DISCUSSION PAPERS

Diagnosis and general practice
NICHOLAS SUMMERTON
SUMMARY
This discussion paper presents the case for a rigorous diagnostic research agenda within primary care. In view of
unique aspects of primary care medicine and the relatively
unselected nature of the populations encountered by general practitioners, it is clear that diagnostic research undertaken in other settings may be inapplicable.
Most diagnostic studies adopt designs that seek to compare items, or clusters of items, of clinical information
against a gold standard. In order to enhance the feasibility
and rigour of such research within primary care, suggestions are made about priorities and specific key methodological issues.
It is essential that the information generated by primary
care diagnostic research should be reliable, valid, useful,
and useable within general practice. The ultimate objective
must be the identification of specific items, or small clusters
of items, of clinical information of high discriminant ability
among the groups of patients encountered in general practice.
Keywords: diagnostic research; clinical decision making;
treatment versus non-treatment.

Introduction
CCORDING to Morrell, general practitioners (GPs) are priA
marily diagnosticians and yet, as pointed out by Howie in
1972, diagnosis remains the Achilles heel in general practice.
1

2

Today, over 25 years later, it seems that medical research has yet
to address in any meaningful manner what symptoms and signs
indicate in primary care; just how useful is a particular symptom
at predicting a certain disease, which symptoms are not useful,
and which symptoms will rule out disease.3 This view has been
echoed by both the Medical Research Council Topic Review on
Primary Health Care and the report of the National Working
Group on R & D in Primary Care (Mant Report).4,5 In addition,
the Medical Defence Union has reported that failure or delay in
diagnosis consistently accounts for nearly one-third of notified
complaints concerning GPs.6 As the most frequent clinical condition associated with such diagnostic failure or delay is missed
malignancy, it is salutary to note that the evidence for the significance of chronic cough as a feature of lung cancer or haematuria
as a symptom of urological malignancy within primary care populations remains inadequate.7,8
There are a number of possible reasons for the lack of emphasis on diagnostics within primary care academic research.
Diagnostic research is difficult: it requires large numbers of
patients, often involves long time periods, and requires very
robust methods. Such research is clinical and GP vocational
training is designed on the assumption that clinical medicine is
best taught by an appropriate systems specialist. The tradition is
that the diagnosis and assessment of, for example, chest pain is
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best learnt from a cardiologist, the diagnosis and assessment of
abdominal pain from a surgeon. At a macro level, health authorities, public health departments, and many evidence-based institutions and initiatives seem to perpetuate the myth that patients
present with ‘colorectal cancer’ or ‘heart failure’ rather than a
complex array of items of clinical information.
In this climate diagnostic research is given low priority; therefore, in developing a diagnostic research agenda within primary
care settings, there is a requirement to ensure that it is both necessary and feasible. In addition, as it focuses on an extremely
important aspect of clinical decision making, we need to be well
aware of the potential pitfalls of such research. Above all, any
discriminant information generated should be both useful and
useable in day-to-day clinical general practice.

Why do we need to undertake diagnostic research in
primary care settings?
Increasingly it is being recognised that there are important differences between primary care medicine and secondary/tertiary care
medicine.9 For example, there are distinct dissimilarities between
the patients, pathologies, and presentations encountered by the
GP in comparison with his or her specialist colleagues. Within
primary care conditions will often be seen at an evolutionary
stage when classical descriptions and classifications simply do
not apply. According to McWhinney, many illnesses even defy
categorisation as they are transient and self-limiting, or are treated early before reaching the stage of traditional diagnosis.10
Decisions made by GPs are also different from those made by
specialists — the precise diagnostic labels are often less important than deciding on an appropriate course of action. Diagnoses
may be framed in terms of dichotomous decisions: treatment versus non-treatment, referral versus non-referral, and serious versus
non-serious. In a well-known general practice-based study of respiratory illness, Howie concluded that a specific diagnostic label
may be merely a justification of antibiotic treatment rather than a
reason for it.2
Making the right choice early is important; diagnostic inefficiency and diagnostic inaccuracy may have untoward consequences. In relation to cancer, general practice diagnostic delay
can have adverse effects on prognosis11 as well as the nature of
the interventions required. For example, patients with late stage
testicular cancer often require more extensive, aggressive, and
disabling treatment than those with early stage disease.12 On the
other hand, overdiagnosis or unnecessarily excessive testing
(diagnostic inefficiency) can lead to both physical and psychological damage. Normal children who were misdiagnosed as having organic heart disease show as much deterioration in physical
and social function as children who really do have damaged
hearts.13
In view of the low prevalences of many serious or important
conditions within primary care, GPs necessarily differ from
specialists in the amount of risk they are willing to take when
confronted with a particular symptom. On moving from hospital
practice to general practice a doctor needs to adjust his or her
perception of the balance between probability and pay off. The
problem is that in taking any risks based on probabilities, even in
low-prevalence populations, it is essential to be certain of the
adequacy of the diagnostic knowledge base. In view of the severe
consequences of missing some diagnoses (e.g. myocardial infarction) GPs must be aware of the validity and, in particular, the
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false-negative rates associated with the clinical information they
are using. If the validity is dubious or the false-negative rate is
too high the information may become inapplicable in relation to
the amount of risk GPs are willing to accommodate.
The discriminant ability of any item of clinical information
can be expressed in a number of ways — for example, predictive
value, sensitivity, specificity, and likelihood ratio. The predictive
value often makes the most intuitive sense to clinicians — i.e. the
positive predictive value is the probability that the disease is present if the ‘test’ is positive, the negative predictive value is the
probability that the disease is absent if the ‘test’ is negative. For
the primary care clinician it is important to be aware that the predictive value is affected by the prevalence: as the prevalence
falls, the number of false positives tends to increase resulting in a
lowering of the positive predictive value.14 The effect of prevalence can also be readily understood in relation to Bayes
Theorem — i.e. posterior probability = likelihood ratio x prior
probability. This emphasises that the interpretation of any new
information should depend on the prior probability (prevalence)
of disease. Thus, in primary care, the posterior probability of disease will be lower than in a selected population even if the same
discriminant functions with identical ‘weights of evidence’ can
be applied.15 In 1990, Sox and colleagues were able to demonstrate that the prevalence of coronary artery disease was much
lower in two primary care populations than in a referred arteriography population, even when patients with similar logistic scores,
and thus similar clinical histories, were compared.16
The sensitivity is the probability of a positive result with a test
if the disease is present; specificity is the probability of a negative result with the test if the disease is absent. Traditionally, sensitivities and specificities have been applied to laboratory testing
but the functions can clearly be used for any type of clinical
information. Sackett has even coined the terms ‘SpPin’ and
‘SnNout’ to make the terms more meaningful for clinicians.17
The rule of SnNout states that if a test has sufficiently high sensitivity, a negative result rules out the target disorder (i.e. very few
false negatives). The associated rule of SpPin states that if a test
has sufficiently high specificity, a positive result rules in the disorder (i.e. very few false positives).
It is often assumed that the values for the sensitivity and specificity are fixed. This is not the case: the values for sensitivity and
specificity must themselves be derived from a study undertaken
within a defined study population in which the test is compared
against some gold standard approximating to the truth.
Unfortunately, the majority of such studies have been conducted
outside primary care settings and GPs need to know the nature of
this defined study population if they are going to give meaning to
the sensitivity and specificity values. Many such studies recruit
cohorts of either healthy, self-selected volunteers, such as medical students, or sicker populations from outpatient clinics. This
is important as a test may only be positive in extensive/advanced
disease or in sicker patients but negative in localised disease, or
in situations where there are significant co-morbidities. Within
primary care, conditions will often be seen at an evolutionary
stage when sensitivities and specificities of clinical information
are changing; by the time the patient reaches the ward or the clinic the discriminant functions may have become more fixed. The
process of referral may itself alter the discriminant value of the
clinical information — some being used up during the course of
the referral process.18
In recent years there has been an increasing vogue for the use
of the likelihood ratio, a ratio between the sensitivity and the
specificity. This is useful as the size of the likelihood ratio gives
an indication of the ‘weight of evidence’ provided by the test and
the characteristics of the test can be described in a more clinically
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meaningful series of strata. Calculating a ratio also overcomes
the prevalence problem but, as in the case of individual sensitivity and specificity values, likelihood ratios cannot be easily transposed from one population to another.
Thus, in view of the unique nature of primary care medicine
and the relatively unselected nature of the populations encountered by GPs, it is clear that primary care diagnostic research
needs to be undertaken in the setting and among the patients in
which the results will be applied.

Is it feasible to undertake diagnostic research in primary
care settings?
As is evident from published diagnostic work undertaken in
Holland and Norway, it is possible to estimate discriminant functions within primary care populations.19–22 However, such studies
require the involvement of large numbers of patients and practitioners. Significant amounts of time, funding, collaboration, and
organisation are required to complete the work.
Within the United Kingdom, the existence of the MRC
General Practice Research Framework and the advent of primary care research networks have made such diagnostic research
more feasible in British general practice settings. However, in
view of the costs of such studies it is clearly necessary to develop
a prioritisation framework. Wilson and Jungner’s modified
screening criteria provide useful guidance23 (Box 1).
The diagnosis of most of the more common cancers, many cardiological conditions, and certain rheumatological conditions,
e.g. rheumatoid arthritis or carpal tunnel syndrome, clearly fit
into such a framework.
In general the studies designed to derive diagnostic prediction
rules are cross-sectional and analytical and seek to compare
items (or clusters of items) of clinical information against a diagnostic benchmark (or gold standard). Where follow-up is used
this is to develop or enhance the validity of the gold standard
(e.g. ‘delayed-type’ cross-sectional studies where the gold standard diagnosis is arrived at after a pre-determined period of follow-up24), or to also develop prognostic indicators. Using a variety of mathematical techniques it is then possible to decide what
features in a patient’s initial presentation may have the most significance and provide the greatest ‘weight of evidence’ for diagnosis in a primary care setting. In order to allow exploration of
the relationships of the items of clinical information with each
other and with the outcome, multivariate statistical techniques
such as logistic regression, discriminant function analysis, and
recursive partitioning may be required.25

What are the major problems of diagnostic research in
primary care settings?
1. Deciding on the clinical information
The first problem in developing primary care diagnostic research
is to decide what clinical information ought to be examined.
Traditionally there is a tendency to focus on the medical history,
the clinical examination, and investigations. However, there may
be other features of a patient’s presentation that have predictive
value, e.g. the pattern and characteristics of attendance in the
three years prior to consultation, or previous alcohol/smoking
history and recent changes in consumption. Over 30 years ago,
Pereira-Gray noted the importance of behaviour change in indicating a likelihood of malignancy; one specific example often
cited is a recent decision to stop smoking.26 In a large cohort
study, Nylenna discovered that the patient’s fear of cancer was
an important predictor of malignancy.27 In 1988 Oleson examined the pattern of attendance in patients for three years prior to
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• Can the disease be clearly defined?
• Is the condition an important problem in terms of prevalence or seriousness?
• Is there a recognised early or evolutionary stage?
• Does the condition present a diagnostic problem (i.e. inaccuracy or inefficiency)
would it be useful to have better diagnostic tools?
• Could the diagnostic process for the disease be improved by obtaining information
in a less risky fashion or in a manner more acceptable to patients?

The clinical information
being considered for
use as a diagnostic tool

• Is it useable within primary care? (i.e. simple and quick to extract from patients)
• Is it reliable?
• Is it safe and acceptable to extract from patients?
• Is there a valid and reliable gold standard against which the clinical information can
be compared in order to assess its validity?

The impact of better diagnosis

• Is there an effective treatment for the target condition and could improved
diagnosis lead to either better treatment delivery or shorter treatment delay?
• Would intervention at an earlier stage in the disease result in lowered mortality
into account lead time bias)?
• Would better diagnosis result in lowered morbidity both from the disease and
from the diagnostic process?

and

(taking

Box 1. Suggested prioritisation criteria for clinical diagnostic research within primary care populations.

the diagnosis of cervical carcinoma and remarked that significantly more patients than controls had no doctor contact.28 These
factors, termed ‘quantifiable features of health-seeking and
health-modifying behaviour’, may be of particular value in diagnostic decision making within primary care settings.
Diagnostic research in secondary care often ignores the temporal factor. In hospital settings patients attend the clinic on a specific date and, based on this assessment supplemented with
appropriate investigations, are provided with a ‘diagnostic label’.
The emphasis is on making a clear and prompt diagnosis in a
patient who has already been sifted by primary care. In contrast,
general practice patients often present early in the course of an
illness when typical symptoms and signs are absent and, as the
condition evolves, GPs may rely more on the assimilation of
information gained over a period of time (‘dynamic evidence’,
e.g. the addition of new features, the persistence or changes in
the characteristics of previous problems) rather than the traditional static information obtained at one point. Significant symptoms
(or clusters of symptoms) developing per unit time are often useful diagnostic tools in the real world of general practice.
In deciding on the extent of clinical information about which
to enquire, guidance can be sought from theoretical constructs
such as the health belief model,29 previous research or research
tools (e.g. use of validated descriptive instruments as discriminant tools),30 or from qualitative and quantitative research among
both patients and GPs. Salander et al recently published a
descriptive study of the pathways from symptoms to medical
care in a consecutive sample of 28 patients with malignant
gliomas.31 This study emphasised the importance of the clinical
information provided by the spouse and whether the spouse
escorted the patient to the GP. Other work has indicated a
requirement to consider the ‘information within the information’
(‘symptoms within symptoms’). Bland labels need to be given
more precise meanings and operationalised; for example, the
term ‘palpitations’, as used both by patients and doctors, is too
imprecise, ambiguous, and vague. 32 There is an important
requirement for precision in the definition of any potential predictive variable.
In view of the low prevalences of many serious and important
conditions within primary care it seems likely that clusters of
information may have a greater role than individual items.
However, regression shrinkage techniques will need to be
applied in order to ensure that the potential interactions and
dependency between the variables are appropriately modelled.33
Muris et al have demonstrated how simple, individual items of
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clinical information can be built into ‘clusters’ with powerful
predictive value in the diagnosis of intra-abdominal malignancy
within primary care populations (Table 1).34
When assessing the usefulness of any item (or cluster) of clinical information it is always necessary to consider its reliability as
well as its validity; it is not only necessary to hit the bull’s-eye,
but to hit it consistently. Some clinical information exhibits significant interobserver variability (e.g. in relation to routine chest
examination35) and Laupacis and colleagues have suggested that
this is the most important aspect of reliability to assess as the discriminant information, once published, will be used by a variety
of different clinicians.25 The kappa statistic provides a helpful
measure of the extent of reliability by assessing the agreement
between observers or observations.36 A kappa value of 0 indicates no agreement beyond that expected by chance, and a kappa
of 1.0 reflects perfect agreement; values of less than 0.6 are taken
as indicating unreliability.
Among patients, there may be specific unreliability difficulties; for example, the knowledge of the cancer family history
may vary significantly between members of the same family.37,38
Other questions (e.g. history of pregnancies or terminations) may
become unreliable among certain groups as they may be greeted
by socially acceptable responses.39 Crowne and Marlowe have
developed a useful tool to assess the extent of this ‘socially
acceptable bias’.40

2. Biases within diagnostic studies
Cross-sectional studies that seek to examine the discriminant
value of key items or clusters of items of clinical information can
be quite problematic. Sackett has identified a large collection of
biases that need to be addressed in designing analytical studies.41
A number of these biases are worthy of specific recognition in
relation to diagnostic research.42 Misclassification and selection
bias are particular problems in undertaking such research within
primary care settings.
Much primary care diagnostic research focusing on malignancy
adopts a delayed-type cross-sectional design in which items of
clinical information obtained at one point are compared against a
gold standard derived by following up patients for a pre-defined
period. For example, during 1989, 933 patients with new onset
non-acute abdominal complaints within Limburg, Holland were
recruited. All patients underwent a physical examination by their
own GP and were asked to complete a questionnaire on symptoms/psychological factors and were then subjected to some simple investigations. The patients’ records were subsequently
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Table 1. Clinical information clusters and the diagnosis of intra-abdominal malignancy.
Probability for neoplastic disease (%)
Age > 65, male
Age > 65, male, non-specific abdominal pain
Age > 65, male, non-specific abdominal pain and weight loss
Age > 65, male, non-specific abdominal pain, weight loss, and ESR > 20mm/h

reviewed after one year to assess the nature of the final diagnostic gold standard. 34 Information was then provided on which
symptoms and signs were most helpful in predicting which of the
patients with non-acute abdominal symptoms at one point subsequently turned out to have serious disease.
An ideal study of diagnosis in primary care using ‘pathology
at follow-up’ as the gold standard would adopt a study design
that closely reflected the natural history of patient follow-up in
primary care. Three to four weekly re-assessments (if possible
combined with symptom diaries) of patients would not only provide more useful ‘dynamic’ clinical information but would also
enable the study to assess more reliably the association between
the clinical information and the eventual diagnosis. In the
absence of a clear link between the symptoms and the outcome,
the extent of misclassification bias is very dependent on the
length of follow-up. If the observation period is too short then
conditions may be missed; too long and false linkages may be
construed between symptoms and outcomes. Detection bias is a
related problem resulting from, for example, preferential referral
of patients with abdominal pain and rectal bleeding as opposed to
abdominal pain alone. Thus, an early cancer may be more likely
to be detected in a patient with abdominal pain and rectal bleeding than in a patient solely with abdominal pain. Clearly, the
length of follow-up also needs to be designed to address this
issue.
Selection bias is a major problem in diagnostic studies that
rely on recruitment of patients by GPs. Despite taking great care,
GPs may selectively re-interpret inclusion and exclusion criteria.
For example, GPs might only recruit patients whom they would
have referred onwards anyway, e.g. patients with moderate
symptoms of prostatism may only be included in a study of such
symptoms if they have also been noted to have an enlarged
prostate (selection by test outcome). In other situations there may
be a tendency to enlist patients with intermediate or greater probabilities of illness (selection by clinical spectrum).43 Patients
with significant co-morbidities may also be excluded from many
diagnostic studies and the range of differential diagnoses in the
study population may consequently not reflect the true situation
in primary care.
One approach to the problem of selection is to consent a random proportion of patients to be re-interviewed by phone in
order to validate the eligibility criteria being applied by the
recruiting GPs. Another way is to contact all patients directly:
this was the method adopted by Stoffers et al when they sought
to assess the diagnostic value of signs and symptoms associated
with peripheral arterial occlusive disease seen in general practice.44 A list was obtained of all the patients aged 40–75 years
registered with 18 GPs in Limburg, Holland. These 26 620 subjects then received a simple postal questionnaire enquiring about
‘leg complaints on walking’ and those reporting in the affirmative were invited to attend for assessment. However, in adopting
such an approach care must be taken to enquire about whether
such patients do consult, or would consider consulting their GP
about such symptoms, as we clearly need to understand both the
significance of community symptoms as well as identifying those
patients that may present to the GP. Clearly some symptoms,
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such as haemoptysis, have a greater ‘iatrotrophic stimulus’45
than, perhaps, a change in bowel habit. Such findings could
therefore also have important implications for education within
the community.
In all diagnostic studies undertaken within primary care, an
appraisal ought to be made of the extent of selection bias by
checking against other sources of information (e.g. GP records,
hospital records, registries) to identify potential cases not recruited into the study. If possible, key demographic characteristics
should be compared between patients selected and those not
selected for inclusion in a diagnostic study.

3. The gold standard
In all cross-sectional diagnostic analytical studies, the method
involves the comparison of a battery of clinical information
against a gold standard. There are a variety of types of gold standards, e.g. invasive or costly techniques involving, for example,
biopsy, radiology, or electrophysiology; simple observation over
a pre-defined period; or the use of an independent expert panel.
The ultimate objective is for the gold standard to approximate the
truth as closely as possible. Misclassification has already been
discussed in relation to follow-up type gold standards. However,
it is important to appreciate that misclassification can even occur
with invasive tests, e.g. by biopsying the wrong area or misinterpreting an electophysiological measurement.
Gold standards derived by observation for a pre-defined follow-up period are particularly applicable to primary care diagnostic research. However, there may be pathological and clinical
information dissimilarities in the presentation of patients who
develop definitive disease after a shorter period of observation.
Thus, there may also be a need for time-specific stratification of
the gold standard categorisation within delayed-type crosssectional studies.
Either through losses to follow-up in delayed-type crosssectional studies, or resource constraints in the case of other gold
standards, only a proportion of individuals may be subjected to
the gold standard. To avoid verification or work-up bias it is
essential that every individual (or a representative random selection of sufficient power) from whom clinical information is
extracted are also submitted for assessment by the gold standard.
If this does not occur there tends to be an overestimate of the
strength of the association.46 It is also well recognised that
knowledge of clinical or other factors can, in certain circumstances, influence a diagnostic test result. Thus, if the gold standard involves an interpretable component then it is important that
it is assessed independently and, ideally, blind in relation to the
clinical information already obtained.42
In all diagnostic research, the underlying assumption is that
there really is an identifiable truth; a diagnostic category that fits
the clinical information and that such a diagnosis can be verified
by an independent gold standard method. This may not be the
case and, in the absence of an adequate gold standard, statistical
methods are being developed in order to estimate the accuracy of
new tests.47,48 There may even need to be a re-assessment of the
nature of diagnostic gold standards in primary care research with,
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perhaps, more of an emphasis on the diagnosis of ‘wellness’ by
using a battery of gold standards to exclude serious or important
illness (reverse gold standard), or even gold standards related to
a course of action rather than a clinical diagnosis.
In deciding on the significance of a possible link between the
clinical information and a gold standard, it is not necessary to
demonstrate causality but rather a strong association.49 However,
in primary care where we may rely more on surrogate makers of
potential disease we need to be clear about what information has
been considered within a study and what has not. To further support a diagnostic role for an item (or cluster) of clinical information, the evidence generated should be of sufficient strength (as
assessed by the magnitude of the numerical association), if possible exhibit a dose-response relationship, and, most importantly,
there should be consistency with other evidence.50 Thus, diagnostic studies undertaken in one setting need to be repeated elsewhere by different practitioners in different populations. In addition, pragmatic randomised controlled trials will be required in
order to assess the practical application and impact of the diagnostic information generated by the analytical studies. We eventually need to be able to focus downstream from the test to assess
its influence on subsequent patient management and the eventual
course of the disease.

Conclusion
Within this discussion paper I have sought to argue the case for
developing a rigorous diagnostic research agenda within primary
care. It is essential to ensure that the information generated is
valid, reliable, useful, and useable within general practice. The
ultimate objective must be the identification of specific items or
small clusters of items of clinical information of high discriminant ability that can be applied with confidence within general
practice when required during the course of a busy surgery. The
research community needs to assist GPs with appropriate decision making in the settings where they practice and among the
types of patients they encounter.
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