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Abstract

Better guidelines for better care: accounting for
multimorbidity in clinical guidelines – structured
examination of exemplar guidelines and health
economic modelling

Bruce Guthrie,1* Alexander Thompson,2 Siobhan Dumbreck,1

Angela Flynn,1 Phil Alderson,3 Moray Nairn,4 Shaun Treweek5

and Katherine Payne2

1Population Health Sciences Division, University of Dundee, Dundee, UK
2Manchester Centre for Health Economics, University of Manchester, Manchester, UK
3Centre for Clinical Practice, National Institute for Health and Care Excellence, Manchester, UK
4Scottish Intercollegiate Guidelines Network, Edinburgh, UK
5Health Services Research Unit, University of Aberdeen, Aberdeen, UK

*Corresponding author b.guthrie@dundee.ac.uk

Background: Multimorbidity is common but most clinical guidelines focus on single diseases.

Aim: To test the feasibility of new approaches to developing single-disease guidelines to better account
for multimorbidity.

Design: Literature-based and economic modelling project focused on areas where multimorbidity makes
guideline application problematic.

Methods: (1) Examination of accounting for multimorbidity in three exemplar National Institute for Health
and Care Excellence guidelines (type 2 diabetes, depression, heart failure); (2) examination of the
applicability of evidence in multimorbidity for the exemplar conditions; (3) exploration of methods for
comparing absolute benefit of treatment; (4) incorporation of treatment pay-off time and competing risk
of death in an exemplar economic model for long-term preventative treatments with slowly accruing
benefit; and (5) development of a discrete event simulation model-based cost-effectiveness analysis for
people with both depression and coronary heart disease.

Results: (1) Comorbidity was rarely accounted for in the clinical research questions that framed the
development of the exemplar guidelines, and was rarely accounted for in treatment recommendations.
Drug–disease interactions were common only for comorbid chronic kidney disease, but potentially
serious drug–drug interactions between recommended drugs were common and rarely accounted for
in guidelines. (2) For all three conditions, the trials underpinning treatment recommendations largely
excluded older, more comorbid and more coprescribed patients. The implications of low applicability varied
by condition, with type 2 diabetes having large differences in comorbidity, whereas potentially serious
drug–drug interactions were more important for depression. (3) Comparing absolute benefit of treatments
for different conditions was shown to be technically feasible, but only if guideline developers are willing
to make a number of significant assumptions. (4) The lifetime absolute benefit of statins for primary
prevention is highly sensitive to the presence of both the direct treatment disutility of taking a daily tablet
and competing risk of death. (5) It was feasible to use a discrete event simulation-based model to
represent the relevant care pathways to estimate the relative cost-effectiveness of pharmacological
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treatments of major depressive disorder in primary care for patients who are also likely to go on and
receive treatment for coronary heart disease but the analysis was reliant on eliciting some parameter values
from experts, which increases the inherent uncertainty in the results. The key limitation was that real-life
use in guideline development was not examined.

Conclusions: Guideline developers could feasibly (1) use epidemiological data characterising the guideline
population to inform consideration of applicability and interactions; (2) systematically compare the absolute
benefit of long-term preventative treatments to inform decision-making in people with multimorbidity and
high treatment burden; and (3) modify the output from economic models used in guideline development
to examine time to benefit in terms of the pay-off time and varying competing risk of death from
other conditions.

Future work: Further research is needed to optimise presentation of comparative absolute benefit
information to clinicians and patients, to evaluate the use of epidemiological and time-to-benefit data in
guideline development, to better quantify direct treatment disutility and to better quantify benefit and
harm in people with multimorbidity.

Funding: The National Institute for Health Research Health Services and Delivery Research programme.
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Plain English summary

Many people have more than one long-term medical condition, particularly older people. Since people
are living longer, living with more than one long-term condition is becoming more common.

Guidelines help the NHS provide care based on the best available evidence, but they usually focus on
single diseases, which can cause problems in people with more than one long-term condition. For
example, treatments recommended for different conditions can interact with each other, and preventative
treatments with benefits over a long time may not be appropriate in people with other conditions that
independently reduce life expectancy. In this project, we worked with guideline developers to examine
these kinds of problem. We identified three ways in which guideline development could be feasibly
changed, which we believe would better account for people with more than one long-term condition.
First, development could make more use of detailed information about the characteristics of people with
the condition addressed by the guideline. This could be used to systematically identify interactions
with other treatments, and to make it clearer whether or not to make recommendations for people with
a condition who would have been excluded from the research informing those recommendations. Second,
guideline developers could make it easier for health professionals and patients to compare the
effectiveness of treatments for different conditions by presenting the evidence more clearly. Third,
guideline development could take more account of how long it takes for treatment benefit to happen, and
could better account for people with short life expectancy due to other conditions.
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Scientific summary

Background

Multimorbidity is the presence of two or more long-term conditions in a single person. The majority of
people with any long-term condition have multimorbidity, as do the majority of people aged > 65 years.
Multimorbidity matters because people with it are the most frequent users of health care, reflecting the
fact that multimorbidity is associated with higher mortality, lower quality of life, increased problems
of care co-ordination and increased treatment burden including polypharmacy. Clinical guidelines have
significantly contributed to making health care more evidence based and to reducing variation in
treatment. However, guidelines are increasingly criticised for contributing to excessive treatment burden
and sometimes frankly futile treatment because they do not properly account for multimorbidity.
This reflects the fact that almost all guidelines are focused on single diseases, at least partly because the
evidence base on which guidelines draw is for single diseases.

Aim and objectives

The aim of this project was to test the methodological feasibility of new approaches to summarising and
creating evidence for single-disease guidelines that better account for the management of people with
multimorbidity. Specific objectives were:

1. to systematically collate and summarise the evidence of benefit, harm and cost-effectiveness for
guideline recommendations for three common conditions, including where recommendations are
mutually reinforcing or contradictory, in order to examine the value and feasibility of making existing
evidence and guideline recommendations more useful for people with multimorbidity

2. to develop and evaluate exploratory modelling methods to estimate expected benefit, time to benefit
(TTB), risk and health-care costs for people with selected multiple conditions, in order to examine the
value and feasibility of new approaches to evidence creation for guidelines for people with multimorbidity.

The overall design was a literature-based and economic modelling project in collaboration with the National
Institute for Health and Care Excellence (NICE) and the Scottish Intercollegiate Guidelines Network (SIGN).
To ensure that the findings were as directly relevant as possible to guideline development, the specific focus of
the project within the two broad objectives was determined by a multidisciplinary project reference group
(PRG) whose professional and public members all had experience of guideline development with NICE or SIGN.

Methods

Analysis focused where possible on guidelines for three exemplar conditions (type 2 diabetes, depression
and heart failure), chosen because they are individually important, are commonly comorbid, include both
physical and mental health conditions, and have treatments of which benefits accrue over different
periods. A series of linked studies were conducted:

1. Examination of the extent to which comorbidity was accounted for in guidelines for the three exemplar
conditions, in the clinical research questions (CRQs) underpinning guideline development, treatment
recommendations and research recommendations: the extent to which CRQs were underpinned by economic
evidence was also examined. Potentially serious drug–disease interactions between drugs each of the three
exemplar conditions and drugs recommended for it and 11 other conditions were systematically identified,
as were drug–drug interactions between drugs recommended for the exemplar conditions and for the others.
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2. Applicability: with the advice of the PRG, for each of the three exemplar conditions we examined the
applicability of evidence for selected first-line drug treatment recommendations, none of which was
significantly qualified by age, comorbidity or other factors. Reports and protocols of key trials informing
these recommendations were examined to define the trial population studied, and epidemiological data
from two large studies of multimorbidity and polypharmacy were used to compare the trial population
with the guideline population for which recommendations were being made in terms of comorbidity
and coprescribing.

3. Absolute benefit: after discussion with the PRG, we examined the absolute benefit of selected first-line
treatments for heart failure and type 2 diabetes, since for both the treatments involved were long-term
and preventative. Pooled relative risk was extracted from guidelines or systematic reviews, and estimates
of absolute risk reduction were calculated by using median trial baseline risk (as is already done in NICE
guidelines) and then using a range of baseline risk estimates from observational data, and annualised to
calculate absolute benefit per year of treatment. At each stage, we identified the assumptions required
for the calculations to be valid. For the comparison of absolute quality-adjusted life-year (QALY) gain,
we defined the key principles that have to be met to make such comparisons valid and illustrated this
by estimating absolute QALY gain for pharmacological treatment of hypertension and the use of statins
for primary prevention of cardiovascular disease.

4. Temporal dimension of benefit: TTB has been proposed as an important consideration in guideline
development and clinical decision-making but in practice usually reduces to using trial median duration
as an unreliable proxy for the time required for net benefit to accrue. The pay-off time approach
provides an alternative; pay-off time is defined as the minimum time required for the expected
cumulative net benefits of an intervention to exceed its expected cumulative harms. The pay-off time is
straightforward to conceive of for surgical interventions where harm may be immediate but benefit
deferred, but will also apply to long-term drug treatments if taking a tablet causes disutility that is not
due to specific adverse effects, for example from the inconvenience of taking regular medication,
ordering prescriptions or collecting medication from pharmacists [direct treatment disutility (DTD)].
A second temporal dimension of benefit relates to accounting for competing risk of death due to
comorbidity. As an exemplar of the kind of long-term preventative treatment with small individual
absolute benefit that significantly drives treatment burden in multimorbidity, we used an existing
model-based cost-effectiveness analysis (CEA) created to inform the NICE lipid-modification guideline to
estimate change in QALYs over time for three vignettes defined to cover a range of baseline 10-year
cardiovascular risk (10%, the new primary prevention treatment threshold; 15%; and 20%, the old
threshold), and examined how sensitive the findings of the model were to DTD and to increased risk of
death due to comorbidity.

5. Development of a discrete event simulation (DES) model-based CEA for people with both depression
and coronary heart disease (CHD): model-based CEAs that fail to account for the particular
characteristics of a multimorbid population may lack validity in much the same way as clinical evidence
from single-disease populations. The inclusion of more than one condition of interest for the relevant
patient population poses two key challenges in terms of how to (1) identify the important conditions to
model simultaneously and then (2) capture the interactions between the various entities (e.g. the
simultaneous progress of the diseases) mathematically into a structured model. Guided by the PRG,
the aim of this model-based CEA was defined to be how to estimate the relative cost-effectiveness of
pharmacological treatments of major depressive disorder in primary care for patients who are also likely
to go on and receive treatment for CHD. An exploratory analysis was conducted to investigate disease
interaction effects and the calculation of the absolute QALY gain. A DES model with a lifetime horizon
was used to capture the costs and benefits of antidepressant treatment for patients with depression
at risk of CHD, and was populated with existing evidence, supplemented by expert opinion
where necessary.
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Results

1. In the exemplar guidelines, comorbidity and older age were rarely accounted for in the CRQs that frame
guideline development, except those for depression in adults with a chronic physical health problem,
which did account for them. Only half of CRQs had any associated economic evidence, and only one in
seven had an associated de novo model-based CEA. All the examined guidelines cross-referenced other
NICE guidance, most commonly in relation to closely related conditions (except that both physical
health guidelines referenced depression guidance, and one of the pieces of depression guidance was
specifically about people with chronic physical problems). Although treatment recommendations did
sometimes address comorbidity and drug interactions, this was most often in terms of closely related
conditions, and none of the treatment recommendations was qualified in terms of reduced life
expectancy. There were no explicitly contradictory recommendations across the guidelines, and no
research recommendation was related to comorbidity or age, except for the guideline on depression
with a chronic physical health problem, which was related to both. Examining drugs recommended for
the three exemplar conditions in the context of 11 other conditions, we found that 27 of the
32 potentially serious drug–disease interactions were for comorbid chronic kidney disease (CKD).
Potentially serious drug–drug interactions between drugs recommended for exemplar conditions and
those recommended for other conditions were common for all exemplar guidelines (133 for type 2
diabetes, 89 for depression, 111 for heart failure), although they varied in their likely frequency.

2. Applicability: for all three conditions, there were large differences between people with the condition
who were eligible and those who were not eligible for the trials informing treatment recommendations.
The implications of these differences varied by condition. For example, approximately 40% of people
newly diagnosed with type 2 diabetes in Scotland in 2008 would have been excluded based on age
alone, and these excluded older people had much higher levels of comorbidity (e.g. CKD in 25.5% of
those aged > 75 years vs. 2.8% of those aged < 65 years who were eligible for the relevant trials
of hypoglycaemic treatment; heart failure in 10.7% vs. 1.7%). Type 2 diabetes showed very large
differences in comorbidity, whereas the implications for depression were more in terms of drug–drug
interactions. However, there were no common and serious drug–drug interactions of great concern.
Conversely, for depression, most people treated with selected antidepressants would have been eligible
for relevant trials based on age, but, although older people were a small minority of the treated
population, coprescription of significantly interacting drugs was very common in those aged ≥ 65 years
(e.g. selective serotonin reuptake inhibitor antidepressants were coprescribed with aspirin in more than
one-third of patients aged > 65 years).

3. Absolute benefit: across plausible ranges of population baseline risk, the annual absolute benefits of
commonly used preventative treatments were shown to be very different. For example, in heart failure
due to left ventricular systolic dysfunction, the number needed to treat with beta-blockers compared
with placebo for 1 year to prevent one death varied from 9 [95% confidence interval (CI) 8 to 11] to
34 (95% CI 29 to 42) across the interquartile range of baseline risk. In comparison, in people with
newly diagnosed type 2 diabetes, the number needed to treat with metformin versus diet for 1 year to
prevent one heart attack or stroke across a plausible range of baseline risk varied from 139 (95% CI
91 to 625), at a 10-year cardiovascular risk of 10%, to 278 (95% CI 182 to 1250), at a 10-year
cardiovascular risk of 20%. Of note is that such calculations require significant assumptions that are not
valid in all circumstances. These include assumptions that relative risks of benefit and of harm are
constant across populations, that competing risks of death are not significant and that baseline risk has
been accurately measured in the guideline population or its important subgroups. We also used
model-based CEA to compare interventions in terms of absolute QALY gain (which addresses the
problems of attempting to compare different clinical outcomes such as death and a cardiovascular
event), demonstrating that this approach is feasible. However, the validity of such comparisons relies on
the use of a set of broad principles, which we have defined, namely that interventions have originally
been evaluated against a do-nothing option, that the length of analysis is similar, that baseline risk is
comparable or appropriate to the population being considered, that a standardised reference case has
been used and ideally that uncertainty has been quantified. In practice, comparing interventions using
absolute QALY gain will be limited by the availability of appropriate model-based CEAs.
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4. Temporal dimension of benefit: using the model created for the NICE guideline on lipid modification,
we showed that DTD was associated with pay-off times measured in years (range 2.2–4.4 years for
even the lowest level of modelled DTD, with statins for primary prevention never paying off at the
higher levels of DTD) and reduced lifetime absolute QALY gain. Graphical presentation of cumulative
QALYs as a QALY profile has the potential to improve the interpretation of such data by guideline
development groups. Further model modification to account for the increased mortality risk associated
with multimorbidity showed that lifetime absolute QALY gain was sensitive to varying competing risks
of death.

5. It was feasible to use a DES-based model to represent the relevant care pathways to estimate the
relative cost-effectiveness of pharmacological treatments of major depressive disorder in primary care
for patients who are also likely to go on and receive treatment for CHD. The model-based CEA
suggested that sertraline was likely to be the most cost-effective option for patients with the two
selected conditions but there were extensive levels of uncertainty around the mean incremental costs
and benefits. An exploratory analysis showed that the largest absolute QALY gained was generated
from sertraline. The estimated absolute QALYs gained were in the range of 0.48–0.57 QALYs, which is
more than those estimated for treatment with statins (≈ 0.2 QALYs) but fewer than those estimated for
treating hypertension (≈ 1.0 QALYs).

Conclusions

The project has shown that it is feasible to address several of the important problems faced by guideline
developers when attempting to account for multimorbidity. We believe that single-disease guideline
developers could consider piloting or implementing within their existing processes (1) the use of
epidemiological data characterising the guideline population to inform guideline development group
consideration of both likely interactions and the wider applicability and extrapolation of evidence;
(2) systematic comparison of the absolute benefit of long-term preventative treatments in order to inform
decision-making in people with reduced life expectancy and/or high treatment burden; and (3) modification
of the output from economic models used in guideline development to identify the time to accrue a benefit
from treatment in terms of the pay-off time and to consider benefit in people with competing risks of death
from other conditions.

Research recommendations

Further research is needed to design and optimise ways of presenting comparative absolute benefit to
clinicians and patients, to evaluate the use of epidemiological data in the guideline development process,
to generate robust empirical estimates of DTD and define how best to incorporate them in economic
models, and to improve the underlying evidence base for treatments in multimorbid and older populations,
in terms of both trials of interventions and the creation of better data on baseline risk, competing risk of
mortality and harm.

Funding

Funding for this study was provided by the Health Services and Delivery Research programme of the
National Institute for Health Research.
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Chapter 1 Background to the project

In the last 20 years, clinical guidelines (CGs) have become a key method for disseminating evidence of
effective practice. With success in improving quality of care and reducing variation in practice1 has come

increasing criticism of the single-disease focus of most guidelines because of concern that guidelines do not
adequately account for the large number of people who have multiple conditions.2–7 In part, this reflects the
fact that the evidence on which guidelines are based is largely focused on single diseases. Although it will of
course never be possible to have good evidence for every possible combination of conditions, the starting
point for this project (known as the Better Guidelines project) was a belief that single-disease guidelines
could better account for multimorbidity. The overall aim was therefore to work collaboratively with the
National Institute for Health and Care Excellence (NICE) and the Scottish Intercollegiate Guidelines Network
(SIGN) to explore how this could be achieved within the context of existing guideline development.

Defining multimorbidity and comorbidity

Multimorbidity is usually defined as the presence of two or more long-term conditions in an individual,
where no condition is given primacy. Comorbidity is the other term commonly used in this field.
Comorbidity is defined as the presence of one or more other condition in someone with a particular
condition of interest. Although this project is framed in terms of multimorbidity (the general problem),
it is worth noting that, from the perspective of a single-disease guideline development group (GDG),
the actual problem is comorbidity (the extent to which people with the single disease that is the focus of
the guideline have other conditions). We therefore use both terms in this report, using ‘multimorbidity’
when describing the general problem, but ‘comorbidity’ when appropriate.

Valderas et al.8 helpfully provide a framework for conceptualising the definitions of multimorbidity and
comorbidity, distinguishing between:

l multimorbidity and comorbidity defined in terms of the presence of multiple diseases
l morbidity burden, which is additionally influenced by non-disease characteristics such as age, sex, frailty

and other health-related individual attributes
l complexity, which is additionally influenced by non-health-related individual attributes.8

However, although this is a very useful conceptual framework, it is not straightforward to use in practice.
This is because diseases are often social constructions rather than natural categories, and the distinction
between disease and health-related individual attributes is therefore not fixed. As an example, it is
arguable whether obesity, mild cognitive impairment without clear dementia, and some elements of frailty
are diseases or health-related individual attributes. In addition, because diseases often share causes or are
caused by each other,8 it is often unclear where one disease ends and another begins. A person with
diabetes who is blind from diabetic retinopathy and with end-stage kidney disease from diabetic
nephropathy can be considered to have one condition (complicated diabetes) or three (diabetes, blindness
and renal failure). The focus of this study is on multimorbidity in the wider context of morbidity burden as
defined above. This is because the implications of multimorbidity for guideline developers are often framed
by how multimorbidity interacts with the wider context of an individual.

Epidemiology of multimorbidity

There have been many studies of the epidemiology of multimorbidity. Most of them examine prevalence in
relation to patient demography and a smaller number examine patterns of commonly co-occurring
conditions.9,10 The estimated prevalence of multimorbidity in the most recent systematic review varied from
13% to 95% depending on the population studied and the way in which morbidity data are collected and
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recorded.9 Prevalence also varies with how many conditions are counted; the estimated prevalence of
multimorbidity based on morbidities recorded in general practice was 16% when conditions included in
the UK Quality and Outcomes Framework were counted and 58% when a larger number of conditions
were counted.11 This makes it difficult to compare different studies or to generalise from studies in one
country or context to the UK or any other specific country,12 although consistent findings across studies are
that multimorbidity increases with age and with lower socioeconomic status and is somewhat more
common in women than in men.9

Since the focus of the study is UK CGs, the remainder of this section therefore describes the epidemiology
using data from our previous study of the prevalence of multimorbidity. This used data extracted from
general practice clinical systems for 1.75 million people in Scotland (approximately one-third of the Scottish
population, and representative in terms of age, sex and deprivation).13 Based on counting 40 common,
long-term conditions, 42% of people have one or more conditions and 23% are multimorbid, meaning
that a small majority of those with any of the 40 chronic conditions included have more than one. The
prevalence of multimorbidity rises steeply with age, with the majority of those aged > 65 years having two
or more conditions, and the majority of those aged > 75 years having three or more (Figure 1). However,
because there are more middle-aged than older people, the absolute number of people aged < 65 years
with multimorbidity is slightly greater than the absolute number aged ≥ 65 years with multimorbidity.13

People living in more deprived areas have approximately twice the prevalence of multimorbidity in middle
age as those living in the most affluent areas. Put another way, on average they become multimorbid
10–15 years earlier than those living in the most affluent areas.13 The type of multimorbidity experienced
varies with age, with a higher proportion being physical–mental health multimorbidity in younger people,
particularly in deprived areas, where a common combination is comorbid physical disease and depression.14
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FIGURE 1 Prevalence of comorbidity for selected common conditions. Source: based on data from the study
reported by Barnett et al.13 CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease;
TIA, transient ischaemic attack.
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Figure 1 shows patterns of comorbidity for selected common conditions. Of note is that, for the conditions
shown, a maximum of 25% of people have only that condition. The figure can be read both horizontally
and vertically, and the implications of reading in each direction can differ. For example, people with
dementia have many comorbidities (reading horizontally) but dementia is rarely a comorbidity of any one
of the other conditions (reading vertically). Hypertension is the reverse, in that a relatively small proportion
of people with hypertension have any one of the other conditions (reading horizontally), but hypertension
is very commonly a comorbidity of the other conditions (reading vertically).

The implications of having multimorbidity depend on which combination of conditions an individual has.
One framework for considering this is in terms of whether conditions are concordant or discordant, or
whether any one condition currently dominates (e.g. potentially curative cancer treatment will take priority
over almost all other conditions in the short term).15 Piette and Kerr15 originally defined these terms in
relation to diabetes as follows:

l Clinically dominant conditions are ‘comorbid chronic conditions that are so complex and serious that
they eclipse the management of other health problems’.

l Concordant conditions ‘represent parts of the same overall pathophysiologic risk profile and are more
likely to be the focus of the same disease and self-management plan’.

l Discordant conditions are ‘not directly related in either their pathogenesis or management’.

Much like conceptual frameworks for multimorbidity and comorbidity, deciding whether two conditions
are concordant or discordant in practice requires judgement, since concordance is often a spectrum rather
than a clear dichotomy, and partly depends on context and purpose, since, for example, pathogenesis
might be concordant but management discordant. For example, diabetes and hypertension are commonly
comorbid but we judged them to be concordant in that there are few implications for an individual
in terms of disease management or care organisation. This is because most of the management of
hypertension is accounted for by the management of diabetes. In contrast, coronary heart disease (CHD)
and depression are also commonly comorbid but we judged them to be discordant. This is because the
presence of each makes outcomes for the other worse; physical and mental health care usually operate in
distinct silos, which may complicate care co-ordination; and there are important treatment interactions
[e.g. between antiplatelet drugs used in CHD and selective serotonin reuptake inhibitor (SSRI)
antidepressants, both of which cause gastrointestinal (GI) bleeding16]. Of note is that almost one in
five people with any of the specified conditions have depression, which is one reason that NICE has
developed a guideline for people with depression who also have a chronic physical health problem.17

Why multimorbidity matters

Multimorbidity matters because people with multimorbidity have increased mortality, reduced quality of
life, higher use of health services, higher treatment burden and worse experience of care partly because of
greater fragmentation.13,18–26 However, the exact impact of multimorbidity on an individual is mediated by
other factors. For example, as might be expected, having any chronic condition is associated with a
decrement in health-related quality of life (HRQoL), and having more than one chronic condition is
associated with a greater decrement than having only one.26 However, the decrement in quality of life
from multimorbidity is greater in people living in deprived areas than those living in affluent areas, and is
greatest in younger people living in deprived areas.26 Similarly, as might be expected, rates of unscheduled
admission to acute hospitals (almost entirely for physical health admissions) increase progressively with the
number of physical conditions that an individual has.22,27 However, admission rates also increase with
socioeconomic deprivation and with having a mental health condition.22 The impact of multimorbidity is
therefore likely to be mediated by the particular combination of conditions an individual has (with, for
example, the presence of a mental health condition influencing physical health care or outcomes) and by
the social context in which multimorbidity is experienced.24–26
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Guidelines and multimorbidity

From a guideline perspective, multimorbidity matters because people with multimorbidity have the highest
health needs and are the highest users of health care. Ensuring appropriate treatment for them is therefore
a priority. More specifically, it matters because the majority of people who are the target of most adult
single-disease guidelines will have comorbidity (Figure 2). A challenge for guideline developers is, therefore,
appropriately accounting for relevant comorbidity (e.g. because one condition worsens outcomes or because
treatments for one condition are contraindicated by or synergistic with treatments for another condition)
without creating an unusable guideline that attempts to account for all possible comorbidities.

In the face of multimorbidity, clinicians and patients may struggle to balance the benefits and risks of
multiple recommended treatments,24 partly because of the complexity caused by drug–drug and
drug–disease interactions and by reduced life expectancy or frailty, and partly because the application of
clinical and economic evidence is appropriately influenced by personal preference.28 Meta-ethnography
of qualitative research with clinicians about managing patients with multimorbidity found that the
‘inadequacy of guidelines and evidence-based medicine’29 was one of four common themes across studies,
particularly in relation to extrapolation of evidence from trials to people with multimorbidity, and the
relevance of disease-specific outcomes in relation to the use of preventative treatments in this population.
In response, general practitioners (GPs) often sought to find satisfactory and sufficient treatments in people
with multimorbidity, which often involved deviation from guideline recommendations.29,30

Such variation from guideline-recommended best practice reflects the fact that, even if every guideline
recommendation is rational because it is based on robust synthesis of clinical and economic evidence,
the cumulative impact of following multiple guideline recommendations can easily be harmful or lead to
burdensome overall treatment regimens.2,20 Boyd et al.2 demonstrated this for US guidelines by examining
recommendations for an older person with chronic obstructive pulmonary disease (COPD), type 2 diabetes,
osteoporosis, hypertension and osteoarthritis. Four out of the five guidelines examined did not explicitly
acknowledge the potential for the patient to have comorbidity, and the recommendations made were
sometimes contradictory and implied a burdensome drug and self-care treatment regimen that would be
unfeasible for many patients.2

Similar issues apply to NICE guidelines in the UK.3 For example, consider a 78-year-old woman with five
conditions – previous myocardial infarction (MI), type 2 diabetes, osteoarthritis, COPD and depression –

who smokes and has a body mass index (BMI) of 29 kg/m2. NICE guidelines recommend offering
11 medications as a minimum, with up to 10 other drugs if risk factor control or symptom control is
inadequate. Guidelines also advise her to routinely engage in nine lifestyle alterations or self-care
programmes, attend four to six GP appointments for routine planned follow-up and attend 8–30 smoking
cessation, psychosocial intervention and pulmonary rehabilitation appointments if she accepted referral.3

Not unexpectedly, therefore, polypharmacy is one important potential consequence of guideline
recommendations in people with multimorbidity.2,3

Figure 3 shows the number of pharmacologically active medications dispensed to all ≈ 310,000 adult
residents of the NHS Tayside region of Scotland in 1995 and 2010 stratified by age, and the proportion of
each age group prescribed pairs of drugs with a ‘potentially serious’31 (p. 852) drug–drug interaction as
defined by the British National Formulary (BNF).31,32 The proportion of adults dispensed ≥ 5 drugs (the most
common definition of polypharmacy) rose from 11.5% to 20.8% between 1995 and 2010, and the
proportion dispensed ≥ 10 tripled to 5.8%. The number of drugs dispensed rose markedly with age.
The proportion of adults with potentially serious drug–drug interactions rose from 5.8% in 1995 to 13%
in 2010, and the number of drugs dispensed was the characteristic most strongly associated with this
(10.9% if dispensed two to four drugs vs. 80.8% if dispensed ≥ 15 drugs).32
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Guidelines are only one driver of increasing polypharmacy, and it is important to recognise that
polypharmacy in itself is not inappropriate. However, polypharmacy is often a problem because it is
consistently associated with high-risk or potentially inappropriate prescribing33–35 and increased treatment
burden.20 To the extent that guideline recommendations contribute to increasing polypharmacy and
its associated risks, it is noteworthy that single-disease guidelines rarely systematically consider the
applicability of trial evidence to individuals with multimorbidity and limited life expectancy who may have
little likelihood of benefit from long-term preventative treatment.28,36

Systematic examination of how guidelines account for multimorbidity
The Boyd et al.2 and Hughes et al.3 studies referred to above are based on carefully selected vignettes,
chosen to emphasise the more extreme implications of following guideline recommendations in people
with multimorbidity. However, more systematic examinations of published CGs also show they at best only
partly account for multimorbidity. Lugtenberg et al.37 examined 20 published guidelines for four common
conditions (COPD, depressive disorder, type 2 diabetes and osteoarthritis). The study found that, although
85% made some mention of comorbidity and there was a mean of three treatment recommendations
with a specific variation in the presence of a comorbidity, most such variations were in relation to single
concordant15 comorbidities (e.g. a glycaemic control treatment recommendation in people with acute MI).
Vitry and Zhang6 examined 17 Australian CGs and found that 53% made at least one specific
recommendation for people with one comorbid condition, but only 12% did the same for people with
several.6 The time required to benefit from treatment in the context of limited life expectancy was discussed
in only 18%, and treatment burden in 29%. A study of 16 Canadian guidelines using the same methods
had similar findings, although more guidelines (94%) made at least one specific recommendation for
people with one comorbid condition.7 Cox et al.38 examined 14 Canadian guidelines with similar results in
terms of the proportion of guidelines making at least one ‘comorbidity’ recommendation. Twelve of the
14 guidelines also provided one or more age-varied recommendations for those aged 65–79 years, and
five for those aged ≥ 80 years. However, of the total 1189 recommendations made, only 33 (2.8%)
and 7 (0.6%) were actually age varied for these two age groups, consistent with a rather more limited
accounting for multimorbidity than implied by counting any mention of comorbidity in an entire guideline.

Single-disease guidelines explicitly designed to account for multimorbidity
A small number of guidelines have been specifically created to account for multimorbidity, with two broad
types. The first type provides general guidance on how to manage people with multimorbidity. The
American Geriatrics Society (AGS) guiding principles for the care of older people with multimorbidity is the
most comprehensive published example,39–41 and the NICE multimorbidity CG that is in development also
takes this approach.42 However, the focus of this project is accounting for multimorbidity in single-disease
guidelines, so these are not directly relevant. The second type is single-disease guidelines that explicitly aim
to account for comorbidity, notably the California HealthCare Foundation and International Diabetes
Federation guidelines on diabetes care in older people,43,44 and the NICE guideline on the management of
depression in adults with a chronic physical health problem.17

The California HealthCare Foundation guideline for diabetes care in older people has several features that
distinguish it from whole-population diabetes guidelines. It more explicitly considers the applicability of trial
evidence to older people, and clearly states that many recommendations should be applied to all or most
older people. However, it specifically varies some recommendations in people with significant comorbidity,
frailty or reduced life expectancy because of consensus in the GDG that benefits are less likely to be realised
and harms are more likely to happen. Finally, it also includes specific reference to geriatric syndromes such
as falls and urinary incontinence because these are common in older people and may be precipitated or
exacerbated by diabetes treatment.43 For example, based on consensus, the recommendation in relation to
the treatment target for glycated haemoglobin is:

For older persons, target hemoglobin A1c (A1C) should be individualized . . . For frail older adults,
persons with life expectancy of less than 5 years, and others in whom the risks of intensive glycaemic
control appear to outweigh the benefits, a less stringent target such as 8% is appropriate.

California HealthCare Foundation43
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The International Diabetes Federation guideline takes this stratification of recommendations one step
further, by making distinct recommendations for older people who are functionally independent, who are
functionally dependent (with impairments in activities of daily living, with further variation for two
subgroups of the functionally dependent: people who are frail and people with dementia) and who are at
the end of life. Using the example of glycated haemoglobin again, the recommended target levels are
7.0–7.5% for the functionally independent, 7.0–8.0% for the functionally dependent without frailty or
dementia, ≤ 8.5% for people with frailty or dementia, and treating only if symptomatic at end of life. In
addition, recommended treatments are varied, with increasing emphasis on avoiding hypoglycaemia as
frailty increases and life expectancy decreases.44

In contrast, the NICE guideline on depression in adults with a chronic physical health problem17 largely
copies recommendations from the single-disease depression guideline, which was developed in parallel,
although with several important modifications.45 Recommendations are varied where the evidence in
people with a chronic physical problem is different (e.g. some psychological interventions are not
recommended) and physical condition treatment recommendations are added where there is some
evidence of impact on depression (e.g. peer support focused on physical condition). The guideline also
provides much more detailed advice on drug–drug interactions, reflecting the fact that coprescribing of
physical health drugs will be much more common, with risks of adverse drug events (ADEs).

A feature of all three of the modified single-disease guidelines is that general-population recommendations
are varied for important subgroups (older people, people with physical comorbidities). This is either because
there was an available evidence base in the subgroup, which informed variation in recommendations, or
more commonly because it was the considered consensus judgement of the GDG that a variation was
appropriate. However, although these guidelines provide models for how recommendations might be
varied, they do not clearly state a more general process by which a GDG could decide when and how it
might be appropriate to vary or qualify recommendations.

Published guidance on how to account for multimorbidity in guidelines
Since the original proposal was written, two papers have been published addressing how single-disease
guidelines could account for multimorbidity. In the context of respiratory disease, Fabbri et al.46 suggested
that guideline developers needed to:

1. explicitly consider whether or not the trials underpinning treatment recommendations included people
with the most common comorbidities, and if there is usable information from subgroup analyses

2. use expected absolute risk reduction (ARR) to inform treatment decisions, or at a minimum consider the
range of variation in absolute benefit based on variation in baseline risk and competing risk of death
from other causes

3. specify the actual outcomes that each therapy improves, since individual patients may vary in their
preferences for which outcome matters most to them

4. present data on the average and extremes of length of therapy required to achieve expected absolute
benefit, because ‘time to benefit from therapy’46 is essential in decision-making in patients with
competing risks, who may have reduced life expectancy

5. address interactions that are common or important given the prevalence of specific comorbidities.46

More recently, Uhlig et al.47 proposed a more comprehensive framework for guideline development to
account for multimorbidity, which specifically identified when during guideline development these issues
should be addressed and how the strength of recommendations might vary as a result.47

Of interest is the considerable overlap between both of these frameworks and the work that was proposed
for this study, including in relation to applicability of evidence, interactions, the importance of absolute
benefit to compare across guidelines, and the temporal dimension of benefit in the context of short life
expectancy. A key difference is that both papers take the form of general guidance and do not examine how
these elements could be feasibly integrated into guideline development. For example, time to benefit (TTB)
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is a very appealing idea, but is difficult to operationalise meaningfully. The focus of the Better Guidelines
project was therefore on how existing guideline development could be practically altered to address the
problems identified by previous research.

Aims and objectives

The aim of this project was to test the methodological feasibility of new approaches to summarising and
creating evidence for guidelines for the management of people with multimorbidity.

There were two specific objectives, although the intention was to be guided by the project reference
group (PRG) in terms of focusing on what they perceived to be the main problems requiring addressing
and in response to emerging findings:

1. to systematically collate and summarise the evidence of benefit, harm and cost-effectiveness for
guideline recommendations for three common conditions, including where recommendations are
mutually reinforcing or contradictory, in order to examine the value and feasibility of making existing
evidence and guideline recommendations more useful for people with multimorbidity

2. to develop and evaluate exploratory modelling methods to estimate expected benefit, TTB, risk and
health-care costs for people with selected multiple conditions, in order to examine the value and
feasibility of new approaches to evidence creation for guidelines for people with multimorbidity.

Project management and public involvement

The project was designed to be conducted collaboratively with coapplicants from NICE and collaborators
from SIGN, with the intention of being focused on work that could plausibly be incorporated into existing
guideline development. As well as having a project team and study steering committee (SSC), we therefore
also convened an expert PRG. The PRG comprised professional and public members with experience of
guideline development who worked with us to interpret findings and to ensure the project focused on
issues important to the practicalities of guideline development. In the original proposal, the PRG was
described as a GDG but NICE requested a name change to make clear that NICE was not bound by its
decisions in the way that it is by GDG decisions. The roles of these three groups were:

1. A project team consisting of the coapplicants plus a collaborator from SIGN. The project team had
responsibility for delivery of the project.

2. A PRG, which provided expert advice to help select key recommendations from the three exemplar
guidelines studied for more detailed examination in regard to both objectives, and informed the
economic modelling. The PRG was particularly concerned with prioritising work that would most
contribute to dealing with what the group perceived to be the main problems posed by multimorbidity
in guideline development, and therefore that was most likely to improve how guideline development
is done. The independent chairperson of the PRG additionally contributed to a number of project team
meetings, ensuring that PRG perspectives were represented in project delivery. PRG members are listed
in the acknowledgments at the end of the main text.

3. A SSC with an independent chairperson and a public member: the composition of the SSC was agreed
with the National Institute for Health Research (NIHR), and was smaller than is usual given that the study
did not involve any intervention and because of the existence of the PRG. The SSC provided oversight of
study progress and adherence to the original proposal, although it was sensitive to the guidance on
focus from the PRG. SSC members are listed in the acknowledgements at the end of the main text.

The PRG was recruited from professionals and members of the public who had experience of guideline
development through serving on one or more NICE or SIGN GDGs or having other involvement in NICE or
SIGN guideline development. We initially recruited the chairperson and the 10 members through an advert
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circulated to previous NICE GDG members, and interviewed applicants using NICE procedures for
recruitment to GDGs including defining the role and number of public members. All the professional
members were recruited this way, but no public members applied. We therefore recruited two public
members through an advert circulated to previous SIGN GDG or SIGN Patient Network members. The PRG
met for four 1-day meetings during the project, and provided guidance on the direction and focus of the
project, as well as advice on the interpretation of findings. One or both of the two public members attended
every PRG meeting. They played an active role in PRG discussions about interpretation of findings and
decisions about the overall direction and focus of the project. They particularly contributed to discussion
about the evidence base for non-pharmacological compared with pharmacological interventions, the value of
absolute benefit and how to communicate it to patients, and understanding the implications of applicability.

The methods used for each of these are described in subsequent chapters, but, in brief, although all
coapplicants and collaborators contributed to all aspects of the project:

l objective 1 was predominantly the responsibility of the University of Dundee, and the method used was
examination of guidelines, the relevant research literature and epidemiological data relating to the
three exemplar conditions. The PRG was particularly interested in absolute benefit, which was one of
the key features of the original proposal, and the applicability of evidence, which was present but less
prominent in the proposal. The latter is specifically addressed in Chapter 3

l objective 2 was predominantly the responsibility of the University of Manchester, and the methods
used were examining modifications of existing economic models, and de novo economic modelling
informed by formal elicitation methods. The PRG was particularly interested in the temporal dimension
of benefit and this is specifically addressed in Chapter 5.

Almost all elements of the study either were literature based or involved modelling, and therefore did not
require ethical review. The exception was the elicitation study, which was reviewed by the University of
Manchester Research Ethics Committee 3, which raised no objection to its conduct (reference AJ/Ethics/
1809/13). Chapter 2 reports the initial scoping of guidelines for three exemplar conditions to examine
the extent to which they accounted for multimorbidity, the extent to which recommendations were
underpinned by economic evidence and synergy, contradiction and interaction between their
recommendations. Chapter 3 examines the applicability of randomised controlled trial (RCT) evidence to
the population that has the condition actually treated with recommended drugs. Chapter 4 explores how
the absolute benefit of treatments with conditions could be compared, both for clinical outcomes and for
absolute quality-adjusted life-year (QALY) gain. Chapter 5 discusses the temporal dimension of benefit, and
examines how existing economic models could be used to make this more explicit to GDGs through ideas
such as the pay-off time and QALY profiles. Chapter 6 details a model-based discrete event simulation
(DES) cost-effectiveness analysis (CEA) which accounts for both depression and CHD including potential
harms from drug–drug interactions. Finally, Chapter 7 summarises the findings and their implications.
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Chapter 2 Initial work examining how three
exemplar guidelines accounted for multimorbidity

Background

The work reported in this chapter particularly relates to objective 2, and specifically to:

1. cross-referencing recommendations in the guidelines for the three exemplar conditions to identify
where there is synergy (recommendations are consistent or reinforce each other), inconsistency
(recommendations do not agree or there are potentially serious interactions) or contradiction
(recommendations contradict each other)

2. examining the extent to which economic evidence informs recommendations in the guidelines for the
three exemplar conditions, to improve understanding of how new uses for existing economic models or
new types of economic model would fit with existing guideline development.

The National Institute for Health and Care Excellence guideline
development process
Although GDGs have considerable discretion in how they interpret evidence and what recommendations they
write, NICE requires them to work according to a well-defined process specified in the Guidelines Manual:48

1. Topics are referred to NICE by stakeholders such as the English Department of Health, or may be
identified internally in terms of existing guidelines requiring updating.

2. A draft guideline scope is created and finalised after stakeholder consultation. For guideline updates,
the scope may cover the whole guideline or only selected aspects of it. The populations and settings
that will be covered are defined by the scope, which also identifies the key issues and questions that
will be considered.

3. A suitably representative GDG is convened, which agrees the clinical research questions (CRQs) required
to cover the scope and which CRQs will be prioritised for new economic modelling to examine
cost-effectiveness. Relevant evidence for these questions is systematically searched for and synthesised,
and additional evidence from stakeholders is sought if required. Evidence syntheses are discussed by the
GDG, which uses a deliberative and consensus process to formulate recommendations that are structured
and worded based on a common framework. Recommendations can be both for care (diagnosis,
treatment, follow-up, service organisation) and for future research to inform future guidelines.

4. A draft guideline is published for stakeholder consultation and amended as required before final
publication. There are a number of versions of guidelines produced, and the format of these has
changed over time. Currently, NICE publishes both a NICE guideline and a full guideline. The NICE
guideline essentially lists the recommendations and priorities for implementation. The full guideline is a
much larger document and details the evidence and the GDG discussion that connects evidence to the
recommendations made. Historically, a quick reference guide was also usually published, but this has
since been replaced with a web-based NICE pathway. The NICE guideline and the quick reference guide
or NICE pathway are the documents that clinicians and patients are most likely to use, with the full
guideline serving as a reference document detailing how the guideline was created.

Three exemplar guidelines
Analysis focuses on exemplar NICE guidelines for type 2 diabetes (CG6649 and its partial update CG8750),
depression in adults (CG9045 and the accompanying guideline for depression in adults with a chronic
physical health problem CG9117) and chronic heart failure (CG10851). Where necessary, other guidelines
are also examined, as for the interactions work below, which required a broader perspective, and for some
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of the economic modelling, where we were constrained by model availability. We chose these three
conditions because they:

l are individually important because they are common and are associated with a large burden of
population morbidity and health service resource use

l are commonly comorbid with each other, and people with each condition commonly have a range of
other comorbidities in addition (Figure 4)

l had a recent NICE guideline with economic modelling carried out for at least some of the individual
treatment recommendations

l included both physical and mental health conditions where co-occurrence is known to worsen
outcomes of both conditions,52 and where there are some published trials of the effectiveness of
treatment of physical and mental health conditions in the presence of the other53,54

l included a physical condition where treatment is primarily long-term and preventative (type 2 diabetes)
and one where life expectancy is much reduced but treatment has a major benefit over short periods
[heart failure, particularly moderate/severe left ventricular systolic dysfunction (LVSD)].

Structure of this chapter
This chapter describes initial work examining the NICE guidelines for the three exemplar conditions,
in terms of:

l examining and cross-referencing CRQs and treatment recommendations
l quantifying the extent to which guideline development is informed by any economic evidence, and

specifically by new economic analysis
l quantifying the potential for drug–drug and drug–disease interactions in people with multimorbidity.
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The background, methods and findings for each of these is presented in turn with a short summary,
and the implications of all the findings are discussed at the end of the chapter.

Examining and cross-referencing treatment recommendations
in the three exemplar guidelines

Background
As described in Chapter 1, a number of commentators have identified that multimorbidity poses challenges
to guideline developers,4,5 and several studies have described situations where cumulative guideline
recommendations might be irrational or troublesome.2,3 More systematic examination of guidelines from
a range of international sources has shown that, although most guidelines do qualify at least some
recommendations for people with comorbidity, this is relatively infrequent and usually relates to
concordant comorbidity, although some guidelines account at least partly for comorbidity by making
recommendations for older people, in whom comorbidity will be more common.6,7,37,38 However, guideline
developers may be reluctant to routinely make age-qualified recommendations in order to minimise
unconsidered non-treatment of older people, particularly given that age is now a protected characteristic in
the UK under the Equality Act 2010.55

We therefore systematically examined treatment recommendations made by guidelines for the three
exemplar conditions, specifically in relation to:

l the extent to which comorbidity or specific age groups were accounted for in the CRQs
l the extent to which statements about the recommended treatments accounted for comorbidity or

specific age groups
l the extent to which the research recommendations that were made accounted for comorbidity or

specific age groups.

Methods
We examined relevant guideline documents for our three exemplar conditions as previously described,
including those publicly available on the NICE website and (in the case of the CRQs) internal NICE documents
listing these, since they are not explicit in all published guideline documents. Although in principle it is
straightforward to count how often CRQs or recommendations accounted for comorbidity, several problems
were encountered in practice. First, guidelines are evolving documents, which are often partially rather than
fully updated. This means that at any one moment a guideline may contain unchanged recommendations
copied in from a previous version and recommendations amended or created in the light of new evidence.
Mapping which CRQs are relevant to any one guideline is therefore not always straightforward. For example,
the CG87 type 2 diabetes guideline was a partial update of CG66, meaning that many recommendations in
it are copied in from CG66. The CRQs for six guidelines were therefore examined (CG66 and CG87 for type
2 diabetes; CG90 and CG91 for depression; and CG05 and CG108 for heart failure). Of note is that the two
depression guidelines were unusual in that they were commissioned at the same time and developed in
parallel. It therefore makes no real sense to consider them separately because CG90 (depression in adults)
effectively accounts for comorbid physical health problems even if it never explicitly mentions them because
it cross-references CG91 (Depression in Adults with a Chronic Physical Health Problem,17 which to our
knowledge is the only published NICE guideline specifically addressing commonly occurring comorbidity).
Second, counting how often guidelines account for comorbidity is complicated because it is not always clear
what constitutes a recommendation. NICE ‘recommendations’ are numbered, but any single numbered
piece of text may contain a number of separate statements recommending different aspects of care, and
recommendations for the use of any single treatment (e.g. metformin in type 2 diabetes) may be defined
across multiple numbered recommendations. For the purposes of this analysis, we therefore examined
recommended treatments defined as pharmacological and non-pharmacological interventions of various
kinds, and considered whether or not comorbidity was accounted for in these treatments across all relevant
numbered recommendations.
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Similarly to previous studies,6,7,37,38 three reviewers first examined the three most recent guidelines for
the exemplar conditions (CG87, CG108, CG90) to classify text into discrete recommendations, and
classified these recommendations in terms of whether or not they related to treatment. For each
recommendation, the same reviewers then made a judgement about:

l whether or not comorbidity was addressed in the way the recommendation was worded:

¢ without cross-reference to other NICE guidance and unlinked to a recommended treatment
¢ by cross-reference to other NICE guidance and unlinked to a recommended treatment
¢ in relation to a recommended treatment

l when comorbidity was addressed in the way the recommendation was worded, the proportion of times
that this was in relation to a concordant comorbidity as defined by Piette and Kerr15

l whether or not use of a recommended treatment in older people was addressed. Although age and
comorbidity are not the same constructs, comorbidity is much commoner in older people, so we
believed it relevant to consider qualifications by age as at least partial proxies for comorbidity38

l whether or not use of a recommended treatment was addressed in relation to life expectancy.
Although life expectancy can be shortened by single conditions, multimorbidity is commonly perceived
to be important partly because it is associated with reduced life expectancy independent of
single-condition severity46,47

l explicitly contradictory treatment recommendations, which we defined as the same treatment stated
to be indicated in one guideline and contraindicated in another, and explicitly synergistic treatment
recommendations, which we defined as the same treatment stated to be indicated in more than one
of the three guidelines. This is examined across more guidelines in the interactions analysis later in
this chapter

l synergistic treatment recommendations.

Findings

Clinical research questions
The CRQs examined rarely explicitly included any consideration of comorbidity or relevant subgroups,
such as older people, in whom comorbidity is very likely. None of the 60 CRQs for the diabetes guidelines
(40 in CG66 and 20 in CG87) made any mention of comorbidity or relevant subgroups. Two of the
19 CRQs in CG90 (depression in adults) were specifically framed in terms of older adults:

CRQ 090-12: What is the clinical effectiveness of pharmacological/physical interventions in the
treatment of depression in older adults?

CRQ 090-13: What is the clinical effectiveness of other pharmacological and physical management
of depression for people (older adults) who have not adequately responded to treatment,
and relapse prevention?

CG9045

However, all 11 of the CRQs in CG91 (depression in adults with a chronic physical condition) were by
definition framed in terms of comorbidity. Three of the 32 CRQs in CG05 or CG108 (heart failure)
accounted for comorbidity either explicitly (cross-referencing to other NICE guidance for the management
of comorbid anxiety and comorbid depression) or implicitly (consideration of when to start end-of-life care;
consideration of drugs for other conditions to avoid in heart failure). A further CRQ related to whether or
not there were subgroups of patients with heart failure who should be treated differently, although it did
not indicate which subgroups were of interest. None of the 12 CRQs in CG108 (heart failure) explicitly
considered comorbidity.
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Recommended treatments
All three guidelines made at least one general statement that one or more comorbidities should be
considered as part of care for the index condition, although without any specific advice about how this
should be achieved (Table 1). All made at least one cross-reference to specific NICE guidance. The diabetes
guideline referenced only the depression guideline, whereas the heart failure guideline referenced
guidelines for depression and three concordant physical conditions (hypertension, MI, type 2 diabetes).
The depression guideline referenced NICE anxiety guidance.

TABLE 1 Accounting for comorbidity in the most recent main guidelines for the three exemplar conditions

If and how comorbidity
was addressed Type 2 diabetes (CG8750) Heart failure (CG10856) Depression (CG9045)a

Number of recommended
treatments

18 13 8

Comorbidity addressed
without cross-reference
to other NICE guidance
and unlinked to a
recommended treatment

Two statements (one
relating to specialist care
for complications, which is
not covered, the other to
care for people with
physical, sensory or
learning disabilities)

Two statements (one
saying that comorbidity
should be managed
according to relevant
NICE guidance, the other
referring to assessment of
cognitive ability when
sharing information)

One statement about
assessing depression in the
context of comorbid physical
and mental disorders

Comorbidity addressed
by cross-reference to
other NICE guidance
and unlinked to a
recommended treatment

Depression Depression, hypertension,
MI, type 2 diabetes

Anxiety

Comorbidity addressed
in relation to a
recommended treatment

Eight specific examples Seven specific examples All recommendations
effectively qualified by
the presence of a chronic
physical health problem
(cross-referenced to CG9117)a

Seven other specific examples

Proportion for which
these were for
concordant conditions

50% (four of the
specific examples)

71% (five of the
specific examples)

14% (one of the
specific examples)

Use of a recommended
treatment in older
people addressed

Three specific examples all
related to choice of
hypoglycaemic therapy

Two specific examples,
one providing general
advice about prescribing
in older people, the other
related to use of
beta-blockers

Two specific examples related
to using age-appropriate
dosing, accounting for
general physical health and
coprescribing, and being
cautious in the use of
electroconvulsive therapy in
older people

Use of a recommended
treatment in relation to life
expectancy addressed

No No (although palliative
care recommended
where appropriate)

No

Explicitly contradictory
treatment recommendations

None None None

Synergistic treatment
recommendations

Two synergistic with heart
failure relating to ACE
inhibitor and aspirin use

Two synergistic with type
2 diabetes relating to
ACE inhibitor and
aspirin use

None

ACE, angiotensin-converting enzyme.
a Note that, as stated, the entire depression guideline is qualified for the presence of comorbidity by reference to the

guideline for depression with a chronic physical health problem.
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Summary
All three guidelines had a number of specific qualifications in treatment recommendations for people with
comorbidity. There were eight such examples in the type 2 diabetes guideline, of which four were for
concordant conditions, and seven in the heart failure guideline, of which five were for concordant
conditions. All of the treatment recommendations in the main depression guideline (CG90) were effectively
qualified by the presence of a chronic physical health problem by cross-reference to CG91, and there were
seven other specific examples, of which only one was for a concordant condition (see Table 1).

The diabetes guideline had three treatments where the recommendation to use was qualified for older
people (all in relation to the risk of hypoglycaemia with some drugs). The heart failure guideline had two
qualified treatment recommendations (one providing general advice about dosing and adverse effects of
recommended drugs in older people, the other emphasising that age was not a restriction to beta-blocker
use). The depression guideline had two qualified treatment recommendations (one providing general
advice about dosing of recommended drugs and interactions related to physical health conditions in older
people, the other relating to risks of electroconvulsive therapy and associated anaesthesia). None of the
recommended treatments was qualified in relation to life expectancy (although the heart failure guideline
stated that palliative care was central to the care of many people with heart failure). There were no explicitly
contradictory recommendations across the three guidelines. There were two recommended treatments
where the diabetes and heart failure guidelines were considered to be synergistic in that both recommended
the same drugs, with closely related beneficial outcomes in at least a subset of people with each condition.

Research recommendations
None of the 14 research recommendations in the two type 2 diabetes guidelines related to comorbidity or
age. None of the 10 research recommendations in the standard depression guideline, CG90, related to
comorbidity or age, whereas all seven in CG91 (depression in people with a chronic physical health problem)
were framed in terms of comorbidity. Specifically, two were identical research recommendations to those
made in CG90 but qualified for the subgroup of people with a chronic physical health problem, four were
specific to people with a chronic physical health problem and one was specific to people with COPD.
None of the five research recommendations in the heart failure guideline related to comorbidity or age.

Our analysis is broadly similar to previous studies in this area.6,7,37,38 Comorbidity and older age were not part
of the routine framing of NICE CRQs (although this in itself does not prevent GDGs from asking for
subgroup analysis or considering subgroups). Relatively few recommendations were qualified in terms of
comorbidity or older age (although the number of such qualifications was higher than found in previous
research, which could mean either that NICE guidelines better account for comorbidity or that there has
been a broader secular trend in such accounting). However, the qualification was usually relatively narrow.
For example, the type 2 diabetes guideline qualified some hypoglycaemic drug recommendations in relation
to the risk of symptomatic hypoglycaemia caused by some drugs, but did not specifically qualify the general
recommendation to achieve tight glycaemic control. In other words, although this recommendation does
say that less tight glycaemic control targets may be appropriate in some patients, it gives no guidance about
which patients. In practice then, the qualification made was about drug choice, not overall treatment goals,
and it is the latter that are likely to drive intensity of treatment and therefore treatment burden.

The potential implications of short life expectancy was not addressed in any guideline, although in practice
this would be most relevant in conditions where recommended treatments accrue benefit over a long time,
such as type 2 diabetes and to a lesser extent heart failure. Across these three guidelines, there was little
clear synergy and no clear contradiction between recommended treatments. Relative contraindication in
relation to drug–drug and drug–disease interactions is examined later in the chapter.

Finally, none of the research recommendations in the single-condition guidelines explicitly called for
research in population subgroups such as people with comorbidity or older people, although CG91,
on depression in adults with a chronic physical health problem, did make a number of such research
recommendations.
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Use of economic data in guidelines for the three exemplar conditions

Background

What is economic evidence?
Economic evaluation is increasingly seen as important in the health-care setting, facilitating the allocation
of scarce resources in the most efficient manner by taking account of opportunity cost.57 In the UK,
model-based CEA has become the preferred vehicle and method of economic evaluation to generate
evidence on incremental costs and QALYs.58–61 Model-based CEA is now routinely used in a diverse range
of countries in the evaluation of technologies,62 such as pharmaceuticals and diagnostics, and also public
health interventions.59,63,64 In contrast, the use of information on resource use and cost data to inform CG
creation is controversial and remains fairly limited.65 A notable exception is the production of CGs by NICE,
in the UK, where guideline developers are required to take account of the available evidence on the
relative cost-effectiveness of interventions before recommendations can be made.66

Economic evidence in the National Institute for Health and Care Excellence
guideline development process
The National Institute for Health and Care Excellence requires that economic evidence be incorporated into
GDG decision-making where possible, typically in the form of model-based CEA.63 For CGs, this explicit
social value judgement requires that decision-makers must take into account evidence on the incremental
costs and benefits of an intervention as well as its possible effectiveness or harms.67 The level of influence
of CEA on the CG production process at NICE is unique among large guideline-producing bodies and,
combining this with its reputation for rigour and transparency, NICE is recognised as a world leader in
guideline methodology and development.65 The NICE Guidelines Manual defines how economic evidence
is used in guideline development:48

1. The requirement to produce economic evidence related to one or more CRQs is considered by NICE
early in the scoping process. The importance of prioritisation of effort is recognised within the
Guidelines Manual, as evidence on cost-effectiveness from the literature will rarely be of sufficient
quality and relevance for decision-making for the NHS, and in an ideal world many of the CRQs would
be subject to further analysis.48 NICE takes the view that a new economic analysis to inform CGs is
most useful when the topic (1) is important, which is a function of the population and the expected
incremental costs and benefits, and (2) has a high level of uncertainty in the current evidence base, with
the likelihood that a new analysis will reduce this uncertainty. If a CRQ is deemed to be important by
the GDG and further analysis is likely to reduce current uncertainty, then de novo modelling is likely to
be prioritised. However, no formal analysis to understand the potential value of generating new
evidence is conducted as part of the guideline development process, such as estimating the expected
value of perfect information, which is becoming embedded in research prioritisation decisions made by
NIHR as part of the Health Technology Assessment (HTA) programme.68

2. During initial GDG meetings, CRQs are agreed that describe key decision points in the patient care
pathway that will be covered by the CG. These are usually framed in the PICO (population, intervention,
comparator, outcome) format, for example as ‘in patient group X in the treatment of condition Y, what
is the clinical effectiveness of drug A compared with drug B in relation to total mortality?’. In parallel,
an economic plan is produced that lists CRQs prioritised for economic evaluation, using either a
systematic review of published economic analyses or de novo analysis using a model-based CEA.
Model-based CEAs tend to use decision trees, Markov models or DES.69 The specific methods used to
produce the de novo analysis are described in the NICE ‘reference case’, which specifies how economic
analysis should usually be done, with departures from the reference case requiring justification.48,59 NICE
uses a common reference case to ensure continuity between the evidence considered by committees
of decision-makers for technology appraisal, diagnostic assessment and guideline development.
Consequently CEA is the preferred form of economic evidence, in which costs are quantified in keeping
with the perspective of the NHS and the QALY is used as the preferred measure for patient benefit.59
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3. Ultimately, decisions on recommendations included in the CG are made as a collective view of the GDG
reached during a deliberative process. The economic evidence (either from systematic reviews of
published studies or from a de novo analysis) is presented within GDG meetings alongside evidence on
effectiveness, harms and risks. After discussion of the evidence and clarification of where there is
uncertainty in the evidence base, recommendations are drafted and their wording fine-tuned. When
economic evidence for a particular CRQ is not available and the CRQ has not been prioritised for
synthesis of economic evidence by the health economist, the GDG will make a qualitative judgement of
the cost-effectiveness of a particular recommendation.

The intention, and feasibility, for NICE to use evidence of the relative cost-effectiveness of interventions
within CGs is limited by two factors: (1) the availability, quality and applicability of cost-effectiveness
evidence within the existing literature; and (2) the time and resources required to produce de novo
evidence of relative cost-effectiveness. Whereas health technology assessments with a tight clinical focus
usually have de novo CEA to support decision making, CGs do not normally have such evidence for all
CRQs. However, the type and extent of evidence of relative cost-effectiveness evidence used to inform the
clinical questions within a CG has not been examined before.

A key overall aim of the Better Guidelines project was to assess economic evidence within exemplar CGs
produced by NICE. The aim of this specific study was to assess the extent to which economic evidence was
currently available for consideration by NICE GDGs for the three exemplar conditions where comorbidity
is common.

Methods
The use of economic evidence within guideline development was evaluated by one researcher (AT), who
searched systematically through the published full guideline versions of CG66 (type 2 diabetes),49 CG90
and CG91 (depression)17,45 and CG108 (heart failure)51 to identify CRQs and match them to relevant
sections of the full guidelines and economic plans. Three strategies were used to establish the extent of
the economic evidence used. This was necessary because, although CRQs are central to guideline
development, the published full guidelines are not necessarily explicitly structured in the same way. The full
guideline layout has also changed over time and varies between the national collaborating centres that
produce them:

1. For each CRQ, key terms contained in the CRQ were used to search within the full document. Once the
key term had highlighted the relevant section within the guideline discussing the relevant CRQ, the
associated section within the guideline was then screened manually and the nature of the economic
evidence available was recorded and categorised.

2. Each guideline was examined to identify use of variants of the term ‘cost-effectiveness’ or ‘health
economics’ until all the findings within the guideline had been exhaustively identified. Classifications
generated from this approach were based around guideline chapters.

3. The referenced list of economic evidence was retrospectively manually mapped to the CRQs.

The lack of consistency between the CGs and the need for three strategies to extract the relevant data
means that the findings are only indicative in terms of how quantifiable they are, since it was not possible
to fully recreate the process by which economic evidence was used.

Findings
The number of CRQs ranged from 11 in CG91 to 40 in CG66 (Table 2). In the two depression guidelines,
26% and 27% of CRQs were supported by at least some economic evidence, compared with 53% and
92% of CRQs in the type 2 diabetes and chronic heart failure guidelines. A much smaller proportion of
CRQs were supported by producing a de novo economic model. This at least partly reflects the resources
available to NICE in terms of health economics capacity and expertise, in the context of having to generate
answers to the substantial number of CRQs underlying most CGs. De novo modelling was available for 9%
and 11% of depression CRQs, compared with 20% of diabetes CRQs and 8% of heart failure CRQs.
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Summary
The extent and type of economic evidence used were hard to quantify systematically because of the
variability between how a CRQ was specified and how it was reported or made explicit in the full guideline
reporting economic evidence. However, systematically identifying when and how economic evidence was
used was helpful for generating a qualitative understanding of the process. Half (51%) of all the CRQs
examined were not informed by any economic evidence, although this varied considerably across guidelines
(range 8–74%), and only a minority (14.6%) of CRQs were informed by de novo economic modelling,
again with variation between guidelines (range 8–20%). This will partly reflect the quality and scope of the
clinical evidence, and partly the resources available to the GDG to create de novo CEA models.

With regard to multimorbidity, the development of CGs follows the way that health care and health-care
research are currently organised in relatively discrete disease-specific silos.13 Economic evaluation, and
methods of model-based CEA, as subdisciplines of health economics, have also evolved within the
biomedical model of disease and thus share preferences for probabilistic evidence sourced from systematic
reviews, meta-analyses and RCTs as well as a focus on populations with a single index condition. Therefore,
model-based CEAs commonly address one particular physiological condition rather than a decision problem
that involves a patient with multiple morbidities. This review has confirmed that current uses of economic
evidence are unlikely to routinely support guideline development that accounts for multimorbidity.

Drug–drug and drug–disease interactions

Background
As described in Chapter 1, the prevalence of polypharmacy and potentially serious drug–drug interactions
has risen considerably since 1995,32 with evidence that ADEs have also become more common.34 The harm
from ADEs is considerable, with 6.5% of emergency hospital admissions in the UK being attributable to
ADEs, of which about half are judged preventable.70 A study of older people in Italy found that 31.5% of
reported ADEs in older people were judged to be caused by drug interactions, with 35.9% of ADEs being
severe enough to require hospitalisation.71 The drugs associated with ADEs causing hospital admission are
typically those that guidelines recommend for common conditions such as hypertension, diabetes and
CHD, reflecting the fact that most harm is caused by commonly prescribed drugs with relatively low risk
rather than rarely prescribed drugs with high risk.72 However, the observed increases in interactions and
ADEs are not necessarily inappropriate, since not all ADEs are predictable (e.g. an anaphylactic reaction in
a patient not known to be allergic to a drug), and increases in drug-related harm could in principle be
more than balanced by the benefit of prescribing that drug.32 The appropriate balancing of benefits and
harms including consideration of drug–disease and drug–drug interactions has been identified as a key
element of optimal care for older adults with multimorbidity.40

TABLE 2 Use of economic evidence in NICE guidelines for exemplar conditions

Criterion
CG66: type 2
diabetes

CG90:
depression

CG91: depression
and chronic physical
health problems

CG108: chronic
heart failure

Number of CRQs 40 19 11 12

Number of CRQs with economic
evidence from existing literature
(number of studies referred to)

13 (25) 3 (10) 2 (4) 11 (13)

Number (%) of CRQs using
evidence from a de novo model

8 (20) 2 (11) 1 (9) 1 (8)

Number (%) of CRQs informed by
some form of economic evidence

21 (53) 5 (26) 3 (27) 11 (92)

Number (%) of CRQs with no
economic evidence

19 (47) 14 (74) 8 (73) 1 (8)
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We consider that it would be difficult for CGs to list all possible drug–drug interactions in a helpful way,
and, in the UK at least, such a list would also duplicate information available elsewhere or embedded
in GP electronic prescribing systems. NICE guidelines usually make this clear; for example, the heart failure
guideline says: ‘It is not possible in the development of a CG to complete extensive systematic literature
reviews of all pharmacological toxicity. NICE expect the guidelines to be read alongside the Summaries of
Product Characteristics’ (p. 24).51 However, most guidelines do contain comment about some interactions,
although it is not always clear why these have been selected.

The study reported in this section therefore aimed to quantify how often the drugs recommended by NICE
guidelines for the three exemplar conditions have drug–disease interactions in the presence of other
commonly comorbid conditions, or have potentially serious drug–drug interactions with drugs recommended
by guidelines for these conditions. The findings of the study were published in the British Medical Journal in
2015, and the findings and figures are reported here under the terms of the Creative Commons Attribution
(CC-BY) open access licence that applies, which allows free sharing and adaptation of material for
any purpose.73

Methods
Our starting point was single-disease guidelines for heart failure,56 type 2 diabetes74 and depression.75

We then selected nine other NICE guidelines to examine, choosing common and chronic conditions that
were commonly comorbid with the exemplar conditions, and with recently published NICE guidelines that
included recommendations for the initiation of a drug treatment (Figure 5). After discussion with the PRG,
the nine selected other guidelines were for atrial fibrillation,76 osteoarthritis,77 COPD,78 hypertension,79

secondary prevention following MI,80 dementia,81 rheumatoid arthritis,82 chronic kidney disease (CKD)83 and
neuropathic pain.84 These were selected on the basis of being common and important problems, for which
there was recent NICE guidance available, and with varying prevalence of comorbidity for the three
exemplar conditions (see Figure 5).
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FIGURE 5 Percentage of people with the three index conditions who have each of the other conditions. Morbidity
data were not available for osteoarthritis or neuropathic pain; the ‘painful condition’ data shown are defined by
receipt of four or more prescriptions for non-over-the-counter analgesics in the previous 12 months. Reproduced
from Dumbreck et al.73 This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work,
for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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A panel of three clinicians reviewed all 12 guidelines to identify and classify recommendations about
initiation of chronic drug treatments. Drugs were defined as ‘first-line’ if they were recommended as a
treatment for all or nearly all people with the condition [e.g. angiotensin-converting enzyme (ACE)
inhibitors for people with heart failure]. Drugs that were recommended for only some patients with the
condition under some circumstances were defined as ‘second-line’ (e.g. spironolactone for people with
heart failure and high levels of symptoms despite first-line treatment).

Drug–disease and drug–drug interactions were then identified and classified, and the published guidelines
examined to identify if these were explicitly discussed. For each of the three exemplar index guidelines, the BNF
was systematically searched to identify drug–disease warnings for guideline-recommended drugs, taking
account of the pre-defined 11 conditions (the other two index conditions and the nine others).85 Drug–disease
interactions were defined as being significant if a disease was stated to be a contraindication in relation to all or
most people with the condition, or if the BNF stated that drugs should be used only with caution accompanied
by a clear statement to avoid in all or most people with the condition. For CKD but not for other conditions,
BNF warnings frequently recommended dose adjustment, and this was additionally counted for CKD.

For drug–drug interactions, we counted those that the BNF categorised as ‘potentially serious’, which is
when ‘concomitant administration of the drugs involved should be avoided (or only undertaken with caution
and appropriate monitoring)’ (p. 852).85 These interactions are defined as potentially serious based on the
severity of the potential harm, not the likelihood of the interaction. Potentially serious interactions were
identified between drugs recommended by each of the three index guidelines and drugs recommended by
any of the 12 guidelines (since two drugs recommended in the same guideline can interact), and the
nature of the harm caused was classified, with any disagreement between expert panel members resolved
by discussion. The nature of harm was categorised as bleeding risk, central nervous system toxicity,
cardiovascular adverse effect (including change in blood pressure, or effect on heart rate or rhythm), effect
on renal function or serum potassium, or other (which included harms associated with changes in level of
narrow therapeutic index drugs such as lithium carbonate, digoxin and theophylline).86 These classification
categories were chosen to reflect the types of ADEs associated with emergency hospital admission.70

Interaction findings
Table 3 shows the number of drugs recommended as first or second line for each of the 12 guidelines,
which varied from 1 to 9 and from 1 to 19, respectively. Table 4 shows how often drugs recommended for
each of the three index conditions would be contraindicated by, or should be avoided in the presence of,
any of the other 11 conditions. Drug–disease interactions were not common, with the exception of those
related to CKD, which affected type 2 diabetes in particular. CKD was involved in 27 of the identified
32 drug–disease interactions for drugs recommended in the type 2 diabetes CG and all of the 6 and
10 drug–disease interactions for the depression and heart failure guidelines, respectively. The guidelines
for type 2 diabetes and heart failure each specifically discussed just one of these identified drug–disease
interactions. For type 2 diabetes, this recommendation was regarding the need to avoid thiazolidinedione
treatment in people with comorbid heart failure. For heart failure, it was identified that amlodipine should
be considered for the treatment of comorbid hypertension and/or angina in patients with heart failure, but
verapamil, diltiazem or short-acting dihydropyridine agents should be avoided. The depression guideline
did not discuss any of the identified drug–disease interactions.

Potentially serious drug–drug interactions were common (Figure 6). There were 133 potentially serious
drug–drug interaction pairs identified for the type 2 diabetes guideline, of which 25 (19%) involved one of
the four drugs recommended as first-line treatments (the diabetes guideline had a total of four drugs, or
classes of drug, recommended as first-line treatments and 19 second-line treatments; see Appendix 1).
Nine of the recommended drugs for diabetes did not have any potentially serious drug–drug interactions. For
the depression guideline, 89 potentially serious drug–drug interaction pairs were identified, of which 19 (21%)
involved the one drug class recommended as first line (SSRI antidepressants) rather than the 12 drugs or drug
classes recommended as second-line treatments for depression. For heart failure, 111 potentially serious
drug–drug interaction pairs were identified, of which 21 (19%) involved the two drug classes recommended
as first line rather than the nine drugs (or drug classes) recommended as second line for heart failure.
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TABLE 3 Numbers of drugs recommended as first and second line for each of the 12 guidelines

Guideline
Guideline
number

Year
published

Drugs recommended
first line (n)a

Drugs recommended
second line (n)b

Type 2 diabetes CG87 2009 4 19

Depression CG90 2009 1 12

Heart failure CG108 2010 2 9

Atrial fibrillation CG36 2006 4 7

Dementia CG42 2006 3 1

Secondary prevention post MI CG48 2007 4 13

Osteoarthritis CG59 2008 2 5

CKD CG73 2008 1 6

Rheumatoid arthritis CG79 2009 9 9

Neuropathic pain CG96 2010 2 5

COPD CG101 2010 2 8

Hypertension CG127 2011 4 3

a Explicitly described as a first-line drug, or recommended for (almost) everyone with the condition.
b Explicitly described as a second- or third-line drug, or recommended for only some subgroups or in some not very

common circumstances.
Adapted from Dumbreck et al.73 This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

TABLE 4 Number of drug–disease interactions between drugs/drug classes recommended for each index condition
and the 11 other conditions

Other condition

Type 2 diabetes Depression Heart failure

First linea Second lineb First line Second line First line Second line

CKD (dose change) 3 11 1 2 2 3

CKD (avoid) 2 11 0 3 1 4

Heart failure 0 5 0 0 N/A 0

Depression 0 0 N/A 0 0 0

Type 2 diabetes N/A 0 0 0 0 0

Atrial fibrillation 0 0 0 0 0 0

Osteoarthritis 0 0 0 0 0 0

COPD 0 0 0 0 0 0

Hypertension 0 0 0 0 0 0

Post MI 0 0 0 0 0 0

Dementia 0 0 0 0 0 0

Rheumatoid arthritis 0 0 0 0 0 0

Neuropathic pain 0 0 0 0 0 0

Total 5 27 1 5 3 7

N/A, not applicable.
a Explicitly described as a first-line drug, or recommended for (almost) everyone with the condition.
b Explicitly described as a second- or third-line drug, or recommended for only some subgroups or in some not very

common circumstances.
Adapted from Dumbreck et al.73 This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Figure 7 summarises the types of harm expected from potentially serious drug–drug interactions by index
condition (see Appendix 2 for further details). For type 2 diabetes, cardiovascular-related harm such as
significant hypotension or bradycardia was the most frequent category, followed by ‘other’ (which includes
increased lithium or digoxin levels causing risk of toxicity, and myopathy with statin therapy), and harms
associated with renal or serum potassium. For depression, bleeding risks were the most commonly
identified harm, particularly involving SSRI antidepressants recommended as first line, followed by ‘other’
harms (most commonly relating to lithium toxicity), and cardiovascular and central nervous system toxicity.
The majority of cardiovascular adverse effects in the depression guideline were related to increased risk of
ventricular arrhythmias. The most common potentially serious drug interactions for the heart failure
guideline were for bleeding events, but also drug interactions causing severe hypotension or related to
increased digoxin or lithium levels causing risk of toxicity.

A very limited number of the identified drug–drug interactions were highlighted in the index guidelines. In
the guideline for type 2 diabetes, only two interactions were mentioned: potassium-sparing diuretics with
ACE inhibitors, and potassium-sparing diuretics with angiotensin receptor blockers (ARBs). The depression
guideline highlighted only the increased risk of bleeding with SSRIs plus non-steroidal anti-inflammatory
drugs (NSAIDs) or aspirin. None of the recommendations in the heart failure guideline contained an explicit
discussion of the 111 potentially serious drug–drug interactions identified.

Summary
Potentially serious drug–drug interactions were found to be relatively common among guideline
recommendations for each of the three index conditions and 11 other common conditions. In contrast,
drug–disease interactions were found to be relatively uncommon, with the exception of interactions when
an individual has comorbid CKD. The types of harm potentially introduced by coprescription of drugs
varied by CG and was most commonly cardiovascular and ‘other’ for diabetes; bleeding and ‘other’ for
depression; and bleeding and cardiovascular for heart failure.

Previous studies of the implications of following single-disease guidelines in people with multimorbidity
have usually considered single, hypothetical patients with carefully selected multiple conditions, an approach
that is likely to overstate the scale of the problem.2,3 Using US population survey data, Lorgunpai et al.87

estimated a much higher rate of drug–disease interactions (which they termed ‘therapeutic competition’),
with one-fifth of older American adults being prescribed drugs for one condition that have the potential to
worsen another.87 However, their study included interactions that did not reach our threshold of being
recommended to avoid in all or most patients. For example, the use of beta-blockers for CHD in people with
COPD was common in their study, but, although it carries some risk, it is not stated as a contraindication or
recommendation to avoid in the BNF, because the benefits outweigh the harms in most patients.

One key potential limitation is the use of a selection of CGs as exemplar case studies, and some other
guidelines do discuss interactions in more detail. For example, NICE has produced a guideline for depression in
people with a chronic physical health problem,17 which includes extensive discussion about drug interactions
(although in a full guideline appendix, which will not be commonly read by clinicians), and a guideline on
management of bipolar disorder, which includes detailed recommendations about safe use of lithium.
However, we would not expect the pattern of findings to be substantially different for other guidelines that
include a reasonable number of recommendations for chronic drug treatment. Any recommendations for
commencing drugs for acute conditions were excluded from this analysis, but it should be noted that
interactions with drugs such as antibiotics and NSAIDs used for short-term intercurrent illness are common
and important.33 The inclusion of additional guidelines would have further increased the number of potential
interactions identified. Both of these exclusions imply that our findings are likely to be conservative.

This study systematically examined recent national guidelines produced by NICE for important and common
clinical conditions, using data on interactions drawn from a single, authoritative UK source. Defining
contraindications and potentially serious interactions was not straightforward, reflecting the facts that the risk
of such events is often poorly quantified and information sources vary in what they rate to be significant.88
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This study used the BNF because it is the reference source used by most UK-based clinicians. The BNF draws
on data from manufacturer summaries of product characteristics, NICE guidance, the medical literature and
expert opinion, but other reference sources might not be consistent with this, and a databases of listed
potentially serious drug interactions might have yielded different results. For example, a summary of product
characteristics for amitriptyline from the online electronic medicines compendium of up-to-date, approved and
regulated prescribing information for licensed medicines89 includes cardiac arrhythmias and history of MI as
contraindications but these are not listed in the BNF. Of note is that the focus of this study has been negative
interactions, and there will of course be situations where drug–condition interactions are positive in that one
drug has benefits for more than one condition. In addition, the way in which we defined both drug–drug and
drug–condition interactions prioritises interactions more strongly associated with harm. Less severe interactions
will sometimes cause harm but are also much more common.87 Our judgement was that focusing on interactions
more strongly associated with harm was appropriate to help ensure feasibility in a guidelines context.

Discussion

Summary of the three studies

Accounting for comorbidity in National Institute for Health and Care
Excellence guidelines for the three exemplar conditions
Clinical research questions for the guidelines examined were only rarely framed in terms of comorbidity or
older age (as a proxy for comorbidity), and relatively few treatment recommendations were qualified in
terms of comorbidity or older age. None of the guidelines examined included any qualification in relation
to people with short life expectancy. There was little clear synergy and no clear contradiction between
recommended treatments across the guidelines examined. None of the research recommendations in the
single-condition guidelines explicitly called for research in population subgroups such as people with
comorbidity or older people.

Use of economic evidence in National Institute for Health and Care
Excellence guidelines for the three exemplar conditions
Half (51%) of all the CRQs examined were not informed by any economic evidence, although this varied
considerably across guidelines (range 8–74%), and only a minority (14.6%) of CRQs were informed by de
novo economic modelling, again with variation between guidelines (range 8–20%). This will partly reflect
the quality and scope of the clinical evidence, and partly the resources available to the GDG to create de
novo CEA models. Like the CRQs on which they were based, economic analyses were focused on single
diseases, although it is routine to carry out sensitivity analyses examining cost-effectiveness in different
age groups.

Drug–drug and drug–disease interactions in National Institute for Health and
Care Excellence guidelines for the three exemplar conditions
Potentially serious drug–drug interactions were common between drugs recommended in guidelines for
the three exemplar conditions and drugs recommended in guidelines for 11 other conditions. In contrast,
drug–disease interactions were relatively uncommon, with the exception of interactions when an individual
has comorbid CKD. The types of harm potentially introduced by coprescription of drugs varied by CG and
were most commonly cardiovascular and ‘other’ for diabetes; bleeding and ‘other’ for depression;
and bleeding and cardiovascular for heart failure.

Interpretation and implications of the three studies

Accounting for comorbidity in National Institute for Health and Care
Excellence guidelines for the three exemplar conditions
The purpose of this analysis was largely to define current practice to make sure that we understood the
context within which suggested changes to guideline development would have to happen. Our
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interpretation is that GDGs do take account of comorbidity to at least some extent, but that this is
predominantly for concordant conditions or for conditions where there is broad acceptance that
comorbidity matters. This is most explicit in the pairing of chronic physical problems and depression, where
both the type 2 diabetes and heart failure guidelines refer to the depression guidelines, and NICE has
produced a specific depression guideline for people with a chronic physical condition. However, the way in
which treatment recommendations were qualified was usually quite narrow, and there was little or no
specific guidance on how clinicians or patients should respond in the presence of other morbidities
(including age or frailty as a proxy for, or consequence of, this) or reduced life expectancy. With the
exception of the guideline for depression in adults with a chronic physical health problem (CG91), no
research recommendations were made about evidence generation in people with a comorbidity or older
people. In contrast, the majority of research recommendations in CG91 were specific to people with
comorbid depression and chronic physical health problems, implying that such research recommendations
are feasible to make. Chapter 3 further addresses this issue by examining the applicability of evidence used
in guideline development.

Use of economic evidence in National Institute for Health and Care Excellence
guidelines for the three exemplar conditions
Economic evaluation has a central place in GDG decision-making, but is deployed sparingly because of
resource and data constraints. In the guidelines studied, half of CRQs were not informed by economic
evidence and only 8–20% were informed by de novo model-based CEA. Like the underlying CRQs, such
analysis was essentially focused on single diseases. When interpreting the results of a model-based CEA,
significant comorbidity or multimorbidity within the patient population is likely to undermine the validity of
statements on the relative cost-effectiveness of the interventions being compared. On the resource use
side of the evaluation there could be economies of scale or scope when treating diseases that are
concordant (similar pathogenesis), thus permitting overlaps in management or treatment. Evidence for this
hypothesis has been found on a macro scale for primary care costs in England; for example, a recent
observational study found that hypertension associated with other cardiovascular diseases (CVDs) was cost
limiting, in that the combined costs in people with particular patterns of comorbidity was lower than the
sum of the costs of the conditions individually.90 In contrast, discordant conditions requiring different
management or treatments could lead to increased costs, with the same study finding depression
associated with other conditions to be cost increasing. In relation to patient benefits, patients with
increasing numbers of diseases are known to have generally lower HRQoL, but this relationship is far from
simple, with the impact varying depending on the nature and combination of diseases.

Model-based CEAs that overlook these properties are unlikely to give representative estimates of the costs
and benefits of interventions for patient populations with multiple morbidities. Therefore, even if analysis
of relative cost-effectiveness for an intervention is correct on average for the whole population, if large
subgroups with multiple diseases have different cost-effectiveness estimates then there is the potential
for resources to be used more efficiently by stratifying recommendations within CGs accordingly.85,91

In principle, subgroup analysis that varies baseline risk or treatment effects for patients with multiple
conditions could play an important role in integrating the impact of comorbidities on cost-effectiveness
results. Given resource constraints in current guideline development, there are several approaches that
could improve the contribution of economic evidence to guideline development that accounts
for multimorbidity.

1. Existing model-based CEAs can be used in novel ways that are potentially useful for decision-making
regarding patients with multimorbidity, and we have examined two such uses. In Chapter 4 we show
how the absolute QALY could theoretically be used to compare and prioritise treatments for patients
with multimorbidity where multiple treatments are recommended. In Chapter 5 we show how the
‘pay-off time’ concept can be applied to current economic evidence to provide a new temporal
dimension on the value of interventions for populations who are likely to have multimorbidities.

2. More ambitiously, and with greater resource implications, economic analysis for populations with
multiple morbidities could go beyond the adjustment of input parameters in existing single-disease
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models. Instead, the structure of the analysis itself can be changed to incorporate at least some of the
characteristics of the conditions that are of consequence. As an exemplar of this approach, the de novo
model described in Chapter 6 attempts to incorporate the dual characteristics of both depression and
CHD into a single model structure.

Drug–drug and drug–disease interactions in National Institute for Health and
Care Excellence guidelines for the three exemplar conditions
For the conditions examined in this study, major drug–disease interactions were relatively rare, with the
exception of CKD, where they were more common. We believe that it would be useful for guideline
developers to use epidemiological data to decide explicitly whether or not CKD (and other comorbidities
if relevant) is common enough in people with the condition that is the target of the guideline to require
comment or modification of recommendations. For the three index conditions examined here, CKD
comorbidity prevalence was 4.1% in depression, 13.5% in type 2 diabetes and 23.0% in heart failure
(see Figure 5). The implication might be that guideline developers should consider CKD with heart failure,
possibly consider it with type 2 diabetes and possibly not consider it with depression. The actual decision
would depend on GDG judgement, but should be informed by epidemiological evidence rather than the
necessarily unpredictable knowledge and expertise that individual members bring to the GDG.

Potentially serious drug–drug interactions were much more common, but there are too many for all of
them to be specifically mentioned by guidelines. This means that there will have to be some selection
process. From this perspective, CGs produced and disseminated on paper will only ever be able to account
adequately for a minority of potential drug–drug interactions. Electronic versions of CGs could in principle
account for more, but some selection based on importance would still be important. The implication is that
it would be useful for guideline developers to use epidemiological data to estimate the likely frequency
and severity of drug–drug interactions to inform a judgement about whether or not a treatment
recommendation should be qualified. Frequency will be determined by whether or not the drug being
recommended is first line (intended for all or nearly all people with the condition), by how commonly
interacting drugs are used (which will depend on rates of comorbidity) and by how commonly the ADE in
question occurs.

Of note is the requirement for detailed epidemiological information about the real-world population for
which the guideline is making recommendations. This is currently much less commonly used in guideline
development than trial data from narrowly selected populations. With the growth of large electronic
primary care data sets, it is increasingly straightforward to define the population for which
recommendations are being made, and describe its demography, comorbidity and current prescribing.
As an example, there is a potentially serious interaction between statins (recommended as first line for
patients with type 2 diabetes) and ciclosporin (recommended as second line for patients with rheumatoid
arthritis), due to risk of myopathy and rhabdomyolysis. Given that only 1.4% of people with type 2
diabetes also have rheumatoid arthritis, and ciclosporin is recommended only as second line for
rheumatoid arthritis, this will only ever be a very rare drug–drug interaction and so is very unlikely to reach
the threshold for explicit consideration by a GDG. In contrast, coprescription of SSRI antidepressants
(recommended as first line for depression) and tramadol (recommended as second line for painful
conditions) is likely to be common because tramadol is commonly used for pain in the UK and 27.1% of
people with depression also have painful conditions.13,92 However, the risk of serious or fatal serotonin
syndrome appears to be low (although this is poorly quantified93) and a GDG would have to make a
judgement about whether or not the interaction requires specific mention to inform clinicians and patients
to be aware of the signs and symptoms of serotonin syndrome should they occur. The key implication is
that we believe that interactions and risks should be systematically assessed and explicit decisions made
about whether or not they require discussion, like the requirement for treatment benefits to be
systematically and explicitly assessed. The systematic assessment of the likelihood of interactions in relation
to particular guideline recommendations is further examined in Chapter 3.
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Conclusion

Comorbidity is partly considered in existing NICE guidelines but there is no documented process for such
consideration in the NICE Guidelines Manual. It is also not always clear from guideline documentation why
some comorbidity or interaction issues are chosen to be highlighted, and with some exceptions those that
are identified are for closely related conditions. Drug–drug and drug–disease interactions are one
important aspect of the problems posed by comorbidity, and the analysis quantifies the frequency of
potentially serious interactions and ways in which GDGs could more systematically identify and judge
which of them require accounting for. Systematic use of appropriate epidemiological evidence could allow
GDGs to make transparent decisions relating to the development of specific recommendations for
population subgroups with particular comorbidities or other important characteristics such as reduced
life expectancy.
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Chapter 3 The applicability of evidence used to
inform clinical guideline treatment recommendations

Background

Randomised controlled trials are usually carried out in selected populations.94–96 This creates a potential
problem for guideline developers, because their treatment recommendations may be based on an
extrapolation from evidence in one group of people with a condition to another group of people with
the same condition. This issue is described using a number of terms including ‘the external validity or
generalisability of evidence’, ‘the directness of evidence’ and ‘the applicability of evidence’, which is the
term we shall use. This chapter initially discusses literature relevant to applicability. It then uses a
combination of information about the participants in trials that provide evidence for CG recommendations
and epidemiological data about the real-world treated population to examine how GDGs could more
systematically consider applicability when making treatment recommendations.

How commonly is applicability of evidence a potential problem?
Several studies have shown that many or most people with a condition would not be eligible for the RCTs
providing evidence of treatment effectiveness. Of a sample of 283 trials published in high-impact general
medical journals, 81% excluded people with common comorbidities, 54% excluded people taking other
commonly prescribed drugs and 72% excluded people on the basis of age.94 When considering single
diseases, fewer than half of people in Scotland with newly diagnosed type 2 diabetes would have been
eligible for the landmark UK Prospective Diabetes Study (UKPDS) 33 and UKPDS34 studies of initial
hypoglycaemic treatment.97 Only 13–25% of older people discharged from hospital with heart failure in
the USA would have been eligible for inclusion in three seminal trials of heart failure treatment.98 A
maximum of 20% of people with COPD in the community would have been eligible for the 18 key trials
underlying the Global Initiative for Chronic Obstructive Lung Disease guidelines for COPD (median 5%).99

A maximum of 43% of people with asthma would have been eligible for the Global Initiative for Asthma
guidelines (median 6%).100 Depending on the trial, only 17–71% of women with breast cancer would
have been eligible for 12 major breast cancer trials that changed clinical practice.101 Evidence of
treatment benefit from RCTs is therefore often based on highly selected subgroups of people with the
target condition.

Of note is that, in most such studies, what is being evaluated is exclusion due to easily measured factors
such as age, and that there will be additional exclusions from less well specified criteria such as ‘any
life-threatening disease (other than heart failure)’102 or ‘any factors likely to limit adherence to
interventions’.103 Such criteria are open to the recruiting researcher’s judgement and would be expected to
exclude people of all ages who are sicker or less likely to adhere to treatment, or perceived to be at
increased risk of harm. For example, patients in carotid endarterectomy trials who were judged unfit for
surgery (i.e. were believed to have very high risk from surgery) had much worse outcomes in terms of
stroke risk and death even though their baseline characteristics as measured by trial variables were not
different from those judged fit for surgery.96 Excluded patients will therefore plausibly have different
baseline risks of the outcomes targeted by the trial, different risks of harm and potentially different
likelihoods of benefit (although the standard assumption is that relative risk is constant across populations).
However, although older and sicker people, who are often excluded from trials, are more likely to be
harmed by treatment (e.g. the Action to Control Cardiovascular Risk in Diabetes study excluded those
aged ≥ 80 years because the pilot study showed higher risk of serious hypoglycaemia in older people103),
it is often difficult to predict the extent to which net benefit is likely to vary.
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Extrapolation of evidence into recommendations in guideline development
Guideline recommendations for whole populations of people with a particular condition will therefore
often require extrapolation from the available evidence, and GDGs use their judgement to make such
extrapolations. The 2009 NICE Guidelines Manual identifies a number of challenges when writing
recommendations, one of which relates to applicability and extrapolation (Box 1).

The 2014 update to the NICE Guidelines Manual also discusses this issue, but using the example of
patients with different conditions in the same care setting.

. . . a review of systems for managing medicines in care homes for people with dementia may identify
good practice that is relevant in other care home settings . . . extrapolation must be considered
carefully by the Committee, with explicit consideration of the features of the condition or interventions
that allow extrapolation.

p. 16748

Of note is the assumption in the 2014 guidelines manual that the use of GRADE working group profiles
will account for the problem of applicability.

How does Grading of Recommendations Assessment, Development and
Evaluation deal with applicability?
The GRADE working group has produced detailed recommendations for guideline development, and
current NICE guideline development draws on these with some modifications.105 Applicability is dealt with
as part of whether evidence is direct or indirect, and judgement of directness is used to assess the strength
of the evidence underlying recommendations.106 In GRADE, indirectness can arise from one or more of
four mechanisms:

1. differences between trial populations and the population specified as being the focus of the guideline
(as defined in the PICO question), which GRADE considers a problem of applicability

2. differences between the intervention used in the trial and the intervention that is the focus of the
guideline, which GRADE considers a problem of applicability

3. differences between the outcomes used in trials and outcomes that matter to patients, which GRADE
discusses in terms of surrogate outcomes

4. the use of indirect comparisons, where choices are being made about two treatments for the same
condition that have been evaluated in trials against placebo, but not against each other.

BOX 1 National Institute for Health and Care Excellence 2009 Guidelines Manual description of the challenge of
extrapolation (p. 104)104

Challenge

The clinical evidence is not directly applicable to the population covered by the guideline, for example because

of a different age group.

Possible solutions

The GDG may wish to extrapolate to the recommendations from the evidence – for example, from high-quality

evidence in a largely similar patient group. The GDG will need to make its approach explicit, stating the basis it

has used for extrapolating from the data and the assumptions that have been made.
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The presence of serious indirectness leads to the quality of the evidence in the GRADE profile being
downgraded, but this in itself may not alter the actual recommendation made. Where trial populations are
completely or substantially different from the population for which recommendations are being made,
then it is fairly easy to say that the evidence is of low quality for applying to the latter (e.g. evidence from
adults with one type of lymphoma applied to children with another). Much more common, however, is
that trial populations are a subset of the population for which recommendations are being made. In that
sense, the trial evidence is directly applicable to some of the real-world population, but is indirect for
another part of the population. In this situation, downgrading the quality of the evidence is unreasonable
for people who would have been eligible for the trial, but not downgrading for people who were not
eligible may be problematic. For this reason, we believe that the GRADE application of directness does not
adequately deal with the problem of applicability, since it is applied only at the evidence synthesis stage,
whereas it also applies when GDGs create recommendations based on the evidence. Whether or not
applicability is a problem will depend on the extent to which trial populations are very different in their
expected response to the intervention from the populations for which GDGs make recommendations, or
are very different from a substantial subset of the guideline population.

The aim of this element of the project was therefore to examine the applicability of trial evidence by
comparing the populations included in trials underlying selected treatment recommendations for the three
exemplar conditions with the actual population for which recommendations were being made.

Methods

With the advice of the PRG, we first selected key first-line drug treatment recommendations for each
condition. As described in the interactions study in Chapter 2, we defined a drug as first line if it was
recommended as a treatment for all or nearly all people with the condition, whereas drugs that
were recommended for only some patients with the condition under some circumstances were defined
as second line. With the advice of the PRG, for type 2 diabetes, we selected initial drug treatment
with metformin and sulphonylureas for persistent hyperglycaemia after lifestyle change. For heart failure,
we selected ACE inhibitor and beta-blocker treatment for people with heart failure due to LVSD.
For depression, we selected SSRI antidepressants for people with moderate to severe depression.

We then identified the trials cited by guidelines as the evidence underlying these recommendations.
We defined the populations included in these trials by examining trial published inclusion and exclusion
criteria as reported in the main trial publication or any cited published protocol or in the full guideline, and
by examining the actual patients included as defined by their reported baseline characteristics. For type 2
diabetes and heart failure, we selected trials measuring patient-centred outcomes such as mortality and
major morbidity (as opposed to surrogate outcomes such as glycaemic control), and larger trials with long
follow-up (> 26 weeks). Almost all the cited trials for depression were relatively small and with relatively
short follow-up (reflecting the fact that they were usually examining initial treatment response), and we
therefore included all trials cited in the two relevant guidelines, CG90 and CG91. Of note is that inclusion
and exclusion criteria in the depression trials were less well reported and that trials varied in whether they
reported only the age range within which patients were eligible, only the mean or median age of those
actually participating, both or (sometimes) neither.

We defined the characteristics of the population for which the recommendations are assumed to be made,
using epidemiological data from two sources:

1. A study of multimorbidity using data recorded in GP clinical information technology systems, which had
data on the presence of 40 conditions for 1.76 million people in Scotland in 2007.13 Type 2 diabetes and
heart failure were two of the conditions included, as defined by the presence of relevant read codes.
Depression is poorly coded and was defined as the presence of a read code for depression in the last year
or receipt of four or more prescriptions for an antidepressant [excluding low-dose tricyclic antidepressants
(TCAs), which are predominantly used for pain, night sedation and anxiety] in the previous year.
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We used this data set to measure rates of common, important comorbidities in people with each of the
three exemplar conditions. For each condition, we examined the distribution of patients by age to
compare with populations included/excluded by relevant trials, and the distribution of comorbidity by
age. Using the same methodology as the interactions work reported in Chapter 2, we additionally used
this data set to identify drug–disease interactions for recommended drugs. The BNF was used to identify
whether the disease was stated to be a contraindication in relation to all or most people with the
condition, or the BNF stated that drugs should be used only with caution, accompanied by a clear
statement to avoid in all or most people with the condition, or requiring dose adjustment in all people
with the condition.

2. A study of polypharmacy using data for all 318,000 adult residents of the NHS Tayside region of
Scotland in 2010, including all drugs dispensed by community pharmacies. In this data set, type 2
diabetes was defined using the regional diabetes register, which is > 99% complete. Heart failure was
defined as ever having been admitted to hospital with heart failure (and therefore covered a selected
population of people with more severe heart failure). Depression was defined as current treatment with
a SSRI, a monoamine oxidase inhibitor (MAOI) or an ‘other’ antidepressant (reflecting the fact that
depression is a less clearly defined condition than diabetes or heart failure and there are no central
registers to draw on).32 Tricyclic antidepressants were not included in the definition of depression, since
in the UK these are used almost exclusively for conditions other than depression, such as chronic pain.
However, a weakness in the depression data is therefore that some patients taking these drugs will be
being treated for conditions other than depression.

For the guideline-recommended drugs being examined, we used the BNF to identify rates of prescription
of all drugs stated to have a potentially serious interaction, which the BNF defines as ones where
‘concomitant administration of the drugs involved should be avoided (or only undertaken with caution
and appropriate monitoring)’.85 In the paper BNF such interactions are marked with a black dot and in the
online BNF they are marked in red.

Findings for initial management of hypoglycaemia in type 2
diabetes with metformin or sulphonylurea

Characteristics of the trial populations
The UKPDS was the only trial that assessed long-term patient-centred outcomes for initial treatment with
sulphonylureas or insulin107 and, in overweight people, initial treatment with metformin.108 It was carried
out in the UK for people with newly diagnosed type 2 diabetes aged 25–65 years. Exclusion criteria
included ketonuria, creatinine > 175 µmol/l (at least moderate CKD), recent or multiple vascular events,
and ‘severe concurrent illness that would limit life or require extensive systemic treatment’.107

One-third of patients screened were excluded,108 and patients were randomised to active treatment
intended to maintain fasting plasma glucose < 6 mmol/l or to diet with drugs, only if symptomatic or
fasting plasma glucose > 15 mmol/l (i.e. what would now be considered poor or very poor control).
Patients who were overweight (> 120% ideal bodyweight) were randomly assigned to either metformin or
diet. Patients who were not overweight were randomly assigned to sulphonylurea, insulin or diet [although
analysis was of ‘intensive’ treatment (i.e. sulphonylurea or insulin) vs. diet]. The mean age of patients in all
arms was 53 years.

Comparison of trial population and the population for which
recommendations are being made
Using data for all newly diagnosed people in Scotland in 2008, Saunders et al.97 found that 49.3% of patients
would have been excluded from UKPDS33 and 68.2% from UKPDS34. Using our data, 44% of 6647 people
newly diagnosed with type 2 diabetes in 2006/7 (approximately one-third of the Scottish population) would
not have been eligible for UKPDS based on age alone, with some younger people excluded by other criteria.
The remainder of the analysis focuses on age, since this is the main reason for exclusion.
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Table 5 shows rates of comorbidity by age group (the UKPDS population were all aged < 65 years).
Not surprisingly, older people newly diagnosed with diabetes who were not eligible for the trial were
substantially more likely to have other comorbidities, including vascular and non-vascular conditions, notably
CKD (2.8% of those < 65 years compared with 25.5% of those > 75 years), stroke/transient ischaemic
attack (TIA) (3.2% vs. 15.5%), atrial fibrillation (1.4% vs. 14.9%), dementia (0.2% vs. 5.7%), recent cancer
(3.3% vs. 10.6%), CHD (10.6% vs. 33.1%), heart failure (1.7% vs. 10.7%) and COPD (5.2% vs. 11.4%).
The main exceptions to this were depression and pain, which were present in between one-sixth and
one-fifth of patients at all ages, with depression a little more common in those aged < 65 years.

Drug–disease and drug–drug interactions
For common comorbidities (> 5% prevalence) the only stated drug–disease interaction in the BNF was
renal impairment for metformin (dose reduction recommended if estimated glomerular filtration rate
< 45 ml/min and avoidance if estimated glomerular filtration rate < 30 ml/min) and sulphonylureas
(use ‘with care in mild to moderate renal impairment’ and avoid in more severe renal impairment).

Table 6 lists drugs with potentially severe interactions with sulphonylureas (metformin does not have any
such interactions), and the percentage of the population with type 2 diabetes who are dispensed them.
There are relatively few interactions and, with the exception of coumarin anticoagulants and NSAIDs, most
are with drugs that are infrequently used.

TABLE 5 Percentages of people with newly diagnosed type 2 diabetes who have other conditions

Condition

Eligible for trials,
aged < 65 years
(n= 3744)

Ineligible for trials,
aged 65–74 years
(n= 1718)

Ineligible for trials,
aged ≥ 75 years
(n= 1185)

Overall
(n= 6647)

Hypertension 40.9 62.0 64.8 50.6

Painful condition 17.5 21.7 22.1 19.4

CHD 10.6 26.0 33.1 18.6

Depression 17.6 15.4 14.3 16.4

Thyroid disorders 7.3 11.7 12.6 9.4

CKD 2.8 11.5 25.5 9.1

COPD 5.2 11.2 11.4 7.9

Anxiety or insomnia 5.8 8.1 10.3 7.2

Stroke/TIA 3.2 9.8 15.5 7.1

Cancer in last 5 years 3.3 7.8 10.6 5.8

Atrial fibrillation 1.4 7.8 14.9 5.4

Heart failure 1.7 5.8 10.7 4.4

Peripheral vascular disease 1.9 5.0 7.3 3.7

Dementia 0.2 0.8 5.7 1.4

Number of other conditions

0 22.6 7.6 4.5 15.5

1 29.8 20.6 12.2 24.3

2 19.2 22.5 18.0 19.8

3 12.1 19.0 20.0 15.3

≥ 4 16.3 30.3 45.3 25.1

TIA, transient ischaemic attack.
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Are there applicability issues with metformin and sulphonylureas for the
initial management of hyperglycaemia in people with newly diagnosed
type 2 diabetes?

Applicability of evidence
Making recommendations for all people newly diagnosed with type 2 diabetes requires that evidence
derived from younger people be extrapolated to older people, and older people are a large proportion of
the newly diagnosed population. Older people have many more comorbidities and are prescribed
more drugs.

Drug–disease interactions
Chronic kidney disease is common in people with type 2 diabetes at diagnosis (9.1% overall, 25.5% in
those aged > 75 years), and is relevant to metformin and sulphonylurea prescribing.

Drug–drug interactions
There were two common potentially serious drug–drug interactions. The first, between sulphonylureas and
coumarin anticoagulants, is likely to cause problems in practice only when sulphonylureas are started or
stopped in people taking coumarins. The second is between sulphonylureas and NSAIDs, where NSAIDs
may increase the risk of hypoglycaemia.

Findings for heart failure due to left ventricular systolic dysfunction:
treatment with angiotensin-converting enzyme inhibitors and
beta-blockers

Characteristics of the trial populations
Four of the five large ACE inhibitor trials were carried out in people with significant LVSD [ejection fraction
(EF) ≤ 40% and often lower] although with varying levels of symptoms, and one in people with normal
EF (Table 7). In principle, the Survival and Ventricular Enlargement study (SAVE) and the two Studies of Left
Ventricular Dysfunction (SOLVD) trials recruited patients aged up to 80 years, but the mean age of those
actually participating in these three trials was 59–61 years. The Trandolapril Cardiac Evaluation (TRACE)
study recruited only adults, with a mean age of 67 years. All trials excluded people with varying degrees of
CKD (although typically at least moderately severe with creatinine more than ≈ 170 mmol/l), and several
stated that they excluded people with limited life expectancy from causes other than heart failure.

TABLE 6 Percentages of patients with type 2 diabetes prescribed sulphonylureas

Recommended drug for type 2 diabetes
with inadequate glycaemic control and
potentially seriously interacting drugs

Eligible for trials,
aged < 65 years
(n= 7495)

Ineligible for trials,
aged 65–74 years
(n= 5217)

Ineligible for trials,
aged ≥ 75 years
(n= 5167)

Chloramphenicol (oral) 0 0 0

Coumarins 5.2 11.7 15.7

Fluconazole 1.4 0.6 0.9

Miconazole < 0.01 0 0

NSAIDs 9.4 7.3 3.9

Rifamycins < 0.01 < 0.01 < 0.01

Sulfinpyrazone < 0.01 < 0.01 < 0.01

Bosentan 0 0 0

Note
All patients rather than newly diagnosed.
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TABLE 7 Key trials underlying treatment recommendations

Treatment Trial Selected inclusion and exclusion criteria

Mean age of
those randomised
(years)

ACE inhibitor SAVE109 (n= 2231) Aged 21–80 years with LVSD EF ≤ 40% in
the 3 days after acute MI. Exclusions
included significant CKD and ‘other
conditions believed to limit survival’

59

SOLVD-treatment (n = 2569)110 Aged 21–80 years with LVSD EF ≤ 35%,
NYHA class III or IV (i.e. significant
symptoms). Exclusions included various
comorbidities including significant CKD,
and ‘any other disease that might
substantially shorten survival or impede
participation in a long-term trial’

61

SOLVD-prevention111 (n= 4228) Aged 21–80 years with LVSD EF ≤ 35%,
NYHA class I or II (i.e. few symptoms).
Exclusions included various comorbidities
including ‘renal failure’, ‘any other disease
that might shorten life or impede
participation’, ‘likelihood of no adherence’
and ‘other life-threatening disease’

59

TRACE112 (n= 1749) Aged ≥ 18 years with LVSD in the week
after acute MI. Multiple disease exclusions
including significant CKD

67

Beta-blocker Beta-Blocker Evaluation Survival
Trial (BEST)113 (n= 2708)

Aged ≥ 18 years with LVSD EF ≤ 35%, and
NYHA class III–IV (i.e. moderate to high
level of symptoms). Exclusion criteria
included various comorbidities including
significant CKD, ‘if they had a life
expectancy of less than three years’ or
conditions ‘that could adversely affect the
safety or efficacy of the study drug’

60

Study of the Effects of Nebivolol
Intervention on Outcomes
and Rehospitalisation in
Seniors with Heart Failure
(SENIORS)114 (n= 2128)

Aged ≥ 70 years with hospital admission
with heart failure in previous year or
known EF ≤ 35%. Exclusions included
various comorbidities including significant
CKD and current prescription of various
agents including calcium-channel blockers,
tricyclics and beta-agonists, and ‘other
major medical conditions that may have
reduced survival during the period of
the study’

76

Australia–New Zealand (ANZ)
heart failure collaborative
group115 (n= 415)

People with LVSD EF ≤ 45% due to
ischaemic heart disease, and NYHA class II
or III (i.e. low to moderate symptoms).
Exclusions included various comorbidities
including significant CKD and ‘any life
threatening non-cardiac disease’

61

Cardiac Insufficiency Bisoprolol
Study (CIBIS)-2116 (n = 2647)

Aged 18–80 years with LVSD EF ≤ 35%,
and NYHA class III–IV (i.e. moderate
to high level of symptoms). Exclusions
included various comorbidities including
significant CKD and coprescription of
calcium-channel antagonists

61

continued
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The beta-blocker trials were also largely carried out in people with significant LVSD and significant
symptoms. Six of the seven trials recruited patients with mean ages of 58–64 years, and one [Study of the
Effects of Nebivolol Intervention on Outcomes and Rehospitalisation in Seniors with Heart Failure (SENIORS)]
recruited patients aged ≥ 70 years with a mean age of 76 years, although not all participants in SENIORS
had LVSD. All trials excluded people with a range of physical comorbidities (most commonly CKD, although
again usually moderate to severe rather than mild) and coprescribing (most commonly calcium-channel
blockers and beta-agonists), and several explicitly excluded people with limited life expectancy.

Comparison of trial population and the population for which
recommendations are being made
The majority (52.4%) of people with heart failure recorded on GP registers are aged ≥ 75 years, and it is
unlikely that trials that were not focused on those aged > 70 years recruited many patients in this age
range. Trials largely recruited patients with more severe heart failure assessed by left ventricular EF and/or
symptoms. Trials additionally excluded people with a range of comorbid conditions, notably moderate to
severe CKD and life-limiting conditions (the latter was explicitly stated by only a minority of trials, although
conversely no study explicitly includes such people).

Table 8 shows rates of comorbidity by age group. Comorbidity is common at all ages in people with heart
failure, but substantially more common in older people, where a majority of those aged > 65 years with
heart failure had at least four other conditions. CKD was much more common in those aged > 75 years
than < 65 years (30.6% vs. 7.5%), as were peripheral vascular disease (11.5% vs. 5.4%), recent cancer
(11.2% vs. 3.9%), dementia (6.7% vs. 0.5%), stroke/TIA (20.0% vs. 7.4%), atrial fibrillation (32.4%
vs. 11.7%) and COPD (19.3% vs. 10.6%). As with diabetes, pain affected approximately one in five
people and depression affected approximately one in six people with heart failure, irrespective of age.

TABLE 7 Key trials underlying treatment recommendations (continued )

Treatment Trial Selected inclusion and exclusion criteria

Mean age of
those randomised
(years)

Metoprolol CR/XL Randomised
Intervention Trial in congestive
Heart Failure (MERIT-HF)117

(n = 3991)

Aged 40–80 years with LVSD EF ≤ 40%,
and NYHA class II–IV (i.e. low to high level
of symptoms). Exclusions included various
vascular comorbidities and ‘poor
compliance’ during the run-in phase

64

US carvedilol heart failure study
group118 (n= 1904)

Symptomatic heart failure with LVSD EF
≤ 35% despite treatment with diuretic and
ACE inhibitor. Exclusions included various
cardiac comorbidities and current
prescription of calcium-channel blockers
and beta-agonists

58

Carvedilol Prospective
Randomized Cumulative
Survival Study (COPERNICUS)119

(n = 2289)

Severe chronic heart failure defined as
LVSD EF ≤ 25% despite optimal diuretic
and ACE inhibitor/ARB treatment and high
level of symptoms. Exclusions included
various comorbidities including ‘severe
primary pulmonary, renal or hepatic
disease’ and current prescription of
calcium-channel blockers and beta-agonists

63

NYHA, New York Heart Association; SAVE, Survival and Ventricular Enlargement; SOLUD, Studies of Left Ventricular
Dysfunction; TRACE, Trandolapril Cardiac Evaluation.
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Drug–disease and drug–drug interactions
The BNF states that ACE inhibitors should be used with caution in people who may have undiagnosed
renovascular disease (those with peripheral vascular disease and widespread atherosclerotic disease) and those
with renal impairment. Older people, who were usually excluded from trials, were much more likely to have
peripheral vascular disease or other atherosclerotic disease (although these were all common in younger
people as well) and CKD.]

The BNF states that beta-blockers are relatively contraindicated in asthma and COPD, as well as in heart block,
unstable heart failure and diabetes. COPD was twice as common in those aged > 75 years with heart failure as
in those < 65 years, although there is good evidence that beta-blockers improve outcomes in this population.
Asthma was less common in the older age group (3.9% vs. 5.9%), and diabetes had a similar prevalence.

Table 9 lists drugs with potentially severe interactions with ACE inhibitors and beta-blockers, and the
percentage of the population with hospital-admitted heart failure who are currently dispensed them.
The most commonly prescribed drugs that potentially interacted with ACE inhibitors were all ones that are
commonly used to treat heart failure – ARBs (which are usually used in people intolerant of ACE
inhibitors), diuretics and aldosterone antagonists in particular – although coprescription of these may
increase the risk of renal adverse effects. Drugs that interacted with beta-blockers were rarely used and
most have effective alternatives.

TABLE 8 Percentage of people with heart failure who have other conditions

Comorbid conditions

Eligible for trials,
aged < 65 years
(n= 4186)

Eligible for trials but
under-represented,
aged 65–74 years
(n= 4903)

Eligible for a few
trials, seriously
under-represented,
aged ≥ 75 years
(n= 9865)

Overall
(n= 18,954)

CHD 44.1 65.3 62.6 59.2

Hypertension 49.6 59.1 58.7 56.8

Atrial fibrillation 11.7 24.8 32.4 25.9

Diabetes 20.1 29.5 21.5 23.2

CKD 7.5 21.0 30.6 23.0

Painful condition 19.9 26.6 22.2 22.8

COPD 10.6 20.4 19.3 17.7

Depression 17.3 16.6 16.7 16.8

Stroke/TIA 7.4 14.8 20.0 15.9

Thyroid disorders 7.9 13.0 17.0 14.0

Anxiety or insomnia 7.7 10.8 13.8 11.7

Peripheral vascular disease 5.4 11.4 11.5 10.1

Cancer in last 5 years 3.9 8.4 11.2 8.9

Asthma and no COPD 5.9 5.6 3.9 4.8

Dementia 0.5 1.3 6.7 3.9

Number of other conditions

0 9.3 1.1 0.9 2.8

1 21.0 8.4 4.7 9.3

2 20.9 14.1 10.3 13.6

3 16.8 18.3 15.7 16.6

≥ 4 32.9 58.1 68.4 57.7
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Are there applicability issues with angiotensin-converting enzyme inhibitors
and beta-blockers for the management of heart failure due to left
ventricular systolic dysfunction?

Applicability of evidence
Making recommendations for all people with heart failure requires an extrapolation to older people of
evidence derived from younger people. Although there have been large trials of both ACE inhibitors and
beta-blockers in older people (aged ≥ 70 years) with heart failure, those aged > 75 years are a very large
proportion of the population with heart failure and so are significantly under-represented.

Drug–disease interactions
Chronic kidney disease and conditions associated with significant undiagnosed renovascular disease are
common in people with heart failure, and much more common in older people with heart failure.

Drug–drug interactions
Coprescribing of drugs that have renal adverse effects in addition to ACE inhibitors is common.

TABLE 9 Percentage of patients with hospital-admitted heart failure who are prescribed potentially seriously
interacting drugs

Recommended
drug for heart
failure due
to LVSD

Potentially seriously
interacting drugs

Eligible for trials,
aged < 65 years
(n= 826)

Eligible for trials but
under-represented,
aged 65–74 years
(n= 941)

Eligible for a few
trials, seriously
under-represented,
aged ≥ 75 years
(n= 2085)

ACE inhibitor Aliskiren 0 0 0.05

ARB 13.3 19.4 14.1

Ciclosporin 1.2 0.7 0.05

Diuretics 44.2 57.4 72.6

Potassium-sparing diuretics 1.0 1.5 1.2

Aldosterone antagonists 20.0 17.4 16.7

Everolimus 0 0 0

Lithium 0.2 0.2 0.1

Potassium 0.5 0.2 0.2

Gold 0.1 0 0

Beta-blocker Alpha-blocker 3.5 5.6 4.0

Antiarrhythmics 2.7 2.9 1.9

Clonidine 0.04 0 0

Diltiazem 3.9 5.6 2.6

Dobutamine 0 0 0

Fingolimod 0 0 0

Moxisylyte 0 0 0

Nifedipine 0.01 1.7 1.4

Verapamil 0.01 0.01 0.01
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Findings for depression treatment with selective serotonin
reuptake inhibitor antidepressant

Characteristics of the trial populations
There were a large number of relatively small trials of SSRI antidepressants in people with depression
(CG9045) and in people with depression with a chronic physical health problem (CG9117). Not all trials
reported detailed inclusion or exclusion criteria, or the age range within which patients were eligible, or
the mean age of those included. We therefore focus on age in this section. Trials included in CG90 usually
had lower age limits of 18–21 years, and the majority (23 of 39 trials that reported age range for eligibility)
had upper age limits between 56 and 65 years. However, as Figure 8 shows, the mean age of recruited
patients was well below this, being between 36 and 45 years for 28 of the 31 trials reporting mean age.
Among trials included in CG91, the majority selected patients based on them having one condition,
most commonly stroke (seven trials), cancer (four trials), diabetes (four trials) and Parkinson’s disease
(three trials). The mean age of included patients was higher than for the depression alone trials, but
patients were more middle aged than older (e.g. the four depression with cancer trials had mean
participant ages of 53, 54, 56 and 60 years).

Comparison of trial population and the population for which
recommendations are being made
Using epidemiological data to make this comparison is more problematic than for type 2 diabetes and heart
failure because depression is not well coded in clinical records, so the epidemiological data are for people
treated with antidepressants. We therefore measured depression in a large data set derived from GP
clinical records, defining it as ‘depression Read Code recorded in the last year OR receipt of four or more
antidepressants (excluding low dose tricyclic antidepressants) in the last year’.13 The population being
compared with the trial population is therefore people with ‘recently recorded or currently treated
depression’.13 Of note is that clinically diagnosed or drug-treated depression is likely to include people with
persistent mild to moderate symptoms of depression, who would not have been eligible for trials. Using this
definition, 75.0% of people with depression were aged < 65 years, and 12.6% aged ≥ 75 years (Table 10).
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FIGURE 8 Mean age of patients included in studies of SSRI antidepressants for the management of depression.
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Comorbidity was common at all ages, including physical comorbidity, but was much commoner in older
people. Of people with depression aged < 65 years, 59.7% had at least one of the 33 physical conditions
counted, with almost one-quarter having a painful condition and 14.2% hypertension. More than 90% of
those aged > 65 years had a physical condition. In those aged > 75 years, 84.4% had two or more
comorbid physical conditions; 28.5% had CHD and 16.1% diabetes, which are the two conditions in
which comorbid physical disease and depression have been most studied.

TABLE 10 Percentage of people with depression who have other conditions

Condition

Eligible for trials,
aged < 65 years
(n= 108,264)

Eligible for some
trials but seriously
under-represented,
aged 65–74 years
(n= 17,827)

Eligible for a few
trials, seriously
under-represented,
aged ≥ 75 years
(n= 18,212)

Overall
(n= 144,303)

Painful condition 23.9 40.8 32.7 27.1

Hypertension 14.2 46.3 52.7 23.0

Anxiety or insomnia 18.0 25.8 32.9 21.2

CHD 4.2 22.8 28.5 9.6

Diabetes 6.5 18.7 16.1 9.3

Thyroid disorders 7.2 14.5 16.8 9.3

COPD 4.5 14.8 13.9 6.9

Stroke/TIA 2.0 11.5 18.4 5.2

Cancer in last 5 years 2.7 8.3 10.2 4.4

CKD 1.1 9.2 17.0 4.1

Peripheral vascular disease 1.5 6.4 7.6 2.9

Dementia 0.3 3.1 15.8 2.6

Heart failure 0.7 4.6 9.1 2.2

Atrial fibrillation 0.5 4.5 10.5 2.2

Number of other conditions

0 29.9 4.9 2.3 23.3

1 26.4 12.5 7.6 22.3

2 18.6 18.8 13.7 18.0

3 11.7 19.0 17.0 13.3

≥ 4 43.3 44.8 59.4 23.1

Any physical conditiona

0 40.3 8.0 4.7 31.8

1 26.5 16.5 11.9 23.4

2 16.0 21.0 17.4 16.8

3 9.0 19.3 19.2 11.5

≥ 4 8.2 35.2 46.8 16.4

a 33 in total.

THE APPLICABILITY OF EVIDENCE USED TO INFORM CLINICAL GUIDELINE TREATMENT RECOMMENDATIONS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

44



Drug–disease and drug–drug interactions
The BNF states only acute mania as a disease contraindication for a SSRI, but this could not be reliably
examined using GP clinical data. To examine drug–drug interactions, we used dispensing data for all
patients resident in the NHS Tayside region of Scotland to define a population of people with treated
depression in terms of ‘current dispensing’ of SSRIs (drugs in BNF chapter 4.3.3) or MAOIs (BNF chapter
4.3.2) or ‘other’ antidepressants (BNF chapter 4.3.4).85 Current dispensing was defined as the dispensing of
one or more of these drugs in the 84 days before 31 March 2010.

Table 11 lists drugs with potentially severe interactions with SSRI antidepressants, and the percentage of
the population with depression who are currently dispensed them. Strikingly, more than one-third of older
people with depression treatment were prescribed aspirin, with significant percentages prescribed oral
anticoagulants, NSAIDs and clopidogrel. SSRIs increase bleeding risk, with cumulative increases in risk
when coprescribed with other drugs causing bleeding, and further increases in risk with increasing age.16

Other commonly coprescribed drugs were tramadol, TCAs and antiepileptics (although in practice the
interaction – lowering of seizure threshold – does not apply to most people taking such drugs because
they are prescribed them for pain modification).

TABLE 11 Percentage of patients currently prescribed a SSRI who are prescribed potentially seriously
interacting drugs

Recommended drug for
depression and potentially
seriously interacting drugs

Eligible for trials,
aged < 65 years
(n= 19,430)

Eligible for some
trials but seriously
under-represented,
aged 65–74 years
(n= 2826)

Eligible for a few
trials, seriously
under-represented,
aged ≥ 75 years
(n= 2998)

Aspirin 6.4 32.1 42.8

Oral anticoagulants 0.7 4.6 6.9

Clopidogrela,b 0.7 2.9 4.1

NSAIDs 11.3 9.9 4.6

Lithium 1.2 1.1 1.3

TCAs 6.3 8.7 5.9

MAOIs 0.5 0.7 0.2

Tramadol 6.1 8.4 7.1

Tamoxifena,c 0.03 0.7 0.5

Antiepileptics 8.9 9.8 6.6

Carbamazepinea,b 1.5 1.9 1.2

Phenytoina,b 0.2 0.7 0.4

Pimozide 0 0 0

Haloperidola,d,e 0.2 0.4 1.1

Aripiprazolea,c 0.5 < 0.01 < 0.01

Clozapinea,b,c,f 0.1 < 0.01 < 0.01

Droperidola,b,f 0 0 0

Rasagiline or selegelinea,b,c,f < 0.01 0.5 0.7

Ritonavir 0 0 0

Antiarrhythmicsd,e 0.1 0.6 0.7

continued
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Are there applicability issues with selective serotonin reuptake inhibitor
treatment for depression?

Applicability of evidence
Current evidence is derived from the main population of people with treated depression: those aged
< 65 years without and with chronic physical disease. Although older people are only a relatively small
proportion of people with depression (in contrast to heart failure and to type 2 diabetes), they are a
population who almost all have chronic physical disease and who have very high rates of coprescribing of
drugs with potentially serious interactions.

Drug–disease interactions
There are no significant drug–disease interactions that need considering.

Drug–drug interactions
There a high prevalence of significant drug–drug interactions, particularly those associated with
GI bleeding.

Discussion

Summary of findings
The analysis shows that it is feasible to use a combination of trial inclusion and exclusion criteria and
epidemiological data to examine more systematically whether or not applicability of evidence is likely to be
a problem, and whether or not there are important drug–disease or drug–drug interactions. An important

TABLE 11 Percentage of patients currently prescribed a SSRI who are prescribed potentially seriously
interacting drugs (continued )

Recommended drug for
depression and potentially
seriously interacting drugs

Eligible for trials,
aged < 65 years
(n= 19,430)

Eligible for some
trials but seriously
under-represented,
aged 65–74 years
(n= 2826)

Eligible for a few
trials, seriously
under-represented,
aged ≥ 75 years
(n= 2998)

Mizolastined,e < 0.01 < 0.01 0

Mobeclomidea,b,d,e,f 0 0 0

Moxifloxacind,e < 0.01 0 < 0.01

Telithromycine 0 0 0

5HT1 antagonistse 1.7 0.4 < 0.01

Sumatriptana,b,c,d 0.7 0.1 < 0.01

Antimalarials (includes quinine)e 1.0 5.4 5.4

Aminophylline/theophyllineb 0.4 1.6 0.9

Metoprololc < 0.01 0.4 0.4

Sotalold,e < 0.01 0.01 0.4

a Fluoxetine only.
b Fluvoxamine only.
c Paroxetine only.
d Escitalopram only.
e Citalopram only.
f Sertraline only.
Note
Listed drugs interact with all SSRIs unless otherwise footnoted.
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limitation is that the study was not funded to carry out de novo data extraction and analysis. Our ability to
completely match guideline populations was therefore incomplete. For example, for the examination of
drug–drug interactions, heart failure was defined as hospital-admitted heart failure, in which category
people are likely to have more severe symptoms, and depression was defined as drug treatment with
selected antidepressants. In addition, it is likely that epidemiological data will be of higher quality for some
conditions (e.g. type 2 diabetes, where diagnostic criteria are clear) than others (e.g. depression, where
diagnosis and recording in routine records are more variable). Strikingly, the three exemplar conditions
have distinct patterns of applicability and interaction problems.

Making recommendations for the initial treatment of hyperglycaemia in all people newly diagnosed with
type 2 diabetes requires an extrapolation to older people of evidence derived from much younger people.
Older people have many more comorbidities and are prescribed more drugs. They are at a higher baseline
risk of CVD, meaning that in principle they would benefit more from effective treatment, but there is little
evidence that tight glycaemic control per se improves cardiovascular outcomes in the first 10 years of
treatment. Metformin treatment does improve morbidity and mortality, but the effect sizes are relatively
small over a relatively long time. In this situation, where benefit accrues over a long time and where
adverse events from treatment are probably common, our interpretation is that consideration of the
potential importance of reduced life expectancy due to comorbidity/competing risks is indicated.
Drug–disease interactions are common for CKD, which is common in people with type 2 diabetes at
diagnosis (9.1% overall, 25.5% in those aged > 75 years), and is relevant to metformin and sulphonylurea
prescribing. Our interpretation is that consideration of whether or not this requires noting in
recommendations is indicated. There are two fairly common potentially serious drug–drug interactions to
consider between sulphonylureas and coumarins, and between sulphonylureas and NSAIDs.

Making recommendations for the use of ACE inhibitors and beta-blockers for all people with heart failure
requires an extrapolation to older people of evidence derived in younger people. Although there have
been large trials of both ACE inhibitors and beta-blockers in older people (aged ≥ 70 years) with heart
failure, those aged > 75 years are a very large proportion of the population with heart failure and so are
significantly under-represented overall in the body of evidence informing guideline recommendations.
In addition, trials are largely in people with significant (and often severe) LVSD and at least moderate
symptoms despite best treatment, and exclude people with significant comorbidities. However, given
evidence of substantial benefit in trial populations, it is unlikely that older populations would not benefit,
although the risks of treatment will be greater, at a minimum because of greater comorbidity and
coprescribing. Drug–disease interactions for ACE inhibitors are common for comorbid CKD and conditions
associated with significant undiagnosed renovascular disease, both of which are common in people with
heart failure, and much more common in older people with heart failure. Our interpretation is that
consideration of whether or not this requires noting in recommendations or inclusion of recommendations
to mitigate risk is indicated. Coprescribing of drugs that have renal adverse effects in addition to ACE
inhibitors is common. Our interpretation is that consideration of whether or not explicit accounting for
renal function requires noting in relevant recommendations or inclusion of recommendations to mitigate
risk is indicated.

Making recommendations for SSRI treatment of depression requires less extrapolation in the sense that
current evidence is derived from the main population of people with treated depression: those aged
< 65 years without and with chronic physical disease. However, although older people are only a relatively
small proportion of people with depression, they are a population who almost all have chronic physical
disease and who have very high rates of coprescribing of drugs with potentially serious interactions.
Extrapolation to this group is therefore potentially problematic because harms are likely to be much more
common than in trial populations, and our interpretation is that this should be explicitly considered in
recommendations. There are no significant drug–disease interactions that need considering. There is a high
prevalence of significant drug–drug interactions, particularly those associated with GI bleeding, and our
interpretation is that these require consideration when writing recommendations.
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Of note is that the heart failure and depression (including depression with a physical condition) guidelines
did address some of the identified issues, although the type 2 diabetes guideline did not (beyond a general
statement to agree individualised glycaemic control targets where appropriate). However, a formal
consideration of the epidemiology of the population for which recommendations are being made at
scoping would be potentially useful to ensure that applicability is explicitly considered by GDGs and
problems of applicability are responded to appropriately. Such formal consideration will always be limited
by the data available, in terms of both the detail that trial reports provide on participants (which was
poorer for depression trials than for the much larger trials considered for the two other conditions) and the
quality of the epidemiological data on the characteristics of the treated population. In terms of the latter,
guideline producers such as NICE or SIGN would ideally create a single data set describing patterns of
morbidity and prescribing, which could then be used in the development of multiple guidelines.

Implications of findings
Given access to large and representative epidemiological data sets that characterise the population for which
guideline recommendations are being made, it is feasible to examine more systematically the extent of the
extrapolations being made in making treatment recommendations to inform GDG decisions about whether or
not and how these recommendations should be qualified. It is worth noting that GDGs do already do this,
but, as we understand it, this is largely driven by the knowledge and expertise of the individual members
who happen to have been recruited. However, we believe that applicability and interactions are sufficiently
important that they should be addressed more systematically, in the same way that evidence synthesis is, rather
than being left to being judged in the context of the informal knowledge and expertise of GDG members.

Of note is that we do not believe that applicability is sufficiently dealt with if GRADE methods are used.
GRADE consideration of applicability takes place during evidence synthesis both for individual trials and for
the body of evidence in any meta-analysis. Applicability is one of four criteria used to judge whether
evidence is direct or indirect. As defined by GRADE:

We are more confident in the results when we have direct evidence. By direct evidence, we mean
research that directly compares the interventions in which we are interested delivered to the
populations in which we are interested and measures the outcomes important to patients.

p. 1304106

However, the consequence of indirectness in GRADE is that the quality of the evidence that may support a
recommendation is downgraded, which influences the strength with which recommendations are made.
Our conclusion is that applicability either needs explicitly accounting for by defining pre-specified subgroups
to examine during evidence synthesis, if there is enough prior evidence to support this approach, or needs
explicitly re-examining after evidence synthesis and drawing on the findings of all included studies, in order
to inform the writing of recommendations (Figure 9). This is because there may be direct evidence for some
people in the guideline population but not for others, and therefore it may be appropriate to make different
recommendations for subgroups based on different quality of evidence in those subgroups.

Then GDGs will have to consider whether they wish to make a single recommendation for all people with a
condition, or stratified or otherwise qualified recommendations for different subgroups. Such judgements
already happen but we believe that systematic use of epidemiological data to inform them is required. Based
on discussion with the PRG, factors which GDGs might consider when making such judgements include:

l the nature of the treatment, in terms of whether or not its mechanism of effect is likely to apply across
all patients, and its potential for harm

l the duration over which the treatment will be used, which is relevant when extrapolating to
populations with limited life expectancy due to other conditions, age or general frailty

l the absolute size of the observed benefit in the trials, which is relevant, since large benefits are less
likely to be sensitive to small variations in benefit or harm when used in people not eligible for trials

l the nature of the differences between trial and non-trial populations, including age, comorbidity,
coprescribing and likely life expectancy, in terms of whether or not these are large enough to matter in
the context of the previous factors.
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Such considerations are particularly likely to apply when the outcomes being improved by treatment are
not observable by clinicians or patients. For example, clinicians and patients can observe change in pain
during treatment with an analgesic. In contrast, most preventative treatments require clinicians and
patients to take it on trust that meaningful outcomes are better, because a prevented heart attack or other
prevented future event is not observable in an individual.

Conclusion

Problems of applicability of evidence are the norm in guideline development, because there is usually
extrapolation of evidence from trial populations to groups of the population who were excluded from trials
but who are nevertheless potential candidates for the treatment. The extent of this extrapolation varied
across the treatment recommendations examined, as did the potential implications depending on exactly
how trial and non-trial populations differed. More systematic use of epidemiological information has the
potential to usefully inform how GDGs account for applicability and interactions.

Judge indirectness during evidence synthesis to inform evidence quality rating

Indirect (different populations) Indirect (different populations) Not indirect

Trial
population

Guideline
population

Judge applicability after evidence synthesis to inform recommendation writing

Applicability not an issue (e.g. trial and
non-trial populations are similar enough)

Applicability an issue (e.g. trial and
non-trial populations are very dissimilar)

FIGURE 9 Directness and applicability at different stages of guideline development.
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Chapter 4 Comparing treatments in terms of
absolute benefit

Background

People with multimorbidity often experience significant treatment burden, because of the number of
treatments they are required to use (medicines, rehabilitation of various kinds, self-care interventions) and
the number of health-care providers that they are asked to attend in community, primary and hospital
care.20 The single most commonly used treatment is medication, and one important aspect of treatment
burden is polypharmacy. Polypharmacy is conventionally defined as taking either five or more, or
sometimes 10 or more, different drugs.32,120,121 Polypharmacy is associated with higher rates of high-risk
prescribing, potential drug–drug interactions and adverse drug effects,32–34 presenting clinicians and
patients with complex decisions about optimising treatment to maximise benefit and minimise adverse
effects. An important problem that clinicians and patients often face in this situation is making decisions
about which drugs are most likely to be of benefit, including whether or not and when it is rational to stop
drugs that are recommended by guidelines.

Current NICE guidelines and NICE pathways (the two short versions of guidelines) do not give any
indication of the actual benefit of drugs being recommended, although the full versions of more recent
guidelines do usually have some statement about the absolute benefits of treatment. This makes it difficult
for clinicians and patients to make rational decisions when optimising complex medication regimens.
One aim of the overall project was therefore to examine how the benefit of drugs for different conditions
could be compared. This topic has also been prioritised for the NICE ‘Multimorbidity: clinical assessment
and management’ guideline.42 The final scope of the multimorbidity guideline notes that a key issue to be
covered is ‘Ranking absolute risks and benefits of interventions for prevention or improving prognosis of
common morbidity (for example, treatments to improve glucose and blood pressure control, statins,
angiotensin-converting enzyme [ACE] inhibitors, drugs for osteoporosis)’ (p. 4).42

How best to express the comparative benefits or harms of treatment is uncertain, although the most
frequently proposed method is to compare treatments in terms of their absolute benefit across one or
more outcomes.

Using absolute benefit expressed in terms of trial outcomes
Historically, binary outcome treatment effects measured in RCTs were usually only reported in terms of
relative risks or risk ratios (RRs), odds ratios, relative risk reductions (RRRs) or hazard ratios. Not all
patient-centred outcomes are binary, but such outcomes are common, including mortality, serious events
such as stroke or heart attack, and admission to hospital or a care home. The evidence-based medicine
movement highlighted that reporting binary outcomes in terms of relative benefit was often misleading,
since the absolute benefit to which this translates often varies widely depending on the baseline risk
of the outcome.122 For example, a treatment that reduces death by 60% (RR 0.4, RRR 0.6) sounds very
impressive, but does not actually prevent many deaths if only 10 in 1000 people not treated die compared
with 4 in 1000 people who are treated. Instead the recommendation was that clinicians focus on absolute
benefit, which in the example above would be six avoided deaths per 1000 people treated (ARR of 0.006
deaths per patient treated). However, since ARR is not always easy to grasp, it was proposed that this
could be usefully expressed as a ‘number needed to treat’ (NNT), which is defined as 1/ARR and
conventionally rounded up to the nearest whole number. In the hypothetical example given, the NNT
would be 1/0.006 = 167 (i.e. 167 patients would need to receive the treatment to avoid one death).
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One important rationale of the NNT was to create a measure of treatment effect that was more meaningful
to clinicians and patients, and therefore better able to support decision-making. There is some evidence that
clinicians feel that NNTs are meaningful123 and that they vary their treatment recommendations in response
to vignettes more appropriately when presented with NNTs than RRRs.124 However, although there is
evidence that both clinicians and patients are both less likely to choose a theoretical treatment if benefit is
presented as a NNT or ARR than when it is presented as a RR or RRR, it is unclear whether or not the use of
NNTs actually influences practice, and NNT does not appear to be as helpful to patients.125,126 Stovring
et al.127 suggest that all numbers may be confusing to patients, but that ARR is marginally easier for them
to interpret.

Of note, however, is that, despite the appealing face validity of the example above, such simple statements
of NNTs are in practice misleading. For example, ‘NNT of 167 to avoid one death’ leaves much unsaid that
has to be explicitly considered, including the nature of the treatment and what it is being compared with,
the duration of treatment and the length of follow-up. The interpretation of that NNT would be very
different if the treatment were a tablet with no side effects, taken once, with the death avoided in the
next 24 hours, from if it were lifelong treatment with a drug that caused persistent low-level nausea in
everyone who took it, with the death avoided after 30 years of treatment.128,129

Overall, there is general approval of the idea of reporting treatment effects in terms of absolute risk; for
example, the Consolidated Standards of Reporting Trials statement for trial reporting states ‘For binary
outcomes, presentation of both absolute and relative effect sizes is recommended’.130 However, a number
of important problems have been identified in using absolute benefit and NNT. In practice, the NNT in
particular is not routinely calculated or reported in trials, systematic reviews or guidelines (although the
increasing use of the GRADE approach means that guidelines increasingly report net benefit of treatments
in a standardised way105,131,132).

Critiques of the number needed to treat
A major problem with estimates of absolute benefit and the NNT is that they are very dependent on
baseline risk. This means that simply estimating a NNT from a single trial or from a meta-analysis will be
helpful only if the population or individual to whom that NNT is applied has the same or a similar baseline
risk. However, trial populations often have different baseline risks from each other and from real-world
populations, and secular trends in baseline risk further complicate interpreting a NNT derived from
meta-analysis.133 Several studies of trials including in large numbers of meta-analyses have shown that, in
contrast to NNT estimates, which vary between trials depending on baseline risk of outcomes, estimates of
relative treatment effect are usually fairly stable irrespective of the population being studied.134,135 In other
words, if a treatment reduces risk of an outcome by 10% in one population, it usually – but not always –
reduces it by a similar percentage in a different population. One specific example is the reduction in CVD
from cholesterol-lowering treatments, which appears to be reasonably constant across different levels of
baseline risk.136 However, even in this context other studies have found some evidence of heterogeneity,
with lower RRRs in people with hypertension than those without (although, since people with hypertension
have higher baseline risk of CVD, they still obtained similar absolute benefit despite a lower relative
reduction from treatment).137

Although the majority of treatments do appear to have stable RRRs across different levels of baseline risk,
it is also clear that this is not universal,138 with Schmid et al.139 finding that relative risk or odds ratio varied
depending on baseline risk in approximately one in seven of 115 meta-analyses of different treatments.
To some extent, this may depend on the nature of the treatment. It is particularly likely for surgical
treatments and others where there is a large initial risk from treatment that may not vary much by baseline
risk of the outcome, and then a variable absolute benefit that depends on baseline risk, meaning that
relative risk is not stable across populations.128,138,140 It may also depend on the nature of the outcome,
particularly for total mortality where mortality in trial populations may be dominated by outcomes that the
treatment affects, whereas mortality in non-trial populations will sometimes or often have other, more
important, determinants. In this situation, where there are competing risks of mortality, trial estimates of
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RRR are likely to be too high.128,138 In practice, most systematic reviews report absolute benefit calculated
by applying a pooled relative risk from a meta-analysis to a pooled baseline risk from the control arms of
the trials in the meta-analysis (e.g. the median baseline risk across all included trials), and this is the
approach generally recommended in GRADE and used by NICE.

An alternative is to apply the pooled relative risk to a population cohort estimate of baseline risk or to an
estimated baseline risk for an individual.129,141 This requires an assumption that the relative risk of treatment
is stable across populations. Although this assumption will sometimes be wrong,142 any attempt to
generalise from results in trial populations to other populations for which there is no direct evidence
typically has to assume that RRR is stable, although this assumption is not always made explicit. This
highlights the importance of being clear about what assumptions are made when creating measures of
absolute benefit.

In a review 20 years after the NNT was first proposed, McAlister128 summarises much of the relevant
literature, highlighting that NNT depends on a comparison between two therapies in a particular context,
and is influenced by three variables beyond the treatment effect as expressed by the relative
risk, namely:128

1. Baseline risk. This varies between populations and over time in the same population as a result of
long-term trends and the impact of other treatments for the same condition becoming widely used.

2. The time frame over which outcomes are measured. For preventative treatments, ARR will typically
increase over time (although, in the long run, we will of course all die) meaning that the NNT over a
long period would be expected to be smaller than the NNT over a short period.

3. The outcome being measured. Trials typically measure multiple outcomes, each of which can have a
NNT calculated for it that will need interpreting and weighing against other outcomes.

Of note is that all these critiques apply equally to relative risk and RRR. Although relative risk is (usually)
stable across populations and, therefore, a more attractive summary measure of treatment effect in
meta-analysis, in practice relative risk is uninterpretable without knowledge of baseline risk. Relative risk
also has the same problem of meaning different things over different time periods (because baseline risk
over a long period will usually be higher than baseline risk over a short period), and relative risk estimates
from trials are also reported for a range of different outcomes that may be difficult to compare directly.
In practice, therefore, the key issue is whether NICE, SIGN or other guideline organisations are willing and
able (in a resource-constrained environment) to address these three problems. Potential ways of addressing
them include acquiring and publishing data to inform implementation (e.g. population baseline risk data),
making the many required assumptions in generating comparative absolute risk estimates (e.g. by
recalculating absolute risk estimates so that they are all over the same time period to facilitate
comparability) and/or investing in developing effective ways of presenting large amounts of comparative
data to clinicians and patients.

In what contexts might measures of absolute benefit such as numbers
needed to treat be used?
In the original evidence-based medicine context, NNTs were intended to be used to inform specific
treatment decisions for individuals: should this patient take this treatment for this condition? Even those
who are cautious about using NNTs generally conclude that they have a place in this context, notably
when choosing between two treatments for the same condition tested in people with similar baseline risk
and with benefit measured over the same time frame. As McAlister says, ‘If it is to be used to compare
treatments, the therapies must have been tested in similar populations with the same condition at
the same stage, using the same comparator, time period and outcomes’.128 This use of the NNT in
decision-making is particularly suited to comparing relatively short-duration treatments, such as choosing
which antidepressant to use in someone with new-onset depression.
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This is very different from the context of use envisaged in this project, which is to provide clinicians and
patients with information about the relative benefits of treatments for different conditions, for example
when treatment is burdensome to the patient or when treatments of different conditions are incompatible
with each other. In such circumstances, decisions may be made about treatment optimisation where there is
little direct evidence because trials typically exclude people with complex comorbidity, and information about
which treatments are likely to provide greater benefit may be useful. We consider this to be particularly
important for preventative therapies, where the benefit is unobservable in an individual, in contrast to
treatments for symptoms, where both clinician and patient can judge effectiveness more directly.

Using estimated lifetime quality-adjusted life-year gain as a single metric
for comparison
The QALY presents an attractive solution to at least one of the three problems highlighted by McAlister128

in his critique of the NNT: that of disparate outcome measures. In principle, the QALY provides a
standardised outcome by which treatments can be benchmarked and prioritised for those with
multimorbidity based on absolute health gains.

The QALY has become the cornerstone of CEA used to inform resource allocation decisions because it
provides a generic measure of patient benefit that, when combined with costs, allows mutually exclusive
alternative interventions to be compared and prioritised. The QALY calculation has two dimensions that are
combined: survival multiplied by HRQoL. Generating values for the survival dimension can be argued to
involve few value judgements. In contrast, generating values for the HRQoL dimension requires a
fundamental judgement regarding what constitutes ‘quality’. The NICE methods guide for technology
appraisal recommends using the European Quality of Life-5 Dimensions (EQ-5D) as the generic HRQoL
measure.59 The EQ-5D is a multiattribute measure of HRQoL comprising five domains with three levels
(a newer five-level version is now available), which generates a total of 243 health states.143 To use it in the
context of economic evaluations, it is necessary to understand the preference weight attached to each
health state. The commonly agreed scale used is anchored at 1 for full health and 0 for health states
equivalent to dead. NICE recommends that that the values attached to the HRQoL dimension should be
informed by societal preferences. The preference weights currently used in the UK were collected as part
of a study called the Social Tariff survey.143 The preference weights were estimated using a time trade-off
exercise with a representative set of the UK population.

Traditionally the QALY has been limited to the domain of economic evaluation. In this domain, the benefits
of the QALY are clear, as it provides a common currency by which scarce health-care resources can be
allocated in the most efficient manner. The characteristics of the QALY, calculated as a combination of
morbidity and mortality into a single measure of absolute benefit, make it attractive outside this domain.144

If communicated using clear and explicit language suitable for the audience, the use of the absolute QALY
could potentially provide a useful measure of clinical benefit to stakeholders, such as patients and clinicians,
as an aid to their treatment decisions. In addition, guideline developers focusing on multimorbidity could
use estimates of the absolute QALY to complement current cost-effectiveness evidence as an additional
source of evidence. The absolute QALY, once a set of interventions have been found to be individually
cost-effective, could be used to prioritise treatments within bundles of interventions.

For the purposes of this work, the absolute QALY is defined as the number of QALYs gained from receiving
intervention A minus the number of QALYs gained without receiving intervention A. The ‘absolute’ part of
the absolute QALY is reliant on the comparator being defined as the ‘do-nothing’ option.

Figure 10 is adapted from a NICE Decision Support Unit (DSU) document that was used as supportive
evidence to inform discussions on whether or not to preferentially value interventions that treat conditions
in which the ‘burden of illness’ is large.145 It can be used to illustrate the absolute QALY concept. As part
of this evidence base, the absolute QALY shortfall was put forward as a potential proxy measure of
‘burden of illness’. When showing the importance of burden of illness, the starting point is X in Figure 10,
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where patients are already getting treatment for their condition. The burden of illness is then defined as
the difference in the area that lies between O1 and O2 and between O1 and X (labelled areas D, E and F in
Figure 10). Each of these areas, with its own interpretation, represents the absolute QALYs a patient would
lose on an intervention compared with the total possible number of QALYs if in, age-adjusted, full health.
The QALY shortfall has two dimensions: a HRQoL impact (measured by D) and a survival impact (measured
by F). The area E represents the consequential impact of both HRQoL and survival impact together. In
contrast, the starting point for the absolute QALY calculation starts at the value of QALYs assuming
patients are not on treatment (point Y on Figure 10). At point Y the baseline QALYs for no treatment are
represented by the area Z. The absolute QALY gain is calculated as the difference between X and Y
(areas A, B and C). Survival gain is measured by the change in S and HRQoL gain is measured by the
change in H. The combined impact of the improvement in survival (area F) and improvement in HRQoL
(C and A) is represented by area B.

Theoretical application of the absolute quality-adjusted life-year concept
In this section, a theoretical application of the absolute QALY concept is described. Consider two
interventions, A and B. Intervention A improves both the HRQoL and survival domains of the QALY but the
survival gain is relatively short. Intervention B improves only the survival gain but does so with a longer
duration of survival.

Table 12, when used in conjunction with Figure 10, illustrates how, in this scenario, intervention B would
result in a larger absolute QALY gain of 1.25 than intervention A with an absolute QALY gain of 1.17.

Comparing interventions using the absolute quality-adjusted
life-year concept
To compare interventions using the absolute QALY concept it is necessary to use a broad set of principles:

1. interventions that allow comparison with a null option
2. standard length of time for analysis
3. comparable baseline risk
4. standardised reference case
5. understanding of uncertainty.
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FIGURE 10 The use of absolute QALY shortfall as a proxy for burden of illness. Source: adapted from the NICE
DSU document.145
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The general aim of these principles is to be clear about, and when feasible limit, some of the inherent
uncertainty when comparing interventions using the absolute QALY concept. These five principles are
now described.

Principle 1: interventions that allow comparison with a null option. The use of the absolute QALY to
prioritise interventions is most meaningful when the comparison of a potential new intervention is with a
do-nothing comparator as a realistic and feasible scenario. This implies that the absolute QALY is
potentially useful in two areas: (1) for preventative interventions, either primary or secondary, which could
include ongoing medical management such as statin therapy or screening programmes, compared with
not having these interventions; and (2) for improving the prognosis of an ongoing chronic morbidity, such
as pharmacotherapy for osteoporosis.

Principle 2: standard length of time for analysis. The size of the absolute QALY gain is dependent
on the length of time over which the analysis has been conducted (known as the ‘time horizon’ for the
analysis). Analyses that are based on shorter time horizons will have lower absolute QALY gains than those
analyses that take a lifetime horizon, because patients will have had less chance to accrue benefit. Equally
important is the start point for the analysis in terms of the age of the patient population. Patients who are
older will have less opportunity to accrue absolute QALYs than patients who are younger. Therefore, direct
comparisons between treatments using absolute QALY gains will need to be standardised by two criteria:
(1) starting age of the patient population and (2) use of a consistent (ideally) lifetime horizon.

Principle 3: comparable baseline risk. Ideally the baseline risks used within the analysis to generate the
absolute QALY should be similar across the various options under consideration. In practice, this might not
always be feasible where interventions are targeting different underlying biological mechanisms in different
disease areas. A minimum requirement to be met should be an equivalent risk of all-cause mortality
between the alternatives being compared.

Principle 4: standardised reference case. Absolute QALYs should be compared only where they have been
produced using a common overarching framework within the same jurisdiction. This framework should
standardise, among others, the discount rate, the outcome measures used (e.g. the EQ-5D) and the study
perspective. The NICE Methods Guide for Technology Appraisal59 (hereafter called the NICE reference case)
provides a good example of a standardised approach. By applying a reference case and using results from
a single jurisdiction, many of the context-specific variation in methods can be limited. It is also important to
take account of the fact that even with a standardised reference case there is potential for methods to be
non-compliant with the suggested methods (because of either time constraints or limitations in the data
for other reasons).

TABLE 12 Theoretical application of the absolute QALY concept

Intervention

HRQoL
without
treatment
(utility)

Life
expectancy
without
treatment
(years)

Life
expectancy
with
treatment
(years)

HRQoL
gain with
treatment
(utility)

QALYs
without
treatment

QALYs
with
treatment

Absolute
QALY
gain

A 0.5 5.5 5.6 0.7 2.75 3.92 1.17

B 0.5 5.5 8.0 0.5 2.75 4.00 1.25

Corresponding area on Figure 10

Area F Area G N/A N/A Area Z Areas
A+ B+ C + Z

Areas
A+ B+ C

N/A, not applicable.
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Principle 5: understanding of uncertainty. Understanding the uncertainty associated with the absolute
QALY is likely to be complex. Philips et al.146 suggest four potential sources of uncertainty:

1. Stochastic uncertainty is the random variation that may exist between any two identical patients due to
random fluctuations in an outcome unrelated to their characteristics.

2. Parameter uncertainty is our uncertainty in relation to a parameter of interest, such as the risk reduction
associated with any particular treatment.

3. Heterogeneity relates to the variability between patients explained by their known underlying
differences in characteristics.

4. Structural uncertainty relates to the differences in outcomes caused by the assumptions made within
any particular model.

Ideally, as with any CEA, the sources of uncertainty should be identified and reported explicitly. The NICE
reference case recommends that a probabilistic sensitivity analysis (PSA) be included in the submitted
evidence for all technology appraisals, to provide a measure of parameter uncertainty and variability about
mean incremental costs and QALYs.59 There is no similar recommendation for economic evidence used to
inform NICE CGs. Anecdotal evidence suggests there is variability in the type of sensitivity analysis used in
model-based CEA to inform NICE CGs. This lack of consistency poses a challenge for producing measures
of uncertainty around estimates of absolute QALYs, because the basis of the analysis will be existing
model-based CEA used to produce NICE CGs. If there is no submitted PSA then it will not be possible to
generate a measure of uncertainty around the absolute QALY.

How to generate evidence to provide absolute quality-adjusted life-years:
model- or trial-based analysis?
Cost-effectiveness analysis can be conducted using one of two ‘vehicles’ for the evaluation: (1) an analysis
based entirely on evidence from a single clinical trial; or (2) an analysis based on evidence from multiple
sources as inputs into a decision-analytic model-based CEA. The two vehicles of evaluation each have their
relative advantages and disadvantages.58,147

One advantage of a trial-based analysis is that it is likely to have the best properties for robust internal
validity.147 The measure of absolute QALYs generated within a clinical trial is likely to be the most robust
estimate for the stated trial population for the time period studied. One limitation is linked with principle 2,
which outlined the need for a standardised time horizon, ideally lifetime. This principle is unlikely to be
upheld within a trial-based analysis, and consequently the benefits of using model-based economic analysis
to generate absolute QALYs are clear. Model-based economic analyses allow the results from a clinical
trial, such as the estimated hazard ratio between treatment and comparator, to be extrapolated beyond
the time frame found within the trial and be converted into QALYs. Therefore, the problem of short-term
trials or trials of differing lengths is removed. Model-based analyses also have the potential to generate
QALY estimates using multiple data sources and allow flexibility in the type of relevant comparator used.
It is relatively straightforward to introduce a do-nothing comparator in a model-based analysis because
meta-analysis or network meta-analysis can be used to provide the relevant data for the do-nothing
comparator. A further advantage of a model-based approach is that model parameters can be adjusted to
standardise the populations under comparison, for example the baseline risk. This makes the model the
more amenable vehicle to produce statistics that allow absolute QALY comparisons to be made.

A key drawback of model-based analyses, however, is that they have the potential to be viewed as black
boxes with the structural assumptions hidden from decision-makers. It is important, therefore, that key
assumptions be reported in a transparent manner and that a reference case be followed, such as the NICE
reference case, which details the methods-based approach to be used for the analysis.59
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Aim

The aim of this study was to implement two methods of estimating the absolute benefit of treatment
using clinical outcomes as measured in trials and absolute QALY as a composite outcome, and to make
explicit the assumptions required in creating such estimates.

Methods

For clinical outcomes, after discussion with the PRG, we focused on two of the three exemplar conditions
(heart failure and type 2 diabetes) because the treatments for these conditions are relatively long-term, the
aim of treatment is often (although not always) preventative, and preventative benefits cannot be observed
in individuals. For each guideline, we focused on first-line drug treatments as already described in Chapter 2
and defined in Appendix 1, and examined trials and systematic reviews referenced by the relevant guidelines
for heart failure,51 type 2 diabetes50 and lipid modification148 as key evidence informing recommendations.
For each selected treatment, and drawing on GRADE recommendations for the initial steps:149

1. We estimated the relative risk associated with a treatment versus comparator using published data in
guidelines or meta-analyses.

2. We estimated the ARR and NNT, by applying that relative risk to the baseline risk of the outcome in the
comparator arm of the trial population or to the mean or median trial duration (depending on what
the guideline reported).

3. We calculated annualised NNT by assuming that the observed benefit of an intervention in trials
conducted over a longer period would be accrued evenly over time, and that the observed benefit of an
intervention in trials conducted over a shorter period would continue to accrue after the trial completed.

4. Where available, we estimated ARR and NNT for real-world populations using population data on
baseline risk where available, using a range of estimates of baseline risk to give a sense of the range of
likely absolute benefit depending on patient characteristics.

To examine the use of absolute QALY gain as an outcome, we chose two case studies to provide examples
of a potential application of how to generate and use absolute QALYs. The case studies were selected to
(1) minimise the potential problems in comparability between interventions as described in the five
principles and (2) include only interventions that have been recommended as being most cost-effective,
within existing NICE CGs. The case studies were identified from two guidelines produced by the National
Clinical Guideline Centre on behalf of NICE:

1. pharmacological treatment for patients with hypertension from the 2011 NICE hypertension guideline
(CG127)150

2. pharmacological treatment for the prevention of CVD from the 2014 NICE guideline on lipid
modification (CG181).148

Both models used a Markov structure, using 1-yearly cycles, and assumed a lifetime horizon. Table 13
summarises the key model attributes.

Calculating absolute quality-adjusted life-years
Quality-adjusted life-years were calculated using the same data inputs as in the original model used to
inform the NICE CGs. All QALYs were discounted at a rate of 3.5%. To make the models comparable for
the purpose of estimating absolute QALYs, some of the baseline assumptions that were used to inform the
original guideline recommendations were adapted. The base-case results in the antihypertensives model
were for a 65-year-old with a 2% annual risk of CVD. This risk was lowered to a 1% annual risk to bring it
in line with the lipid modification guideline, which used a 10% 10-year risk of CVD. Subgroup analyses for
different starting ages were also conducted.
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Absolute QALYs were calculated by subtracting the expected QALYs for no treatment from the expected
QALYs of treatment with the cost-effective intervention. It was not feasible to produce a measure of the
uncertainty around the mean absolute QALYs because the model-based CEA used as exemplars did not
include the necessary type of PSA as part of the original evidence submitted to inform the NICE CGs.
The PSA used included only a selection of parameter values.

Results

Comparing absolute benefit using trial outcomes
Tables 14 and 15 show a version of the GRADE profile used by NICE modified for our purposes to focus
on relative and absolute benefits and omitting assessment of quality of evidence for reasons of space.
Stang et al.129 recommend that a NNT should never be quoted without clarity about which treatments are
being compared, the period of treatment and follow-up, and the direction of the effect towards benefit
or harm.

Table 14 shows the relative risk and ARR for multiple outcomes for five different treatment/condition
combinations: ACE inhibitors and beta-blockers in heart failure due to left systolic dysfunction, metformin
and sulphonylureas/insulin in newly diagnosed type 2 diabetes, and statins in people with type 2 diabetes.
The size of the table highlights that providing clinicians and patients with comparative data for treatments
for different conditions is likely to fairly rapidly require decisions about which outcomes to compare, and
paper-based ways of delivering this information such as NICE already produce153 are unlikely to be feasible.
Of note is that, as McAlister128 points out, comparing across multiple outcomes is challenging. Table 15
shows the same data but only for the total mortality outcome, which makes direct comparisons more

TABLE 13 Model attributes for the two selected case studies

Model attribute
Pharmacological treatment
in hypertension150

Pharmacological treatment for
lipid management148

Published date August 2011 July 2014

Collaborating centre National Clinical Guideline Centre National Clinical Guideline Centre

Guideline methods manual 2009 2012

Evaluation type Model-based Model-based

Model type Markov (cycle = 1 year) Markov (cycle= 1 year)

Horizon taken Lifetime, to 100 years old Lifetime, to 100 years old

Starting age 65 years old 60 years old

Model period 35 years 40 years

Comparators 1. ACE inhibitors/ARBs
2. Beta-blockers
3. Calcium-channel blockers
4. Thiazide-type diuretics
5. No intervention

1. Low-intensity statins
2. Medium-intensity statins
3. High-intensity statins
4. No intervention

Do-nothing included? Yes Yes

Intervention type Primary preventative Primary preventative

Population Essential hypertension seen in
primary care, excluding those with
pre-existing CVD (annual 1% risk),
heart failure (annual 2% risk) or
diabetes (annual 1.1% risk)

Primary prevention for people without
existing CVD and without diabetes,
using the primary model, calibrated to
relate to CVD risk as predicted by the
QRisk2 tool (version 2015-0, ClinRisk
Ltd, Nottingham)

Cost-effective option Calcium-channel blockers High-intensity statin treatment
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feasible. The NNTs are estimated from the trial data (i.e. by applying the estimated trial RRR to the baseline
risk in the control group), and where the relative risk is not significantly different from 1 then NNT has not
been calculated. Of note is that all NNTs are of a similar order (most are 15–30, the largest is ≈ 60), but
this cannot be easily interpreted because trial duration varies more than 10-fold, and the NNT in itself is
not meaningfully interpretable without simultaneous consideration of the duration of treatment. In
addition, extrapolating these NNTs to other populations is straightforward only if the baseline risk of the
outcome is the same as or very similar to that observed in the trial population.133

Estimating annualised absolute risk reduction and number needed to treat to
improve comparability
Table 16 reports the same total mortality outcomes as Table 15 and is based on applying pooled relative
risk to the estimate of baseline risk for the trial populations, but also includes an estimate of the
annualised ARR and annualised NNT. This is intended to make it easier to compare trials with very different
lengths of treatment and follow-up, and requires two important assumptions.

The first assumption is that the observed benefit of an intervention in trials conducted over a longer period
is accrued evenly over time. There is some evidence that this is not always the case. For example, the RRR
from ACE inhibitors in LVSD is greater in the first 90 days than subsequently.128,138 RRR from statins in
people at high risk of cardiovascular events in the Anglo-Scandinavian Cardiac Outcomes Trial was also
initially larger,128 although, conversely, individual meta-analysis of major statin trials found that the RRR
was lower in the first year of treatment than subsequently.154 Further caution is required if treatments have
large initial harms relative to annually accruing benefits, which applies particularly to surgical and some
screening treatments. Annualisation from a longer follow-up in this situation may be very misleading and
overestimate initial benefit.128

The second assumption is that the observed benefit of an intervention in trials conducted over a shorter
period would continue to accrue after the trial completed. Since the longer-term outcome of a short-term
trial is by definition unobservable, this is a stronger assumption. If initial RRR is lower than later RRR,
then this assumption would underestimate annual absolute benefit, and vice versa if initial RRR is higher.
More broadly, the longer a short trial benefit is extrapolated, the less plausible the extrapolation, since
competing risks of death are likely to become more common.128

As expected given the varying trial durations, annualised NNT was more variable than trial-estimated NNT,
with a range from 59 to 150 for the three treatments with a significant effect on total mortality, compared
with 15 to 27 in the original estimates over different durations of treatment. The key advantage of
annualising is that it simplifies interpretation because the reader has to read only one number rather
than simultaneously interpret two (NNT and duration of treatment). The assumptions underlying this
simplification are non-trivial. However, they are already implicit in normal practice, in that clinicians
simultaneously considering a NNT value and a trial duration are likely to make them, and presentations of
absolute benefit in the NICE evidence tables do not state duration, implying that absolute benefit is
interpretable independent of this. The assumptions are also less problematic if comparisons are being
made between drugs taken for prevention of future events with trial follow-up over relatively long periods
(1–5 years), than if comparing a drug treatment taken every day with a surgical intervention.

Using more realistic estimates of baseline risk
An important limitation of absolute risk estimates calculated using the baseline rate of the outcome in trial
control arms is that these may not be very representative, and therefore may over- or underestimate likely
absolute benefits in the treated population or in individuals. Depending on how the trial population has
been selected, control-arm baseline risk may be higher or lower than baseline risk in the real-world
population, and baseline risks may vary considerably between different groups of the real-world population.

From a guideline development perspective, for conditions where there are published data on the distribution
of baseline risk across the population, it would be feasible to estimate the likely range of absolute benefit
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across the actual range of baseline risk in the population for which recommendations are being written.
This would potentially allow a GDG to define if there are subgroups for whom recommendations could
or should be varied. For individual patient decision-making, baseline risk can be estimated by a suitable
prediction tool (if available). Such tools would ideally have been developed using a representative population
cohort and validated in an independent cohort. Commonly used examples of such calculators include the
Framingham and QRisk scores for risk of CVD, and the FRAX™ (Sheffield, UK version, World Health
Organization Collaborating Centre for Metabolic Bone Diseases) and QFracture (version 2012-1, ClinRisk
Ltd, Nottingham) scores for risk of fracture. For heart failure, there are two risk prediction tools available
for estimating total mortality risk. The Seattle Heart Failure model is derived from a single trial population
and validated in five other trial populations.155 The Meta-Analysis Global Group in Chronic heart failure
(MAGGIC) model156 is derived from six trial and 24 observational populations and has been externally
validated using the Swedish national heart failure registry.157 For type 2 diabetes, the NICE lipid modification
guideline recommended using QRisk2 to estimate cardiovascular risk in people with type 2 diabetes, on the
basis that it was derived from a much larger and more recent cohort than the UKPDS Risk Engine or the
Framingham study.148 In practice, baseline risk estimates in real-world populations are often not available,
and, for the illustration here, we chose to use MAGGIC estimates of 1-year survival in heart failure, and
QRisk2 estimates of cardiovascular risk in type 2 diabetes.

Variation in baseline risk and absolute benefit within a population
Table 17 illustrates the range of MAGGIC-estimated baseline risk of death at 3 years observed in the Swedish
national heart failure registry (Ulrik Sartipy, Karolinska Institute, Sweden, 2014, personal communication).
Baseline risk of mortality at 3 years varied from 13.5% in the lowest-risk group to 70.5% in the highest-risk
group. Assuming that the RRR from ACE inhibitor treatment versus placebo is constant, there is therefore
almost fivefold variation in estimated absolute benefit. Of note here is that the assumption of constant RRR
across the whole population is relatively strong for total mortality, since ACE inhibitor treatment would be
expected to influence only heart failure mortality. Although heart failure mortality is a very large proportion
of total mortality in people with heart failure, the proportion varies somewhat with age (with a higher
proportion of non-heart failure mortality in older people with heart failure).158 However, although we have

TABLE 17 Estimated ARR and NNT by MAGGIC risk group for ACE inhibitors vs. placebo in people with heart
failure due to LVSD

MAGGIC
risk groupa Patients (n)b

Predicted
3-year
mortality (%) RR (95% CI) ARR (range) NNT (95% CI)

1 7674 13.5 0.86 (0.81 to 0.91) 18 fewer deaths per 1000
(from 12 fewer to 25 fewer)

53 (39 to 83)

2 8043 22.3 0.86 (0.81 to 0.91) 31 fewer deaths per 1000
(from 20 fewer to 42 fewer)

33 (24 to 50)

3 11,445 30.9 0.86 (0.81 to 0.91) 43 fewer deaths per 1000
(from 27 fewer to 78 fewer)

24 (18 to 36)

4 11,279 41.2 0.86 (0.81 to 0.91) 57 fewer deaths per 1000
(from 37 fewer to 78 fewer)

18 (13 to 27)

5 7849 53.5 0.86 (0.81 to 0.91) 74 fewer deaths per 1000
(from 48 fewer to 101 fewer)

14 (10 to 21)

6 4753 70.5 0.86 (0.81 to 0.91) 98 fewer deaths per 1000
(from 63 fewer to 134 fewer)

11 (8 to 16)

CI, confidence interval.
a Defined in the MAGGIC derivation cohort so that group 1 and group 6 represent the bottom and top deciles (tenths) of

the population, and groups 2–5 are the middle four quintiles (fifths).156

b Distribution of risk in patients in the Swedish National Heart Failure registry (Ulrik Sartipy, Karolinska Institute, Sweden,
2014, personal communication).
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not annualised the estimate of absolute benefit, the mean duration of treatment in the trials from which the
RR estimate is derived was 35 months, meaning that the assumptions underlying annualisation are more
likely to be reasonable. This emphasises that the plausibility of the assumptions required to use absolute
benefit in practice are at least partly context dependent.

Comparing treatments using annualised number needed to treat across
plausible ranges of baseline risk
For heart failure, we used published data on the distribution of predicted risk score in the Swedish national
heart failure register (which have a near normal distribution) to estimate average, lower and higher
baseline risks for mortality at 1 year defined as MAGGIC scores of 25, 17 and 32 (approximately
encompassing the interquartile range of risk).157 Using these baseline risk estimates and estimates of
relative risk from meta-analyses, we estimated 1-year ARR and NNT for ACE inhibitors versus placebo and
for beta-blockers versus placebo.

For type 2 diabetes, we are not aware of any published data on the individual distribution of cardiovascular
risk. We therefore chose to model 10-year baseline risks of CVD at 10%, 15% and 20%, representing the
range between current (10%) and previously recommended (20%) thresholds for use of statins for primary
prevention of CVD. The published guidelines do not provide a relative risk for reduction in total CVD
events, and we therefore applied the estimated RR for preventing MI using metformin versus diet (plus
drugs, only if glycaemic control were very poor) from UKPDS34108 and using statins versus placebo.148 Since
statins are less effective at preventing stroke, this is likely to overestimate the benefits of statins on total
CVD events. We then annualised the NNT to account for the 10-year follow-up implied by the QRisk
baseline risk estimate.

Table 18 shows the estimated ARR and annualised NNT. Annualised NNTs across the range of estimated
baseline risk examined were 9–34 for beta-blockers versus placebo and 25–93 for ACE inhibitors versus
placebo to prevent one death in people with LVSD. NNTs ranged from 139 to 278 for metformin
versus diet and from 114 to 228 for statins versus placebo to prevent one cardiovascular event in people
with type 2 diabetes.

Comparing treatments using absolute quality-adjusted life-year gain
Table 19 presents the estimated absolute QALY gains from pharmacological treatment of hypertension
and lipid management based on the model-based CEAs used to inform the relevant NICE guidelines.
The results show that the lifetime absolute QALY gain from the use of calcium-channel blockers to treat
hypertension is much larger than the lifetime gain for high-intensity statin treatment to manage a similar
level of cardiovascular risk.

Discussion

Comparing the absolute benefit of treatments using trial clinical outcomes
There are no major technical barriers to using a consistent method to produce different estimates of the
absolute benefit of treatments for different conditions, but all such estimates rely on making a number of
significant assumptions, namely:

1. Relative risk is assumed to be constant across all populations. This is a standard assumption and it is
difficult to extrapolate any trial evidence without making it. There is evidence that it is usually but not
always true.138

2. Competing risks of death are assumed to be insignificant. This is also a standard assumption that is
rarely examined, and is unlikely to be true in the presence of other conditions with a high risk of death.
For example, mortality in heart failure trial populations is likely to be more driven by heart failure than
by other conditions, whereas mortality in real-world populations with higher rates of comorbidity and
greater age-related frailty than trial populations is likely to have a larger component that is not
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amenable to heart failure treatment. As an example, a young patient without comorbidity who is in the
highest risk group of MAGGIC scores is likely to have severe, symptomatic LVSD and this will drive
their mortality risk. An older patient with comorbidity may be in the same risk group despite having
asymptomatic mild LVSD, and a larger proportion of their mortality will be from causes that will not be
affected by heart failure treatment. In populations with significant competing risks of death, benefits
are therefore likely to be overestimated by the method applied.

3. Baseline risk is assumed to be measured without error, at both population level (e.g. median baseline
risk in a trial) and individual level if a risk calculator is used in individual decision-making.159

The confidence intervals (CIs) around ARR and NNT estimates are therefore likely to be falsely narrow.
Although there are methods available to account for this, baseline risk calculators do not normally
provide CIs around baseline risk estimates.160 A broader concern is that all baseline risk estimates are at
risk of a number of forms of bias. For example, observational data in principle provide better estimates
of baseline risk in the population who will actually receive the treatment than trial estimates. However,
observational data are more likely to underascertain outcomes because they usually rely on routine
clinical recording of incident conditions. In addition, both trial and observational data may not reflect
changes due to changes over time in baseline risk, for example because treatment with other effective
interventions has become routine.159

4. Estimates of relative risk and estimates of baseline risk may not be available for the same outcome.
Here, they were not both available for metformin and statins; the relative risk used is for the outcome
of MI, whereas the baseline risk estimate is for total cardiovascular risk, which includes fatal and
non-fatal stroke. Since the estimated relative risk for stroke reduction is somewhat smaller in both
cases, the actual absolute benefit is also likely to be smaller and so the NNT somewhat larger.

5. Harm is assumed to be constant across populations, which is unlikely given that older people and those
taking multiple drugs are known to be more likely to experience ADEs.34 For metformin, there is
evidence that age, coprescribing and genetic factors all contribute to metformin discontinuation in the
absence of treatment failure (as a proxy for adverse effects), with age dominating.161 For people on ACE
inhibitors, risk of acute kidney injury in the face of coprescribing of other nephrotoxic drugs is strongly
associated with increasing age.162 Net benefit may therefore be reduced in some populations because
of increased harm.

Are measures of absolute benefit and number needed to treat helpful?
The idea of using absolute benefit and NNT estimates to inform clinical decision-making is very appealing and is
feasible in at least some cases, but is troublesome because it requires significant assumptions. However, most
of the problems also apply to any attempt to use a relative-risk or RRR estimate to inform clinical decision-
making, since this requires the same set of assumptions, although these are not usually made explicit.

In principle, the ideal approach in decision-making for an individual would be to use a validated risk
prediction tool to estimate their baseline risk of the outcomes that they prioritise, and then apply
trial-derived relative risks to estimate the benefit that that individual can expect from treatment. A key
limitation is that baseline risk prediction tools may not exist, be validated or estimate the right outcomes
(either those an individual prioritises or those where there are trial estimates of relative risk). Assuming that
suitable baseline risk calculators exist, then annualising absolute benefits simplifies comparison, albeit at
the cost of more assumptions, although again these are commonly implicitly made anyway. However, this
approach usually ignores the problems of competing risks.

TABLE 19 Estimated absolute QALY gains

Patients
Calcium-channel blockers to treat hypertension
(age 65 years at start of model)

High-intensity statins to treat cardiovascular
risk (age 60 years at start of model)

Men 0.85 0.20

Women 0.91 0.25
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Failing this, then using annualised, wholly trial-derived absolute risk estimates (see Table 20, for example)
gives an indication of treatments of which likely absolute benefits are different by an order of magnitude.
This in itself may meaningfully inform individual clinical decision-making when there is a wish to prioritise
treatments, for example when life expectancy is short or when treatment burden is intolerable. In principle,
such tables could be created as part of single-disease guideline development, since the steps required need
only minimal adaptation of what is already done. However, making such data feasible to use in practice is
likely to require an electronic method of delivery whereby the user selects which conditions and which
treatments to see data for.

Comparing absolute benefit using quality-adjusted life-years
Absolute QALYs gained are a potentially attractive concept that could potentially inform prioritisation
between two treatments. In the example given, where key principles were satisfied, then antihypertensive
treatment on average leads to three- to four-fold QALY gain compared with statin treatment. For example,
there is a QALY gain of 0.85 in men aged 60 years with antihypertensive treatment compared with 0.20
with statin treatment (although, even in this case, the models do not entirely match, as the starting age is
not identical). This approach specifically addresses one of McAlister’s128 three critiques relating to the
problem of comparing the benefit of treatments when they affect different outcomes. However, making
such comparisons is not as straightforward as it might first appear, and we propose that it should be
underpinned by five guiding principles that help make assumptions explicit, and that can be reported and
provided to decision-makers wishing to use the information to guide prioritisation.

There are a number of important considerations to take account of when using absolute QALY gains to
compare between interventions. The decision-analytic models used in this analysis were similar in terms of a
number of key attributes, but differed in the time horizon for the analysis, as the antihypertensive model ran
for 35 years compared with 40 years for the lipid modification model. The length of time in which absolute
QALYs have had chance to accrue is a key variable that may drive the results of an analysis estimating
absolute QALYs. Economic evaluations are disparate in terms of the assumed time horizon for the analysis.163

The relevant time horizon will be guided by the relevant patient population and the need to capture the key
differences between intervention and comparators during the time period for the analysis. For the selected
case studies, there was a relatively small difference of 5 years. This difference in time horizon is unlikely to
change the findings substantially but analysts will have to be transparent and inform decision-makers when
the difference in time horizon between models is likely to bias the ability to compare between interventions
using absolute QALYs. They also differed in the characteristics of the starting cohort. Two model-based CEAs
could have the same time horizon (lifetime) but, if the starting age of the original cohort is different, then
the length of time in which the QALYs have to accrue will clearly be different. Similarly, even for treatments
affecting the same outcome (in our example, CVD), then the way in which each model defines the
population studied in terms of baseline risk may have large effects on the conclusions drawn.

Following the approach recommended in the NICE reference case, a de novo model-based CEA created
to inform guideline development usually reports the incremental QALY comparing the intervention
with the next best alternative. This approach is underpinned by the logic that NICE is assessing the
cost-effectiveness of mutually exclusive, non-interacting interventions. However, incremental comparisons
against the next best alternative are not the same as absolute gains against a do-nothing approach.
In the analysis estimating absolute QALYs gained, we assumed a do-nothing alternative to allow direct
comparison between interventions. This approach is not new. The recognition that this standard method
of generating incremental QALYs from CEA may not be not appropriate when interactions between
interventions are important has been recognised by the World Health Organization in its generalised
cost-effectiveness framework.164

The generalisability of findings from model-based CEA has been the topic of ongoing debates between
health economists and users of economic evidence.163,165 Some health economists argue that the limited
generalisability of economic evaluations means that producing an assimilated evidence base is not
useful.166 A review of cost-effectiveness studies found some 26 factors that influenced how results from
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studies would vary from location to location and from time to time.163 In the analysis presented here,
the issue of poor generalisability, when generating absolute QALYs for comparison between interventions,
was taken into account by a number of key assumptions. Costs were not included and, therefore, many of
the socioeconomic and organisational factors that vary between organisations affecting resource use and
cost were eliminated. Most of the jurisdiction-specific factors were also limited by adopting a standardised
approach, such as the NICE reference case, and comparing only outcomes that have been produced in
agreement with this approach.

The QALY has become a key input into model-based CEA, and the current NICE reference case recommends
using published public preference weights for health states generated using the EQ-5D.59 This approach has
become accepted practice when using model-based CEA to inform guidance produced by NICE as part of its
technology appraisal or guideline development processes. The estimate of an absolute QALY within either a
trial- or model-based framework does not imply that all patients can be expected to receive such an outcome,
in the same way that estimates of life expectancy do not mean all individuals will live for the same length.
The absolute QALY is an aggregate measure calculated either within a hypothetical cohort of patients or
within the trial sample. Some patients would probably gain fewer QALYs and some would gain more, but the
absolute QALY measure is what would be expected over the cohort or sample. This variability in absolute
QALYs will have no impact when using the values to inform decisions affecting populations of patients but
may limit the interpretation of the relevance of absolute QALY values at the individual patient and
clinician level.

The absolute QALY gain is suggested as another input for decision-makers developing CGs for populations
of patients. There is potential, however, for decision-making based on the absolute QALY to diverge from
other decision-making criteria, such as recommendations based on cost-effectiveness. For example, an
intervention that had a large absolute QALY gain but was expensive might not be a cost-effective option,
with the incremental benefit not justifying the incremental cost for a given cost-effectiveness threshold.
Likewise, the text-book approach when making decisions between mutually exclusive options based on
cost-effectiveness is to compare interventions with the next best alternative. Comparisons with a
do-nothing approach (e.g. mean cost-effectiveness) may produce misleading estimates of the true
displaced activities when compared with the next best alternative. The suggested solution to this challenge
is to generate estimates of absolute QALYs only once the relative cost-effectiveness and most cost-effective
option for an intervention in a defined patient population have been determined.

Finally, from a guideline development perspective, a key limitation of the absolute QALY gain approach is
that it relies on having access to a suitable economic model. As shown in Chapter 2, fewer than one-fifth
of CRQs have an associated de novo economic model, and about half have no economic evidence
associated with them at all. From this perspective, comparing absolute benefits in terms of trial clinical
outcomes is more straightforward, since these may be more easily available.

Conclusion

It is feasible to compare the absolute benefit of treatments for different conditions, provided that guideline
developers and users of the information are willing to make the required assumptions (although many
existing treatment decisions involve the implicit acceptance of these assumptions anyway). Guideline
developers will also have to be willing to invest the resource required. From the latter perspective, the
current NICE guideline development process uses the GRADE framework and therefore already produces
estimates of the absolute benefit of treatment on outcomes that the GDG has chosen as critical and
important. These estimates are based on the relative risk of single trials or the pooled relative risk from
meta-analyses and some measure of the baseline risk of the outcome in the trial population, but are not
readily comparable because current evidence tables do not make the duration of treatment explicit. Using
estimates of absolute benefit based on a plausible range of population baseline risks and accounting for
duration of treatment by annualising estimates are two relatively simple (although assumption-laden)
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methods for making it easier to compare absolute benefit. However, it seems inevitable that delivering
such data to clinicians and patients will require an electronic rather than a paper platform, to allow users
to select which conditions, treatments and outcomes to compare. In addition, previous research suggests
that there is no single way of presenting absolute benefit (ARR or NNT expressed as numbers or as text, or
graphical displays of various kinds) that is preferred by clinicians and patients, so allowing users to choose
how to view absolute benefit estimates would also seem valuable (although beyond the scope of this
project). Absolute QALY gain is an alternative metric that is feasible to use when appropriate economic
models exist, and where the principles outlined in this chapter apply. However, the QALY is a metric that
may have greater value for GDGs than in individual decision-making.
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Chapter 5 Including a temporal dimension in
model-based cost-effectiveness analysis: an
application to the use of statins in primary prevention
of cardiovascular disease

Introduction

Clinicians involved with selecting treatments for patients with multimorbidity are increasingly encouraged
to consider the evidence on benefits and harms alongside a temporal dimension, for example that
decisions should take account of life expectancy. The application of this temporal dimension has been
referred to using a number of related but distinct terms including TTB, time horizon to benefit or,
alternatively, pay-off time. In 2012, the AGS outlined some key principles for the care of patients with
multimorbidity.40 One key principle recommended by the AGS was that the time it takes for benefits of
treatments to be realised, together with the absolute size of the treatment benefit, should be used as an
integral part of the clinical decision-making process.40 The rationale underpinning this suggestion is clear.
Patients with limited life expectancy resulting from comorbid conditions, age or frailty may never accrue
the benefits from interventions with deferred effects. Where there are also upfront harms associated with
an intervention there is also the potential for overall net harm.

Current CGs generally do not provide explicit information on the temporal dimensions of benefit. In some
instances, the temporal dimension of benefit is implicitly alluded to in the evidence provided to inform
the CG, where trial duration is presented in the reference tables.167 The lack of explicit information on the
potential impact of a temporal dimension of benefit will make it difficult for clinicians, patients and
guideline developers to prioritise among multiple potentially relevant interventions. The AGS recommended
that interventions forming part of complex regimens should ideally be selected and prioritised based on
evidence that indicates whether or not net benefit occurs within a patient’s expected lifespan.

The overall aim of this study was to investigate whether or not interventions can be compared by making
explicit reference to a temporal dimension of benefit. The estimation of the pay-off time in the context of
generating economic evidence from a model-based CEA is suggested as a readily applicable concept to
quantify the potential impact of including a temporal dimension of benefit to inform the development of
CGs. In this chapter, the key underlying concepts are first defined and described. An empirical example
of the application of generating the pay-off time is then presented. The chapter concludes with a
discussion on the potential use of the pay-off time when developing CGs for patients with multimorbidity.

Key underlying concepts

The key underlying concepts that provide the context for the empirical study are TTB and time horizon to
benefit; pay-off time; cumulative QALYs and QALY profiles; and direct treatment disutility (DTD).

Time to benefit
Time to benefit and time horizon to benefit are analogous terms used in the literature (hereafter we will
use TTB). The literature on TTB has focused on the need to identify the time point at which the benefits
of an intervention (exclusive of its harms) occurred. TTB can be demarcated, and interpreted, as either a
biological or an epidemiological concept.168 The biological interpretation means that it is feasible to
calculate a precise TTB from an intervention for an individual. Practically, this interpretation involves
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generating a measure of the time it takes for an intervention, generally a pharmacological therapy, to
reach its intended therapeutic target and reduce a measurable outcome by a certain pre-set threshold.
An example of this biological interpretation would be the time for plasma levels of LDL cholesterol to reach
the pre-defined target after starting a statin therapy. The biological interpretation allows an individualised
TTB to be calculated based on observed responses. However, individualised times would often be
suitable only for surrogate clinical outcomes, such as the reduction in LDL cholesterol, rather than the
patient-relevant final end point, such as a cardiovascular event. This limits the practical relevance of using
the biological interpretation of TTB in informing clinical decision-making. To expand TTB so that it takes
account of outcomes that clinicians and patients value, such as a reduction in the risk of mortality, TTB
needs to be interpreted as an epidemiological construct. TTB as an epidemiological construct requires
assessment of reduction in risk at the population level, and evidence generated from appropriately
designed clinical trials.168

To date, however, there has been relatively little work examining TTB, reflecting the fact that clinical trials
are typically designed to run for, and examine effectiveness after, a defined period of follow-up.168 This
observation is not surprising given the lack of formal statistical methods developed to estimate TTB in an
unbiased manner, although some statistical methods have been proposed. Lee et al. suggest an inference
about TTB can be made by visual inspection of the published Kaplan–Meier curves and identifying the
point of separation.169 In the absence of any formal way of assessing when divergence happens, this seems
likely to overestimate the presence of significant risk reduction when one does not exist, while also
underestimating the actual TTB.170

Another potential statistical approach to estimate TTB is to use published evidence post hoc, with the
associated caveats for inference associated with post-hoc analysis. Ray and Cannon171 provided an example
of this post-hoc approach when they re-examined a published clinical trial to assess whether or not the
benefits of high-intensity statin treatment (40 mg of atorvastatin daily) occurred more quickly than
low-intensity treatment (40 mg of pravastatin daily) for those patients with a recent diagnosis of acute
coronary syndrome. The original clinical trial, published by Cannon et al.172 in 2004, identified a significant
statistical difference between treatments at mean 2-year follow-up in favour of the high-intensity
approach (RRR 0.16; p = 0.005) when using a composite outcome of mortality or a serious cardiovascular
event. The authors of the original clinical trial also made reference to an observed divergence of the
Kaplan–Meier curves, suggesting that the clinical beneficial effects may occur sooner than the full
follow-up time at which the formal statistical test was applied in the pre-specified main trial analysis. Ray
and Cannon171 identified that a statistically significant benefit occurred at 4 months’ follow-up, implying a
much shorter TTB than trial duration. Lee et al.169 also retrospectively fitted statistical models to published
meta-analysed data to identify the TTB for colorectal and breast cancer screening programmes. This
analysis made use of a large sample of pooled meta-analysis data and found that it took 10.7 years
(95% CI 4.4 to 21.6) before one death from breast cancer screening was prevented per 1000 patients
screened. Similar results for colorectal cancer were also found, with a TTB of 10.3 years for 1000 patients
screened (95% CI 6.0 to 16.4).169 However, all such essentially observational post-hoc analysis risks finding
spurious results in a similar way to post-hoc subgroup analysis.173

In practice, therefore, it is more usual for TTB to be defined simply as the median or mean follow-up in
clinical trials showing that treatment is effective. This is likely to be conservative but is consistent with the
original, pre-specified trial design and power. Theoretically, therefore, interventions in different disease
areas could be compared where TTB for a standardised outcome is assumed to be trial duration. For a
common outcome such as a reduction in all-cause mortality, then, all things being equal, the intervention
with the shortest trial duration, and therefore the shortest TTB, would be preferred. However, a range of
important caveats must be taken into account even when using the concept of trial length as TTB. For
example, as Holmes et al.170 describe, the TTB estimated in this way will be inherently linked to the trial
design. Accordingly, all things being equal, larger trials will indicate shorter TTB than smaller trials because
trial duration is likely to be shorter, as outcomes will become statistically significantly different earlier.170
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Consequently, developments in methods are required to allow quantification of statistical estimates of TTB
ex ante to trial design, which are likely to parallel developments in the analysis of trials with early stopping
rules. Stopping rules are built into trial protocol and involve setting interim time periods to test for differences
between experiment and control, often to protect patients from clearly harmful drugs.174 However, the use of
stopping rules is associated with controversy, most notably when stopping trials early for a perceived benefit
of the experiment versus the control. As trials are typically powered to find clinically meaningful differences
at trial follow-up, it has been found that truncated trials, which stop early because of an apparent treatment
effect, can provide misleading and biased estimates of treatment effect compared with those studies that are
not truncated.175 Similar problems will be relevant to using trials to estimate TTB. Repeated statistical tests
increase the likelihood of a false positive, while large random fluctuations early in the trial, where the sample
size is small, could wrongly suggest statistical TTB and overestimate treatment effect.

In summary, the highest-quality evidence on statistical TTB is likely to come from trials that have been
designed from the outset to identify interim time points at which benefit occurs within the trial, but
methods to validate such an approach are still required.168 A further, less robust approach, which would
generate a conservative view of TTB, is to assume that it occurred at trial completion or at median trial
follow-up.171 Alternatively, TTB could be estimated from ex-hoc analysis of already published evidence or
using qualitative visual inspection of where published survival curves appeared to separate. All of these
methods of analysis are still in their infancy and in need of further development.

Given the current state of play of the literature, the incorporation of a statistical TTB as the means by
which a temporal dimension could be incorporated within CGs was judged not to be feasible. Therefore,
the use of a temporal dimension in already existing model-based CEAs supplemented by the pay-off time
framework was explored as an alternative way of informing the development of CGs.

Pay-off time
The following text has been adapted from Thompson A, Guthrie B, Payne K. Using the ‘pay-off time’
in decision-analytic models: a case study for statins in primary prevention. Med Decis Making 2017.
Published online 25 April 2017.182 This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 3.0 License (http://www.creativecommons.org/licenses/by-nc/3.0/)
which permits non-commercial use, reproduction and distribution of the work without further
permission provided the original work is attributed as specified on the SAGE and Open Access page
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

The pay-off time is defined as the minimum elapsed time in which the expected cumulative net benefits of
an intervention exceeds its expected cumulative harms.176 The pay-off time concept, first proposed by
Braithwaite et al.176 in 2009, more readily captures a temporal dimension that can be readily incorporated
into a model-based CEA to inform CGs. The rationale for the pay-off time approach is similar to statistical
TTB in that short-term harms must be balanced against longer-term benefits, and stakeholders can use this
evidence to prioritise care. When using the pay-off time approach, less attention is placed on the explicit
timing of benefit within trial and more focus is on the relative timing of benefit compared with harms
from the intervention. Braithwaite et al.176 argued that CG recommendations should not be implemented
in individuals if the overall ratio of expected benefits to harms is likely to be negative within their
life expectancy.176 Equivalently, this can be expressed as that an intervention should be used if the life
expectancy of a patient is greater than the pay-off time from the intervention.36,177,178

When applying the pay-off time concept, benefits are classified as outcomes that can improve mortality,
morbidity or both in a patient. Harms are outcomes that can worsen mortality, morbidity or both. Initially
the pay-off time concept was applied using disparate outcomes such as reductions in mortality (for benefit)
as well as adverse events (for harms).177 In a later application, benefits and harms were standardised using
a common metric, the QALY, to measure both benefits and harms in a single measure.36 In this context,
Braithwaite used the QALY in the pay-off time approach to assess whether or not to (1) screen chronically ill
50-year-old women for colon cancer and (2) use intensive glucose control for chronically ill diabetic patients.
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In 2013, Yuo et al.,178 including Braithwaite, applied the pay-off time framework to assess whether or not
the potential upfront harms of revascularisation for patients with asymptomatic carotid artery stenosis
(where the operation itself causes stroke in 1–3% of patients) are worth the deferred benefits (a 5%
absolute stroke risk reduction over 5 years).178 These published applications of the pay-off time concept all
examined interventions with upfront, one-off harms, and the pay-off time was readily estimated using
algebraic mathematical calculations. It was clear from these applications that the QALY metric together with
the pay-off time concept is a potentially useful measure to capture harms and benefits in a way that allows
comparison across interventions and an understanding of the impact of a temporal dimension.

The published examples of using the pay-off time approach show a move away from simple algebraic
calculations to using a decision-analytic approach in which outcomes and probabilities are combined to
provide a systematic assimilation of multiple evidence sources and calculation of the probability-weighted
outcomes (QALYs).36,176–179 The decision-analytic approach proposed is similar to the use of model-based
analysis to generate estimates of incremental costs and benefits to inform CEA. McCabe et al. have
demonstrated how a pay-off based approach can be integrated within a decision-analytic model to
generate information for reimbursement agencies.180,181 Such an approach can produce an estimate on the
time it takes for a new innovative technology to ‘pay off’ given an original cost. In a similar way it is,
therefore, straightforward to combine the use of the pay-off time concept, QALYs and model-based CEA
to incorporate a temporal dimension into existing model-based CEAs that follow patients, or cohorts of
patients, over their lifetime and estimate when the benefits of an intervention should outweigh the harms
or when the intervention pays off.

Cumulative quality-adjusted life-years and quality-adjusted
life-year profiles

To calculate a pay-off time, it is necessary to generate estimates of cumulative QALYs. Cumulative QALYs
are the total sum of QALYs gained (or lost) overall at pre-defined time intervals, such as yearly. Figure 11
illustrates how cumulative QALYs can be plotted to represent a QALY profile that shows the cumulative
QALYs gained over time.

The pay-off time is the point shown on Figure 11 where the overall net benefit or cumulative QALYs
become positive (crossing the y-axis at pt1). Total QALYs gained are reached at time tqt1. From Figure 11 it
is also possible to calculate the peak investment, which has both an associated time period (It1) and an
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FIGURE 11 Quality-adjusted life-year profile plot showing cumulative QALYs over time. This figure has been
adapted from figure 1B in Thompson A, Guthrie B, Payne K. Using the ‘pay-off time’ in decision-analytic models:
a case study for statins in primary prevention. Med Decis Making 2017. Published online 25 April 2017.182

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 3.0 License
(http://www.creativecommons.org/licenses/by-nc/3.0/) which permits non-commercial use, reproduction and
distribution of the work without further permission provided the original work is attributed as specified on the
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associated size measured in QALYs (IQALYs1). The peak investment represents the time when the intervention
has the most negative cumulative QALYs (or alternatively maximum harm). It is the period at which
patients and clinicians will need to have the most trust that eventually, if taken for a sufficiently long time,
the intervention will recoup the built-up harm to produce an overall balance in positive QALYs.
Value judgements have to be made by decision-makers, who may prefer to measure peak investment in
terms of a shorter time or, alternatively, by minimising the size of the peak investment in QALYs.

The relevant comparator is a key criterion when defining a model that is fit for the purpose of addressing a
specific decision problem. Generally, when used to inform the development of CGs or in technology
appraisals, the relevant comparators should be (1) established clinical practice, (2) cost-effective practice
relative to another available treatment and the (3) natural history of the condition without suitable
treatment.59 To allow comparisons between disparate interventions and between conditions, it is necessary
to make use of this last comparator as a standard benchmark in the pay-off time approach. We define this
comparator as a do-nothing approach (see Chapter 4 for a more detailed description of this issue). Figure 11
shows the plot of cumulative QALYs over time compared with a do-nothing comparator for a hypothetical
intervention with persistent and constant harms over time and benefits that accrue over time. If there were
no difference between comparators, the curve would run along the x-axis in perpetuity. At the end of a
patient’s lifetime, the cumulative QALY equals the total or absolute QALYs gained from the intervention over
the comparator. Again, if no difference between comparators existed, the absolute benefit would be zero.

The application of cumulative QALY in practice requires only a minor extension over the way QALYs are
currently calculated and presented in model-based CEA used to inform CGs. Most model-based CEAs use
Markov models to capture the relevant health states affected by the intervention and the associated costs
and benefits that will accrue for a patient population over time.69 A typical Markov model would begin
with a cohort of patients, for example n = 1000, in an initial health state (e.g. a healthy state). In each
cycle of the model, a proportion of the patient cohort would move (according to a defined transition
probability) into the next defined health state (or remain in the initial healthy state). The cycle length needs
to be specified and relevant to the condition and intervention, which is typically 1 year for long-term
models looking at interventions such as statins and antihypertensives. Transition probabilities can be
identified from published sources and ideally from meta-analyses of clinical trials.183 Models with a lifetime
horizon will typically be run until the point at which all patients will have died.

Each health state also has an associated utility score and cost, again identified from published sources.183

When the utility score is combined with the time the cohort spends in that health state, this is used to
calculate QALYs. The pooled total number of QALYs per cycle (i.e. per year) is then estimated to be the
weighted proportion of the cohort within each health state and by utility for the health state. The model
would then be run for the various comparators, with the treatment probabilities being adapted according
to the relative risk as identified from the relevant published data sources. The intervention and comparator
will each have their own assigned transition probabilities, which will affect the progress of the starting
patient cohort through the defined health states in the Markov model. The total costs and QALYs are then
estimated for the intervention and relevant comparator. It is here that the simple extension to measure
cumulative QALYs over time (per model cycle) can be used to examine the pay-off time. A further simple
extension is to include the impact on costs and cumulative QALYs by the use of net benefit. Net benefit is
the balance between costs and QALYs,184 transformed into a monetary metric, and is estimated by making
reference to a threshold of willingness to pay for an additional QALY, for example £20,000 per QALY.60

The majority of published model-based CEAs for primary preventative interventions with medications
would show no pay-off time (in purely QALY terms), as a benefit (assuming the intervention is clinically
effective) would typically be realised within the first cycle (first year) of the model, as no immediate harm
from the intervention is generally taken into account. Note here a common assumption in CEA models
that the statistical TTB, which at its conservative value would be taken to occur at the median trial length,
actually occurs within the first cycle of the model. This approach is generally viewed as sufficient for
decision-making, as model-based CEAs are currently used to identify whether or not the incremental
benefits outweigh the incremental costs of an intervention compared with current practice.60 However, the
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pay-off time specifically aims to capture harms compared with benefits and in this scenario a known harm
must be specified and measured in the model. Yuo et al.178 used a one-off surgical intervention to illustrate
immediate harm. For preventative treatments, which are taken in the long term, such a one-off harm is not
generally clinically meaningful. This is where the concept of DTD becomes relevant.

Direct treatment disutility

There is a small but growing evidence base that suggests that treatments cause inconvenience or disutility
to a patient beyond the intrinsic unwanted harms, adverse outcomes or effects that an intervention can
potentially induce.185 There are many theoretical reasons for a disutility associated with treatment. A drug
per day for life may come with a small psychological harm, as well as the physical inconvenience of taking
the drug. The drug is likely to come at a financial cost to the patient, require ongoing maintenance (in
terms of visiting GPs and other health-care professionals) and require regularly ordering prescriptions and
collecting drugs, which includes both inconvenience and cost to the patient. All of this can add up to
disutility associated with the intervention that is not related to harm caused by any particular drug’s
specific adverse effects. Collectively this concept can be termed a DTD to distinguish the concept from the
more conventional unwanted ADEs. Currently, DTD is assumed to be trivial in comparison with either the
costs of an intervention or the potential health benefits and so is generally not included in model-based
CEA (e.g. see Heather et al.186).

Some model-based CEAs, however, have started to consider the impact of DTD for specific interventions
taken for chronic conditions. To identify some examples, a rapid review of published model-based CEAs for a
selected intervention (statins) for a chronic condition (CVD) was conducted. The rapid review was conducted
on 26 January 2015 and used the search strategy shown in Appendix 3. It was run in OVID for four databases
(MEDLINE, EMBASE, PsycINFO and the American Economic Association’s electronic bibliography, EconLit).

This rapid review identified six studies that had included some DTD.187–193 DTD was typically included as a
1-year disutility value. From the review of the literature, low values of DTDs were found to be increasingly
used in economic models associated with statins for primary and secondary prevention of cardiovascular
events.185,189–191,193 Low values of utility decrements were applied periodically with values of disutility
ranging from 0.00384 (equivalent to 2 weeks of full health traded to avoid 10 years on statins) to 0.02
(10 weeks of full health traded to avoid 10 years on statins) in sensitivity analyses. The results of the
presented CEA were extremely sensitive to inclusion of DTDs, which changed the relative cost-effectiveness
of the interventions being evaluated.

There is an emerging literature that has elicited values for DTD. Four published empirical studies have been
identified anecdotally that relate to the concept of DTD. Table 20 summarises the identified studies.
The elicited values for DTD were in the order of a disutility size of 0.01. A 0.01 decrement in QALYs is
equivalent to a loss of ≈ 3.6 days of perfect health over 1 year. These values should be treated with
caution because of some methodological limitations of the methods used to elicit the values. However,
they do serve as a useful indicator of the potential impact of DTD for the purpose of estimating pay-off
time associated with a patient population taking a treatment for the remainder of their lives. The impact of
including DTD in combination with pay-off time needs to be assessed in an empirical study.

Empirical study aim and objectives

This empirical study aimed to identify the impact of including a temporal dimension in a model-based CEA
by using DTD and the pay-off time concept. There were four objectives:

1. to identify an existing model-based CEA to use as a case study to quantify the impact of including DTD
and pay-off time

2. to present cumulative QALY profiles, for example values for DTD and specific patient
population characteristics
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3. to present cumulative net-benefit for example values for DTD and specific patient
population characteristics

4. to quantify the pay-off time, for example values for DTD and specific patient population characteristics.

Methods

A published model-based CEA, developed by the National Clinical Guideline Centre, which had been used
to inform an existing NICE CG, was used as the framework for the methods used in this study.197

Case study selection
The feasibility of using the pay-off time in a model-based CEA within guidelines for the three pre-selected
exemplar conditions (type 2 diabetes, depression and chronic heart failure) was explored. These exemplar
CGs did not use model-based CEA based on Markov-type models, which was needed to implement the
pay-off time approach. Therefore, a manual search of published CGs relevant to the management of
long-term conditions was conducted, and identified the 2014 lipid modification guidance (CG181) as
suitable.197 The decision-analysts named in published full NICE guidance were then contacted using e-mail.
We were then granted access to a full executable version of the de novo model developed by the National
Clinical Guidelines Centre under the standard NICE licence.

The model
Table 21 summarises the key attributes for the de novo model used in this analysis.

The model included 15 health states, and is fully documented in the published NICE guideline CG181.198

The model was populated with the same data as used for the production of CG181. The model was
designed to support the use of the QRisk2 tool for predicting risk in people without diabetes being
considered to receive statins for primary prevention. QRisk2 (10 years) is a cardiovascular risk tool
developed by Hippisley-Cox et al.199 based on the QResearch UK primary care cohort. It estimates an
individual’s risk of experiencing any of fatal or non-fatal angina, MI, TIA or stroke over the following

TABLE 20 Examples of published studies eliciting values for DTD

Study Clinical scenario Elicitation method Study sample Direct treatment disutility

Gage et al.
(1996), USA194

Taking aspirin or
warfarin for stroke
prevention

Time trade-off 70 patients with
atrial fibrillation

For warfarin = 0.997

Standard gamble For aspirin = 1.000

Hutchins et al.
(2015), USA195

One pill a day for
cardiovascular
prevention

Time trade-off 1000 US residents
aged ≥ 30 years

Time trade-off 0.990
(95% CI 0.988 to 0.992)

Standard gamble Standard gamble 0.991
(95% CI 0.989 to 0.993)

Willingness to pay Willingness to pay US$1445,
≈ 0.994 (95% CI 0.940 to 0.997)

Fontana et al.
(2014), UK185

Idealised
preventative pill

Gain of an expected
x days of life

360 members of
London public

1 day to > 10 years of life
(median 6 months, interquartile
range 1–36 months)

Hutchins et al.
(2015), USA196

One pill a day for
cardiovascular
prevention

Time trade-off 708 health-care
employees aged
≥ 18 years

Time trade-off 0.9972
(95% CI 0.9962 to 0.9980)

Standard gamble Standard gamble 0.9967
(95% CI 0.9954 to 0.9979)

Willingness to pay Willingness to pay 0.9989
(95% CI 0.9986 to 0.9991)
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10 years, and can be found at www.qrisk.org/index.php. The model allows subgroup analysis based upon
sex, age (40, 50, 60 and 70 years) and baseline QRisk2 (10 years).

In 2005, NICE conducted a technology appraisal of the use of statins for the primary prevention of CVD
(published in 2006).200 In 2007, the NIHR funded a HTA,201 with a subsequent report published by the
same authors as the original 2005 work. Neither the NICE technology appraisal nor the NIHR HTA-funded
study included quantification of the impact of DTDs in the base-case analysis, the sensitivity analysis or a
scenario analysis.200,201 The justification for this omission was given as:

. . . as adverse events and side-effects are rare, patients receiving statin treatment in the model do not
receive a penalty utility due to their medication. As statins are prescribed for life, there may be a
disutility associated with this, but it is assumed that this is small in comparison to the benefits received
and as such is not modelled.

Ward et al.201

The potential for disutility losses associated with adverse events and side effects following treatment was
considered but thought to be inconsequential in comparison with the potential benefits. In 2014, a
subsequent economic model was developed for the NICE CG on lipid modifications (CG181) appraising
the use of statins for both primary and secondary prevention. This model had a similar structure to the two
existing models and did not include DTD either in the base-case or in scenario analysis. Instead scenario

TABLE 21 Key attributes for the model-based CEA

Model attribute
Model-based cost-effectiveness analysis of statin therapy for primary and secondary
prevention of cardiovascular disease

Published date 2014

Collaborating centre National Clinical Guideline Centre

Methods manual NICE (2009)

Model type Markov (cycle = 1 year)

Study perspective NHS

Horizon taken Lifetime, to 100 years old

Valuation of benefits QALYs

Discount rate 3.5% for costs and benefits

Starting age Varied

Comparators Low-intensity statins (21–29% reduction in LDL cholesterol): 20 mg of fluvastatin per day;
40 mg of fluvastatin per day; 10 mg of pravastatin per day; 20 mg of pravastatin per day;
40 mg of pravastatin per day; 10 mg of simvastatin per day

Medium-intensity statins (32–38% reduction in LDL cholesterol): 80 mg of fluvastatin per day;
20 mg of simvastatin per day; 40 mg of simvastatin per day; 10 mg of atorvastatin per day;
5 mg of rosuvastatin per day

High-intensity statins (42–55% reduction in LDL cholesterol): 80 mg of simvastatin per day;
20 mg of atorvastatin per day; 40 mg of atorvastatin per day; 80 mg of atorvastatin per day;
10 mg of rosuvastatin per day; 20 mg of rosuvastatin per day; 40 mg of rosuvastatin per day

No treatment

Do-nothing included? Yes

Intervention type Primary prevention

Population Adults in England and Wales without CVD

Cost-effective option High-intensity statins for patients with QRisk-estimated 10-year CVD risk ≥ 10%
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analysis was used to explore the impact of assumptions about patients’ desire to continue with the
treatment on 6-month adherence to capture some negative impact associated with taking the medicine.
The justification given for the lack of inclusion of DTDs in the sensitivity analysis was that the analysis
should be consistent with the previous NICE technology appraisal (2005)200 and published NIHR-funded
HTA report.201

For the purpose of this study, additional harms were then built into the model to reflect DTD. All patients
in the model cohort were assumed to suffer from an annual disutility associated with treatment.
The values for the DTD were informed from the rapid review of the literature described previously.

Patient vignettes
Patient vignettes were used to provide clinically relevant scenarios to quantify the impact of pay-off time.
Three patient vignettes were created with input from clinicians on the project team (n = 3) and the PRG
(n = 4). The patient vignettes were built around scenarios defined by three 10-year QRisk2-estimated CVD
risks of 10%, 15% and 20% (Table 22), which span the range between the currently recommended
treatment threshold of 10% 10-year CVD risk and the previously recommended threshold of 20%.

Analysis
Quality-adjusted life-year profiles were generated for each of the three patient vignettes, representing
three different levels of baseline QRisk2, and also stratified according to different DTDs for treatment with
high-intensity statins compared with do-nothing. The following were calculated: pay-off time in QALYs;
pay-off time in net benefit assuming a threshold of £20,000 per QALY gained; absolute QALYs; time for
the peak investment in QALYs gained (years); and size of the peak investment (net benefit, £). DTDs were
applied by ‘adding’ in the defined (negative utility) value to the total utilities for each cycle and assuming
that the whole cohort had the DTD. This approach means that a constant utility decrement is applied to
each cycle in the model for the lifetime of each patient in the cohort who is taking the treatment. This is
consistent with the current methods of eliciting DTDs, which often use time–trade-off exercises (with
questions spanning different hypothetical time periods, typically 10 years) to estimate the utility decrement
to use for each 1-year time period.185,194–196

TABLE 22 Patient vignettes

Patient vignette
QRisk2-estimated
10-year risk of CVD (%)

1: 60-year-old white man, no relevant comorbidity, non-smoker, systolic blood pressure
150 mmHg, height 178 cm, weight 75 kg, BMI 23.7 kg/m2. His fasting lipid test shows a
total/high-density lipoprotein cholesterol ratio of 3.3

10

2: 60-year-old white man, no relevant comorbidity, light smoker, systolic blood pressure of
140 mmHg, height 178 cm, weight 80 kg, BMI 25.25 kg/m2. His fasting lipid test shows a
total/high-density lipoprotein cholesterol ratio of 4.2

15

3: 70-year-old white man, no relevant comorbidity, non-smoker, systolic blood pressure
140 mmHg, height 178 cm, weight 85 kg, BMI of 26.8 kg/m2. His fasting lipid test shows
total/high-density lipoprotein cholesterol ratio of 4.1

20

Source
This table has been adapted from box 1 in Thompson A, Guthrie B, Payne K. Using the ‘pay-off time’ in decision-analytic
models: a case study for statins in primary prevention. Med Decis Making 2017. Published online 25 April 2017.182

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 3.0 License (http://www.
creativecommons.org/licenses/by-nc/3.0/) which permits non-commercial use, reproduction and distribution of the work
without further permission provided the original work is attributed as specified on the SAGE and Open Access page
(https://us.sagepub.com/en-us/nam/open-access-at-sage).
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Exploratory analysis
In a supplementary exploratory analysis, the pay-off time was calculated for a sample of hypothetical
patients with multimorbidity. Values for all-cause mortality used in model-based CEA are commonly taken
from life tables from the Office for National Statistics (ONS).202 From these life tables, age- and sex-adjusted
mortality rates can be calculated. However, these rates represent population average mortality for men and
women at different ages. A reasonable hypothesis is that those with multimorbidity are likely to have a
higher risk of all-cause mortality. Menotti et al.203 found evidence to support an increasing relative risk
of all-cause death for patients with one condition, two conditions and three or more conditions, for
populations of patients from Finland, the Netherlands and Italy, respectively. In this exploratory analysis,
it was assumed that patients’ risk of all-cause mortality would increase in proportion to the number of
conditions. A range of pay-off times were calculated by varying the value for relative risk, assumed to
increase with increasing numbers of conditions associated with multimorbidity. Five examples of values for
the relative risk (1, 0.5, 2.0, 3.0 and 4.0) were used. Two values of DTD (0.005 and 0.010) were used as
examples of harm from the treatment.

Results

This section presents the analysis of pay-off time for three patient vignettes and also the supplementary
exploratory analysis for a patient population with a hypothetical number of more than one condition,
representing multimorbidity. For different assumed values of DTD and the equivalent number of full health
days traded, Table 23 summarises the calculated values for pay-off time in QALYs; pay-off time in net
benefit assuming a threshold of £20,000 per QALY gained; absolute QALYs; peak investment in QALYs
(years); investment size in net benefit (£); and peak investment size (QALYs).

Patient vignette 1
The following text has been adapted from Thompson A, Guthrie B, Payne K. Using the ‘pay-off time’ in
decision-analytic models: a case study for statins in primary prevention. Med Decis Making 2017. Published
online 25 April 2017.182 This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 3.0 License (http://www.creativecommons.org/licenses/by-nc/3.0/) which permits non-
commercial use, reproduction and distribution of the work without further permission provided the original
work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/
open-access-at-sage).

This patient is a 60-year-old man whose cardiovascular risk is largely driven by age and sex. Table 23
shows that when there is no DTD the high-intensity statin treatment is a cost-effective option, with a
positive net benefit of £2865 for a cost-effectiveness threshold of £20,000. Likewise, the absolute QALY
gain was estimated to be 0.20 QALYs per patient, equal to approximately 73 days at full health. Figure 12
displays much of the same information as QALY profiles for this vignette. Of note is that even low DTD is
associated with pay-off times measured in years, and the expected absolute QALY gain is sensitive to the
presence of DTD. When the size of the DTD is set at ≥ 0.015 then statin treatment never pays off and
the intervention is no longer cost-effective at a decision-maker’s threshold of £20,000 per QALY.

Patient vignette 2
This patient is a 60-year-old man whose 10-year cardiovascular risk of 15% is largely driven by age, sex,
smoking and lipid profile. Table 23 shows that when there is no DTD the high-intensity statin treatment is a
cost-effective option, with a positive net benefit of £4936 for a cost-effectiveness threshold of £20,000.
Likewise, the absolute QALY gain was estimated to be 0.29 QALYs per patient, equal to approximately
106 days at full health. Figure 12 shows the QALY profile for this vignette. Of note is that even low DTD is
associated with pay-off times measured in years (although, as expected, pay-off times are lower and absolute
QALY gains are greater when baseline risk of CVD increases), and the expected absolute QALY gain is sensitive
to the presence of DTD. When the size of the DTD is set at ≥ 0.020 then statin treatment never pays off and
the intervention is no longer cost-effective at a decision-maker’s threshold of £20,000 per QALY.
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TABLE 23 Results for patient vignettes 1, 2 and 3

DTD
(harm)

Equivalent
number of
full health
days tradeda

QALYs pay-off
time (years)

Net-benefit
pay-off time
(years)b

Absolute
QALY gain

Peak
investment
(years)

Net
benefit
(£)b

Peak
investment
size (QALYs)

Patient vignette 1

0 0 Immediatec 7.5 0.20 N/A 2865 0

0.00274 30 4.6 11.9 0.16 4.5 2011 –0.003

0.00500 55 8.5 16.0 0.12 6.5 1307 –0.010

0.00800 88 14.2 24.6 0.08 8.5 373.41 –0.024

0.01000 110 18.9 Neverc 0.05 9.5 –249 –0.036

0.01500 164 Neverc Neverc –0.03 13.5 –1806 –0.077

0.02000 219 Neverc Neverc –0.11 18.5 –3364 –0.128

Patient vignette 2

0 0 Immediated 4.4 0.29 N/A 4936 0

0.00274 30 3.0 7.1 0.25 3.5 4095 –0.002

0.00500 55 5.5 9.5 0.21 4.5 3400 –0.006

0.00800 88 9.1 13.1 0.17 5.5 2479 –0.016

0.01000 110 11.7 15.7 0.14 6.5 1864 –0.025

0.01500 164 19.7 27.3 0.06 9.5 328 –0.054

0.02000 219 Neverc Neverc –0.02 11.5 –1207 –0.092

Patient vignette 3

0 0 Immediated 3.3 0.22 0.5 3847 0.000

0.00274 30 2.2 5.3 0.19 1.5 3212 –0.001

0.00500 55 4.2 7.2 0.17 2.5 2687 –0.005

0.00800 88 6.9 10.0 0.13 3.5 1991 –0.012

0.01000 110 8.9 12.2 0.11 4.5 1527 –0.019

0.01500 164 15.2 20.6 0.05 6.5 367 –0.041

0.02000 219 Neverc 0.0 –0.01 8.5 –793 –0.070

N/A, not applicable.
a Over the course of treatment with statins over 30 years.
b Assuming a willingness to pay per additional QALY of £20,000.
c For very large DTD treatment never pays off because harm always exceeds benefit.
d For zero DTD, treatment pays off immediately with no harm.
Source
This table has been adapted from table 1 in Thompson A, Guthrie B, Payne K. Using the ‘pay-off time’ in decision-analytic
models: a case study for statins in primary prevention. Med Decis Making 2017. Published online 25 April 2017.182

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 3.0 License (http://www.
creativecommons.org/licenses/by-nc/3.0/) which permits non-commercial use, reproduction and distribution of the work
without further permission provided the original work is attributed as specified on the SAGE and Open Access page
(https://us.sagepub.com/en-us/nam/open-access-at-sage).
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FIGURE 12 Quality-adjusted life-year profiles for patient vignettes 1–3 with four levels of DTD (harm) from treatment
(0–0.015 QALYs annually). (a) Patient vignette 1: 60-year-old man with 10% 10-year cardiovascular risk; (b) Patient
vignette 2: 60-year-old man with 15% 10-year cardiovascular risk; and (c) Patient vignette 3: 70-year-old man with 20%
10-year cardiovascular risk. This figure has been adapted from figure 3 in Thompson A, Guthrie B, Payne K. Using the
‘pay-off time’ in decision-analytic models: a case study for statins in primary prevention. Med Decis Making 2017.
Published online 25 April 2017.182 This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 3.0 License (http://www.creativecommons.org/licenses/by-nc/3.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as
specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).
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Patient vignette 3
This patient is a 70-year-old man whose 10-year cardiovascular risk of 10% is driven by age, sex and lipid
profile. Table 23 shows that when there is no DTD the high-intensity statin treatment is a cost-effective
option, with a positive net benefit of £3847 for a cost-effectiveness threshold of £20,000. Likewise, the
absolute QALY gain was estimated to be 0.22 QALYs per patient, equal to approximately 79 days at full
health. As there is no harm included in the model the pay-off time is within the first cycle (year) and not
relevant. Figure 12 shows the QALY profile for this vignette. Of note is that even low DTD is associated with
pay-off times measured in years (although again, as expected, pay-off times are lower and absolute QALY
gains are greater when baseline risk of CVD increases), and the expected absolute QALY gain is sensitive to
the presence of DTD. When the size of the DTD is set at ≥ 0.020 then statin treatment never pays off and
the intervention is no longer cost-effective at a decision-maker’s threshold of £20,000 per QALY.

Competing risks of death in patient populations with multimorbidity
Table 24 shows the results for a hypothetical patient population with an assumed baseline QRisk2 score of
10%, with different levels of multimorbidity represented by increasing levels of relative risk of death from
all-cause mortality. Two analyses are presented for two assumed levels of DTD. Figure 13 shows the
equivalent QALY profiles for each assumed level of DTD, 0.005 and 0.010.

Making an adjustment to the assumed relative risk for all-cause mortality has a large impact on the
absolute QALY gain. In scenario 1, when the DTD is set at 0.005, for individuals with a fourfold increased
risk of all-cause mortality, the absolute QALY gain is estimated to be fewer than half of individuals with
unadjusted all-cause mortality (0.12 vs. 0.05). In scenario 2, when the DTD is set at 0.010, the absolute
QALY gain for the base-case analysis, with no adjustment to the risk of all-cause mortality, is now much
lower, at 0.05. In scenario 2, the absolute QALY gain is estimated to be zero in individuals with a fourfold
increased risk of all-cause mortality. In scenario 2, individuals never acrue net benefit from treatment
unless there is a reduced all-cause mortality of half that in the base-case analysis. In both scenarios, the
adjustment on relative risk has no effect on pay-off time, which is the time to reach peak investment
(in years).

TABLE 24 Results for hypothetical patient population with multimorbidity with two different levels of assumed
DTD and five different risks of all-cause mortality

Relative risk
total mortalitya

Pay-off time
(QALYs)

Pay-off time
(net benefit)b

Absolute
QALY gain

Peak
investment
(years)

Net
benefit
(£)b

Peak investment
size (from net
benefit, £)

Scenario 1 with DTD = 0.005

0.5 8.5 15.7 0.16 6.5 1820 –666

1.0b 8.5 16.0 0.12 6.5 1308 –659

2.0 8.5 16.5 0.09 6.5 746 –646

3.0 8.5 17.3 0.07 6.5 429 –633

4.0 8.5 18.4 0.05 6.5 223 –620

Scenario 2 with DTD = 0.010

0.5 18.5 37.0 0.07 9.5 47 –1402

1.0b 18.9 0.0 0.05 9.5 –250 –1380

2.0 19.9 0.0 0.02 9.5 –565 –1338

3.0 21.5 0.0 0.01 9.5 –725 –1297

4.0 26.6 0.0 0.00 9.5 –816 –1259

a Higher relative risk of total mortality due to the presence of one or more life-limiting morbidities.203

b In this instance there is no adjustment to the level of relative risk and the values are equivalent to the base-case analysis.
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Discussion

This empirical study applied the concepts of pay-off time, DTD and graphical QALY profiles from an
existing model-based CEA used for the production of CGs for the primary prevention of CVD with statins.
These three concepts have the potential to be an informative approach to include a temporal dimension in
model-based CEA. The calculation of pay-off time together with using visual presentation of the information
(QALY profiles) provides a potentially useful tool to complement existing cost-effectiveness results and
potentially aid guideline decision-making when choosing between interventions with different pay-off times.

The original CG, CG181, recommended that high-intensity statin treatment should be the preferred
method of primary prevention for individuals with a 10-year cardiovascular risk of 10%. This guideline was
informed by a Markov model-based CEA that used a lifetime horizon, which made it amenable to the
generation of estimates of pay-off time by including assumed values of DTD. Cardiovascular risk is heavily
driven by the age of the patient and to a lesser extent by sex. If DTD is ignored, using a threshold of 10%
10-year estimated risk, the model-based CEA supported recommending that virtually all men aged
> 60 years and women aged > 65 years be offered a statin to prevent CVD, irrespective of levels of formal
risk factors such as blood pressure or cholesterol. Therefore, CG181 effectively recommended offering
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FIGURE 13 Quality-adjusted life-year profile for patients with different levels of total mortality due to varying
multimorbidity (expressed as relative risk of total mortality) assuming a DTD of 0.005 and 0.01. (a) Absolute
QALY gain for a 60-year-old man with 10% 10-year CVD risk and DTD 0.005; and (b) Absolute QALY gain for a
60-year-old man with 10% 10-year CVD risk and DTD 0.01.
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statin therapy to a whole population. This recommendation was made without taking into account the
potential for some members of that patient population to have negative views about the action of taking a
medicine every day for the rest of their lives. There is emerging evidence to suggest that disutility from
taking medicines every day can occur irrespective of whether or not individuals experience drug-specific
adverse effects.185 This empirical study illustrated how the expected pay-off time for the average person
within a patient population will increase as the value of the DTD increases.

The pay-off concept is versatile and, when combined with graphical QALY profiles to aid interpretation by
GDG members, could potentially be used to help decision-makers clarify the impacts over time of
interventions that have deferred benefits but quantifiable harms. The method can be easily and rapidly
applied using current model-based CEA. The pay-off time can be stratified according to various baseline
characteristics that are pre-built into economic models and it can be calculated as a pay-off time in purely
QALY terms or it can also be inclusive of financial costs associated with an intervention by using net
benefit. Another potential extension, which would make the pay-off time informative in the context of
patients with multimorbidity, is to explore the impact of adjusting the relative risk of all-cause mortality,
which is generally a parameter included in Markov model-based CEAs. In this scenario, the adjustment in
the relative risk of all-cause mortality is used as a proxy for a patient population with competing risk of
death from other morbidities. One approach would be to use a plausible range of values for all-cause
mortality, for example the interquartile range of population mortality rather than just the median. An
alternative would be to use expert judgement, elicited from the members of a GDG or from individual
clinicians, as the basis for deciding what the appropriate adjustment factor should be for different types
and levels of morbidity within a patient population.

There are some potential limitations with using the proposed pay-off time approach in the context of using
model-based CEA to inform the development of NICE CGs. The obvious challenge is identifying a robust
source of DTD. This is a potential topic for future research using well-designed stated preference studies in
appropriate samples of the patient population and members of the public. In the interim, the use of
pre-defined DTD could enable some exploration in sensitivity analysis of the potential impact if patients do
attach some level of harm to taking a long-term treatment. Related to this challenge is the analytical issue
of how DTDs are incorporated into the utility values for the patient cohort being run through a Markov
model. In this study a constant harm (DTD value) was used and the utility decrement was taken from the
total utility for the relevant model cycle. This simple additive assumption may not be appropriate and
research is needed to explore these assumptions around how DTDs are incorporated into the calculation of
utility values used in the model-based analysis. This need for more research is related to the issue raised by
Ara and Wailoo,204 who have analysed the impact of different analytical methods to include utility values
associated with comorbidities into model-based CEA.

An important analytical problem with this empirical study was that it was not feasible to generate
estimates of uncertainty around the pay-off time. This was because the analysis focused on providing an
empirical application of the concept using an existing model-based CEA, which is how the approach
could be used in practice. However, the ability to generate measures of uncertainty around the point
estimates of pay-off time for different levels of DTD is reliant on the original model-based CEA presenting
a PSA. Further research is required to inform how best to present the impact of joint uncertainty on point
estimates of pay-off time for use in guideline development decision-making.

A key conceptual problem relates to when it is appropriate to apply population-level estimates to an
individual when translating the findings from the model to a clinician–patient interaction. The pay-off
time as applied in this empirical study was an aggregation of both HRQoL and mortality improvements.
Fundamentally this means it involves a utilitarian calculation with the associated value-based judgements
of equivalence in the value of saving and improving life. In the calculations of a QALY it is assumed that
the value of saving one life is equal to the value of improving HRQoL in 10 patients by a value of 0.1.
The analogy with the pay-off time concept is that a value of 5 years represents the average of different
patient types: (1) some patients who are healthy but die quickly; (2) some patients who are very ill but live
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a long time; (3) some patients who are very healthy and live a long time; and (4) some patients who are
sick and die young. Consequently, the pay-off time is best considered, and used, in the context of
population-level decision-making, which does make it useful in the context of developing NICE CGs.
Within the CG context, the pay-off time can be used as a tool to give a quality-adjusted benefit–harm
calculation that takes account of a temporal dimension. If the absolute benefit of treatments were being
compared using absolute QALYs as discussed in Chapter 4, then further accounting for TTB using the
pay-off time would provide additional potentially useful information for decision-makers. Caution is
advised if the pay-off time concept is applied as an individualised decision-making aid, between a clinician
and patient, which was how it was first conceptualised.176

Conclusion

Generating estimates of the pay-off time, using the QALY or QALY inclusive of costs (net benefit) form,
can potentially be used as a complement to the outputs from existing model-based CEA already used to
inform NICE CGs. A series of one-way sensitivity analyses can be used to present the impact of using
different values for DTD and also the potential impact of comorbidity by using different adjustment factors
for the included values of the relative risk for all-cause mortality. Ideally, if the original model-based CEA
included PSA, then a joint measure of uncertainty should be presented as evidence to inform guideline
development. QALY profiles are an attractive and comprehensible way for GDGs to visualise the potential
impact of DTD on pay-off over time for interventions with deferred benefits. Practically, pay-off time
should be explored only in the context of interventions that have already been shown to be a cost-effective
use of resources in the main model-based CEA. Further research is required to generate better empirical
estimates of DTD and inform how best to present joint uncertainty around point estimates for pay-off time
in an informative way for use in NICE CG development.
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Chapter 6 Quantifying the impact of
multimorbidity in a model-based cost-effectiveness
analysis

This chapter reports the background and rationale for the need to extend existing model-based CEA to
take account of the impact of interventions for populations with multimorbidity. It presents the aim,

objectives, methods and results of a model-based CEA that focuses on a relevant case study identified by
the PRG: depression and CHD.

Background

Current NICE CGs make use of cost-effectiveness evidence when making recommendations. The ultimate
goal for model-based CEA is to compare the costs and benefits in order to promote (and recommend)
interventions that provide the best value for money for the health service.205 The NICE DSU describes a
mathematical model as being a

representation of the real world . . . characterised by the use of mathematics to represent the parts of
the real world that are of interest and the relationships between those parts.

p. 14183

Current methods used in NICE CG development take a predominantly single-disease perspective.
This approach, in theory, entails assessing mutually exclusive interventions for a single disease against one
another and funding being allocated (or recommendations made) on an ‘all or nothing’ basis. Based on
the selected disease, and the CRQ, a range of relevant indicated interventions are identified. The economic
analysis assesses the impact of the interventions on the natural history of the disease and on the resulting
patient outcomes and resource use. This approach to economic analysis is congruent with the way
evidence is currently generated in clinical trials. An alternative to model-based CEA is to piggyback an
economic evaluation onto a prospective RCT. However, there are problems with basing an economic
analysis solely on one RCT.58 Model-based CEAs are useful in that they can extrapolate beyond the time
horizon of any individual clinical trial. Models can also link intermediate clinical end points to final health
outcomes, for example depression scores to QALYs. Models also allow different forms of evidence, as well
as those from RCTs, to be integrated. This structured assimilation of evidence in a model-based CEA can
then provide decision-makers with more relevant and generalisable information on whether or not health
interventions represent a good use of public resources.206

To date, few published examples of model-based CEA consider patients with comorbidities of the main
condition of interest. A review conducted by this research team suggested that there were also limited
recommendations within health economics guidelines on how to incorporate comorbidities within
economic models. Model-based CEAs that fail to account for the particular characteristics of a multimorbid
population have the potential to lack validity in much the same way as clinical evidence from single-disease
populations (as discussed in terms of applicability in Chapter 3). However, there are additional implications
for the face validity of CEA results when patients with multimorbidity undergo numerous treatments.
One example, where estimates of the economic benefit could be wrong or misleading, is the addition of a
new treatment to a patient already undergoing treatment for comorbidities. In this scenario, all things
being equal, the size of the additional absolute benefit (in health measured by QALYs) of the medicine is
likely to be smaller than if the patient were receiving no treatment at all for the comorbidity. This follows
from at least two potential mechanisms. The first comes from the quality-of-life weighting system, which is
anchored between 0 and 1. For patients with multiple possible interventions for multiple diseases the initial
treatment improves quality of life but at some point the gains to be made by increasing treatments
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diminish because of the anchoring system on the quality-of-life scale. Second, the mechanism by which
any absolute benefit occurs (however measured) is generated typically from applying a relative risk
adjustment to a baseline risk. However, if the baseline risk is lowered by a concordant treatment, the
absolute gains for any new treatment will be reduced compared with when no treatment was given.

Another example of where CEA results may be unreliable is where the impact of a new intervention
negatively impacts on the existing treatments for an existing condition, increasing the risks of harm
associated with a new intervention. The harm, such as an ADE, can have an impact on both the benefit to
patients (through the QALY) and the costs (e.g. a visit to accident and emergency department or an
additional attendance at primary care). The inclusion of ADEs is generally considered to be important in
economic models but it is not clear how they should be incorporated and tackled within an economic
analysis.207 Moreover, harm is typically less well quantified than benefit because RCTs are primarily designed
to quantify benefit in populations selected to be at lower risk of harm (by being younger and having fewer
potentially interacting comorbidities and coprescriptions), whereas harms are only sometimes quantified in
observational studies. However, it is increasingly being recognised that incorporating ADEs within economic
models is important and should be formalised if CEA results are to be valid and useful for decision-making.186

The inclusion of more than one condition of interest for the relevant patient population poses a number of
challenges to the normal conduct of economic analysis, generally, and to model-based CEA conducted for a
CG, specifically. The most obvious challenge for a model, which is a purposeful simplification of reality in order
to provide useful information, is how to (1) identify the important conditions to model simultaneously and
then (2) capture the interactions between the various entities (e.g. the progress of the diseases simultaneously)
mathematically into a structured model. The inclusion of more than one condition makes the decision problem
(what is the most cost-effective treatment/intervention?) much more complex. With comorbidity there is the
potential for interactions between the intervention and the other conditions patients have (which may be
either harmful or beneficial), as well as between interventions for different conditions. There are long-standing
debates on how to tackle the trade-off between simplicity and complexity in models, and there are significant
time constraints on producing timely and robust evidence useful for national-level resource allocation
decisions.208 A fundamental challenge is how to populate new, more complex, models with robust evidence.

Aim

This study aimed to structure a model-based CEA of treatment strategies to inform a CG for a patient
population with more than one condition.

Study objectives

This study had seven objectives:

1. to select a relevant case study to model the impact of including more than one condition in a
model-based CEA suitable for informing a CG

2. to conceptualise and structure a decision-analytic model to identify the relative costs and benefit of
interventions relevant to the selected case study

3. to populate the decision-analytic model to identify the relative costs and benefit of interventions
relevant to the selected case study

4. to use structured expert elicitation methods to quantify parameter values that cannot be identified in
the published literature

5. to identify the incremental costs and benefits of interventions relevant to the selected case study
6. to characterise the uncertainty in the incremental costs and benefits
7. to estimate absolute measures of benefit that could be compared with other treatment options for

patients with multimorbidity.
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Selection of the case study
The PRG was involved in the selection of the case study to model the impact of including more than one
condition in a model-based CEA suitable for informing a CG. The PRG was guided by three pre-defined
criteria to select a relevant case study. First, there must be an accessible existing model-based CEA that has
been used to inform a CG produced by NICE. Second, to make the modelling approach feasible, two
conditions that are commonly comorbid should be selected. Third, the conditions to be considered should
occur together with sufficient frequency to provide a clinically relevant scenario of multimorbidity. On
this basis, and after extensive discussion at the first meeting of the PRG, the case study selected was
pharmacological interventions in patients with depression and CHD. In CG91, patients who had not
benefited from low-intensity psychosocial interventions were recommended an antidepressant (usually a
SSRI) or high-intensity psychological treatment.17 The discussion within the PRG acknowledged that much
of the specific guidance provided in the CG for patients with depression and chronic physical conditions
(CG91) on the selection of antidepressants was contingent on the side-effect profile of the antidepressants
and the potential interacting effects the antidepressants had on the patient’s chronic physical health
condition. CG91 also recommended not using SSRIs where patients were also likely to be using medications
for CHD, such as warfarin and other antiplatelets or anticoagulants, because of potential antiplatelet effects.
Moreover, given the growing literature investigating the impacts of depression on CHD outcomes and vice
versa, there was thought to be a sufficient pool of evidence on which to generate exploratory economic
analysis and cost-effectiveness results investigating some of the interactions between these conditions.

Scope of the model-based cost-effectiveness analysis
Box 2 summarises the research question and scope for the selected base-case analysis for the
model-based CEA.

Modelling approach
This study used a DES model with a lifetime horizon to capture the costs and benefits of antidepressant
treatment for patients with depression at risk of CHD (some of whom will go on to develop CHD).
Caro209 and Caro et al.210 provide useful discussions of the advantages of DES models.

Economic models used in the context of model-based CEA can be categorised in many ways, but one useful
way is the aggregation level of the object of interest (the patient). Generally there are two classifications.
The first is the cohort approach (used in the NICE CG90 model assessing the cost-effectiveness of
12 new-generation antidepressants), whereby the patient population as a whole is modelled at an
aggregate level.45 The patient population is described as having certain characteristics that affect the
transitions within the models between health states. By making the population homogeneous (example
characteristics: male, aged 65 years, smoker), transition probabilities will be that of the mean profile
conditional on the various characteristics. The vast majority of models take a cohort approach. Decision trees
and Markov models are usually cohort based. A problem with these cohort-type models is that they lack the
flexibility to readily incorporate parameters such as risk when the inputs are not usually normally correlated
(they are skewed), or to incorporate patient characteristics that may interact or correlate.

A key problem pertinent to cohort models is the way that time is captured. In decision trees the time
element associated with events and treatments is not adequately captured. In Markov models a time
element can be captured but this is done by setting arbitrary cycle lengths within the model structure.
Another key problem is the ability to incorporate memory within the model. When a patient cohort moves
from one state to another within a Markov model, the process is blind to the previous disease history of
the cohort. Therefore, a patient who has had three recurrent depressive episodes and is now in remission
is bundled within the same health state as a patient who has had only one previous episode. The only way
to avoid this omission, and capture the impact of memory within a Markov model, is to use tunnel states,
which massively increase the complexity of the model yet still do not adequately capture the time element.
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Rather than adopt a cohort approach, it is possible to model the individuals in the patient population.
Using this approach means that each individual’s characteristics then determines his or her progress.
Patient attributes can be tracked as individuals progress, dynamically changing the risk of moving between
health states. Moreover, time is explicitly captured in the model, allowing patients to age within the model
and again dynamically altering the risk structure between the various competing risks. There are some
published DES models relevant to depression, but none has included another condition.211–215 The
characteristics of depression alone, and particularly the characteristics of depression alongside another
condition, make DES the ideal modelling approach to address the stated research question.

Model conceptualisation
Model conceptualisation is a key stage in developing a model structure. This study followed recommendations
published by the International Society for Pharmacoeconomics and Outcomes Research/Society for Medical
Decision Making and also referred to in a NICE DSU document on model conceptualisation.183,216 The process
of conceptualisation followed a problem-orientated approach. The problem-orientated approach is intended
to elicit current clinical knowledge of the relevant characteristics of the disease as well as the important events

BOX 2 Objectives and scope of the model

Decision problem: To estimate the relative cost-effectiveness of SSRIs, duloxetine, venlafaxine extended release

and mirtazapine for the treatment of major depressive disorder in primary care for patients who are also likely

to go on and receive treatment for CHD. Secondary analysis to conduct exploratory analysis investigating

interaction effects and the calculation of the absolute QALY.

Comparators: Citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, sertraline, duloxetine, mirtazapine,

reboxetine, venlafaxine.

Model type: A DES.

Population: Male patients with moderate to severe depression (major depressive disorder) at risk of CHD,

starting treatment for a new episode of depression in primary care, aged ≥ 60 years.

Perspective: NHS and personal social services.

Time horizon: 1 year, 5 years, 10 years and lifetime (to 100 years of age).

Effectiveness data: Existing network meta-analysis of placebo-controlled and head-to-head RCTs.

Harms data: Probability of ADE taken from the same study as for the effectiveness data. Proxies ADEs with

dropout rate. For patients who go on to develop CHD, risk of ADE is taken from an expert elicitation exercise.

Costs (£, 2014): Direct medical costs (drugs, GP visits, costs associated with drug-to-drug reactions, ADEs, CHD states).

Benefits: QALYs and absolute QALYs.

Discounting: 3.5% for both costs and benefits.

Analysis of uncertainty: PSAs to quantify uncertainty and scenario sensitivity analysis to assess the impact of

model structures and to conduct more exploratory analysis, such as drug–disease interactions.

Cost-effectiveness threshold: NICE recommended threshold of £20,000 per QALY gained.
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associated with the disease. Once the important aspects have been captured, the model conceptualisation
moves on to how best to capture these aspects in a mathematical model structure. This process generally
includes a review of existing modelling structures relevant to the research question.

Systematic review studies were identified that investigated the use of economic models for depression.212,215,217

The most recent review, by Ali Afzali et al.,218 investigates 14 depression models from the literature and
finds evidence of substantial heterogeneity in model structures and types, techniques employed, time
horizons and data sources used. The authors identified two key potential problems arising in some of the
models reviewed: first, a short time horizon for analysis, particularly where decision trees were employed,
which limited the ability of the analysis to capture long-term effects of the interventions (e.g. on suicide);
second, the inability of some models to fully capture the natural course of depression in the health states
(e.g. relapse and remission). Consequently Ali Afzali et al.218 proposed to use a DES model with a lifetime
horizon, which is in keeping with a growing body of model developers using discrete event models for
cost-effectiveness modelling in depression.212–215

Key attributes that were identified as being attractive for using a DES model for depression and CHD were
the ability to:

l model long-term disease effects beyond the initial acute stage
l adjust the risk of relapse dependent on the number previous episodes (or CHD status) so that

individuals within the model have memory
l incorporate competing risk more simply by modelling time to event
l capture adverse drug reactions more completely.

Following a review of the available DES models, the model by Vataire et al.214 was considered to be the
most relevant DES model for depression and was used as the basis for informing the structure and events
within the proposed new model.

Cost-effectiveness models obtained through NICE were also used to help conceptualise both the
depression and CHD aspects of the economic model. In particular, the NICE cost-effectiveness model
investigating the use of statins for the prevention of CHD was considered in detail.

The key attributes of the depression and CHD model were then conceptualised to be:

l the natural course of the two diseases and how this could be translated into associated health states
l the impact that the health states have on HRQoL and costs
l the impact that the comparator has on the movement between the health states
l the potential interactions between the two diseases.

An initial meeting was conducted with the PRG to decide upon the research area for the CEA. Follow-up
meetings were used in order to provide peer-review to the model structure, to ensure relevant attributes were
included and to identify relevant sources of data to populate the model. The conceptualisation of the model
underwent numerous iterations to reflect the feedback from the clinical experts as well the limitations of the
evidence base. Prior to each meeting, the model was explained using non-technical, non-mathematical
language as well as through the use of graphical methods. In total, four meetings were held, and the final
one concluded with a presentation of some preliminary results from the model-based CEA.

Model overview
The cost-effectiveness research question was answered by structuring a DES model developed using Simul8
software (version 2014; Simul8 Corporation, Boston, MA, USA). The model tracks patients with depression
who go on to develop CHD and so includes events linked to both disease types. Current non-DES
economic models for depression typically use a time frame ranging from 6 to 15 months. The time horizon
used in this analysis was selected to capture all relevant benefits and costs for depression and CHD (and
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varied from 1 year through 5 and 10 years to lifetime). The perspective adopted was that of the NHS and
personal social services, in keeping with the NICE reference case.59 Life expectancy statistics were sourced
from ONS interim life tables.202 Patients were followed up from initial treatment until death, which has
multiple potential causes (all-cause, suicide, CHD mortality), or until the time horizon is reached. Patients
with depression were assumed to go through periods of response and remission and to be at risk of
relapse, and were also assumed to be at risk of developing CHD with its associated costs and its impact
on ADE probability. Patients treated for CHD were assumed to have a higher risk of an ADE from
the antidepressant.

Model structure
Figure 14 shows the general model structure. Patients (male and aged 60 years) enter the model when
they experience a new episode of major depression for which they are going to be offered treatment with
an antidepressant following a GP consultation.

Treatment effectiveness and adverse drug reactions
Patients were assumed to either respond, or fail to respond, to the first selected antidepressant (first-line
intervention) within 8 weeks of starting treatment. Response probabilities for first-line intervention were
taken from a published network meta-analysis conducted by Cipriani et al.,219 which was also used
in the economic analysis conducted for NICE CG90. These data were selected because (1) they were
deemed to be of high quality, (2) they were consistent with the NICE guideline and (3) they provided a set
of parameters for all the comparators. In the original network meta-analysis, the population was not
described explicitly as including patients with both depression and CHD, but for this analysis it was
assumed that the response rates to antidepressants would not be affected by the existence of the second
condition (CHD) in the population. Uncertainty around the point estimates for response was represented
by using normal probability distributions making use of the upper and lower CI for the treatment
probabilities in the PSA (see Table 25).

CHD death

Suicide

All-cause
mortality

Time
horizon

A B

Adult (male,
aged 60 years)

with depression

Treatment Response section

Relapse/recurrence Remission

C

Logic

CHD events:
• stable angina
• unstable
   angina
• MI
• TIA
• stroke
• heart failure

FIGURE 14 Schematic of the overall model structure.
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A rapid review was conducted to find the most suitable data on utilities and combined with the evidence
synthesised from the systematic review by Ali Afzali et al.218 Patients who had responded to their treatment
were assumed to experience an increase in their health status that was reflected by a higher utility value.
Table 26 summarises the utility values used in the model.

Figure 15 illustrates that the model assumed patients could experience an ADE following either
non-response or response to a treatment. ADEs that did occur were assumed to be experienced within the
first 4 weeks of treatment, prompting a repeat GP consultation at this time. The probability of any ADE
was estimated using evidence on dropout rates for the different types of antidepressants from Cipriani
et al.219 as a proxy measure. A priori an assumption made was that patients who have had a CHD event
were more likely to be on concomitant treatment and, therefore, the chance of any ADE was likely to be
higher. For patients who had undergone a CHD event, the probability of any ADE (see Table 25) was
sourced from an expert elicitation exercise, which used the Sheffield Elicitation Framework technique223

to elicit values from members of the PRG. Appendix 4 summarises the design and analysis of the expert
elicitation exercise.

TABLE 25 Probability of response and of experiencing an ADE

Comparator
Probability of response
in 8 weeks (95% CI)a

Probability of ADE: patients
have no CHD (95% CI)a

Probability of ADE:
patients have CHDb

Citalopram 0.57 (0.53 to 0.62) 0.26 (0.22 to 0.30) 0.30

Escitalopram 0.62 (0.58 to 0.62) 0.24 (0.21 to 0.28) 0.30

Fluoxetine 0.55 (0.55 to 0.55) 0.28 (0.20 to 0.32) 0.30

Fluvoxamine 0.54 (0.48 to 0.60) 0.32 (0.26 to 0.38) 0.30

Paroxetine 0.55 (0.52 to 0.59) 0.30 (0.27 to 0.33) 0.30

Sertraline 0.60 (0.57 to 0.64) 0.25 (0.22 to 0.29) 0.30

Duloxetine 0.55 (0.49 to 0.60) 0.31 (0.26 to 0.38) 0.35

Mirtazapine 0.63 (0.58 to 0.67) 0.28 (0.24 to 0.33) 0.37

Reboxetine 0.45 (0.39 to 0.51) 0.35 (0.29 to 0.42) 0.36

Venlafaxine 0.61 (0.58 to 0.64) 0.29 (0.26 to 0.32) 0.38

a In the PSA the normal distribution used with 95% CI.
b Taken from expert elicitation exercise after linear pool used for experts (n= 6). For PSA the empirical linear pooled

distribution was sampled.

TABLE 26 Health-related quality of life (utility value) for the health states within the model

Depression state

CHD state

Stable angina Unstable angina MI TIA Stroke Heart failure
No CHD
symptoms

Depression 0.406a 0.368a 0.358a 0.406a 0.226a 0.281a 0.424b

Response 0.742a 0.544a 0.694a 0.742a 0.562a 0.617a 0.760c

None 0.808d 0.770d 0.760d 0.808d 0.628d 0.683d 0.826e

a Calculated using the additive method.
b Taken from Ward et al. (2005).220

c Taken from Sapin et al. (2004).221

d Taken from CG181 on statins.148

e Unpublished analysis of COINCIDE study.222

Note
For the PSA the beta distribution was used with standard error= 0.038.
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For patients who respond, and who have an ADE, the model assumed that patients would require an
additional GP consultation in which the GP had the choice of (1) switching, (2) changing the dose
or (3) keeping things as they are. Appendix 5 summarises the assumed probabilities for these events.

The model also accounted for the probability of patients discontinuing treatment following an ADE
(see Appendix 5). Patients who discontinued treatment were assumed to have a period of down-time
(6 months) in which they did not interact with the health-care system. For those who did not respond to
treatment, an assumption was made that clinicians could not keep things as they were but must change
treatment (to start a second-line treatment). It was assumed that the second-line antidepressant has the
same clinical effectiveness as first-line treatment.

If a patient experienced an ADE, a temporary disutility was used to reflect the decrease in health status
associated with that adverse event (Table 27). The disutility was assumed to last for a 4-week period.
The ADE disutilities were applied additively.

Subsequent response and recovery
Patients who responded following either a first or a second line of treatment were assumed to have an
increase in their HRQoL. Patients were also assumed to be at risk of a relapse of their depression. Time to
relapse was modelled as being dependent on the number of previous episodes of depression the patients
had experienced. Weibull curves were fitted to evidence taken from a 10-year multicentre naturalistic study
to simulate this effect.225 Figure 16 shows the diminishing expected time it was assumed to take for
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FIGURE 16 Time to relapse. Source: Solomon et al. (2000).225

TABLE 27 Disutilities associated with selected ADEs

ADE Disutility valuea

Nausea 0.065

Headache 0.115

Diarrhoea 0.044

Insomnia 0.129

GI bleed 0.065

Other 0.085

a In the PSA the beta distribution was used.
Source: Sullivan et al. (2004).224
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relapse to occur with each increasing number of episodes of depression. Patients who did not relapse
within 6 months were said to be in the state of ‘recovery’. The utility value for the recovery was set as the
same value as response.

Long-term events
Patients were assumed to be at risk of a long-term event. This risk was pre-specified at the beginning of
the model and took account of (1) all-cause mortality (excluding suicide and CHD death), (2) suicide and
(3) a CHD event. The likelihoods of all-cause mortality and suicide were taken from ONS interim life tables
and causes of death statistics.202 Suicide risk for depressed patients was assumed to be twice that of the
general population.

The baseline risk and the type of first CHD event were taken from Ward et al.201 (Table 28). The potential
CHD health states were:

1. stable angina
2. unstable angina
3. MI
4. TIA
5. stroke
6. heart failure.

Following a first CHD event, the time to the next secondary CHD event was sampled from a transition
matrix of time-to-event data. The type of secondary event CHD probabilities and time-to-event data were
adjusted using 5-year age bands as reported by Ward et al.201 and the shortest time to event was selected
(see Appendix 6 for the transition matrix).

The model accounted for the impact on the patient’s health status measured in utility values from
experiencing a CHD event. Where patients experienced both a CHD event and a depression state they were
allocated a joint health state utility value. To calculate the joint health state utility value, the utility value for
the depressed health state (depression, response) was combined with the CHD health state utility score using
the additive method as detailed by Ara and Wailoo.226 Currently there is no best-practice recommended
method for combining joint health state utility values204 so the additive method was chosen for simplicity.

Resource use and costs
The model assumed a NHS and personal social services perspective. Costs used were from the price year
2013/14. The key items of resource use and costs in the model are described in Table 29 for depression
and Table 30 for CHD. The costs associated with time spent within CHD health states were sourced from
the assumptions made within NICE CG181.148 Costs associated with depression were taken from the
resources used by patients in attending GP appointments (first and follow-ups) as well as the ongoing
antidepressant cost.

TABLE 28 Absolute risk and type of first CHD event

Age
(years)

Stable
angina (%)

Unstable
angina (%) MI (%) TIA (%) Stroke (%)

CHD
death (%)

Total cardiovascular event
rate per 1000 per annum

55–64 32.8 7.1 17.2 8.9 20.6 8.6 13.7

65–74 21.4 8.3 17.3 10.0 27.0 9.7 24.3

75–84 19.1 8.1 16.1 8.0 34.3 6.3 37.5

≥ 85 21.4 9.6 18.6 1.6 35.1 5.5 42.6

Source: Ward et al. (2007).201
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The model assumed that there was no cost burden associated with ADEs apart from the additional GP
consultation, with the exception of patients who have a GI bleed, who were assumed to cost an additional
£2850 because of the need for in-hospital and post-discharge care associated with bleeds.229

The cost for each CHD event was calculated by multiplying the time spent in the health state with the
per-day unit cost of the health state. These costs were adjusted according to whether the CHD health state
was in its first year or subsequent follow-up years (see Table 30).

TABLE 29 Unit costs associated with depression

Item Unit cost (£) Per annum cost (£) Source

GP appointment 46 N/A Curtis (2014)227

Citalopram 1.09a 14.21b BNF 69228

Escitalopram 25.20a 657.00b BNF 69228

Fluoxetine 1.16a 14.11b BNF 69228

Fluvoxamine 17.01a 103.48b BNF 69228

Paroxetine 2.29a 27.86b BNF 69228

Sertraline 1.46a 19.03b BNF 69228

Duloxetine 27.72a 361.35b BNF 69228

Mirtazapine 1.60a 20.86b BNF 69228

Reboxetine 18.91a 57.52b BNF 69228

Venlafaxine 2.65a 34.54b BNF 69228

GI bleed 2850 N/A Campbell et al. (2015)229

N/A, not applicable.
a Price per pack.
b Price assuming patients dosed at World Health Association Defined Daily Dose.

TABLE 30 Unit costs associated with CHD

Event state First year (£) Follow-up year (£)

No CHD 0 0

Stable angina 7736 240

MI 3313 385

TIA 3337 788

Stroke 578 1234

Heart failure 4092 155

CHD death 2297 0

Source: CG181 assumption.148
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Model logic
Patients were assumed to move through the events in the model, and experience the response and
recovery periods as specified. The associated QALYs and costs were tracked for each event throughout the
model. Patients were also assumed to be at risk of long-term CHD events, all-cause mortality and suicide.
If the cumulative time a patient spent within the model exceeded the shortest of the long-term events,
then a patient was assumed to move to these states. Patients were assumed to leave the model if their
time in the model exceeded the shortest of the long-term events (all-cause mortality, suicide, CHD death)
or if the time horizon was exceeded.

Calculation of quality-adjusted life-years, costs and net benefit
A total of 5000 patients were simulated moving through the model. This number of patients was used to
allow stability in the model outputs. Each patient’s QALYs and costs were calculated. Costs and QALYs
were discounted at 3.5% equally. Incremental net benefit was calculated using the formula for a
cost-effectiveness threshold (λ) of £20,000:

incremental net benefit = λ(QALYt)− (costt ). (1)

Model verification, structural stability and sensitivity analyses
The recommendations contained within the NICE DSU document on DES model was used to inform model
verification processes.230 In particular, the model was verified by:

1. stepping through the experience of individual patients within the model
2. recording interim outputs
3. comparing the results with ex-ante expectations for face validity
4. comparing deterministic and probabilistic results
5. internal peer-review by the analyst responsible for building the model
6. discussions with clinical experts within the PRG and research team on the model structure.

The model was run separately for each comparator. For the deterministic analysis, the mean value for each
parameter was calculated to capture mean QALYs, costs and net benefit. For the PSA, pre-defined
parameters within the model had an associated distribution from which a value was sampled in order to
capture uncertainty. For the PSA, 1000 samples (bootstrap replicates) were completed, as convergence in
the results was assumed to occur at this point.

Results

Table 31 shows the results from the deterministic analysis. The final column in this table shows the results
from the fully incremental analysis, in which the antidepressants are first ordered in terms of costs and
then the incremental cost-effectiveness ratios are calculated as appropriate. The two most cost-effective
treatment options were identified to be sertraline and citalopram.

Figure 17 shows the cost-effectiveness plane that plots the mean expected QALYs against the mean
expected costs for each antidepressant, assuming a time horizon of a lifetime.

Table 32 summarises the results from the PSA and shows the uncertainty around the mean estimates of
costs and QALYs for a lifetime horizon.

Figure 18 shows the associated cost-effectiveness acceptability curve for each of the 10 antidepressants.
Sertraline was identified as the most cost-effective option when using a threshold willingness to pay for a
gain of 1 QALY within the range of £20,000 to £30,000 per QALY.
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Exploratory scenario analyses: impact of disease–disease interaction
Two exploratory scenario analyses were conducted to account for an interaction between CHD and
depression. Conducting these scenario analyses demonstrates the potential flexibility of the discrete event
model to allow a range of scenario analyses to be performed.

TABLE 31 Deterministic costs and QALYs per patient for the 10 antidepressants

Antidepressant

1 year 5 years 10 years Lifetime

Mean
cost (£)

Mean
QALYs

Mean
cost (£)

Mean
QALYs

Mean
cost (£)

Mean
QALYs

Mean
cost (£)

Mean
QALYs Lifetime ICERa

Mirtazapine 176 0.586 413 3.115 1035 5.638 3411 9.943 –

Fluoxetine 189 0.581 431 3.105 1062 5.640 3467 9.972 Extendedly
dominated by
mirtazapine
and citalopram

Citalopram 179 0.589 394 3.127 1037 5.662 3484 9.984 £1743 per QALY

Sertraline 167 0.600 407 3.149 1010 5.700 3532 9.997 £3807 per QALY

Paroxetine 189 0.583 478 3.110 1066 5.651 3692 9.975 Dominated

Venlafaxine 187 0.578 466 3.094 1195 5.621 3732 9.967 Dominated

Reboxetine 271 0.512 684 2.868 1433 5.337 4005 9.589 Dominated

Fluvoxamine 221 0.578 639 3.100 1422 5.638 4522 9.936 Dominated

Duloxetine 312 0.564 1056 3.054 2655 5.579 7327 9.917 Dominated

Escitalopram 342 0.604 1456 3.158 3935 5.703 10,924 10.006 £868,101
per QALY

ICER, incremental cost-effectiveness ratio.
a Assuming a fully incremental analysis.
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FIGURE 17 Cost-effectiveness plane for the selected 10 antidepressants for a lifetime horizon.
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Several prospective studies have shown evidence of the predictive role of depression to determine the
onset of CHD. This evidence base suggests that depression may be an independent risk factor for
CHD.231,232 There is also evidence of depression having an unfavourable impact on patients with new-onset
CHD in terms of their risk of mortality and future CHD events. In theory, therefore, the effective treatment
of depression, using for example a SSRI, could potentially improve CHD outcomes including mortality risk
through at least two potential mechanisms:233

1. behavioural – for example, an improvement in depression could improve smoking habits, medication
adherence, alcohol consumption or physical activity, which could improve CHD outcomes

2. physiological – SSRIs are thought to attenuate platelet function, which therefore leads to cardiac benefits.

TABLE 32 Results from the PSA over a lifetime horizon

Comparator Costs, £ (95% CI) QALYs (95% CI) Net benefit, £ (95% CI)

Citalopram 3412 (3256.95 to 3587.26) 9.93 (8.13 to 10.57) 196,206 (159,229 to 208,001)

Escitalopram 10,749 (9954.26 to 11,008.73) 9.99 (8.29 to 10.58) 189,189 (155,761 to 200,738)

Fluoxetine 3427 (3265.35 to 3610.1) 9.90 (8.05 to 10.59) 195,980 (157,515 to 208,346)

Fluvoxamine 4447 (4281.53 to 4623.02) 9.92 (8.02 to 10.53) 194,191 (155,868 to 206,068)

Paroxetine 3577 (3413.88 to 3759.25) 9.94 (8.11 to 10.54) 195,806 (158,513 to 207,281)

Sertraline 3452 (3288.44 to 3608.62) 9.99 (8.20 to 10.57) 196,411 (160,577 to 207,849)

Duloxetine 7324 (6854.82 to 7558.22) 9.84 (7.87 to 10.54) 191,003 (150,572 to 203,321)

Mirtazapine 3464 (3312.12 to 3612.93) 9.89 (8.11 to 10.59) 195,444 (158,587 to 208,355)

Reboxetine 4059 (3872.45 to 4272.36) 9.54 (8.01 to 10.22) 187,777 (155,991 to 200,348)

Venlafaxine 3622 (3469.65 to 3778.49) 9.84 (8.03 to 10.59) 195,616 (155,991 to 200,348)
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FIGURE 18 Cost-effectiveness acceptability curve for the 10 antidepressants for a lifetime horizon.
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The first scenario analysis assumed no risk of CHD in the population (scenario 1) and the second scenario
analysis assumed that treatment with a SSRI antidepressant lowered the risk of developing CHD by 5%
(see scenario 2). Table 33 presents the results for two most cost-effective treatment options identified in
the base-case analysis: citalopram and sertraline.

Calculation of absolute quality-adjusted life-years: an exploratory analysis
A third exploratory analysis was conducted to identify the potential gains in absolute QALYs from the two
treatment options identified as being the most effective options in the base-case analysis. This analysis
involved redefining the relevant comparator to be ‘do-nothing’. To calculate the absolute QALYs for the
comparators it was necessary to make an assumption on some of the key parameters for the do-nothing
treatment option. For simplicity the model structure was kept the same but the values for the probability of
response to treatment and probability of an ADE were changed. The new values were assumed to be 0.26
for the probability of response within 8 weeks and 0.15 for the probability of an ADE. Absolute QALYs
were calculated by subtracting the QALYs that would have been received without any treatment from
those gained from treatment with either citalopram or sertraline. Table 34 shows the results from the
deterministic analysis and also incorporates two scenario analyses (scenario analysis 1 and scenario
analysis 2).

Figure 19 shows the absolute QALYs gained for sertraline compared with a do-nothing approach for
different assumptions regarding the model time horizon and for the base case and two scenario analyses
(scenario analysis 1 and scenario analysis 2). For the base-case analysis, it can be seen that most of the
absolute QALYs gain occurred within the first 5 years of treatment. The gain in absolute QALY then falls as
the time horizon increases, for two likely reasons: (1) the smaller population size as patients begin to leave
the model because of the competing risk of the CHD and (2) the diminishing effect that discounting has
on the quality-of-life gains.

In scenario 1, it was assumed that there was no competing risk of CHD included in the model. The results
of this analysis give the largest absolute QALY gains, indicating the negative impact that the competing
risk of CHD has on the potential for patients to accrue QALY gains. This persists from a 1-year time
horizon up until the lifetime horizon.

In scenario 2, the absolute QALY gains were calculated assuming that there is a risk of CHD as in the
base-case analysis but the antidepressant reduces the risk of developing CHD. There was very little
difference between the results in the base case and for this scenario until the model time horizon reaches
lifetime, in which case the reduction in risk starts to lower the impact of having CHD on the absolute
QALY gained.

TABLE 33 Results of mean costs and QALYs for the base case and two deterministic scenario analyses (1 and 2)

Scenario Treatment

1 year 5 years 10 years Lifetime

Mean
cost (£)

Mean
QALY

Mean
cost (£)

Mean
QALY

Mean
cost (£)

Mean
QALY

Mean
cost (£)

Mean
QALY

Base case Citalopram 176 0.586 413 3.115 1035 5.638 3411 9.943

Sertraline 187 0.578 466 3.094 1195 5.621 3732 9.967

1: no risk of CHD Citalopram 157 0.603 241 3.200 336 5.896 538 11.685

Sertraline 150 0.613 231 3.221 338 5.924 579 11.711

2: CHD benefit Citalopram 175 0.589 396 3.137 1035 5.680 3276 10.062

Sertraline 185 0.580 418 3.116 1041 5.653 3289 10.057
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Discussion

This study has presented a model-based CEA to estimate the relative cost-effectiveness of SSRI
antidepressants, duloxetine, venlafaxine and mirtazapine for the treatment of major depressive disorder in
primary care for patients who are also likely to go on and receive treatment for CHD. This case study
was selected by the PRG as a useful exemplar because it included two conditions that are distinct but
commonly comorbid, and because there was the potential for significant interactions between treatments
for the two conditions and between the conditions themselves. The model-based CEA suggested that
sertraline was likely to be the most cost-effective option for patients with these two conditions but there
was great uncertainty around the mean incremental costs and benefits. By comparison, the analysis
conducted for CG90, which had a short-term time horizon and did not account for CHD, found
mirtazapine to be the most cost-effective option.

TABLE 34 Absolute QALY results for a base case and two deterministic scenario analyses (1 and 2) over different
time horizons

Scenario Treatment

Absolute QALYs

1 year 5 years 10 years Lifetime

Base case Citalopram 0.116 0.375 0.434 0.458

Sertraline 0.127 0.397 0.472 0.471

1: no risk of CHD Citalopram 0.128 0.411 0.486 0.538

Sertraline 0.138 0.432 0.513 0.564

2: CHD benefit Citalopram 0.115 0.386 0.451 0.536

Sertraline 0.127 0.408 0.476 0.550
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FIGURE 19 Absolute QALYs gain for sertraline for the base case and two scenario analyses with different model
time horizons.
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To deal with the potential complexity associated with capturing the impact of treating patients with two
conditions, a DES model was used. Using a DES model had the advantage of being able to capture the
impact of complex events and care pathways. Using this more complex modelling approach, rather than a
decision tree or Markov model, was limited by a lack of data to populate all aspects of the DES model. The
DES model allowed the analysis to capture the key attributes of depression and CHD and has the flexibility
to accommodate greater complexity as and when more data become available. However, building and
populating the model was a time-consuming exercise and required substantial analytical skills.

The flexibility of using a DES model-based CEA allowed an exploration of the impact of different time
horizons on the sensitivity of the results. On balance, using a longer time horizon means that the analysis
is more likely to take account of all the relevant costs and benefits, and particularly so when the
interventions have impacts across the diseases. However, there is the associated challenge that as model
data inputs and assumptions are extrapolated further there is more likely to be increased uncertainty
around the point estimates for expected costs and QALYs.

The model was populated with existing data taken from published NICE CGs and supplemented with a
published network meta-analysis219 and an expert elicitation exercise. There were a number of necessary
key assumptions that limited the quality and direct relevance of some of the data inputs for the selected
patient population with two conditions. The treatment response data for each antidepressant were
assumed to be transferable from the published network analysis to a patient population with depression
and CHD. The key mechanism used within the model to capture the impact of CHD comorbidity was
changing the probability of an ADE, which increased when patients had both depression and CHD, as
the result of an assumed interaction effect between the medicines used to treat these two conditions. The
assumed impact on the probability of an ADE was informed by an expert elicitation exercise because of
the lack of published data. The expert elicitation exercise resulted in wide variation around the point
estimate for all of the antidepressants, which was not accounted for in the deterministic analysis but was
in the PSA.

The results of the model-based CEA provided useful information to guide recommendations for CGs.
Additional insights can be gained by using a measure of absolute QALYs gained, to prioritise treatments
for patients with multimorbidity. An exploratory analysis was used to generate absolute QALYs for two
selected antidepressants that showed they were the most likely to be cost-effective options in the
base-case analysis: citalopram and sertraline. The analysis showed, as expected, that absolute QALYs
gained will be dependent on the assumed time horizon for the analysis. The largest absolute QALY gained
was generated from sertraline. The estimated absolute QALY gains were in the range of 0.48 to 0.57
QALYs, which are larger than those estimated for treatment with statins (≈ 0.2 QALYs) but smaller than
those estimated for treating hypertension (≈ 1.0 QALYs) (see Chapter 4).

Conclusion

This study has shown that it is feasible to develop a model-based CEA for an intervention aimed at a
patient population with more than one condition. However, this analysis was limited by the lack of
available data for the relevant population and only included two conditions, albeit two that are commonly
comorbid. The modelling exercise was time-consuming, which, when combined with the lack of time and
number of health economists to produce models, may prohibit the general application of such analyses
when informing NICE CGs. One potential solution to the problem would be to set up a national repository
of models for selected conditions that can be sourced for guideline development. This would reduce the
need for de novo models for some aspects of informing NICE CGs, and hence free up health economists
to tackle more challenging model-based analyses such as those that take account of important
interacting conditions.
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Chapter 7 Summary and conclusions

Summary of findings

The aim of this project was to test the methodological feasibility of new approaches to summarising and
creating evidence for guidelines for the management of people with multimorbidity. This was primarily in
relation to how single-disease guidelines are created, and the specific focus was significantly determined
by the advice of the multidisciplinary PRG, consisting of members with experience of working on NICE
or SIGN GDGs.

The initial exploratory work reported in Chapter 2 focused on guidelines for three exemplar conditions (type 2
diabetes, depression and chronic heart failure). It found that the CRQs that determine the guideline focus
were only rarely framed in terms of comorbidity or older age (as a proxy for comorbidity). Relatively few
treatment recommendations were qualified in terms of comorbidity or older age, and none of the guidelines
examined included any qualification in relation to people with short life expectancy. There was little clear
synergy and no clear contraindication between recommended treatments across the guidelines examined.
None of the research recommendations in the single-disease guidelines explicitly called for research in
population subgroups such as people with comorbidity or older people. With some variation across the
guidelines examined, economic evidence was available for half of CRQs, but only one in seven CRQs had an
associated model-based CEA carried out for it de novo, and all of these were single disease focused.

Potentially serious drug–drug interactions were common between drugs recommended in guidelines for
the three exemplar conditions and drugs recommended in guidelines for 11 other conditions. Drug–disease
interactions were relatively uncommon, with the exception of interactions when an individual has
comorbid CKD.

The analysis of the applicability of evidence in Chapter 3 showed that it is feasible to use a combination of
trial inclusion and exclusion criteria and epidemiological data to examine more systematically whether or
not applicability of evidence is likely to be a problem, and whether or not there are important drug–disease
or drug–drug interactions. Of note is that the three exemplar conditions had distinct patterns of
applicability and interaction problems, indicating that, although there is a general problem of applicability
when moving from evidence to recommendations, the implications are likely to be condition specific and
so need expert judgement to inform extrapolation. However, unlike current guideline development
practice, that expert judgement could itself be systematically informed by use of epidemiological data
about the population for which the guideline is making recommendations, including data on comorbidity,
coprescription and ideally life expectancy.

Chapter 4 showed that it is feasible to compare the absolute benefit of treatments for different conditions,
although it requires making a set of important assumptions, which will not always hold and should be
made explicit (although many existing treatment decisions already require making these assumptions
implicitly). Absolute benefit can be compared in terms of the clinical outcomes reported in trials or
absolute QALY gain estimated from model-based CEA repurposed to examine absolute benefit. The latter
has the advantage that it combines many different outcomes into a single metric, but, as identified in
Chapter 2, the required models are available only for a minority of CRQs and QALYs are not a natural
metric for clinicians and patients.

The impact of considering the temporal dimension of benefit was examined in Chapter 5. Previous
literature has generally framed this either in terms of benefit being assumed to accrue over the duration of
the clinical trials evaluating treatments, or less commonly in terms of making some assessment when
survival curves comparing different treatments in trials diverge. Neither is without problems, and we chose
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to focus on the concept of time, using existing models for CEA to examine change in QALYs over time,
and examining how sensitive the findings of such models were to DTD and to an increased competing risk
of mortality. Using the model created for the NICE guideline on lipid modification, we showed that even
very low levels of DTD were associated with pay-off times measured in years and with reduced lifetime
QALY gain, and that increased mortality risk had large effects on lifetime QALY gain. Displaying these
findings graphically using a QALY profile over time is an attractive way of summarising these results to
inform GDG discussion.

Finally, Chapter 6 showed that it is feasible but challenging and time-consuming to create model-based
CEAs for interventions in multimorbid patient populations. The challenges arose from the lack of available
data for the relevant population, and such modelling is likely to be feasible only for conditions that very
commonly co-occur rather than accounting for multiple combinations of conditions. It is unlikely that the
existing NICE guideline development process could routinely accommodate such modelling within existing
resources, although wider sharing of UK model-based CEAs might reduce the need for some of the
modelling that NICE already does, freeing up resources for more complex modelling in situations where it
is judged to be particularly important.

Of note is that, although the project was not deliberately structured to do this, it has contributed to
examining feasible methods for implementing four of the five ways that single-disease guidelines could
better account for multimorbidity proposed by Fabbri et al.46 (applicability, use of ARR, accounting for TTB
and accounting for interactions).

Implications of findings

We believe that there are three main implications of the findings for single-disease guideline development,
which guideline developers could consider piloting or implementing within their existing processes.

The use of epidemiological data to characterise the guideline population
In contrast to the very systematic identification and synthesis of evidence relating to treatment benefit or
diagnostic accuracy in guideline development, characterisation of the guideline population is more
haphazard. GDGs do already sometimes qualify recommendations in terms of comorbidity and highlight
some interactions, but as we understand it this is largely driven by the knowledge and expertise of the
individual GDG members who happen to have been recruited. There is now reasonably straightforward
access to large and representative UK epidemiological data sets. These can be used to characterise the
population for which guideline recommendations are being made. It is therefore feasible to examine
more systematically the extent of the extrapolations being made and the interactions that are likely to
happen when making treatment recommendations to inform GDG decisions about if and how these
recommendations should be qualified.

Guideline development groups would then have to consider whether they wish to make a single
recommendation for all people with a condition, or stratified or otherwise qualified recommendations for
different subgroups. Such judgements already happen but we believe that systematic use of epidemiological
data to inform them is required. Based on discussion with the PRG, factors that GDGs might consider when
making such judgements about drug–drug and drug–disease interactions include (Figure 20):

l how common coprescription is likely to be in the guideline population (based on whether drugs are
recommended for all patients with the condition or a subset, and on how commonly interacting drugs
are used in the guideline population), or how common interacting conditions are in the
guideline population

l the severity of any interaction in terms of the harm that the interaction causes
l how common the interaction is in people coprescribed two drugs or prescribed a drug in the presence

of an interacting condition.
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Based on discussion with the PRG, for issues of applicability and extrapolation from trial populations to
important groups of the guideline population who would have been excluded from trials, factors that
GDGs might consider when making such judgements include:

l the nature of the treatment, in terms of whether or not its mechanism of effect is likely to apply across
all patients, and its potential for harm

l the duration over which the treatment will be used, which is relevant when extrapolating to
populations with limited life expectancy from other conditions, age or general frailty

l the absolute size of the observed benefit in the trials, which is relevant because large benefits are less
likely to be sensitive to small variations in benefit or harm in people not eligible for trials

l the nature of the differences between trial and non-trial populations, including age, comorbidity,
coprescribing and likely life expectancy, in terms of whether or not these are large enough to matter in
the context of the previous factors.

Such considerations are particularly likely to apply when the outcomes being improved by treatment are
not observable by clinicians or patients. For example, clinicians and patients can observe change in pain
during treatment with an analgesic. In contrast, most preventative treatments require clinicians and
patients to take it on trust that meaningful outcomes are better because a prevented heart attack or other
prevented future event is not observable in an individual.

The creation of measures of absolute benefit to allow comparison of net
benefit across treatments for different conditions
There are no major technical barriers to using a consistent method to produce estimates of the absolute
benefit of treatments for different conditions across a range of clinical outcomes. However, all such
estimates rely on making a number of significant assumptions, including that relative risk of benefit is
constant across populations, that competing risks of death are not significant, that baseline risk has been
accurately measured in the guideline population or its important subgroups and that the relative risk of
harm is constant across populations. All of these assumptions will be untrue at least sometimes, but it is
important to note that any clinician who prescribes a treatment to a patient who would not have been
eligible for the original trial is making some or all of these assumptions implicitly. Similarly, there are no
technical barriers to using absolute QALYs to compare the benefit of treatments, although again only
provided that guiding principles are followed to maximise comparability. In practice, an absolute QALY
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FIGURE 20 Using epidemiological data to inform single-disease guideline development.
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approach will be restricted in the short term by the relative lack of suitable economic models for many
clinical interventions. In both cases, we believe that absolute benefits should be estimated only for
interventions with demonstrated clinical benefit at a minimum, and ideally cost-effectiveness.

The NICE multimorbidity guideline due to be published in September 2016 will develop a method for
extracting absolute benefit information from existing NICE guidelines,42 which is likely to form the core of a
resource to compare the absolute benefit of treatments for different conditions. In practice, we believe
that this will be of most value when the benefit of treatment is not observable by clinicians and patients.
For treatments of symptoms, irrespective of the average benefit in the population, both clinician and
patient can at least partly judge if treatment is successful. In contrast, for treatments that reduce the risk of
future events, treatment decisions are largely informed by trial evidence, and it is in this context that we
believe that comparisons of the absolute benefit of different treatment would be most useful, to inform
decision-making shared with people with limited life expectancy and/or significant treatment burden.

However, current ways of delivering guidelines using downloadable versions, electronic pathways online
and paper-based decision support tools will not make the large amounts of information about absolute
benefit easily usable, and any absolute benefit comparison resource will require regular refreshing as
guidelines are updated. We therefore believe that effective delivery will require the creation of a suitable
electronic resource where clinicians and patients can choose which conditions and which treatments to
compare, can calculate baseline risk or choose plausible values for it, and can choose how to view absolute
benefit (in words, in numbers of various kinds or graphically). Creating and evaluating such a resource was
beyond the scope of this project, but will probably require investment from either a research funder or a
national decision-making body such as NICE.

The use of alternative output of model-based cost-effectiveness analysis to
help guideline development groups examine the implications of time
to benefit and competing risks
Our empirical study applied the concepts of pay-off time, DTD and graphical QALY profiles from an
existing model-based CEA used for the production of CGs for the primary prevention of CVD with statins.
These three concepts have the potential to be an informative approach to include a temporal dimension
in model-based CEA. The calculation of pay-off time together with using visual presentation of the
information (QALY profiles) provides a potentially useful tool to complement existing cost-effectiveness
results and potentially aid guideline decision-making when choosing between interventions with different
pay-off times, or considering the implications of estimated pay-off times in people with limited
life expectancy.

For surgical or screening interventions with clear upfront harms, pay-off time is clearly relevant, and we
believe it should be actively considered by GDGs by examination of QALY profiles. For long-term drug
treatments, pay-off time is more driven by the extent to which DTD applies. However, in this context, even
small harms may mean that pay-off times exceed the life expectancy of important subgroups of the
population given the presence of life-limiting comorbidity.

The method can be easily and rapidly applied using current model-based CEA. The pay-off time can be
stratified according to various baseline characteristics that are pre-built into economic models, and it can
be calculated as a pay-off time in purely QALY terms or it can also be inclusive of financial costs associated
with an intervention by using net benefit. Another potential extension, which would make the pay-off time
informative in the context of patients with comorbidity, is to explore the impact of adjusting the relative
risk of all-cause mortality, which is generally a parameter included in Markov model-based CEA. In this
scenario, the adjustment in the relative risk of all-cause mortality is used as a proxy for a patient population
with competing risk of death from comorbidities.
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Generating estimates of the pay-off time, using the QALY or QALY inclusive of costs (net benefit) form,
could therefore be used by GDGs as a complement to the outputs from existing model-based CEA already
used to inform NICE CGs. Although there have been some empirical studies of it, more research is needed
to better quantify DTD using well-designed stated preference studies in appropriate samples of the patient
population and members of the public. In the interim, the use of pre-defined DTD could enable exploration
in sensitivity analysis of the potential impact if patients do associate some level of harm with taking a
long-term treatment. A series of one-way sensitivity analyses could therefore be used to present the impact
of plausible levels of DTD, and also the potential impact of comorbidity on mortality risk. Practically, we
believe that pay-off time should be explored only in the context of interventions that have already been
shown to be a cost-effective use of resources in the main model-based CEA.

Recommendations for research

We believe that all of these recommendations are important and therefore list them with no particular
priority.

l Research is needed to optimise the design and effectiveness of different ways of presenting
comparative absolute benefit to clinicians and patients, with subsequent research to understand if and
how such information is used by clinicians and patients, either alone or in shared decision-making.

l Evaluation of the impact of the use of epidemiological data and TTB data on GDG deliberations and
decision-making is needed. GDGs apply expert judgement to create guideline recommendations that
are based on but not solely determined by evidence, not least because the evidence is often incomplete
or not wholly applicable. It is therefore difficult to be certain that recommendations from one process
are better than recommendations from another, but it is possible to examine whether or not the
process is better in the sense of being more transparent or more systematic. Such research is therefore
likely to be observational and probably ethnographic, aiming to understand how the process by which
GDGs reach conclusions is different when epidemiological and TTB data are used from when they are
not, and whether or not any differences are judged to be improvements in process.

l Further research is required to generate robust empirical estimates of DTD using well-designed stated
preference studies in appropriate samples of the patient population and members of the public. In
addition, there is a need to better define how DTD should be best incorporated into the utility values
for the patient cohort being run through a Markov model, which is related to the broader issue of how
best to include utility values associated with comorbidities in a model-based CEA.204

l Properly accounting for multimorbidity in CGs requires synthesising data from multiple sources,
including evidence of benefit from trials, and evidence from observational studies about harm,
baseline risk, competing risks and life expectancy. For selected conditions and treatments, it would
be appropriate to evaluate interventions in more comorbid and older patients, who are commonly
excluded from trials. A common problem is that observational data are not always available. In general,
harm is poorly quantified, baseline risk is well quantified for only some conditions (although almost all
baseline risk calculators ignore competing risks of death, which is a potential major limitation of their
use in older people and those with life-limiting comorbidities) and there are few good tools to predict
life expectancy. For all of these reasons, further research to reduce uncertainty would be helpful,
focusing initially on high-prevalence conditions and very commonly used treatments.
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Appendix 1 First- and second-line drugs
recommended in the 12 guidelines examined in
Chapter 2

Reproduced from Dumbreck et al.73 This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute,

remix, adapt and build upon this work, for commercial use, provided the original work is properly cited.
See: http://creativecommons.org/licenses/by/4.0/.

Definitions 

First line drug = explicitly stated to be a first-line drug, or recommended for (almost) 

everyone with the condition. 

Second-line/other drugs = explicitly stated to be a second or third line drug, or 

recommended for only some subgroups or in some not very common circumstances 

Identified first and second line drugs 

1. CG87 Type 2 Diabetes 

First line: Metformin, sulphonylurea, angiotensin-converting enzyme inhibitors 

(ACEI), simvastatin/atorvastatin. 

Second line/other: Angiotensin-II receptor antagonists (ARB) for hypertension, 

calcium channel blocker for hypertension, diuretic for hypertension, alpha blocker for 

hypertension, beta-blocker for hypertension, K-sparing diuretic for hypertension, 

other statins (not simvastatin/atorvastatin), fibrate, erythromycin, phosphodiesterase 

type-5 inhibitors (PPDE5 inhibitors), metoclopramide, ezetemibe, omega-3 fish oil, 

domperidone, DPP-4 inhibitor/gliptin, thiazolidinedione, GLP-1 mimetic (exenatide), 

acarbose, insulin. 

2. CG90 Depression 

First line: Selective serotonin reuptake inhibitors (SSRI). 

Second line: Venlafaxine, mirtazapine, duloxetine, reboxetine, flupenthixol, 

tryptophan, mianserin, tricyclic antidepressant (TCA), monoamine oxidase inhibitor 

(MAOI), moclobemide, lithium, antipsychotic (aripiprazole, olanzapine, quetiapine, 

risperidone) 

3. CG108 Heart Failure 

First line: ACEI, beta blocker licensed for heart failure 

Second line/other: Licenced aldosterone antagonist, digoxin, ARB, hydralazine, 

nitrate, loop diuretic, warfarin, amlodipine if comorbid hypertension/angina, aspirin if 

comorbid Coronary Heart Disease 

4. CG36 Atrial Fibrillation 
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First line: Warfarin, aspirin, standard beta blocker, rate limiting calcium channel 

blocker. 

Second line/other: Phenindione, dabigatran (rivaroxaban, apixaban), digoxin, sotalol, 

amiodarone, class 1c flecainide, class 1c propafenone 

5. CG42 Dementia 

First line: Donepezil, galantamine, rivastigmine. 

Second line/other: memantine. 

6. CG48 Secondary Prevention Post–MI 

First line: ACEI, aspirin. beta-blocker, statin. 

Second line/other: ARB, clopidogrel, warfarin, diltiazem if beta-blocker 

contraindicated/not tolerated or hypertension/angina and not heart failure, verapamil 

if beta-blocker contraindicated/not tolerated or hypertension/angina and not heart 

failure, amlodipine for hypertension/angina and heart failure, proton pump inhibitor 

(PPI), aldosterone antagonist licensed post-MI, fibrates if intolerant of statin, omega 3 

fatty acids, PPDE5 inhibitors, nicotine replacement therapy (NRT), bupropion. 

7. CG59 Osteoarthritis 

First line: Paracetamol, topical NSAID. 

Second line/other: Oral non-selective NSAID, cyclo-oxygenase-2 selective inhibitors, 

PPI if on NSAID, opioids (codeine/dihydrocodeine), topical capsaicin. 

8. CG73 Chronic kidney disease 

First line: ACEI 

Second line/other: Statins, antiplatelets, antihypertensives, ARB, vitamin D 

supplements, bisphosphonate. 

9. CG79 Rheumatoid Arthritis 

First line: Methotrexate, sodium aurothiomalate, penicillamine, hydroxychloroquine, 

chloroquine, azathioprine, ciclosporin, leflunomide, sulfasalazine 
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Second line/other: Adalimumab, etanercept, infliximab, paracetamol, codeine, 

dihydrocodeine, NSAIDs, Cyclo-oxygenase-2 selective inhibitors, PPI 

10. CG96 Neuropathic Pain 

First line: Amitriptyline, pregabalin. 

Second line/other: Imipramine, nortriptyline, topical lidocaine, tramadol, duloxetine 

for painful diabetic neuropathy. 

11. CG101 Chronic obstructive pulmonary disease 

First line: Short-acting beta2 agonist (SABA), short-acting muscarinic antagonist 

(SAMA). 

Second line/other: Long-acting muscarinic antagonist (LAMA), long- acting beta2 

agonist (LABA), inhaled corticosteroid, theophylline, mucolytic, NRT, varenicline, 

bupropion (Excluded: palliative, oxygen, long term steroids, osteoporosis) 

12: CG127 Hypertension 

First line: ACEI, ARB, calcium channel blocker, thiazide like diuretic. 

Second line/other: Spironolactone, beta blocker, alpha blocker. 
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Appendix 2 Details of expected harm from the
identified potentially serious drug–drug interactions
for each of the three index conditions

Reproduced from Dumbreck et al.73 This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute,

remix, adapt and build upon this work, for commercial use, provided the original work is properly cited.
See: http://creativecommons.org/licenses/by/4.0/.
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Appendix 3 Rapid review search strategy for
direct treatment disutility in Chapter 5

1. (statins or statin).ti,ab.
2. (lipids or lipid).ti,ab.
3. 1 or 2
4. Quality-Adjusted Life Years/
5. quality adjusted life.tw.
6. (qaly$ or qald$ or qale$ or qtime$).tw.
7. (euroqol or euro qol or eq5d or eq 5d).tw.
8. (hql or hqol or h qol or hrqol or hr qol).tw.
9. health utilit$.tw.

10. utilit$.tw.
11. or/4-10
12. (disutilit$ or dis-utilit$).tw.
13. decrement.tw.
14. 12 or 13
15. 3 and 11 and 14
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Appendix 4 The expert elicitation exercise

Introduction

Key parameters in cost-effectiveness models are typically populated with evidence sourced from a review
of the literature. However, robust evidence on patients with multimorbidity is known to be poor, as
typically such patients are excluded from clinical trials.94,97–100

Aim

An expert elicitation process was designed to help to inform and supplement the current available
evidence for populating the model-based CEA reported in Chapter 6.

Method

The elicitation was conducted following the SHELF, based on elicitation practice recommended by
Oakley and O’Hagan.223,234,235 The experts (n = 6) used for the elicitation exercise consisted of generalist
practitioners and geriatricians from the PRG. Informed consent was supplied from each participant.

The elicitation exercise informed the parameter incorporating the risk of ADE when CHD is present and the
proportion of patients with depression and CHD who have an ADE when receiving an antidepressant
within 28 days (4 weeks). This is a key parameter within the economic model, as it drives the potential
cost-effectiveness of the comparators between the scenarios where patients have just depression or
depression and CHD.

Experts were asked to consider each of the following antidepressants:

l SSRIs as a class
l duloxetine
l mirtazapine
l venlafaxine.

To elicit a probability distribution for the parameters of interest, the experts were asked what proportion of
patients they thought would have an ADE when prescribed the antidepressant, knowing they also have
CHD. The quartile method was used to derive a probability distribution on their beliefs for this proportion.
Here the experts were encouraged to provide estimates of (1) the plausible range; (2) the interquartile
range; and (3) the median from which a best-fitting probability distribution is derived. The elicitation of
probability distributions is preferable to an individual parameter estimate, as uncertainty in the experts’
beliefs regarding the parameter can be captured and then used to inform the analysis.

A web-based portal called MATCH (Multidisciplinary Assessment of Technology Centre for Healthcare) was
used to facilitate the elicitation process,235 whereby the exercise would be conducted remotely; experts
would use their own computers in conjunction with a teleconference with the facilitator.

To derive a pooled estimate from all the experts, the individual responses were combined using linear
aggregation methods whereby each expert’s estimation was given an equal weight. For the deterministic
analysis, the mean proportion from the combined estimate was used (see Appendix 5, Tables 35 and 36);
for the probabilistic analysis, samples were drawn from the empirical combined distribution (Figure 21).
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FIGURE 21 Proportion of patients who have an ADE within 28 days who had CHD: the empirical pooled
distribution from a selection of experts (n= 6).
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Appendix 5 Probability of adverse drug event
assumptions
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Appendix 6 Mean time (years) to transition
between coronary heart disease states

TABLE 37 Mean time (years) to transition between coronary heart disease states

First health state Second health state

Age band (years)

55–64 65–74 75–84 ≥ 85

SA UA 344 166 109 81

SA MI 161 90 63 48

SA CHD death 285 142 142 142

UA MI 20 20 21 23

UA ST 71 71 71 71

UA HF 22 22 22 22

UA CHD death 15 9 5 3

MI UA 133 133 133 133

MI ST 312 147 70 35

MI HF 39 39 39 39

MI CHD death 30 15 8 5

TIA MI 322 181 124 96

TIA ST 55 23 12 10

TIA CVM 61 28 19 18

ST UA 322 181 124 96

ST MI 322 181 124 96

ST HF 138 78 53 41

ST CHD death 45 19 8 4

HF UA 123 123 123 123

HF MI 123 123 123 123

HF ST 516 516 516 516

HF CHD death 21 21 21 21

CVM, cerebrovascular mortality; HF, heart failure; SA, stable angina; ST, stroke; UA, unstable angina.
Source: adapted from Ward et al. (2007).201

DOI: 10.3310/hsdr05160 HEALTH SERVICES AND DELIVERY RESEARCH 2017 VOL. 5 NO. 16

© Queen’s Printer and Controller of HMSO 2017. This work was produced by Guthrie et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

149







Part of the NIHR Journals Library 
www.journalslibrary.nihr.ac.uk

Published by the NIHR Journals Library

This report presents independent research funded by the 
National Institute for Health Research (NIHR). The views 
expressed are those of the author(s) and not necessarily 
those of the NHS, the NIHR or the Department of Health

EME
HS&DR
HTA
PGfAR
PHR


	Health Services and Delivery Research 2017; Vol. 5; No. 16
	List of tables
	List of figures
	List of boxes
	List of abbreviations
	Plain English summary
	Scientific summary
	Chapter 1 Background to the project
	Defining multimorbidity and comorbidity
	Epidemiology of multimorbidity
	Why multimorbidity matters
	Guidelines and multimorbidity
	Systematic examination of how guidelines account for multimorbidity
	Single-disease guidelines explicitly designed to account for multimorbidity
	Published guidance on how to account for multimorbidity in guidelines

	Aims and objectives
	Project management and public involvement

	Chapter 2 Initial work examining how three exemplar guidelines accounted for multimorbidity
	Background
	The National Institute for Health and Care Excellence guideline development process
	Three exemplar guidelines
	Structure of this chapter

	Examining and cross-referencing treatment recommendations in the three exemplar guidelines
	Background
	Methods
	Findings
	Summary

	Use of economic data in guidelines for the three exemplar conditions
	Background
	Methods
	Findings
	Summary

	Drug–drug and drug–disease interactions
	Background
	Methods
	Interaction findings
	Summary

	Discussion
	Summary of the three studies
	Interpretation and implications of the three studies

	Conclusion

	Chapter 3 The applicability of evidence used to inform clinical guideline treatment recommendations
	Background
	How commonly is applicability of evidence a potential problem?
	Extrapolation of evidence into recommendations in guideline development
	How does Grading of Recommendations Assessment, Development and Evaluation deal with applicability?

	Methods
	Findings for initial management of hypoglycaemia in type 2 diabetes with metformin or sulphonylurea
	Characteristics of the trial populations
	Comparison of trial population and the population for which recommendations are being made
	Drug–disease and drug–drug interactions
	Are there applicability issues with metformin and sulphonylureas for the initial management of hyperglycaemia in people with newly diagnosed type 2 diabetes?

	Findings for heart failure due to left ventricular systolic dysfunction: treatment with angiotensin-converting enzyme inhibitors and beta-blockers
	Characteristics of the trial populations
	Comparison of trial population and the population for which recommendations are being made
	Drug–disease and drug–drug interactions
	Are there applicability issues with angiotensin-converting enzyme inhibitors and beta-blockers for the management of heart failure due to left ventricular systolic dysfunction?

	Findings for depression treatment with selective serotonin reuptake inhibitor antidepressant
	Characteristics of the trial populations
	Comparison of trial population and the population for which recommendations are being made
	Drug–disease and drug–drug interactions
	Are there applicability issues with selective serotonin reuptake inhibitor treatment for depression?

	Discussion
	Summary of findings
	Implications of findings

	Conclusion

	Chapter 4 Comparing treatments in terms of absolute benefit
	Background
	Using absolute benefit expressed in terms of trial outcomes
	Using estimated lifetime quality-adjusted life-year gain as a single metric for comparison

	Aim
	Methods
	Calculating absolute quality-adjusted life-years

	Results
	Comparing absolute benefit using trial outcomes
	Using more realistic estimates of baseline risk
	Comparing treatments using annualised number needed to treat across plausible ranges of baseline risk
	Comparing treatments using absolute quality-adjusted life-year gain

	Discussion
	Comparing the absolute benefit of treatments using trial clinical outcomes
	Comparing absolute benefit using quality-adjusted life-years

	Conclusion

	Chapter 5 Including a temporal dimension in model-based cost-effectiveness analysis: an application to the use of statins in primary prevention of cardiovascular disease
	Introduction
	Key underlying concepts
	Time to benefit
	Pay-off time

	Cumulative quality-adjusted life-years and quality-adjusted life-year profiles
	Direct treatment disutility
	Empirical study aim and objectives
	Methods
	Case study selection
	The model
	Patient vignettes
	Analysis
	Exploratory analysis

	Results
	Patient vignette 1
	Patient vignette 2
	Patient vignette 3
	Competing risks of death in patient populations with multimorbidity

	Discussion
	Conclusion

	Chapter 6 Quantifying the impact of multimorbidity in a model-based cost-effectiveness analysis
	Background
	Aim
	Study objectives
	Selection of the case study
	Scope of the model-based cost-effectiveness analysis
	Modelling approach
	Model conceptualisation
	Model overview
	Model structure
	Treatment effectiveness and adverse drug reactions
	Subsequent response and recovery
	Long-term events
	Resource use and costs
	Model logic
	Calculation of quality-adjusted life-years, costs and net benefit
	Model verification, structural stability and sensitivity analyses

	Results
	Exploratory scenario analyses: impact of disease–disease interaction
	Calculation of absolute quality-adjusted life-years: an exploratory analysis

	Discussion
	Conclusion

	Chapter 7 Summary and conclusions
	Summary of findings
	Implications of findings
	The use of epidemiological data to characterise the guideline population
	The creation of measures of absolute benefit to allow comparison of net benefit across treatments for different conditions
	The use of alternative output of model-based cost-effectiveness analysis to help guideline development groups examine the implications of time to benefit and competing risks

	Recommendations for research

	Acknowledgements
	References
	Appendix 1 First- and second-line drugs recommended in the 12 guidelines examined in Chapter 2
	Appendix 2 Details of expected harm from the identified potentially serious drug–drug interactions for each of the three index conditions
	Appendix 3 Rapid review search strategy for direct treatment disutility in Chapter 5
	Appendix 4 The expert elicitation exercise
	Appendix 5 Probability of adverse drug event assumptions
	Appendix 6 Mean time (years) to transition between coronary heart disease states



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Italic
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Web PDFs for NIHR Journals Library article text. RGB colour, low-resolution images, bookmarks and hyperlinks included.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	Crossmark 2: 
	Page 1: 



