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STUDY SYNOPSIS  

 
 

TITLE ANALYSES OF EXISTING PEAK EXPIRATORY FLOW IN WORKERS 
WITH OCCUPATIONAL ASTHMA 

SHORT TITLE Analysis of existing PEF in workers with occupational asthma 
 

Protocol Version Number 
and Date 
 

V2.0 10/01/2023 
 

Methodology 
 

Retrospective observational (cross-sectional) study, with new 
analysis of existing clinical data 

Study Duration 
 

2 years 
 

Study Centre(s) 
 

University Hospitals Birmingham NHS Foundation Trust  

Research questions 
 

1. Do different inhaled exposures at work cause different 
patterns of peak flow response?  
2. What is the specificity of self-completed respiratory 
questionnaire responses using Oasys analysis of PEF as the 
reference standard? 

Number of 
Subjects/Patients 

Existing clinical data from around 800 patients to be used 
 

Main Inclusion Criteria 
 

Records from workers with possible occupational asthma who 
have kept frequent measurements of their breathing using peak 
flow meters over several weeks at work and at who have at 
least one positive score for occupational asthma using the 
Oasys program, from 1990 onwards 

Statistical Methodology 
and Analysis 
 

Each of these variables will be compared between relevant 
workplace exposure groups (e. high molecular weight agents 
chemicals) using T test or ANOVA for normally distributed data, 
non-parametric comparisons for non-normally distributed data 
and X2 for counts 

 
 
 
 
 
 
 



 
 

3 

IRAS: 277792 

 

Protocol Agreement Page 
 
The clinical study as detailed within this research protocol (Version 1.0; 28th June 2022), or 
any subsequent amendments will be conducted in accordance with the UK Policy Framework 
for health and social care research, the World Medical Association Declaration of Helsinki 
(1996) and the current applicable regulatory requirements and any subsequent amendments 
of the appropriate regulations. 
 

Chief Investigator Name: Prof Sherwood Burge 

Chief Investigator Site: Birmingham Chest Clinic 

Contact details:  Tel No: 0121 424 1904 

   Email: Sherwood.burge@uhb.nhs.uk 

   Fax: 

Signature and Date: …… ….28th June 2022 

 

Sponsor Representative: Sarah Pountain (Head of Research Governance) 

 

Signature and Date: …………………………………………………………………………………. 

 

Other Key Study Members: 

Site: BCC and BHH 

Dr Vicky Moore 

Contact details:  Tel No:01217242745 

   Email:Vicky.c.moore@uhb.nhs.uk 

   Fax: 

Signature and Date: ……… ….28th June 2022 

Site: BCC and BHH 

Dr Gareth Walters 

Contact details:  Tel No:01217242745 

   Email:Gareth.Walters@uhb.nhs.uk 

   Fax: 

Signature and Date:  28th June 2022 
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Site: BCC and BHH 

Dr Christopher Huntley 

Contact details:  Tel No:0121 724 2745 

   Email:christopher.huntley@nhs.net 

   Signature and Date: 28th June 2022 

 

 

Glossary of Terms and Abbreviations  

 
 
APR   Annual Progress Report 

CA   Competent Authority 

CI   Chief Investigator 

NHS R&D  National Health Service Research & Development   

Participant  An individual who takes part in a clinical trial 

PI   Principle Investigator 

PEF   Peak expiratory flow 

QA   Quality Assurance 

SOP   Standard Operating Procedure  
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1. Introduction  
1.1 Background 

Occupational asthma is the commonest identified occupational lung disease in many 
western countries. It accounts for about 15% of adult-onset asthma [1], and leads to 
significant morbidity, unemployment and costs to the country and to the individual [2]. 
Serial measurements of peak expiratory flow (PEF) are the best method of confirming the 
diagnosis. Their analysis using the Oasys system, developed in our department [3-10], are 
supported by national and international evidence-based guidelines [11-13]. Oasys has a 
number of quality and diagnostic outcomes, one of which is the Area Between Curves 
(ABC) score. This plots of the PEF in 2-hourly blocks from waking to sleeping separately 
for all readings made on work and rest days. The ABC score is the area between the two 
curves (in litres/min/hour). The specificity (for occupational asthma) of a score 
>15litrs/min/hour is 94% [5,6]. 
 
Occupational asthma has many forms. High molecular agents acting through IgE 
sensitisation was the first to be established. We see few of these patients who can usually 
be diagnosed from history, lung function and specific IgE, the commonest current 
example is in bakers exposed to flour and enzymes [14,15]. There is a latent interval from 
first exposure to first symptom during which sensitisation occurs, followed by low dose 
elicitation. Similar latent intervals and low dose elicitation is seen with a number of low 
molecular weight agents where IgE mechanism are usually not demonstrable. Isocyanate 
sensitisation would be the commonest example [16,17], most accept this as occupational 
asthma with sensitisation. Acute irritant-induced asthma occurs following a large 
exposure to a known respiratory irritant (commonly chlorine) in a previously normal 
individual [18].  Asthma is induced within 24 hours of exposure, and may persist 
indefinitely, but without sensitisation and low dose elicitation.  Work-aggravated asthma 
is a much more confusing term, implying that the asthma would have occurred anyway 
but is aggravated by current occupational exposures. Some use it as a way of removing 
responsibility for any disease from those responsible for the exposures, which are 
assumed to be non-specific [19]. The clearest example is when a worker with current 
asthma at the time of first exposure deteriorates within hours of first exposure to a 
known asthma precipitant, such as cold air in a cold store or sulphur dioxide. Less clear 
examples would include childhood asthmatics whose asthma has completely resolved 
before first exposure. We believe that there is another group, sometimes labelled as low-
dose irritant occupational asthma [20]. In this situation there is no acute exposure, there 
is a latent interval from first exposure to first symptom, and low dose elicitation occurs 
but the agent is assumed to be acting as an irritant (for instance diesel exhaust). We have 
shown that this group cannot be differentiated from those with sensitisation from latent 
intervals, smoking, childhood asthma, smoking or atopy [21,22]. They however are not 
eligible for industrial disease compensation, are more often left exposed at work and may 
have a poor prognosis.  
 
There is recent evidence that some groups of low molecular weight agents causing 
occupational asthma where specific IgE has not been demonstrated may have similarities 
with occupational asthma from high molecular weight agents [23]. This particularly 
applies to acrylates, for which we have reasonable data [24].  

 
1.2 Rationale and Risks/Benefits  

At present Oasys analysis is only able to identify whether any disease which can be 
monitored by PEF is worse following work exposures. It does not identify the mechanism 



 
 

7 

IRAS: 277792 

of reaction (irritant vs. allergy), nor the likelihood that one agent is more likely to be the 
cause rather than another. The latter requires in-hospital specific challenges usually 
taking at least a week. If Oasys could separate these there would be substantial cost 
savings.  The questionnaire study should provide data on the specificity of work-related 
asthma symptoms from a respiratory questionnaire in identifying occupational asthma in 
outbreak situations. If high this would again lead to significant cost savings. 

 
1.3 Study overview 

We wish to use existing records to see if different exposures at work cause different 
patterns of peak flow response. This would include comparing exposures to agents which 
are thought to act as irritants (such as chlorine-based cleaning agents, mild steel welding 
fume and diesel exhaust), can be differentiated from those where hypersensitivity is likely 
(such as flour, isocyanates and acrylates).  Also we wish to try an identify how big a 
difference there has to be in PEF to identify a specific cause when a worker is exposed to 
more than one possible cause, when there are days with predominantly one rather than 
the other exposure.  In an adjunct analysis we will investigate the sensitivity and 
specificity of responses to work related asthma questionnaires (undertaken by patients as 
part of routine care) against their PEF measurements, and grouped by different 
exposures. 
 
We will use existing data on workplace exposures contained in patients' electronic 
medical records (including self-completed respiratory questionnaire responses), and any 
other confirmatory tests already done such as blood tests for specific IgE or the results of 
specific inhalation tests. No new data will be collected, and no new diagnoses will be 
made. With respect to PEF analysis, the Area Between Curves (ABC) score and pattern will 
be used for comparison of the different exposure groups. The ABC plot is one of the 
outputs from the Oasys analysis system which we use routinely in the occupational lung 
disease clinic for the diagnosis of occupational asthma. There are several outputs 
including the diurnal variation in PEF on days at and away from exposure, the magnitude 
of the difference between work and rest days (the ABC score) and the timing of response 
(immediate, flat and late) and he timing of recovery (1, 2, >2 days. 
 
We wish to extend our comparison of PEF record analysis to distinct groups of low 
molecular weight exposures. The groups to be analysed depend on the quality of our 
data, but are likely to include acrylates [24], isocyanates [25,26], metal-working fluids [27-
29], glutaraldehyde [30-32] and metals [33-35].     

 
 
2. Trial Objectives and Design 
2.1 Research questions 
(1) Do different inhaled exposures at work cause different patterns of peak flow response?  
(2) What is the specificity of self-completed respiratory questionnaire responses using Oasys 
analysis of PEF as the reference standard?  
 
2.2    Trial Objectives  

(1)To determine whether different exposures at work cause different patterns of peak flow 
response 

(2) To determine whether exposure to supposed irritants differ from supposed sensitizers in 
workers reacting to either exposure 

(3) To determine how big a difference in PEF is needed to identify a specific cause when a 
worker is exposed to more than one possible cause? 
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(4) To determine whether the specificity of questionnaire responses of work-related asthma 
symptoms, using positive Oasys analysis of PEF records as the reference standard? 

 
2.3    Study  Design  
Observational (cross-sectional) study using retrospective data, collected as part of routine 
clinical practice. 
 
3. Subject Selection 
3.1     Study Population 
Patients with possible occupational asthma who have undergone peak expiratory flow 
monitoring at the UHB NHS Foundation Trust occupational lung disease unit since 1990, and 
who have Oasys records available in the unit’s clinical database (derived from their electronic 
patient record) 
 
3.2    Participant Identification 
Records from all workers with possible occupational asthma who have kept frequent 
measurements of their breathing using peak flow meters over several weeks at work and at 
home as part of their investigation to confirm their diagnosis and who have at least one 
positive score for occupational asthma, will be identified from the Oasys database on trust 
computers (derived from- and part of the electronic patient record) from 1990 to the present 
day.  
 
3.3   Inclusion Criteria  
Records from workers with possible occupational asthma who have kept frequent 
measurements of their breathing using peak flow meters over several weeks at work and at 
home (minimum of 3) as part of their investigation to confirm their clinical diagnosis, and who 
have PEF records suggestive of occupational asthma (ie. Oasys software analysis is positive, 
using at least one of its scoring systems), and identified from the Oasys database on trust 
computers from 1990 to the present day.  
 
3.4  Exclusion Criteria 
1) Patients for whom PEF records were inadequate for analysis (eg. too few readings, 

insufficient number of days at work) 
2) Records of patients whose occupational exposures are unknown 
 
3.5  Informed consent 
We do not intend to gain informed consent from individual patients. All the data to be used is 
already in the clinical domain. Our analyses will not alter any diagnoses already made. It 
would not be feasible to go back to a large number of patients from 1990 to obtain consent. 
Our unit is one of only 5 in the UK, and many patients come from distant locations within the 
UK. It is therefore likely that many patients would be uncontactable due to death, relocation, 
or discharge from the service. 
 
3.6  National data opt out 
We will perform a search of the messaging exchange for social care and health (MESH), using 
patients’ NHS numbers in order to check for patients who have opted out of using their data 
for secondary purposes (eg. research) and these patients will not then be eligible to take any 
further part in the study.  In order to adhere to the Principle of Transparency in the UK GDPR 
2021, we will put a poster in the clinical area (outpatient waiting room of the occupational 
lung disease unit) signposting patients to the Trust Research Privacy notice.   
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4. Data Management 
4.1  Participant Identification Numbers  
Included patients will be assigned unique study identification numbers (eg. OASYS01, 
OASYS02, OASYS03 etc). A master file (Excel spreadsheet) will be kept in a password 
protected folder on the respiratory medicine shared drive (o:drive) containing each included 
patients’ hospital number cross-referenced with their study ID.  A separate site file (Excel 
spreadsheet) will contain only data pseudo-anonymized by unique study ID.  
 
4.2 Data Collection 
From the whole occupational lung disease clinical database (which also includes the Oasys 
clinical database – ie. those patients (c. 50%) who have completed PEF records), in order to 
describe the tertiary clinic population as a whole in terms of annual incidence, most 
frequently encountered cause and frequency of use of PEFs as the gold standard in clinical 
diagnosis, we will gather the following limited data for all patients with occupational asthma 
diagnosed within the service 1990-2022 (c. 1600-1700): 
 
1) Date of diagnosis 
2) Diagnosis (eg. Occupational asthma by sensitization, irritant induced occupational asthma) 
3) Causative agent 
4) Job role at time of diagnosis 
5) Confidence in diagnosis (ie. Diagnosis based upon PEFs or not, any specific challenge test 

done, or specific IgE done?) 
 
Data from the Oasys patient database will gathered, and any missing data will be sought from 
the remaining elements of the NHS trust electronic patient record.  We will collect baseline 
demographic and diagnostic data: 
1) Age 
2) Gender 
3) Smoking status 
4) Atopic status 
5) Pre-existing asthma 
6) Non-specific reactivity 
7) Treatment during the PEF record 
8) Presence of work related symptoms (based upon clinical questionnaire filled out by a 

subgroup of patients identified in workplace outbreaks of asthma, as part of their routine 
clinical care within the NHS occupational lung disease unit) 

 
and diagnostic data from the PEF record:  
 
1) The causative agent and exposure 
2) The ABC score (a score derived from the area between the curves (ABC) of PEF on days at 

and away from work, calculated automatically when PEFs entered into Oasys software). 
3) Diurnal variation on work and rest days (the difference between PEFs in morning and 

evening)  
4) The pattern of reaction (immediate, flat and late) and speed of recovery (1,2,>2 days) from 

visual inspection of the Oasys records 
 
 
 

4.3  Data processing 
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We will separate those whose exposures are generally regarded as irritant from those 
generally regarded as due to hypersensitivity. We will also identify a group who have kept 
records including >1 different exposure. Groups will comprise:  

 
1) High molecular weight allergens (mainly flour, latex, enzymes and laboratory animals) 
2) Intermediate agents separately 
3) Woods 
4) Metal-working fluids 
5) Solder fluxes 
6) Low molecular weight allergens separately 
7) Isocyanates 
8) Acrylates 
9) Metals (mostly chrome and cobalt) 
10) Glutaraldehyde 
11) Cleaning agents 
12) Agents with exposure in office environments 
13) Agents with exposure in school environments 
14) Agents encountered in healthcare environments 
15) All other low molecular weight agents 

 
Those with records with more than one exposure who have had one agent identified as the 
cause (for instance from specific inhalation tests), a comparison of days with either exposure 
will be used for the comparison of PEF responses of different exposures. 
 
4.4  Data Entry 
The research team (who are also part of the clinical care team) will identify patients from the 
electronic patient record (via the Oasys database), and a master file (Excel spreadsheet) will 
be kept with hospital number and unique study ID number for all included patients. A 
separate site file will be created for research data, pseudo-anonymized with study ID (thus 
not containing any hospital numbers). Both the master file and site file will be kept on a 
shared drive (the "o:drive") belonging to the respiratory medicine department at UHB NHS 
Foundation Trust. These will be kept in a password protected folder, and will only be 
accessible to the research team who will all be responsible for data entry. The accuracy of this 
data will be assured by ensuring that source data is cross referenced against research data by 
two members of the research team. 
 
5. Data Confidentiality and Security  
5.1   Data confidentiality statement 
The research team will comply with the requirements of the Data Protection Act (2018) & UK 
GDPR (2021) with regards to the collection, storage, processing and disclosure of personal 
information and will uphold the Act’s core principles. 
 
5.2   Physical security arrangements 
Both the master file and site file will be kept on a shared drive (the "o:drive") belonging to the 
respiratory medicine department at UHB NHS Foundation Trust. These will be kept in a 
password precede folder, and will only be accessible to the research team. The master file will 
contain patient hospital number and unique study ID, the site file will thus contain pseudo-
anonymised data with study ID only.   
 
5.3  Access to clinical records 
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Access is to any who have legitimate access to our hospital clinical records.  For the purpose 
of this study, only the CI/PI and co-investigators will have access. No extra data will be 
obtained. 
 
5.4  Data storage 
Data will be kept in password protected folders on trust computers (currently the respiratory 
department O:drive of the hospital IT system). The clinical team (who are also the research 
team) identified above will analyse the data. Once the study has ended, the pseudo-
anonymised data will be kept for 10 years, as per Medical Research Council guidance. It will 
be kept in a password protected folder within the shared respiratory medicine drive on NHS 
Trust computers. No paper files will be used or retained. 
 
5.5  Data quality assurance 
The accuracy of the research data will be assured by ensuring that source data is cross 
referenced against research data by two members of the research team. 
 
5.6  Data custodian 
The custodian of the data will be the chief investigator Professor Sherwood Burge. 
 
5.7  Data archiving 
Research data will be kept in a password protected folder within the shared respiratory 
medicine drive on NHS Trust computers. No paper files will be used or retained. The UHB NHS 
Foundation Trust Research Archiving policy will be adhered to, and the CI will make an archive 
plan, which will include deciding when to archive after the study has finished, preparing 
master file (Excel spreadsheet with patient hospital number and associated study ID number) 
and site file (pseudo anonymised data in spreadsheet) within the folder for archive, by 
encrypting and making sure is saved as read-only text. 
 
 
6. Statistical Considerations 
6.1    Primary Outcome  
Differences in ABC score* between groups (ie. irritant or sensitizer exposed individuals)  
*where ABC score is a metric outputted from Oasys software and used to diagnose 

occupational asthma. It is derived from the area between the curves on days at work 
and days away from work. 

 
6.2   Secondary Outcomes  

1) Differences in the pattern of asthmatic reaction (immediate, flat, late) on PEF 
2) Recovery time (1,2, >2 days) from asthmatic reactions based upon PEFs 
3) Diurnal variation in PEF home vs work 
4) Sensitivity and specificity of questionnaire responses (for the questionnaire analysis) 

 
6.3   Sample Size  
We will include all records which fulfill the inclusion and exclusion criteria, and confine 
subgroup analyses to groups with a minimum of 30 included records 
 
6.4   Statistical Analysis  
 
Each of the outcome variables will be compared between relevant groups using T test or 
ANOVA for normally distributed data, non-parametric comparisons for non-normally 
distributed data and Chi-squared for categorical data. 
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For the comparison of groups of low molecular weight exposures groups will be matched for 
the major confounding factors affecting PEF variability, particularly the use of inhaled 
corticosteroids taken during the record (recorded on the Oasys report). It may be possible to 
control for exposure during the record (original or reduced) depending on the extent of the 
data. We will not control for baseline PEF, as this may be affected by the recovery after 
exposure which is one of the variables we wish to study.  
 
For the determination of specificity of work-related asthma symptoms from questionnaires 
we will use the data from an outbreak of occupational asthma in a car engine factory [27] 
with occupational asthma from aerosols of metal-working fluid which we have completed, 
and questionnaires were undertaken as part of routine clinical care. At least one positive 
score (eg. ABC score) from Oasys analysis will be used as the positive reference. 
 
7. Ethical and Regulatory Considerations 
This protocol and any subsequent amendments, along with any accompanying material 
provided to the patient in addition to any advertising material will be submitted by the 
Investigators to a Research Ethics Committee (REC) and Health Research Authority (HRA). 
Written Approval from both will be obtained and subsequently submitted to the UHB NHS 
Foundation Trust Research & Development Department to obtain Confirmation of Capability 
and Capacity (Trust Approval). The study will only commence once these permissions have 
been granted.  
 
7.1 Substantial amendments 
For any amendment to the study, the Chief Investigator or designee, in agreement with the 
sponsor will submit information to the appropriate body in order for them to issue approval 
for the amendment. The Chief Investigator or designee will work with UHB NHS Foundation 
Trust R&D department so they can put the necessary arrangements in place to implement the 
amendment to confirm their support for the study as amended.  Any subsequent substantial 
amendments that require review by NHS REC will not be implemented until that review is in 
place and other mechanisms are in place to implement at site.  All correspondence with the 
REC will be retained.  
 
7.2 REC annual review 
An annual progress report (APR) will be submitted to the REC by the chief investigator within 
30 days of the anniversary date on which the favourable opinion was given, and annually until 
the study is declared ended. If the study is ended prematurely, the Chief Investigator will 
notify the REC, including the reasons for the premature termination. Within one year after 
the end of the study, the Chief Investigator will submit a final report with the results, 
including any publications/abstracts, to the REC. 
 
7.3 Ethical issues 
We can summarize the main ethical issues as follows:  
(i) Equipoise  
It is currently not known whether asthma caused by different agents (eg. irritants or 
respiratory sensitizers) have different patterns on peak flow monitoring. A detailed answer to 
this question will allow, perhaps, earlier diagnosis and isolation of causes for occupational 
asthma, and therefore should lead to better health and employment outcomes later on in 
many cases.  
 
(ii) Data confidentiality 
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This study is a data only project, using routinely collected clinical data. We will need access to 
the patients’ medical records from our NHS occupational lung disease unit, and results of 
serial PEF records and specific inhalation tests kept on trust clinical computers as part of 
standard medical records. The research team including chief investigator are clinical care 
team members as well, and identifiable data will not be viewed or shared beyond this team.  
We will process pseudo-anonymized data from the point of data collection onwards. 
 
(iii) Informed consent 
We do not intend to gain informed consent from individual patients for this study. Since 
patients have been seen in the service since 1990, many patients are either dead or 
discharged and not locatable. We will present summary data in tables. We will search all the 
patients to see whether any have opted out of having their records used for research (the 
NHS Opt Out), using our medical informatics department at the Trust. 
 
8. Data Monitoring 
8.1  Monitoring of study 
The study will be monitored and/or audited by University Hospitals Birmingham NHS 
Foundation Trust under their remit as Sponsor and other regulatory bodies to ensure 
adherence to Good Clinical Practice and the UK Health Policy Framework for Health and Social 
Care. 
 
Monitoring of study data shall include source data verification; data storage and data transfer 
procedures; local quality control checks and procedures, back-up and disaster recovery of any 
local databases and validation of accuracy of data manipulation. A nominated designee of the 
Sponsor shall carry out monitoring of study data as an on-going activity.  
 
Study data and evidence of monitoring and systems audits will be made available for 
inspection by the regulatory authority where applicable as required. 
 
Accidental protocol deviations can happen at any time. They will be adequately documented 
and communicated to the chief investigator, who will report them to the Sponsor 
immediately. Any frequently recurring deviations will be considered unacceptable, and could 
be considered a serious breach.  
 
8.2  Study oversight 
The chief investigator will have formal oversight of the study, and will meet the co-
investigators every 3 months formally, to discuss compliance with protocol and any 
procedural issues.  
 
9. Sponsorship and Indemnity 
University Hospitals Birmingham NHS Foundation Trust will act as the Sponsor to this study. 
Delegated responsibilities will be assigned to the Chief Investigator and the NHS Trust taking 
part in this study.  
 
University Hospitals Birmingham NHS Foundation Trust holds standard NHS Hospital 
indemnity and insurance cover with NHS Litigation Authority for NHS Trusts in England, which 
apply to this study. 
 
 
10. Dissemination 
10.1   Study report 
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A final report will be written by  and submitted to the REC. Authorship will be determined by 
the criteria set out by the International Committee of Medical Journal Editors, but it is 
envisaged that this will include all four members of the research team.  
 
10.2  Publication 
Results will be published in a suitable subject-specific peer reviewed journal such as 
Occupational and Environmental Medicine or Thorax.  Anonymity of patients will be retained 
for publication, and wherever possible, group summary statistics will be used. Informed 
consent would be required and gained from patients providing any detailed illustrative cases 
if suitable.  
 
10.3 Public and patient involvement 
We intend to disseminate the results by oral presentation to an existing West Midlands 

occupational asthma PPI group, run by Dr Gareth Walters (co-investigator) 
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