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ABSTRACT 

Chronic diseases afflict patients for many years, often to the end of life, and there is 

increasing need for estimating lifelong risk and for evaluating the effects of treatment in the 

long-term. Yet recommendations for lifelong treatment are most frequently based on findings 

from randomised clinical trials lasting only a few years. There is therefore a clear need for 

much longer-term data, and here we present the advantages and disadvantages of many 

strategies, including the use of long-term post-trial follow-up, of long-term prospective 

cohort studies, registry databases, and of administrative data bases. We also emphasise the 

need for long-term cost-effectiveness studies. One of the most promising strategies comes 

from linkage of data gathered through the ever-expanding pool of administrative data bases 

worldwide with data from other sources, including randomised trials and the many forms of 

observational study. 
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Chronic diseases affect patients for many years, often attended by exacerbations and 

remissions, and most guidelines recommend such patients should undergo lifelong treatment. 

This is clearly so for hypertension, diabetes and dyslipidaemia which are characterized by a 

long life expectancy. It also applies to patients with coronary artery, cerebrovascular and 

renal diseases whose survival now spans over many years. However, the evidence base used 

to justify and to guide treatment, particularly pharmacological treatment, is heavily dependent 

on randomised controlled trials (RCTs), commonly providing 3-6 years of active treatment 

and follow-up. This bias towards dependence on RCTs has increased in recent years with 

greater insistence that guideline recommendations for treatment should be based on the 

highest levels of evidence, and thus on data from RCTs and on meta-analyses of such trials, 

as for example in the latest recommendations from the members appointed to the 8th Joint 

National Committee (“JNC8”) (1-4).   Cost effectiveness data are also essential in 

formulating recommendations for lifelong treatment, but at present these are subject to the 

same limitations as those affecting clinical risk/benefit data, including undue dependence on 

relatively short-term RCTs.   

There are many other forms of evidence that should be considered in guiding life-long 

treatment, all of them observational in nature. These include post-trial follow-up of 

participants in RCTs, after the period of randomised treatment comparison has ceased. Other 

valuable sources of evidence include data from well-conducted national or regional registries, 

the use of cohort studies with longitudinal follow-up, and - increasingly possible - the use of 

data from large administrative data bases that are collected by health authorities around the 

world, albeit with substantial variation in the range and quality of the data that are 

accumulated. The purpose of this review is to discuss the use of these strategies and to 

comment on their advantages and disadvantages. 
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Long-term post-trial follow-up 

One very useful strategy, used over the past two decades, has been the long-term follow-up of 

participants in RCTs for lengthy periods after randomised treatment has ceased. This was 

initiated in studies of more intensive glucose control in patients with diabetes, both type 1 and 

type 2 diabetes, motivated by the argument that the 5-10 year period of active comparison 

might be insufficient to detect beneficial effects of superior metabolic control, which might 

take many more years to become manifest (5,6).  These initiatives were rewarded by the 

detection of long-term reductions in major cardiovascular complications that were not evident 

by the end of the period of randomised treatment (7-9). This has been reinforced by recent 

reports from the Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified 

Release Controlled Evaluation Observational Study (ADVANCE-ON) of persistent long term 

benefits of more intensive glucose control for end-stage kidney disease (ESKD) and from the 

Veteran's Affairs Diabetes Trial (VADT) study of long-term benefits of tighter glucose 

control for major vascular events. (10,11) ADVANCE-ON has also reported long-term, post-

trial mortality benefits following blood pressure lowering with the combination of  

perindopril and indapamide (10).  One of the advantages of long-term post-trial follow-up is 

that it enables investigators to confirm or refute suggestions from the later phase of 

cumulative event curves obtained during the randomised treatment phase, that the curves for 

the active treatment and the control groups are either beginning to diverge or starting to 

converge. This is well illustrated by the ADVANCE-ON study, which clearly showed that 

there was no long-term benefit for major macrovascular events over a period of 10 years 

following more intensive glucose lowering (Figure 1, right panel), even though there was a 

suggestion of emerging benefit during the last year of randomised treatment (Figure 1, left 

panel) (10,12). 
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Over the past two decades, many trials of blood pressure lowering drugs, as well as trials of 

statins, have conducted long-term post-trial follow-up for between 1 and 10 years and yielded 

much valuable information. They have demonstrated that some of the benefits of randomised 

treatment do persist beyond the period of active comparison, although these benefits 

progressively attenuate or dissipate over time (10,13-22). While this attenuation may reflect 

the lack of a strong “legacy effect”, it is also testimony to the efficacy of active treatment 

during the randomised, in-trial period, and to the importance of maintaining active blood 

pressure lowering in the long-term. These post-trial data help extend our experience and 

available evidence regarding the treatment of chronic cardiovascular diseases to around one 

decade or more, but this still falls well short of the evidence base needed to justify and guide 

lifelong treatment. There are also some inherent disadvantages in post-trial follow-up, 

including the problems of loss to follow-up and of drop-outs. 

The great advantage of long-term post-trial follow-up, for the long-term study of possible 

risks and benefits of earlier periods of treatment, lies in the reduction of biases through 

maintenance of the benefits of randomisation.  This requires maintenance of the ‘intention to 

treat’ principle which preserves  the close matching of active and control treatment groups,   

and this, in turn, requires the analysis of the cumulative incidence of events or outcomes, 

from the very beginning of randomised treatment through to the end of the period of post-trial 

follow-up. Analysis of data from the period of post-trial follow-up alone loses the advantage 

of comparing evenly balanced groups of participants derived through randomisation. Instead, 

it compares disparate groups that have had different experiences during randomised 

treatment, with substantial confounding likely to be introduced through differences in event 

rates, including mortality rates, between the groups allocated randomly to different treatments 

at baseline. One issue that may arise is that when a clinical trial terminates, or is prematurely 
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stopped due to net advantage of one treatment over another, participants may be transferred 

to the more advantageous treatment on ethical grounds, thus losing the advantage of 

“intention to treat” analysis, and requiring or even defying, more complex analytic 

procedures to dissect out the real long-term benefits of the original active treatment. 

There are, however, some clear limitations and disadvantages in predominant reliance on data 

from participants in RCTs. First and foremost, most investigators agree that there are inherent 

biases in the selection of participants in clinical trials, which may limit the generalizability 

and applicability of trial results to broader populations at community level. This is often in 

the direction of higher risk groups, due to selection of more vulnerable groups, which are 

chosen to increase event rates and thus study power or to reduce participant numbers and thus 

cost. However, it can work in the opposite direction since ethical and logistic considerations 

can influence selection towards fitter and healthier patients. This is particularly true in older 

populations, such as in the Hypertension in the Very Elderly Trial (HYVET)  in patients over 

the age of 80 years, which deliberately excluded very frail elderly patients who might be at 

greater risk of the adverse effects of more stringent blood pressure lowering (23). It also 

applies to many trials of treatment for heart failure which are carried out in patients aged in 

the early 60s, in contrast with the much older and physically compromised heart failure 

patients who are usually seen and treated in clinical practice. Another disadvantage of RCTs 

is the very great cost of large prospective outcome trials, often beyond the funding capacity 

of most national research agencies, and increasingly challenging for many pharmaceutical 

companies. The need to fund the additional cost of many years of post-trial follow-up will 

often prove to be the straw that breaks the camel’s back! Furthermore, the costs must clearly 

limit the length of follow-up. In summary, prospective RCTs clearly provide the gold 

standard in recommendations for treatment, but they have definite disadvantages and their 

very great cost will clearly limit the practicality of using them directly, or through post-trial 
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follow-up, as the chief source of truly long-term evidence for treatment of cardiovascular 

conditions.  

Long term prospective cohort studies 

Cohort studies are well-recognised as the most reliable type of observational study. Whilst 

not having the benefit of randomization to guarantee, with large numbers, lack of bias by 

indication, they provide a valid source of information on the effects of medications and 

lifestyle factors when analyses are suitably controlled for confounding. Provided that 

membership of the study population is unlikely to modify the association between exposure 

and outcome, even special populations, such as employees in a specific industry, can provide 

meaningful results. Non-random samples are, however, not able to accurately estimate 

absolute risks. This is important because, increasingly, the take up of invitations to join 

cohort studies has declined with response rates of 20% or less being reported (24,25). This 

makes claims for “general population” coverage of such cohort studies debatable, and 

potentially misleading.  

 

Although such cohort studies are generally started with a fixed time horizon, usually decided 

according to the resources initially available, they are often extended so as to give long-term 

follow-up appropriate to analysing the effects of long-term exposure. For example, The 

Scottish Heart Health Study originally reported on events and associations after around 8 

years (26), but the most recent report from this study uses 22 years of follow-up data (27). 

However, that study only used exposure data from baseline, so that it is unreasonable to 

assume that these data represent long-term continuous exposures.  

Other cohort studies have a longitudinal form wherein surviving subjects are resurveyed to 

update their data on medication use, lifestyles etc, at intervals. The Framingham Heart Study 

(28) is a classic example of this, where subjects have been resurveyed every second year 
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post-baseline. The Atherosclerosis Risk in Communities (29) and Electricity Generating 

Authority of Thailand (EGAT) (30) studies are further examples. These studies do allow 

long-term exposures to be evaluated directly. Note, however, that this is only true if the 

exposure of interest was recognised when the study started – or, at least, was apparent as of 

potential interest many years ago. Birth cohort studies, such as the Avon Longitudinal Study 

of Parents and Children (31), are perhaps the ultimate longitudinal studies, although they 

clearly have to be very mature to enable the effects of medications typically given in middle 

age, or later, to be studied.  Framingham and EGAT have the further feature of recruiting new 

cohorts from the same population, over time, which can allow analyses of long-term 

continuous effects, for example to drugs developed 10-20 years ago, in relatively young 

people.  

A modern trend is to initiate Biobanks. Often these are hospital-based, but general population 

Biobanks, such as the China Kadoori Biobank (32) and the UK Biobank (33), are beginning 

to provide excellent research data. Except for the fact that such studies typically have a wider 

range of exposures, they are essentially cohort studies, with a baseline survey followed by 

monitoring of participants, often using routine data sources. Long-term data from such 

studies are awaited. 

 

Administrative Databases 

Electronically stored routinely-collected data are becoming increasingly used in medical 

research. Such data have been kept by health services for very many years, yet rarely used for 

research, as opposed to administrative, purposes. Although the earliest use of such data for 

research purposes may be attributed to the US Veterans Association, the methodology was 

developed by the seminal Oxford Record Linkage Study (34). In the main, these data are of 

two types: episode-based data, such as the Clinical Practice Research Datalink (CPRD) in the 
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UK (35), and billing-based, such as from the several health-care systems in the USA, for 

example, from the Kaiser Permanente system (36). In essence, these are similar to cohort 

studies, albeit developed for research purposes retrospectively. For example, Emdin et al (37) 

used CPRD to identify 4.1 million patients who had at least one blood pressure measurement 

taken by their general practitioner (GP) between 2000 and 2012. These patients were 

followed retrospectively through to 2012 using linked digital record systems covering 

hospital visits and death registrations, as well as future GP consultations. CPRD is a rich data 

source because of its myriad linkages; most other routine data are more restricted, for 

example to hospitalizations. Linkages are essential to get a comprehensive coverage of 

events.  

Many long-term cohort studies depend on linkage to routine data, collected by administrative 

data systems, to capture pharmaceutical prescriptions as well as major events, including 

hospitalisation and death, further emphasising the similarity of the two approaches to 

research (Figure 2). However, several key differences are apparent between these two 

strategies. First, pure use of electronic health systems requires no baseline survey. Instead, 

patients enter the study when they first encounter the health (or other) system which uses the 

routine data – when they first visit their doctor in the case of CPRD. This clearly has 

enormous savings in cost. Second, there is no need to wait many years to get long-term data; 

provided the database has been running enough time one can start analyses straightaway. 

Third, unlike any bespoke research data, there is no appreciable cost penalty for increasing 

the sample size. Fourth, longitudinal observational studies (and RCTs) have limited capacity 

to address the problem of low adherence to drug treatment of chronic diseases in everyday 

clinical practice, because recruitment to such studies, and hence awareness of being under 

observation, alters patients’ behaviour. Where drugs are free of charge (and thus self-

purchase is negligible) this may be addressed using administrative data-bases, which can 
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quantify adherence to a treatment regimen through the proportion of the follow-up time 

covered by prescription (38). Recently, this strategy has documented that in the general 

population, antihypertensive, lipid lowering and anti-diabetic treatments are all characterized 

by a very low adherence level, with a substantial adverse impact on the risk of hospitalization 

for cardiovascular disease (39,40). Each of these four features highlights the advantages of 

strategies that use information from administrative databases. However, the following three 

differences between routinely collected data and cohort data point to the limitations of 

administrative databases. First, the clinical information gathered in administrative data bases 

is often limited and is of variable quality (38).   Second, missing values are generally much 

more frequent in administrative data bases than in cohort study data, often because a patient 

only gets the tests that their doctor requests at any point in time. A prime example is where 

QRESEARCH, a UK database similar to CPRD, was used to define a cardiovascular risk 

score (41). Due to a large amount of non-randomly missing data on lipids in QRESEARCH, 

and an inadequate analytical procedure to deal with this, the emergent score substantially 

underplayed the importance of the total to high-density lipoprotein cholesterol ratio in the 

subsequent risk prediction algorithm (42). The third, and possibly the most important 

difference between the two types of data, is a feature which may make routine data 

unsuitable: the problem of indication bias. As noted, a standard feature of most routine data 

used in medical research is that many participants enter the study when something happens to 

them, typically an illness. This may make them more likely to receive a battery of tests, 

meaning that the baseline values of study variables are not available from even an unbiased 

sample, let alone a representative one of the study population. The sicker the patient, the 

more likely it is that the doctor will administer an (in some way) more extreme treatment (or, 

perhaps, a less conservative regimen), so that comparisons of effects of medications may well 

be biased. The problem of indication bias is lessened, but not removed, when it is mandatory 
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that everyone should be registered with the administrative system in question. Another issue 

that may complicate long-term follow-up, lies in the use of drugs with multiple actions, such 

as blood pressure lowering drugs that have additional properties favouring their use in 

particular cardiovascular conditions, such as coronary heart disease, where beta-blockers may 

have advantages, or heart failure where ACE inhibitors or diuretics may confer additional 

benefits. Subtle biases in estimates of interaction effects are also likely. Hence the long-term 

effects of treatment may well be analysed with greater statistical precision, but less practical 

reliability (i.e. sampling error is reduced but bias is increased). Although increasingly 

addressed by using propensity scoring (43), there is much uncertainty as to whether this can 

actually resolve the problem, given that the limited clinical information offered by 

administrative databases restricts the possibility of matching groups on a sufficiently large 

number of clinical variables (38). Other possibilities such as restricting the investigated 

cohort to patients experiencing the nominated study outcome (the case-only design), 

sensitivity analysis and new analytic techniques, such as instrumental variable methods have 

also been applied to administrative databases to minimise confounding, with variable results 

(38). 

Concerted action is needed, involving cooperation between heath researchers and health 

administrators, to increase the quantity and quality of the data that governments like to collect 

for financial and logistic purposes, This is essential to make them more comprehensive so as 

to be suitable for clinical research, and also to make it more accessible and available for 

legitimate research studies. A fine balance must be struck between the need for data 

confidentiality, limits to accessibility and the needs of medical research – and we are still 

learning how to achieve this (44, 45). While this should happen at national level, there are 

also advantages in regional systems that make such data available for health systems 

research, preferably as part of an overall national database.  
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Registry Databases 

By themselves, registries will not yield the long-term data that are needed.  However, in 

combination with randomised trials, cohort studies or with linkage to routine collection 

systems, such as electronic health records, they can provide a very valuable platform with the 

potential for effective long-term follow-up. (46,47).  To be effective, registries must be of 

high quality and very few around the world at present meet the standards required.  Some of 

the best in the cardiovascular field appear to be those in Scandinavian and in the UK at 

present, although there have long been many excellent registries for cancer and for reportable 

(or “notifiable”) infectious diseases, across the world. 

 

The use of a high-quality registry as the initial platform for an RCT can markedly reduce the 

complexity, expense, time to recruitment and also improve the representativeness of the trial, 

especially when it can be linked to further data bases with information regarding deaths and 

other major outcomes.  One such recent example was the “Thrombus Aspiration during ST-

Segment Elevation Myocardial Infarction in Scandinavia” (TASTE) trial, which was based 

on the national comprehensive Swedish Coronary Angiography and Angioplasty Registry 

(SCAAR) with endpoints evaluated through further national Swedish registries, including 

mortality data from the national population registry, and major clinical endpoints from the 

internet based Swedish Web System for Enhancement and Development of Evidence-based 

Care in Heart Disease Evaluated According to Recommended Therapies (SWEDEHEART) 

(47,48).  Combined use of such resources, not only facilitates the conduct and reduces the 

cost of a major RCT, it also makes long-term follow-up or participants feasible, even to their 

eventual and inevitable death. 
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Furthermore, just as judicious use of high quality registries can be combined with randomised 

trials, so can it be combined with cohort studies and with linkage to “Big Data” such as the 

CPRD in the UK, to provide very effective and more affordable means of long-term follow-

up.  The West of Scotland Coronary Prevention Study (WOSCOPS) provides a prime 

example that such combination works well and that routinely collected data, in this instance 

through the Scottish Health Informatics Programme, can provide high quality and valuable 

information (49).  Considerable challenges remain with such integration, particularly for use 

with RCTs. This includes issues with patient-level (individual) randomisation, with the  

comfort level of the health professionals actually caring for the patient, with privacy and 

informed consent of participants, and with ‘blinding’ of investigators. (50).  

 

Cost effectiveness studies 

Cost effectiveness data are also critical for meaningful recommendations, especially in low 

resource settings, and indeed across the world in times of escalating health costs and difficult 

economic circumstances.  However at present, cost effectiveness data are heavily dependent 

on short-term studies, especially clinical trials, with many estimates of long-term cost-benefit 

based on complex modelling involving many assumptions (51).   Thus the use of long-term 

costs data suffers from the same limitations as those applying to clinical data on efficacy and 

adverse effects, and is equally in need of effective solutions for the acquisition of long-term 

data, that can be used for determining cost-effectiveness over a life-time.  One of the great 

advantages of long-term data would be that it would allow the adverse consequences of 

treatment to be more appropriately measured including unexpected adverse effects that only 

become apparent in the long-term such as, for example, development of type 2 diabetes with 

use of antihypertensive drugs or statins (52,53).  In this way, the true costs, both monetary 
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and clinical, could be estimated and the cost benefit ratio made more meaningful and accurate 

than when only short-term data are available.   

In the first instance it would be helpful to build cost-effectiveness data collection into the 

planning of RCTs, of post-trial follow-up studies and of prospective cohort studies, a feature 

that is most often omitted or at best rudimentary.  However, this is one area where data 

linkage can be particularly useful, especially for the collection of long-term data, with linkage 

to national or regional data bases for both clinical and for financial data.  Such databases will 

most often be the administrative data bases linked to government health schemes, but can 

also be accessed through a variety of ‘private’ health insurance schemes (54).  Administrative 

databases would also have the advantage that long-term information originates from real life 

medical practice, where drug-related adverse effects may be more common and severe than 

those detected in RCTs in which greater physicians’ expertise and closer patients’ follow-up 

will usually ensure greater patient safety. 

Another  major issue facing investigators wishing to address these cost-effectiveness 

considerations is the fact that the data are often split between very different jurisdictions/ 

health funders, including multiple levels of government (national, regional, and local) and a 

variety of private insurers (55).  Furthermore, the data on costs in primary care and costs for 

hospital admissions often involve very different levels of health care providers and funders.  

Another limitation will be that many of these data bases will likely be restricted to 

“reimbursable costs” and will omit out-of-pocket costs, such as over-the-counter medication 

costs, co-payments, and loss of productivity, including salary or employment that may result 

from serious illness for both the actual patient and for carers.  It seems possible, or even 

likely, that burgeoning health costs and finite resources will force nations to build more 

comprehensive and higher quality data bases, gathering both clinical data and financial data, 

in order to permit more rational decisions on the allocation of resources. The nature and the 
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value of the data collected from new data bases that might result, will be very strongly 

influenced by the perspective of the planners—whether this be from the viewpoint of the 

health system itself , or of the funder (likely the government), or of society as a whole.     

 

Conclusions 

Many chronic diseases afflict patients for many years, often for decades, and commonly until 

the end of their lives. Yet recommendations for lifelong treatment are most frequently based 

on findings from randomised clinical trials lasting only a few years. There is therefore a clear 

need for much longer-term data, and we have presented the advantages and disadvantages of 

many strategies, including the use of long-term post-trial follow-up, of long-term prospective 

cohort studies, registry databases, and of administrative data bases. We have also emphasised 

the need for long-term cost-effectiveness studies. One of the most promising strategies comes 

from linkage of data gathered through the ever-expanding pool of administrative data bases 

worldwide with data from other sources, including randomised trials and the many forms of 

observational study. It will be important for more national governments and health systems to 

develop well maintained, high quality health care data bases, and also for investigators who 

are planning clinical trials or observational studies to incorporate linkage with health care 

data bases, both national and regional, during follow-up. Furthermore, some of  the greatest 

benefits may accrue from incorporation of protocols for long-term follow-up into the initial 

planning of randomised trials and observational studies.  
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Figure Legends 

Figure 1.  Cumulative incidence of major macrovascular events according to glucose control 

treatment assignment during the randomised trial period for ADVANCE (left panel) and 

during overall follow-up including the randomised and post-trial periods (right panel).  The 

solid line represents intensive glucose control and the dotted line represents standard, 

guideline-based, control. 

Figure 2.  Basic strategies for obtaining long-term data: (1) mounting a cohort study, ideally 

with repeated observation of exposures; (2) using administrative data with linkages, for 

example from general practitioner records to hospital admissions and death certifications; (3) 

following subjects up after the randomisation period expires in a clinical trial, either through 

an observational (“cohort”) period or using linked administrative data. 

 

 

  






