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Researchers and research funders aiming to improve diagnosis seek to identify if, when, where, and how earlier diagnosis is
possible. This has led to the propagation of research studies using a wide range of methodologies and data sources to explore
diagnostic processes. Many such studies use electronic health record data and focus on cancer diagnosis. Based on this literature,
we propose a taxonomy to guide the design and support the synthesis of early diagnosis research, focusing on five key questions:

● Do healthcare use patterns suggest earlier diagnosis could be possible?
● How does the diagnostic process begin?
● How do patients progress from presentation to diagnosis?
● How long does the diagnostic process take?
● Could anything have been done differently to reach the correct diagnosis sooner?

We define families of diagnostic research study designs addressing each of these questions and appraise their unique or
complementary contributions and limitations. We identify three further questions on relationships between the families and their
relevance for examining patient group inequalities, supported with examples from the cancer literature. Although exemplified
through cancer as a disease model, we recognise the framework is also applicable to non-neoplastic disease. The proposed
framework can guide future study design and research funding prioritisation.
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INTRODUCTION
Researchers and research funders increasingly recognise the
imperative to improve diagnosis in medicine [1, 2]. The recent
growth in research relating to diagnostic quality and safety is
challenging to navigate, due to the different study designs
employed to address the same research questions and the lack of
consensus on terminology.
We posit that research in the field of diagnostic quality and

safety aims to answer five principal questions concerning the
diagnostic process:

1. Do healthcare use patterns suggest earlier diagnosis could
be possible?

2. How does the diagnostic process begin?
3. How do patients progress from presentation to diagnosis?
4. How long does the diagnostic process take?
5. Could anything have been done differently to reach the

correct diagnosis sooner?

A taxonomy (a classification scheme) of different research
questions underpinned by theoretical considerations can support
a systematic approach to understanding relevant literature and
can guide priorities in future research for different conditions.
Thus, we discuss study designs and methods best suited to
address each of these five questions. Further, we explore how
examining variation between and within these study families can
advance the understanding of how diagnosis can be improved
across patient groups.

FIVE PRINCIPAL QUESTIONS CONCERNING THE DIAGNOSTIC
PROCESS
Do healthcare use patterns suggest earlier diagnosis could be
possible? (Diagnostic window studies)
The diagnostic window is defined by a pre-diagnostic period
where the frequency of healthcare encounters made by an as-yet-
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undiagnosed cohort (i.e., the group of patients with a pre-
specified condition who present because of their underlying
condition but who have not as yet received their true diagnosis)
increases from ‘background’ healthcare use in the same patients
or disease-free controls. The length of the diagnostic window
provides a guide to how much earlier it may be possible to
diagnose at least some patients with the condition.
Different types of healthcare events can define diagnostic

windows, helping to elucidate when the condition becomes
detectable in specific ways. Windows defined by primary care
consultations provide a generic expression of when as-yet-
undiagnosed patients begin to use healthcare differently.
Diagnostic windows can additionally be defined by events
recorded during the healthcare encounter (e.g., recorded symp-
toms, prescribed medication, investigations ordered [3, 4]). When
conducted in different disease contexts, health systems or eras,
diagnostic window studies can reveal differences in diagnostic
performance and identify patient groups with the greatest
potential for earlier diagnosis [5–7].
The unique strength of diagnostic window studies is that they

provide proof-of-concept epidemiological evidence that earlier
diagnosis may – in principle – be possible. Empirically demon-
strating the existence and length of diagnostic windows is a useful
first step in designing diagnostic research. This length not only
informs the length of follow-up that should be considered in
further studies, but also indicates the period during which quality
improvement efforts should focus and the degree of population-
level improvement that may be possible.
A principal limitation of diagnostic window studies is that they do

not demonstrate the proportion of patients responsible for changes
in healthcare use. In theory, a very small number of highly atypical
patients could account for detectable changes. Further, diagnostic
windows do not provide insight into the exact clinical circum-
stances of individual patients and do not produce evidence that any
specific patient could have been diagnosed any earlier, unlike
studies of missed diagnostic opportunities (see below).

How does the diagnostic process begin? (Prodromal feature
studies)
Prodromal features are characteristics that are observed in the as-
yet-undiagnosed population at a greater rate than in controls who

remain disease-free. Many studies consider prodromal symptoms
[8, 9], but there are other possible prodromal features such as
abnormal test results [10, 11]. Analyses of large samples of
electronic health records have enabled formal identification and
quantification of these early signs and symptoms in recent years,
alongside their positive predictive values for cancer [8, 12–14].
The main strength of prodromal feature studies is that known

prodromal features can be used to guide the diagnostic process,
for example in helping to decide whether specialist investigations
or referrals are needed. There are several examples of studies
estimating the predictive value of symptoms and tests supporting
clinical practice guidelines [15–20].
A limitation of these studies is the variability in the length of the

period during which features associated with the diagnosis are
observed. Some of this variation may be appropriate as different
features are likely to be predictive over different periods of time,
however much literature in the field of cancer early diagnosis
research uses 1- or 2-year periods a priori without justification.
Formal evidence from diagnostic window studies can be useful in
determining risk periods of appropriate length for studies of early
signs and symptoms, particularly for conditions characterised by
vague or non-specific symptoms. A new approach uses time-to-
event analysis to explore how the association of a feature with
diagnosis of a condition changes over time [21].

How do patients progress from presentation to diagnosis?
(Diagnostic pathway studies)
Diagnostic pathways comprise the sequence of different health-
care encounters, investigations, and decisions in a patient’s
journey to diagnosis. For example, in symptomatic lung cancer
patients, different pathways might encompass visiting a GP with a
prodromal feature, being sent for a chest X-ray, referred to a
respiratory outpatient department or having an emergency
admission [22].
A diagnostic pathway begins when a patient first recognises a

symptom and ends when the correct diagnosis is made [23, 24].
During this pathway patients typically present to healthcare in
three ways, as described in Fig. 1. A small number of additional
patients who experience minimal or no prodromal features may
have unheralded diagnoses, only recorded on their death
certificate [25]. Variation in the proportion of patients presenting

Elective care presentations
Many patients initially present with relevant symptoms to a doctor in primary care,

depending on the condition of interest. 

Emergency presentations
Occur when a patient is diagnosed after presenting in an emergency setting and/or in a
critical clinical condition. Causes could include symptomatic deterioration following an

elective care presentation, or barriers preventing the patient from presenting elsewhere

Coincidental presentations
Some patients with an underlying condition may be asymptomatic or only experience mild

symptoms. The patient is only diagnosed when presenting for an unrelated reason–for
example, symptoms of another condition, abnormal test results triggering investigation, or

screening.    

Death certificate only diagnoses
Depending on the condition of interest, some patients may only be ‘diagnosed’ after death.

Fig. 1 Typical presentations that may be encompassed in the diagnostic pathway. Patients may experience one or more of these
presentations during their diagnostic pathway.
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through each route may be indicators of our ability to diagnose a
condition electively [26, 27].
Walter et al. note two initial patient-dependent stages of the

diagnostic pathway – the “appraisal” and “help-seeking” stages
[24]. These stages cannot be identified from structured electronic
health record data, and require alternative approaches, such as
free-text or qualitative interviews with patients and clinicians
which may be more susceptible to bias [28–31]. As such,
diagnostic pathway studies using EHRs will typically focus on
identifying pathways from first presentation through to diagnosis.
Identifying patient-level diagnostic pathways and analysing

patterns at population-level produces a map of the routes through
which patients typically first present and then progress towards a
final diagnosis via tests, prescriptions, and referrals. In the context
of diseases with diagnostic guidelines, the proportion of patients
diagnosed via guideline-concordant pathways can help assess the
success of quality improvement initiatives [32, 33]. Similarly, the
“optimality” of different pathways can be assessed by comparing
their associations with prognosis and patient experience [34], or
through clinician ranking [35].

How long does the diagnostic process take? (Diagnostic
interval studies)
The diagnostic interval for an individual patient is the period
between first presentation and diagnosis and is a measure of how
long it takes for them to be correctly diagnosed. The ‘total’
interval, from symptom onset to diagnosis or treatment, can be
further split into subcomponents, such as the patient interval and
the primary care interval [28] (Fig. 2).
Considering diagnostic intervals at population-level allows

identification of whether patients with the as-yet-undiagnosed
condition are likely to experience diagnostic delay, and quantifica-
tion of the distribution of any delays. Further, examining changes
in average diagnostic intervals can support the evaluation of
diagnosis improvement initiatives - such as the introduction of
clinical guidelines - and can help to compare performance
between and across healthcare systems [36–40]. However,
diagnostic intervals should be triangulated with other measures
of diagnostic delay to understand whether comorbidities may be
artefactually prolonging interval length [7].
The main limitation of both diagnostic pathway and diagnostic

interval studies is that, generally, pathways or intervals alone are

not sufficient to determine if anything could have been done
differently to ensure a specific patient was diagnosed sooner.
However, by examining variation with other factors, they can
provide an understanding of which patients are at the highest risk
of experiencing diagnostic delay and where in the healthcare
system delay is most likely to occur. Depending on the disease
and healthcare context, these studies may require linkage of
multiple datasets to track patient pathways, determine pathway
optimality, or measure intervals.

Could anything have been done differently to reach the
correct diagnosis sooner? (Missed diagnostic opportunity
studies)
Missed diagnostic opportunities are pre-diagnosis healthcare
contacts where post-hoc judgement indicates that alternative
decisions or actions could have led to more timely diagnosis [41].
The majority of missed diagnostic opportunities are expected to
occur within the diagnostic window and relate to patients with
suboptimal diagnostic pathways and prolonged diagnostic inter-
vals. However, there is little empirical research currently demon-
strating this.
A current challenge is the unresolved balance between

identifying missed diagnostic opportunities both accurately and
objectively. One method of identifying missed diagnostic oppor-
tunities is manual clinical review [42–44], but this requires
resources that limit scalability beyond clinical audit projects.
A second method is to define markers of missed diagnostic

opportunities in EHR data. Such phenotypic rules – also termed ‘e-
triggers’ - typically incorporate the documented occurrence of an
event, combined with a time period during which a subsequent
action ought to have followed [45–49]. This allows estimation of
the prevalence of a specific missed diagnostic opportunity, but
requires prior knowledge of relevant markers.
A third approach is to consider any contacts within the

diagnostic window where relevant symptoms have occurred -
above those expected coincidentally - as missed diagnostic
opportunities [50]. This gives a proxy marker for missed
opportunities and still requires manual clinical review to
determine whether any individual instance was truly a missed
diagnostic opportunity.
Identifying missed diagnostic opportunities can provide both

patient- and population- level insight into diagnostic quality and

Total interval

Patient interval Doctor interval

First
symptom

First
presentation/

clinical
appearance

First
investigation,
primary care

responsible for
the patient

First
referral to
secondary
care/refer

responsibility

First
specialist

visit
Diagnosis

Treatment
start

Primary care interval Secondary care interval

Diagnostic interval Treatment interval

System interval

Fig. 2 An illustration of the overall milestones and time intervals in the route from first symptom until start of treatment for cancer.
Reused from Weller et al. [28], adapted from Olesen et al. [23].
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safety incidents that are taking place and their frequency. This
could allow for fast and targeted action to improve the
diagnostic process. However, any approach incorporating a
clinical review component may be subject to hindsight bias
[51] – that is, the clinician’s awareness of the patient’s outcome
may affect their judgement of whether a missed diagnostic
opportunity occurred.

DISCUSSION
The proposed taxonomy can be used to understand the
diagnostic process and systematically organise existing evidence
and is summarised in Table 1. We believe there are three
additional questions that can be asked within these families of
studies to examine why diagnostic quality and safety deviations
are occurring and their potential impact.

What factors are associated with variation in a study family?
For any of the families above we can examine associations with
various factors. These include patient factors (age, sex, deprivation,
comorbidities, ethnicity, and whether the patient lives alone),
healthcare factors (location, type, and size of the healthcare
setting), disease factors (cancer morphological type and grade),
and era. This can provide insight into mechanisms responsible for
prolonged diagnostic delay or convoluted pathways to diagnosis
and help target interventions at affected groups.
For example, variations in diagnostic interval with age, and

diagnostic pathways with cancer site have been observed [36, 52].
Small differences in diagnostic window length with sex have been
shown for primary intracranial tumours [53].

What relationships exist between these study families?
We may frequently have research questions that relate to multiple
study families; for example, are missed diagnostic opportunities
more prevalent on certain diagnostic pathways? We can also
explore how variation within one family can explain variation
within another alongside the factors considered above: if a
particular patient group commonly take a suboptimal diagnostic
pathway, is this due to the early signs and symptoms they present
with, or for other reasons?
For colorectal cancer, for example, women with serious non-

gastrointestinal comorbidities who have an emergency presenta-
tion have been shown to have a diagnostic window twice as long
compared to other patient groups [54, 55]. This shows that for
certain patient subgroups targeted improvement efforts could
help diagnose patients earlier.

What impact does variation within a study family have on
disease outcomes or patient experience?
We can evaluate the impact of specific diagnostic process
experiences by exploring associations between disease outcomes
or patient experience and the families above. This helps us to
appreciate the consequences of diagnostic quality and safety
lapses, and facilitates discussion of which targeted interventions
may have the most impact.
Earlier diagnosis of symptomatic cancer is likely to improve

survival and quality of life, although benefits vary by cancer site
[56]. It has also been shown that patient experience varies with
diagnostic pathway for breast, colon, and rectal cancer, with
emergency presenters reporting worse and screening-detected
patients reporting the greatest satisfaction with care [57].

Strengths and limitations
The proposed taxonomy explains the main research questions
addressed by diagnostic quality and safety research, explores how
different study families address these questions and provides a
framework against which existing and new research can be

organised. Further, it provides an opportunity to standardise
terminology used across diagnostic quality and safety research.
A key concern is the extent to which “confounding by

indication” may bias research on the diagnostic process. In brief,
diagnostic management is influenced by the patient’s health
status seen by a clinician [58]. The potential bias this may cause is
best illustrated in diagnostic interval studies. Tørring et al. discuss
a “U-shaped” relationship between diagnostic interval length and
mortality in colorectal cancer patients [59] (also known as the
‘waiting time paradox’ or ‘sicker-quicker’ phenomenon
[56, 60–62]). Counterintuitively, there was higher mortality among
patients with the shortest diagnostic intervals. This is possibly
explained by tumour aggressiveness and stage at presentation,
emergency presentations, and multi-morbidity [59]. Concerns
have also been raised as to how multi-morbidity may affect the
measurement of diagnostic intervals [7]. Researchers should
consider methods to assess the presence of confounding, for
example comparing intervals by stage or diagnostic pathway
groups.
The study families we have described focus on earlier diagnosis

as a process measure (achieving diagnosis earlier in time), rather
than as a patient/disease outcome (achieving diagnosis at an
earlier disease stage). Whilst shorter intervals in the diagnostic
process are associated with improved patient outcomes in general
[56], Tørring et al. have illustrated that this association varies
between patient groups [59]. For cancer, staging classifications are
well-developed, but for other conditions disease stage or severity
may not be well-defined. Furthermore, we have not considered
research concerning overdiagnosis. At present, defining and
quantifying overdiagnosis is challenging [63, 64] and generally
only possible for patient groups as opposed to individual patients.
Nevertheless, consideration of potential overdiagnosis is required
when carrying out any of the research we have described.
In developing the taxonomy, we have focused on research using

electronic health records. Other possible research methods –
such as surveys or qualitative research have not been considered in
detail. There may be some overlap in the purposes of the families
we describe; for example, both diagnostic windows and intervals
could be used to identify conditions where diagnostic delay is a
concern. When designing diagnostic quality and safety research, it
may be useful to consider the differences between families and
how they can address specific questions being asked (Supplemen-
tary Table 1).
Finally, the examples we give to support our taxonomy were

sourced from the literature on cancer diagnosis, and some of the
research we have described may not be possible for certain other
health conditions. For example, endometriosis diagnosis and
management are entwined and cannot be separated, so defining
a date of diagnosis may not always be possible. Without a
diagnosis date carrying out diagnostic window studies, for
example, would be very challenging.

Implications
This taxonomy provides a structure against which existing
evidence can be compared and organised, helping to elucidate
promising targets for further research and improvement efforts.
This allows us to borrow methods and adapt findings from
diagnostic quality and safety research into other, seemingly
unrelated, diseases. This is particularly relevant for conditions
where existing evidence may be sparse, such as schizophrenia and
rheumatoid arthritis.
The proposed framework can guide research in a sequential

fashion; for example, if we want to explore how a specific
condition is diagnosed in a specific healthcare system, then we
can methodologically work through the families distinguished
here (as applicable to the condition) to build the knowledge base,
from population- to patient-level.
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CONCLUSION
We propose a ‘5-question’ taxonomy of diagnostic quality and
safety research. The proposed framework can help situate existing
research and deepen enquiries into diagnostic quality and safety
deviations in conditions such as cancer, where diagnostic delay
continues to be prevalent despite growing investment in research.
It can also guide rigorous diagnostic quality and safety research in
conditions for which existing evidence is sparse. This taxonomy
will aid the synthesis of existing evidence, support the design of
new studies, and prioritise decisions for research aiming to
improve diagnosis in medicine as a whole, and for specific
conditions.
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