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The clinical relevance of observational research

F E Lecky, P A Driscoll

In recent years there has been much discussion
of evidence based medicine and of the
importance of randomised controlled trials. It
may appear that observational research is a

lesser method of inquiry, belonging to darker
times before the dawn of this new paradigm. In
this review we aim to describe to the practising
emergency physician the current relevance of
observational research within an evidence
based medicine framework. This will be done
by defining the meaning of the term "observa-
tional study" and examining the nomenclature
of observational methodologies (excepting
qualitative research). The types of information
provided by the different methodologies will be
identified by using, where possible, examples
from published studies in emergency medi-
cine. There will be a particular emphasis on

how observational studies can describe the
performance of diagnostic tests. Finally we will
discuss the limitations of observational
research before concluding how this form of
study can inform the clinical management of
accident and emergency (A&E) patients
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Definitions and nomenclature
Observational study is best appreciated by con-

sidering its purpose and methods. In the
broadest sense it aims to describe a health care

situation relating to populations or groups of
patients. In practice there is often a particular
focus on the relation between two or more fac-
tors relating to a disease process. Observational
studies should, like other methods of inquiry,
collect data systematically and rigorously.
However, unlike the randomised controlled
trial and other experimental studies, no inter-
vention is carried out by the researchers on the
study subjects. Figure 1 shows the nomencla-
ture differentiating the different types of obser-
vational study. The main division is between
studies that describe a particular form ofhealth
care and those that use an observational
approach to analyse the strength of association
between factors. Studies therefore tend to be
mainly descriptive or mainly analytical. These
approaches are further subdivided according to
whether the time frame is cross sectional or

longitudinal, and in analytical studies, accord-
ing to whether the study considers individuals
or population groups.

Descriptive studies
Using a cross sectional approach, this type of
study can determine the percentage of people

in a population sample who have a characteris-
tic of interest (for example, a disease) at a point
in time. This percentage is known as the point
prevalence. An example of this type of study was
published recently in this journal. Johnstone et
al identified whether or not children aged less
than 13 admitted to hospital with a head injury
had a skull fracture.' Data were collected on
children presenting to hospitals in the Edin-
burgh region between 1983 and 1989. It was
found that 409 out of 3498 children had a skull
fracture, giving a point prevalence of 11.7% at
the time of admission to hospital.

In contrast, descriptive studies using a longi-
tudinal approach often describe the incidence
of a condition in a population sample. Incidence
is a rate statistic which specifies the number of
new cases of a disease occurring in a unit of
population in unit time. This is commonly
expressed as number ofnew cases per 100 000
head of population per year. The accuracy of
the statistic will of course depend on complete-
ness of follow up and quality and consistency
of case ascertainment. An alternative longitu-
dinal approach is one which repeats cross sec-
tional samples from the same population over
time to look at change in point prevalence. An
example of this latter approach was again pub-
lished recently in this journal. In 1995 Poznan-
sky et al repeated the anonymous HIV testing
of A&E attenders previously carried out in
1992 to 1993 and found that the point
prevalence in the 16 to 45 year age group had
risen from 1.3% to 3.3%.2

Incidence is related to point prevalence
(table 1), and therefore the increase in HIV
prevalence described could be due to either an
increased incidence of HIV infection or longer
survival times.

Analytical studies
Analytical observational studies concentrate on
population groups or individuals. Those focus-
ing on population groups compare disease
incidence rates, prevalences, or other morbid-
ity statistics with the prevalence of possible
associated factors between different groups or
in the same group over time. An example of
this is Wilkinson's study3 of the relations

Table 1 Relation between incidence and prevalence

Point
prevalence = incidence x "survival time"

Percent with = % new cases/unit x duration of
disease time condition
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Observational research

Descriptive surveys

Longitudinal (studies of change)

Cross sectional

Analytic surveys

X Group based (ecological studies, trend studies)

Individual based

- Longitudial (time span)

- Prospective
(cohort, forward looking)

-Retrospective
(backward looking)

Cross sectional
(non-directional)

Table 2 Case-control example: infant sleeping position
and risk ofsudden infant death syndrome (SIDS) (from
reference 3)

Sleeping position SIDS Control

Side or front 106 265
Back 82 509

Prospective >>>>>

EXPOSURE OUTCOME

<<<<< Retrospective/cross sectional

Figure 3 Analytical observational studies relating
exposure to outcome.

(including case-
control studies)

Figure 1 Nomenclature of types of observational study (from ref 8).

between income distribution and life expect-
ancy in Western countries. The percentage of
national income received by the poorest 70%
of the population was found to be related to
average life expectancy (fig 2). From this it was
hypothesised that relative deprivation contrib-
uted to population morbidity and mortality.

Analytical studies that focus on individuals
also look at disease and possible associated fac-
tors. However, they use specific information
from subjects in the sample and may attempt
to imply cause and effect. This type of observa-
tional study can employ different time scales
and therefore different methods for selecting
patients.

Retrospective or cross sectional studies tend
to select subjects on the basis of whether they
have the outcome of interest or not. These are
therefore known as "cases" or "matched
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Figure 2 Relation between life expectancy at birth (male
andfemale combined) and percentage ofpost tax and
benefit income received by the least well off 70% offamilies,
1981. (From reference 3.)

controls" (hence the term case-control study).
It is then determined which of these subjects
have had the exposure of interest. Prospective
or cohort studies sample from a prespecified
population and follow the subjects up to deter-
mine how many of those with and without the
exposure go on to develop the outcome of
interest (fig 3).
An example of a retrospective or case-

control study was one which assessed the effect
of sleeping position on the risk of sudden
infant death syndrome (SIDS).' As such rare
important conditions would require enormous
resources to study prospectively, this study
used cases matched to controls by age and date
of interview. The sleeping positions of cases
and controls were then compared (table 2).
From this type of data it is possible to calcu-

late the odds ratio (OR) for SIDS with side or
front sleeping as opposed to sleeping on the
back:
OR = odds of SIDS with side or front

sleeping: odds of SIDS with sleeping
on the back

= (106/265) : (85/509)
= 2.48

This is not quite the same statistic as the risk
ratio which gives the ratio of disease incidence
between exposed and unexposed populations.
To obtain incidence rates, a study needs to be
prospective and therefore more resource inten-
sive in design. Consequently prospective stud-
ies are more suited to describing the effects of
potential hazards on the incidence of more
common diseases such as cancer or ischaemic
heart disease. One of the most famous
examples of this form of study is the work of
Doll and Peto on the relation between smoking
and the incidence of death from lung cancer in
British doctors.5 Table 3 shows part of their
data.
The relative risk (RR) of dying from lung

cancer in a year for those smoking ? 25
cigarettes a day compared to non-smokers can
thus be calculated:
RR = incidence of death from lung cancer

in smokers > 25 / incidence of death
from lung cancer in non-smokers

= 208/7
= 29.7

For the same example a 2 x 2 table for the
calculation of an odds ratio can easily be
reconstructed:

I
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Table 3 Example of cohort study: mortality from lung cancer and smoking in female
doctors (from reference 4)

Non- Smokes Smokes Smokes >

smoker Ex-smoker 1-14 15-24 25

Age standardised death rate per
100 000 women years 7 23 9 45 208

OR = odds of death from lung cancer in
smokers ¢ 25: odds of death from
lung cancer in non-smokers

= (208/99 792) (7/99 993)
= 29.71

In this example the odds ratio is slightly
greater than the relative risk but the increase is
so small as to have no clinical significance.
However, as outcomes (death from lung cancer
in the example) become more frequent in the
population, the degree to which an odds ratio
overestimates the relative risk from an expo-
sure increases, and becomes more significant.6
This phenomenon should also be borne in
mind when critically appraising experimental
studies because trials of treatment may use
odds ratios as a measure of clinical effective-
ness.

Studies evaluating diagnostic test
performance
These studies are a type of observational
analytical study usually performed on a cohort
of patients with a common presentation such
as chest pain. Patients are followed up from the
time of presentation. Subsequently, the initial
diagnostic test result is compared with a later
gold standard marker of disease, which often
does not become available until later in the
patient's clinical course. Sensitivity and specifi-
city of the initial test for the disease are
commonly used as indicators of performance.
An example of this type of study is given in a
paper by Sackett et al.7 The investigators exam-
ined creatinine kinase (CK) as a diagnostic test
for myocardial infarction in chest pain patients
admitted to hospital, where ECG, angiogra-
phy, and necropsy findings were the later gold
standard of diagnosis. The results are shown in
table 4, where a CK value of > 80 IU indicates
a "positive" CK test.
The sensitivity of a diagnostic test is the

proportion (percentage) of patients with the
target disorder who have a positive test result.
This is equivalent to 215/230 or 93% from
table 4. The specificity of a diagnostic test is

Table 4 Derivation of sensitivity and specificity from cross tabulation of test results against
disease status (from reference 6)

Number with myocardial Number without
infarction myocardial infarction Total

Number with CK ¢ 80 IU 215 16 231
Numberwith CK < 80 IU 15 114 129
Total 230 130 360

Table 5 Derivation ofpredictive values from cross tabulation of test results against disease
status: influence of disease prevalence

the proportion (percentage) of patients with-
out the target disorder who have a negative test
result. This is equivalent to 114/130 or 89%
from table 4.
The positive predictive value from a diagnos-

tic test result is the proportion of patients with
positive results who have the target disorder.
From table 4 this is equivalent to 215/231 or

92%. The negative predictive value from a

diagnostic test result is the proportion of
patients with negative results who do not have
the target disorder; again from table 4 this is
equivalent to 114/129 or 89%.

Finally the accuracy of a diagnostic test is
the proportion of all test results that are "true
positive" and "true negative," which from table
4 is equivalent to (215 +114)/360 or 92%.

It is noticeable from table 4 that a clinician,
before performing CK enzyme tests on a

patient (from this population), could be aware

that on average two thirds (230/360) of this
type of patient would later prove to have a

myocardial infarct. Therefore the patient's pre-

test probability of myocardial infarction is
-67%. If this is the case then a CK of ¢ 80 IU
with a positive predictive value of 92% gives a

25% post-test increase in the probability of
myocardial infarction. However a negative CK
gives an 11% probability of myocardial infarc-
tion (15/129), a 56% reduction from the
pretest probability. Therefore a negative result
in this study would almost rule out a

myocardial infarct. Conversely a positive result
sufficiently increases the probability of myocar-
dial infarction for the patient to be treated as

having this diagnosis.
Clinicians can often estimate from the

history and examination the pretest probability
of disease. This is important as it can influence
the later "post-test" probability of disease-
that is, the positive and negative predictive
value. This is illustrated in table 5, which shows
hypothetical data. The lower prevalence of
myocardial infarction (20% in table 5) is
perhaps more reflective of that in A&E patients
presenting with chest pain.

Sensitivity and specificity are generally con-

sidered to be constant features of diagnostic
test performance and hence, at 93% and 89%
respectively, they determine the numbers given
in bold in table 5. However, the predictive val-
ues, calculated as described above, have
altered. The post-test probability (positive pre-
dictive value) for myocardial infarction with
CK > 80 IU is 69% (19/27), a figure markedly
reduced from the previous example. The nega-

tive predictive value of CK < 80 also alters,
being increased to 98% (72/73).

For this reason the probability of disease
from diagnostic test results has to be inter-
preted in the context of pretest information.
Though intuitively this sounds sensible, it is
easy to be seduced by "absolutism" from labo-
ratory or radiological investigation. Well con-

ducted studies have shown that clinicians
ignore important information from the history
and examination at their peril. This bedside
information is often more powerful than
laboratory tests for altering the probability of
disease to a level at which the patient can

Number with myocardial Number without
infarction myocardial infarction Total

NumberwithGCK~-:, 80IU 19 8 27
Number with CK < 80 IU 1 72 73
Total 20 80 100
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Observational research

Increasing severity of illness

Figure 4 Confounding of association between mortality and grade of doctor by severity of
illness.

reasonably be treated or safely discharged.7
This philosophy of interpreting the likely
"truth" from new information, in the context
of what is already available, was first advocated
by Bayes and forms the basis of Bayesian
statistics. Hence diagnostic test results are not
absolute predictors of disease by a given prob-
ability but have likelihoods which can be com-
bined with pretest information in a relatively
simple mathematical way. This is achieved
through the concept of diagnostic test results
that have a likelihood ratio as an indicator of
performance.

Likelihood ratios
The derivation of likelihood ratios is relatively
straightforward. From table 5, the likelihood
ratio for myocardial infarction where CK ¢ 80
IU (likelihood ratio positive, LR+) = the ratio
of the likelihood that someone with a positive
result has the disease / the likelihood that
someone with a positive result does not have
the disease:

LR+ = (19/20) / (8/80)
= 9.5

The likelihood ratio for a "negative" CK
(< 80 IU, LR-) is calculated in a similar way:

LR- = (1/20) / (72/73)
= 0.05

Recalculation of the likelihood ratios using
data from table 4 gives the same results.

Consequently, like sensitivity and specificity,
the likelihood ratios are non-prevalence-
dependent indicators of diagnostic test perform-
ance. More importantly they can also be
combined with prevalence or pretest probability,
using easy maths to give post-test probability.
The principle is given by the following equation,
shown applied to the clinical situations with
positive test results from tables 4 and 5:

Table 6 Methodological questions for appraisingjournal articles about diagnostic tests

The best articles evaluating tests will meet most or all of the following criteria

2

3

4

5

6

7

8

Was there an independent blind comparison with a gold standard of diagnosis?
Was the setting for the study, as well as the filter through which study patients passed,
adequately described?
Did the patient sample include an appropriate spectrum of mild and severe, treated and
untreated disease, plus individuals with different but commonly confused disorders?
Were the tactics for carrying out the test described in sufficient detail to permit their exact
replication?
Was the reproducibility of the test result and its interpretation (observer variation)
determined?
Was the term "normal" defined sensibly? (Gaussian percentile, risk percentile, risk factor,
culturally desirable, diagnostic, or therapeutic?)
If the test is advocated as part of a cluster or sequence of tests, was its contribution to the
overall validity of the cluster or the sequence determined?
Was the value of the test determine? (Were the patients really better off for it?)

Pre-test odds of target disorder x likelihood
ratio from test result = post-test odds of target
disorder

Table 4: 2.0 x 9.5 = 19.0
Table 5: 0.25 x 9.5 = 2.38
Odds are relatively simple to convert into

probabilities: if one thinks of the example that
a probability of 80% (0.8) is equivalent to 4:1
odds, then it is clear that odds = probability / (1
- probability), and probability = odds / (odds
+ 1).
Thus it is shown that likelihood ratios are

robust indicators of diagnostic test perform-
ance which can be used for the different clini-
cal presentations encountered by the emer-
gency physician.

Limitations of observational research
The major weakness of observational research
is the possibility that bias and confounding will
influence the results of studies. In theory this
should be less of a problem for experimental
research. Bias means that the results of a study
are different from "the truth" because of the
way in which the study has been conducted.
There are two major types of bias.
Selection bias means that some or all of the

study subjects were selected in a way which
leads to overrepresentation of certain groups.
For example, in the study of SIDS, cases and
controls were not matched for social class. It is
possible, then, that the study result could have
been affected by the different rates of SIDS
between different income groups. This type of
observational study (case-control) may also be
prone to the other major source of bias, infor-
mation bias.

Information bias is caused by shortcomings in
collecting and recording data.8 An example of
this is recall bias concerning the exposure of
interest. This is because it is recognised that
"cases" with a disease may be more likely to
recall that they have had a given exposure (to
an environmental hazard) than controls. The
different varieties of selection and information
bias are detailed in reference texts.78

Confounding describes an occurrence whereby
an association found between two factors may
be incidental rather than cause and effect. A
causal association is made because of the failure
of the study to measure and take account of
other factors which can be associated with both
the purported cause and effect. An example of
this phenomenon is found in studies which have
looked at the relations between mortality and
the grade of doctor managing the patient. This
work shows that death is more likely if you are
treated by a consultant than a junior house
officer (UK Trauma Network, personal com-
munication). If this crude unadjusted infor-
mation is taken at face value bizarre inferences
can be made. These could include the deduc-
tion that the training of junior doctors is
counterproductive. However, this association is
confounded by the severity of illness factor
which is associated both with increased
mortality (outcome) and a senior doctor (the
exposure) being involved in the patient's care
(fig 4). A proper analysis of these data would
therefore have to compare the outcomes of
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patients with the same severity of illness treated
by junior doctors and consultants.

Given these potential weaknesses, how then
can the strength of evidence from observa-
tional research be weighted against other forms
of inquiry? There is no doubt that for studying
the effects of treatment, observational methods
come second best to the randomised controlled
trial. However, good observational research
design can avoid bias and ensure that known
confounders are adjusted for in the analysis.
Some reference texts give check lists to aid the
reader in determining the reliability of different
types of study (table 6).

Summary
In this review we have described some uses of
observational research, and some of its limita-
tions. The examples given have shown that
observational studies can be an ethical and
practical method of inquiry. The major uses of
observational research include determining the
incidence and prevalence of disease, aspects of
disease aetiology, the effect of exposure to
known hazards, and the application of diagnos-
tic tests in the clinical setting. Observational
studies are most useful to the emergency
physician for determining the performance of
diagnostic strategies. As this is a specialty
where clinicians have just a single diagnostic
opportunity, high quality observational studies
must continue to help develop evidence based
emergency medicine.

We gratefully acknowledge the permission granted by D L
Sackett (tables 4 and 6), RG Wilkinson (fig 2), and J H Abram-
son (fig 1) for the reproduction of their work, and that of their
respective publishers: Little Brown and Co, BMJ Publishing
Group, and Churchill Livingstone.
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