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LIST OF ABBREVIATIONS 

Abbreviation or 
special term 

Explanation 

CCI Charlson Comorbidity Index 

COPD Chronic Obstructive Pulmonary Disease 

CPRD Clinical Practice Research Datalink 

FEV1 Forced Expiratory Flow in one second 

GINA Global Initiative for Asthma 

GP General Practitioner 

HES Hospital Episode Statistics 

HRU Healthcare Resource Utilisation 

ICS Inhaled Corticosteroids 

ICU Intensive Care Unit 

IQR Interquartile range 

LABA Long Acting Beta-Agonists 

LAMA Long-acting Muscarinic Antagonists 

LTRA Leukotriene Receptor Antagonists 

OCS Oral Corticosteroids 

OPC Optimum Patient Care 

OPCRD Optimum Patient Care Research Database 

PEF Peak Expiratory Flow 

PSSRU Personal Social Services Research Unit 

QOF Quality and Outcomes Framework 

RDAC Risk Domain Asthma Control 

SABA Short Acting Beta-Agonists 

SD Standard deviation 
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1.0 Background 

 

An estimated 334 million people suffer from asthma worldwide.[1] National studies show 

wide variation in achieving optimal asthma control, varying between 0% to 30%.[2,3] In a 

recent OPCRD report on over 100,000 UK active asthma patients, 20% were controlled and 

60% were partially controlled.[4]  

 

An important molecular mechanism of asthma is type 2 inflammation.[5] Asthma patients 

frequently suffer from T2 type comorbid conditions such as atopic dermatitis, allergic rhinitis, 

chronic rhinosinusitis, and nasal polyposis.[6] Of these, allergic rhinitis may be the most 

common, with estimates of prevalence in asthma patients of 25% to 100%.[7,8] These 

conditions also frequently occur together in patients with asthma, and are more common in 

this group than in the wider population: the prevalence of co-morbid chronic rhinosinusitis 

and nasal polyps, for example, has been estimated at 7% in people with asthma and 4% in 

general population.[9]   

 

T2 type comorbidities also recognised as important determinants of asthma management 

and prognosis as these are associated with inadequate disease control, higher health care 

use, and poor quality of life.[5] Studies from OPRI and others have reported that atopic 

dermatitis, for example, is associated with more frequent asthma attacks and more 

persistent asthma in comorbid patients.[10,11]  

 

Because of the common underlying disease process, it has been suggested that successful 

treatment of one of these conditions might also improve related conditions. This was not 

demonstrated in a review of intranasal corticosteroids for allergic rhinitis and asthma control 

[12], but more recent treatments such as Dupilumab have shown promise in patients with 

moderate to secere atopic dermatitis and in those with persistent asthma. [13,14] 

 

The frequency with which these related conditions co-occur/cluster in patients with asthma in 

the community has not yet been described, nor has the relationship of these comorbidity 

clusters with asthma severity, resource utilisation and cost. 
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2.0 Study aims and objectives 

2.1 Study aims  

To identify and characterise common clusters of T2-type comorbidities in patients with active 

asthma. 

 

2.2 Study objectives 

Phase 1: The primary objective is to estimate the frequency of each combination/cluster of 

T2 type comorbidities in a real world active asthma population, and to select, by consensus, 

a limited set of common comorbidity clusters for further investigation. 

 

Phase 2: The primary objective is  to describe the overlap between these clusters and 

between individual comorbidities within the clusters in terms of patient demography, and 

asthma severity, resource utilisation and costs. 
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3.0 Study design 

3.1 List of comorbidities of interest 

The nine T2-type comorbidities of interest are: atopic dermatitis; allergic rhinitis; chronic 

rhinosinutis; nasal polyps; urticaria; allergic conjuctivitis; food allergy; eosinophilic 

oesophagitis; and anaphylaxis. 

 

3.2 Study design  

A two-phase historical cross-sectional and cohort study using routine electronic patient 

records from UK primary care practices. The study period will be 2010-2017 (or the latest 

available data). It will include patients with active asthma. In Phase 1 the frequency of each 

combination of comorbidities will be estimated using most recent clinical data available for 

each eligible patient. In Phase 2, the clinical characteristics and service use in a 1-year 

period after the date of co-morbidity assessment will be described for a pre-selected set of 

common comorbidity clusters. 

 

Figure 1: Study design Phase 2 
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4.0 Study population 

4.1 Data sources 

Phase 1: The Optimum Patient Care Research Database (OPCRD) 

- Contains anonymous, longitudinal medical records for 5.3 million patients from about 700 

primary care practices across the UK. 

- Includes patient-level diagnostic, clinical and prescribing information. 

 

Phase 2: The OPCRD and the Clinical Practice Research Datalink (CPRD). 

- The CPRD includes linked primary and secondary care (HES) data for approximately 

300 UK primary care practices.  

- The HES records from the CPRD are required to identify secondary care service use and 

costs, and for some measures of disease severity. 

 

4.2 Inclusion and exclusion criteria 

Inclusion criteria  
 
Registered at a participating practice for at least one year prior to their index date and within 

the study period. In phase 1, the cross-sectional assessment of co-morbidity co-occurrence, 

the index date for each patient will be the earlier of the following dates: the last data 

collection from each practice and 6 months before patient deregistration (to any avoid gaps 

in the clinical data due to late recording of patient deregistrations). For CPRD practices with 

linked HES data, the index date will be the earliest of the following dates: the last data 

collection from each practice, 6 months before patient deregistration, date of last HES 

record. In phase 2, the index date will be one year before the last data collection from each 

practice and 6 months before patient deregistration, to allow for one year of follow-up. 

 

Patient had active asthma at their index date: 

- a diagnosis of asthma at any time before their index date (using QOF Read codes: see 

Appendix 1); AND 

- two or more prescriptions for an asthma medication in the preceding year. 

 
Exclusion criteria 
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Any other chronic lower respiratory condition recorded at any time (Read coded: see 

Appendix 2). These are: 

- Lung disease due to external agents, other than smoking, such as occupational agents. 
- Active COPD (a Read code at any time + medication in the last year of follow-up). 
- Bronchiolitis obliterans. 
- Pulmonary fibrosis. 
- Pulmonary hypertension. 
- Cystic fibrosis  
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5.0 Study variables and study outcome definitions 

5.1 Describing demographic and clinical variables 

The demographic and clinical characteristics of interest at index date are: gender, age, 

smoking status, most recent recorded BMI prior to index date, most recent spirometry 

recorded prior to index date (PEF, FEV1, FEV1/FVC ratio), number with severe asthma, 

GINA step, Risk Domain Asthma Control and Overall Asthma Control, asthma medications 

in the year prior to index date, blood eosinophil count. 

 

• Smoking status will be categorised as: never smoked; ex-smoker; or current smoker 

based on the latest recorded Read code prior to the index date. 

 
• Body Mass Index (BMI) will be calculated from height and weight data if available (weight 

in kg/height in m2) or taken from the practice recorded BMI value if not. 
 
• The most recently recorded Peak Expiratory Flow (PEF), Forced Expiratory Flow in one 

second (FEV1) and Forced Vital Capacity (FVC) will be taken from the practice recorded 

value. FEV1/FVC ratio will be calculated using the last recorded of each of these two 

values. FEV1% predicted will also be calculated and reported, 
 
• Severe asthma will be defined according to the ERS/ATS guidelines (Chung, Kian Fan, 

et al. "International ERS/ATS guidelines on definition, evaluation and treatment of severe 

asthma." European Respiratory Journal (2013): erj02020-2013). 
 

• We will also report the number of patients meeting the definition of severe asthma used 

in Regeneron RCTs. 
 

• GINA step will be determined by prescribed medication: see Appendix 4. Highest GINA 

step (1-5) in the year prior to the index date will be reported. 

 
• Risk Domain Asthma Control (RDAC). Controlled asthma will be defined as the absence 

of the following in the year prior to the index date: (i) an asthma-related A&E attendance, 

in-patient admission or out-patient department attendance; (ii) an acute course of oral 

corticosteroids with evidence of a lower respiratory consultation; and (iii) an antibiotic 

prescribed with evidence of a lower respiratory consultation. 
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• Overall Asthma Control. Controlled asthma will be defined as the absence of the 

following aspects of asthma risk during the baseline year: attainment of RDAC and an 

average daily dose of ≤200mcg salbutamol / ≤500mcg terbutaline. 

 
• The asthma medications of interest are: ICS, ICS/LABA, SABA, SAMA, LABA, LAMA, 

LABA/LAMA, LTRA, biologics (where known), and chronic oral corticosteroids (see 

Appendix 5 for algorithm to distinguish between acute and chronic oral corticosteroid 

prescribing).   
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5.2 Identifying comorbidities of interest 

The nine T2-type comorbidities of interest (atopic dermatitis; allergic rhinitis; chronic 

rhinosinutis; nasal polyps; urticaria; allergic conjuctivitis; food allergy; eosinophilic 

oesophagitis; and anaphylaxis) will be identified by the presence of a Read code for the 

condition in the patient record. Anaphylaxis will also be identified by the prescription of 

adrenaline. Appendix 3 lists conditions where there are existing Read code definitions and 

those which will be developed during the study. 

 

 

5.3 Categorising comorbidity activity and severity 

Many of the comorbidities can be futher characterised as inactive or active, and mild or 

moderate/severe at the index date using prescribing and primary and secondary consultation 

data. A comorbidity will be defined as inactive in the year prior to the index date if it was not 

classified as active. Similarly, a comorbidity will be defined as mild in the year prior to the 

index date if it was not classified as moderate/severe.  

 

Following a rapid review of the definitions applied by studies using routine patient data and 

prescribing guidelines, the following definitions were adopted.  

 

 
Note on medications with more than one indication  
 

The indication for a prescription may not be recorded as the time it is issued and some 

medications can be indicated for more than one of the comorbidities of interest. Following a 

review of the approaches used in other published studies, the diagnosis recorded closest in 

time to the initiation of the medication will be taken as the indication. Similarly, the reason for 

outpatient consultations is not routinely coded in HES data and individual hospital specialties 

may treat more than one of the comorbidities of interest (e.g. ENT treating both allergic 

rhinitis and chronic rhinosinutis). Where this occurs we will attribute the outpatient 

consultation to the diagnosis recorded closest in time to the secondary care consultation. 

 
 
Atopic dermatitis 
 
Active: A primary or secondary care consultation in the previous year. Prescription of a 
topical corticosteroid in the previous year. 
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Moderate/severe: A primary or secondary care consultation in the previous year. 
Prescription of a medium- to high-potency topical corticosteroid in the previous year (see 
Appendix 6 for categorisation of topical corticosteroid preparations). 
 
 
Allergic Rhinitis 
 
Active: A primary or secondary care consultation in the previous year. Prescription of a nasal 
corticosteroid in the previous year. 

Moderate/severe: A primary or secondary care consultation in the previous year. Three or 
more nasal corticosteroid in the previous year. 
 
 
Chronic Rhinosinutis 
 
Active: Always active as this is a chronic condition.  
 
Moderate/severe: A primary or secondary care consultation in the previous year. Three or 
more nasal corticosteroid prescriptions in the previous year. 
 
 
Nasal polyps 
 
Active: Always active. 
 
Moderate/severe: A primary or secondary care consultation in the previous year. Three or 
more nasal corticosteroid in the previous year. Polypectomy at any time. 
 
 
Urticaria 
 
Active: A primary or secondary care consultation in the previous two years. Prescription of 
an oral antihistamine in the previous year. 

Moderate/severe:  A primary or secondary care consultation in the previous year. A double 
or greater dose of an oral antihistamine at any time prior to the index date. 
 
 
Allergic Conjunctivitis 
 
Active: A primary or secondary care consultation in the previous year. Prescription of any 
topical eye drop in the previous year. 
 
Moderate/severe: A primary or secondary care consultation in the previous year. Two or 
more prescriptions of any topical eye drop in the previous year. 
 
 
Food Allergy 
 
Active: Always active. 
 
Moderate/severe: A primary care consultation in the previous year. A secondary care 
consultation in the past two years. A prescription for adrenaline in the past 30 months 
(adrenaline has an 18-month shelf life). Anaphylaxis at any time.  
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Eosinophilic oesophagitis 
 
Active: Always active (as long-term treatment required). 
 
Moderate/severe: Always categorised as moderate/severe (differentiation not appropriate). 
 
 
 
Anaphylaxis 
 
Active: Always active (there is always a risk of a subsequent episode). 
 
Moderate/severe: A secondary care consultation, ER attendance or hospital admission in the 
past year. A prescription for adrenaline in the past 30 months (adrenaline has an 18-month 
shelf life). 
 
 
 
 
Sources 
 
[1] How much of a topical agent should be prescribed for children of different sizes?  Andrew 

A. Nelson, Alicia D. Miller, Alan B. Fleischer, Rajesh Balkrishnan, Steven R. FeldmaJ 

Dermatolog Treat. 2006; 17(4): 224–228.  

 

[2] UpToDate (https://www.uptodate.com/home). 

 

[3] Rapid reviews to identify comorbidity definitions used in other studies using routine 

patient data (see Appendices 13 and 14). 

 

[4] Fardet  L, Petersen I, Nazareth I. Common Infections in Patients Prescribed Systemic 

Glucocorticoids in Primary Care: A Population-Based Cohort Study. PLoS Med. 2016; 13(5); 

e1002024. 

 

[5] Lucendo AJ, Arias Á, Molina-Infante J, Arias-González L. The role of endoscopy in 

eosinophilic esophagitis: from diagnosis to therapy. Expert Review of Gastroenterology & 

Hepatology. 2017; 11(12): 1135-1149. 
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5.4 Quantifying health resource use (HRU) and costs 

The following HRU outcomes and associated costs will be tabulated for each of the 

comorbidity clusters identified in phase 1. These will be for the year prior to the index date. 

Secondary care resource use and costs will be limited to patients with linked secondary care 

(HES) data and the most recent HES year. Costs will be reported in 2017 GB pounds.  

 
Primary care 
 
1. Physician office visits: 

a. Number and cost of asthma-related consultations. 
 

2. Number of primary care medication prescriptions: 
a. ICS 
b. ICS/LABA 
c. SABA 
d. SAMA 
e. LABA 
f. LAMA 
g. LABA/LAMA 
h. LTRA 
i. biologics (where known) 
j. chronic oral corticosteroids 
k. antibiotics 

3. Total cost of asthma drug prescribing. 

4. Total cost of oral corticosteroid and antibiotic prescribing. 

5. Total primary care costs (physician office visits + prescribing). 

 

Secondary care 

6. Outpatient visits: 
a. Number and cost of asthma-related outpatient visits. 

 
7. Emergency Room attendances: 

a. Number and cost of asthma-related Emergency Room attendances. 
 

8. Inpatient hospital admissions: 
a. Number and cost of asthma-related hospital admissions. 

9. Total secondary care costs (outpatient + ER + inpatient). 

 

Combined primary and secondary HRU and costs 

11. Total primary and secondary care costs (primary care + secondary care). 
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6.0 Statistical analysis 

6.1 Sample size 

Phase 1: Approximately 220000 OPCRD patients with active asthma will be available for 

inclusion in this phase. Of these, approximately 85000 have moderate to severe asthma 

(GINA steps 4 & 5).  

 

Phase 2: Approximately 220000 OPCRD patients and 440000 CPRD patients with active 

asthma will be available for inclusion in this phase (85000 moderate to severe from OPCRD 

and 170000 moderate to severe from CPRD). Approximately 260000 of the CPRD patients 

will have linked secondary care data (HES): the HES records are required to identify 

secondary care service use and costs, and for some measures of disease severity. 

 

6.2 Software used 

Stata MP/6 version 15.1. 

 

6.3 CONSORT chart  

A CONSORT-type chart, describing the number and proportion of patients retained and 

excluded at each step of the inclusion/exclusion criteria will be generated for each study 

phase. 
 
 

6.4 Demographic and clinical characteristics of patients at index date 
(phase 1 and 2) 

Phase 1: The demographic and clinical characteristics at index date of patients included in 

the analysis will be tabulated: this will include the number and proportion of patients with 

each of the comorbidities of interest. For completeness, the number of patients with no 

comorbidities will also be reported. As it will not be possible to distinguish between inactive 

and active comorbidity and mild to moderate/severe comorbidity for all comorbidities of 

interest without linked HES data, this will be reported as the number of patients with 

active/inactive comorbidity. 

 

Phase 2: A similar set of outputs will be produced for the second phase. In addition, the 

number and proportion of patients whose comorbidity is inactive, active, mild and 
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moderate/severe will be tabulated for each comorbidity using the primary care and linked 

HES data. 

 

 

Patient characteristics at index date will be reported for the study population using the 

following conventions:  

• Continuous variables will be summarised using descriptive statistics: n (non-missing 

sample size), percentage of non-missing, mean, standard deviation, median, inter-

quartile range (25th and 75th percentile), maximum and minimum.   

• For categorical measures, the frequency and percentages (based on the non-missing 

sample size) of observed levels will be reported. 

 

Comorbidity prevalence will be estimated for each comorbidity cluster by dividing the number 

of patients in the cluster by the total number of patients eligible for inclusion in the study.  

 

The ratio of observed to expected cases for each comorbidity cluster will be estimated by 

dividing the observed prevalence of the cluster by the expected prevalence of the cluster 

(the product of the prevalence of each individual disease in the cluster). 

 

 

6.5 Identification and selection of comorbidity clusters (phase 1) 

There are over 500 possible combinations of the 9 comorbidities of interest. The prevalence 

of each combination of comorbidities will be tabulated (including patients with no 

comorbidities) (see mock table in appendix 8). Clusters will be ranked by prevalence. The 

ratio of observed cases to expected for each cluster and cumulative proportion of population 

accounted for at each step will be calculated. 

 

Visualisations of the frequency and age distribution of comorbidity in the asthma population 

will be produced. A table with the source data will accompany each figure. The first figure will 

chart the frequency of comorbidities in the study population (see illustrative example in 

appendix 9). The second figure will chart the mean number of comorbidities in the asthma 

population by age group and gender (appendix 10). 

 

A small set of key comorbidity clusters will then be selected by consensus for further 

analysis in phase 2. This will be based on their clinical importance, prevalence, 

observed/expected ratio and cumulative proportion of population included. 
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6.6 Characterisation of selected comorbidity clusters (phase 2) 

The associations between the individual diseases in the selected clusters will be illustrated in 

graph format (appendix 11). This will show which diseases are often diagnosed together. An 

edgelist, a list of all disease pairs in the clusters, will be used to calculate the position of 

each disease in two-dimensional space using a multidimensional scaling procedure. 

 
This will include an investigation of the characteristics of each cluster by comorbidity severity 

and activity, eosinophil count and age. Patient demography and asthma severity will also be 

compared within and between these key comorbidity clusters. Associations between specific 

co-morbidity patterns and disease severity will be estimated using logistic  regression, 

adjusting for confounders.  

The list of tables and figures to be produced will be finalised at the beginning of phase 2. 

 
 
 
 

6.7 Healthcare resource utilisation (HRU) and costs (phase 2) 

The HRU outcomes and associated costs will be calculated and reported for each of the 

outcomes of interest in the year prior to the index date (mock table in appendix 12).  

Associations between specific co-morbidity patterns and healthcare resource utilisation and 

costs will be estimated using generalised estimating equations with cluster robust standard 

errors, log link and gamma distribution, adjusting for confounders. 

 

Secondary care resource use and costs will be limited to patients whose practices have 

linked secondary care (HES) data.  

 
Prices assigned to primary care consultation costs will be taken from the latest Personal 

Social Services Research Unit (PSSRU) document (http://www.pssru.ac.uk/project-

pages/unit-costs/2017/index.php) 

 

Prices assigned to secondary care costs will be based on the national average hospital costs 

as found in PSSRU document. 

 

Prices assigned to drugs will be taken from the Dictionary of Medicines and Devices browser 

(http://dmd.medicines.org.uk/). The electronic British National Formulary (eBNF) and the 

Medical Index of Medicinal Substances (MIMS) will be used to fill any gaps. 
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6.8 Confounding handling approach 

The multivariable models will be adjusted on variables that are known or show to confound 

the association of interest. For this we will use both expert opinion and a data driven 

technique using bias potential.  

Expert opinion will decide what set of baseline characteristics will always be adjusted on in 

the models. Also, expert opinion will decide on the set of candidate confounders to consider 

in the next step, using bias potential assessment. This assesses the degree to which the 

observed association between the exposure of interest and the outcome is affected by 

conditioning on the variable. It measures the relative change in coefficient of the exposure 

compared to the model without the candidate confounder. Confounder candidates will be 

introduced into the model iteratively, the one with the highest bias potential first. If the 

observed change in estimate if more than 2%, the variable is kept in the model, and all 

remaining candidates are re-evaluated until none of the confounder candidates are left or 

none cause a change in estimate of more than 2%. 

 

6.9 Sensitivity analyses 

It can be expected that the observed prevalence of a co-morbditiy is partly a function of the 

distribution of the length of the available medical record data, which can vary considerably. 

We assume that when a patient moves from one GP practice to another, the most relevant 

morbditiy information remains available in the medical record. To assess to what extent our 

assumption holds, we will repeat the phase 2 analyses in a subset of patients for whom we 

have at least 5 years of medical record history available. 
 
 

7.0 Regulatory and ethical compliance 

This study was designed and shall be implemented and reported in accordance with the 

criteria of the “European Network Centres for Pharmacoepidemiology and 

Pharmacovigilance (ENCePP) study” and follows the ENCePP Code of Conduct (EMA 

2014). Once a final version of the protocol has been agreed and reviewed by the advisory 

group, this study will be registered with www.encepp.eu. 

 
The OPCRD is approved by the Health Research Authority for clinical research use, and 

governed by the Anonymised Data Ethics & Protocol Transparency (ADEPT) Committee. 

We will submit the finalised version of this protocol to ADEPT for approval. 

 



Observational & Pragmatic Research Institute 
Study protocol: [OPRI 1705] Asthma and Type 2 Comorbidities – 13 June 2018 
  

  21 

Access to the CPRD for research use follows a similar governance process. We will submit 

an application and protocol for phase 2 of the study to their Independent Scientific Advisory 

Committee (ISAC) for approval.  
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8.0 Data dissemination 

It is proposed that initial results be presented in poster and/or oral format at ATS 2019 and 

ERS/EAACI 2019. One manuscript containing more detailed results and methodology will be 

submitted to a journal specialising in respiratory medicine. 
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Project research lead: Jaco Voorham [jaco@opri.sg] 
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Sanofi: Asif Khan [asif.khan@sanofi.com] 
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11.0 Timelines 

Action Timeline 

Contract signature 0 

Literature search (comorbidity severity) & 
proposal 

4 weeks (completed) 

Proposal sign-off 1 week (completed) 

Full Protocol delivery 3 weeks 

Protocol sign-off 2 weeks – To be determined by Regeneron 

Dataset delivery (OPCRD) + ADEPT 
approval 

2 weeks 

Phase 1 analyses 3 weeks 

Sign-off on key clusters of interest 2 weeks – To be determined by Regeneron 

Dataset delivery (CPRD) + ISAC approval 12-26 weeks (direct purchase from CPRD) 

Phase 2a analyses 5 weeks 

Phase 2b analyses 3 weeks 

Final study report 3 weeks 

Study report sign-off 2 weeks – To be determined by Regeneron 

Conference abstract 1 ATS 2019 

Conference abstract 2 ERS/EAACI 2019 

Manuscript  6 weeks 
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13.0 APPENDICES 

 

13.1 Appendix 1: Read code lists for asthma (QOF) 

See: 160715_Read codes_QOF asthma_v1.0.xlsx 
 
 

13.2 Appendix 2: Read code lists for other chronic lower respiratory 
condition 

See: 160513_Read code list_Other chronic respiratory disease Dx_v3.0.xlsx and 
160219_Read code list_COPD diagnosis_Broad definition_v0.2.xlsx 
 
 

13.3 Appendix 3: Read code lists for the comorbidities of interest 

Existing code lists 
 
Atopic dermatitis: 160129_Read codes_eczema diagnosis_v1.0.xlsx 
Allergic rhinitis: 160120_Rhinitis diagnosis_read_codes_v1.0.xlsx 
Nasal polyps: 160614_Read code list_Nasal polyps diagnosis_V1.0.xlsx 
Anaphylaxis: 160211_Read codes_anaphylactic reactions_v1.0.xlsx 
 
 
Code lists to be developed 
 
Chronic rhinosinutis 
Urticaria 
Allergic conjuctivitis 
Food allergy 
Eosinophilic oesophagitis 
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13.4 Appendix 4: GINA step definition 

GINA Step: Drug Class Groups: 
1 SABA or 

LABA +/- SABA(although discouraged without ICS) 
2 Low dose (LD) ICS1 +/- SABA or 

LTRA +/- SABA or 
THEO +/- SABA or 
LABA + THEO +/- SABA(although discouraged without ICS) or 

3 LD ICS + LABA +/- SABA (adults) / Medium dose (MD) ICS + LABA +/- SABA (children) or 
MD ICS +/- SABA 
LD ICS + LTRA +/- SABA or 
LD ICS + THEO +/- SABA or 
LD ICS + LABA + LTRA +/- SABA or 
LD ICS + LABA + THEO +/- SABA or 
LD ICS + LABA + LTRA + THEO +/- SABA or 

4 MD /High dose (HD) ICS + LABA +/- SABA (adults) or  
HD ICS + LABA +/- SABA (children) 

5 MD/HD ICS + LTRA +/- SABA or 
MD/HD ICS + THEO +/- SABA or 
MD/HD ICS + omalizumab or 
ICS + LABA + Maintenance oral steroids +/- SABA or 
ICS + LTRA + Maintenance oral steroids +/- SABA or 
ICS + THEO + Maintenance oral steroids +/- SABA or 
Maintenance oral steroids 

 
 

13.5 Appendix 5: Algorithm to define acute versus chronic oral corticosteroid 
prescriptions 
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13.6 Appendix 6: Classification of topical steroid potency 

Potency Class Topical corticosteroid Formulation 

Ultra-high I Clobetasol propionate Cream, 0.05% 

  

Diflorasone diacetate Ointment, 0.05% 

High II Amcinonide Ointment, 0.1% 

  
Betamethasone dipropionate Ointment, 0.05% 

  
Desoximetasone Cream or ointment, 0.025% 

  
Fluocinonide Cream, ointment or gel, 0.05% 

  
Halcinonide Cream, 0.1% 

 
III Betamethasone dipropionate Cream, 0.05% 

  
Betamethasone valerate Ointment, 0.1% 

  
Diflorasone diacetate Cream, 0.05% 

  
Triamcinolone acetonide Ointment, 0.1% 

Moderate IV Desoximetasone Cream, 0.05% 

  

Fluocinolone acetonide Ointment, 0.025% 

  

Fludroxycortide Ointment, 0.05% 

  
Hydrocortisone valerate Ointment, 0.2% 

  
Triamcinolone acetonide Cream, 0.1% 

 
V Betamethasone dipropionate Lotion, 0.02% 

  
Betamethasone valerate Cream, 0.1% 

  
Fluocinolone acetonide Cream, 0.025% 

  
Fludroxycortide Cream, 0.05% 

  
Hydrocortisone butyrate Cream, 0.1% 

  
Hydrocortisone valerate Cream, 0.2% 

  
Triamcinolone acetonide Lotion, 0.1% 

Low VI Betamethasone valerate Lotion, 0.05% 

  

Desonide Cream, 0.05% 

  

Fluocinolone acetonide Solution, 0.01% 

 
VII Dexamethasone sodium phosphate Cream, 0.1% 

  
Hydrocortisone acetate Cream, 1% 

  
Methylprednisolone acetate Cream, 0.25% 

Source: WHO Model Prescribing Information: Drugs used in Skin Disease. WHO: Geneva, Switzerland, 1997. 
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13.7 Appendix 7: Mock table for demographic and clinical variables at index 
date 

 Number of patients 

Number of patients eligible for inclusion, n x 

Age (years), mean (SD) x (x) 

Age (years), median (IQR) x (x) 

Male gender, n (%) x (x) 

BMI (kg/m2), n (%) x (x) 

Non-missing x (x) 

Underweight x (x) 

Normal x (x) 

Overweight x (x) 

Obese x (x) 

Mean (SD) x (x) 

Median (IQR) x (x) 

Smoking status, n (%) x (x) 

Non-missing x (x) 

Non-smoker x (x) 

Current smoker x (x) 

Ex-smoker x (x) 

%predicted PEF  

Non-missing, n (%) x (x) 

Mean (SD) x (x) 

%predicted FEV1  

Non-missing, n (%) x (x) 

Mean (SD) x (x) 

FEV1/FVC ratio  

Non-missing, n (%) x (x) 

Mean (SD) x (x) 

Severe asthma - ERS/ATS definition, n (%) x(x) 

Severe asthma – Regeneron RCT definition, n (%) x(x) 

GINA step  

Non-missing, n (%) x (x) 

Step 1, n(%) x (x) 

Step 2, n(%) x (x) 

Step 3, n(%) x (x) 

Step 4, n(%) x (x) 

Step 5, n(%) x (x) 

Risk Domain Asthma Control, n (%) x (x) 

Overall Asthma Control, n (%) x (x) 

Medication pre-index x (x) 

SABA, n (%) x (x) 

SAMA, n (%) x (x) 

SABA/SAMA, n (%) x (x) 

LABA, n (%) x (x) 

LAMA, n (%) x (x) 

LABA/LAMA, n (%) x (x) 

ICS/LABA, n (%) x (x) 

ICS, n (%) x (x) 

Biologics (where known), n (%) x (x) 

Chronic OCS, n (%) x (x) 

Antibiotics, n (%) x (x) 
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13.8 Appendix 8: Mock comorbidity prevalence table 

 
Adapted from: van den Bussche H , Koller D , Kolonko T , et al . Which chronic diseases and disease combinations are specific to multimorbidity 

in the elderly? Results of a claims data based cross-sectional study in Germany. BMC Public Health 2011;11:101 

 
 
  

comorbidity
rank prevalence obs/exp

ratio
number of 
patients

cum. 
percentage 

of pop.1 2 3 4 5 6 7 8 9

● 1 20.0% - 2000 20%

…

● ● ● ● ● 33 3.5% 1.5 350 54%

…

● ● ● ● 154 0.5% 7.3 50 95%

…

● ● ● ● ● ● ● 270 0.0% 1.0 1 100%
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13.9 Appendix 9: Mock example of figure illustrating the frequency of 
comorbidity in the asthma population 

 
 

 
Source: van den Bussche H , Koller D , Kolonko T , et al . Which chronic diseases and disease combinations are specific to multimorbidity in the 
elderly? Results of a claims data based cross-sectional study in Germany. BMC Public Health 2011;11:101 
 

 

13.10 Appendix 10: Mock example of figure illustrating the mean number of 
comorbidities in the asthma population by age group and gender 

 

 
Source: van den Bussche H , Koller D , Kolonko T , et al . Which chronic diseases and disease combinations are specific to multimorbidity in the 
elderly? Results of a claims data based cross-sectional study in Germany. BMC Public Health 2011;11:101 
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13.11 Appendix 11: Mock example of figure illustrating the association 
between the individual diseases in the selected clusters 

 

 
Source: Schäfer I , Kaduszkiewicz H , Wagner HO , et al . Reducing complexity: a visualisation of multimorbidity by combining disease clusters 
and triads. BMC Public Health 2014;14:1285. 
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13.12 Appendix 12: Mock healthcare resource utilisation (HRU) and costs table 
for a single comorbidity cluster  

Cluster1: atopic dermatitis and allergic 
rhinitis 

Number of HRU events in 
year 

Annual cost 

Mean (SD) Mean (SD) 
Physician office visits x (x) x (x) 
   
Primary care prescribing (asthma)   
     ICS x (x) x (x) 
     SABA x (x) x (x) 
     LABA x (x) x (x) 

…
 

…
 

…
 

     Total asthma prescribing cost  - x (x) 

…
 

…
 

…
 

Total primary care costs - x (x) 
   
Outpatient visits (asthma-related) x (x) x (x) 
ER visits (asthma-related) x (x) x (x) 
Inpatient admissions (asthma-related) x (x) x (x) 
Total secondary care costs - x (x) 
   
Severe exacerbations x (x) x (x) 
Total primary and secondary care costs - x (x) 
 
  



Observational & Pragmatic Research Institute 
Study protocol: [OPRI 1705] Asthma and Type 2 Comorbidities – 13 June 2018 
  

  35 

13.13 Appendix 13: Rapid review of literature to identify comorbidity 
definitions used in other studies using routine patient data (limited to 
primary care) 

 

 

 1 

Literature review to identify methods used to categorise the severity 
of conditions of interest in the Regeneron asthma comorbidities study 
 
Ronan Ryan, Isha Chaudhry 
V2 RR20180105 
 

Background 
 
A PubMed search was carried out on the 2-4 Jan 2018 to find published studies which used 
primary care electronic patient records and mentioned one of the 9 comorbidities of 
interest.  
 
The aim was to identify definitions of disease severity which could be adopted by the 
current study. 
 
 

Methods  
 
The conditions of interest and the PubMed search terms used are listed in Appendix 1-3.  
 
Individual papers were relevant if they described a method for categorising the severity of 
one or more of the comorbidities of interest which could be operationalised in routine 
primary care electronic patient records with or without linked secondary care data.  
 
 

Summary of findings 
 
• Anaphylaxis: Patients at high risk of anaphylaxis can be defined as individuals who had 

one or more adrenaline autoinjector prescriptions in the preceding year. There is no 
need to require a Read-coded indication as many patients will not have one recorded. 
Episodes of anaphylaxis can be categorised as mild, moderate or severe if linked 
secondary care data is available. 

 
• Allergic rhinitis:  Moderate to severe allergic rhinitis can be defined as the prescription 

of an intranasal steroid on one or more occasions if the patient also has an earlier Read 
coded diagnosis. 

 
• Eczema: Chronic eczema may be defined as having one or more Read codes for eczema 

separated by between 90 and 365 days or at least one course of a potent topical steroid. 
Steroid-refractory chronic eczema may be defined as having a dermatology referral or 
being prescribed phototherapy, systemic immunomodulators, oral corticosteroids, 
alitretinoin or acitretin. 

 
• Chronic rhinosinusitis: Chronic rhinosinusitis refractory to medical management may be 

defined as having endoscopic sinus surgery.   
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 2 

Results 
 
The full references for the papers identified as relevant and not relevant are listed in 
Appendix 4-5. 
 
49 potentially relevant papers were identified. 43 papers were categorised as not relevant 
as they did not provide a definition of disease severity based on their title, abstract or full-
text.  
 
Full-text PDFs were found for 4 of the 5 relevant papers. Two were on anaphylaxis, and 
there was one each on allergic rhinitis, hand eczema and chronic rhinosinusitis. 
 
 
1. Diwakar, L., et al. (2017).  
Anaphylaxis: Patients were defined as at high risk of anaphylaxis in a study year if they had 
a prescription for an adrenaline autoinjector in that year. Only half of children prescribed an 
autoinjector had a relevant Read code for allergy or anaphylaxis. (Data source: THIN) 
 
2. Peng, M. M. and H. Jick (2004).  
Anaphylaxis: Cases were identified by Read code and free-text comments. Copies of letters 
from hospital were requested and reviewed. Anaphylaxis was categorised as mild if was 
primarily limited to generalised urticaria (angioedema) and did not lead to an emergency 
department admission or hospitalisation. The illness was categorised as moderate severity if 
a hospital visit was initiated and the illness was treated with adrenalin. The illness was 
considered to be severe if there was hypotension or shock that was described as life-
threatening. (Data source: GPRD) 
 
3. Price, D. B., et al. (2016).   
Allergic rhinitis: The paper reported that intranasal steroids are recommended for 
moderate to severe allergic rhinitis (Allergic Rhinitis and its Impact on Asthma (ARIA) 
Guideline). (Data source: OPCRD) 
 
4. Crane, M. M., et al. (2017).  
Hand eczema: This study categorised hand eczema into three groups. Simple hand eczema 
cases were identified as patients with Read coded eczema only. A patient was categorised 
as having chronic hand eczema if they had additional Read codes 90-365 days after the 
initial code or if they were prescribed at least one course of a potent topical steroid. The 
patient was categorised as having steroid-refractory chronic hand eczema if they were 
referred to a dermatologist, prescribed phototherapy, systemic immunomodulators, oral 
corticosteroids, alitretinoin or acitretin. (Data source: CPRD)  

 
5. Hopkins, C., et al. (2015).  
Chronic rhinosinusitis: Patients with chronic rhinosinusitis refractory to medical 
management were defined as patients who had endoscopic sinus surgery. (Data source: 
CPRD)  
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 3 

Appendix 1 Comorbidities of interest 
 
eczema 
allergic rhinitis 
chronic rhinosinusitis 
nasal polyps 
urticaria 
allergic conjunctivitis 
food allergy 
eosinophilic oesophagitis 
anaphylaxis 
 
 
 

Appendix 2 Additional synonyms used in PubMed search 
 
atopic dermatitis 
nasal polyposis 
conjunctivitis 
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 4 

Appendix 3 Full PubMed search terms 
 
(( 
gprd[Text Word] OR 
general practice research database[Text Word] OR 
cprd[Text Word] OR 
clinical practice research datalink[Text Word] OR 
clinical practice research database[Text Word] OR 
qresearch[Text Word] OR 
thin database[Text Word] OR 
the health improvement network[Text Word] OR 
opcrd[Text Word] OR 
Optimum Patient Care Research Database[Text Word] OR 
ResearchOne[Text Word] 
) 
 
OR 
(( 
electronic health records[MeSH Terms] OR 
Medical Records Systems, Computerized[MeSH Terms] OR 
electronic primary care records[Text Word] OR 
electronic patient records[Text Word] 
) 
AND 
( 
primary health care[MeSH Terms] OR 
primary health care[Text Word] OR 
primary care[Text Word] 
))) 
 
AND 
 
( 
eczema[Text Word] OR 
atopic dermatitis[Text Word] OR 
allergic rhinitis[Text Word] OR 
chronic rhinosinusitis[Text Word] OR 
nasal polyps[Text Word] OR 
nasal polyposis[Text Word] OR 
urticaria[Text Word] OR 
allergic conjunctivitis[Text Word] OR 
Conjunctivitis[Text Word] OR 
Food allergy[Text Word] OR 
Eosinophilic oesophagitis[Text Word] OR 
anaphylaxis[Text Word] 
) 
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 5 

Appendix 4 List of relevant publications identified 
 
 
Full-text PDF available 
 
1. Diwakar, L., et al. (2017). "Prescription rates of adrenaline auto-injectors for children in 

UK general practice: a retrospective cohort study." Br J Gen Pract 67(657): e300-e305. 
 
2. Peng, M. M. and H. Jick (2004). "A population-based study of the incidence, cause, and 

severity of anaphylaxis in the United Kingdom." Arch Intern Med 164(3): 317-319. 
 
3. Price, D. B., et al. (2016). "UK prescribing practices as proxy markers of unmet need in 

allergic rhinitis: a retrospective observational study." NPJ Prim Care Respir Med 26: 
16033. 

 
4. Crane, M. M., et al. (2017). "Hand eczema and steroid-refractory chronic hand eczema in 

general practice: prevalence and initial treatment." Br J Dermatol 176(4): 955-964. 
 

 
 
 
 
Full-text PDF not available 

 
5. Hopkins, C., et al. (2015). "Does time to endoscopic sinus surgery impact outcomes in 

chronic rhinosinusitis? Retrospective analysis using the UK clinical practice research 
data." Rhinology 53(1): 18-24. 
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 6 

Appendix 4 List of non-relevant publications identified 
 
1. Abuabara, K., A. M. Magyari, O. Hoffstad, Z. K. Jabbar-Lopez, L. Smeeth, H. C. Williams, J. 

M. Gelfand, D. J. Margolis and S. M. Langan (2017). "Development and Validation of an 
Algorithm to Accurately Identify Atopic Eczema Patients in Primary Care Electronic 
Health Records from the UK." J Invest Dermatol 137(8): 1655-1662. 

2. Apter, A. J., J. L. Kinman, W. B. Bilker, M. Herlim, D. J. Margolis, E. Lautenbach, S. 
Hennessy and B. L. Strom (2006). "Is there cross-reactivity between penicillins and 
cephalosporins?" Am J Med 119(4): 354.e311-359. 

3. Arana, A., C. E. Wentworth, C. Fernandez-Vidaurre, R. G. Schlienger, E. Conde and F. M. 
Arellano (2010). "Incidence of cancer in the general population and in patients with or 
without atopic dermatitis in the U.K." Br J Dermatol 163(5): 1036-1043. 

4. Arellano, F. M., A. Arana, C. E. Wentworth, C. Fernandez-Vidaurre, R. G. Schlienger and 
E. Conde (2009). "Lymphoma among patients with atopic dermatitis and/or treated with 
topical immunosuppressants in the United Kingdom." J Allergy Clin Immunol 123(5): 
1111-1116, 1116.e1111-1113. 

5. Bremner, S. A., I. M. Carey, S. DeWilde, N. Richards, W. C. Maier, S. R. Hilton, D. P. 
Strachan and D. G. Cook (2003). "Early-life exposure to antibacterials and the 
subsequent development of hayfever in childhood in the UK: case-control studies using 
the General Practice Research Database and the Doctors' Independent Network." Clin 
Exp Allergy 33(11): 1518-1525. 

6. Bremner, S. A., I. M. Carey, S. DeWilde, N. Richards, W. C. Maier, S. R. Hilton, D. P. 
Strachan and D. G. Cook (2007). "Vaccinations, infections and antibacterials in the first 
grass pollen season of life and risk of later hayfever." Clin Exp Allergy 37(4): 512-517. 

7. Bremner, S. A., I. M. Carey, S. DeWilde, N. Richards, W. C. Maier, S. R. Hilton, D. P. 
Strachan and D. G. Cook (2008). "Infections presenting for clinical care in early life and 
later risk of hay fever in two UK birth cohorts." Allergy 63(3): 274-283. 

8. Card, T. R., S. M. Langan and T. P. Chu (2016). "Extra-Gastrointestinal Manifestations of 
Inflammatory Bowel Disease May Be Less Common Than Previously Reported." Dig Dis 
Sci 61(9): 2619-2626. 

9. Cardwell, C. R., D. J. Carson and C. C. Patterson (2008). "No association between 
routinely recorded infections in early life and subsequent risk of childhood-onset Type 1 
diabetes: a matched case-control study using the UK General Practice Research 
Database." Diabet Med 25(3): 261-267. 

10. Carey, I. M., D. G. Cook, S. De Wilde, S. A. Bremner, N. Richards, S. Caine, D. P. Strachan 
and S. R. Hilton (2003). "Implications of the problem orientated medical record (POMR) 
for research using electronic GP databases: a comparison of the Doctors Independent 
Network Database (DIN) and the General Practice Research Database (GPRD)." BMC Fam 
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13.14 Appendix 14: Rapid review of literature to identify comorbidity 
definitions used in other studies using routine patient data 
(unrestricted) 

 

 1 

Literature review to identify methods used to categorise the severity 

of conditions of interest in the Regeneron asthma comorbidities study 

(wider search for studies for remaining comorbidities) 
 
 
Ronan Ryan 
V2 RR20180222 
 

Background 

 
A PubMed search was carried out on the 20-22 Feb 2018 to find published studies which 
used electronic patient records and mentioned one of the 9 comorbidities of interest.  
 
A previous search in January, restricted to primary care electronic patient records, was not 
able to identify any relevant studies for 5 of the 9 comorbidities of interest (nasal polyps, 
urticaria, allergic conjunctivitis, food allergy, eosinophilic oesophagitis) 
 
The aim was to identify definitions of disease severity for the remaining 5 comorbidities 
which could be adopted by the current study. 
 
 

Methods  

 
The conditions of interest and the PubMed search terms used are listed in Appendix 1-3.  
 
Individual papers were relevant if they described a method for categorising the severity of 
one or more of the comorbidities of interest which could be operationalised in routine 
primary care electronic patient records with or without linked secondary care data.  
 
 

Summary of findings 

 
• Anaphylaxis (food and other causes): Food-related anaphylaxis can be identified using a 

clinician coded record of anaphylaxis: the presence of individual reactions alone (e.g. 
shortness of breath/urticaria) should not be used to define anaphylaxis. This may be also 
be applicable to other causes of anaphylaxis.  
 

• Severity of anaphylaxis:  Moderate to severe anaphylaxis in secondary care can be 
identified by the presence of respiratory, cardiovascular, gastrointestinal and 
neurological symptoms. It is unlikely that this level of detail from the hospital record will 
be routinely entered into the primary care record at a later date: the main diagnosis of 
an anaphylactic reaction may be the only indication of the event. 

 
• Identification of disease severity using Read codes alone: It may not be possible to 

identify moderate to severe comorbidity using Read codes alone because of their 
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structure and use in primary care. Additional sources of data should also be use, e.g. 
prescribing and contacts with secondary care. 
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Results 

 
The full references for the papers identified as relevant and not relevant are listed in 
Appendix 4-5. 
 
45 potentially relevant papers were identified. 42 papers were categorised as not relevant 
as they did not provide a definition of disease severity based on their title, abstract or full-
text.  
 
Full-text PDFs were found for the three relevant papers. One was on food allergy/food 
intolerance, the second was on anaphylaxis but included mention of food intolerance as a 
cause, and the third was a more general paper on coding of three of the allergies of interest 
(allergic conjunctivitis, urticarial and food allergy). No relevant papers were found for nasal 
polyps or eosinophilic oesophagitis. 
 
 
1. Acker, W., et al. (2017).  
Food allergy/intolerance: Patients were classified as having had an anaphylactic reaction to 
food only if the clinician described the reaction as anaphylactic in the patient record. The 
recording of hives or shortness of breath alone, for example, would not have been classified 
as anaphylaxis. (Data source: A single large US healthcare organisation.) 
 
2. Kim, S-Y., et al. (2008).  
Food-related anaphylaxis: Moderate anaphylaxis was defined as reactions involving 
respiratory, cardiovascular, and gastrointestinal symptoms (such as dyspnea, wheezing, 
vertigo, nausea, vomiting, and abdominal pain); the patient also had to be conscious with 
systolic blood pressure >90 mmHg. Severe anaphylaxis was defined as reactions involving 
cyanosis, hypotension, and neurological symptoms with oxygen saturation <92% or systolic 
blood pressure <90 mmHg. (Data source:  a single hospital in South Korea.) 
 
3. Mukherjee, M., et al. (2016).  
Allergic conjunctivitis, urticaria and food allergy: This paper described the use of Read 
clinical codes for 11 allergic-type conditions in general practice, including three others of 
interest to the current study (anaphylaxis, eczema and rhinitis). The severity of these 
conditions was not directly addressed, but the authors observed that 10% of the available 
Read codes were used 95% of the time. Also, for food allergy, anaphylaxis and eczema, the 
codes used referred to the diagnosis or a personal history of this allergy, suggesting that the 
severity of the condition was not usually recorded using a specific Read code. No similar 
data were given for the other conditions of interest. (Data source: 393 Scottish general 
practices.)  
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Appendix 1 Comorbidities of interest 

 
nasal polyp 
urticaria 
allergic conjunctivitis 
food allergy 
eosinophilic oesophagitis 
 
 
 

Appendix 2 Additional synonyms used in PubMed search 

 
nasal polyposis 
polyps 
"Nasal Polyps"[MeSH Terms] 
 
"Urticaria"[MeSH Terms] 
 
conjunctivitis 
"Conjunctivitis, Allergic"[MeSH Terms] 
 
"Food Hypersensitivity"[MeSH Terms] 
 
eosinophilic esophagitis 
EoE 
allergic oesophagitis 
allergic esophagitis 
"Eosinophilic Esophagitis"[MeSH Terms] 
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Appendix 3 Full PubMed search terms 

 
( 
electronic records[Text Word] OR 
electronic patient records[Text Word] OR 
electronic health records[MeSH Terms] OR 
Medical Records Systems, Computerized[MeSH Terms] 
) 
 
AND 
 
( 
nasal polyps[Text Word] OR 
nasal polyposis[Text Word] OR 
"Nasal Polyps"[MeSH Terms] OR 
 
urticaria[Text Word] OR 
"Urticaria"[MeSH Terms] OR 
 
allergic conjunctivitis[Text Word] OR 
conjunctivitis[Text Word] OR 
"Conjunctivitis, Allergic"[MeSH Terms] OR 
 
food allergy[Text Word] OR 
"Food Hypersensitivity"[MeSH Terms] OR 
 
eosinophilic oesophagitis[Text Word] OR 
eosinophilic esophagitis[Text Word] OR 
EoE[Text Word] OR 
allergic oesophagitis[Text Word] OR 
allergic esophagitis[Text Word] OR 
"Eosinophilic Esophagitis"[MeSH Terms] 
)  
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Appendix 4 List of relevant publications identified 

 
 
Full-text PDF available 
 
1. Acker, W. W., et al. (2017). "Prevalence of food allergies and intolerances documented 

in electronic health records." J Allergy Clin Immunol 140(6): 1587-1591.e1581. 
 

2. Kim, S. Y., et al. (2018). "Different clinical features of anaphylaxis according to cause 
and risk factors for severe reactions." Allergol Int 67(1): 96-102. 
 

3. Mukherjee, M., et al. (2016). "Usage of allergy codes in primary care electronic health 
records: a national evaluation in Scotland." Allergy 71(11): 1594-1602. 
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