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1 Biochemical investigations in 
clinical medicine

INTRODUCTION
A central function of the chemical pathology or clinical 
chemistry laboratory is to provide biochemical informa-
tion for the management of patients. Such information 
will be of value only if it is accurate and relevant, and 
if its signifi cance is appreciated by the clinician so that 
it can be used appropriately to guide clinical decision-
making. This chapter examines how biochemical data 
are acquired and how they should be used.

USE OF BIOCHEMICAL 
INVESTIGATIONS

Biochemical investigations are used extensively in medi-
cine, both in relation to diseases that have an obvious 
metabolic basis (e.g. diabetes mellitus, hypothyroid-
ism) and those in which biochemical changes are a 
consequence of the disease (e.g. renal failure, malab-
sorption). The principal uses of biochemical investiga-
tions are for diagnosis, prognosis, monitoring and 
screening (Fig. 1.1).

Diagnosis

Medical diagnosis is based on the patient’s history, if 
available, the clinical signs found on examination, the 
results of investigations and sometimes, retrospectively, 
on the response to treatment. Frequently, a confi dent 
diagnosis can be made on the basis of the history com-
bined with the fi ndings on examination. Failing this, it 
is usually possible to formulate a differential diagnosis, 
in effect a short-list of possible diagnoses. Biochemical 
and other investigations can then be used to distinguish 
between them.

Investigations may be selected to help either confi rm 
or refute a diagnosis, and it is important that the clini-
cian appreciates how useful the chosen investigations 
are for these purposes. Making a diagnosis, even if 
incomplete, such as a diagnosis of hypoglycaemia 
without knowing its cause, may allow treatment to be 
initiated.

Prognosis

Investigations used primarily for diagnosis may also 
provide prognostic information, while others are used 
specifi cally for this purpose. For example, serial mea-
surements of plasma creatinine concentration in pro-
gressive renal disease are used to indicate when dialysis 
may be required. Investigations can also indicate the 
risk of developing a particular condition. For example, 
the risk of coronary artery disease increases with increas-
ing plasma cholesterol concentration. However, such 
risks are calculated from epidemiological data and 
cannot give a precise prediction for a particular 
individual.

Monitoring

A major use of biochemical investigations is to follow 
the course of an illness and to monitor the effects of 
treatment. To do this, there must be a suitable analyte, 
for instance glycated haemoglobin in patients with dia-
betes mellitus. Biochemical investigations can also be 
used to detect complications of treatment, such as hypo-
kalaemia during treatment with diuretics, and are exten-
sively used to screen for possible drug toxicity, 
particularly in trials, but also in some cases when a drug 
is in established use.

Screening

Biochemical investigations are widely used to determine 
whether a condition is present subclinically. The best-
known example is the mass screening of all newborn 
babies for phenylketonuria (PKU), which is carried out 
in many countries, including the UK and the USA. This 
is an example of population screening: other types 
include selective screening (e.g. of older people for 
carcinoma of colon using the detection of faecal occult 
blood); individual screening (e.g. as part of a ‘health 
check-up’) and opportunistic screening (e.g. for hyper-
cholesterolaemia in people found to have hyperten-
sion). The use of the ‘biochemical profi le’, a battery of 
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biochemical tests usually performed on a multichannel 
auto-analyser, is discussed later in this chapter.

SPECIMEN COLLECTION
The test request

The specimen for analysis must be collected and trans-
ported to the laboratory according to a specifi ed proce-
dure if the data are to be of clinical value. This procedure 
begins with the clinician making a test request, either 
on a computer terminal or on paper. The completed 
request should include:

• patient’s name, sex and date of birth
• hospital or other identifi cation number
• ward/clinic/address
• name of requesting doctor (telephone/pager 

number for urgent requests)
• clinical diagnosis/problem
• test(s) requested
• type of specimen
• date and time of sampling
• relevant treatment (e.g. drugs).

It is essential that suffi cient information be provided to 
identify the patient. In practice, vital information is 
often omitted and this may either cause delay in analy-
sis and reporting or make it impossible to interpret the 
results.

Relevant clinical information and details of treat-
ment, especially with drugs, are necessary to allow labo-
ratory staff to assess the results in their clinical context. 
Drugs may interfere with analytical methods in vitro or 

may cause changes in vivo that suggest a pathological 
process; for instance, some psychotrophic drugs increase 
plasma prolactin concentration.

The patient

Some analytes are affected by variables such as posture, 
time of day etc. and it may be necessary to standardize 
the conditions under which the specimen is obtained. 
Factors of importance in this respect are listed in Figure 
1.2 and are discussed further in subsequent chapters.

Even when standardized conditions are used for sam-
pling, the results of repeated quantitative tests (e.g. daily 
measurements of fasting blood glucose concentration) 
will themselves show a Gaussian distribution, clustering 
about the ‘usual’ value for the individual. Typically, the 
scatter, which can be assessed by determining the stan-
dard deviation (SD), is less for analytes subject to strict 
regulation (e.g. fasting blood glucose and plasma 
calcium concentrations) than for others (e.g. plasma 
enzyme activities). This biological variation can be 

Screening Diagnosis

detection of
subclinical disease

confirmation or
rejection of

clinical diagnosis

monitoring progression or
response to treatment

information regarding
the likely outcome

of  disease

Monitoring Prognosis

Figure 1.1 The principal functions of biochemical 
tests.

Figure 1.2 Examples of important factors that 
infl uence biochemical variables; these and others are 
discussed elsewhere in this book.
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Factor Example of variable 
affected

age alkaline phosphatase, urate

sex gonadal steroids

ethnicity creatine kinase

pregnancy urea

posture proteins

exercise creatine kinase

stress prolactin

nutritional status glucose

time cortisol

drugs triglycerides (alcohol)
γ-glutamyl transferase 

(phenytoin)
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expressed as the coeffi cient of variation (CV) for repeated 
tests where CV = SD × 100/mean value.

The specimen

The specimen provided must be appropriate for the test 
requested. Most biochemical analyses are made on 
serum or plasma, but occasionally whole blood is 
required (e.g. for ‘blood gases’), and analyses of urine, 
cerebrospinal fl uid, pleural fl uid etc. can also be valu-
able. For most analyses on serum or plasma, either fl uid 
is acceptable but in some instances it is of critical impor-
tance which of these is used; for example, serum is 
required for protein electrophoresis and plasma for 
measurement of renin activity. Haemolysis must be 
avoided when blood is drawn and, if the patient is 
receiving intravenous therapy, blood must be drawn 
from a remote site (e.g. the opposite arm) to avoid 
contamination. Haemolysis causes increases in plasma 
potassium and phosphate concentrations and aspartate 
aminotransferase activity, owing to leakage from red 
cells. If haemolysis is a consequence of a delay in cen-
trifugation to separate blood cells from plasma, glucose 
concentration can fall. Other analytes may also be 
affected by haemolysis, depending on the analytical 
method used. The laboratory should always draw atten-
tion to potentially spurious results. It should be noted 
that leakage from cells in vitro can cause increases in 
plasma potassium and phosphate concentrations even 
in the absence of obvious haemolysis, particularly in 
patients with high white blood cell or platelet counts.

Collecting a blood specimen into the wrong con-
tainer can lead to (usually obviously) erroneous results 
(Case History 1.1): citrate and EDTA, which are used as 
anticoagulants in containers used for some haemato-
logical tests, combine with calcium and cause low mea-
sured concentrations in the plasma; so does oxalate (the 
anticoagulant in containers for blood glucose measure-
ment, which also contain fl uoride to inhibit glycolysis), 
and it is clearly inappropriate to collect blood for 
lithium measurement into a container with lithium 
heparin as an anticoagulant. Laboratory handbooks 
should provide clear guidance on the types of specimen, 
and, where appropriate, the sampling conditions, for all 
laboratory tests. This should include guidance on the 
sequence in which individual specimen tubes are fi lled 
to avoid any possibility of contamination; for example, 
blood should be collected into ‘plain tubes’ (not con-
taining an anticoagulant or other additive) before being 
collected into a tube containing, for example, EDTA.

All specimens must be correctly labelled and trans-
ported to the laboratory without delay. There should be 
a written protocol for discarding incorrectly collected or 
labelled specimens. The serum or plasma is then sepa-
rated from blood cells and analysed. When analysis is 
delayed, or when specimens are sent to distant labora-
tories for analysis, degradation of labile analytes must 
be prevented by refrigerating or freezing the serum or 
plasma.

Equal care is needed with the collection and transpor-
tation of other specimens, such as urine and spinal 
fl uid. All specimens should be regarded as potentially 
infectious and handled using appropriate precautions.

Urgent requests

Although laboratories should endeavour to generate 
results as quickly as possible, some requests will be 
urgent in that their results may have an immediate 
bearing on the management of the patient. Examples 

Case history 1.1

The laboratory staff were concerned when a 
serum specimen from an outpatient due to attend 
the diabetic clinic was analysed and the 
following results were found:

Investigations
Serum: potassium 12.2 mmol/L
 sodium 140 mmol/L
 creatinine 84 μmol/L
 calcium 0.34 mmol/L
 phosphate 1.22 mmol/L

Comment
The potassium and calcium concentrations are not 
compatible with life. Investigation disclosed that a 
locum phlebotomist, who had taken the blood, 
had collected the original specimen into a tube 
containing (potassium) fl uoride and oxalate, the 
correct container for an accurate blood glucose 
measurement, but then compounded his error by 
transferring the sample to a plain tube. Citrate 
acts as an anticoagulant by binding to calcium 
ions to form insoluble calcium oxalate.

3

SPECIMEN COLLECTION
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include the measurement of serum paracetamol concen-
tration in a patient who has taken a drug overdose, 
measurement of serum troponin concentration in a 
patient with chest pain, and measurement of serum 
potassium concentration in a patient with acute renal 
failure. Special provision must be made for such samples 
to be ‘fast-tracked’ through the analytical process, albeit 
in full accordance with procedures to ensure quality, 
and the results reported to the requesting clinician as 
soon has they have been validated.

Repeat requesting

When biochemical investigations are being used to 
monitor the progress of a patient’s condition, serial 
analyses will be required, and the question arises how 
frequently these should be performed. This will depend 
on both physiological and pathological factors. For 
example, in patients being treated with thyroxine for 
hypothyroidism, it can take several weeks for the plasma 
concentration of thyroid stimulating hormone (TSH) to 
stabilize at a new value after a change in the dose of 
thyroxine: repeating thyroid function tests in a patient 
whose dose of thyroxine has been changed at an interval 
of <1 month may therefore provide misleading infor-

mation, and could prompt a doctor who is not cogni-
zant with the rate of response to make a further change 
of dose prematurely. In contrast, plasma glucose and 
potassium concentrations can change very rapidly in 
patients being treated for diabetic ketoacidosis, and it 
may be appropriate to make measurements as frequently 
as every 1–2 h, at least initially.

SAMPLE ANALYSIS AND REPORTING 
OF RESULTS
Analysis

The ideal analytical method is accurate, precise, sensi-
tive and specifi c. It gives a correct result (accurate: Fig. 
1.3) that is the same if repeated (precise: Fig. 1.3). It 
measures low concentrations of the analyte (sensitive) 
and is not subject to interference by other substances 
(specifi c). In addition, it should preferably be cheap, 
simple and quick to perform. In practice, no test is ideal, 
but the pathologist must ensure that the results are suf-
fi ciently reliable to be clinically useful. Laboratory staff 
make considerable efforts to achieve this and analytical 
methods are subject to rigorous quality control and 
quality assurance procedures.

test result

number
of  

results
method

C
method A

method B

true
value

mean
value

mean
value

method
D

test result

Precision Accuracy

number
of  

results

Figure 1.3 Precision and accuracy of biochemical tests. Both graphs show the distribution of results for 
repeated analysis of the same sample by different methods. Precision: the mean value is the same in each 
case, but the scatter about the mean is less in method A than in method B. Method A is, therefore, more 
precise. Accuracy: both are equally precise, but in method D, the mean value differs from the true value. 
The mean for method C is equal to the true value. Both methods are equally precise, but method C is more 
accurate.
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Nevertheless, there will always be a potential for 
some degree of imprecision or analytical variation in a 
result. The extent of this can be assessed by making 
repeated analyses (using exactly the same method) on 
the same sample (cf. biological variation, above). The 
results will cluster about a mean for which the SD can 
be calculated. The imprecision of the analysis can be 
expressed as the CV where CV = SD × 100/mean result. 
An understanding of the concepts of both analytical and 
biological variation is essential to the informed inter-
pretation of laboratory data.

It is important to appreciate that results obtained 
using different methods may not be interchangeable. 
When a comparison between two results is being made, 
the same analytical method should be used on both 
occasions.

It is often appropriate to perform a group of related 
tests on a specimen. For example, plasma calcium 
and phosphate concentrations and alkaline phospha-
tase activity all provide information that may be 
useful in the diagnosis of bone disease; several 
liver ‘function’ tests may usefully be grouped together. 
Such groupings are sometimes referred to as ‘biochemi-
cal profi les’. Many currently available analysers can 
perform >20 assays simultaneously on a single serum 
specimen. However, although it may be tempting 
to perform all the assays on every specimen, this 
approach generates an enormous amount of informa-
tion, some of which may be unwanted, ignored or 
misinterpreted (e.g. an elevated creatine kinase (CK) 
activity in someone who has recently undertaken severe 
exercise being construed as evidence of myocardial 
damage). Worst of all, it may actually prevent the clini-
cian from discerning the important results. Discrete 
analysis, that is, performing only the necessary tests 
required to answer the clinical question (e.g. ‘Is this 
patient’s jaundice cholestatic or due to hepatocellular 
disease?’), is to be preferred.

Reporting results

Once analysis has been completed and the necessary 
quality control checks made and found to be satisfac-
tory, a report can be issued. Cumulative reports, which 
show previous as well as current results, allow trends in 
the data to be picked out at a glance. It may be appropri-
ate to add a comment to a report to assist the clinician 
with its interpretation. Results that indicate a need for 
urgent clinical intervention should be communicated to 
the requesting clinician as a matter of urgency.

Point of care testing

Not all analyses need to be performed in a central labo-
ratory. Reagent sticks for testing urine at the bedside or 
in the clinic have long been available. Various sub-
stances, including glucose, protein, bilirubin, ketones 
and nitrites (indicative of urinary tract infection), can 
be tested for using such sticks.

Testing of blood for analytes, such as glucose, and 
hydrogen ion and ‘blood gases’ at point of care has also 
been available for some time. Indeed, the availability of 
easily used instruments to measure glucose allows 
patients with diabetes to monitor their blood glucose 
concentrations at home. Increasingly, manufacturers are 
developing instruments that can perform a wide range 
of tests suitable for use at point of care. Such instru-
ments may allow the more rapid provision of analytical 
results for patients (e.g. in intensive therapy units) than 
if samples have to be transported to a central laboratory. 
It is clearly desirable that such instruments should be 
capable of providing results that are as robust with 
regard to accuracy and precision as those provided by 
the main laboratory. These instruments are designed to 
be very simple to operate but it is nevertheless essential 
that individuals using them, who may include nurses 
and doctors, are properly trained in their use, and 
adhere to protocols designed to ensure quality. Both the 
training and quality issues should be supervised by 
trained laboratory staff.

Some analyses can be performed outside traditional 
healthcare settings and the results given directly to 
patients. An example is the measurement of plasma 
cholesterol concentration in retail pharmacies. Such 
analyses should be subject to appropriate quality assur-
ance procedures and trained personnel should be avail-
able to advise patients on the signifi cance of the results.

SOURCES OF ERROR
Erroneous results are at best a nuisance; at worst, they 
have potential for causing considerable harm. Errors can 
be minimized by scrupulous adherence to robust, agreed 
protocols at every stage of the testing process: this means 
a lot more than ensuring that the analysis is performed 
correctly. Errors can occur at various stages in the 
process:

• pre-analytical, occurring outside the laboratory, e.g. 
the wrong specimen being collected, mislabelling, 
incorrect preservation etc.

5
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• analytical, occurring within the laboratory, e.g. 
human or instrumental error

• post-analytical, whereby a correct result is generated 
but is incorrectly recorded in the patient’s record, 
e.g. because of a transcription error.

Analytical errors can be systematic (also known as bias: 
different analytical methods may produce results that 
are higher or lower (it is to be hoped only slightly so) 
than the defi nitive or reference method) or random. 
Many of the few errors that do occur even in good labo-
ratories are detected by quality control procedures, 
including data-handling software or personal scrutiny 
of reports by laboratory staff. Some are so bizarre 
that they are easily recognized for what they are. More 
subtle ones are more likely to go undetected. Unfortu-
nately, the risk of errors occurring can never be entirely 
eliminated.

INTERPRETATION OF RESULTS
When the result of a biochemical test is obtained, the 
following points must be taken into consideration:

• is it normal?
• is it signifi cantly different from previous results?
• is it consistent with the clinical fi ndings?

Is it normal?

The use of the word ‘normal’ is fraught with diffi culty. 
Statistically, it refers to a distribution of values from 
repeated measurement of the same quantity and is 
described by the bell-shaped Gaussian curve (Fig. 1.4). 
Many biological variables show a Gaussian distribution: 
the majority of individuals within a population will 
have a value approximating to the mean for the whole, 
and the frequency with which any value occurs decreases 
with increasing distance from the mean.

For some analytes, the distribution of values is 
skewed; an example is plasma bilirubin concentration. 
Such data can often be mathematically transformed to 
a normal distribution: data distributed with a skew to 
the right of the mean (as is the case with bilirubin) can 
often be transformed to a normal distribution if replot-
ted on a semi-logarithmic scale.

If the variable being measured has a normal (Gauss-
ian) distribution in a population, statistical theory pre-
dicts that approximately 95% of the values in the 

population will lie within the range given by the mean 
± 2 SDs (Fig. 1.4); of the remaining 5%, half the values 
will be higher and half will be lower than the limits of 
this range.

When establishing the range of values for a particular 
variable in healthy people, it is conventional to fi rst 
examine a representative sample of suffi cient size to 
determine whether or not the values fall into a Gaussian 
distribution. The range (mean ± 2 SDs) can then be 
calculated; this, in statistical terms, is the ‘normal range’. 
Several important points arise from this:

• Although it is assumed that the population is 
healthy, values from 5% of individuals by defi nition 
lie outside the normal range. This suggests that, if 
the measurements were to be made in a group of 
comparable individuals, 1 in 20 would have a value 
outside this range

• The specialized statistical use of the word ‘normal’ 
does not equate with what is generally meant by the 
word, that is, ‘habitual’ or ‘usually encountered’

• The statistical ‘normal’ may not be related to 
another common use of the word, which is to 
imply freedom from risk. For example, there is an 
association between increased risk of coronary heart 

test result

number
of

subjects

–2SD +2SD
+3SDmean–3SD

Gaussian distribution

Figure 1.4 Gaussian distribution. The range of the 
mean ± 2 standard deviations (SDs) encompasses 
95.5% of the total number of test results. The range of 
the mean ± 3 SDs encompasses 99.7% of the total 
number.
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disease and plasma cholesterol concentrations even 
within the normal range as derived from measure-
ments on apparently healthy men.

Thus, the normal range for an analyte, defi ned and cal-
culated as described, has severe limitations. It only iden-
tifi es the range of values that can be expected to occur 
most often in individuals who are comparable with 
those in the population for whom the range was derived. 
It is not necessarily normal in terms of being ‘ideal’, nor 
is it associated with no risk of having or developing 
disease. Further, by defi nition, it will exclude values 
from some healthy individuals. In all cases, like must 
be compared with like. When physiological factors 
affect the concentration of an analyte (Fig. 1.2), an 
individual’s result must be assessed by comparing it 
with the value expected for comparable healthy people. 
It may, therefore, be necessary to establish normal 
ranges for subsets of the population, such as various age 
groups, or males or females only.

To alleviate the problems associated with the use of 
the word ‘normal’, the term ‘reference interval’ (RI) 
(often called the reference range) has been widely 
adopted by laboratory staff, using numerical values (ref-
erence limits) generally based on the mean ± 2 SDs. 
Results can be compared with the RI without assump-
tions being made about the meaning of ‘normal’. In 
practice, the term ‘normal range’ is still in general use 
outside laboratories. It is used synonymously with ‘ref-
erence interval’ in this book. Reference intervals for 
some common analytes are given in the Appendix: these 
are as used in one of the authors’ laboratories, and are 
appropriate for the Case Histories, but may not apply 
to other laboratories because of differences in method-
ology and in the characteristics of the population on 
which the data are based.

In using RIs to assess the signifi cance of a particular 
result, the individual is being compared with a popula-
tion. Some analytes show considerable biological 
variation, but the combined analytical and biological 
variations will usually be less for an individual than for 
a population. For example, although the reference inter-
val for plasma creatinine concentration is 60–120 μmol/
L, the day-to-day variation in an individual is less. Thus, 
it is possible for a test result to be abnormal for an 
individual, yet still be within the accepted ‘normal 
range’.

An abnormal result does not always indicate the 
presence of a pathological process, or a normal result 

its absence. However, the more abnormal a result, that 
is, the greater its difference from the limits of the refer-
ence interval, the greater is the probability that it is 
related to a pathological process.

In practice, there is rarely an absolute demarcation 
between normal values and those seen in disease: equi-
vocal results must be supported by further investigation. 
If an important decision in the management of a patient 
is to be based upon a single result, it is vital that the 
cut-off point, or ‘decision level’, is chosen to ensure that 
the test functions effi ciently. In screening for PKU, for 
example, the blood concentration of phenylalanine 
selected to indicate a positive result must include all 
infants with the condition; in other words, there must 
be no false negatives. This means that some normal 
children will be test positive (false positives) and will 
be subjected to further investigation. Generally, it is 
unusual to have to determine a patient’s management 
on the basis of one result alone.

It has been explained that 5% of healthy people will, 
by defi nition, have a value for a given variable that is 
outside the reference interval. If a second and indepen-
dent variable is measured, the probability that this 
result will be ‘abnormal’ is also 0.05 (5%). However, 
the abnormal results may not arise in the same indi-
viduals and the overall probability of an abnormal 
result from at least one test will be >5%. It follows that 
the more tests that are performed on an individual, the 
greater the probability that the result of one of them will 
be abnormal: for 10 independent variables, the proba-
bility is 0.4; in other words, at least one abnormal result 
would be expected in 40% of healthy people. For 20 
variables, the probability is 0.64.

Although biochemical parameters are frequently, to 
some extent, interdependent (e.g. albumin and total 
protein), the use of multichannel auto-analysers to 
produce biochemical profi les inevitably risks generating 
a number of spuriously ‘abnormal’ results. Before any 
decision can be made on the basis of such results, some 
information is required about the probability that they 
are indicative of a pathological process. This topic is 
discussed on p. 9.

Is it different?

If the result of a previous test is available, the clinician 
will be able to compare the results and decide whether 
any difference between them is signifi cant. This will 
depend upon the precision of the assay itself (a measure 
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of its reproducibility) and the natural biological 
variation. Some examples of variation in common ana-
lytes are given in Figure 1.5.

The probability that the difference between two 
results is analytically signifi cant at a level of p < 0.05 is 
2.8 times the analytical SD. Thus, for plasma calcium 
concentration, with an analytical SD of 0.04 mmol/L, an 
apparent increase in calcium concentration from 
2.54 mmol/L to 2.62 mmol/L (2 × SD) is within the 
limits of expected analytical variation, whereas an 
increase from 2.54 to 2.70 (4 × SD) is not. However, to 
decide whether an analytical change is clinically signifi -
cant it is necessary to consider the extent of natural 
biological variation. The effects of analytical and bio-

logical variation can be assessed by calculating the 
overall standard deviation of the test, given by:

SD SD SDA B= +2 2

where SDA and SDB are the SDs for the analytical and 
biological variation, respectively. If the difference 
between two test results exceeds 2.8 times the SD of the 
test, the difference can be regarded as of potential clini-
cal signifi cance: the probability of this difference being 
a result of analytical and biological variation is <0.05 
(Case History 1.2). It should be appreciated, however, 
that setting the level of signifi cance at a probability of 
<0.05 is arbitrary (albeit conventional). It does not 
mean that a difference of less than that equating to this 
probability cannot be of signifi cance, nor that a greater 
difference necessarily is signifi cant. If undertaking a 
major intervention depends on a result, it may be desir-
able only to make this decision if the probability that 
the change is not the result of innate variation is con-
siderably greater.

Figure 1.5 Analytical and biological variation. 
Analytical variation: typical standard deviations for 
repeated measurements made using a multichannel 
analyser on a single quality control serum with 
concentrations in the normal range. Biological 
variation: means of standard deviations for repeated 
measurements made at weekly intervals in a group of 
healthy subjects over a period of ten weeks, corrected 
for analytical variation.

Case history 1.2

A GP measured the serum creatinine concentration 
of a 41-year-old man newly diagnosed as having 
diabetes mellitus and hypertension. The result was 
105 μmol/L. Six months later, both conditions 
were well controlled and the test was repeated.

Investigation
Serum creatinine 118 μmol/L

The patient was alarmed at the apparent 
increase, but the GP was uncertain as to whether 
this was a signifi cant change.

Comment
The analytical variation for creatinine is 
5.0 μmol/L, the biological variation 4.1 μmol/L 
(Fig. 1.5). The critical difference is:

that is, 18 μmol/L. Thus the apparent increase in 
creatinine is not signifi cant at a level of p = 
0.05.
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Analyte Analytical 
variation

Biological 
variation

sodium 1.1  mmol/L 2.0  mmol/L

potassium 0.1  mmol/L 0.19  mmol/L

bicarbonate 0.5  mmol/L 1.3  mmol/L

urea 0.4  mmol/L 0.85  mmol/L

creatinine 5.0  μmol/L 4.1  μmol/L

calcium 0.04  mmol/L 0.04  mmol/L

phosphate 0.04  mmol/L 0.11  mmol/L

total protein 1.0  g/L 1.66  g/L

albumin 1.0  g/L 1.44  g/L

aspartate 
 transaminase

6.0  U/L 8.0  U/L

alkaline 
 phosphatase

4.0  U/L 15.0  U/L
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Is it consistent with 
clinical fi ndings?

If the result is consistent with clinical fi ndings, it is evi-
dence in favour of the clinical diagnosis. If it is not 
consistent, the explanation must be sought. There may 
have been a mistake in the collection, labelling or analy-
sis of the sample, or in the reporting of the result. In 
practice, it may be simplest to request a further sample 
and to repeat the test. If the result is confi rmed, the 
utility of the test in the clinical context should be con-
sidered and the clinical diagnosis itself may have to be 
reviewed.

THE CLINICAL UTILITY OF 
LABORATORY INVESTIGATIONS

In using the result of a test, it is important to know how 
reliable the test is and how suitable it is for its intended 
purpose. Thus, the laboratory personnel must ensure, as 
far as is practicable, that the data are accurate and 
precise, and the clinician should appreciate how useful 
the test is in the context in which it is used. Various 
properties of a test can be calculated to provide this 
information.

Specifi city and sensitivity

Earlier in the chapter, the terms ‘sensitivity’ and ‘speci-
fi city’ were used to describe characteristics of analytical 
methods. The terms are also widely used in the context 
of the utility of laboratory tests. The specifi city of a test 
is a measure of the incidence of negative results in 
persons known to be free of a disease, that is, ‘true 
negative’ (TN). Sensitivity is a measure of the inci-
dence of positive results in patients known to have a 
condition, that is, ‘true positive’ (TP). A specifi city of 
90% implies that 10% of disease-free people would be 
classifi ed as having the disease on the basis of the test 
result: they would have a ‘false positive’ (FP) result. A 
sensitivity of 90% implies that only 90% of people 
known to have the disease would be diagnosed as 
having it on the basis of that test alone: 10% would be 
‘false negatives’ (FN).

Specifi city and sensitivity are calculated as follows:

Specificity
TN

FP TN
=

+( )
×

all without disease 
100

Sensitivity
TP

TP FN
=

+( )
×

all with disease 
100

An ideal diagnostic test would be 100% sensitive, giving 
positive results in all subjects with a particular disease, 
and also 100% specifi c, giving negative results in all 
subjects free of the disease. Because the ranges of results 
in quantitative tests that can occur in health and in 
disease almost always show some overlap, individual 
tests do not achieve such high standards. Factors that 
increase the specifi city of a test tend to decrease the 
sensitivity and vice versa. To take an extreme example, if 
it were decided to diagnose thyrotoxicosis only if the 
plasma free thyroxine concentration were at least 
32 pmol/L (the upper limit of the reference range is 
26 pmol/L), the test would have effectively 100% speci-
fi city; positive results (>32 pmol/L) would only be seen 
in thyrotoxicosis (an exception is a very rare condition 
in which patients are resistant to thyroid hormones). 
On the other hand, the test would have a low sensitivity 
in that many patients with mild thyrotoxicosis would 
be misdiagnosed. If a concentration of 20 pmol/L were 
used, the test would be very sensitive (all those with 
thyrotoxicosis would be correctly assigned) but have 
low specifi city, because many normal people would 
also be diagnosed as having thyrotoxicosis. These con-
cepts are illustrated in Figure 1.6.

Whether it is desirable to maximize specifi city or 
sensitivity depends on the nature of the condition that 
the test is used to diagnose and the consequences of 
making an incorrect diagnosis. For example, sensitivity 
is paramount in a screening test for a harmful condi-
tion, but the inevitable FP results will have to be inves-
tigated further. However, in selecting patients for a trial 
of a new treatment, a highly specifi c test is more appro-
priate to ensure that the treatment is being given only 
to patients who have a particular condition. In some 
cases, this decision may not be straightforward, for 
example in the context of chest pain and suspected acute 
myocardial infarction, where the possible options are to 
identify all those who have had a myocardial infarction 
(‘rule in’) or to identify all those who have defi nitely 
not (‘rule out’). The preferred option should depend on 
the relative outcomes of treatment and non-treatment 
for patients in the two groups.

One way of comparing the sensitivity and specifi city 
of different tests is to construct ‘receiver operating 
characteristic curves’ (ROC curves). Each test is per-
formed in each of a series of appropriate individuals. 

9

THE CLINICAL UTILITY OF LABORATORY INVESTIGATIONS

Ch001-M3455.indd   9Ch001-M3455.indd   9 2/28/2008   10:43:00 AM2/28/2008   10:43:00 AM



BIOCHEMICAL INVESTIGATIONS IN CLINICAL MEDICINE1

The specifi city and sensitivity are calculated using differ-
ent cut-off values to determine whether a given result is 
positive or negative (Fig. 1.7). The curves can then be 
assessed to determine which test performs best in the 
specifi c circumstances for which it is required.

The specialized use of the terms ‘sensitivity’ and ‘spec-
ifi city’ that has been discussed here in the context of the 
utility of laboratory tests sometimes causes confusion, 
since these terms are also used to describe purely ana-
lytical properties of tests. Readers should appreciate 
that, in this latter context, ‘sensitivity’ relates to the 
ability of a test to detect low concentrations of an 
analyte and ‘specifi city’ to its ability to measure the 
analyte of interest and not some other (usually similar) 
substance.

Effi ciency

The effi ciency of a test is the number of correct results 
divided by the total number of tests. Thus effi ciency is 
given by:

TP TN+ ×
total number of tests

100

false
negatives

false
positives

reference
range

values
in

health

values
in

disease

test
result

diagnostic
cut-off

high specificity
low sensitivity

b

number
of tests

a

number
of tests

test
result

low specificity
high sensitivity

c

number
of tests

test
result

diagnostic
cut-off

Figure 1.6 Because the ranges of values for a test 
result in health and disease overlap (a), some patients 
with disease will have results within the reference 
range (false negatives), while some individuals free of 
disease will have results outside this range (false 
positives). If the diagnostic cut-off value for a test is 
set too high (b), there will be no false positives, but 
many false negatives; specifi city is increased but 
sensitivity decreases. If the diagnostic cut-off value is 
set too low (c), the number of false positives, and 
sensitivity, increases, at the expense of a decrease in 
specifi city.

specificity (%)

sensitivity
(%)

B A

C

100
100

75

50

25

0

75 50 25 0

Figure 1.7 ROC curves for three hypothetical tests, 
A, B and C. Examination of the curves shows that test 
A performs less well in terms of both sensitivity and 
specifi city than tests B and C. Test B has better 
specifi city than C, but C has better sensitivity.
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When sensitivity and specifi city are equally important, 
the test with the greatest effi ciency should be used.

Predictive values

Even a highly specifi c and sensitive test may not neces-
sarily perform well in a clinical context. This is because 
the ability of a test to diagnose disease depends on the 
prevalence of the condition in the population being 
studied (prevalence is the number of people with the 
condition in relation to the population). This ability is 
given by the ‘predictive value’ (PV). PV+ve, the PV for a 
positive result, is the percentage of all positive results 
that are TPs, that is:

PV
TP

TP+FP
ve+ = ×100

If a condition has a low prevalence and the test is <100% 
specifi c, many FPs will result and the PV will be low.

A high predictive value for a positive test is important 
if the appropriate management of a patient with a TP 
result would be potentially dangerous if applied to 
someone with a FP result. However, when a test is used 
for screening, the appropriate management is to perform 
further (diagnostic) tests, and although these may cause 
inconvenience for subjects with FP results, they are 
unlikely to be dangerous.

In order not to miss cases, a screening test should 
have a very high PV−ve, the PV for a negative result; this 
is the percentage of all negative results that are TNs, 
that is:

PV
TN

TN FN
− =

+
×ve 100

This conclusion follows directly from the fact that the 
test must be highly sensitive.

For clarity, this discussion has centred on the use of 
single tests for diagnostic purposes, but in practice, the 
clinician will combine clinical information and, often, 
the results of several investigations to make the diagno-
sis. If the tests are used rationally, the PV of positive 
results will be higher since the tests will be used only in 
patients who have other features suggesting a particular 
diagnosis (the prevalence of the disease in question 
would be higher in a group of such people than in the 
general population). For example, although Cushing’s 
disease is rare, making the PV of a positive test for the 

condition in the general population low, in practice one 
would only investigate patients suspected on clinical 
grounds of having the condition and in whom the prev-
alence will therefore be higher. This may be self-evident, 
but doctors frequently order tests on fl imsy clinical 
grounds and fail to appreciate how unhelpful, or even 
misleading, the results may be.

Likelihood ratios

The concept of predictive values is an unfamiliar one 
for many people: it has no obvious parallel in our every-
day lives. The concept of odds is a more familiar one. 
‘Likelihood ratios’ (LRs) express the odds that a given 
fi nding (e.g. a particular result) would occur in a 
person with, as opposed to without, a particular con-
dition. The LR for a positive result is given by:

LR+ve = sensitivity/(1 − specifi city)

The LR−ve (the odds that a negative test result would 
occur in a person with, as opposed to without, a particu-
lar condition) is given by:

LR−ve = (1 − sensitivity)/specifi city

LRs can be used to convert the probability of a con-
dition being present before the test was done (in the 
case of a screening test, this is the prevalence) to the 
post-test probability of its being present. The greater 
the value of the LR, the more useful the test will have 
been.

Evidence-based clinical biochemistry

Most clinicians and pathologists use laboratory tests 
primarily on the basis of their own clinical expertise and 
interpret results intuitively. Ideally, tests should be 
chosen on the basis of evidence of their utility, and their 
results used on the basis of outcome measures. Such an 
approach is advocated as part of the practice of evi-
dence-based medicine, and could be facilitated by the 
use of test characteristics such as have been discussed 
above. However, it remains the case that many well-
established tests have been introduced into clinical 
practice without being properly evaluated, and few sys-
tematic reviews of existing tests have been performed. 
Furthermore, new tests are often introduced into labo-
ratories’ repertoires without a systematic assessment of 
their utility having been made, and their value and 
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limitations may only become apparent in the light of 
experience of their day-to-day use.

CLINICAL AUDIT
Clinical audit is part of the process of ensuring 
quality – in this context, of ensuring the provision of 
a high quality laboratory service. In this respect, it is 
complementary to the other techniques of quality assur-
ance, which in the main concentrate on the analytical 
aspects of the service, that is, the provision of precise 
and accurate results. Clinical audit is the process of sys-
tematically examining practice in order to ensure that it 
is effi cient and benefi cial to patients. It involves identi-
fying an area of practice, setting standards or guidelines 
(e.g. a protocol for investigation of patients suspected 
of having a particular condition), implementing changes 
designed to achieve these and then examining compli-
ance with them and the effects on patient care. The cycle 
is completed by revision of the standards in the light of 
this analysis and their modifi cation as required. It 
should be followed by re-audit after an appropriate 
interval.

The term ‘audit’ is also applied to procedures 
used by some laboratory accreditation bodies to 
check on the internal functioning of laboratories. It 
is beyond the scope of this book to describe such 
procedures.

SCREENING
Screening tests are used to detect disease in groups of 
apparently healthy individuals. Such tests may be 
applied to whole populations (e.g. the detection of PKU 
in the newborn), to groups known to be at risk (the 
detection of hypercholesterolaemia in the relatives of 
people with premature coronary heart disease), or to 
groups of people selected for other reasons (biochemi-
cal profi ling of pre-operative patients, health screening 
for business executives and screening for common con-
ditions in the elderly).

As previously discussed, high sensitivity is particularly 
desirable for screening tests but, to avoid unnecessary 
further tests of normal people, high specifi city is also an 
important consideration. Screening tests for PKU are 
designed to maximize sensitivity but are also highly 

specifi c. However, PKU has a low incidence so that even 
with a sensitivity of 100% and specifi city of 99.9%, the 
predictive value of a positive test is only 10%, that is, 9 
out of 10 positive tests will be shown on further inves-
tigation to be false positives. These calculations are 
made as follows:

1. incidence of PKU = 1 in 10 000 live births

2. sensitivity = 100% or 
1

1
TP

 case of PKU

3. specifi city = 99.9% or 
9990

999
TN

9 without PKU
4. number of positive tests per 10 000 infants tested =

 
100 99 9

100
10 000 10

−( )
× =

.

5. numbers of TP and FP results: TP = 1, FP = 9

6. predictive value of a positive test = 
1

10
100 10× = %.

On the other hand, the predictive value of a negative 
test will be 100%, confi rming that no cases will be 
missed using the screening test.

Screening for specifi c conditions is discussed in other 
chapters of this book. Such screening is often based on 
the use of considerably less specifi c or sensitive tests and 
therefore has a low effi ciency for detecting disease. 
Indiscriminate biochemical profi ling is also ineffi cient. 
The more tests that are performed, the greater is the 
probability that an apparently abnormal result will arise 
that is not the result of a pathological process.

When multichannel analysers are used to generate 
biochemical data and an unexpected abnormality is 
found, a decision must be made as to what action to 
take. The abnormality may be considered insignifi cant 
in some clinical circumstances, but if it is not, further 
investigations must be made. Although these may be of 
ultimate benefi t to the patient, their cost and economic 
consequences may be considerable. At the very least, the 
tests should be repeated to ensure that the abnormality 
was not due to analytical error.

The ready availability of an investigation often leads 
to it being used unnecessarily or inappropriately. 
Doctors should be encouraged to be selective in making 
test requests. They should also join with laboratory staff 
in critically examining all current tests and investigative 
techniques to ensure that they are using these tests to 
their best advantage in medical practice.
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• Biochemical investigations are used for 
diagnosis, monitoring, screening and in 
prognosis

• Specimens for analysis must be collected and 
transported to the laboratory under appropriate 
conditions

• Analytical results are affected by both analytical 
and biological variation

• Results can be compared either with reference 
intervals or with the results of previous tests

• The utility of test results depends on many 
factors: an ‘abnormal’ result should not be 
assumed to indicate a pathological process, nor a 
‘normal’ one to exclude disease or potential 
disease

• The utility of tests can be measured and described 
mathematically: applying this information can 
considerably enhance the value of laboratory test 
results in clinical practice.

SUMMARY

Plasma is the aqueous phase of blood and can be obtained by removal of blood cells from blood to which 
an anticoagulant has been added. Serum is the aqueous phase of blood that has been allowed to clot. For 
technical reasons, many biochemical measurements are more conveniently made on serum, but the 
concentrations of most analytes are effectively the same in both fl uids. In this book, the term ‘serum’ is used 
only where actual measurements made in serum are referred to (e.g. in the Case Histories) and in the few 
instances where serum must be used for analysis.

Plasma and serumii
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