 (1.8) 186 (2.5)
IMD quintile (%)a

1 1415 (15.4) 755 (15.1) 660 (15.7)

2 1765 (19.2) 960 (19.2) 805 (19.1)
3 1872 (20.3) 1009 (20.2) 863 (20.5)
4 1920 (20.9) 1059 (21.2) 861 (20.4)

5 2233 (24.3) 1206 (24.2) 1027 (24.4)
GC use prior to RA diagnosis (%) 3383 (19.0) 628 (6.1) 2755 (37.1)

Cumulative GC dose in
year prior to baseline [mean (S.D.)]

334.75 (1242.3) 55.80 (366.6) 723.37 (1802.0)

aThere were missing data for the following variables: ever smoking: N¼3057 (17.2%); baseline BMI: N¼7791 (43.9%);

IMD 2010: N¼8555 (48.2%). GC: glucocorticoid; IMD: English Index of Multiple Deprivation.

FIG. 1 Venn diagram showing how hypertension was

identified
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2015 did not substantively change the results: the recent

GC use HR was slightly lower (HR 1.14; 95% CI: 1.00,

1.29) and only doses �15 mg were statistically signifi-

cant. Though the dose category 7.5–14.9 mg just missed

significance, this was the same regardless of the add-

itional adjustment for disease activity and IMD 2015

(supplementary Table S2, available at Rheumatology on-

line). When the attribution window was increased to

6 months the results were broadly similar (supplementary

Table S3, available at Rheumatology online). When the

attribution window was reduced to 1 month the results

were broadly similar, though the lowest category of GC

dose (>0–4.9 mg) was just statistically significant

(HR:1.16; 95% CI: 1.02, 1.31) (supplementary Table S4,

available at Rheumatology online). There were 2002

cases of hypertension using the strict hypertension def-

inition (two or more antihypertensive prescriptions within

6 months either side of a Read code). Although there

were only 449 patients initially identified through this

strict definition, many of those who were first identified

through BP measurements alone later went on to meet

the criteria using the strict definition. The results using

this strict definition of hypertension were similar, the HR

was slightly lower for recent GC use (HR 1.13; 95% CI:

1.01, 1.27). Doses >7.5 mg were not statistically signifi-

cant, although they remained in the direction of

increased risk (supplementary Table S5, available at

Rheumatology online).

Discussion

This study found that GC use was associated with a

17% overall increased risk of hypertension in patients

with incident RA and without hypertension at RA diagno-

sis. When GC use was stratified by dose categories,

doses <7.5 mg were not found to be associated with

hypertension, indicating that low doses were less of a

concern, although the point estimates were in the direc-

tion of increased risk for all categories of GC dose.

There was no clear pattern seen for cumulative dose,

but this may be due to the nature of the measure itself,

as a small cumulative dose may represent a person pre-

scribed a low dose for a long period or a person pre-

scribed a high dose for a short period, making it difficult

to draw conclusions in terms of the entire exposed

period. Additionally, 40% of patients prescribed GCs

with hypertension (defined by consecutive high SBP or

DBP readings) were not prescribed an antihypertensive

at any point during the study duration. Whilst some may

have been offered lifestyle advice, left untreated this has

important implications in terms of addressing modifiable

TABLE 2 Number of cases and rate of hypertension by GC status

Exposed to GCs Unexposed to GCs Overall

Total numbera 7421 16 850 17 760

Follow-up time (days) 15 076 82 382 97 457
Cases of hypertension 1321 4922 6243
Incident rate, per 1000 person-years (95% CI) 87.6 (83.0, 92.4) 59.7 (58.1, 61.4) 64.1 (62.5, 65.7)

aAs GC use is time-varying people could be in both categories, therefore total number across both categories is greater

than the total number of people in the study. GC: glucocorticoid.

TABLE 3 Unadjusted and adjusted Cox proportional hazards regression model

Unadjusted
[HR (95% CI)]

Age and gender adjusted
[HR (95% CI)]

Fully adjusteda

[HR (95% CI)]

Recent GC use 1.44 (1.35, 1.53) 1.23 (1.16, 1.31) 1.17 (1.10, 1.24)
Recent GC dose

No GC use Reference Reference Reference
>0–4.9 mg 1.35 (1.21, 1.53) 1.13 (1.01, 1.28) 1.10 (0.98, 1.24)
5–7.4 mg 1.40 (1.22, 1.60) 1.11 (0.97, 1.27) 1.07 (0.93, 1.23)

7.5–14.9 mg 1.44 (1.33, 1.57) 1.26 (1.16, 1.38) 1.18 (1.08, 1.29)
�15 mg 1.60 (1.40, 1.84) 1.45 (1.27, 1.66) 1.36 (1.18, 1.56)

Cumulative dose
No GC use Reference Reference Reference
>0–2.49 g 1.14 (1.05, 1.23) 1.04 (0.96, 1.12) 1.00 (0.92, 1.08)

2.5–4.99 g 1.16 (1.06, 1.27) 1.04 (0.95, 1.13) 0.99 (0.90, 1.08)
5–9.99 g 1.36 (1.24, 1.48) 1.18 (1.08, 1.30) 1.12 (1.02, 1.22)
�10 g 1.35 (1.24, 1.49) 1.16 (1.06, 1.27) 1.07 (0.97, 1.17)

aAdjusted for baseline age, gender, baseline BMI, baseline ever smoking, Charlson comorbidity index, time-varying synthet-

ic DMARD use and time-varying NSAID use. HR: hazard ratio; GC: glucocorticoid.
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risk factors in an RA population already at increased risk

of CV disease.

Differences in the frequency of BP measurement by

GC exposure were not seen, providing reassurance that

surveillance bias does not explain the findings.

Importantly, around 30% of the cohort did not have their

BP measured during the first 2 years after diagnosis.

EULAR recommends monitoring and treatment of CV

risk factors in RA [27] and hypertension in GC-treated

patients [15]. This study highlights that this may not be

the case overall in RA with regards to monitoring and

treating high BP in primary care. Given this finding, it is

important for primary care physicians (and rheumatolo-

gists) to be aware that GCs increase the risk of hyper-

tension, and to monitor patients’ BP more vigilantly

while GCs are prescribed.

Previous studies

These results concur with a single-centre cross-section-

al study, where long-term (<6 months use) medium dose

(�7.5 mg) prednisolone was associated with hyperten-

sion [16], and a study of patients in a German registry

where patients who were prescribed GC doses >7.5 mg

for >6 months had higher proportions of self-reported

‘increase in blood pressure’ [17]. However, our results

do not concur with another study that used CPRD data

to investigate adverse effects associated with GC use,

including hypertension. They did not find an association

between GC use and hypertension; however, only a

Read code was used to identify hypertension, so cases

may have been missed and may explain why their

results were different from this study [18].

FIG. 2 Number of blood pressure measurements over 2 years, by glucocorticoid use category

TABLE 4 Frequency of blood pressure measurements by categories of GC use over 2 years

GC use category N (%) At least 1 BP
measurement

[n (%)]

Median number of
measurements
(IQR)

More than 2 BP
measurements

[n (%)]

Maximum number of
measurements

No use 12 124 (68.3) 7714 (65.6) 1 (0–2) 1995 (16.5) 34
Intermittent use 3461 (19.5) 2477 (71.6) 1 (0–2) 841 (24.3) 39

Continuous use 2175 (12.3) 1492 (68.6) 1 (0–2) 448 (20.6) 25

GC: glucocorticoid; BP: blood pressure; IQR: interquartile range.
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Incidence of GC-associated hypertension

This study provides an estimate of incidence of hyper-

tension associated with GC use, which allows more

informed decisions for the patient. A UK study using pri-

mary care electronic records has estimated the inci-

dence of hypertension in patients with RA [28]. This

study found a lower incident rate of hypertension, 336.2

per 10 000 pyrs, and a higher proportion being treated

(85%) compared with our study (60%). However, this

study only identified hypertension using Read codes

and/or antihypertensive prescriptions, which means

patients with high BP but not coded or treated are

missed, which may explain the differences found com-

pared with our study.

Strengths and limitations

This was a large retrospective cohort study using rou-

tinely collected data with a number of strengths. The

use of prescription data allowed more precise measure-

ment of time-varying GC use, and a variety of attribution

models were used to test the impact of our assumptions

when preparing the data. Hypertension diagnosis has

not been consistently defined across the few studies

using CPRD data, and in our study hypertension was

identified through BP measurements or a Read code

and antihypertensive prescriptions. This definition has

been validated in Spanish primary care electronic health

records [24] and allowed a more robust identification of

the outcome. As anti-hypertensive medication can be

prescribed for other indications, it was important to use

both Read code for hypertension and antihypertensive

medication prescriptions to ensure antihypertensive

medication was not prescribed for another indication.

Alongside these strengths there are some limitations.

Misclassification of medication use is a possibility; as

CPRD data only contains prescriptions, we do not know

if these medications were dispensed. However, we used

a number of attribution models to allow for potential dif-

ferences in when prescriptions would be dispensed.

This study was designed specifically to examine incident

hypertension and thus included only patients without

prior hypertension. Further work is needed to under-

stand how GCs may affect BP in those already diag-

nosed with hypertension. Although we need to be

careful of over-interpretation of covariate point estimates

[29], the variables adjusted for were in the expected dir-

ection. However, there are some variables that cannot

be measured in CPRD: disease severity is not available.

However, currently there is no evidence that high dis-

ease activity is associated with high BP, suggesting that

confounding by indication is less of a concern [30, 31].

There is not a validated proxy for disease severity in

CPRD; however, we have conducted a sensitivity ana-

lysis using a pragmatic proxy for disease severity and

this did not alter the results. As biologics are prescribed

in secondary care this is not well captured in CPRD.

TNF inhibitors have been shown to reduce BP [11]; how-

ever, it has been shown that those prescribed biologics

are more likely to have received GCs [32]. As we would

expect GCs to increase BP, if TNF inhibitors are pre-

scribed more frequently in those prescribed GCs we

would expect the effect of GCs on BP to be underesti-

mated. Therefore any unmeasured confounding would

not explain our positive findings.

Conclusions

This study found that GC use was associated with inci-

dent hypertension in patients with RA, and in particular

doses >7.5 mg were associated with hypertension.

There was an incidence rate of 64.1 per 1000 pyrs. BP

was not frequently monitored in primary care and a large

proportion of RA patients on GCs with high BP readings

were untreated. Given that patients with RA are already

at increased risk of CV disease, it is important that these

patients should have their BP checked regularly and

treated appropriately.
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Extract of supplemental data 1: 

Drug preparation algorithm  

Decisions used for glucocorticoids, disease-modifying antirheumatic drugs:  

- 4: Implausible quantity: set to population average 

- 9: Missing quantity: set to population average 

- 15: Implausible ndd: set to population average 

- 20: Missing ndd: set to population average 

- 27: Clean duration: set to 6 months if > 6 months 

- 34: Select stop date if multiple: If one available use it, if two available and equal use that 

date, if 2 available uses mean, if 3 available uses mean of closest 2 if within 30 days. 

- 41: Missing stop dates: use individual mean if unavailable use population mean 

- 43: Multiple prescriptions for same product on same day: use mean ndd and mean length 

- 50: Overlapping prescriptions: move later to next available time 

- 53: Sequential prescriptions with short gaps: change stop gap to start of next prescriptions if 

gap is <= 30 days. 

Decisions used for NSAIDs:  

- 4: Implausible quantity: set to population average 

- 9: Missing quantity: set to population average 

- 15: Implausible ndd: set to population average 

- 20: Missing ndd: set to population average 

- 27: Clean duration: set to 6 months if > 6 months 

- 34: Select stop date if multiple: If one available use it, if two available and equal use that 

date, if 2 available uses mean, if 3 available uses mean of closest 2 if within 30 days. 

- 41: Missing stop dates: use individual mean if unavailable use population mean 

- 43: Multiple prescriptions for same product on same day: use mean ndd and mean length 

- 49: Overlapping prescriptions: do nothing, allow to overlap 

- 53: Sequential prescriptions with short gaps: change stop gap to start of next prescriptions if 

gap is <= 30 days. 
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ABSTRACT
Objectives: To identify the side effects most
important to glucocorticoid (GC) users through a
survey of a UK online health community
(Healthunlocked.com).
Design: Online cross-sectional survey.
Setting: Participants were recruited through
Healthunlocked.com, an online social network for
health.
Participants: Adults who were currently taking GCs,
or had taken GCs in the past month.
Method: Responders scored the importance of listed
side effects from 1 to 10, with 10 being of high
importance to them. For each side effect, histograms
were plotted, and the median rating and IQR were
determined. Side effects were ranked by median
ranking (largest to smallest) and then IQR (smallest to
largest). The scores were categorised as low (scores
1–3), medium (scores 4–7) and high (scores 8–10)
importance.
Results: 604 responders completed the survey.
Histograms of side effect scores showed a skew
towards high importance for weight gain, a U-shaped
distribution for cardiovascular disease (CVD), diabetes,
eye disease and infections, and a skew towards low
importance for acne. When ranked, the side effect of
most importance to responders was weight gain
(median score=9, IQR 6–10) followed by insomnia and
moon face with equal median score (8) and IQR (5–
10). Three serious side effects, CVD, diabetes and
infections, were ranked of lower importance overall but
had wide ranging scores (median score=8, IQR 1–10).
Conclusions: The three most highly rated side effects
were not clinically serious but remained important to
patients, perhaps reflecting their impact on quality of
life and high prevalence. This should be taken into
consideration when discussing treatment options and
planning future GC safety studies.

INTRODUCTION
Glucocorticoids (GC) continue to be widely
used to treat inflammatory diseases since
their discovery over 60 years ago.1 In the UK,
around 1% of the population have been

prescribed oral GCs, most commonly in the
context of respiratory disease.2 For certain
conditions, such as vasculitis, systemic lupus
erythematosus and polymyalgia rheumatica,
GCs are used in nearly all patients.3 4

GCs have many side effects, ranging from
potentially life-threatening such as cardio-
vascular events and infections,5–7 to less clin-
ically serious effects such as bruising, skin
thinning and fat redistribution. Understandably,
research to date has focused more on the
serious side effects, but these ‘less serious’
side effects may be important to the patient
and have the potential to markedly impair a
patient’s quality of life. Furthermore, patients
may elect not to take GC therapy because of
concerns about possible side effects. To date,
only a few studies have investigated which
side effects are important to patients.8–10

Although osteoporosis was in the top three
most important side effects in two of the
three studies, the findings in general have
not been consistent. For example, in one
study ‘diabetes/glucose intolerance’ was
ranked third most important,8 while in
another ‘trouble with blood glucose levels/
diabetes’ was 12th of side effects that both-
ered patients a lot.10 Two of these studies
were in patients with specific diseases,
adrenal insufficiency (where GCs are used to
replace deficient endogenous GCs)9 and

Strengths and limitations of this study

▪ This survey used a novel recruitment method,
through an online social network for health,
which resulted in over 600 UK respondents who
were taking glucocorticoids for a variety of
conditions.

▪ Only a few studies have previously investigated
which glucocorticoid side effects are most
important to patients.

▪ The sample was mainly female and over 50 years
of age, which may represent bias in the type of
people who participate in studies.
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immune thrombocytopenic purpura (ITP),10 while the
third studied patients with rheumatic diseases.8

Observed differences between these studies might be
explained by the use of GC therapy for the treatment of
inflammatory disease versus replacement therapy. To
understand which side effects are most important to
patients across several disease groups, the aim of this
study was to identify the side effects most important to
GC users through a survey of multiple disease communi-
ties within a UK online health social media platform
(Healthunlocked.com (HU)).

METHODS
Setting
HU is a social network for health where patients, care-
givers and health advocates can discuss issues related to
their health through online message boards and private
messages. Discussions take place within communities set
up by patient charities and condition communities from
NHS Choices. It is the largest health-related social
network in Europe with 4 million visitors per month. The
HU platform allows rapid access to hundreds of potential
GC users by embedding a survey in posts with a particular
title word, or tagged with a given word or phrase.

Design
A short survey about GC use, timing of GC administra-
tion and perceptions of side effects was designed by the
research team specifically for this study. The survey was
drafted by WD to include information about people’s
beliefs about the importance of range of known serious
and non-serious GC-associated side effects. The number
of items was selected to balance the burden of data
entry with collecting opinion on a range of side effects,
including items scored of high, intermediate and low
importance in previous studies.8–10 The draft was further
refined with input from rheumatologists, endocrinolo-
gists and epidemiologists (RP, JH, JMcB, RC plus wider
consultation with local colleagues (see acknowledge-
ments)). This resulted in some rewording of questions
and two additional side effects were added: ‘changes in
mood’ and ‘round face or “moon” face’. The survey was
then piloted with 13 members of an existing musculo-
skeletal Research User Group (RUG), comprised of
patients with musculoskeletal disease and their carers
who meet quarterly to help support research studies.
RUG members were asked to comment on comprehen-
sion, ease of completion and provide any general feed-
back. The survey was finalised based on the pilot testing
responses. No additional GC-associated adverse events
were suggested for inclusion in the survey by the patient
group (see online supplementary material S1). The
testing supported our decision to ask participants to score
rather than rank each item. One reviewer commented, “I
always find it hard to do the thing where they ask you to
rank items—in this case, rank this list of side effects from
highest to lowest (importance to you) and so I think the

system you have used is better. And anyway, a heart attack
is surely never going to anywhere other than at the top of
the list of undesirable outcomes.”
The survey popped up on HU posts that included

either the title word ‘steroid’ or the tags ‘glucocortic-
oid’, ‘prednisolone’, ‘prednisone’, ‘steroid’ or ‘dexa-
methasone’ and was restricted to UK users. When the
survey popped up, the community group for the post
was recorded automatically for each responder. To avoid
recall bias, only respondents who were currently using,
or had used GCs in the last month were eligible. To
determine eligibility, a stem question asked whether the
respondent was currently taking oral steroids, or had
taken oral steroids within the last month. If the response
was ‘No’, the survey ended. If the response was ‘Yes’, the
survey continued. The survey started in December 2015
was live for 3 months or until 1000 surveys were com-
pleted, whichever came first. No formal sample size was
calculated. Recruitment targets were instead based on
discussions with HU about anticipated response rates
over a 3-month period.
The perception of GC side effects was examined by

asking respondents, ‘Please score each side effect, even
if you have not experienced it, on a scale where 1= very
little importance and 10= high importance to you’. Side
effects were listed alphabetically as follows: acne, cardio-
vascular disease (eg, heart attack), changes in mood,
diabetes, eye disease (cataracts, glaucoma), high blood
pressure, indigestion, infection (eg, pneumonia), insom-
nia (unable to sleep), palpitations (racing heart),
reduced bone strength (osteoporosis, fractures), round
face or ‘moon’ face, skin changes (bruising, thin skin,
stretch marks) and weight gain. Experience of side
effects was examined by asking respondents, ‘Have you
had any of these side effects whilst taking steroids?’
Respondents could indicate any that applied.

Statistical analysis
The scores for each side effect were plotted on histo-
grams, and the median score and IQR was determined.
Side effects were ranked by median score (largest to
smallest) and then IQR (smallest to largest) for those
with the same median, to identify the most important
side effects to patients. The scores for each side effect
were categorised as low importance (scores 1–3),
medium importance (scores 4–7) and high importance
(scores 8–10). Side effect scores were then stratified by
community group and experience of side effects.
Median side effect scores and IQR, stratified by experi-
ence, were displayed in a box and whisker plot.
Respondents with missing data for side effect scores
were not included in the analysis.

RESULTS
Patient characteristics
The survey was live for 3 months, it popped up for
17 999 visitors, and 1311 (7.1%) clicked on the survey.
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Of those, 756 (58%) agreed to take part in the survey,
664 (51%) were eligible and 604 (46%) provided com-
plete data (see online supplementary figure S1).
Patients came from five community groups: British

Lung Foundation (BLF) (N=54), ITP support (N=17),
Lupus UK (N=82), National Rheumatoid Arthritis
Society (NRAS) (N=229) and Polymyalgia Rheumatica
and Giant Cell Arteritis UK (PMRGCAUK) (N=221).
The majority of completers were over 50 years old
(81%) and women (86%). Those who dropped out part
way through the survey (n=60) were not significantly dif-
ferent from those who completed the survey in terms of
age, gender and community (table 1).

Survey responses
Figure 1 shows histograms of scores for each side effect.
Comparing across histograms, weight gain scores show a
pronounced skew towards high importance. Cardiovascular
disease (CVD), diabetes, eye disease and infections
scores have a U-shaped distribution of scores. Acne
scores show a pronounced skew towards low importance.
When ranked, weight gain was the side effect of most

importance (median score =9, IQR 6–10), with 64% of
weight gain scores categorised as high importance.
Insomnia, moon face, high blood pressure (BP),
reduced bone strength, eye disease, CVD, diabetes and
infection all had the same median score of 8; however,
the range of scores varied. Insomnia and moon face

were ranked joint second as they had the smallest range
of scores (IQR 5–10). Insomnia, like weight gain, had
only 12% of respondents who rated it as low importance,
whereas all other side effects with a median of 8 were
rated as low importance by at least 20% of participants.
Side effects with a median score below 8 had <50% of
scores categorised as high importance (table 2).
When stratified by community group the rankings

remained similar to the overall rankings for all commu-
nities except the PMRGCAUK community group, where
the side effects most important to respondents were eye
disease, CVD and insomnia, with weight gain fourth
(table 3).
When stratified by prior experience, participants who

had previously experienced the side effect of interest
reported higher median scores, with smaller IQRs. The
side effects most important to those who had experi-
enced them were diabetes, eye disease and CVD, all
scoring a median of 10. The side effects most important
to those who had not experienced them were reduced
bone strength, CVD and eye disease (table 4, see online
supplementary figure S2). Although weight gain had the
highest rank overall, it was ranked only fourth in those
who had and eighth in those who had not experienced
it prior to completing the survey, with median scores
and IQRs of 9 (7–10) and 6 (2–9), respectively. The
most commonly experienced side effects were, in order,
weight gain, round face, insomnia, changes in mood,
skin changes and indigestion, all of which were experi-
enced by over half of the 604 respondents.

DISCUSSION
It is known that oral GCs have many side effects, but few
studies have investigated which matter the most to
patients. This survey found that overall weight gain,
insomnia and moon face were the side effects ranked
highest by patients, despite them being less clinically
serious. The importance of side effects to respondents
was different depending on whether they had been
experienced, with clinically serious side effects (diabetes,
eye disease and CVD) being most important to respon-
dents who had experienced them. As these clinically
serious side effects had not been experienced by the
majority of respondents, they dropped in the rankings
overall. Weight gain, scored at 9 out of 10 for those who
had experienced it and 6 out of 10 for those who had
not, ranking at fourth position in both groups, but rose
to the top ranking overall because of its high prevalence
having been experienced by 442/604 (73%) partici-
pants. Participants from the PMRGCAUK community
rated eye disease as most important, with CVD second
and insomnia and weight gain joint third. This con-
trasted to all other communities where weight gain was
the most important side effect overall. This group may
be taking a higher dose of GC, compared with the other
communities, which may explain the difference.
Alternatively, respondents from this community may be

Table 1 Characteristics of survey responders who

completed the survey and those who dropped out during

the survey (N=664)

Completed

survey (n=604)

N (%)

Dropped out

during survey

(n=60)

N (%)

Community group

BLF 54 (8.9) 10 (16.7)

ITP support 17 (2.8) 1 (1.7)

Lupus UK 82 (13.6) 6 (10)

NRAS 229 (37.9) 22 (36.7)

PMRGCAUK 221 (36.6) 19 (31.7)

Missing 1 (0.2) 2 (3.3)

Age (years)

Under 39 40 (6.6) 4 (6.7)

40–49 77 (12.7) 5 (8.3)

50–59 201 (33.3) 14 (23.3)

60–69 181 (30) 19 (31.7)

70 years or over 105 (17.4) 16 (26.7)

Missing 0 (0) 2 (3.3)

Gender

Male 79 (13.1) 6 (10)

Female 522 (86.4) 49 (81�7)
Missing 3 (0.5) 5 (8�3)

Total 604 60

BLF, British Lung Foundation; ITP, immune thrombocytopenia;
NRAS, National Rheumatoid Arthritis Society; PMRGCAUK,
Polymyalgia Rheumatica and Giant Cell Arteritis UK.
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older, and thus could be more concerned about diseases
more prevalent at this higher age. Awareness of potential
ocular involvement of giant cell arteritis (GCA) may also
make the possible occurrence of further eye disease par-
ticularly concerning.
Clinicians and patients make treatment decisions after

weighing the benefits against the possible harms, and

for each benefit or harm, considering its probability, its
nature, and a value judgement of how important it is to
the individual.11 While many studies have estimated the
frequency of side effects, few have considered how
important they are to patients.12–15 This is relevant
because patients’ value judgements about a given side
effect will influence their decisions about treatment and

Figure 1 Histograms of side effect ratings. 1= rating of lowest importance, 10= rating of highest importance.

Table 2 Median, IQR, rank and categories of side effect scores

Symptom Median (IQR) Rank

Low (score 1–3)

N (%)

Medium (score 4–7)

N (%)

High (score 8–10)

N (%)

Weight gain 9 (6–10) 1 74 (12.3) 145 (24) 385 (63.7)

Insomnia 8 (5–10) 2 75 (12.4) 210 (34.8) 319 (52.8)

Moon face 8 (5–10) 2 125 (20.7) 149 (24.7) 330 (54.6)

High blood pressure 8 (4–10) 4 150 (24.8) 138 (22.8) 316 (52.3)

Reduced bone strength 8 (4–10) 4 133 (22) 134 (22.2) 337 (55.8)

Eye disease 8 (3–10) 6 164 (27.2) 93 (15.4) 347 (57.5)

Cardiovascular disease 8 (1–10) 7 216 (35.8) 56 (9.3) 332 (55)

Diabetes 8 (1–10) 7 206 (34.1) 86 (14.2) 312 (51.7)

Infections 8 (1–10) 7 182 (30.1) 116 (19.2) 306 (50.7)

Changes in mood 7 (5–9) 10 110 (18.2) 239 (39.6) 255 (42.2)

Skin changes 7 (5–9) 10 109 (18) 214 (35.4) 281 (46.5)

Palpitations 7 (4–9) 12 125 (20.7) 212 (35.1) 267 (44.2)

Indigestion 6 (3–8) 13 152 (25.2) 276 (45.7) 176 (29.1)

Acne 1 (1–6) 14 359 (59.4) 138 (22.8) 107 (17.7)
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adherence.13 16 Three prior studies have investigated
patient perspectives of GC side effects specifically. The
most cited of these is a study comparing the perspectives
of 140 patients and 110 rheumatologists. They found
osteoporosis was ‘the most worrisome’ side effect for
patients, followed by CVD, diabetes, weight gain and
renal dysfunction.8 The other two studies were inter-
ested in specific disease groups. One study of patients
with ITP found the most bothersome side effects of
those experienced, in line with our findings, were moon
face, weight gain and insomnia.10 Another study of
patients with adrenal insufficiency found the most

worrisome side effect was osteoporosis, followed by
obesity and fatigue.9 In all studies, weight gain was one
of the top five most worrisome side effects, which is in
agreement with our findings. Weight gain is known to
adversely affect body image and self-esteem, although
there are no studies, to the best of our knowledge, exam-
ining the impact of GC-associated weight gain on quality
of life. A few studies have reported on weight gain fol-
lowing GC therapy.14 17 18 However, studies are often not
designed to measure this as an outcome and as a result,
fail to address the sort of questions that patients may be
interested in, such as the extent of weight gain with

Table 3 Median, IQR and rank of side effect scores, stratified by community group

BLF (N=54)

ITP support

(N=17) Lupus UK (N=82) NRAS (N=229)

PMRGCAUK

(N=221)

Symptom

Median

(IQR) Rank

Median

(IQR) Rank

Median

(IQR) Rank

Median

(IQR) Rank

Median

(IQR) Rank

Acne 1 (1–5) 14 2 (1–7) 14 3 (1–6) 14 1 (1–6) 14 1 (1–6) 13

Cardiovascular

disease

6.5 (1–10) 11 5 (1–10) 12 8 (1–10) 8 8 (1–10) 7 9 (1–10) 2

Changes in mood 7 (4–10) 9 6 (5–8) 8 8 (4–10) 6 7 (4–9) 10 7 (5–9) 9

Diabetes 7 (1–10) 10 4 (1–9) 13 7 (1–9) 12 8 (1–10) 7 8 (1–10) 8

Eye disease 7.5 (1–10) 6 8 (1–9) 5 8 (3–10) 7 8 (3–10) 4 9 (4–10) 1

High blood

pressure

7.5 (4–10) 5 6 (4–8) 10 8 (5–9) 4 8 (3–10) 4 8 (3–10) 7

Indigestion 6 (4–8) 12 7 (5–8) 6 6 (3–8) 13 6 (4–8) 13 6 (3–8) 13

Infections 8.5 (3–10) 2 5 (1–9) 11 8 (5–10) 5 8 (2–10) 6 7 (1–10) 12

Insomnia 8 (7–10) 3 8 (7–10) 2 7 (5–9) 10 7 (5–9) 9 8 (6–10) 3

Palpitations 7 (4–9) 7 6 (4–7) 8 7.5 (5–9) 9 7 (4–9) 10 7 (4–9) 11

Reduced bone

strength

8 (5–10) 4 8 (7–10) 2 9 (5–10) 2 8 (4–10) 3 8 (4–10) 6

Round face 6 (3–10) 13 8 (5–8) 2 8.5 (5–10) 3 8 (5–10) 2 8 (5–10) 5

Skin changes 7 (3–8) 7 7 (3–8) 7 7 (4–9) 11 7 (5–10) 10 7 (5–9) 9

Weight gain 9 (5–10) 1 9 (8–9) 1 9 (7–10) 1 9 (6–10) 1 8 (6–10) 3

BLF, British Lung Foundation; ITP, immune thrombocytopenia; NRAS, National Rheumatoid Arthritis Society; PMRGCAUK, Polymyalgia
Rheumatica and Giant Cell Arteritis UK.

Table 4 Median, IQR and rank of side effect scores, stratified by experience of side effect

Experienced side effect Did not experience side effect

Symptom N Median (IQR) Rank N Median (IQR) Rank

Acne 47 6 (5–8) 14 557 1 (1–5) 14

Cardiovascular disease 29 10 (6–10) 3 575 8 (1–10) 2

Changes in mood 356 8 (5–10) 10 248 5 (2–8) 11

Diabetes 66 10 (8–10) 1 538 7 (1–10) 4

Eye disease 117 10 (7–10) 2 487 8 (1–10) 2

High blood pressure 203 9 (7–10) 4 401 6 (1–9) 9

Indigestion 304 7 (5–9) 13 300 5 (1–7) 11

Infections 133 8 (6–10) 9 471 7 (1–10) 5

Insomnia 381 8 (7–10) 8 223 6 (4–8) 6

Palpitations 259 8 (5–10) 10 345 6 (3–8) 7

Reduced bone strength 162 9 (6–10) 7 442 8 (3–10) 1

Round face 383 9 (7–10) 4 221 5 (1–8) 13

Skin changes 348 8 (5–10) 10 256 5 (3–8) 10

Weight gain 442 9 (7–10) 4 162 6 (2–9) 8
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specific doses, or the likelihood of weight loss following
discontinuation. Despite the importance to patients of
insomnia in this and other studies, it is interesting to
note that very few studies have investigated insomnia in
patients taking GC therapy.
This study used a novel method of recruiting survey

respondents, through a social networking website, which
was easy to conduct and resulted in a sample of just over
600 UK-based respondents who were taking GCs for a
variety of conditions. However, there were limitations of
the study. The sample was mainly female and over
50 years of age: this may be partly due to the disease
demographic, but may also represent a selection bias in
the types of people who are more likely to participate in
studies,19 or participate in a social network. This selec-
tion factor may have influenced our findings if percep-
tions of the importance of side effects could be different
between the sexes. For example, female participants may
be more inclined to see weight gain as important. It may
also affect the generalisability of the results, as the scores
may not represent the views of the whole population, for
example, young men are not well represented. It relied
on self-report to identify steroid users. However, a previ-
ous study showed high agreement between self-reported
medication use and pharmacy records, so it is unlikely
there will be large misclassification due to self-report.20

We did not collect information about comorbidities in
participants and were thus unable to examine how
this may have influenced beliefs. For example, a patient
with prevalent hypertension may have considered high
BP or CVD to be particularly important to them as a
GC-associated side effect. Nonetheless, our results
reflect the patients’ experiences and how they rate the
importance of serious and non-serious outcomes. It was
particularly interesting to note the distribution of
responses in the high-ranking serious and non-serious
conditions. For weight gain and insomnia, only 12% of
participants scored them as low importance.
Yet although CVD and diabetes had a median score of 8
(like insomnia), there was a U-shaped distribution of
scores where more than 20% of participants scored
them as low importance despite their seriousness. It may
be that education influenced scores: if respondents were
not aware of the risks of CVD with GCs, for example,
they may not have scored CVD as important to them.
Unfortunately, we did not collect information on educa-
tion. Another explanation may be that some respon-
dents may have had optimism bias,21 where respondents
believed that the serious side effects would not happen
to them. This could also result in the wide variation of
scores for serious side effects.
In conclusion, this study has shown that weight gain,

insomnia and moon face were the top three most
important side effects to patients taking GCs. Despite
this, they are not widely studied with many unanswered
questions. Research should be informed by patients, and
targeted to provide patients with better information
about these side effects of high importance.
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Timing and outcomes of steroid use

We'd like to invite you to take this short survey, which aims to investigate the time at which patients take their steroids tablets (E.g.

prednisolone, betamethasone, deflazacort, calcort, dexamethasone, hydrocortisone, methylprednisolone and medrone) and what

side effects patients view as being important.

Before you decide whether you want to take part, it is important for you to understand why the survey is being done and what your

participation will involve. Please take time to read the following information carefully:

● The survey is being funded by the Medical Research Council and conducted by the University of Manchester, in partnership with

HealthUnlocked.

● All information you provide will be anonymous and treated in the strictest confidence and according to legal and ethical

guidelines of the UK Data Protection Act 1998.

● The information you provide will be stored at the University of Manchester for 10 years.

● If you decide to take part you are still free to withdraw at any time during the survey. However, as data collection is anonymous

and sent when the survey is completed, your information cannot be identified to withdraw after survey completion.

The total completion of the survey should not take more than 2 minutes

Tick this box if you understand the above information and agree to take part

Tick this box if you understand the above information and agree to take part



Do you take oral steroid tablets (or have taken them within the last month)?

Examples of steroid tablets include prednisolone, betamethasone, deflazacort, calcort, dexamethasone,

hydrocortisone, methylprednisolone and medrone.

Yes

No



1. How old are you?

under 19

20 - 29

30 - 39

40 - 49 

50 - 59

60 - 69

70 or more



2. Which gender best describes you?

Male

Female



3. Do you take your daily dose of steroids once per day, or do you split the dose over two or

more times through the day?

Once per day

Two or more 



Time

hh

:

mm AM/PM

-

4. What time do you normally take your steroid tablets?

Please enter the nearest time when taken most often



4. What time do you normally take your steroid tablets?

Please enter the nearest time when taken most often.

Time

hh

:

mm AM/PM

-

First dose:

Time

hh

:

mm AM/PM

-

Second dose:

Time

hh

:

mm AM/PM

-

Third dose:



 1 2 3 4 5 6 7 8 9 10

Acne

Cardiovascular disease (e.g. heart

attack)

Changes in mood

Diabetes

Eye disease (cataracts, glaucoma)

High blood pressure

Indigestion

Infection (e.g. pneumonia)

Insomnia (unable to get to sleep)

Palpitations (racing heart)

Reduced bone strength

(osteoporosis, fractures)

Round face, or ‘moon’ face

Skin changes (bruising, thin skin,

stretch marks)

Weight gain

Other (please specify)

5. We are interested to learn how important a range of possible side effects is to you. 

Please score each side effect, even if you have not experienced it, on a scale where 1=very little

importance, and 10=high importance to you. 



6. Have you had any of these side effects whilst taking steroids?

Please select all that apply

Acne

Cardiovascular disease (e.g. heart attack)

Changes in mood

Diabetes

Eye disease (cataracts, glaucoma)

High blood pressure

Indigestion

Infection (e.g. pneumonia)

Insomnia (unable to get to sleep)

Palpitations (racing heart)

Reduced bone strength (osteoporosis, fractures)

Round face, or ‘moon’ face

Skin changes (bruising, thin skin, stretch marks)

Weight gain

None of the above / Other (please specify)
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Rheumatoid arthritis

Key messages

What is already known about this subject?
 ► Studies are starting to recruit participants online and 
through patient organisations, but we do not know 
how representative these groups are.

What does this study add?
 ► Patient organisation members with rheumatoid ar-
thritis (ra) were broadly representative of the gen-
eral ra population, and  online health community 
(OHc) users with ra were younger, more recently 
diagnosed and from more deprived areas.

 ► a high proportion of OHc users were willing to take 
part in all types of research (surveys, use of an app 
or activity tracker, and trials).

How might this impact on clinical practice?
 ► Future studies may be able to recruit more efficient-
ly from OHcs and patient organisations with confi-
dence in how these populations represent the study 
population.

AbstrAct 
Objectives to describe (1) the representativeness of (a) 
users of an online health community ( HealthUnlocked. com 
(HU)) with rheumatoid arthritis (ra) and (b) paid members 
of an ra patient organisation, the national rheumatoid 
arthritis Society (nraS), compared with the general ra 
population; and (2) the willingness of HU users with ra to 
participate in types of research (surveys, use of an app or 
activity tracker, and trials).
Methods a pop-up survey was embedded on HU to 
determine the characteristics of users and their willingness 
to participate in research. an anonymous data set of 
nraS member characteristics was provided by the nraS 
(n=2044). to represent the general ra population, 
characteristics of people with ra were identified from the 
clinical Practice research Datalink (cPrD) (n=20 594). 
cross-sectional comparisons were made across the three 
groups.
Results compared with cPrD, HU respondents 
(n=615) were significantly younger (49% aged below 55 
years compared with 23% of cPrD patients), significantly 
more deprived (21% in the most deprived townsend 
quintile compared with 12% of cPrD patients) and had 
more recent disease, with 62% diagnosed between 
2010 and 2016 compared with 37% of cPrD patients. 
nraS members were more similar to the cPrD, but 
significantly under-represented those aged 75 years 
or over and over-represented those aged 55–75 
years compared with the cPrD. High proportions of HU 
users were willing to participate in future research of all 
types.
Conclusions nraS members were broadly representative 
of the general ra population. HU users were younger, more 
deprived and more recently diagnosed. HU users were 
willing to participate in most types of research.

InTROduCTIOn
Large population studies often require signif-
icant numbers of participants to generate 
enough statistical power. This often requires 
multisite recruitment through rheumatology 
departments. A study of trials conducted 
in 2002–2008 found only 55% recruited to 
their prespecified sample size.1 This leads to 
an underpowered study and possible incon-
clusive results.

Study recruitment may be improved in both 
numbers and efficiency by recruiting patients 
directly. This may be coordinated via patient 
organisations or, as patients are increasingly 
online,2 through the internet. For example, 
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studies have recruited through social media,3 4 recruited 
through online forums,5–7 advertised on health websites4 
or advertised based on health-related search terms on 
Google.8 However the representativeness of online 
health communities (OHCs) and patient organisations, 
particularly in a rheumatoid arthritis (RA) population, 
is not clear.

The aims of this study were to describe (1) the repre-
sentativeness of paid members of a patient organisation 
with prevalent RA and users of an OHC with RA when 
compared with the general RA population, and (2) the 
types of studies that OHC users with RA would participate 
in.

MeTHOds
design
This cross-sectional study compared the characteristics of 
adults with RA from the National Rheumatoid Arthritis 
Society (NRAS) members who had paid for membership 
and visitors to the NRAS community group on  HealthUn-
locked. com (HU) with adults with RA identified from 
the Clinical Practice Research Datalink (CPRD), a data-
base of anonymised UK primary care electronic medical 
records. As the CPRD is broadly representative of the UK 
population,9 adults with RA identified from the CPRD 
were considered representative of adults with RA in the 
UK.

Patient organisation population
The NRAS is a patient organisation for people living with 
RA. When people join NRAS or renew their member-
ship, they can provide demographic and medical infor-
mation. An anonymised data set of all members, past and 
present up until 1 May 2016, was provided by the NRAS. 
For consistency with the other data sets, and to avoid 
selection bias, only current NRAS members were used. 
The data set contained (self-reported) year of RA diag-
nosis, ethnicity, current age, gender, employment status, 
and ever use of disease-modifying antirheumatic drugs 
(DMARDs), biologics and glucocorticoids (GC). To be 
included in the analyses, respondents had to be resi-
dents in the UK to allow comparison with the other UK 
data sets.

Hu population
HU is Europe’s largest OHC, with over 4.5 million visitors 
per month.10 The NRAS has a community group on HU 
for people with RA with, on average, 169 000 visitors per 
month. Anybody can visit the NRAS community on HU 
irrespective of a diagnosis of RA, NRAS membership or 
following the NRAS HU community. As people join HU 
without providing demographic information, a survey 
was developed to determine self-reported RA diagnosis, 
year of RA diagnosis, medications used, willingness to 
participate in different types of research (including ques-
tionnaires of varying durations, using an app, wearing an 
activity tracker and different types of trial), demographics 
(age, gender, employment, postcode and ethnicity) and 

the types of electronic devices owned (details of survey 
development in online supplementary file 1). After 
review by a combined patient and public involvement 
group and agreement with the NRAS, the finalised 
survey (online supplementary figure 1) was embedded 
in all posts within the NRAS HU community and popped 
up for completion when these posts were viewed by 
someone with a UK IP address. Prior to starting the 
survey, respondents confirmed they were over 18 years of 
age. The survey then started with an eligibility question 
to determine self-reported RA. The survey started on 6 
May 2016 and was live for 3 months or until 1000 people 
had completed the survey, whichever was soonest. Post-
code was converted to Townsend Deprivation Index11 by 
a health data scientist outside of the research team prior 
to analysis.

CPRd population
A prevalent cohort of patients with a diagnosis of RA 
prior to 1 June 2016 was identified using a validated 
algorithm.12 Eligibility criteria were (1) aged 18 years or 
over at RA diagnosis, (2) registered at a practice on 1 
May 2016 and (3) data met the CPRD quality standards.9 
Age, gender, year of RA diagnosis, ethnicity, ever DMARD 
and GC use, and Townsend Deprivation Index (for prac-
tices that consented to linkage) were identified for these 
patients (covariate definitions in online supplementary 
file 1).

Analysis
For each data set, the characteristics were categorised 
and tabulated to match the HU survey responses to allow 
comparison between data sets. A Z-test for the difference 
in proportions within each category of each character-
istic was calculated comparing NRAS with CPRD, and 
HU with CPRD, where CPRD data were available. The 
characteristics of those who would definitely or probably 
take part in each type of research are reported. Logistic 
regression was used to identify any characteristics that 
were independently associated with definite or probable 
participation in each type of research.

Missing data
To be included in this analysis, individuals had to have 
information on at least age and gender. For CPRD employ-
ment status was available for less than 5% of patients so 
it was not used in this analysis. For NRAS members, post-
code and therefore Townsend Deprivation Index were 
unavailable. For all variables, except age and gender, 
when the variable was available for the data set, the 
percentage of missing data is reported.

ResulTs
data sets
nraS
The NRAS provided a data set of 4505 current and past 
members. Of those, 1498 were not currently members, 
22 were from overseas and 941 did not have information 
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on age and gender, resulting in a data set of 2044 current 
members with RA.

HealthUnlocked survey
The HU survey was live for 74 days between 6 May 2016 
and 12 August 2016 and had 100 112 pop-ups to unique IP 
addresses. There were 2647 pop-ups clicked, 900 respond-
ents agreed to take part, 750 respondents were eligible, 
and 135 did not provide age and gender, resulting in 
615 respondents available for analysis. Recruitment was 
steady with an average of 12 responses per day.

cPrD
Of 4 776 441 people in the CPRD, there were 20 594 
(0.43%) patients with a diagnosis of RA on 1 June 2016.

Characteristics
Table 1 and figure 1 show that NRAS members had a 
reasonably similar age distribution to patients with RA 
from the CPRD up to age 55. After this age there were 
statistically significant differences in proportions, with 
an over-representation of people aged 55–75 years and 
an under-representation of people aged 75 years and 
over in NRAS members. HU users were a significantly 
younger population compared with the CPRD, with 
fewer responders aged 65 years or over. Both NRAS and 
HU were predominantly female, with significantly higher 
proportions (~85%) compared with CPRD (70%). HU 
users had shorter disease duration, with significantly 
more respondents diagnosed between 2010 and 2016 
(62%) compared with CPRD participants (37%), while 
NRAS members has a longer disease duration, with 
significantly fewer people diagnosed between 2010 and 
2016 (25%). HU responders had a significantly higher 
proportion of people from more deprived areas (most 
deprived Townsend quintile: HU: 22% vs CPRD 12%) 
and significantly less from affluent areas (least deprived 
Townsend quintile: HU: 18% vs CPRD 23%) (data not 
available for NRAS members). All DMARDs had signifi-
cantly more ever use in both HU and NRAS compared 
with CPRD.

 

Participation in future research (Healthunlocked only)
HU responders commonly reported they were defi-
nitely or probably willing to take part in future research, 
particularly questionnaires, with 89% reporting willing-
ness to complete a questionnaire of 10 min. A lower 
proportion reported willingness to use an app (63%) 
compared with wearing an activity tracker (74%). Half 
of the respondents reported willingness to take part in a 
drug trial via the internet or with site visits. When strati-
fied by age, overall those over 65 years of age reported less 
willingness to take part in all research types. When strati-
fied by gender, men reported more willingness to use an 
app while women reported more willingness to wear an 
activity tracker (table 2). The most striking result from 
multivariate logistic regression showed that participants 

over 45 years of age were significantly less willing to use 
an app compared with those aged 18–34 years. Those 
aged 45–54 years had a 92% lower odds of using an app 
(OR: 0.08 (95% CI 0.01 to 0.58)), and those aged 75 years 
and over had 98% lower odds of using an app compared 
with those aged 18–34 years (OR: 0.02 (95% CI 0.002 to 
0.23)). There were no statistically significant differences 
by gender (online supplementary table 1).

dIsCussIOn
This study shows that people with RA who 
were NRAS members were reasonably representative of 
the general RA population, although fewer were aged 75 
years or over. HU visitors were a younger RA population, 
with more recent disease and more deprivation than the 
general RA population. Most respondents from the OHC 
were willing to take part in studies with lower burden. 
More than half were willing to take part in any type of 
study including a drug trial via the internet. Younger 
participants were more willing to use an app. We have 
also demonstrated that over 600 responses to a short 
questionnaire can be collected over a short period of 
time using pop-ups within an OHC.

Recruiting online through HU was a straightforward 
and less labour-intensive method of recruiting a reason-
ably large sample of respondents in a short space of time. 
Once the survey had been designed and then imple-
mented by HU, other than monitoring the numbers of 
surveys completed, it did not require further work by 
the study team as data were automatically captured. This 
contrasts to more traditional methods where a person 
is required to collect data for each survey throughout 
data collection. Ninety per cent of those aged 55–64 
reported they recently used the internet in a UK national 
survey.13 This is seen in this study with good represen-
tation of people aged 45–65 years in our sample. Those 
aged over 75 years were not well represented and may be 
expected given that one in four of those aged 75 or over 
are online,13 and this may impact the generalisability of 
study results and would need to be considered by inves-
tigators designing studies. For example, if the disease of 
interest affects elderly people, studies using HU may wish 
to consider additional recruitment sources to ensure that 
elderly patients are represented. Conversely, if investi-
gators are interested in deprivation or people recently 
diagnosed with RA, then HU may be a good source of 
participants.

Few studies have looked specifically at the representa-
tiveness of members of a patient organisation or internet 
users with RA. A study including a group of patients 
with RA found that internet users were younger, more 
educated and more commonly employed compared with 
those who did not use the internet for health.14 In this 
study HU responders were younger, with a similar propor-
tion employed compared with NRAS members, although 
we did not have CPRD as comparison. Although there 
was no CPRD comparison, the proportion who had ever 
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Table 1  Characteristics of patients with RA who are NRAS members, or who responded to a survey on HU and those 
identified from CPRD

CPRD  
(N=20 594)

NRAS 
(N=2044)

Difference in 
proportion compared 
with CPRD (95% CI) P values 

HU
(N=615)

Difference in 
proportion compared 
with CPRD (95% CI) P values n (%) n (%) n (%)

Age (years) 

    18–34 499 (2.4) 37 (1.8) 0.6 (−0.002 to 1.2) 0.08 26 (4.2) −1.8 (−3.4 to −0.02) 0.005

    35–44 1249 (6.1) 129 (6.3) −0.2 (−1.3 to 0.9) 0.66 79 (12.9) −6.8 (−9.4 to −4.1) <0.001

    45–54 2936 (14.3) 311 (15.2) −1 (−3 to 0.7) 0.24 195 (31.7) −17.5 (−21.2 to −13.7) <0.001

    55–64 4484 (21.8) 568 (27.8) −6 (−8 to −4) <0.001 218 (35.5) −13.7 (−17.5 to −9.9) <0.001

    65–74 5643 (27.4) 709 (34.7) −7 (−9 to −5) <0.001 81 (13.2) 14.2 (11.5 to 17.0) <0.001

    75 and over 5783 (28) 290 (14.2) 13.9 (12.3 to 15.5) <0.001 16 (2.6) 25.4 (24.1 to 26.9) <0.001

Gender 

    Female 14 440 (70.1) 1728 (84.5) −0.18 (−0.21 to −0.16) <0.001 544 (88.5) −18.3 (−20.9 to −15.7) <0.001

Year of RA diagnosis 

    <1990 34 (0.2) 274 (14.5) −14.3 (−15.9 to −12.7) <0.001 39 (6.3) −6.2 (−8.1 to −4.2) <0.001

    1990–1994 869 (4.2) 122 (6.5) −2.2 (−3.4 to −1.1) <0.001 22 (3.6) 0.6 (−0.9 to 2.1) 0.43

    1995–1999 1756 (8.5) 178 (9.4) −0.9 (−2.3 to 0.5) 0.19 32 (5.2) 3.3 (1.5 to 5.1) 0.004

    2000–2004 4336 (21.1) 304 (16.1) 5.0 (3.2 to 6.7) <0.001 46 (7.5) 13.5 (11.4 to 15.7) <0.001

    2005–2009 5962 (29) 540 (28.6) 0.4 (−1.7 to 2.5) 0.72 95 (15.5) 13.5 (10.6 to 16.4) <0.001

    2010–2016 7637 (37.1) 473 (25) 12.1 (10 to 14.1) <0.001 381 (62) −24.9 (−28.8 to −21.0) <0.001

    Missing 0 153 0

Employment status 

    Full-time employed 543 (24.1) 387 (23.6)

    Part-time employed 418 (18.5) 288 (17.5)

    Unemployed 304 (13.5) 280 (17)

    Retired 698 (30.9) 577 (35.1)

    Retired due to 
arthritis

151 (6.7) 83 (5.1)

    Not working due to 
ill health

142 (6.3) 28 (1.7)

    Missing NA 401 0

Ethnicity 

    White 8931 (93.9) 1572 (98.4) −4.5 (−5.3 to −3.7) <0.001 578 (94.6) −0.73 (−2.6 to 1.1) 0.47

    Mixed 44 (0.5) 5 (0.3) 0.1 (−0.2 to 0.5) 0.40 8 (1.3) −0.8 (−1.8 to 0.06) 0.005

    Asian 315 (3.3) 12 (0.8) 2.6 (2.0 to 3.1) <0.001 11 (1.8) 1.5 (0.3 to 2.6) 0.04

    Black 147 (1.6) 5 (0.3) 1.2 (0.9 to 1.6) <0.001 13 (2.1) −0.58 (−1.8 to 0.6) 0.26

    Other 77 (0.8) 4 (0.3) 0.6 (0.3 to 0.9) 0.02 1 (0.2) 0.6 (0.3 to 1.0) 0.08

    Missing 11 080 446 2

Townsend Deprivation  
Index 

    1 (least deprived) 2807 (23.1) 103 (18.3) 4.9 (1.6 to 8.1) 0.007

    2 2949 (24.3) 112 (19.9) 4.4 (1 to 7.8) 0.016

    3 2543 (20.9) 107 (19) 2.0 (−1.3 to 5.3) 0.26

    4 2329 (19.2) 119 (21.1) −1.9 (−5.4 to 1.5) 0.26

    5 (most deprived) 1514 (12.5) 123 (21.8) −9.3 (−12.8 to -5.9) <0.001

    Missing 8452 NA 49

Ever taken methotrexate 

    Yes 14 553 (70.7) 1783 (87.2) −16.6 (−18.1 to −15.0) <0.001 511 (84.9) −14.2 (−17.1 to −11.3) <0.001

    Missing or  
unknown

0 0 13

Continued
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CPRD  
(N=20 594)

NRAS 
(N=2044)

Difference in 
proportion compared 
with CPRD (95% CI) P values 

HU
(N=615)

Difference in 
proportion compared 
with CPRD (95% CI) P values n (%) n (%) n (%)

Ever taken sulfasalazine 

  Yes 9742 (47.3) 1064 (52.1) −4.7 (−7 to −2.5) <0.001 339 (56.9) −9.6 (−13.6 to −5.5) <0.001

  Missing or unknown 0 0 19

Ever taken hydroxychloroquine 

  Yes 8255 (40.1) 883 (43.2) −3.1 (−5.4 to −0.9) 0.006 359 (60.1) −20 (−24 to −16) <0.001

  Missing or unknown 0 0 18

Ever taken leflunomide 

  Yes 2576 (12.5) 378 (18.5) −6 (−7.7 to −4.2) <0.001 113 (19) −6.5 (−9.7 to −3.3) <0.001

  Missing or unknown 0 0 21

Ever taken DMARDs* 

  Yes 18 683 (90.7) 1956 (95.7) −5 (−6 to −4) <0.001 537 (93.4) −2.7 (−4.7 to −0.6) 0.029

  Missing or unknown 0 0 106

Ever taken glucocorticoids 

  Yes 11 889 (57.7) 351 (17.2) 40.6 (38.8 to 42.3) <0.001 368 (61.7) −4 (−8 to −0.05) 0.05

  Missing or unknown 0 0 19

Ever taken biologics 

  Yes 897 (43.9) 196 (32.9)

  Missing or unknown 20 594 0 20

*Ever taken DMARDs is based on the ever taken methotrexate, ever taken sulfasalazine, ever taken hydroxychloroquine and ever taken leflunomide 
data.
CPRD,  Clinical PracticeResearch Datalink; DMARD, disease-modifyingantirheumatic drug; HU,  HealthUnlocked.com; NA, not available; NRAS,  
National RheumatoidArthritis Society; RA,  rheumatoid arthritis. 

Table 1  Continued

Figure 1  Proportions in each age group by 
data set. CPRD, Clinical PracticeResearch Datalink; HU,  
HealthUnlocked.com; NRAS, National RheumatoidArthritis 
Society.

taken biologics was high in both HU and NRAS compared 
with the reported UK estimates of 11%–16%.15 16 This 
may indicate that both NRAS and HU respondents have 
more severe disease requiring biologics, and this may be 
why they are using HU or NRAS. However as we do not 
have disease activity measures, we cannot be sure of this.

There were some limitations to this study. RA diagnosis 
in the CPRD relies on Read (diagnosis) codes and drug 

codes so there may be some misclassification. The preva-
lence rate of RA (0.43%) is lower than the 1% prevalence 
otherwise estimated,17 which supports some misclassifica-
tion. RA diagnosis relied on self-report for both the NRAS 
and HU, so there may have been some misclassification; 
however, as these groups are both specific for RA, it is likely 
that any misclassification would be small. NRAS charac-
teristics relied on members providing personal details: 
there may be some selection bias if those who gave infor-
mation were different from those who did not. Further to 
this, as NRAS membership requires payment, there may 
be some selection bias in that NRAS members may be 
less deprived than the general population; however, we 
were unable to capture the Townsend Deprivation Index 
for this group. There may be some HU respondents 
who were NRAS members also; 114 HU respondents 
indicated they were NRAS members. However, it was not 
possible to cross-reference the NRAS and HU data sets. 
The HU characteristics reflect the characteristics of those 
who completed the survey, so may not be representative 
of all HU users, but does provide insight into the char-
acteristics of those willing to join studies via this route. 
Although we did not survey NRAS paid members about 
their willingness to participate in research, recent experi-
ence demonstrates that patients with RA, both members 
and non-members, are responsive to participating in 
research following outreach from the NRAS.
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Table 2  Proportion of HealthUnlocked users who would definitely or probably take part in types of research

  Characteristics

Type of research

Complete questionnaires Participate in trials

Single 10 min

Multiple 
questionnaires over 
months? Using an app

Wearing 
an activity 
tracker

Non-drug 
treatment

Drug 
treatment 
via internet 
alone

Drug 
treatment 
with site 
visits

Total 546 (89.1) 503 (82.1) 387 (63.1) 453 (73.9) 401 (65.4) 305 (49.8) 327 (53.3)

Age category (years) 

  18–34 23 (88.5) 19 (73.1) 25 (96.2) 20 (76.9) 18 (69.2) 12 (46.2) 15 (57.7)

  35–44 73 (92.4) 69 (87.3) 60 (76) 65 (82.3) 55 (69.6) 48 (60.8) 51 (64.6)

  45–54 172 (88.2) 155 (79.5) 123 (63.1) 145 (74.4) 134 (68.7) 108 (55.4) 108 (55.4)

  55–64 201 (92.2) 184 (84.4) 133 (61) 157 (72) 138 (63.3) 100 (45.9) 111 (50.9)

  65–74 63 (77.8) 65 (80.3) 41 (50.6) 58 (71.6) 48 (59.3) 32 (39.5) 38 (46.9)

  75  and over 16 (100) 13 (81.3) 6 (37.5) 9 (56.3) 9 (56.3) 5 (31.3) 5 (31.3)

Gender 

  Female 483 (89.1) 446 (82.3) 337 (62.2) 408 (75.3) 353 (65.1) 267 (49.3) 288 (53.1)

Employment status 

  Full-time 
employment

140 (89.7) 122 (78.2) 102 (65.4) 119 (76.3) 105 (67.3) 78 (50) 72 (46.2)

  Part-time 
employment

115 (88.5) 102 (78.5) 75 (57.7) 90 (69.2) 78 (60) 64 (49.2) 71 (54.6)

  Unemployed 21 (87.5) 20 (83.3) 16 (66.7) 18 (75) 16 (66.7) 12 (50) 16 (66.7)

  Retired 101 (83.5) 98 (81) 67 (55.4) 84 (69.4) 69 (57) 47 (38.8) 53 (43.8)

  Retired due to 
arthritis

59 (86.8) 59 (86.8) 44 (64.7) 50 (73.5) 43 (63.2) 34 (50) 40 (58.8)

  Not working due 
to ill health

110 (96.5) 102 (89.5) 83 (72.8) 92 (80.7) 90 (79) 70 (61.4) 75 (65.8)

  Missing 2 2 2 2 2 2 2

Ethnicity 

  White 518 (89.6) 481 (83.2) 362 (62.6) 426 (73.7) 373 (64.5) 291 (50.4) 311 (53.8)

  Mixed 8 (100) 7 (87.5) 6 (75) 7 (87.5) 6 (75) 5 (62.5) 5 (62.5)

  Asian 7 (63.6) 3 (27.3) 6 (54.6) 7 (63.6) 7 (63.6) 3 (27.3) 3 (27.3)

  Black 10 (76.9) 9 (69.2) 10 (76.9) 11 (84.6) 13 (100) 5 (38.5) 6 (46.2)

  Other 1 (100) 1 (100) 1 (100) 1 (100) 0 (0) 1 (100) 1 (100)

  Missing 4 4 4 4 4 4 4

Townsend Deprivation Index 

  1 96 (93.2) 86 (83.5) 60 (58.3) 73 (70.9) 58 (56.3) 52 (50.5) 50 (48.5)

  2 103 (92) 96 (85.7) 72 (64.3) 92 (82.1) 84 (75) 58 (51.8) 58 (51.8)

  3 100 (93.5) 86 (80.4) 71 (66.4) 84 (78.5) 78 (72.9) 64 (59.8) 66 (61.7)

  4 107 (89.9) 102 (85.7) 73 (61.3) 77 (64.7) 68 (57.1) 54 (45.4) 63 (52.9)

  5 104 (84.6) 101 (82.1) 87 (70.7) 97 (78.9) 91 (74) 59 (48) 71 (57.7)

  Missing 51 51 51 51 51 51 51

This study gives an indication of the representativeness 
of groups that investigators may consider using to recruit 
people with RA to studies, while also demonstrating the 
feasibility of recruitment from OHCs. People in OHCs 
are willing to take part in many types of research, with 
the proportion declining as the burden of the research 
increases.
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