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ABSTRACT 

Timely recruitment and comprehensive follow-up of patients are vital to the success of 

randomised controlled trials (RCTs) but both present issues. This thesis aims to 

investigate how routine data can be used for recruitment to clinical trials, whether there 

are any biases introduced by using routine data, and to determine whether routine data 

can be used as a follow-up method in clinical trials.  

The literature on the use of routine data for recruitment and follow-up are explored in 

two systematic literature searches. Both reviews highlight that routine data can be used 

for recruitment and follow-up in RCTs. One finding is that these methodological 

aspects of RCTs, particularly when not pertaining to the results, are often not reported.  

Using data from two large cardiovascular disease trials, the Heart Protection Study 

(HPS) and the Randomized EValuation of the Effects of Anacetrapib through Lipid-

modification trial (REVEAL), that used electronic health records to recruit patients, the 

demographics of those entering the trial and declining to participate are investigated. A 

significant sex difference is observed, with females being less likely than males to 

progress through the recruitment pathway of both clinical trials. Attendance at follow-

up visits and adherence to treatment were also significantly worse in females than in 

males. This disparity may leave studies underpowered for sex specific effects. These 

factors potentially limit the ability to establish the safety and efficacy of interventions in 

females and have the potential to have serious adverse public health consequences.   

The use of routine data for follow-up is investigated by comparing the outcomes from 

HPS (non-fatal myocardial infarction, non-fatal stroke, revascularisation, and major 

vascular event) and the outcomes reported in Hospital Episode Statistics (HES) during 

the same time period. All of the trial outcomes were well recorded in the HES dataset, 

with no significant differences between males and females in their reporting of events. 

The use of routine data for follow-up in RCTs could reduce the frequency of study 

visits, which may aid recruitment.  

Routine health records contain a wealth of information about patients that can be used 

to optimise both recruitment to trials and the follow-up of patients. The use of 

electronic health records (EHR) has the potential to provide more cost-effective and 

efficient methods for research.  
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1 INTRODUCTION 

 

1.1 INTRODUCTION 

Randomised controlled trials (RCTs) are often referred to as the gold standard for 

conducting medical research1 and they are essential for answering important medical 

research questions. Timely recruitment and comprehensive follow-up of patients are 

vital to the success of these trials. However, both recruitment and follow-up present 

issues that can prevent trials from succeeding. This thesis aims to identify how routine 

data can be used to recruit participants into clinical trials, whether there are any 

demographic differences observed between those recruited using routine data and those 

not, and to determine whether clinical trial follow-up can utilise routine data to improve 

trial efficiency.  

1.2 WHAT ARE ROUTINE DATA? 

The use of “big data” in health research is not a new idea. Many epidemiological 

studies are conducted using data from routine sources. These include demographic data 

sources, national reference data sources, and health event data sources. Some examples 

of routine data sources are census data, birth/death registration data, GP/hospital record 

data, pharmacy data, disease registers, insurance databases, and health surveys.  

There are many benefits to conducting research using routinely collected data. These 

data are often cheaper to use than conducting your own surveys/studies. They also 

cover a larger population and datasets may cover a long time period allowing the data to 
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be linked longitudinally, which allows more participants to be followed up for longer 

periods of time.  

However, there are also issues with using routinely collected data for research. One 

issue is that the data were not collected for the purposes of the research being 

conducted. This means that the dataset may not contain all the information required to 

answer the research question, or that information might be less detailed or accurate than 

desired. There have also been changes in coding practice over time which may cause 

confusion. It also means that care should be taken when using the data and the data 

collection source should be considered. An example of this is when using Hospital 

Episode Statistic (HES) data. These data are collected primarily for reimbursement and 

not for research. The data are entered by clinical coders and it may be difficult for them 

to accurately extract the correct information from clinical notes.2 Another issue with 

using routinely collected data is that it may not be up to date or available in a timely 

manner.  This can cause issues in clinical trials when safety information may be needed 

but is less of an issue for epidemiological studies.  

1.3 AN INTRODUCTION TO THE TRIALS 

This thesis uses data from two cardiovascular disease trials, the Heart Protection Study 

(HPS), and the Randomized EValuation of the Effects of Anacetrapib through Lipid-

modification (REVEAL) trial. Both of these trials were conducted by the Clinical Trial 

Service Unit and Epidemiological Studies Unit (CTSU) in Oxford and were 

investigating the effects of lipid-modifying treatment among people at increased risk of 

cardiovascular disease.  
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1.3.1 THE MRC/BHF HEART PROTECTION STUDY 

The HPS trial recruited 20 536 participants at high risk of cardiovascular disease 

between 1994 and 1997. Participants were randomised to receive daily simvastatin 

40mg or matching placebo tablets and, separately, to receive antioxidant vitamin 

supplements (600mg vitamin E, 250mg vitamin C, and 20mg beta carotene) daily or 

matching placebo capsules in a 2x2 factorial design.3 Follow-up in HPS was conducted 

at four, eight, and 12 months after randomisation, and then six monthly thereafter until 

final follow-up appointments which occurred between May and October 2001.4   

Potentially eligible patients were identified from hospital records at 69 UK hospitals. A 

list of the relevant disease codes was sent to each site and the electronic discharge 

records were searched for patients with these codes.3 Further information was then 

sought and with the permission of their doctors, patients were invited by CTSU to 

attend a screening appointment for the trial.  

1.3.2 THE REVEAL TRIAL 

The REVEAL study randomised 30 449 international participants with pre-existing 

atherosclerotic vascular disease between 2011 and 2013. In order to compare REVEAL 

with HPS, only the UK based patients form the basis of most of this research. This is 

because different methods were used in other global regions to identify and recruit 

patients and often included some pre-screening or the payment of participants. In the 

UK, REVEAL staff from 64 sites recruited 8381 patients and all volunteers were given 

atorvastatin (either 20mg or 80mg daily) as background therapy and were then 

randomised to receive anacetrapib 100mg or matching placebo and followed for a 

median of four years in nurse-led clinics.5 Similar methods of recruitment were used to 

HPS; potentially eligible patients with one or more of the inclusion criteria were 
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identified via their electronic medical records and invitations to participate in the trial 

were went out in the name of the local collaborator.  

1.3.3 THE RECRUITMENT PATHWAY 

Throughout this thesis, the “recruitment pathway” will be discussed. In both of the trials 

used for analysis, this pathway starts from the identification of a potentially eligible 

patient via central records and the invitation to participate in the trial being sent 

(Figure 1.1). The recruitment pathway continues with the screening appointment at 

which eligibility is assessed. After screening, there is a run-in period where participants 

are asked to take a study treatment (active or placebo). One purpose of this is to identify 

participants who are likely to be non-adherent to the study treatments. This increases 

efficiency of the trial and aims to reduce the number of participants dropping out of the 

trial.6 Another reason is to identify participants who do not tolerate the treatments or 

who have perceived side effects from the treatment. Once the run-in period has been 

completed, participants are invited back to a randomisation appointment. At this point 

eligibility is reassessed, and consent for participation in the main trial is sought.  
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Patient identified as potentially 

eligible & invitation sent 

No response 

Patient declines to take part 

Patient attends screening clinic 

Patient is not eligible 

Patient declines to take part 

Patient enters run-in period 

Patient stops treatment 

Patient attends randomisation 

clinic 

Patient declines to take part 

Patient is not eligible 

Patient is randomised 

FIGURE 1.1: THE RECRUITMENT PATHWAY 
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1.4 ISSUES WITH RECRUITMENT IN CLINICAL TRIALS 

The reliable detection of moderate treatment effects requires the randomisation of large 

numbers of suitable patients. This can be difficult to achieve within the necessary time 

constraints and delays in patient recruitment can have serious repercussions.7
 Recruitment 

should be conducted in a timely manner as delays in the trial can delay the general 

population access to potentially beneficial treatments8
 or allow the continuation of an 

ineffective or even harmful treatment.9,10 The planning of a randomised controlled trial 

involves the calculation of a sample size. The sample size should not be too small; 

otherwise the study may be underpowered which increases the risk of type II error.11 The 

sample size should also not be too large. Treating more patients than is necessary raises 

ethical issues, and also requires more resources (both financial and time).12  

There are many reasons why patients may not be willing to take part in clinical trials.  

Table 1.1 lists some of these reasons, and groups them into three categories; concerns with 

study, inconvenience, and other.  

TABLE 1.1: REASONS FOR NOT PARTICIPATING IN CLINICAL RESEARCH 

 

This list of reasons does not cover all the reasons a patient may not want to take part in 

research but does illustrate that there are areas that can be addressed that may improve 

Concerns with study Inconvenience Other 

Wants standard treatment Taking time off work for 

appointments 

Religious beliefs 

Worried about experimental 

treatment 

Difficulties travelling to study 

centre 

Taking part in other 

research 

Worried about side effects Too many visits Relative doesn’t want 

them taking part 

Concerns about blood 

test/needle phobia 

Visits take too long   

Want to know which treatment 

they're taking 

    

Taking too many medications 

already 
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recruitment. Many of the reasons that are grouped under “inconvenience” could be negated 

by using alternative forms of follow-up, for example following participants up using their 

medical records. This would resolve the issues of frequent and long study visits, repeated 

travel to a study clinic, and reduce the amount of time participants would need to take off 

work. By using routine data for follow-up and improving the efficiency of clinical trials in 

this manner, participants may be more open to taking part in trials, thus aiding the 

recruitment process. 

1.5 ISSUES WITH FOLLOW-UP IN CLINICAL TRIALS 

One of the implications of incomplete follow-up is that failing to follow-up participants 

leads to missing data and potentially fewer detected outcomes. This reduces the power 

and lessens the ability to detect a difference between the treatment arms if one exists. If 

a treatment difference is not detected when it does in fact exist, patients may not receive 

treatments that could help them. Another problem with incomplete follow-up is that it 

may introduce a bias. Attrition bias is a type of selection bias caused by systematic 

differences between participants lost from each of the study arms.13    

There has been considerable research into improving retention in clinical trials, with 

many strategies suggested. These mainly relate to methods for improving questionnaire 

feedback, and not into encouraging attendance at follow-up visits.14 If routine data 

could be used to reduce the number of follow-up visits needed, or to remove the need 

for in-person follow-up altogether, then it may encourage more patients to participate in 

clinical trials as it would be less time-consuming for them. It also has the potential to 

make trials more efficient by reducing the costs for the study sponsors. 
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1.6 OUTLINE 

This thesis aims to investigate how routine data can be used for recruitment and follow-

up in large clinical trials. Chapter 2 is a systematic review of randomised controlled 

trials that have used routine data as a recruitment method. This provides an overview of 

the current practices, and highlights some of the more commonly used routine data 

sources. It also provides insight to the work shown in Chapter 3.  

In Chapter 3, two different trials that used routine data for recruitment are explored. The 

trials are introduced, along with the recruitment methods used. The characteristics of 

those who were successfully recruited are compared with those who did not progress 

along the recruitment pathway. The demographic differences in those receptive to the 

recruitment process are investigated and explored further in Chapter 4. 

 Chapter 4 takes the differences observed in recruitment in Chapter 3 and investigates 

whether these “pre-trial” recruitment differences are observed “in-trial”, particularly 

with respect to adherence to treatment and attendance at follow-up.  

Chapter 5 is a second systematic review, this time looking at randomised controlled 

trials that have used routine data sources as a method of follow-up. The different types 

of routine data are summarised, along with the type of trial, the size of the trial, and the 

length of the follow up period.  

Chapter 6 follows on from the literature search in Chapter 5 by taking outcome events 

collected in a large randomised trial and comparing them to events that were captured in 

a routine data source. This comparison provides insight into how routine data sources 

can be used for follow-up in clinical trials and how accurately cardiovascular events can 

be detected within the HES datasets.  
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Finally, Chapter 7 contains a summary of all the findings presented in the thesis, along 

with a discussion of the strengths and limitations of these analyses and potential future 

areas of research. 
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2 THE USE OF ROUTINE DATA FOR 

RECRUITMENT TO CLINICAL 

TRIALS 

 

2.1 INTRODUCTION 

This chapter contains a review of the existing literature of studies that have used 

electronic health records to recruit participants to clinical trials. This will summarise the 

current knowledge in this field and provide some information about the use of routine 

data to inform the investigation of two trials using electronic health records for 

recruitment in Chapter 3.  

2.1.1 RECRUITMENT TO CLINICAL TRIALS 

Randomised controlled trials (RCTs) are essential for answering important medical 

research questions. Timely recruitment and comprehensive follow-up of patients are 

crucial to the success of these trials. However, both recruitment and follow-up present 

issues that can prevent trials from succeeding. The reliable detection of moderate 

treatment effects requires the recruitment of large numbers of suitable patients.15 This 

can be difficult to achieve within the necessary time constraints and delays in patient 

recruitment can have serious repercussions.7 Recruitment should be conducted in a 

timely manner as delays in the trial can delay the general population access to 

potentially beneficial treatments or allow the continuation of an ineffective or even 

harmful treatment. A study of 122 trials funded by UK grant agencies (MRC, NIHR 

HTA) found only 31% achieved/passed their recruitment target and approximately 45% 

of the trials failed to reach 80% of their target recruitment.16 Another survey of 
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randomised trials found that 41% of trials published in the BMJ and Lancet in 2000 and 

2001 experienced problems with recruitment.17 It is likely that these figures 

underestimate the number of trials that did not recruit to their targets as those that did 

not finish or significantly struggled due to poor recruitment may not have been 

published. Failing to reach an adequate sample size can lead to a greater chance of 

encountering a type II error15 and incorrectly retaining the null hypothesis is wasteful.18 

 

One potential method for improving recruitment to clinical trials is large scale 

identification of potentially eligible participants using electronic medical records, or 

other health databases. This can be used as a stand-alone method of recruitment or used 

in combination with other methods. There are different types of routine data that can be 

used to recruit participants for clinical trials. These include searching electronic health 

records both hospital and primary care based, accessing national databases, for 

example, census data, and accessing other commercially held databases, for example 

using insurance databases.  

2.1.2 OBJECTIVES 

The objectives of this review are to identify trials where routine data have been used for 

recruitment to clinical trials, to describe which data have been used and in which 

disease areas, and to summarise the literature to provide an understanding of how these 

data are currently used.   
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2.2 METHODS 

This review was undertaken using the guidelines for conducting and reporting a 

systematic review in the PRISMA (Preferred Reporting for Systematic Reviews and 

Meta-Analyses) statement.19  

This review is focussed on recruitment methodology; therefore, there were no age, size, 

or disease restrictions. All types of intervention were included along with all outcomes. 

In order to be included in this review, the study had to be an RCT that had used a form 

of routine data for at least some of the recruitment period. The routine data had to have 

been used during the recruitment period of the trial, and not done as a retrospective 

review.  

2.2.1 SEARCH STRATEGY 

All studies published in English before January 2018 were included in this review. The 

search strategy used to search the electronic databases was for any of the abstracts to 

contain one of the following words and phrases: (“clinical trial” or “randomised 

controlled trial” or “randomised” or “randomisation” or “randomized controlled trial” 

or “randomized” or “randomization”) and (“electronic health record*” or “EHR” or 

“electronic record*” or “electronic medical record*” or “EMR” or “routine data”) and 

“recruit*”. This search strategy was used to identify potentially eligible abstracts from 

MEDLINE, EMBASE, and Cochrane Review electronic databases. Abstracts of papers 

identified were reviewed to determine whether they met the criteria to be included in 

this review; those that did not meet the criteria were excluded. The full text of the 

remaining papers was then examined to determine whether the papers met the criteria 

for inclusion and to extract any relevant data from them.  
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The following data were identified as relevant for this review:  

• Type of routine data used 

• Disease area of clinical trial 

• Recruitment strategy used (just routine data or in combination with others) 

• Sample size (expected and achieved) 

These data are summarised in a qualitative review about the use of routine data for 

recruitment in clinical trials. There are no meta-analyses performed given the 

methodological issues with the broadness of the results. 

2.3 RESULTS  

Figure 2.1 contains the flowchart listing the process of selection for this review, from 

the studies identified to those included in the final review. These 52 studies were then 

assessed for eligibility for this review by reading the full texts. Of these, 31 were 

excluded after reading the full text. The reasons for exclusion are listed in Table 2.1. 

There were 16 papers excluded as they were conference abstracts with no full text 

available, 12 papers that were excluded as they were not an RCT, four that were 

excluded as routine data had not been used for recruitment, two excluded as they were a 

retrospective analysis of a current trial, and two excluded as there were no details of the 

RCT given.  
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Records identified in 
EMBASE 

= 174 

Excluded n= 177 

n= 39 not RCT 
n= 8 retrospective review 
n= 125 routine data not 

used for recruitment 
n= 5 other 

 

Records identified in 
Cochrane Review 

= 18 

Records identified in 
MEDLINE 

= 51 

Records after duplicates removed 
n= 52 

Full text assessed 
n= 36 

Studies for synthesis 
n= 15 

Excluded n=21 

n= 12 not used for an 
RCT 

n=4 routine data not 
use for recruitment 

n=2 no details of RCT 
given 

n=2 retrospective 
analysis of RCT 
n=1 cluster RCT  

FIGURE 2.1: FLOWCHART SHOWING NUMBER OF STUDIES AT EACH STAGE OF THE 

REVIEW 

Excluded as 
conference 

abstract/letter 
n=16 

Abstracts screened  
= 243 

Records identified from 
abstract review 

n= 66 
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TABLE 2.1: STUDIES EXCLUDED FROM THE REVIEW AFTER FULL TEXT REVIEW 

Title Authors Year Reason for exclusion 

The potential of electronic health record data to optimize 

recruitment efficiency in cardiovascular outcome trials20 Nichols et al.  2017 Rejected - conference abstract, no full text available 

Utilizing electronic medical record networks for 

identifying patients for clinical trial recruitment21 Spencer et al. 2015 Rejected - conference abstract, no full text available 

Matching the right patient to the right clinical study: The 

opportunities for more efficient clinical studies using 

selective-recruitment designs22 Barrett 2017 Rejected - conference abstract, no full text available 

Conformity between protocol eligibility criteria for 

electronic patient identification: A comparison of clinical 

trials23 Kamauu 2013 Rejected - conference abstract, no full text available 

Feasibility and acceptability of a group medical visit 

intervention to improve HCV treatment uptake among 

persons who inject drugs (PWID) in a primary care 

setting24 Norton et al.  2017 Rejected - conference abstract, no full text available 
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Title Authors Year Reason for exclusion 

Recruitment strategies for community-based yoga 

research in a predominant minority population25 Keosaian et al.  2012 Rejected - conference abstract, no full text available 

Smoking cessation after surviving critical illness-is it 

feasible?-Authors experience with implementation and 

recruitment26 

Van Nostrand, 

Fisher & Khan 2014 Rejected - conference abstract, no full text available 

Optimizing use of the electronic health record (EHR) to 

identify persons at high risk of diabetes in the D2D 

study27 Aroda et al. 2016 Rejected - conference abstract, no full text available 

Recruitment and enrolment of asthmatics in a phase II 

clinical trial28 Parikh et al.  2010 Rejected - conference abstract, no full text available 

Using electronic health records data for clinical 

research29 Wu et al.  2017 Rejected - conference abstract, no full text available 

Using electronic medical records to study the safety of 

psychiatric medications used in pediatric patients30 De Luise et al.  2009 Rejected - conference abstract, no full text available 

Utilizing electronic medical record networks and 

advanced analytics for identifying patients for clinical 

trial recruitment31 Justin et al.  2015 Rejected - conference abstract, no full text available 
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Title Authors Year Reason for exclusion 

Home blood pressure tele-monitoring and case 

management to control hypertension: Hyperlink design, 

baseline characteristics, and intervention adherence32 Margolis et al.  2010 Rejected - conference abstract, no full text available 

Utility of electronic medical record databases using ICD-

9 criteria for recruitment in clinical research: From rare 

to common disease33 Thacker & Wegele 2015 Rejected - conference abstract, no full text available 

EHR-based Clinical Trial Alert Effects on Recruitment 

to a Neurology Trial across Institutions: Interim Analysis 

of a Randomized Controlled Study34 Khan, et al.  2013 Rejected - conference abstract, no full text available 

On target: Identifying and reaching patients for public 

health interventions or research35 Cameron et al.  2010 Rejected - conference abstract, no full text available 

Utility of Electronic Medical Record for recruitment in 

clinical research: from rare to common disease36 

Thacker, Wegele 

and Richardson 2016 Rejected – not used in RCT 
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Title Authors Year Reason for exclusion 

Recruit--An Ontology Based Information Retrieval 

System for Clinical Trials Recruitment37 Patrão et al. 

2015 

 Rejected – not used in RCT 

Recruiting pregnant smokers into a clinical trial: Using a 

network-model managed care organization versus 

community-based practices38 

Park et al. 

 2007 Rejected – routine databases not used for recruitment 

Strategies to improve retention in randomised trials14  Brueton et al. 2013 Rejected – routine databases not used for recruitment 

Electronic patient records to identify patients in the 

United Kingdom with diabetic macular oedema suitable 

for ILUVIEN (fluocinolone acetonide)39  Butt et al. 2016 Rejected – not used in RCT 

Comparison of Electronic Health Record System 

Functionalities to support the patient recruitment process 

in clinical trials40 
Schreiweis et al. 2014 Rejected – not used in RCT 

Using electronic health records for clinical research: The 

case of the EHR4CR project41 
De Moor et al.  2015 Rejected – not used in RCT 

Electronic health records to facilitate clinical research42 
Cowie et al.  2017 Rejected – not used in RCT 
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Title Authors Year Reason for exclusion 

Development of Best Practice Principles for Simplifying 

Eligibility Criteria43 
Doods et al.  2013 Rejected – not used in RCT 

Strategies designed to help healthcare professionals to 

recruit participants to research studies44 
Preston et al.  2016 Rejected – routine databases not used for recruitment 

First Experiences in Implementing a Software-Based 

Support for Patient Recruitment at Heidelberg University 

Hospital45 Schreiweis et al. 
2012 Rejected – not used in RCT 

Randomised studies In general practice: how to integrate 

the electronic record46 Mosis et al 
2005 Rejected – not used in RCT 

Database recruitment: a solution to poor recruitment in 

randomized trials?47 

Stuardi, Cox & 

Torgerson 
2010 Rejected – not used in RCT 

The EHR solution to clinical trial recruitment in 

physician groups48 Miller 
2006 Rejected – not used in RCT 
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Title Authors Year Reason for exclusion 

A novel patient recruitment strategy: Patient selection 

directly from the community through linkage to clinical 

data49 Zimmerman et al. 
2017 Rejected - routine databases not used for recruitment 

Effect of a clinical trial alert system on physician 

participation in trial recruitment50 Embi et al. 
2005 Rejected – details of RCT not given 

Cancer clinical trial enrollment of diverse and 

underserved patients within an urban safety net hospital51 Ko et al.  2015 
Rejected – retrospective analysis of RCT 

The correlation between the number of eligible patients 

in routine clinical practice and the low recruitment level 

in clinical trials: a retrospective study using electronic 

medical records52 Sumi et al. 2013 
Rejected – retrospective analysis of RCT 

Cluster randomized trials utilizing primary care 

electronic health records: methodological issues in 

design, conduct, and analysis (eCRT Study)53 Gulliford et al. 2014 
Rejected – not randomising patients 

Using web-based screening to enhance efficiency of 

HMO clinical trial recruitment in women aged forty and 

older54 Smith et al. 2007 Rejected – not used in RCT 

The accuracy and efficiency of electronic screening for 

recruitment into a clinical trial on COPD55 Schmickl et al.  2011 
Rejected – details of RCT not given 
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There were 15 papers that were included in this review. The details of these are listed in 

Table 2.2 below, along with the key information about the type of routine data used, the 

disease area, the recruitment strategy, and the sample size. 10 trials (67%) solely used 

routine data for recruitment. Others used a combination of recruitment methods. 13 

(81%) used electronic health records as the only form of routine data – other types 

included insurance databases, and consented research databases, alongside electronic 

medical records. The disease area of the trials varied considerably, and the sample size 

ranged from 29 to 9250. All of the studies are from 2007 onwards; this is not due to a 

restriction on the dates used for the search, but likely due to difficulties accessing 

electronic records prior to this date. All of the studies identified by this review were 

conducted in the UK or the USA. This is likely due to the accessibility of routine data 

sources in these countries, along with the search terms used.  

2.3.1 TYPE OF ROUTINE DATA 

All the studies included within this review used electronic health records as a source of 

routine data. Two of the studies also used another source of routine data to recruit to the 

trials. These additional sources were consented research databases and insurance claim 

databases. Eights of the studies searched General Practitioner (GP) or primary care 

databases.56–63 Two studies searched through electronic hospital records,64,65 six 

accessed USA healthcare systems,54,65–70 and two searched through insurance 

databases.54,65 These are not mutually exclusive categories as some trials used multiple 

sources.  
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TABLE 2.2: STUDIES INCLUDED IN THE FULL REVIEW 

Title Country Years recruiting 

Type of 

routine data Disease area of RCT Recruitment strategy 

Sample 

size 

Activity Increase Despite Arthritis 

(AÏDA): phase II randomised 

controlled trial of an active 

management booklet for hip and knee 

osteoarthritis in primary care60 UK Jul 2008 – Aug 2009 

GP electronic 

health 

records Arthritis Routine data 119 

Randomised feasibility study of a 

novel experience-based internet/ 

intervention to support self-

management in chronic asthma62 UK Jun 2013 – Nov 2013 

Primary care 

electronic 

medical 

records Asthma Routine data 300 

Recruitment and retention of Latinos 

in a primary care-based physical 

activity and diet trial: The Resources 

for Health study61 USA  Feb 2002 – Aug 2003 

Primary care 

clinic 

databases 

General health - 

physical activity/diet Routine data 200 

The use of electronic medical records 

for recruitment in clinical trials: 

findings from the Lifestyle 

Intervention for Treatment of 

Diabetes trial66 USA  May 2013 – Mar 2015 

Electronic 

heath record Diabetes 

Routine data, referral 

from physician 260 

Boosting enrolment in neurology 

trials with Local Identification and 

Outreach Networks (LIONs)64 USA  Jan 2005 – Jun 2007 

Hospital 

electronic 

records Neurology Routine data 281 

Results and lessons from the 

spironolactone to prevent 

cardiovascular events in early stage 

chronic kidney disease (STOP-CKD) 

randomised controlled trial56 UK  Jul 2013 – May 2014 

Electronic 

health 

records 

Cardiovascular 

disease/Kidney 

disease Routine data 240 
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Title Country Years recruiting 

Type of 

routine data Disease area of RCT Recruitment strategy 

Sample 

size 

Desktop software to identify patients 

eligible for recruitment into a clinical 

trial: using SARMA to recruit to the 

ROAD feasibility trial57 UK Dec 2008 – Oct 2009 

GP electronic 

health 

records Diabetes 

Routine data, clinics, 

manual review by 

practice nurse 29 

Multicentre, prospective, 

randomised, open-label, blinded end 

point trial of the efficacy of 

allopurinol therapy in improving 

cardiovascular outcomes in patients 

with ischaemic heart disease: 

protocol of the ALL-HEART study58 UK Feb 2014 – Sep 2017 

Primary care 

practice lists, 

consented 

research 

databases 

Cardiovascular 

disease 

Routine data + 

secondary care 

clinics 5212 

Using electronic health record data 

for substance use Screening, Brief 

Intervention, and Referral to 

Treatment among adults with type 2 

diabetes: Design of a National Drug 

Abuse Treatment Clinical Trials 

Network study70 USA Jan 2007 – Dec 2011 

Electronic 

health 

records 

Diabetes/Drugs 

Abuse Routine data  120 

Population-based outreach versus 

care as usual to prevent suicide 

attempt: study protocol for a 

randomized controlled trial65 

USA Mar 2015 – Jul 2016 

Electronic 

health 

records, 

insurance 

claim 

databases Suicide Routine data  4000 



 
Chapter 2 – The use of routine for recruitment to clinical trials 24 
 

 

Title Country Years recruiting 

Type of 

routine data Disease area of RCT Recruitment strategy 

Sample 

size 

Frequency of comorbid insomnia, 

pain, and depression in older adults 

with osteoarthritis: predictors of 

enrolment in a randomized treatment 

trial69 USA 2008 - 2010 

Electronic 

health record Osteoarthritis Routine data 367 

Using patient monetary incentives 

and electronically derived patient 

lists to recruit patients to a clinical 

trial59 USA Nov 2005 – Mar 2017 

Primary care 

electronic 

medical 

records 

Risk assessment - 

common chronic 

diseases  Routine data 1305 

Recruitment strategies and challenges 

in a large intervention trial: Systolic 

Blood Pressure Intervention Trial68 USA Nov 2010 – Mar 2013 

Electronic 

health 

records Blood pressure 

Routine data, 

posters, referrals 9250 

The opportunities and challenges of 

pragmatic point-of-care randomised 

trials using routinely collected 

electronic records: Evaluations of 

two exemplar trials63 UK 

Retropro: Sep 2012 – 

Nov 2013 

eLung: Feb 2013 – 

Oct 2013 

GP electronic 

health 

records  

Cholesterol (CVD), 

antibiotic use in 

COPD Routine data 

Retropro: 

301 

eLung:31 

Targeted recruitment of adults with 

type 2 diabetes for a physical activity 

intervention67 USA Jan 2009 – Apr 2012 

Electronic 

health 

records Diabetes 

Routine data, poster, 

clinics 89 
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2.3.2 DISEASE AREA OF RCT 

The trials included in this review looked at a large range of diseases and treatments. 

Five of the trials were looking at cardiovascular disease outcomes, 56,58,63,66,68 four were 

looking at diabetes outcomes,57,66,67,70 two were looking at respiratory outcomes,62,63 

and two were looking at arthritis outcomes.60,69 There were also studies that looked at 

neurological outcomes64, kidney disease56,  mental health65, drug abuse70, general 

health61, and other common chronic diseases.59 As before, these outcome categories are 

not mutually exclusive.  

2.3.3 RECRUITMENT STRATEGY 

Most of the studies in this review used routine database searches as their only 

recruitment method.56,59–65,69Of these, one study (Simon et al, 2016), used two different 

sources of routine data; electronic health records and insurance claim databases. 

Another study (Eakin et al, 2007) raised awareness of the trial through the media and 

flyers but did not use this as a method of recruitment. Six of the studies used routine 

data searches alongside other recruitment methods.57,58,66–68,70 Other recruitment 

methods ranged from  using routine data searches alongside referrals from physicians70, 

manual data reviews by a practice nurse71, hospital clinics and research databases58, 

media advertising and community screening66, and using brochures, flyers, posters67 

and mass mailings.68 

2.3.4 SAMPLE SIZE 

There was a large range in the sample size of the trials in included in this review. The 

smallest trial recruited 29 participants, whereas the largest trial recruited 9250 

participants. The largest two trials used routine data alongside another form of 
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recruitement58,68 but some of the smaller trial (n<100) also used multiple recruitment 

methods.57,67   

2.4 DISCUSSION 

2.4.1 FINDINGS 

This review has identified different ways that routine data have been used to recruit 

participants to randomised controlled trials.  Electronic health records are the most 

common data source for recruitment using routine data, and the use of medical records 

for recruitment has been proven to be successful for both large and small trials across a 

variety of disease areas.  

2.4.2 LIMITATIONS  

One of the main difficulties with this review was finding adequate search terms. There 

were trials, for example the Heart Protection Study (HPS), that are known to have used 

electronic health records for recruitment, but the search strategy did not identify them. 

This is because the MeSH terms used for the search strategy are not always assigned, 

particularly when relating to methodology. Additionally, many trials do not report the 

information about the recruitment methods, or do not provide all of the details needed 

to be included in this review.  

Another limitation is the inability to synthesize the results. As it was a methodological 

review, a meta-analysis was not appropriate, and so no quantitative analysis can be 

presented.   
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2.4.3 CONCLUSIONS 

As the studies in the review have demonstrated, routine data, particularly electronic 

health records can be used to recruit participants to clinical trials, either solely or in 

conjunction with other recruitment methods.  Health records can be used to help recruit 

large numbers of participants to clinical trials in a variety of disease areas. As routine 

databases contain a wealth of data and it is relatively inexpensive to use them as a 

recruitment source, they should be considered as a method of recruitment for clinical 

trials, particularly when a large sample size is required.  

There is considerable room for improvement in the reporting of methodology 

techniques, and this review has highlighted how difficult it can be to find examples of 

trials using routine data for recruitment. There are other large trials, for example HPS 

which will be investigated in Chapter 3, that were not picked up by this review. This is 

due to the outcomes of the trials being the important results, but care should be taken 

when writing papers to ensure that methodology is addressed as this is an important part 

of the trial process. One way in which this could be done is by writing a separate study 

design/methods paper in addition to the primary results paper for all trials. This would 

ensure that relevant methodology is available for future reviews. Another trial that was 

not picked up by the review was A Study of Cardiovascular Events iN Diabetes trial 

(ASCEND) which identified patients from central registers and GP practice records. 

The trial recruited 15 480 participants from a total of 423 403 invited patients.72 Whilst 

the overall proportion of those randomised out of those invited was low (4%), large 

numbers were able to be recruited due to the relatively inexpensive method of 

identification and invitation on potentially eligible patients.  
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This chapter has described how electronic health records can be used to recruit 

participants into clinical trials. The literature is silent on the subject of demographic 

bias using routine data for recruitment, and there is considerable room for improvement 

in the reporting of methodological issues. The next chapter will look at how electronic 

health records were used to recruit participants to two large RCTs and will explore 

whether there are any differences in participants recruited via routine data, namely 

electronic health records to explore whether there are any biases introduced via this 

method of recruitment.  
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3 IDENTIFYING DIFFERENCES IN 

RECRUITMENT 

3.1 INTRODUCTION 

In this chapter, two trials that both used electronic hospital records to recruit 

participants are examined. The demographics of the invitees (responders and non-

responders) are investigated to determine which factors are most predictive of 

continuation through the recruitment pathway. These analyses are presented, together 

with the methods used and a discussion of the results. 

3.2 METHODS 

Two datasets were identified as being suitable for this research as they were both large 

cardiovascular disease trials studying a lipid-lowering therapy. Both trials were run by 

the same centre (Oxford Clinical Trial Service Unit and Epidemiological Studies Unit, 

CTSU), employed similar methodology, and recruited patients from UK hospitals from 

a similar patient population. Both trials provide a true denominator of invited patients as 

potentially eligible trial participants were identified from routine databases. In both 

trials, the randomisation was preceded by a run-in period, and similar eligibility criteria 

were used.  

3.2.1 MRC/BHF HEART PROTECTION STUDY 

The Heart Protection Study (HPS) was a UK based trial looked at cholesterol lowering 

therapy and antioxidant vitamin supplementation in people at increased risk of heart 

disease.73 At the time, there was a lot of uncertainty around the long term benefits of 
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statins, and they were not routinely prescribed.74 The study recruited 20 536 volunteers 

at high risk of vascular disease between 1994 and 1997 and followed volunteers up 

through six-monthly nurse-led clinic visits for a median of five years over the scheduled 

treatment period.3 Volunteers were randomised to receive daily simvastatin 40mg or 

matching placebo tablets and, separately, to receive antioxidant vitamin supplements 

(600mg vitamin E, 250mg vitamin C, and 20mg beta carotene) daily or matching 

placebo capsules in a 2x2 factorial design.3 Potentially eligible patients were identified 

by searching hospital computerised records (from particular wards and clinics e.g. the 

coronary care unit, diabetes clinics) at 69 UK hospital sites for relevant codes; a list of 

the relevant disease codes was sent to each site and the electronic discharge records 

were searched for patients with these codes.3 Information was then obtained on the 

patient’s name, sex, date of birth, vital status at discharge, date of discharge/death, all 

diagnostic and procedural codes recorded for them, their consultant’s name, and their 

GP’s name and address.3 Particular types of patients were over-sampled by CTSU 

(those with diabetes, females, older patients) to ensure sufficient numbers in various 

sub-groups were recruited to allow direct comparisons to be made within these groups.4 

This does not affect the concept of the true denominator but it does mean that there are 

more invitees in these subgroups than might normally be expected. With the permission 

of their doctors, patients were invited centrally by CTSU in the name of the local 

collaborator to attend a local clinic for a health check and a screening appointment.4 In 

total, invitations were sent to 130 873 potentially eligible patients, of whom 63 603 

attended one of the study screening clinics.75 At screening, the eligibility of patients 

was assessed and additional demographic information recorded (Appendix I). 

 A clinical assessment was conducted, and baseline total cholesterol measured using a 

desktop analyser.75 Eligible patients were then asked to consent to enter an 8-10 week 
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pre-randomisation run-in period and provided with ten weeks of treatment: an initial 

four weeks of placebo statin and active vitamins, followed by six weeks of both active 

treatments.75 The pre-randomisation run-in phase was intended to limit the 

randomisation to those who would be likely to take their allocated treatment for the 

following five years.75 In addition, the patient’s centrally measured lipid profile was 

sent to their general practitioner, and in cases where the GP considered there to be a 

clear indication or contraindication to statin therapy, that person was not offered 

randomisation. Patients who were compliant with the study treatments during the run-in 

and still eligible for the trial were then asked to continue and take part in the 

randomised trial. Randomised participants were seen in study clinics for routine 

appointments at four, eight, and 12 months, and then six monthly thereafter until final 

follow-up appointments which occurred between May and October 2001.4  

3.2.2 REVEAL TRIAL 

The REVEAL (Randomized EValuation of the Effects of Anacetrapib through Lipid-

modification) study was international and aimed to recruit at least 30 000 participants 

with pre-existing atherosclerotic vascular disease to assess the clinical efficacy and 

safety of anacetrapib 100mg daily.5 Whilst HPS looked at the use of simvastatin to 

lower LDL cholesterol, REVEAL looked at how anacetrapib raised HDL cholesterol 

whilst also lowering LDL cholesterol. In order to compare REVEAL with HPS, only 

the UK based patients form the basis of most of this research. This is because different 

methods were used in other global regions to identify and recruit patients and often 

included some pre-screening or the payment of participants.  

In the UK, REVEAL staff from 64 sites recruited 8381 patients with pre-existing 

atherosclerotic vascular disease (and a total of 30 449 volunteers worldwide).5 
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Recruitment took place between 2011 and 2013 and all volunteers were given 

atorvastatin (either 20mg or 80mg daily) as background therapy and were then 

randomised to receive anacetrapib 100mg or matching placebo and followed for a 

median of four years in nurse-led clinics.5 Potentially eligible UK patients were 

identified using similar methods to HPS from a largely overlapping set of UK hospitals; 

patients with one or more of the inclusion criteria were selected from electronic medical 

records and invitations to a local screening clinic were sent out in the name of the local 

collaborator. In REVEAL, there was a small element of pre-screening after invitation; 

when patients telephoned to confirm their screening appointment, a brief eligibility 

check was done to remove patients that were obviously ineligible.76 At the screening 

visit, relevant medical history, current medications, and other factors relating to 

eligibility were recorded (Appendix II). Eligible participants had the study explained to 

them and were asked to consent to take part in the run-in period. The run-in period 

consisted of 12 weeks taking active atorvastatin (at the appropriate dose) and placebo 

anacetrapib, with one tablet of each to be taken daily.5 This single-blind run-in phase 

was intended to help identify and exclude individuals who would be unlikely to comply 

with long-term study treatment. As in HPS, the participant’s doctor was consulted about 

their views as to whether the participant was suitable for randomisation. The 

appropriate dose of atorvastatin was determined by issuing participants with a dose that 

was intended to reduce their LDL cholesterol to less than 2 mmol/L and to be at least as 

intensive as their current treatment.5  Participants who were compliant with the study 

treatments during the run-in and still eligible for the trial were then asked to continue 

and take part in the randomised trial. Randomised participants were seen in study 

clinics for routine appointments at two, six, and 12 months, and then six monthly 

thereafter until final follow-up appointments. 5 
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3.2.3 STATISTICAL METHODS 

In order to assess potential associations between demographic factors and progression 

through the recruitment pathway, a logistic regression analysis was performed for each 

stage of the process (screening, run-in, and randomisation). Models were adjusted for 

age, sex, socioeconomic status (assessed using Townsend Index), distance from centre, 

and ethnicity (where available). The results from the logistic regression analyses are 

reported as Odds Ratios (OR) and 95% Wald confidence intervals. Analysis of deviance 

was used to select the best model, and all interactions were considered. All analyses 

were performed in SAS 9.3 (SAS Institute, Cary NC). Results were considered to be 

statistically significant when p<0.05.  

In the HPS dataset, ethnicity was grouped into the three largest categories (White, 

Indian/Pakistani, and West Indian/Guyanese) and “other”. This was due to very small 

numbers of other ethnic groups. These slightly unusual groupings were in line with 

practice at the time and have therefore not been renamed in these analyses. In 

REVEAL, ethnicity was grouped into White, Black, Asian, and “other” for the same 

reason.  

Deprivation was defined using Townsend Index and was calculated using the patient’s 

postcode at invitation and the data from the 1991 census and grouped into tertiles. The 

Townsend Index uses four variables to assess deprivation; unemployment (as a 

percentage of those aged 16 and over), non-car ownership (as a percentage of all 

households), non-home ownership (as a percentage of all households), and household 

overcrowding. These variables are then standardised using a Z-score and totalled to 

obtain the Townsend deprivation Index. Positive scores indicate areas with higher 

deprivation, negative scores indicate areas with lower deprivation.77 The tertile 
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boundaries calculated for HPS were also used for REVEAL in order for them to be 

comparable. 

3.3 RESULTS 

3.3.1 HPS UNIVARIATE ANALYSIS 

A total of 130 873 patients were invited to participate in HPS from 69 UK sites. Of 

these, 63 603 (48·6%) attended a screening clinic. 32 145 (50·5%) of those attending 

screening entered the run-in period, and 20 536 (63·9%) of those entering run-in were 

randomised (see Figure 3.1). The baseline characteristics at each stage contain some 

missing data for each of the categories. This explains the non-additive nature of the 

tables, and the details of this are shown in Table 3.1. The characteristics at each stage 

are listed along with the screening, run-in and randomisation yields (calculated as 

percentage of previous stage) in Table 3.2. Randomised patients were more likely to be 

male, older, white, and have a higher socioeconomic status. The largest difference in 

randomisation yield is associated with sex.  

TABLE 3.1: MISSING DEMOGRAPHIC DATA AT EACH STAGE OF RECRUITMENT 

(HPS) 

  

Invited 

n(%) 

Screened 

n(%) 

Entered run-in 

n(%) 

Randomised 

n(%) 

Missing sex 416 (0.32%) 1 (<0.01%) - - 

Missing age 29 (<0.01%) 14 (0.02%) 10 (0.03%) 6 (0.03%) 

Missing SES+ 590 (0.50%) 256 (0.40%) 134 (0.42%) 73 (0.36%) 

Missing ethnicity - 224 (0.35%) 48 (0.15%) - 

Missing all 

information 27 (0.02%) - - - 
 +SES – socioeconomic status 
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Invited 

130 873 

Made contact 

101 085 

Accepted invitation 

68 567 

Attended screening visit 

63 603 

Eligible 

42 471 

Entered run-in 

32 145 

Attended randomisation 

23 974 

Randomised 

20 536 

No response 29 339 

Died before screening 449 

Declined invitation 

32 518 

Did not attend screening 

4964 

Non-eligible 

21 132 

Did not consent for run-in 

10 326 

Did not attend randomisation 

8171 

Non-randomised 

3438 

FIGURE 3.1: HPS RECRUITMENT FLOWCHART 
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TABLE 3.2: BASELINE CHARACTERISTICS BY TIMEPOINT (HPS) 

    

 
Invited  Screened  Entered run-

in 
 Randomised  Screening  Run-in  Randomisation 

 % 

Randomised 

    

 (N=130 873) 

n (%) 
 (N=63 603) 

n (%) 
 (N=32 145) 

n (%) 
 (N=20 536) 

n (%) 
 yield+ 

(%) 
 yield++ 

(%) 
 yield+++ 

(%) 

 of those 

invited 
                  

Sex  Male 82 404 (63.2)  42 162 (66.3)  23 302 (72.5)   15 454 (75.2)  51.2***  55.3***  66.3***  18.8 
  Female 48 053 (36.8)  21 440 (33.7)  8843 (27.5)  5082 (24.8)             44.6       41.2                    57.5  10.6 

                  

Age Mean (SD) 63.7 (8.9)  64.0 (8.5)  63.6 (8.5)  63.7 (8.4)         
  <50 12 036 (9.2)  5048 (7.9)  2628 (8.2)  1606 (7.8)  41.9  52.1                61.1*   13.3 
  ≥50 <60 29 094 (22.3)  13 900(21.9)  7494 (23.3)  4773 (23.2)  47.7  53.9                    63.7  16.4 
  ≥60 <70 51 692 (39.6)  26 458 (41.6)  13 465 (41.9)  8633 (42.0)  51.1  50.9                    64.1  16.7 
  ≥70 38 022 (29.1)  18 183 (28.6)  8548 (26.6)  5558 (27.0)  47.8  47.0                    65.0  14.6 
                 

Ethnicity  White   59 502 (93.9)  30 792 (95.9)  19 901 (96.9)  -  51.7***  64.6***  33.4 
  Indian/Pakistani   1234 (1.9)  418 (1.3)  198 (1.0)  -      33.9                    47.4  16.0 
  West Indian/Guyanese  2095 (3.3)  678 (2.1)  332 (1.6)  -      32.4                    49.0  15.8 
  Other   548 (0.9)  209 (0.7)  105 (0.5)  -      38.1                    50.2  19.2 

                 

Deprivation Score Median (IQR) 0.3 (-2.4, 3.2)  -0.4 (-2.7, 2.6)  -0.7 (-2.9, 2.3)  -0.9 (-3.0, 2.1)         
 (Townsend Index) Advantaged 43441 (33.4)  24165 (38.1)  13001 (40.6)  8724 (42.6)  55.6***  53.8***  67.1***  20.1 
  Intermediate 43430 (33.3)  21207 (33.5)  10661 (33.3)  6815 (33.3)             48.8     50.3                    63.9  15.7 
  Deprived 43412 (33.3)  17975 (28.4)  8349 (26.1)  4924 (24.1)             41.4     46.4                    59.0  11.3 
                  

Baseline Total 

Cholesterol 
<5.5 mmol/L   24 119 (41.4)  12 020 (39.7)  8001 (41.0)  -  49.8  66.6***  33.2 

  ≥5.5 < 7.0 mmol/L  28 377 (48.7)  15 255 (50.4)  9780 (50.1)  -  53.8                    64.1  34.5 

  ≥7.0 mmol/L   5797 (9.9)  2978 (9.9)  1750 (8.9)  -  51.4                    58.8  30.2 

+ screening yield = percentage screened out of invited, ++ run-in yield = percentage entering run-in out of those screened, +++randomisation yield = percentage randomised out of 

those entering run-in, * χ2 p<0.05, ** χ2 p<0.01, *** χ2 p<0.001 – χ2 tests were used for categorical data and χ2 tests for trend were performed for ordinal data 
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The recruitment pathway was investigated further to determine where the difference 

between the sexes occurred (Table 3.3). Invited females were less likely to attend a 

screening visit than males (44·6% vs. 51·1%) having been less likely to respond to the 

invitation or to respond indicating that they did not wish to participate. Males were 

more likely to die between the date of invitation and the appointment date and were less 

likely to attend an appointment they had previously accepted. Both these differences 

were much smaller though. A total of 63 603 patients attended a screening clinic. Of 

those who attended screening, more females than males were ineligible (40·8% vs. 

29·4%: p<0.0001) for a variety of medical and non-medical reasons. These reasons 

included no previous cardiovascular disease, taking contraindicated drugs, and likely 

non-attendance at clinics. A full list of eligibility criteria is presented in Appendix I, 

along with a breakdown of the inclusion criteria met by those eligible for the trial by 

sex (Appendix III). Females were more likely to not meet the inclusion criteria or to be 

ineligible due to likely non-attendance.  

Of those deemed eligible at screening, fewer females than males consented to enter the 

run-in (69·7% vs. 78·2%: p<0.0001). A total of 23 302 males and 8843 females entered 

the run-in but females were less likely than males to complete it and attend a 

randomisation visit (69·7% vs. 76·4%: p<0.0001). This was largely due to differences 

in volunteers’ wishes and non-attendance. Conversely, drop-out due to abnormal blood 

results was lower in females than in males. Further investigation revealed that males 

were more likely to have low cholesterol (p<0.0001) and females were significantly 

more likely to be excluded due to a high liver function test (p<0.0001). After 

completing the run-in period, 23 974 males and females attended their randomisation 

appointment, but females were less likely than males to be randomised at the visit 

(82·4% vs. 86·8%: p<0.0001). The main reasons for this difference were reluctance to 
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continue, likely problems with clinic visits, non-compliance with run-in treatment, and 

unexplained muscle pain/weakness during the run-in period.  

TABLE 3.3: RECRUITMENT PATHWAY BY SEX (HPS) 

+Not mutually exclusive 

 

3.3.2 HPS MULTIVARIATE ANALYSIS 

In order to determine and quantify the relationship between recruitment status and 

demographic factors, a logistic regression analysis was performed for each of the 

recruitment stages (screening, run-in, and randomisation). The factors that were 

significant for predicting whether patients attended screening were sex, age, and 

  Male Female P value 

   n (%) n (%)  

Total invited 82 404  48 053   

 No response 17 980 (21.8) 11 156 (23.2) <0.001 

 Replied no 18 757 (22.8) 13 581 (28.3) <0.001 

 Replied yes – did not attend screening 3191 (3.9) 1741 (3.6) 0.002 

 Died before screening 314 (0.4) 135 (0.3) 0.003 

Attended screening  42162  21440  <0.001 

 Non-eligible 12 383 (29.4) 8748 (40.8) <0.001 

 Non-eligible, no inclusion met+ 1680 (13.6) 1328 (15.2) <0.001 

 Non-eligible, exclusion criteria+ 6715 (54.2) 4709 (53.8) <0.001 

 Non-eligible, likely non-compliance+ 5877 (47.5) 4238 (48.4) <0.001 

 Eligible 29 779 (70.6) 12 692 (59.2) <0.001 

 Eligible, non-consent  6477 (21.8) 3849 (30.3) <0.001 

Eligible, entered run-in  23 302  8843  <0.001 

 Drop-out (GP/collaborator veto) 764 (3.3) 309 (3.5) 0.37 

 Died during run-in 52 (0.2) 15 (0.2) 1.00 

 Abnormal bloods 918 (3.9) 207 (2.3) <0.001 

 Participant choice  3760 (16.1) 2146 (24.3) <0.001 

Attended randomisation appointment  17 808  6166  <0.001 

 No longer eligible+ 730 (4.1) 302 (4.9) <0.001 

 Non-compliance+ 2772 (15.6) 1303 (21.1) <0.001 

 Other reasons+ 560 (3.1) 267 (4.3) <0.001 

 Non-consent 28 (0.2) 9 (0.1) 0.10 

Randomised  15454  5082  <0.001 
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socioeconomic status (Table 3.4). Females were significantly less likely to attend a 

screening visit than males (OR: 0·79, 95% CI 0·77-0·81). Volunteers who attended 

their screening appointment were more likely to be male and to have a higher 

socioeconomic status.  

Ethnicity was also recorded at the screening visit and the factors that were significant 

for predicting whether screened volunteers entered run-in were sex, age, socioeconomic 

status, and ethnicity (Table 3.5). Although white volunteers were significantly more 

likely to enter the run-in period than other ethnic groups, it should be noted that there 

were very small numbers of volunteers from other groups. Females were much less 

likely than males to enter the run-in period (OR: 0·57, 95% CI 0·55-0·59).  

Females were also significantly less likely than males to be randomised (OR: 0·69, 95% 

CI 0·66-0·73). As seen at each of the previous stages, randomised volunteers were more 

likely to be male and to have a higher socioeconomic status (Table 3.6). There were no 

significant interactions between sex and socioeconomic status at screening, run-in, or 

randomisation.  

TABLE 3.4: FACTORS AFFECTING ATTENDANCE AT SCREENING (HPS) 

    Attendance at screening 

    Est OR OR 95% CI p-value 

Sex    

 Male - - - 

 Female 0.79 0.77-0.81 <0.001 

Age Group    

 <50 - - - 

 ≥50 <60 0.88 0.85-0.90 0.004 

 ≥60 <70 0.69 0.66-0.72 <0.001 

 ≥70 0.86 0.85-0.90 0.057 

SES+ 
   

 Advantaged - - - 

 Intermediate 0.77 0.75-0.79 0.14 

 Deprived 0.57 0.56-0.59 <0.001 
+SES – socioeconomic status 
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TABLE 3.5: FACTORS AFFECTING ENTERING RUN-IN (HPS) 

  Entering run-in 

  Est OR OR 95% CI p-value 

Sex    

 Male - - - 

 Female 0.57 0.55-0.59 <0.001 

Age Group    

 <50 - - - 

 ≥50 <60 0.84 0.81-0.88 <0.001 

 ≥60 <70 1.12 1.05-1.19 0.01 

 ≥70 1.16 1.11-1.21 <0.001 

SES+ 
   

 Advantaged - - - 

 Intermediate 0.91 0.88-0.94 0.92 

 Deprived 0.82 0.79-0.86 <0.001 

Ethnicity    

 White - - - 

 Indian/Pakistani 0.53 0.47-0.59 0.02 

 West Indian/Guyanese 0.42 0.38-0.47 <0.001 

  Other 0.56 0.47-0.67 0.41 
+SES – socioeconomic status 

TABLE 3.6: FACTORS AFFECTING RANDOMISATION (HPS) 

  Randomisation 

  Est OR OR 95% CI p-value 

Sex    

 Male - - - 

 Female 0.69 0.66-0.73 <0.001 

Age Group    

 <50 - - - 

 ≥50 <60 1.01 0.95-1.07 0.2 

 ≥60 <70 0.92 0.84-1.00 0.04 

 ≥70 1 0.95-1.65 0.33 

SES+ 
   

 Advantaged - - - 

 Intermediate 0.89 0.84-0.94 0.2 

 Deprived 0.75 0.71-0.79 <0.001 

Ethnicity    

 White - - - 

 Indian/Pakistani 0.58 0.48-0.70 0.15 

 West Indian/Guyanese 0.54 0.46-0.63 0.01 

  Other 0.59 0.45-0.77 0.31 
+SES – socioeconomic status 
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The different proportions of males and females reaching each stage of the recruitment 

process are shown in Figure 3.2. At each stage, fewer females agreed to continue taking 

part in the study resulting in an absolute 8% difference in the proportion randomised.  

 

FIGURE 3.2: RECRUITMENT STATUS BY SEX COMPARING HPS AND REVEAL 

 

The effects of age were looked at as it was hypothesised that the observed differences in 

sex could be due to the ages of participants. Figure 3.3 shows the percentage of 

participants progressing to the next stage of the recruitment pathway by age and sex. 

Age appears to have little effect on the percentage of participants moving along the 

pathway and similar differences are observed in sex within each age group. There is a 

slight difference in those attending screening (with a larger percentage of females aged 

<50 attending compared to males), however this is likely due to comparatively small 

numbers of people in this age group being invited.  
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Point estimates and 95% CIs plotted for each age group 

FIGURE 3.3: PERCENTAGE OF PARTICIPANTS PROGRESSING TO NEXT STAGE 

BY AGE AND SEX (HPS) 

3.3.3 REVEAL (UK VOLUNTEERS) UNIVARIATE ANALYSIS 

A total of 336 490 UK patients were invited to participate in REVEAL. Of those invited 

19 125 (5·7%) attended a screening appointment, 11 772 (3·5%) entered the pre-

randomisation run-in period, and 8382 (2·5%) were randomised into the main trial. 

Overall, the proportion of those that were randomised of those invited was much lower 

in REVEAL than in HPS. The proportion of females invited reaching each stage of the 

recruitment pathway is less than the proportion of invited males resulting 0·9% of 

invited females being randomised compared to 3·4% of invited males (Figure 3.2).  

 The characteristics at each stage of the recruitment process are listed in Table 3.7. The 

patterns in recruitment are similar to those seen in HPS: volunteers who agreed to 
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continue at each stage were more likely to be male, older, white and of a higher 

socioeconomic status.  
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TABLE 3.7: BASELINE CHARACTERISTICS BY TIME POINT (REVEAL) 

    

 
Invited  Screened  Entered run-in  Randomised  Screening  Run-in  Randomisation 

 % 

Randomised 

    

 (N=336 490) 

n (%) 
 (N=19 125) 

n (%) 
 (N=11 772) 

n (%) 
 (N=8382) 

n (%) 
 yield+ 

(%) 
 yield++ 

(%) 
 yield+++ 

(%) 

 of those 

invited 
                  

Sex  Male 213 701 (63.5)  15 572 (81.4)  10 007 (85.5)  7310 (87.2)         7.3***  64.3***               73.0***  3.4 
  Female 122 789 (36.5)  3553 (18.6)  1765 (14.5)  1072 (12.8)         2.9  49.7               60.7  0.9 

                  

Age Mean (SD)                
  ≥50 <60 45 338 (13.4)  3032 (15.8)  1780 (15.1)  1303 (15.6)  6.7  58.7  73.2  2.9 
  ≥60 <70 86 297 (25.7)  7360 (38.5)  4652 (39.5)  3480 (41.5)  8.5  63.2  74.8  4.0 
  ≥70 204 855 (60.9)  8733 (45.7)  5340 (45.4)  3599 (42.9)  4.3  61.1  67.4  1.8 
                  
                 

Ethnicity  White   15 149 (97.0)  10 805 (97.5)  8198 (97.8)  -  71.3***  75.9***  - 
  Black   59 (0.4)  28 (0.3)  13 (0.2)  -   47.5                     46.4  - 
  Asian  350 (2.2)  213 (1.8)  136 (1.6)  -   60.9                  63.8  - 
  Other   67 (0.4)  45 (0.4)  34 (0.4)  -   67.2                  75.6  - 

                 

Deprivation Score 
Median 

(IQR) 
-0.8 (-2.9, 2.1)  -1.8 (-3.4, 0.9)  -1.9 (-3.5, 0.6)  -1.9 (-3.5, 0.5)         

 (Townsend 

Index) 
Advantaged 118 241 (35.1)  8627 (45.1)  5543 (47.1)  4020 (48.0)  7.3***  64.3***  72.5***  3.4 

  Intermediate 115 084 (34.2)  6466 (33.8)  3961 (33.6)  2808 (33.5)          5.6   61.3                  70.9  2.4 
  Deprived 99 133 (31.2)  4032 (21.1)  2268 (19.3)  1553 (18.5)          4.1   56.3                  68.5  1.6 

+ screening yield = percentage screened out of invited, ++ run-in yield = percentage entering run-in out of those screened, +++randomisation yield = percentage 

randomised out of those entering run-in, * χ2 p<0.05, ** χ2 p<0.01, *** χ2 p<0.001 – χ2 tests were used for categorical data and χ2 tests for trend were performed for 

ordinal data 
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Further detail was sought to explain where females discontinued the study recruitment 

pathway (Table 3.8). Fewer invited females were eligible and consented to enter the 

run-in period (1·4% invited females vs. 4·7% males: p<0.0001). Of those that did attend 

a screening visit, more females than males were not eligible to participate in the trials 

(44·7% compared to 31·4%) for a variety of reasons (mainly likely non-compliance or 

taking a contra-indicated drug). Of those screened who were eligible, 89·8% of females 

consented to enter the run-in phase compared to 93·7% of males. A total of 9784 

volunteers completed run-in and attended their randomisation appointment. A 

significantly higher proportion of females dropped out during run-in and did not attend 

their randomisation appointment (23·6% of females compared to 15·7% of males: 

p<0.0001). Of those attending a randomisation appointment, females were less likely to 

still be eligible than males (84·6% vs. 91·9%: p<0.0001) and were also less likely to 

consent to randomisation. As a consequence, of the 10 007 males and 1765 females 

who entered run-in, a total of 8382 volunteers were randomised; females were less 

likely to be randomised than males (79·3% vs 86·7%: p<0.0001).  

TABLE 3.8: RECRUITMENT PATHWAY BY SEX (REVEAL) 

  Male Female P value 

   n (%) n (%)  

Total invited  213 685 122 785   

 Did not attend screening 198 114 (92.7) 119 231 (97.1) <0.001 

Attended screening  15 571  3554  

 Non-eligible 4889 (31.4) 1589 (44.7) <0.001 

 Eligible 10682 (68.6) 1965 (55.3) <0.001 

 Eligible, non-consent  675 (6.3) 200 (10.2) <0.001 

Eligible, entered run-in  10 007  1765  

 Withdrew during run-in  1575 (15.7) 413 (23.6) <0.001 

Attended randomisation appointment  8432 1352  

 No longer eligible 751 (8.9) 208 (15.4)) <0.001 

 Non-consent 371 (4.4) 72 (5.3) 0.13 

Randomised  7310  1072   
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3.3.4 REVEAL (UK VOLUNTEERS) MULTIVARIATE ANALYSIS 

As in HPS, in order to determine the relationship between recruitment status and the 

demographic factors a logistic regression analysis was performed for each of the 

recruitment stages (screening, run-in, and randomisation). The factors that were 

significant for predicting whether a patient attended screening were sex, age, and 

socioeconomic status (Table 3.9). The results show that females were significantly less 

likely to attend a screening visit than males (OR: 0.43, 95%CI 0.41-0.44); this is a 

stronger association than was seen in HPS. As seen in the univariate analysis, 

participants who attended their screening appointment were more likely to be male, 

aged between 60 and 70, and to have a higher socioeconomic status (determined using 

Townsend index). Significant factors for predicting whether screened patients entered 

run-in were sex, age, socioeconomic status, and ethnicity (Table 3.10). Females were 

much less likely than males to enter the run-in period (OR: 0·53, 95% CI 0·49-0·58). 

Again, as in HPS, white patients were significantly more likely enter the run-in period 

and be randomised than other ethnic groups but there were very small numbers of 

patients from the other ethnic groups. As seen at the other stages of the recruitment 

process, females were significantly less likely than males to be randomised (OR: 0·59, 

95% CI 0·53-0·66). Randomised volunteers were more likely to be male, white, and 

have a higher socioeconomic status (Table 3.11). There were no significant interactions 

between sex and socioeconomic status at screening, run-in, or randomisation. 
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TABLE 3.9: FACTORS AFFECTING ATTENDANCE AT SCREENING (REVEAL) 

    Attendance at screening 

    Est OR OR 95% CI p-value 

Sex     

 Male - - - 

 Female 0.43 0.41-0.44 <0.001 

Age Group    

 ≥50 <60 - - - 

 ≥60 <70 1.26 1.20-1.31 <0.001 

 ≥70 0.65 0.62-0.67 <0.001 

SES+ 
    

 Advantaged - - - 

 Intermediate 0.76 0.73-0.78 <0.001 

 Deprived 0.52 0.50-0.54 <0.001 
+SES – socioeconomic status 

 

TABLE 3.10: FACTORS AFFECTING ENTERING RUN-IN (REVEAL) 

    Entering run-in 

    Est OR OR 95% CI p-value 

Sex     

 Male - - - 

 Female 0.53 0.49-0.58 <0.001 

Age Group    

 ≥50 <60 - - - 

 ≥60 <70 1.21 1.09-1.34 <0.001 

 ≥70 1.08 0.97-1.19 0.54 

SES+ 
    

 Advantaged - - - 

 Intermediate 0.92 0.85-1.00 0.23 

 Deprived 0.79 0.72-0.86 <0.001 

Ethnicity     

 White - - - 

 Black 0.4 0.24-0.68 0.01 

 Asian 0.62 0.50-0.78 0.55 

  Other 0.82 0.49-1.36 0.36 
+SES – socioeconomic status 
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TABLE 3.11: FACTORS AFFECTING RANDOMISATION (REVEAL) 

    Randomisation 

    Est OR OR 95% CI p-value 

Sex     

 Male - - - 

 Female 0.59 0.53-0.66 <0.001 

Age Group    

 ≥50 <60 - - - 

 ≥60 <70 1.07 0.93-1.22 <0.001 

 ≥70 0.75 0.66-0.86 <0.001 

SES+ 
    

 Advantaged - - - 

 Intermediate 0.93 0.84-1.03 0.66 

 Deprived 0.83 0.74-0.94 0.01 

Ethnicity     

 White - - - 

 Black 0.29 0.14-0.63 0.01 

 Asian 0.53 0.39-0.70 0.37 

  Other 0.93 0.47-1.85 0.14 
+SES – socioeconomic status 

As in HPS, the relationship between age and sex was explored (Figure 3.4). Age does 

not appear to be causing the sex difference as there are similar differences between the 

sexes observed in each age group.   
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Point estimates and 95% CIs plotted for each age group 

FIGURE 3.4: PERCENTAGE OF PARTICIPANTS PROGRESSING TO NEXT STAGE 

BY AGE AND SEX (REVEAL) 

3.4 DISCUSSION 

3.4.1 FINDINGS  

Sex was the main demographic factor that determined successful recruitment in these 

cardiovascular disease trials, with significantly fewer females agreeing to 

participate/progress to the next stage than males. This was the case in HPS and also in 

REVEAL nearly 20 years later. Although the overall proportion of invited patients who 

agreed to attend a screening appointment was lower in the more recent REVEAL trial, 

similar sex differences were seen in both trials. Additionally, the proportion of patients 

identified from electronic health records that respond to postal invitations has declined 

substantially over this time period. This suggests the main issue is encouraging patients 

to attend a screening appointment in the first place. However, the differences in sex are 
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not driven solely by one stage of the recruitment process as at every stage, females were 

less likely to continue. Fewer females responded to the invitation, and those that did 

respond were less likely to accept the invitation than males. At the screening visit, 

females were less likely to be eligible, and less likely to consent to enter the run-in 

period. A smaller proportion of females attended the randomisation visit than males, 

and those that did were less likely to be randomised. 

The striking decline in response to the initial postal invitation between these two trials 

15-20 years apart is in keeping with trends in other cardiovascular disease trials run by 

CTSU 9,78 but represents an additional challenge for those recruiting into trials when 

only a postal address is known. Wider use of email or other recruitment methods may 

help alleviate this but also present their own difficulties.7 While these data do not allow 

further exploration of the underlying causes of these sex differences, recognition by 

investigators and consideration of these issues when designing recruitment materials, in 

particular to ensure that there are no hidden sex biases which might be putting females 

off attending and taking part, and when discussing adherence with participants may 

help to mitigate some of these effects. Better understanding from qualitative studies of 

the reasons for these differences in trial related behaviour between males and females 

may also be of value.  

One of the reasons females may be more likely to decline an invitation to take part in a 

research trial is that they are potentially more likely to be care-givers and the time taken 

attending appointments (either frequency or duration) may be unappealing. A solution 

to this would be a greater range of appointment times, shorter study visits, or less 

frequent study visits. Another reason may be that females perceive themselves to be at 

less risk of cardiovascular disease than males and therefore may not want to take part in 
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cardiovascular disease trials. A further reason is that female participants may be more 

risk-adverse than males and therefore may be less likely to participate in trials. Clear 

literature about the risks of cardiovascular disease and the potential benefits of taking 

part in the trial should be included in the trial information letters inviting patients to 

take part. To ensure that there are no hidden biases, focus groups and other qualitative 

research should be conducted with both male and female participants.  

3.4.2 LIMITATIONS 

There are some limitations to this research. Firstly, this research has focussed on two 

similar trials, HPS and REVEAL, which studied the effects of lipid-modifying 

treatment among people with cardiovascular disease. The observed sex imbalance may 

not be generalisable to studies of different designs, interventions or diseases. These 

observations on trial recruitment are based on UK patients only as this method of 

unselected invitation of potentially eligible patients based on electronic hospital record 

data was not deployed elsewhere. However, these results ensure that data on response to 

invitation are based on a true known denominator and the use of a common method 

across very large number of patients. The differences observed in recruitment in these 

two trials may be specific to trials, or even more specifically cardiovascular disease 

trials. A review of 156 trials looking at cardiovascular disease prevention found that 

whilst the recruitment of females to cardiovascular disease (CVD) trials has improved 

in the last 30 years, there is still a significant sex imbalance. However, a large cohort 

study (UK BIOBANK) found that response rates were higher in females than in 

males79, indicating this may be trial or disease specific.  
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3.4.3 CONCLUSIONS 

In summary, sex has a significant effect on recruitment at each stage of the process with 

relatively fewer females continuing through the trial recruitment pathway at each step. 

This is important as trial populations should aim to be representative of the overall 

treatment population, and this sex imbalance throughout recruitment could limit the 

ability to establish the safety and efficacy of interventions in females. 

This chapter has looked at the demographics of responders and non-responders, with 

sex being the most predictive factor for progression through the recruitment pathway. 

The next chapter will look at the differences in adherence to treatment by sex, and also 

assess whether sex affects the likelihood of a participant attending a study clinic in 

person. 
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4 ADHERENCE TO TREATMENT IN 

HPS AND REVEAL 

4.1 INTRODUCTION 

The previous chapter demonstrated far fewer females being randomised into these two 

cardiovascular disease trials (The Heart Protection Study, HPS, and the Randomized 

EValuation of the Effects of Anacetrapib through Lipid-modification study, REVEAL), 

so this chapter aims to investigate the in-trial differences between males and females. 

This will allow the pathway from randomisation to end of study to be explored and will 

investigate the sex effect on method of follow-up, and with adherence to treatment.  

4.1.1 FOLLOW-UP METHODS 

Follow-up is vital to the assessment of outcomes in clinical trials.80 There are many 

different types of follow-up in clinical trials including face-to-face visits, telephone 

follow-up, follow-up via a GP, follow-up via medical records, and follow-up via postal 

questionnaire. Clinical trials use a variety of methods to follow participants up81 but 

others only use one.82 The statistical power of a randomised controlled trial can be 

reduced substantially by incomplete follow-up, and it can be difficult to accurately 

measure the trial outcomes when the follow-up is incomplete.83 There have been many 

studies looking at methods of follow-up and how to improve response rates84–87 but 

these have focussed on changes to the follow-up and not on the demographics of those 

not attending. It is difficult to find examples of sex differences in follow-up in the 

literature as methods of follow-up are rarely reported by subgroups.  
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4.1.2 MEASURES OF ADHERENCE 

Adherence is defined as the extent to which a patient acts in accordance with the 

prescribed timing, dosing, and frequency of medication administration.88 There is 

currently no gold-standard for assessing treatment adherence, and there are a variety of 

methods that can be used. These can be divided into direct methods and indirect 

methods. An example of a direct method is taking a blood or urine sample to assess the 

levels of a biomarker.89 This is the most accurate form of measuring adherence, but is 

not available for all medications, is often expensive, is time-consuming, and is more 

invasive for the participant. This in turn can discourage patients from wanting to take 

part in the research.90 Indirect methods of measuring adherence include pill counts, 

patient diaries, interviews with participants, and looking at whether the prescription was 

filled.91,92 These methods are often cheaper ways of assessing treatment adherence, but 

are subject to bias.93 Interviews and other self-reported methods of adherence are likely 

to overestimate the adherence, whereas prescription filling is more likely to be close to 

the true adherence. However, prescription filling does not measure whether a 

participant has taken their treatments, just whether they collected them.90 Interestingly, 

research has shown that patients adherent to their study treatments have better 

outcomes, even if assigned to a placebo group in a controlled trial. This suggests that 

adherent participants may differ in other health behaviours compared to their non-

adherent counterparts.94   

4.1.3 ADHERENCE BY SEX 

There are some observed differences in treatment adherence by sex. However, 

adherence seems to vary across different disease areas (Table 4.1). A Danish study 

looking at first episode psychosis in the schizophrenia spectrum found that females 
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were more compliant with their treatments than males.95 A large study looking at 

linking pharmacy data for prescription refills in the US found large amounts of 

variation by medical condition with significantly fewer females collecting their 

medications for hypertension, hyperlipidaemia, and diabetes.96 Conversely, the same 

study demonstrated that females were more adherent than males to treatments for 

osteoporosis, cancer, asthma, and multiple sclerosis (MS). Furthermore, a study in The 

Netherlands found that females were significantly less likely than males to be taking an 

optimal medical therapy one year after experiencing a myocardial infarction (MI).97 

There is little to suggest why there may be a difference in adherence to treatment 

between males and females.  
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TABLE 4.1: MEDICATION ADHERENCE BY STUDY AND TREATMENT 

Study Country Study type 

Number 

of 

patients Disease area 

% 

adherent 

male 

% 

adherent 

female 

Gender 

differences in 

first-episode 

psychosis at 

5-year follow-

up – two 

different 

courses of 

disease? 

Results from 

the OPUS 

study at 5-

year follow-

up95 Denmark RCT 547 Psychosis 81% 87% 

Patient 

characteristics 

associated 

with 

medication 

adherence96  USA 

Retrospective 

health system 

analysis 31 636 Hypertension 70.5% 68.8% 

    Depression 59.7% 58.0% 

    Hyperlipidaemia 70.8% 67.7% 

    Asthma/COPD 31.0% 32.2% 

    Diabetes 54.9% 50.2% 

    Osteoporosis 61.7% 65.1% 

    Cancer 61.0% 69.2% 

    MS 69.6% 76.6% 

Age and 

gender 

differences in 

medical 

adherence 

after 

myocardial 

infarction: 

Women do 

not receive 

optimal 

treatment – 

The 

Netherlands 

claims 

database97 

The 

Netherlands 

Retrospective 

cohort study 59 534 MI  51% 44% 
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4.2 METHODS 

4.2.1 FOLLOW-UP IN HPS AND REVEAL 

In HPS, participants were invited to follow-up visits in clinic at four, eight and twelve 

months post randomisation and six-monthly thereafter.3 At each follow-up visit in HPS, 

information was collected about any suspected heart attacks, strokes, vascular 

procedures, cancers, or any other serious adverse events (SAEs).3 Volunteers who were 

unwilling/unable to attend clinics in person were contacted via telephone (or 

alternatively follow-up was maintained via their GP), but the statin/placebo tablet had 

to be stopped if blood samples could not be taken for monitoring.98 Participants were 

asked for information on any serious adverse events and their current statin use. 

Additionally, lipid profile assays were sought from 1500 randomly selected 

participants.75  

In REVEAL, participants were invited to follow-up visits at two and six months post 

randomisation and then six monthly until the end of the study.5 Similarly to HPS, 

information was collected on all SAEs (including study outcomes and reasons for 

hospitalization), any non-serious adverse events resulting in discontinuation of study 

treatment, and any symptoms of muscle pain or weakness or suggestive of hepatitis 

(loss of appetite, nausea, jaundice, lethargy, or malaise).5 Again, participants could 

switch to a non-direct method of follow-up (telephone follow-up or follow-up via their 

GP), but the study treatments had to be stopped if blood samples could not be taken for 

safety monitoring.99 Both trials had the possibility of “early recall” visits for 

participants who required any extra review.3,99  

 



Chapter 4 – Adherence to treatment in HPS and REVEAL                                           58 
 

 

4.2.2 ADHERENCE TO TREATMENT IN HPS AND REVEAL 

Adherence to study treatment was assessed at each trial follow-up visit. In HPS, 

participants were asked what the approximate percentages of their scheduled study 

treatments they had taken, ≥90%, 89-80%, 79-10%, or <10%.3 Participants were 

classified as being adherent to the study treatments if they indicated they had taken 

>80% of their tablets/capsules. 80% is a commonly used threshold in health research.96 

If a participant stopped taking their treatment, the reasons for doing so were recorded. 

In REVEAL, similar criteria were used with participants being asked had they taken if 

they had taken “all” (≥90%), “most” (89-80%), “some” (79-10%) or “none” (<10%) of 

their atorvastatin and their anacetrapib or matching placebo tablets.5 Similarly to HPS, 

participants in REVEAL were classed as adherent to their study treatments if they 

reported taking >80% of their tablets. 

4.2.3 STATISTICAL METHODS 

The percentage of patients attending an in-clinic follow-up visit at each time point was 

calculated as the proportion of those still remaining in the trial (not withdrawn from the 

trial or dead at study follow-up visit). Adherence to treatment at each time point was 

calculated as a percentage of those attending each study visit. This means that the 

denominator is different for these figures as patients who switched away from in-clinic 

follow-up visits were no longer taking their treatments and were therefore not included.  

In order assess the potential associations between demographic factors, namely sex, and 

attendance at follow-up, a logistic regression analysis was performed.  Models were 

adjusted for age, sex, socioeconomic status (assessed using Townsend Index), and 

ethnicity. The results from the logistic regression analyses are reported as Odds Ratios 

(OR) and 95% Wald confidence intervals. Analysis of deviance was used to select the 
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best model, and all interactions were considered. All analyses were performed in SAS 

9.3 (SAS Institute, Cary NC). Results were considered to be statistically significant 

when p<0.05.  

Similarly, logistic regression was used to assess the relationship between sex and 

adherence to treatment. Models were adjusted for age, sex, socioeconomic status, and 

ethnicity. The results from the logistic regression analyses are reported as odds ratios 

and 95% Wald confidence intervals and as before, results were considered to be 

statistically significant when p<0.05.  

4.3 RESULTS 

4.3.1 METHOD OF FOLLOW-UP 

A follow-up visit in HPS could be conducted in one of several ways; in-clinic follow-

up, in hospital follow-up, at home follow-up, telephone follow-up, GP follow-up, and 

telephone and hospital follow-up. The proportion of participants attending a clinic 

follow-up at each time point is shown in Figure 4.1. More male participants attended 

their follow-up visits in clinic. The difference between the sexes occurs from the first 

follow-up visit (four months after randomisation) and continues throughout the follow-

up period reaching a 5% difference after five years of follow-up.  
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FIGURE 4.1: PERCENTAGE OF IN CLINIC FOLLOW-UP VISITS BY SEX (HPS) 

 

To quantify this relationship, and to determine whether the differences observed are 

significantly different when adjusted for age, socioeconomic status, and ethnicity, 

logistic regression analyses were performed. At the first follow-up visit (four months 

after randomisation), the factors that were significantly associated with having an in-

person clinic visit were sex and socioeconomic status (Table 4.2). Females were 

significantly less likely than males to have an in-person follow-up (OR: 0.73, 95% CI: 

0.61-0.87). Additionally, those from more deprived areas were less likely to have an in-

person follow-up visit with those in the intermediate tertile having an odds ratio of 0.77 

(95% CI: 0.63-0.94) and those in the most deprived tertile having an odds ratio of 0.66 

(95% CI: 0.53-0.81) compared to those in the more advantaged tertile. 
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TABLE 4.2: FACTORS AFFECTING TYPE OF FIRST FOLLOW-UP VISIT (HPS) 

    ‘In-person’ follow-up visit - visit 1 

    Est OR OR 95% CI p-value 

Sex    

 Male - - - 

 Female 0.73 0.61-0.87 <0.001 

Age Group    

 <50 - - - 

 ≥50 <60 0.97 0.67-1.40 0.86 

 ≥60 <70 0.75 0.53-1.06 0.10 

 ≥70 0.72 0.51-1.04 0.07 

SES+ 
   

 Advantaged - - - 

 Intermediate 0.77 0.63-0.94 0.01 

 Deprived 0.66 0.53-0.81 <0.001 

Ethnicity    

 White - - - 

 Indian/Pakistani 1.11 0.49-2.53 0.80 

 

West 

Indian/Guyanese 
0.75 

0.41-1.34 0.33 

  Other 0.74 0.27-2.03 0.56 
+SES – socioeconomic status 

At the midpoint of the follow-up period (two and a half years after randomisation), the 

factors that were significantly associated with having an in-person clinic visit were sex 

and socioeconomic status (Table 4.3). One of the age groups was also significantly 

associated with the type of follow-up visit. 

 Females were significantly less likely than males to have an in-person follow-up 

(OR: 0.73, 95% CI: 0.66-0.81). Additionally, those from more deprived areas were less 

likely to have an in-person follow-up visit with those in the intermediate tertile having 

an odds ratio of 0.81 (95% CI: 0.73-0.91) and those in the most deprived tertile having 

an odds ratio of 0.64 (95% CI: 0.57-0.72) compared to those in the more advantaged 

tertile. Those in the ≥50 <60 age group were significantly more likely to have an in-

person follow-up visit at the midpoint (OR: 1.29, 95% CI: 1.06-1.56). There were no 

significant differences in type of follow-up for ethnicity. 
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TABLE 4.3: FACTORS AFFECTING TYPE OF FOLLOW-UP VISIT AT MIDPOINT 

(HPS) 

    ‘In-person’ follow-up visit – midpoint visit 

    Est OR OR 95% CI p-value 

Sex    

 Male - - - 

 Female 0.73 0.66-0.81 <0.001 

Age Group    

 <50 - - - 

 ≥50 <60 1.29 1.06-1.56 0.01 

 ≥60 <70 1.12 0.94-1.34 0.20 

 ≥70 0.90 0.75-1.08 0.27 

SES+ 
   

 Advantaged - - - 

 Intermediate 0.81 0.73-0.91 <0.001 

 Deprived 0.64 0.57-0.72 <0.001 

Ethnicity    

 White - - - 

 Indian/Pakistani 0.87 0.56-1.35 0.54 

 West Indian/Guyanese 0.80 0.57-1.13 0.21 

  Other 1.36 0.66-2.82 0.41 
+SES – socioeconomic status 

After five years of follow-up, the factors that were significantly associated with having 

an in-person clinic visit were sex and socioeconomic status (Table 4.4).  Females were 

significantly less likely than males to have an in-person follow-up (OR: 0.68, 95% CI: 

0.61-0.76). Those from more deprived areas were also less likely to have an in-person 

follow-up visit with those in the intermediate tertile having an odds ratio of 0.78 

(95% CI: 0.70-0.87) and those in the most deprived tertile having an odds ratio of 0.65 

(95% CI: 0.57-0.73) compared to those in the more advantaged tertile. There were no 

significant differences in type of follow-up for ethnicity, but those in the oldest age 

group ≥70 were significantly less likely to have an in-person follow-up at five years 

than those in the youngest age group <50 (OR: 0.71, 95% CI: 0.59-0.87). 
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TABLE 4.4: FACTORS AFFECTING TYPE OF FOLLOW-UP VISIT AT FIVE YEAR 

FOLLOW-UP (HPS) 

    
‘In-person’ follow-up visit – five years post 

randomisation 

    Est OR OR 95% CI p-value 

Sex    

 Male - - - 

 Female 0.68 0.61-0.76 <0.001 

Age Group    

 <50 - - - 

 ≥50 <60 1.11 0.91-1.36 0.29 

 ≥60 <70 0.99 0.82-1.19 0.91 

 ≥70 0.71 0.59-0.87 0.001 

SES+ 
   

 Advantaged - - - 

 Intermediate 0.78 0.70-0.87 <0.001 

 Deprived 0.65 0.57-0.73 <0.001 

Ethnicity    

 White - - - 

 Indian/Pakistani 1.08 0.62-1.88 0.78 

 West Indian/Guyanese 0.82 0.56-1.20 0.31 

  Other 1.28 0.61-2.68 0.52 
+SES – socioeconomic status 

Similar data for the REVEAL trial were not available as the trial is still in post-trial 

follow-up and so these analyses could not be performed for this trial.  

4.3.2 ADHERENCE TO TREATMENT 

The mean duration of follow-up in HPS was five years for all randomised volunteers. 

Adherence to study treatment was assessed at each follow-up visit and was defined as at 

least 80% of the scheduled doses having been taken since the last follow-up visit. 

Females were less likely to be adherent to either study treatment (simvastatin/placebo 

tablet and vitamin/placebo capsules) than males (Figure 4.2). At the first follow-up visit 

at four months post randomisation, adherence was similar for both tablets and capsules 

with 93% of females and 94% of males being compliant. By one-year post 

randomisation, 86% of females were taking their tablets compared to 89% of males, and 
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89% of females were taking their capsules compared to 91% of males. After five years 

of treatment, 71% of females were still adherent to their allocated tablets compared to 

77% of males, and 76% of females were still taking their capsules compared to 82% of 

males.  

Tablets=simvastatin or matching placebo, capsules=antioxidant vitamins or matching placebo 

Adherent to treatment = taking ≥80% of study treatments since last visit 

FIGURE 4.2: ADHERENCE TO STUDY TREATMENT BY SEX (HPS) 

 

The most common reasons for stopping treatment were “Patient wishes to stop (other 

than to start statin)” and “Patient unable or unwilling to attend clinics” and these 

differences were not due to differences in reported side effects.3 There were no apparent 

differences between the treatment groups in any reported side-effects or in any 

biochemical abnormalities.3 Across all study visits, females were more likely than 

males to stop taking their study treatments due to patient wishes (other than to start a 
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statin), (34.3% vs. 29.3%) and were more likely to stop due to problems attending 

clinics (16.8% vs. 12.1%). 

In order to determine whether the differences observed are significantly different when 

adjusted for age, socioeconomic status, and ethnicity, logistic regression analyses were 

performed. At the first follow-up visit (four months after randomisation), the factors 

that were significantly associated with adherence to treatment were sex, socioeconomic 

status, and ethnicity (Table 4.5). Females were significantly less likely than males to 

report being adherent to their study treatments (statin/placebo OR: 0.81, 95% CI: 0.71-

0.92, vitamin/placebo OR: 0.78, 95% CI: 0.68-0.89). Those from more deprived areas 

were less likely to have been adherent to their treatments with those in the most 

deprived tertile having an odds ratio of 0.80 (95% CI: 0.69-0.93) for their statin/placebo 

tablets and an odds ratio of 0.78 (95% CI: 0.67-0.91) for their vitamin/placebo capsules 

compared to those in the more advantaged tertile. Additionally, those with either 

Indian/Pakistani or West Indian/Guyanese ethnicity were less likely to have been 

adherent either of their treatments. 
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TABLE 4.5: FACTORS AFFECTING ADHERENCE AT FIRST FOLLOW-UP VISIT 

(HPS) 

    Adherence to treatment - first follow-up visit (HPS) 
  Statin/placebo tablets Vitamin/placebo capsules 

    
Est 

OR 
OR 95% CI 

p-

value 

Est 

OR 
OR 95% CI 

p-

value 

Sex       

 Male - - - - - - 

 Female 0.81 0.71-0.92 <0.001 0.78 0.68-0.89 <0.001 

Age Group       

 <50 - - - - - - 

 ≥50 <60 0.99 0.78-1.26 0.91 1.03 0.80-1.32 0.84 

 ≥60 <70 0.96 0.76-1.21 0.74 0.96 0.75-1.22 0.75 

 ≥70 0.98 0.77-1.25 0.89 0.97 0.75-1.24 0.78 

SES+ 
      

 Advantaged - - - - - - 

 Intermediate 0.95 0.82-1.09 0.45 0.94 0.82-1.09 0.43 

 Deprived 0.80 0.69-0.93 0.003 0.78 0.67-0.91 <0.001 

Ethnicity       

 White - - - - - - 

 Indian/Pakistani 0.44 0.29-0.68 <0.001 0.43 0.28-0.67 <0.001 

 West Indian/Guyanese 0.56 0.38-0.81 0.002 0.54 0.37-0.80 0.002 

  Other 0.98 0.49-2.96 0.69 1.09 0.44-2.70 0.846 
+SES – socioeconomic status 

At the midpoint of the follow-up period (two and a half years after randomisation), the 

factors that were significantly associated with being adherent to the statin/placebo 

treatment were sex, socioeconomic status, and ethnicity (Table 4.6). These were also 

significantly associated with adherence to the vitamin/placebo capsules, along with 

being in the oldest age group (≥70). Females were significantly less likely than males to 

report being adherent to their study treatments (statin/placebo OR: 0.78, 95% CI: 0.72-

0.85, vitamin/placebo OR: 0.77, 95% CI: 0.70-0.85). Those from more deprived areas 

were less likely to have been adherent to their treatments with those in the most 

deprived tertile having an odds ratio of 0.80 (95% CI: 0.73-0.87) for their statin/placebo 

tablets. A similar difference was observed in the vitamin/placebo capsules.  

Additionally, those with either Indian/Pakistani or West Indian/Guyanese ethnicity were 
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less likely to have been adherent either of their treatments, and those in the oldest age 

group were less adherent to their vitamin/placebo capsules compared to the youngest 

age group (OR: 0.62-0.88, 95% CI: 0.62-0.88). 

TABLE 4.6: FACTORS AFFECTING ADHERENCE AT MIDPOINT FOLLOW-UP 

VISIT (HPS) 

    Adherence to treatment - midpoint follow-up visit (HPS) 
  Statin/placebo tablets Vitamin/placebo capsules 

    
Est 

OR 
OR 95% CI 

p-

value 

Est 

OR 
OR 95% CI 

p-

value 

Sex       

 Male - - - - - - 

 Female 0.78 0.72-0.85 <0.001 0.77 0.70-0.85 <0.001 

Age Group       

 <50 - - - - - - 

 ≥50 <60 0.97 0.83-1.13 0.66 0.93 0.78-1.12 0.44 

 ≥60 <70 0.95 0.82-1.09 0.46 0.85 0.71-1.01 0.06 

 ≥70 0.93 0.80-1.08 0.32 0.74 0.62-0.88 0.001 

SES+ 
      

 Advantaged - - - - - - 

 Intermediate 0.90 0.83-0.99 0.02 0.89 0.81-0.99 0.03 

 Deprived 0.80 0.73-0.87 <0.001 0.77 0.69-0.85 <0.001 

Ethnicity       

 White - - - - - - 

 Indian/Pakistani 0.64 0.46-0.89 0.01 0.56 0.39-0.81 0.002 

 West Indian/Guyanese 0.67 0.51-0.87 0.003 0.59 0.43-0.78 <0.001 

  Other 0.80 0.49-1.31 0.38 0.81 0.46-1.41 0.45 
+SES – socioeconomic status 

After five years of follow-up, the factors that were significantly associated with being 

adherent to the statin/placebo treatment were sex and socioeconomic status (Table 4.7).  

Females were significantly less likely than males to still be adherent to their 

statin/placebo treatment (OR: 0.74, 95% CI: 0.68-0.81). Those from more deprived 

areas were also less likely to have been adherent with those in the intermediate tertile 

having an odds ratio of 0.87 (95% CI: 0.80-0.96) and those in the most deprived tertile 

having an odds ratio of 0.77 (95% CI: 0.70-0.85) compared to those in the more 

advantaged tertile.  
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There were no significant differences in adherence to the tablets for age, but those of 

Indian/Pakistani ethnicity were less likely to have been adherent than those with white 

ethnicity (OR:0.61, 95% CI: 0.45-0.82). It should be noted that there were very small 

numbers of non-white participants in this study. Similar differences were observed for 

the vitamin/placebo capsules. 

TABLE 4.7: FACTORS AFFECTING ADHERENCE AT FIVE YEAR FOLLOW-UP 

VISIT (HPS) 

    Adherence to treatment – five-year follow-up visit (HPS) 
  Statin/placebo tablets Vitamin/placebo capsules 

    
Est 

OR 
OR 95% CI 

p-

value 

Est 

OR 
OR 95% CI 

p-

value 

Sex       

 Male - - - - - - 

 Female 0.74 0.68-0.81 <0.001 0.75 0.68-0.83 <0.001 

Age Group       

 <50 - - - - - - 

 ≥50 <60 1.08 0.92-1.27 0.35 1.07 0.90-1.28 0.44 

 ≥60 <70 1.03 0.89-1.20 0.71 0.96 0.81-1.14 0.64 

 ≥70 0.91 0.78-1.07 0.25 0.80 0.67-0.96 0.01 

SES+ 
      

 Advantaged - - - - - - 

 Intermediate 0.87 0.80-0.96 0.003 0.84 0.76-0.93 0.001 

 Deprived 0.77 0.70-0.85 <0.001 0.75 0.67-0.83 <0.001 

Ethnicity       

 White - - - - - - 

 Indian/Pakistani 0.83 0.54-1.27 0.39 0.68 0.44-1.06 0.09 

 West Indian/Guyanese 0.61 0.45-0.82 0.001 0.53 0.39-0.72 <0.001 

  Other 0.78 0.46-1.31 0.35 0.89 0.49-1.61 0.70 
+SES – socioeconomic status 

The mean duration of follow-up in REVEAL was four years for all randomised 

volunteers. Adherence to study treatments (atorvastatin and anacetrapib/placebo) was 

assessed at each follow-up visit and as in HPS, was defined as at least 80% of the 

scheduled study medications having been taken since the last follow-up visit. Females 

were less likely to have adhered to either study treatments than males (Figure 4.3). At 

the first follow-up visit at two months post randomisation, adherence was similar for 
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both treatments with 96% of females being compliant, and 96% of males. By one-year 

post randomisation, 88% of females were taking their treatments compared to 92% of 

males, and after four years of treatment, 77% of females were still adherent to their 

allocated randomised treatment compared to 82% of males, and 74% of females were 

still taking their atorvastatin compared to 80% of males.  

 
Adherent to treatment = taking ≥80% of study treatments since last visit 

FIGURE 4.3: ADHERENCE TO STUDY TREATMENT BY SEX (REVEAL - UK) 

 

In order to determine whether the differences observed are significantly different when 

adjusted for age, socioeconomic status, and ethnicity, logistic regression analyses were 

performed. At the first follow-up visit (two months after randomisation), the only 

factors that were significantly associated with adherence to treatment were age and 

ethnicity (Table 4.8). Those in the oldest age group ≥70 were less likely to have been 

adherent to their treatments compared to those in the youngest age group <60 with an 

odds ratio of 0.63 (95% CI: 0.40-0.97) for their atorvastatin but no significant difference 
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in the anacetrapib/placebo treatment. There were no significant differences in adherence 

to either treatment for socioeconomic status at the first visit.  

TABLE 4.8: FACTORS AFFECTING ADHERENCE AT FIRST FOLLOW-UP VISIT 

(REVEAL) 

    Adherence to treatment - first follow-up visit (REVEAL) 
  Atorvastatin Anacetrapib/placebo  

    
Est 

OR 
OR 95% CI p-value 

Est 

OR 
OR 95% CI p-value 

Sex       

 Male - - - - - - 

 Female 0.75 0.52-1.07 0.11 0.72 0.50-1.06 0.10 

Age Group       

 <60 - - - - - - 

 ≥60 <70 0.74 0.47-1.15 0.18 0.83 0.52-1.32 0.44 

 ≥70 0.63 0.40-0.97 0.03 0.66 0.42-1.03 0.07 

SES+ 
      

 Advantaged - - - - - - 

 Intermediate 0.71 0.48-1.07 0.10 0.66 0.42-1.03 0.07 

 Deprived 0.80 0.54-1.19 0.28 0.71 0.46-1.10 0.12 

Ethnicity       

 White - - - - - - 

 Black * * * * * * 

 Asian 0.44 0.20-0.96 0.04 0.54 0.22-1.35 0.19 

  Other 0.41 0.09-1.75 0.23 0.36 0.09-1.53 0.17 
+100% adherent – predicts success perfectly 
+SES – socioeconomic status 

 

At the midpoint of the follow-up period (two years after randomisation), the factors that 

were significantly associated with being adherent to both treatments were sex and age 

(Table 4.9). Females were significantly less likely than males to report being adherent 

to their study treatments (atorvastatin OR: 0.73, 95% CI: 0.60-0.88, anacetrapib/placebo 

OR: 0.75, 95% CI: 0.62-0.91). Additionally, those in the oldest age group (≥70) were 

less likely to have been adherent to either treatment than those in the youngest age 

group (<60) with an odds ratio of 0.54 (95% CI: 0.43-0.68) for their atorvastatin and an 

odds ratio of 0.48 (95% CI: 0.38-0.60) for their anacetrapib/placebo treatment. There 
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were no significant differences in adherence to treatment for socioeconomic status or 

ethnicity.  

TABLE 4.9: FACTORS AFFECTING ADHERENCE AT MIDPOINT FOLLOW-UP 

VISIT (REVEAL) 

    Adherence to treatment - midpoint follow-up visit (REVEAL) 
  Atorvastatin Anacetrapib/placebo  

    
Est 

OR 
OR 95% CI p-value 

Est 

OR 
OR 95% CI p-value 

Sex       

 Male - - - - - - 

 Female 0.73 0.60-0.88 0.001 0.75 0.62-0.91 0.003 

Age Group       

 <60 - - - - - - 

 ≥60 <70 0.84 0.67-1.06 0.14 0.73 0.57-0.92 0.008 

 ≥70 0.54 0.43-0.68 <0.001 0.48 0.38-0.60 <0.001 

SES+ 
      

 Advantaged - - - - - - 

 Intermediate 1.06 0.87-1.29 0.58 0.94 0.77-1.15 0.56 

 Deprived 1.10 0.91-1.32 0.34 0.98 0.81-1.19 0.82 

Ethnicity       

 White - - - - - - 

 Black 0.76 0.17-3.45 0.72 0.77 0.17-3.52 0.74 

 Asian 1.01 0.57-1.81 0.96 1.02 0.57-1.83 0.94 

  Other 1.13 0.34-3.73 0.84 0.63 0.24-1.67 0.36 
+SES – socioeconomic status 

After four years of follow-up, the factors that were significantly associated with being 

adherent to either treatment were sex and age (Table 4.10).  Females were significantly 

less likely than males to still be adherent to both their atorvastatin treatment (OR: 0.76, 

95% CI: 0.60-0.94) and their anacetrapib/placebo treatment (OR: 0.67, 95% CI: 0.55-

0.84). Participants in the oldest age group (>70) were significantly likely to be adherent 

to either treatment than those in the youngest age group (atorvastatin OR: 0.56, 95% Ci: 

0.44-0.72, anacetrapib/placebo OR: 0.49, 95% CI: 0.39-0.63). There were no significant 

differences in adherence to either treatment for socioeconomic status or ethnicity.  
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TABLE 4.10: FACTORS AFFECTING ADHERENCE AT FOUR YEAR FOLLOW-UP 

VISIT (REVEAL) 

    Adherence to treatment - midpoint follow-up visit (REVEAL) 
  Atorvastatin Anacetrapib/placebo  

    
Est 

OR 
OR 95% CI p-value 

Est 

OR 
OR 95% CI p-value 

Sex       

 Male - - - - - - 

 Female 0.76 0.60-0.94 0.01 0.67 0.55-0.84 <0.001 

Age Group       

 <60 - - - - - - 

 ≥60 <70 0.93 0.72-1.20 0.59 0.81 0.63-1.04 0.09 

 ≥70 0.56 0.44-0.72 <0.001 0.49 0.39-0.63 <0.001 

SES+ 
      

 Advantaged - - - - - - 

 Intermediate 1.00 0.79-1.27 0.99 0.98 0.78-1.24 0.89 

 Deprived 1.03 0.83-1.29 0.76 1.03 0.83-1.28 0.76 

Ethnicity       

 White - - - - - - 

 Black 0.55 0.11-2.90 0.48 0.63 0.12-3.34 0.59 

 Asian 0.61 0.34-1.07 0.09 0.61 0.35-1.06 0.08 

  Other 3.32 0.44-25.01 0.25 1.75 0.40-7.66 0.46 
+SES – socioeconomic status 

Adherence to study treatment by sex was also explored for each of the three other 

geographical regions in REVEAL (Europe excluding the UK, China, and North 

America). Female participants had lower adherence to both atorvastatin and randomised 

anacetrapib/placebo treatment in each geographic region, although the overall rates of 

treatment adherence varied by region (Figures 4.4, 4.5 & 4.6).  
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FIGURE 4.4: ADHERENCE TO STUDY TREATMENT BY SEX (REVEAL - 

EUROPE EXCLUDING UK) 

FIGURE 4.5: ADHERENCE TO STUDY TREATMENT BY SEX (REVEAL - 

NORTH AMERICA) 

 

Adherent to treatment = taking ≥80% of study treatments since last visit  

Adherent to treatment = taking ≥80% of study treatments since last visit  
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FIGURE 4.6: ADHERENCE TO STUDY TREATMENT BY SEX (REVEAL - 

CHINA) 

 

Adherent to treatment = taking ≥80% of study treatments since last visit  

4.4 DISCUSSION 

4.4.1 FINDINGS 

Chapter 3 demonstrated that there are significant differences in sex throughout the 

recruitment process. In line with this, the work shown in this chapter establishes that 

there is a significant difference between males and females in both follow-up method 

and adherence to treatment. In HPS, females were less likely than males to attend a 

follow-up clinic in person (“direct follow-up”). As participants who switched away 

from clinic/hospital visits had to stop taking their study treatment for safety reasons, 

this means that there were fewer female participants taking their treatments. In both 

HPS and REVEAL, female participants were also less likely than males to be adherent 

to their treatments. In HPS, females were less likely to be adherent to their vitamin or 
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matching placebo capsules and even less likely to be adherent to their statin or matching 

placebo tablet. As adherence to treatment at each time point was calculated as a 

percentage of those taking their treatments, it is likely that the sex difference observed 

in HPS underestimates the true effect as fewer women were taking their treatments at 

all as they had switched to non-direct follow-up. In REVEAL, a similar sex difference 

was observed with fewer females being adherent to the study treatments. There was a 

smaller difference between the treatments though with similar numbers being adherent 

to their atorvastatin and their anacetrapib or matching placebo.  

There was also a difference observed in socioeconomic status, with those from more 

deprived areas being less likely to attend a clinic visit in person. In both trials, all 

participants were offered travel expenses, so it is unlikely that this is the reason for 

switching to non-direct follow-up, although could have been a contributing factor. 

Capturing more information on reasons for switching to telephone or GP follow-up in 

future trials may help to clarify this.  

4.4.2 LIMITATIONS 

There are a few limitations to this research. Firstly, the data for type of follow-up were 

unavailable for REVEAL. This means that we are unable to assess whether the 

differences in follow-up method by sex have changed over time. Secondly, in HPS 

participants were not asked why they wanted to switch to a non-direct method of 

follow-up, and in both trials very little data was captured on the reasons for non-

adherence to the study treatments. The recorded reason “patient wishes” was the only 

way to differentiate between those leaving for reported side effects and those leaving 

for other reasons. There are also issues with the reliability of self-reported adherence to 

treatment, and there is a potential for reporting bias. However, the levels of cholesterol 
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and their sub-fractions in the blood were checked against the adherence reporting, and 

in general in both studies the blood lipid levels were in keeping with the adherence 

reported in the trials. Another limitation is that there was not enough information 

collected to investigate whether treatment burden was a factor affecting adherence to 

treatment. It has been established that adherence is lower in those taking more 

medications and in those with more comorbidities.96 Unfortunately the data were not 

available to determine if this was a factor in HPS. A further limitation is that the data 

collected during the trial did not capture whether patients stopped taking their 

treatments due to perceived muscle pain. More females than males reported muscle pain 

(35.3% vs. 31.6%) but this was not linked to adherence or stopping reasons. It could be 

hypothesised that due to a smaller body mass, females experienced a greater rate of side 

effects which may explain the differences in adherence. However, there were no 

apparent differences between the treatment groups (statin vs. placebo) in any reported 

side-effects or in any biochemical abnormalities3 so this may not be the case.  

 Finally, the differences observed in adherence to treatment may be specific to certain 

disease types; a study of patients with a first-episode psychosis in the schizophrenia 

spectrum found that females were more likely than males to be adherent to their 

medications.95 On the other hand, in keeping with these data, three studies that used 

pharmacy data to assess medication adherence found that females were less likely than 

males to take their prescribed regimen for a variety of health problems including 

hypertension, hyperlipidaemia and diabetes. 96,97,100 

The time involved in attending study visits, particularly over many years, can be off-

putting and may be the reason that more female participants switch to non-direct 

follow-up or stop taking their tablets. Another reason may be that they are taking more 

medications, or that they experience more comorbidity. One measure of this was 
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captured on the screening form (Appendix I) under other medical history. Patients were 

asked if they had experienced an MI, ischaemic stroke, TIA or angina, whether they had 

been hospitalised for angina, had a revascularisation procedure, had been diagnosed 

with diabetes, currently had hypertension treated with antihypertensive drugs, or were 

currently being treated with an oral anticoagulant. A similar proportion of eligible 

males and females reported these events (98% females vs. 99% males) implying a 

similar level of reported comorbidity (Appendix III). The average number of other 

medical events was also similar in male and female participants (2.23 in males, 2.16 in 

females). A further measure of comorbidity was the proportion of participants 

experiencing a major vascular event (MVE). In HPS, approximately 29% of male 

participants experienced an MVE compared to 18% of females. This indicates that 

males may be more comorbid than females and so does not explain the differences in 

adherence. Future studies may benefit from capturing further information on the reasons 

for discontinuing treatment.  

4.4.3 CONCLUSIONS 

In summary, female participants were less likely to attend clinic follow-ups and were 

less likely to be adherent to their study treatments. This was the case in both HPS and 

REVEAL. This causes concern as Chapter 3 detailed the difficulties in recruiting 

female participants to cardiovascular disease trials and having fewer females taking part 

and even fewer being adherent to their treatments could leave studies underpowered for 

sex specific effects. These factors potentially limit the ability to establish the safety and 

efficacy of interventions in females and have the potential to have serious adverse 

public health consequences.   
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This chapter has looked at the sex differences observed in-trial, both in type of 

follow-up and in adherence to study treatment. Fewer females attend their visits in 

person, and fewer females are adherent to their treatments. The next chapter will 

explore the literature around using electronic health records for clinical trial follow-up. 

If electronic health records can be used as a method of follow-up, the number of 

follow-up visits may be able to be reduced or even completely removed, which may 

encourage more females to take part in these trials.  
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5 FOLLOW-UP IN CLINICAL TRIALS 

USING ROUTINE DATA 

5.1 INTRODUCTION 

This chapter includes a review of the existing literature of studies that have used 

electronic health records for the follow-up of participants in clinical trials. This will 

summarise the current knowledge and experience in this field and provide some 

information about the use of routine data prior to the investigation of using electronic 

health records for follow-up in the Heart Protection Study (HPS) in Chapter 6.  

5.1.1 FOLLOW-UP IN RANDOMISED CONTROLLED TRIALS 

The reliable detection of moderate treatment effects requires the follow-up of large 

numbers of suitable patients in randomised controlled trials (RCTs).15 In order to 

determine efficacy and assess clinical outcomes, reliable follow-up information is 

needed.80  In an ideal world, all participants would maintain follow-up until the end of 

the trial, however this is rarely the case. This can cause issues and introduce bias. 

Attrition bias is caused by an unequal loss of participants in a randomised controlled 

trial. The differences between those leaving the trial and those continuing can be the 

cause of an observed effect and not the intervention, particularly when these differences 

occur between arms of the trial.13  

There are many reasons why participants are lost to follow-up, for example, participants 

may move address, they might withdraw due to ill health, or they may lose interest in 

participating in the research. Deciding that they are not interested in attending follow-

up visits any more can be caused by many factors but is more likely to occur when 
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individual follow-up appointments are lengthy, frequent, or the trial continues for an 

extended period of time.  

The use of routine datasets and large databases is not new in health research. Many 

epidemiological studies use routine data to capture outcomes. There are large studies 

that have used mortality data,101 disease registries,102 health records,103 and 

demographic databases.104 

An advantage of using routinely collected data is that it is often much cheaper than 

collecting data for each study. There are many datasets available to researchers, and 

these can often be combined to provide a wealth of information, often more than could 

be collected via surveys or other follow-up methods. Another advantage of using 

routine data is the size of the data available. Routine datasets tend to cover a much 

larger population than data collected for study; they also tend to cover a greater time 

period allowing for longer periods of follow-up. This is beneficial as it can be a more 

cost-effective way to follow-up large numbers of participants, and trials must be 

adequately sized to reliably detect moderate treatment effects.15  

One disadvantage of routinely collected data is that the data are not collected for the 

purposes of research. This means that the data quality can be variable, and the dataset 

may not include the most relevant variables for specific research questions. A further 

disadvantage is that the data may not be up to date or available in real time. While this 

may be less of a problem for epidemiological studies that can wait to receive the data, it 

may cause issues in clinical trials where real-time safety information may be needed to 

monitor the trial.  

There has been lots of research into improving retention in clinical trials, with many 

strategies suggested. These mainly relate to methods for improving questionnaire 
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feedback, and not into encouraging attendance at follow-up visits.14 If routine data 

could be used to reduce the number of follow-up visits needed, or to remove the need 

for in-person follow-up altogether, then it may encourage more patients to participate in 

clinical trials as it would be less time-consuming for them. It also has the potential to 

make trials more efficient by reducing the costs for the study sponsors. 

5.1.2 OBJECTIVES 

The objectives of this review are to identify trials where routine data have been used for 

follow-up in clinical trials, to describe which sources of data have been used and in 

which disease areas, and to summarise the literature to provide an understanding of how 

these data are currently used.   

5.2 METHODS 

This review was undertaken using the guidelines for conducting and reporting a 

systematic review in the PRISMA (Preferred Reporting for Systematic Reviews and 

Meta-Analyses) statement.19  

This review is looking at the methodology used for follow-up in these trials therefore 

there were no age, size, or disease restrictions. All types of intervention were included 

along with all outcomes. In order to be included in this review, the study had to be an 

RCT that had used a form of routine data for the follow-up of at least one outcome for 

the trial. The routine data had to have been used during the trial for follow-up, and not 

done as a retrospective review.  
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5.2.1 SEARCH STRATEGY 

All studies published in English before January 2018 were included in this review. The 

search strategy used to search the electronic databases was for any of the abstracts to 

contain the following words and phrases: (“clinical trial” or “randomised controlled 

trial” or “randomised” or “randomisation” or “randomized controlled trial” or 

“randomized” or “randomization”) and (“electronic health record*” or “EHR” or 

“electronic record*” or “electronic medical record*” or “EMR” or “routine data”) and 

(“follow-up” or “follow up”). This search strategy was used to identify potentially 

eligible abstracts from MEDLINE, EMBASE, and Cochrane Review electronic 

databases. Abstracts of papers identified were reviewed to determine whether they met 

the criteria to be included in this review; those that did not meet the criteria were 

excluded. The full text of the remaining papers was then examined to determine 

whether the papers met the criteria for inclusion and to extract any relevant data from 

them. The following data were identified as relevant for this review:  

• Type of routine data used 

• Disease area of clinical trial 

• Follow-up strategy used (just routine data or in combination with others) 

• Sample size  

The relevant details of the RCT needed to be specified in order to be included within 

this review. These data are summarised in a qualitative review about the use of routine 

data for follow-up in clinical trials. There are no meta-analyses performed given the 

methodological issues with the broadness of the results. 
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5.3 RESULTS  

There were 74 studies identified by the search strategy. Figure 5.1 contains the 

flowchart listing the process of selection for this review, from the studies identified to 

those included in the final review. Of these 74 studies, 51 were excluded after reading 

the full text. The reasons for exclusion are listed in Table 5.1. There were 28 papers 

excluded as they were conference abstracts or letters with no full text available, seven 

papers that were excluded as they were not an RCT, ten that were excluded as routine 

data had not been used for follow-up, five excluded as they were a retrospective 

analysis of a current trial, and one excluded as there were no details of the RCT given.  
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Records identified in 
EMBASE 

= 934 

Records identified in 
Cochrane Review 

= 16 

Records identified in 
MEDLINE 

= 248 

Abstracts screened 
= 1198 

Records after duplicates removed 
n= 74 

Full text assessed 
n= 46 

Studies for synthesis 
n= 23 

Excluded n=23 

n=7 not used for an 
RCT 

n=10 routine data not 
used for follow-up 

n=1 no details of RCT 
given 

n=5 retrospective 
analysis of RCT 

 

FIGURE 5.1: FLOWCHART SHOWING NUMBER OF STUDIES AT EACH STAGE OF THE 

REVIEW 

Excluded as 
conference 

abstract/letter 
n=28 

 

 

 

Records identified 
from abstract review 

= 87 

Excluded n=1111 

n=632 not RCT 
n=249 retrospective 

review 
n=192 routine data not 

used for follow-up 
n=38 other 
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TABLE 5.1: STUDIES EXCLUDED FROM THE REVIEW AFTER FULL TEXT REVIEW 

Title Authors Year Reason for exclusion 

Can a 10-minute injury prevention program decrease injuries in military 

cadets? A jump-acl study105 Beutler et al.  2013 Conference abstract 

A randomized controlled trial of peer mentoring and financial incentive to 

improve glucose control in African American Veterans106 Long et al.  2011 Conference abstract 

Translation of diabetes interventions into community settings: 12-month 

results of the lifestyle intervention for the treatment of diabetes trial107 Bertoni et al.  2017 Conference abstract 

The diabetes telephone study: Design and challenges of a pragmatic cluster 

randomized trial to improve diabetic peripheral neuropathy treatment108 Adams et al.  2015 Conference abstract 

Individualized risk communication and lay outreach for the primary 

prevention of cardiovascular disease in community health centers: Preliminary 

results of a randomized controlled trial109 Shah et al.  2014 Conference abstract 

Preliminary results of the study MEETinCY110 Lambrinou et al.  2015 Conference abstract 

Mortality rate and associated factors in older adults following hip fracture111 Maher et al.  2014 Conference abstract 

Can the use of computer decision support system prevent complicated ulcer 

among patients treated with nsaid or aspirin? A randomised controlled trial in 

general practice112 Petersen et al.  2017 Conference abstract 

Randomized trial evaluating a coordinated survivorship care program for early 

stage breast cancer113 Ruddy et al.  2013 Conference abstract 

The effectiveness of a tailored intervention to increase follow-up adherence in 

patients with glaucoma114 Tran et al.  2014 Conference abstract 

Phase II study of cold snare polypectomy for superficial non-ampullary 

duodenal epithelial tumor (D-CSP trial)115 Takizawa et al.  2017 Conference abstract 

Automated intervention with stepped increases in support to increase uptake 

of colorectal cancer screening: A randomized trial116 Green et al.  2013 Conference abstract 

Effect of early palliative care on health care costs in patients with metastatic 

NSCLC117 Greer et al.  2012 Conference abstract 
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Title Authors Year Reason for exclusion 

Challenges in the design and conduct of controlled clinical effectiveness trials 

in schizophrenia118 Rosenheck et al.  2011 Conference abstract 

Rare disease cohort using ambulatory electronic medical record (AEMR) data: 

Duchenne muscular dystrophy (DMD)119 Anderson et al.  2017 Conference abstract 

Efficacy of clinical notifications to health care providers in management of 

heart failure patients120 Akhavein et al.  2015 Conference abstract 

Depression treatment and diabetes risk: A 9-year follow-up study of the 

impact trial121 

Khambaty & 

Callahan 2015 Conference abstract 

Long-term impact of the mActive physical activity trial on cardiometabolic 

health122 Urrea et al.  2016 Conference abstract 

A comparison of three system-based interventions to improve follow-up 

adherence in a primary eye care setting123 Kenney et al.  2014 Conference abstract 

Design and methods for a pilot study and multicenter pragmatic trial 

comparing HCTZ and chlorthalidone for cardiovascular outcomes124 Margolis et al.  2016 Conference abstract 

Long-term outcomes following a randomized study of oral antibiotics in 

primary sclerosing cholangitis125 Tabibian 2016 Conference abstract 

Is nurse-led virtual monitoring of chronic hepatitis B patients a safe, feasible 

and cost-effective complement to standard care?126 Teo et al.  2016 Conference abstract 

The effect of alteplase on health care utilisation and quality of life in Sweden, 

Norway and Scotland: Results from the 3rd international stroke trial (ist-3)127  Berge et al.  2017 Conference abstract 

The effect of pharmaceutical care on three-year mortality a follow-up study128 Buus et al.  2013 Conference abstract 

Ascertaining study participant safety using centralized electronic medical 

records in a clinical trial setting - lessons learned from the veterans affairs 

NEPHRON-D trial129 Huang et al.  2017 Conference abstract 

Main outcomes from the relax trial of telephone delivered collaborative care 

for panic and generalized anxiety disorder130 Rollman et al.  2010 Conference abstract 

Supporting clinical trials through healthcare informatics131 Jones et al.  2015 Conference abstract 

A1C and weight outcomes at 18 months in patients with type 2 diabetes 

treated with exenatide in an ambulatory care setting132 McAdam-Marx et al.  2009 Letter 
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Title Authors Year Reason for exclusion 

The ADAPTABLE trial and PCORnet: Shining light on a new research 

paradigm133 Hernandez et al.  2015 No details of trial 

Synthesizing lessons learned from get with the guidelines: The value of 

disease-based registries in improving quality and outcomes134 Ellrodt et al.  2013 Not RCT 

Better population health through behavior change in adults: A call to action135 Spring et al.  2013 Not RCT 

Introduction to a supplement on innovative approaches to studying health 

outcomes in rare diseases136 Kesselheim  2014 Not RCT 

The (pre)hypertension limbo: Is it time to lower the treatment bar?137 Towfighi 2011 Not RCT 

The research-to-practice gap in mood disorders: A role for the U.S. 

Department of Veterans Affairs138 

Kilbourne& 

Valenstein 2007 Not RCT 

Commentary on vickers139 McCowan 2014 Not RCT 

Innovative assessment of inpatient and pulmonary drug costs for children with 

cystic fibrosis140 Levy & Rosenberg 2016 Not RCT 

Healthy Aging 5 Years After a Period of Daily Supplementation With 

Antioxidant Nutrients: A Post Hoc Analysis of the French Randomized Trial 

SU.VI.MAX141 Assmann et al.  2015 Post hoc analysis 

Long-Term Effect of Participation in an Early Exercise and Education 

Program on Clinical Outcomes and Cost Implications, in Patients with TIA 

and Minor, Non-Disabling Stroke142 Faulkner et al.  2017 Retrospective 

Increased mortality among patients taking digoxin - Analysis from the 

AFFIRM study143 Whitbeck et al.  2013 Retrospective 

A Healthy Weight for Toddlers? Two-Year Follow-up of a Randomized 

Controlled Trial of Group Well-Child Care144 Shah & Fenick 2016 Retrospective 

Effects of diabetes self-management programs on time-to-hospitalization 

among patients with type 2 diabetes: A survival analysis model145 Adepoju et al.  2014 Retrospective 

What is the effect of a formalised trauma tertiary survey procedure on missed 

injury rates in multi-trauma patients? Study protocol for a randomised 

controlled trial146 Keijzers et al.  2015 

Routine data not used for 

follow-up 
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Title Authors Year Reason for exclusion 

Evaluation of a risk-stratification strategy to improve primary care for low 

back pain: the MATCH cluster randomized trial protocol147 Cherkin et al.  2016 

Routine data not used for 

follow-up 

Cost-effectiveness of home telemonitoring in chronic kidney disease patients 

at different stages by a pragmatic randomized controlled trial (eNephro): 

rationale and study design148 Thilly et al.  2017 

Routine data not used for 

follow-up 

Telephone-Delivered Stepped Collaborative Care for Treating Anxiety in 

Primary Care: A Randomized Controlled Trial149 Rollman et al.  2016 

Routine data not used for 

follow-up 

The opportunities and challenges of pragmatic point-of-care randomised trials 

using routinely collected electronic records: evaluations of two exemplar 

trials63 van Staa et al.  2014 

Routine data not used for 

follow-up 

Effectiveness of Computer Automation for the Diagnosis and Management of 

Childhood Type 2 Diabetes: A Randomized Clinical Trial.150 Hannon et al.  2017 

Routine data not used for 

follow-up 

Use of behavioral economics and social psychology to improve treatment of 

acute respiratory infections (BEARI): Rationale and design of a cluster 

randomized controlled trial [1RC4AG039115-01] - study protocol and 

baseline practice and provider characteristics151  Persell et al.  2013 

Routine data not used for 

follow-up 

A clinical decision-support system with interactive alerts improved CD4 cell 

count in HIV152 Robbins & Lester 2013 

Routine data not used for 

follow-up 

Outpatient blood pressure monitoring using bi-directional text messaging153 Anthony et al.  2015 

Routine data not used for 

follow-up 

Sustained Blood Pressure Control Following Discontinuation of a Pharmacist 

Intervention for Veterans154 Carter et al.  2015 

Routine data not used for 

follow-up 
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There were 23 studies that were included in this review. The details of these are listed 

in Table 5.2, along with the key information about the type of routine data used, the 

disease area, other follow-up methods used, the sample size, and the duration of the 

follow-up.   

Ten of the trials (37%) used routine data as the sole means of follow-up for the trials. 

Others used other forms of follow-up including telephone follow-up, mailed surveys, 

in-person follow-up (using questionnaires or surveys), pharmacy data, billing records, 

and mortality data. The disease area of the trials varied considerably, and the sample 

size ranged from 68 to 88 150. Length of follow-up was also very variable, with the 

shortest follow-up period being 1 week and the longest being 10 years. All of the 

studies are from 2008 onwards; as with the recruitment review in Chapter 2, this is not 

due to a restriction on the dates used for the search, but likely due to the feasibility of 

accessing electronic records prior to this date. This review found trials from a variety of 

countries. The majority (n=14) were conducted in the USA, four were conducted in the 

UK, two in The Netherlands, and one in Canada, one in Chile, and one in Finland.  
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TABLE 5.2: STUDIES INCLUDED IN THE REVIEW 

Title Country Year 

Type of routine 

data Area of RCT 

Other follow-up 

methods used? Sample size 

Length of 

follow-up 

Effectiveness of the head CT 

choice decision aid in parents of 

children with minor head trauma: 

study protocol for a multicenter 

randomized trial.155 USA 2014 Medical records Trauma 

Used alongside 

telephone follow-

up 1004 1 week 

Effect of Collaborative Care for 

Depression on Risk of 

Cardiovascular Events: Data From 

the IMPACT Randomized 

Controlled Trial156 USA 2014 

Medical records 

and insurance 

claim databases, 

death certificates 

Cardiovascular 

disease & mental 

health Alone 235 8 years 

Are benefits from diabetes self-

management education 

sustained?157  USA 2013 

Electronic health 

records Diabetes 

With mailed 

surveys 623 1 year 

Improving Chronic Disease Care 

by Adding Laypersons to the 

Primary Care Team: A Parallel 

Randomized Trial158 USA 2013 

Electronic health 

records 

Cardiovascular 

disease & diabetes With survey 2135 1 year 

Long-Term Safety and Efficacy of 

Lowering Low-Density 

Lipoprotein Cholesterol With 

Statin Therapy 20-Year Follow-

Up of West of Scotland Coronary 

Prevention Study159 UK 2016 

Electronic health 

records 

Cardiovascular 

disease Alone  6595 

5 years (in-

trial) 

20 years 

(post-trial) 



Chapter 5 – Follow-up in clinical trials using routine data                                       91 

 
 

 

Title Country Year 

Type of routine 

data Area of RCT 

Other follow-up 

methods used? Sample size 

Length of 

follow-up 

Using the 4 pillars™ practice 

transformation program to 

increase adult influenza 

vaccination and reduce missed 

opportunities in a randomized 

cluster trial160 USA 2016 EMR database Vaccination Alone 70549 2 years 

Challenges in the design and 

conduct of controlled clinical 

effectiveness trials in 

schizophrenia118 USA 2011 

VA Healthcare 

system Psychiatric With interview 382 2 years 

The Iowa Continuity of Care 

study: Background and methods161 USA 2008 Inpatient records Pharmacy  

With pharmacy 

data, surveys, 

billing records 1000 90 days 

Long-term safety and efficacy of 

antithymocyte globulin induction: 

use of integrated national registry 

data to achieve ten-year follow-up 

of 10-10 Study participants162 USA 2015 

Transplant 

registry Transplantation Alone 183 10 years 

Effectiveness of the Chest Pain 

Choice decision aid in emergency 

department patients with low-risk 

chest pain: study protocol for a 

multicenter randomized trial163 USA 2014 Health records 

Cardiovascular 

disease With phone call 844 45 days 

Design of a cluster-randomized 

trial of electronic health record-

based tools to address overweight 

and obesity in primary care164 USA 2015 Health records Obesity Alone 88150 12 months 
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Title Country Year 

Type of routine 

data Area of RCT 

Other follow-up 

methods used? Sample size 

Length of 

follow-up 

Effects of a patient oriented 

decision aid for prioritising 

treatment goals in diabetes: 

pragmatic randomised controlled 

trial165 

The 

Netherlands 2014 Health records Diabetes 

With patient 

surveys 344 4 months 

Electronic health record-based 

patient identification and 

individualized mailed outreach for 

primary cardiovascular disease 

prevention: a cluster randomized 

trial.166 USA 2013 

Electronic health 

records 

Cardiovascular 

disease Alone 435 9 months 

A Randomized Controlled 

Effectiveness Trial for PSA 

Screening Decision Support 

Interventions in Two Primary Care 

Settings.167  USA 2015 

Electronic health 

records Cancer screening With survey 2001 1 year 

The Heart failure and Optimal 

Outcomes from Pharmacy Study 

(HOOPS): Rationale, design, and 

baseline characteristics168 UK 2011 

NHS discharges 

(Scotland) with 

death records 

Cardiovascular 

disease Alone 2169 5 years 

Mixed methods evaluation of 

targeted case finding for 

cardiovascular disease prevention 

using a stepped wedged cluster 

RCT169 UK 2012 Medical records 

Cardiovascular 

disease Alone 7247 1 year 
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Title Country Year 

Type of routine 

data Area of RCT 

Other follow-up 

methods used? Sample size 

Length of 

follow-up 

A Randomized Trial Comparing 

Ceramic-on-Ceramic Bearing vs 

Ceramic-on-Crossfire-

Polyethylene Bearing Surfaces in 

Total Hip Arthroplasty170 Canada 2016 

Electronic health 

records 

Orthopaedic 

surgery 

Along with 

questionnaires 68 10 years 

Strategies for increasing 

mammography screening in 

primary care in Chile: Results of a 

randomized clinical trial171 Chile 2010 

Electronic health 

records Cancer screening 

Along with 

survey 500 6 months 

Patient-centered physical activity 

coaching in COPD (Walk On!): A 

study protocol for a pragmatic 

randomized controlled trial172 USA 2016 

Electronic health 

records COPD With survey 1650 1 year 

Effectiveness of a Proactive 

Primary Care Program on 

Preserving Daily Functioning of 

Older People: A Cluster 

Randomized Controlled Trial173 

The 

Netherlands 2016 

Electronic health 

records Daily functioning 

With 

questionnaires 3092 1 year 

Population-based outreach versus 

care as usual to prevent suicide 

attempt: study protocol for a 

randomized controlled trial.65 USA 2016 

Electronic health 

records & 

insurance claim 

databases Suicide Alone 19500 18 months 
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Title Country Year 

Type of routine 

data Area of RCT 

Other follow-up 

methods used? Sample size 

Length of 

follow-up 

Feasibility cluster randomised 

controlled trial of a within-

consultation intervention to reduce 

antibiotic prescribing for children 

presenting to primary care with 

acute respiratory tract infection 

and cough174 UK 2017 Medical notes Respiratory 

With 

questionnaires 501 30 days 

Impact of improved recording of 

work-relatedness in primary care 

visits at occupational health 

services on sickness absences: 

study protocol for a randomised 

controlled trial175 Finland 2017 

Occupational 

health records Occupational health Alone 50400 1 year 
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5.3.1 TYPE OF CLINICAL TRIAL 

The trials included in this review looked at a wide range of diseases and treatments. 

Seven of the trials were looking at cardiovascular disease outcomes,156,158,159,163,166,168,169 

three were looking at diabetes outcomes,157,158,165 three were looking at psychiatric 

outcomes,65,118,156 two were looking at cancer-related outcomes,167,171 and two were 

looking at respiratory outcomes.172,174  There were also studies that looked at trauma,155 

vaccinations,160 pharmacy related outcomes,161 transplantation,162 obesity,164 

orthopaedics,170 daily functioning,173 and occupational health.175 These are not mutually 

exclusive as some of the trials looked at multiple outcomes. Three of the trials were 

investigating the effects of new drugs.118,159,162 However, they were all looking at the 

long term outcomes after the in-trial period had ended, and participants in these trials 

had received follow-up visits during the trial.  

5.3.2 TYPE OF FOLLOW-UP 

Ten of the trials (37%) used routine data as the sole means of follow-up for the trials. 

The majority of the trials used routine data alongside other means of follow-up. Two 

trials used telephone follow-up alongside routine data155,163, ten used interviews and 

questionnaires118,158,161,165,167,170–174, one used pharmacy data161, one used billing 

records161, and one used mailed questionnaires157. These are not mutually exclusive as 

some trials used multiple methods of follow-up. 

5.3.3 SAMPLE SIZE 

There was a large range in the sample size of the trials in included in this review. The 

smallest trial had 68 participants170, whereas the largest trial recruited 88 150 

participants.164 The median sample size was 1004 with an interquartile range of 
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468 - 4844. The largest studies (those recruiting >10 000 participants) all used routine 

data as the only form of follow-up.  

5.3.4 LENGTH OF FOLLOW-UP 

The length of follow-up varied a lot between the trials included in this review. The 

smallest trials had a short follow-up period of 7 days155, and the longest two trials 

followed participants up for 10 years.162,170 The median length of follow-up was one 

year (interquartile range, 202.5 – 543.7 days). 

5.4 DISCUSSION 

5.4.1 FINDINGS 

This review demonstrates that electronic health records can be used for follow-up in 

randomised controlled trials in a variety of countries and disease areas. This review has 

identified different types of routine data that have been used to follow-up participants in 

randomised controlled trials. The most common data source was electronic health 

records. These ranged from inpatient records to discharge records and included both 

primary and secondary care records. Accessing electronic medical records allows for 

more patients to be followed up, and for a longer period of time as it is a more cost-

effective method and requires fewer members of staff. Using routine databases is also 

likely to be the most cost-effective way to follow-up large numbers of participants, and 

for longer periods of time.  

5.4.2 LIMITATIONS  

As with the recruitment review, there were difficulties finding adequate search terms. 

Often the MESH terms are assigned do not relate to the follow-up methodology, and 
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many trials do not report the information about the follow-up methods in detail.  The 

search did not exclude trials that used registry data or mortality data, but very few of 

these were picked up, despite many of them existing. Many of the papers excluded from 

this review were excluded as the routine data was part of the intervention and not a 

method of follow-up, or because the study was not randomised. Unfortunately, there 

was no way to exclude these from the review using different search terms.  

Another limitation is the inability to synthesize the results. A meta-analysis was not 

appropriate as this was a methodological review, and so no quantitative analyses are 

presented.  

Some of the papers raised concerns about the accuracy of the reporting within 

electronic records, and whether the outcomes of interest are recorded. One study 

struggled to link the trial data with registries outside of the co-ordinating country162 and 

others discussed the limitations when not all of the outcomes are recorded in the routine 

data sources.164,170 However, one of the trials, the West of Scotland Coronary 

Prevention Study, has previously reported on the accuracy of electronic records 

capturing events compared to those reported and adjudicated during the trial.176 They 

found that routinely collected data, in this case NHS hospital records for Scotland, 

could be used to record cardiovascular endpoints in clinical trials. They compared in 

trial events with events recorded in the routine data and found >80% of first events 

matched. Those that didn’t match were either diagnosed as “non-cardiac unspecified 

chest pain” which could be a hospital miscoding or were due to the events occurring at 

a hospital outside of Scotland or a private hospital. This suggests that the events 

recorded in certain administrative databases may be accurate enough for clinical trials.  
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5.4.3 CONCLUSIONS 

Routine data, particularly electronic health records can be used to follow-up participants 

in clinical trials, either solely or in conjunction with other follow-up methods. 

Electronic health records were used to follow-up patients in a variety of clinical trials 

across many different disease areas. They were generally used to follow-up larger 

clinical trials, and for longer periods of time. 

These routine databases contain considerable amounts of data and are a relatively 

inexpensive way to follow-up large numbers of participants. In the era of ‘big data’, 

there is the potential for more clinical trials to adopt follow-up using routine data to 

maximise the follow-up periods in clinical trials, to make it easier for participants to 

take part in research, and to increase the sample sizes in trials so that moderate 

treatment effects may be observed.  

As with the recruitment review, there is considerable room for improvement in the 

reporting of methodological techniques used for follow-up, and there are trials that have 

used electronic health records as a form of follow-up that were not picked up by the 

search.  

This chapter has demonstrated that routine data and electronic health records can be 

used for follow-up in clinical trials. The next chapter will look to establish how accurate 

electronic health records are at capturing trial outcomes compared to in-trial reporting 

in HPS. It will also look to see whether there are any sex differences observed in the 

reporting of trial outcomes, and whether electronic health records could be used to 

follow participants up in cardiovascular disease trials.  
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6 FOLLOW-UP USING HOSPITAL 

EPISODE STATISTICS (HES) 

 

6.1 INTRODUCTION 

This chapter aims to investigate the use of Hospital Episode Statistics (HES) for follow-

up in the Heart Protection Study (HPS). The recruitment methods used in HPS have 

been reported in Chapter 3, and this chapter describes how the trial outcomes were 

analysed and replicates this analysis using HES data. The accuracy of the HES data is 

discussed and an analysis by sex is presented to investigate whether the differences 

observed in recruitment (Chapter 3) and adherence to treatment (Chapter 4) are also 

observed in the reporting of outcomes during follow-up.  

6.1.1 HOSPITAL EPISODE STATISTICS 

HES data are available for all admissions to NHS hospitals in England and have been 

since 1989. It does not contain any information on hospital activity in Scotland, Wales 

or Northern Ireland which has to be applied for separately for each respective region. 

The data are collected for administrative purposes (reimbursement), not research. The 

HES datasets contain information on all admitted patient care (since 1989), hospital 

deliveries and births (since 1989), outpatient appointments (since 2003), and A&E 

attendances (since 2008). These attendances are linked by a HES ID (since 1997). This 

HES ID is a pseudonymised identifier that allows records to be linked to create a 

longitudinal record for an individual over many years, without disclosing any potential 

identifiers. The HES datasets are processed on a monthly basis, and a final annual HES 
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extract is produced at the end of the financial year, which cannot then be updated.  A 

person can register with their GP practice to opt out, meaning that none of their 

confidential health data can leave NHS digital. This is estimated to affect 2.5% of HES 

inpatient episodes overall.177  

A hospital admission is classed as any activity that takes up a hospital bed (including 

day-cases allocated a bed). The admitted patient care dataset contains information on 

diagnoses, procedures or operations, dates of admission and discharge, type of 

admission (elective, emergency, birth, delivery etc.), discharge destination (home, other 

hospital etc.), the hospital provider, geographic information, and costing information. It 

does not contain information on drugs provided or dispensed. Some of this information 

is derived from local patient administrative systems (postcodes etc.). Diagnostic and 

procedural codes are entered by clinical coders based on the patient care notes that were 

written by a clinician. Each row within the dataset represents one finished consultant 

episode (FCE), which is a period of care under one consultant. A stay in hospital is 

referred to as a spell, and a patient can have multiple FCEs within a spell.178 Each FCE 

contains 20 diagnosis fields, including a primary diagnosis field. These are classified 

using the 10th International Classification of Disease codes (ICD-10). Each FCE can 

also contain up to 24 procedure codes, these are classified using Office of Population 

Censuses and Surveys: Classification of Interventions and Procedures version 4 (OPCS-

4) codes. One operation can consist of many procedures. Not all episodes contain 

procedures, but each episode will contain a diagnosis code.  
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6.2 METHODS 

HPS recruited participants from 1994-1997 and subsequently followed them up for a 

median of five years. Consent to access participants’ hospital records was sought at the 

start of the study. 

The original analysis dataset was used to verify the correct methods were being used. 

Participants from Scotland, Wales, and Northern Ireland were then removed from the 

dataset as records for these participants are not held in HES. Any outcome events that 

occurred prior to the linking of HES by HESID (pre-1997) were also removed as these 

would also not be captured within the HES dataset. The analyses were then performed 

on this dataset in order to provide a comparable set of events, in order to calculate rate 

ratios and 95% confidence intervals (95% CI) for the HES dataset. The agreement of 

these events with those reported in trial was than analysed, and these analyses were then 

repeated by sex.  

The primary outcome in HPS was total mortality74 and cause specific mortality was also 

a  pre-specified outcome. The main analyses looked at Coronary Heart Disease (CHD) 

mortality, and non-CHD mortality. These were defined using the 9th International 

Classification of Disease codes (ICD9). Additionally, there were separate analyses of 

ten specific causes of death. The codes used for each category are presented in Table 

6.1.  
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TABLE 6.1: ICD9 CATEGORY CODES (HPS) 

Category   ICD9 Codes 

CHD Mortality  410-414 

Haemorrhagic Stroke 430-432 

Other Stroke 433-438 

Other Vascular 390-459 

Neoplastic 140-239 

Respiratory 460-519 

Hepatic  570-576 

Renal  580-593 

Other Medical 000-799 

Suicide  950-959 

Other Non-Medical 800-999 

 

Participants in HPS were flagged with the Office for National Statistics (ONS) and 

death certificates were obtained for participants who died during the study. 

Additionally, information was sought from GPs, and from hospital records and the 

cause of death was adjudicated by two clinicians, who determined the underlying cause 

of death ICD-9 code, and in cases where this was discrepant, a third clinician was 

involved for further discussion.3 An analysis of adjudicated vs. non-adjudicated causes 

of death has already been presented. 

The secondary outcomes in HPS included the first major vascular events (MVEs) in 

each arm of the trial. MVEs were defined to be coronary events (split into non-fatal 

myocardial infarction (MI) and coronary death), strokes, (split into fatal and non-fatal 

stroke), and revascularisations (split into coronary and non-coronary).75 In order to 

assess whether the HES records accurately captured the trial outcomes, these categories 

were looked at separately and then combined with the adjudicated death records to 

produce an overall MVE analyses. 

In HPS, the non-fatal events were recorded using Read codes whereas in HES records, 

events are coded using the 10th International Classification of Disease codes (ICD-10) 

and the Office of Population Censuses and Surveys: Classification of Interventions and 
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Procedures version 4 (OPCS-4) codes. The relevant codes for each of the non-fatal 

categories used in the analyses are presented in Table 6.2.  

TABLE 6.2: NON-FATAL EVENT CODES (HPS) 

Category   Read Codes   ICD10 Codes 

Non-fatal MI 

G30*, G3P*, G3Q*, 

G3R*, G3S*, G3T*  I21*, I22* 

Stroke     
Haemorrhagic  G60, G60*-G61*  I60*, I61*, I62* 

Non-haemorrhagic G64  I63* 

Revascularisation    
Coronary 792  K234, K4*, K50, K75 

Non-coronary 7A1, 7A20, 7A22, 

7A31, 7A32, 7A33, 

7A41, 7A44, 7A46, 

7A48, 7A4A, 7A54, 

7L06, 7L07, 7L08, 

7L0F, 7L0P, 7L0Q, 

7L0X  

L16*, L18*- L19*, L22*- L23*, 

L25*-L31* (not L264, L312), 

L37*-L39* (not L393, L394), 

L48*-L54* (not L543) 

 L57-L63* (not L633, L634), 

L66*, L68*, X07*-X11*, X121 

 

6.2.1 STATISTICAL METHODS 

All comparisons are log-rank analyses of the first occurrence of the event after 

randomisation between those allocated simvastatin, and those allocated the placebo 

tablets (intention to treat analyses). Patients are censored at their final follow-up visit, 

date of death, or the end of the study (12th October 2001), whichever occurred first. A 

small number of participants had a final follow-up visit after the end of the study, and 

so were censored at that date. All analyses were performed in SAS 9.3 (SAS Institute, 

Cary NC). Kappa statistics are also presented and are interpreted using the 

interpretations provided by Altman with κ >0.81 indicating very good agreement,   

κ >0.61 indicating good agreement, κ >0.41 indicating moderate agreement, κ >0.21 

indicating fair agreement, and κ <0.20 indicating poor agreement.179 Results were 
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considered to be statistically significant when p<0.05. Forest plots were produced using 

the ONYX program in R version 2.10.1. 

6.3 RESULTS 

The results for the non-fatal events are presented individually and then combined with 

the fatal events for MVE at the end. There were 47 737 FCEs within the trial period, 

and 41 412 spells among 16 690 participants.  

6.3.1 NON-FATAL MYOCARDIAL INFARCTION  

In the main trial, allocation to simvastatin was shown to reduce the number the risk of 

experiencing a non-fatal myocardial infarction (MI).  Using the main trial dataset, the 

published results were replicated with 931 events across the 20 536 randomised 

participants, and a reduction in the rate of first non-fatal MI of 35% (Table 6.3). 

Participants residing in Scotland, Wales, and Northern Ireland were removed from the 

trial dataset, leaving a total of 18 241 participants, and events that occurred prior to 

1997 were also removed as these would not be captured in HES. Using these records, 

the reduction in the rate of first non-fatal MI is 38% (95% CI: 0.53-0.72). The HES 

records for these 18 241 participants were then used, and relevant ICD-10 codes were 

searched for. Two different definitions of MI were used; acute MI (ICD 21*) and any 

MI (ICD21*, ICD22*). These codes were searched for in the primary position and in 

any position. This provided estimates of the risk reduction of between 36-38%. Using 

the definition “Any MI” in any position within the HES record, the reduction in the rate 

of first non-fatal MI is 36% (95% CI: 0.56-0.74).  
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TABLE 6.3: NON-FATAL MI BY DATASET 

+Acute MI defined as ICD 21* 
++Any MI defined as ICD 21* or ICD 22* 
*Change pre-HES dates – Removing events prior to 1997 

◦Using only HES records from 1997 onwards 

 

Figure 6.1 illustrates the rate ratios and confidence intervals for each of the datasets. 

The HES records appear to provide a reasonable estimation for the overall results seen 

in the trial, with a similar risk reduction and only slightly wider confidence intervals.  

 Type of event 

data 
 

Simvastatin- 

allocated  

Placebo- 

allocated  

Event 

Rate 

Ratio 95% CI   (n=10269)  (n=10267)  

Lancet Results: 

Non-fatal MI - 

HPS  357 (3.5%)  574 (5.6%)  0.65 0.57-0.74 

         

   

Simvastatin- 

allocated  

Placebo- 

allocated    
Remove Scot/Wales/N.Ire:  (n=9127)  (n=9114)    

         
Change pre-

HES dates* Non-fatal MI   247 (2.7%)  421 (4.6 %)  0.62 0.53-0.72 

         
Using different 

definitions  

from HES◦ 

Acute MI+ 

(Primary)  192 (2.1%)  304 (3.3%)  0.62 0.52-0.74 

Acute MI+ 

(Any)  234 (2.6%)  362 (4.0%)  0.64 0.54-0.75 

         

 

Any MI++ 

(Primary)  277 (3.0%)  424 (4.6%)  0.64 0.55-0.75 

 

Any MI++ 

(Any) 
 313 (3.4%)  481 (5.3%)  0.64 0.56-0.74 
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FIGURE 6.1: RATE RATIOS FOR NON-FATAL MI BY DATASET 

6.3.2 NON-FATAL STROKE 

In HPS, allocation to simvastatin was also shown to reduce the risk of experiencing a 

non-fatal stroke.  Using the main trial dataset, the published results were replicated with 

865 across the 20 536 randomised participants, and a reduction in the rate of first non-

fatal stroke of 30% (Table 6.4). Participants residing in Scotland, Wales, and Northern 

Ireland were removed from the trial dataset, leaving a total of 18 241 participants and, 

as in the previous analyses, events that occurred prior to 1997 were also removed as 

these would not be captured in HES. Using these records, the reduction in the rate of 

first non-fatal stroke is 32% (95% CI: 0.59-0.80). The HES records for these 18 241 

participants were then used, and relevant ICD-10 codes were searched for. These codes 

were searched for in the primary position and in any position. Using codes in the 

primary position, the risk of non-fatal stroke was shown to be 31% (95% CI: 0.58-0.82). 

0.4 0.6 0.8 1.0 1.2 

0.65 (0.57 - 0.74) 

0.62 (0.53 - 0.72) 

0.64 (0.56 - 0.74) 

931 

668 

794 

Non-fatal MI (Trial dataset) 

Non-fatal MI (Trial dataset in HES) 

Non-fatal MI (HES data only) 

Trial dataset in HES = Events recorded in the trial dataset that were for English patients only 
          after 1997 (no HES for NI, Wales, Scotland, or prior to that date) 

Event Rate Ratio (95% CI) 

Type of dataset Events Rate Ratio (95% CI) 

95% CI 

Rate ratios for non-fatal MI by dataset 

Simvastatin/Placebo 

357/574 

247/421 

313/481 
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When relevant ICD-10 codes for stroke in any position within the HES record were 

used, the risk of non-fatal stroke was 26% (95% CI: 0.65-0.85). More non-fatal strokes 

were captured using the HES records than were captured during the trial. 

TABLE 6.4: NON-FATAL STROKE BY DATASET 

*Change pre-HES dates – Removing events prior to 1997 

◦Using only HES records from 1997 onwards 

 

The separate definitions of stroke (haemorrhagic and ischemic) were also investigated. 

There were 59 non-fatal haemorrhagic strokes (including sub-arachnoid haemorrhage) 

within the main trial and there was no apparent risk reduction with simvastatin 

allocation (Table 6.5). Removing participants in Scotland, Wales and Northern Ireland, 

and events prior to 1997, there were 47 events recorded (with no risk reduction). Using 

the primary position in HES there were 72 non-fatal events and using any position in 

HES there were 81 events recorded. Neither of these definitions produced statistically 

significant risk reductions with simvastatin.   

 

 

 

Type of event data 

 

Simvastatin- 

allocated  

Placebo- 

allocated  

Event 

Rate 

Ratio 95% CI   (n=10269)  (n=10267)  

Lancet Results  Non-fatal Stroke  366 (3.6%)  499 (4.9%)  0.70 0.62-0.81 

         

   

Simvastatin- 

allocated  

Placebo- 

allocated    

Remove Scot/Wales/N.Ire.  (n=9127)  (n=9114)    

         
Change pre-HES 

event dates* Non-fatal stroke   273 (3.0%)  381 (4.9%)  0.68 0.59-0.80 

         
Using different 

definitions  

from HES◦ 

Non-fatal stroke 

(Primary)  232 (2.5%)  331 (3.6%)  0.69 0.58-0.82 

Non-fatal stroke (Any)  392 (4.3%)   519 (5.7%)  0.74 0.65-0.85 
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TABLE 6.5: NON-FATAL HAEMORRHAGIC STROKE BY DATASET 

*Change pre-HES dates – Removing events prior to 1997 

◦Using only HES records from 1997 onwards 

 

The results for ischaemic stroke are shown in Table 6.6. The number of non-fatal 

ischaemic strokes recorded in the trial was 651, with a risk reduction in the simvastatin 

arm of 33% (95% CI: 0.58-0.79). There were fewer ischaemic strokes recorded in HES 

records (using codes found in the primary position, or any position). Using codes for 

non-fatal ischaemic stroke in any position, there were 137 events with a risk reduction 

of 27% (95% CI: 0.57-.95). The difference in the number of events is likely to be due to 

the way in which ischaemic strokes are diagnosed and recorded in HES records.  

 

 

 

 

 Type of event 

data 
 

Simvastatin- 

allocated  

Placebo- 

allocated  Event Rate 

Ratio 95% CI   (n=10269)  (n=10267)  

Trial Results 

Non-fatal haem 

stroke   28 (0.3%)  31 (0.3%)  0.87 0.52-1.50 

         

   

Simvastatin- 

allocated  

Placebo- 

allocated    
Remove Scot/Wales/N.Ire.  (n=9127)  (n=9114)    

         
Change pre-HES 

event dates* 

Non-fatal haem 

stroke   23 (0.2%)  24 (0.3%)  0.92 0.52-1.63 

         
Using different 

definitions  

from HES◦ 

Non-fatal haem 

stroke (Primary)  34 (0.4%)  38 (0.4%)  0.88 0.56-1.40 

Non-fatal haem 

stroke (Any)  39 (0.4%)  42 (0.5%)  0.92 0.59-1.42 
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TABLE 6.6: NON-FATAL ISCHAEMIC STROKE BY DATASET 

*Change pre-HES dates – Removing events prior to 1997 

◦Using only HES records from 1997 onwards 

 

Figure 6.2 shows the risk ratio and 95% confidence intervals for each dataset (using 

ICD10 codes recorded in any position in the HES record) for non-fatal stroke, and 

separately, non-fatal haemorrhagic stroke and non-fatal ischaemic stroke. In each case, 

the rate ratio appears to provide a good estimation for the rate ratio seen in the main 

trial, although with wider confidence intervals than seen with non-fatal MI. A large 

number of strokes reported in HES were classified as neither haemorrhagic or 

ischaemic (n=593). This is due to medical practice at the time and the lack of scans 

undertaken to categorise the stroke.  

 

 Type of 

event data 
 

Simvastatin- 

allocated  

Placebo- 

allocated  Event Rate 

Ratio 95% CI   (n=10269)  (n=10267)  

Trial Results 

Non-fatal Isch 

Stroke   267 (2.6%)  384 (3.8%)  0.68 0.58-0.79 

         

   

Simvastatin- 

allocated  

Placebo- 

allocated    
Remove Scot/Wales/N.Ire:  (n=9127)  (n=9114)    

         
Change pre-HES 

event dates* 

Non-fatal Isch 

stroke   197 (2.2%)  302 (3.8%)  0.67 0.58-0.79 

         
Using different 

definitions  

from HES◦ 

Non-fatal Isch 

stroke 

(Primary)  90 (1.0%)  118 (1.3%)  0.77 0.59-1.01 

Non-fatal Isch 

stroke (Any)  102 (1.1%)  135 (1.5%)  0.73 0.57-0.95 
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Unknown type of stroke recorded in HES, n=593. Rate Ratio (95% CI): 0.73(0.62-0.84) 

FIGURE 6.2: RATE RATIOS FOR NON-FATAL STROKE BY DATASET 
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6.3.3 REVASCULARISATION 

In the main trial, allocation to simvastatin was shown to reduce the number and risk of 

revascularisation (with a greater reduction seen in coronary revascularisations than non-

coronary).  Using the main trial dataset, the published results were replicated with 2144 

procedures across the 20 536 randomised participants (Table 6.7) and a reduction in the 

rate of revascularisation procedure of 25% (95% CI: 0.69-0.82). Participants residing in 

Scotland, Wales, and Northern Ireland were removed from the trial dataset, leaving a 

total of 18 241 participants, and events that occurred prior to 1997 were also removed 

as these would not be captured in HES. Using these records, the reduction in the rate of 

first revascularisation is 26% (95% CI: 0.67-0.82). The HES records for these 18 241 

participants were then used, and relevant OPCS-4 codes were searched for. This 

provided an estimate of the risk reduction 25% (95%CI: 0.68-0.83). There were 

considerably fewer revascularisation procedures reported in the HES dataset compared 

to the main trial dataset. 

TABLE 6.7: REVASCULARISATION BY DATASET 

 Type of event 

data 

 

Simvastatin- 

allocated  

Placebo- 

allocated  Event Rate 

Ratio 95% CI   (n=10269)  (n=10267)  

Lancet Results: All revasc  939 (9.1%)  1205 (11.7%)  0.76 0.70-0.83 

         

   

Simvastatin- 

allocated  

Placebo- 

allocated    

Remove Scot/Wales/N.Ire:  (n=9127)  (n=9114)    

         
Change pre-HES 

event dates* All revasc  676 (7.4%)  874 (9.6%)  0.74 0.67-0.82 

         

Using HES◦ All revasc   665 (7.3%)  864 (9.5%)  0.75 0.68-0.83 
*Change pre-HES dates – Removing events prior to 1997 

◦Using only HES records from 1997 onwards 
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The revascularisation procedures were then investigated by coronary and non-coronary 

procedures separately.  In the main trial, there were 1238 coronary revascularisations 

with a risk reduction of 32% (95% CI: 0.61-0.77) in the simvastatin arm (Table 6.8). 

After removing participants who resided outside of England, and procedures that 

occurred prior to 1997, there were 894 coronary revascularisations (risk reduction: 

31%, 95% CI: 0.60-0.79). Using OPCS-4 codes recorded in HES for this period, there 

were 827 procedures recorded, with a 28% risk reduction (95% CI: 0.63-0.82) in the 

simvastatin arm.  

 TABLE 6.8: CORONARY REVASCULARISATIONS BY DATASET 

 

*Change pre-HES dates – Removing events prior to 1997 

◦Using only HES records from 1997 onwards 

There were 982 non-coronary revascularisation procedures recorded in the main trial 

(Table 6.9), with a risk reduction of 19% (95% CI: 0.71-0.92).  Using only procedures 

that would appear in HES, there were 721 procedures recorded (risk reduction: 22%, 

95% CI: 0.67-0.90). Searching HES records for relevant OPCS-4 codes produced 751 

procedures and a resulting risk reduction of 21% (95% CI: 0.68-0.91) in the simvastatin 

arm.  

 Type of event 

data 
 

Simvastatin- 

allocated  

Placebo- 

allocated  Event Rate 

Ratio 95% CI   (n=10269)  (n=10267)  

Lancet Results: Coronary revasc   513 (5.0%)  725 (7.1%)  0.68 0.61-0.77 

         

   

Simvastatin- 

allocated  

Placebo- 

allocated    
Remove Scot/Wales/N.Ire:  (n=9127)  (n=9114)    

         
Change pre-HES 

event dates*   Coronary revasc   373 (4.1%)  521 (5.7%)  0.69 0.60-0.79 

         
Using HES◦ Coronary revasc   349 (3.8%)  478 (5.2%)  0.72 0.63-0.82 
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TABLE 6.9: NON-CORONARY REVASCULARISATIONS BY DATASET 

*Change pre-HES dates – Removing events prior to 1997 

◦Using only HES records from 1997 onwards 

 

Figure 6.3 shows the risk ratio and 95% confidence intervals for each dataset for any 

revascularisation procedure, and separately, coronary revascularisations and non-

coronary revascularisations. In each case, the rate ratio appears to provide a good 

estimation for the rate ratio seen in the main trial, although with wider confidence 

intervals.  

 Type of event 

data 

 

Simvastatin- 

allocated  

Placebo- 

allocated  Event Rate 

Ratio 95% CI   (n=10269)  (n=10267)  

Lancet Results: 

Non-coronary 

revasc  450 (4.4%)  532 (5.2%)  0.85 0.75-0.96 

         

   

Simvastatin- 

allocated  

Placebo- 

allocated    
Remove Scot/Wales/N.Ire:  (n=9127)  (n=9114)    

         
Change pre-HES 

dates* 

Non-coronary 

revasc   324 (3.5%)  397 (4.4%)  0.78 0.67-0.90 

         

Using HES◦ 

Non-coronary 

revasc   334 (3.7%)  417 (4.6%)  0.79 0.68-0.91 
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FIGURE 6.3: RATE RATIOS FOR REVASCULARISATION BY DATASET 
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6.3.4 MAJOR VASCULAR EVENT (MVE) 

The secondary outcome in HPS was MVE. This composite outcome is made up of 

coronary events (non-fatal MI and coronary death), strokes (fatal and non-fatal), and 

revascularisations (coronary and non-coronary).  These numbers of events/procedures 

reported in the Lancet paper75 are shown in Table 6.10, along with the numbers of first 

events within the dataset. These figures differ slightly due to data surrounding these 

events being updated as more information became available over the post-trial follow-

up period.  

TABLE 6.10: MAJOR VASCULAR EVENTS BY CATEGORY 

MVE  LANCET  HPS 

  Simvastatin Placebo Total  Simvastatin Placebo Total 

Coronary Events  898 1212 2110  915 1239 2154 

Non-fatal MI  357 574 931  357 574 931 

Coronary death  587 707 1294  581 703 1284 

         
Strokes  444 585 1029  445 585 1030 

Non-fatal stroke  366 499 865  366 499 865 

Fatal stroke  96 119 215  97 118 215 

         
Revascularisations  939 1205 2144  939 1205 2144 

Coronary  513 725 1238  513 725 1238 

Non-coronary  450 532 982  450 532 982 

         
Any MVE  2033 2585 4618  2041 2599 4640 
Lancet results differ from HPS results due to updated event data in the post-trial follow-up period 

The results for any MVE are shown in Table 6.11. There were 4640 MVEs in the HPS 

dataset, with a risk reduction in the simvastatin arm of 24% (95% CI: 0.71-0.80). This 

is the same rate ratio and confidence interval produced using the Lancet results. After 

removing participants who resided outside of England, and procedures that occurred 

prior to 1997, there were 3389 MVEs with a risk reduction of 27% (95% CI: 0.68-0.78). 

Using codes for MVE recorded in HES along with death records, there were 3587 

events with a risk reduction of 26% (95% CI: 0.69-0.79).  
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TABLE 6.11: MAJOR VASCULAR EVENTS BY DATASET 

     

Simvastatin- 

allocated   

Placebo- 

allocated   

Incidence 

Rate Ratio 95% CI 

      (n=10269)   (n=10267)       

Lancet 

Results: 

Total 

MVE  2033 (19.8%)  2585 (25.2%)  0.76 0.71-0.80 

Dataset 

results 

Total 

MVE  2040 (19.9%)  2600 (25.3%)  0.76 0.71-0.80 

         

   

Simvastatin- 

allocated  

Placebo- 

allocated    
Remove 

Scot/Wales/N.Ire:  (n=9127)  (n=9114)    

         
Change 

pre-HES 

dates* 

Total 

MVE  1464 (16.0%)  1925 (21.1%)  0.73 0.68-0.78 

         
Using 

HES◦ 

Total 

MVE   1549 (17.0%)   2038 (22.4%)   0.74 0.69-0.79 
*Change pre-HES dates – Removing events prior to 1997 

◦Using only HES records from 1997 onwards 

Figure 6.4 shows the risk ratio and 95% confidence intervals for each dataset for any 

MVE. The rate ratio produced from using the HES records appears to provide a good 

estimation for the rate ratio seen in the main trial with a very similar rate ratio estimate, 

and similar confidence intervals. 
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6.3.5 ACCURACY OF EVENTS IN HES RECORDS 

In order to measure the accuracy of the events recorded in the Hospital Episode 

Statistics dataset, the Kappa statistics were calculated. These are presented in Table 

6.12 for each of the events, and for the overall composite outcome of MVE. The Kappa 

statistics vary considerably by outcome. Non-fatal MI events had a Kappa statistic of 

0.66 which indicates good agreement. The sensitivity of using HES records for 

ascertaining non-fatal MIs was 74% and the positive predictive value (PPV) was 62%. 

The Kappa statistic for non-fatal stroke was 0.51, which was the weakest agreement 

(classed as moderate). The sensitivity was 59% and the PPV was 48%. The agreement 
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FIGURE 6.4: RATE RATIOS FOR MAJOR VASCULAR EVENTS BY DATASET 
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for revascularisation procedures is highest at 0.81 which can be interpreted as very good 

agreement. Revascularisations also had high sensitivity (83%) and positive predictive 

value (84%). The composite outcome of MVE had good agreement between HES 

records and the in-trial reporting with a Kappa statistic of 0.78. The sensitivity was 85% 

and the PPV was 80%. For each of the four outcomes, specificity was greater than 95%, 

and negative predictive value (NPV) was greater than 96%.  

TABLE 6.12: VALIDATION OF TRIAL OUTCOMES IN HPS USING HES RECORDS 

  

Kappa Statistic 

(95% CI)  Sensitivity Specificity 

Positive 

Predictive 

Value 

Negative 

Predictive 

Value 

Non-fatal MI  0.66 (0.63-0.69)  74% 98% 62% 99% 

        
Non-fatal stroke  0.51 (0.48-0.54)  59% 98% 48% 98% 

        
Revascularisation  0.82 (0.81-0.84)  83% 99% 84% 98% 

        
MVE  0.78 (0.77-0.79)  85% 95% 80% 96% 

6.3.6 RESULTS BY SEX 

The Kappa statistic, sensitivity, specificity, positive predictive value (PPV), and 

negative predictive value (NPV) were also analysed by sex to investigate whether the 

sex difference observed in recruitment and adherence also persevered in the reporting of 

outcomes in trial.  

The results for male participants are presented in Table 6.13 and for female participants 

in Table 6.14. The Kappa statistic, sensitivity, and PPV are higher for males than 

females non-fatal MI, revascularisation procedures, and for the composite outcome of 

MVE. For non-fatal stroke, female participants had a higher kappa statistic (0.56 vs 

0.52) and a higher PPV (55% vs. 46%), but male participants had a higher sensitivity 

(60% vs. 57%).  
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TABLE 6.13: VALIDATION OF TRIAL OUTCOMES IN HPS USING HES RECORDS 

FOR MALES 

    

Kappa Statistic 

(95% CI)  Sensitivity Specificity 

Positive 

Predictive 

Value 

Negative 

Predictive 

Value 

Non-fatal MI  0.67 (0.64-0.70)  74% 99% 63% 99% 

        

Non-fatal Stroke  0.52 (0.48-0.56)  60% 97% 46% 99% 

        

Revascularisation  0.84 (0.83-0.85)  84% 98% 84% 98% 

        

MVE   0.85 (0.84-0.86)  85% 95% 81% 96% 
 

 

TABLE 6.14: VALIDATION OF TRIAL OUTCOMES IN HPS USING HES RECORDS 

FOR FEMALES 

    

Kappa Statistic 

(95% CI)  Sensitivity Specificity 

Positive 

Predictive 

Value 

Negative 

Predictive 

Value 

Non-fatal MI  0.61 (0.54-0.68)  70% 99% 56% 99% 

        

Non-fatal Stroke  0.56 (0.50-0.63)  57% 98% 55% 98% 

        

Revascularisation  0.84 (0.80-0.87)  83% 99% 83% 99% 

        

MVE   0.82 (0.80-0.85)  81% 97% 80% 97% 
 

6.4 DISCUSSION 

6.4.1 FINDINGS 

These analyses have demonstrated that there is a good agreement between the outcomes 

reported in the trial, and those seen in the HES dataset. This was the case for non-fatal 

myocardial infarction, non-fatal stroke, revascularisation procedures, and the composite 

end-point of MVE. If the trial analyses had been conducted solely using those events 

observed in HES, the trial results would be very similar when compared to the results 
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for participants that we would expect to see in HES (not including events prior to 1997, 

and not including participants who do not reside in England).  

The kappa statistics, along with the sensitivity, specificity, positive predictive value, 

and negative predictive value, highlight that there were events captured in the trial that 

were not captured in the HES records, and events recorded in HES that were not 

reported in-trial. In the case of non-fatal MI, there were participants reporting an MI in-

trial, but the closest event within their HES record was angina or atherosclerotic heart 

disease. Similarly, the ICD-10 diagnosis code I21.9 (relating to an acute MI, 

unspecified) was recorded for participants in the HES records, but no MI was reported 

in the trial with some participants having Read codes relating to chest pain but others 

reporting nothing around that time. Non-fatal strokes were reported more often with the 

HES dataset than in the trial. This is likely due to the lack of diagnostic criteria at the 

time with many of the strokes in the HES records being reported as unspecified strokes 

(ICD-10 code I64). However, there were strokes reported in the trial that did not occur 

in HES. These may have been old strokes that were recorded as part of an admission 

due to something else. After investigation, there was no obvious pattern to any codes 

reported in HES around that time. Revascularisations were the most well captured event 

in the HES record when compared to the events reported in-trial. This is not surprising 

as HES data are used for reimbursement and so procedures will have been well 

reported, even in the earlier years of HES. There were participants who reported a 

revascularisation procedure in the trial, but with no corresponding event in HES. This 

could be because the operations were conducted in hospitals just across the border (for 

example, in Wales or Scotland), or because the operations took place in a private 

hospital.  
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When analysing these statistics by sex, there was a small difference in the outcomes 

reported in-trial and those captured in HES. There was greater agreement between these 

two datasets for male participants than for females. However, these differences were 

generally quite small, and may be caused by a smaller proportion of events in female 

participants.   

6.4.2 LIMITATIONS 

One of the main limitations with this analysis is that the HES dataset does not cover all 

participants, or the full time period of the trial. There are no hospital records for 

participants not residing in England, or for those treated in countries other than 

England. The dataset also doesn’t capture operations or procedures performed privately. 

However, by limiting the comparisons to only those reported in trial that should also be 

captured in the HES records (events occurring in 1997 or later, and only in participants 

residing in England); the comparison of results should be reasonably fair.  

Another limitation is that at the start of the trial, linked HES records did not exist, and 

even once these records were linked (from 1997 onwards), the reporting of events was 

variable. Coding standards have improved over the last 20 years, and events are 

reported more accurately as diagnostic medicine improves. Whilst the early years of 

HES records may leave room for improvement, they will have improved over time. 

This furthers the case for using routine data as a method of follow-up as they showed 

reasonable agreement with in-trial event capturing even in the infancy of HES records.  

An additional limitation is the difficulties faced when working with older datasets. The 

datasets that hold the in-trial information for HPS are historic, and in some cases have 

been overwritten by information that was received in the post-trial follow-up period. 

Additionally, the historic nature of the dataset means that diagnostic codes used at the 
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time are no longer the diagnostic codes used now, and so care should be taken when 

translating between these codes.  

6.4.3 CONCLUSIONS 

Electronic health records, even in 1997 provided very similar results to those reported 

in the main HPS paper. Whilst some events were not captured in the HES data, there 

were other events captured that were potentially missed in the trial. These analyses have 

demonstrated that there is good agreement between the trial data, and routinely 

collected data from HES, for cardiovascular disease related outcomes. There is the 

potential to link HES records with hospital data from other devolved nations which 

would provide complete coverage of the UK.  

This chapter has described how HES data can be used to supplement or even replace the 

need for follow-up in cardiovascular disease trials. Chapter 3 demonstrated the 

difficulty in recruiting participants to two cardiovascular disease trials, particularly 

female participants. This chapter has demonstrated that follow-up appointments can be 

reduced in cardiovascular disease trials, both in time and quantity, as major vascular 

events are captured accurately in routine data. By removing the need for lengthy and 

frequent follow-up visits, recruitment to cardiovascular clinical trials may prove to be 

easier. Chapter 5 demonstrated that there are other benefits to using routine data, 

namely being able to follow-up larger numbers of participants for a longer period of 

time in a cost-efficient manner. This, along with the results in this chapter, provide 

evidence that large randomised trials can be conducted using routine data as the primary 

form of follow-up to improve trial efficiency, and by increasing the sample size and 

length of follow-up, and improve the accuracy of the results.  
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7 DISCUSSION 

7.1 SUMMARY 

This chapter summarises the main findings from this research; the use of routine data 

for recruitment in randomised controlled trials, the differences observed between males 

and females for adherence to treatment, and the use of routine data for follow-up in 

clinical trials. This chapter also discusses the implications of the sex effects for clinical 

care, the evidence for using routine data in clinical trials, and future work that is 

required in this area.  

7.1.1 RECRUITMENT TO CLINICAL TRIALS USING ROUTINE DATA 

Chapters 2 and 3 looked at the use of routine data for recruitment to clinical trials. 

Chapter 2 summarised the literature and provided details on the types of routine data 

that have previously been used for recruitment to clinical trials. Electronic health 

records were the most commonly used data source, and the review demonstrated that 

they have successfully been used for recruitment to both large and small trials in a 

variety of disease areas. Chapter 3 then looked in detail at the recruitment to two large 

cardiovascular disease trials. Both of the trials, the Heart Protection Study (HPS), and 

the Randomized EValuation of the Effects of Anacetrapib through Lipid-modification 

trial (REVEAL), used electronic health records to recruit participants. These trials, 

which took place 17 years apart, both invited large numbers of potentially eligible 

patients by identifying relevant codes in electronic records derived from medical notes. 

The demographics of those progressing through the recruitment pathway were 

investigated.  
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Sex was the main demographic factor that determined successful recruitment in these 

cardiovascular disease trials, with significantly fewer females agreeing to 

participate/progress to the next stage than males. Although the overall proportion of 

invited patients who agreed to attend a screening appointment was lower in the more 

recent REVEAL trial, similar sex differences were seen in both trials. Additionally, the 

proportion of patients identified from electronic health records that respond to postal 

invitations has declined substantially over this time period. This suggests the main issue 

is encouraging patients to attend a screening appointment in the first place. However, 

the differences in sex are not driven solely by one stage of the recruitment process as at 

every stage, females were less likely to continue. Fewer females responded to the 

invitation, and those that did respond were less likely to accept the invitation than 

males. At the screening visit, females were less likely to be eligible, and less likely to 

consent to enter the run-in period. A smaller proportion of females attended the 

randomisation visit than males, and those that did were less likely to be randomised. In 

HPS, the proportion of invited females that went on to be randomised was 10.8% 

compared to 18.8% of males. In REVEAL, the proportion of invited females that went 

on to be randomised was 0.9% compared to 3.4% of males. 

The sex related differences observed in those progressing through the recruitment 

pathway were still significant after adjusting for age, ethnicity, and socioeconomic 

status. Unfortunately, there was very little information available about why patients 

decided not to take part in the trials which makes it difficult to identify areas for 

improvement. Additionally, the differences in sex occurred at every stage of the 

recruitment pathway and there was no single point during recruitment where changes 

could resolve this problem.    
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7.1.2 ADHERENCE TO TREATMENT 

The differences observed by sex in recruitment in Chapter 3 were then investigated 

further in Chapter 4 where adherence to treatment was explored. The analyses 

demonstrated that there was a significant difference between males and females in both 

type of follow-up visit and adherence to treatment. In HPS, females were less likely 

than males to attend a follow-up clinic in person (“direct follow-up”). As participants 

who switched away from clinic/hospital visits had to stop taking their study treatment 

for safety reasons, this meant that there were fewer female participants taking their 

treatments. Females were significantly less likely than males to have an in-person 

follow-up by the first visit after randomisation (OR: 0.73, 95% CI: 0.61-0.87). This was 

still the case at the end of the follow-up period (five years after randomisation) with the 

odds of a female having an in-person follow-up of 0.68, 95% CI: 0.61-0.76. 

In both of the trials, female participants were also less likely than males to be adherent 

to their treatments. In HPS, females were less likely to be adherent to their vitamin or 

matching placebo capsules and even less likely to be adherent to their statin or matching 

placebo tablet. These differences in sex were observed from the first study visit four 

months after randomisation where females were significantly less likely than males to 

report being adherent to their study treatments (statin/placebo OR: 0.81, 95% CI: 0.71-

0.92, vitamin/placebo OR: 0.78, 95% CI: 0.68-0.89) and continued throughout the study 

period until the five-year post randomisation visit (OR: 0.74, 95% CI: 0.68-0.81). 

As adherence to treatment at each time point was calculated as a percentage of those 

eligible to be taking their treatments i.e. those still attending in-person follow-up visits, 

it is likely that the sex difference observed in HPS underestimates the true effect as 

fewer women were taking their treatments at all as they had switched to non-direct 
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follow-up. In REVEAL, a similar sex difference was observed with fewer females 

being adherent to the study treatments. There was a smaller difference between the two 

treatments though with similar proportions of participants being adherent to their 

atorvastatin and their anacetrapib or matching placebo. Whilst there were no significant 

sex differences in adherence to either treatment at the first follow-up visit two months 

after randomisation, there were significant differences at the midpoint of the trial (two 

years after randomisation). Females were significantly less likely than males to report 

being adherent to their study treatments (atorvastatin OR: 0.73, 95% CI: 0.60-0.88, 

anacetrapib/placebo OR: 0.75, 95% CI: 0.62-0.91). This was still the case for both 

treatments at the end of the in-trial follow-up period. Females were significantly less 

likely than males to still be adherent to both their atorvastatin treatment (OR: 0.76, 95% 

CI: 0.60-0.94) and their anacetrapib/placebo treatment (OR: 0.67, 95% CI: 0.55-0.84). 

This causes concern as there are already difficulties in recruiting female participants to 

cardiovascular disease trials and having fewer females taking part and even fewer being 

adherent to their treatments could leave studies underpowered for sex specific effects. A 

meta-analysis looking at statin therapy for primary prevention of coronary heart disease 

(CHD) found that the use of statins reduced the risk of CHD events in males, but did 

not find evidence of this protection in females.180 A previously published meta-analysis 

looking at the impact of gender on statin efficacy found that women receiving statin 

therapy did not have reduction in their risk of stroke or death, and whilst there was a 

reduction in risk of myocardial infarction, it was not statistically significant.181 They 

concluded that the lack of statistical significance was most likely due to the small 

female population within the trials, rather than due to there being no effect. This further 

highlights the need to include adequate numbers of female participants in 

cardiovascular disease clinical trials. These factors potentially limit the ability to 
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establish the safety and efficacy of interventions in females which could lead to serious 

adverse public health consequences. One reason for this may be the time involved in 

attending study visits, particularly over many years, which could cause participants to 

switch to non-direct follow-up or stop taking their tablets. This might be particularly 

relevant to female participation in trials as females are more likely to be care-givers and 

therefore may have other commitments that affect their ability to come in for regular 

study visits.  

7.1.3 FOLLOW-UP IN CLINICAL TRIALS USING ROUTINE DATA  

Chapters 5 and 6 looked at the use of routine data for follow-up in clinical trials. 

Chapter 5 reviewed the literature and identified different types of routine data that have 

been used previously for follow-up. As with the review of randomised trials that used 

routine data for recruitment, electronic health records were the most commonly used 

data source for follow-up. Other sources of routine data that were used included registry 

data, insurance databases, and mortality records. The trials that used routine data were 

relatively large and generally had longer follow-up periods. The use of electronic health 

records for follow-up is a cost-effective way to follow-up large numbers of participants, 

and there is potential for more clinical trials to adopt follow-up using routine data to 

maximise the follow-up periods in clinical trials, to make it easier for participants to 

take part in research, and to increase the sample sizes in trials so that moderate 

treatment effects can be detected reliably.  

Chapter 6 looked at whether routine data, specifically Hospital Episode Statistics (HES) 

data, could be used instead of clinic visits to follow-up participants in clinical trials as a 

potentially more cost-effective method. Using data from HPS, the trial efficacy 

outcomes were analysed and then replicated using only events that were recorded in the 
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HES datasets. These analyses demonstrated very good agreements between the trial 

outcomes and those recorded in the HES data. This was the case for non-fatal 

myocardial infarction, non-fatal stroke, revascularisation procedures, and the composite 

end-point of major vascular event (MVE). Using a comparable subset of the trial dataset 

(removing events prior to 1997 and participants that resided outside of England), the 

relative reduction in the rate of first non-fatal myocardial infarction (MI) was 38% 

(95% CI: 0.53-0.72) in the simvastatin arm compared to the placebo arm. Using the 

events recorded in HES, the relative reduction in the rate of first non-fatal MI was 36% 

(95% CI: 0.56-0.74).  For the composite outcome, MVE, there was a relative risk 

reduction of 27% (95% CI: 0.68-0.78) using the subset of the trial dataset. Using the 

events recorded in HES, the relative reduction in the rate of first MVE was 

26% (95% CI: 0.69-0.79). 

If the trial analyses had been conducted solely using those events observed in HES, the 

trial results would have been very similar to the trial results among participants that we 

would expect to see in HES (not including events prior to 1997, and not including 

participants who do not reside in England). As expected, there were some outcomes 

recorded in HES that were not recorded in the trial, and some outcomes reported in the 

trial that were not captured in HES, but overall using electronic health records provided 

very similar results to those reported in the trial. These analyses demonstrate that HES 

data can be used to supplement follow-up appointments in cardiovascular disease trials, 

reducing both the time and quantity of follow-up appointments. Unfortunately, these 

analyses could not be replicated using the REVEAL trial data as REVEAL is still in 

post-trial follow-up. This would have provided a more recent view of using HES 

records for follow-up but there is potential for this research to be completed after the 

post-trial follow-up period has finished.  
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By reducing the need for lengthy and frequent follow-up visits, recruitment to 

cardiovascular clinical trials may prove to be easier. Both Chapters 5 and 6 provide 

evidence that large randomised controlled trials can be conducted using routine data as 

the primary form of follow-up. This improves trial efficiency and should allow larger 

numbers of participants to be followed up over a greater period of time, which will 

improve the accuracy of the results.  

7.2 STRENGTHS AND LIMITATIONS 

The work presented in this thesis has demonstrated that routine data can be used for 

both recruitment and follow-up in large cardiovascular disease trials in the UK. One 

strength of this research is that both of the trials used for these analyses contained 

information on the whole recruitment process from the identification of potentially 

eligible patients through to randomisation. This ensures that data on response to 

invitation are based on a true known denominator and the use of a common method 

across very large numbers of patients.  

Another strength of this research is the age of the trials used for these analyses. HPS 

started recruiting in 1994 and REVEAL started recruiting in 2007. The differences 

observed in recruitment and adherence to treatment between males and females were 

seen in both trials, which indicates that this is an ongoing problem. In fact, the 

differences were greater in the more recent REVEAL trial, which may mean that the 

problem with sex disparity in trials is getting worse. Furthermore, the follow-up 

analyses in HPS used HES data from the beginning of linked HES records. Even using 

data from the early years of HES, the trial outcomes were captured accurately. As the 

quality of coding and recording of events in HES has improved over time182–184, this 

implies that outcomes will be recorded more accurately within the HES datasets in 
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more recent years. This means the use of HES data for follow-up in clinical trials 

should be more accurate for trials going forwards.  

One limitation of this research is that it has been conducted on two similar trials that 

were run by the same unit, HPS and REVEAL. Although these trials were nearly 20 

years apart, they recruited from similar patient populations and both trials were 

investigating the effects of lipid-modifying treatment among people with cardiovascular 

disease. Both trials recruited patients who were at an increased risk of cardiovascular 

disease. The differences observed may be specific to cardiovascular disease trials and 

may not be generalisable to other areas of research.  

Another limitation of this research is its retrospective nature. Working with older 

datasets presents challenges. The datasets that hold the in-trial information for HPS are 

older, and unfortunately the database was maintained according to different standards in 

that era. This means that some of the information held has been overwritten during the 

post-trial follow-up period.  

In addition to this, HPS was a paper-based trial that was dual-entered into the database. 

Working with the raw data proved challenging as the dataset required a large amount of 

data cleaning which was a lengthy process. There was very little documentation around 

the data cleaning procedures that had been used in the main trial to recreate an analysis 

dataset. Additionally, accessing older datasets can be difficult due to differences in 

operating systems and protocols and care must be taken to ensure that the relevant 

approvals are in place to access the data as retrospective consent can be difficult to 

obtain. Furthermore, working retrospectively meant that there was no way to capture 

any additional information about participants’ reasons for discontinuing with the 

studies.  In HPS, the only information captured around not wishing to continue was 



Chapter 7 – Discussion                                                                                                 131 

 
 

 

recorded as participant choice. While these data do not allow further exploration of the 

underlying causes of these sex differences, recognition by investigators and 

consideration of these issues when designing recruitment materials, in particular to 

ensure that there are no hidden sex biases which might be causing female patients to not 

attend or take part. 

One final limitation of this research is the access to routine datasets. Access to the HES 

records for HPS had already been granted, prior to commencing this research. However, 

it is a time-consuming process to gain access to data from NHS Digital, and data are not 

provided in real time. This raises issues in clinical trials where safety information may 

be needed, including blood work, to monitor how a new therapy is acting and to allow 

data monitoring committees to oversee the safety and efficacy of the trial. These 

analyses looked at well-defined trial outcomes (non-fatal MI, non-fatal stroke, 

revascularisation procedures), and not at the safety outcomes which included liver and 

muscle enzymes. These would not necessarily be recorded in HES data, and so the 

safety of the experimental treatments could not be monitored routinely. However, there 

is the potential to access routinely taken blood samples in trial participants which would 

allow blood safety to be monitored remotely. However, this still does not resolve the 

problems caused by the delays in accessing this data.  

7.3 FUTURE WORK 

There is a need for better understanding from qualitative studies about the reasons for 

differences in trial related behaviour between males and females. By including 

questions in future research that would capture the reasons for not wanting to continue 

through the recruitment pathway, some of these reasons could be addressed. The 

inclusion of more females in focus groups prior to a trial starting could also help ensure 
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that the recruitment process and trial literature do not contain any hidden biases that 

may dissuade females from taking part.  

Theses analyses demonstrate the value of routine data and its use for follow-up in 

clinical trials. There are many other large data sources that could be used for clinical 

trials. Health registries contain a large amount of detailed information. Examples of 

these include the National Cancer Registration and Analysis Service (NCRAS) and the 

UK Renal Registry (UKRR). Linking data from these registries with clinical trial data 

can allow more detailed analyses of specific diseases. In HPS, data were collected on 

mortality from the Office for National Statistics (ONS), and on cancer from national 

cancer registries.75 These were used to provide further information for adjudication of 

events, but there is the potential to use these as the main data sources for these 

outcomes in future research. There are also examples of clinical trials where 

participants are identified, randomised, and followed up using the registry data.185,186 

Future research may look at combining data from registries with HES datasets to allow 

more clinical information to be captured or to allow the randomisation and follow-up of 

patients to occur without the need for extra study visits.  

There is more work that could be done investigating the clinical implications for the 

lack of power for effects in women. Cardiovascular disease mortality is higher in 

females than in males (35% of deaths worldwide in females compared to 32% of deaths 

in males).187 However, cardiovascular disease is still perceived to be a male illness. The 

under-representation of females in cardiovascular disease clinical trials has been 

acknowledged in two meta-analyses, where the proportion of females across the 

included trials was between 25-38%.180,181 These meta-analyses both concluded that 

there was not sufficient evidence to support the reduction in risk of death or stroke for 



Chapter 7 – Discussion                                                                                                 133 

 
 

 

women on statins. Further research and future clinical trials should aim to include a 

greater proportion of female participants so that the effects of treatments in 

cardiovascular disease can be suitably measured. Taking potentially ineffective 

treatments is wasteful and without suitable numbers of females, clinical trials lose their 

ability to establish the safety and efficacy of interventions in a female population.  

7.4 CONCLUSIONS  

The research presented in this thesis has demonstrated how routine data could 

potentially be used for recruitment and follow-up in large randomised trials, particularly 

in cardiovascular disease trials in the UK. There do appear to be systematic differences 

in those progressing through the recruitment pathway to randomisation with fewer 

females progressing at each stage, and these differences persist during the trial with 

fewer females having direct follow-up, and less females being adherent to their study 

treatments. However, the trial outcome events of non-fatal MI, non-fatal stroke, and 

revascularisation procedures are captured well within HES datasets, and therefore could 

replace follow-up appointments in clinical trials if data can be made available within a 

suitable time frame for safety monitoring. If electronic health records can be used as a 

method of follow-up, the number of study visits may be able to be reduced or even 

completely removed, which may encourage more females to take part in these trials.  

Routine health records, for example HES data, and national disease registries contain a 

wealth of information about patients that can be used to optimise both recruitment to 

trials and the follow-up of patients. The use of electronic health records (EHR) has the 

potential to provide more cost-effective and efficient methods for research.
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APPENDIX III – HPS INCLUSION 

CRITERIA BY SEX 

 

Inclusion criteria Male n(%) Female n(%) 

Myocardial Infarction (MI) 13315 (44%) 4325 (34%) 

Stable angina at any time  14601 (49%) 6280 (49%) 

Unstable angina 6349 (21%) 2972 (23%) 

Ischaemic stroke 3028 (10%) 1222 (9%)  
Transient cerebral ischaemic attack (TIA) 2099 (7%) 928 (7%)  
Coronary artery bypass surgery (CABG) 5423 (18%) 954 (7%)  
Coronary angioplasty (PTCA) 2109 (7%) 598 (5%)  
Carotid endarterectomy or carotid angioplasty 489 (2%) 206 (2%)  
Other arterial bypass surgery or angioplasty 3466 (12%) 1036 (8%)  
Amputation for vascular disease 320 (1%) 72 (1%)  
Other evidence of peripheral vascular disease 8439 (28%) 4042 (31%) 

Diabetes 8402 (28%) 4597 (36%) 

Treated hypertension in male aged 65 or over 2085 (29%) n/a  
Total 29482 (99%) 12437 (98%)  

Calculated as proportion of eligible patients (N=42 471, male n=29 779, female=12 692) 


