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The ultimate goal of diagnostic testing is to guide disease 
management in order to improve patient outcomes and pa-
tient well-being. Patient populations are rarely homogenous 
and accurate diagnostic tests can dissect the patient popula-
tion and identify those patients with similar symptoms but 
very different underlying pathophysiology that will respond 
differently to different treatments. This stratification of pa-
tients can direct patients to appropriate treatment and is 
likely to result in clinical benefits for patients and economic 
benefits for the healthcare system. In this article we look 
at the clinical and economic benefits afforded by clinical 
laboratory diagnostics in three disease areas that represent 
substantial clinical and healthcare burdens to society; heart 
failure, Alzheimer’s disease and asthma. 

The relative spend on diagnostics compared with pharma-
ceuticals indicates that diagnostic tests are underappreciat-
ed in relation to the medical and economic value that they 
deliver. Clinical laboratory diagnostics should be viewed as 
a pivotal part of the healthcare system and valued accord-
ingly. The skills available in clinical laboratories around the 
world should be harnessed to ensure the continued devel-
opment of accurate tests that inform the healthcare com-
munity with respect to the pathophysiology of disease and 
facilitate the screening, diagnosis, appropriate treatment 
and monitoring of patients
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INTRODUCTION

Clinical laboratory diagnostics are central to the 
integrated management of many different dis-
eases. Without accurate diagnosis, appropriate 
treatment is not possible. However, the central 
role of clinical diagnostics is often underappre-
ciated because the impact on patient care is not 
as readily apparent as medical intervention. 

European expenditure on diagnostic proce-
dures represents just 0.8% (€10.8 billion) of 
total healthcare expenditure (~€1,350 billion). 
Moreover, patients across Europe have unequal 
access to in vitro diagnostics because resources 
spent on these tests vary from €3.6 (Romania) 
to €43.5 (Switzerland) per capita per annum [1]. 
This expenditure belies the importance of clini-
cal diagnostics, which is said to influence more 
than 60% of clinical decision making. Accurate 
diagnosis, based on detection of biomarkers and 
other tests, with subsequent guided therapy can 
result in clinical benefits for patients and eco-
nomic benefits for the healthcare system [2,3]. 
As the population expands and ages, clinical lab-
oratory diagnostics can help to reduce the asso-
ciated healthcare costs by directing care and re-
sources to those who are most likely to benefit. 

Although automated platforms have acceler-
ated the testing procedure and reduced the 
necessary labour intensity, many tests still re-
quire highly trained, skilled clinical scientists to 
interpret the results and relay these effectively 
to the clinician responsible for a patient’s care. 
These clinical scientists should be viewed as 
highly valued members of the broader health-
care team.

The purpose of this article is to highlight the val-
ue of the diagnostic work conducted by clinical 
laboratories from two key perspectives; clinical 
and economic. The impact of clinical labora-
tory diagnostics is examined in three key areas; 
heart failure (HF), Alzheimer’s disease (AD) and 
asthma.

IMPACT OF DIAGNOSIS ON UNDERSTANDING 
MEDICINE: HOW LESSONS FROM THE PAST 
ENABLE TREATMENT IN THE FUTURE 

An understanding of diseases has always been 
fostered by a better understanding of under-
lying causes. In one of the earliest examples, 
diabetes mellitus (meaning ‘honey-like’), was 
able to be separated from diabetes ‘insipidus’ 
(meaning ‘tasteless’) based on the observation 
that ants are attracted to the urine from a pa-
tient with diabetes mellitus [4,5]. Such an indi-
vidual and definitive diagnosis is fundamental 
in separating patients with similar symptoms 
into subgroups with very different underlying 
pathophysiology.

Understanding how these diseases develop is 
key to appropriate patient management. It im-
proves understanding of clinical symptoms and 
in turn improves early and accurate diagnosis 
of disease through the identification of at-risk 
groups. This is a progressive, iterative process 
with individual developments continually refin-
ing the initial wider spectrum diagnosis. 

Asthma is an example of progressive refinement 
of diagnosis. Traditionally treatment of asthma 
has largely been symptomatic with increases in 
symptoms leading to escalation of therapy, with 
no knowledge or understanding of the different 
pathological causes responsible for symptoms 
in different patient groups. As a consequence, 
the cause of symptoms was not addressed and 
treatment response was suboptimal. Subse-
quent recognition that asthma patients can be 
eosinophilic or non-eosinophilic based on the 
presence or absence of sputum eosinophilia is 
leading to a better understanding of response 
to treatment in these patients [6]. However, this 
necessitates sputum testing for eosinophilic 
status becoming more widely accepted so that 
patients more likely to respond to therapy can 
be identified. 
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More recently further dissection of the patient 
population based on observed heterogeneity of 
interleukin-13 (IL-13) expression has identified 
a group of patients with high levels of periostin 
who are more likely to respond to therapy with 
lebrikizumab, an anti-IL-13 medicine currently 
in Phase III clinical development [7].

AD, the most frequent cause of dementia [8,9], 
may be a further example of such refinement. 
One characteristic of AD is the presence of 
amyloid-beta plaques. In the past a definitive 
diagnosis could only be made through identi-
fication of these plaques at autopsy, although 
more recently there has been a shift towards in 
vivo diagnosis based on amyloid-binding posi-
tron emission tomography (PET) tracers and 
cerebrospinal fluid (CSF) biomarkers. However, 
studies comparing clinical diagnosis and autop-
sy findings have shown that an incorrect diag-
nosis is made in as many as 12−23% of cases 
[10], and up to 32% of patients with clinically 
probable AD have shown no amyloid pathol-
ogy on PET [11−13]. The potential impact of 
this was observed in the EXPEDITION 1 and 2 
studies, which investigated the use of the hu-
manized analogue of the murine antibody, so-
lanezumab, in patients with mild-to-moderate 
AD [14]. In this study, there was no significant 
improvement in cognition or functional ability. 
However, 22% of the patient population did not 
meet the cut-off for being amyloid positive [15] 
and probably did not have AD. This may have 
diluted the efficacy. Using a biomarker like amy-
loid-beta it is possible to identify a purer popu-
lation of the specific disease and gain an under-
standing of their disease progression and ability 
to be targeted with specific therapies, such as 
anti-amyloid therapy, that may be effective in 
this selected population. In fact, a subanalysis 
of these patients has demonstrated a trend to 
respond in amyloid-beta-enriched patients and 
the ongoing EXPEDITION 3 study is looking into 
this further [NCT01900665].

The understanding of the role of the specific 
Tau proteins in disease progression may fur-
ther aid the understanding of the pathophysi-
ological causes of AD. Stronger investment into 
biomarker research and provision of these bio-
markers to physicians in the form of reliable and 
accessible diagnostic tools may be an effective 
route to developing a better understanding of 
the disease and ultimately help to develop more 
specific and effective therapies. For this reason 
the imbalance of expenditure on diagnostics 
and interventional drugs needs to be reduced. 
Diagnostics needs to play a more prominent 
role in medicine and these innovations should 
receive greater recognition by the healthcare 
community.

HEALTH ECONOMIC IMPACT: 
HOW THIS IS MEASURED

Problems central to the provision of health-
care include the scarcity of resources and the 
need to contain costs within healthcare systems 
against a background of increasing demand as 
a result of an ageing population, poor diet, in-
creasing rates of obesity and other healthcare 
megatrends. Since the 1960s, expenditure on 
healthcare has risen faster than the general rate 
of inflation [16].

Health economic evaluations help decision 
makers to allocate scarce resources based on 
cost vs benefit. This mainly involves undertak-
ing prospective and retrospective comparative 
studies and/or economic modelling [17]. Eco-
nomic modelling falls into four major catego-
ries: cost minimization, cost-effectiveness, cost 
utility and cost-benefit analysis. Analysis can 
be performed from different perspectives; so-
cietal/economic perspective, healthcare system 
perspective, social insurance perspective or 
from the perspective of specific providers, such 
as hospitals. In general, choice of comparator 
must be appropriate for the specific analysis. 
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Costs are usually described in monetary units, 
while associated benefits are described in terms 
of quality-adjusted life years (QALYs) gained or 
lost [17]. The relationship between the two is 
the incremental cost-effectiveness ratio (ICER). 
Threshold values for ‘willingness to pay’ (e.g. 
approximately £20−30 k/QALY gained in the UK) 
could inform decision makers as to whether the 
technology in question is ‘good value for mon-
ey’, keeping in mind the budgetary implications 
on the healthcare system.

Health economic evaluation of diagnostic tech-
nologies is complex, involving combined mod-
elling of diagnostics and treatment, timing of 
tests and different test cut-off points, and is fur-
ther complicated by the lack of universally ac-
cepted general guidelines and methodologies. 

IMPACT OF CLINICAL LABORATORY 
DIAGNOSTICS: CLINICAL 
AND ECONOMIC PERSPECTIVES

Without reliable diagnostic tests appropriate 
clinical decisions cannot be made. Point of care 
tests allow these decisions to be made within 
hours, if not minutes. A single test can identify 
the need for additional tests, indicate that fur-
ther tests are futile, or be sufficient to rule-out 
a disease and discharge a patient. They can be 
used to monitor treatment progress and to in-
dicate when or whether treatment should be 
initiated or stopped as well as informing the 
optimal dose or treatment frequency needed 
to achieve a desired therapeutic effect in an in-
dividual patient.

A diagnosis based solely on clinical symptoms, 
as described above, can lead to the wrong con-
clusion. Laboratory diagnostics provide an ob-
jective measure. This is particularly important 
in areas where key symptoms are non-specific, 
such as dyspnoea or headache, and where di-
agnosis is problematic based on clinical history 
alone. Dyspnoea is one of the most common 

symptoms. It is also one of the most non-spe-
cific; the online diagnostic tool, DiagnosticPro, 
lists close to 500 causes of dyspnoea, which can 
be challenging to distinguish between. Labora-
tory diagnostics, together with the clinical as-
sessment, can give a definitive answer, or at 
least narrow down the options. For example, al-
though acute coronary syndrome usually pres-
ents as dyspnoea associated with chest discom-
fort, it may typically present as dyspnoea alone. 
In this circumstance, cardiac markers are im-
portant for diagnosis and directing treatment. 
Nowadays, diagnostic tests can be performed 
at a centralized laboratory, in hospital, in the 
clinic, and at work or home, offering flexibility 
around clinical decision making.

Diagnostic tests have the ability to safeguard 
public health as well the health of an individual 
by providing rapid information during public 
health emergencies to confirm the presence of 
infectious disease, triage and treat accordingly. 
Evidence-based clinical practice guidelines are 
increasingly recommending the use of specific 
diagnostic tests because of their role in inform-
ing healthcare decision making.

Clinical diagnostics allow for the stratification 
of patients with heterogeneous diseases to en-
able targeted therapy for patients most likely to 
respond. Not only can diagnostic tests in some 
cases predict therapeutic efficacy, but they may 
also predict those who are more likely to experi-
ence adverse events. Thus, they inform the risk: 
benefit trade-off that is central to healthcare. 

The real health economic benefit of clinical lab-
oratory diagnostics is evident when the impact 
on tertiary care is examined. In particular, clini-
cal laboratory diagnostics can be used effective-
ly to triage patients to the appropriate level of 
care with a related reduction in costs associated 
with hospitalisation [3]. Additional cost benefits 
of clinical laboratory diagnostics may be real-
ized through a reduction in the number needed 
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to treat, a reduction in drug costs associated 
with identifiable non-responders, avoided costs 
from predictable side effects, improved compli-
ance and persistence and improved health out-
comes [18]. Thus, clinical laboratory diagnostics 
play a key role by influencing the quality of pa-
tient care, health outcomes and downstream 
resource requirements. These considerations 
will become more and more important as the 
global population expands and ages. Using the 
example of AD, with an estimated projected 
worldwide patient population of 115 million by 
2050 [8], employing a diagnostic test to exclude 
the proportion of patients unlikely to respond 
to therapy alone has the potential to drastically 
reduce associated healthcare costs.

The clinical benefit of an accurate diagnosis is 
apparent for all diseases. An associated health 
economic impact is most relevant in diseases 
that are highly prevalent or resource-intensive 
to manage. Three examples are HF, AD and 
asthma.

CLINICAL AND HEALTH ECONOMIC 
IMPACT OF LABORATORY DIAGNOSTICS 
IN HEART FAILURE

HF is one of the most costly medical conditions 
to manage, due to high prevalence and fre-
quent and prolonged periods of hospitalization; 
in the US, in patients aged 18−64, each hospi-
talization due to HF costs an estimated $23,077 
[19]. Although HF-related hospitalization rates 
are declining [20], HF remains one of the lead-
ing causes of hospitalization among people 
aged >60 years [21], with patients staying on 
average 4 days longer in hospital than for other 
diseases [21,22]. In addition, over one-quarter 
of patients are readmitted within 30 days of ini-
tial discharge [23].

The prevalence of HF increases with age. In the 
UK, analysis from the British Heart Foundation 
estimates that 0.9% of men and 0.7% of women 

suffer from HF, rising to 13.1% of men and 11.9% 
of women aged over 75 years [24]. Thus, as is 
the case in the US, HF constitutes a substantial 
burden on the National Health Service (NHS), 
accounting for one million inpatient bed-days 
(2% of the NHS total) and 5% of all emergency 
hospital admissions [25]. Given the age-related 
prevalence of HF, as well as age-related increas-
es in recognised risk factors, such as hyperten-
sion, coronary heart disease, obesity, diabetes 
and hyperlipoproteinaemia, associated costs 
can be expected to increase. Indeed, the Ameri-
can Heart Association predicts that by 2030 the 
prevalence of HF will be 3.5%, equating to $77.7 
billion in direct costs [26]. 

A cardinal symptom of HF is dyspnoea. As noted 
above, this symptom is non-specific and sub-
jective and patients presenting with dyspnoea 
may have multiple comorbidities that compli-
cate diagnosis. This means that patients with HF 
may be missed or that patients may be misdi-
agnosed or hospitalized unnecessarily. Each of 
these consequences has clinical and economic 
implications. In a study of 592 dyspnoeic pa-
tients, clinical uncertainty (a diagnostic certain-
ty estimate between 21% and 79%) for acutely 
destabilized HF was associated with increased 
morbidity and mortality. Significantly more pa-
tients in the clinical uncertainty group were ad-
mitted to hospital (86% vs 71%; P<0.001) and 
median length of stay in hospital was also lon-
ger (6.6 days vs 5.4 days; P=0.02). In addition, in 
the clinical uncertainty group >90% of patients 
were discharged within 14 days compared with 
9 days in the clinical certainty group [2]. Clini-
cal uncertainty was found to be an independent 
predictor of death (hazard ratio [HR] 1.88 [95% 
confidence interval {CI}: 1.02−2.25; P=0.05]) as 
well as death or hospitalization within one year 
(HR 2.18 [95% CI: 1.71−2.49; P=0.01]) [2]. Al-
though not evaluated directly in this study, the 
observed increased hospitalization of patients 
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in the clinical uncertainty group is highly likely to 
be associated with increased healthcare spend.

Value of measuring N-terminal 
prohormone of brain natriuretic peptide 

The data in the study by Green and colleagues 
[2] suggest that reducing diagnostic uncertainty 
has the potential to improve patient outcomes 
as well as reducing costs associated with hos-
pitalization. This can be achieved by including 
other tests to inform diagnosis and not relying 
on non-specific clinical symptoms, such a dys-
pnoea, alone. 

Echocardiography is the most reliable meth-
od for assessing cardiac pathology. However, 
echocardiographic assessment of all dyspnoeic 
patients is likely not to be cost-effective, with 
many patients referred for evaluation showing 
no evidence of significant heart disease [27,28]. 
Tests that can accurately and rapidly confirm 
or rule-out a diagnosis of HF have potential to 
improve subsequent patient management and 

significantly reduce the costs associated with 
clinical uncertainty. A number of biomarkers 
have been identified as being associated with 
HF. Among these, the natriuretic peptides are 
of proven diagnostic/prognostic value, based 
on the observation that levels increase follow-
ing atrial or ventricular dilatation [29].

Brain natriuretic peptide (BNP) is derived from 
pre-prohormone of brain natriuretic peptde, 
which is cleaved to remove the 26 amino acid 
signal protein and then subsequently to pro-
duce active BNP and its inactive N-terminal por-
tion, NT-proBNP [29]. Both BNP and NT-proBNP 
have been shown to be of considerable utility 
for the clinical evaluation and risk prediction 
of HF [30]. NT‑proBNP, however, does have a 
number of advantages over BNP, including a 
substantially longer half-life [30], higher circu-
lating concentrations [30], greater stability [31], 
lower vulnerability to circadian variation [32] 
and more flexible sampling [30]. Unlike BNP, the 

Table 1 Optimal NT-proBNP cut-points for the diagnosis/exclusion of  acute HF 
among dyspnoeic patients [34]

Category
Optimal  

cut-point
Sensitivity  

(%)
Specificity  

(%)

Positive 
predictive 
value (%)

Negative 
predictive 
value (%)

Accuracy 
(%)

Confirmatory (rule-in) cut-points

<50 years (n=184) 450 pg/mL 97 93 76 99 94

50−75 years (n=537) 900 pg/mL 90 82 83 88 85

>75 years (n=535) 1,800 pg/
mL 85 73 92 55 83

Rule-in overall 90 84 88 66 85

Exclusionary (rule-out) cut-points

All patients 
(n=1,256) 300 pg/mL 99 60 77 98 83
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available NT-proBNP assays are standardized 
and show relatively reproducible results [33]. 

In the first large-scale international analysis 
of NT-proBNP testing in the evaluation of 
patients with suspected HF, NT-proBNP was a 
sensitive and specific indicator of HF [34; Table 
1]. Measuring NT-proBNP levels can reduce the 
uncertainty associated with HF diagnosis based 
on clinical symptoms alone [2] and thereby 
ensure appropriate care [35]. In the study 
described above [2], among the 185 patients 
in the clinical uncertainty group, 103 (56%) had 
acutely destabilized HF. In this group, the value of 
clinical judgement alone, determined by the area 
under the receiver operating characteristic curve 
(ROC AUC) was found to be 0.76 compared with 
0.88 in the clinical certainty group (P<0.001). 
In the same population, measurement of NT-
proBNP had an overall sensitivity of 90% (95% CI: 
81%−94%), 84% specificity (95% CI: 72%−88%) 
and a positive predictive value of 86% for the 
diagnosis of acutely destabilised HF [2]. ROC 
AUC for NT-proBNP was 0.91 and 0.96 in the 
clinical uncertainty and clinical certainty groups, 
respectively (Table 2). Combining NT-proBNP 
with clinical judgement improved diagnostic 
accuracy in both the clinical certainty (ROC AUC 

0.98) and clinical uncertainty groups (ROC AUC 
0.94; Table 2) [2]. 

The IMPROVE CHF (Improved Management of 
Patients with CHF) trial evaluated the clinical 
and economic impact of NT-proBNP testing in 
addition to usual care compared to usual care 
alone on the management of 500 patients 
presenting to the emergency department 
with dyspnoea. This study also demonstrated 
increased diagnostic accuracy when combining 
NT-proBNP measurement with clinical judge-
ment (ROC AUC of 0.90 [95% CI: 0.90−0.93] 
vs 0.83 [95% CI: 0.80−0.84]; P=0.00001) [35]. 
Overall, the median duration of the initial visit 
to the emergency department was significantly 
shorter in the NT-proBNP group compared 
with usual care (6.3 vs 5.6 hours; P=0.0309). 
There were no significant differences in initial 
hospitalizations, length of hospital stay, time in 
intensive care or initial and 60-day mortality. 
However, a significant reduction in the number 
of patients readmitted within 60 days was 
observed (13% vs 20%; P=0.0463). In addition 
NTpro-BNP-guided therapy resulted in a 15% 
reduction in total direct medical costs to 60 days 
follow up ($6,129 vs $5,180; P=0.0232) [35]. 

The studies above describe how the addition of 
NT-proBNP testing to clinical judgement based 

Table 2 Accuracy of  clinical judgement and NT-proBNP-guided judgement in 
dyspnoeic patients according to clinical certainty of  a diagnosis of  
acutely destabilised HF [2]

Judgement
ROC (95% CI)

Clinical certainty (n=407) Clinical uncertainty (n=185)

Clinical 0.88 (0.83−0.92) 0.76 (0.69−0.83)

NT-proBNP-guided 0.96 (0.94−0.97)a 0.91 (0.87−0.96)a

Clinical plus NT-proBNP 0.98b 0.94b

a P<0.001 compared with clinical judgement; 
b P<0.05 for comparison with each of clinical and NT-proBNP-guided judgement alone
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on symptoms and other evaluations improves 
the accuracy of diagnosis and can reduce di-
rect medical costs. Other studies have demon-
strated the value of NT-proBNP measurements 
in the stratification of patient care, also with 
the accompanying benefit of reducing asso-
ciated healthcare costs. The PROMPT study 
resulted in improved stratification of patient 
care, with knowledge of elevated NT-proBNP 
levels resulting in early and more aggressive 
patient management. More patients with 
high levels of NT-proBNP (>1,800 pg/mL) were 
likely to be admitted to a higher level of care 
if the physician was aware of the NT-proBNP 
level than if they were not (21.9% vs 12.9%; 
P=0.037). Patients with a low NT-proBNP level 
(<150 pg/mL) were less likely to be admitted 
(4.6% vs 13.8%; P=0.036). There was no dif-
ference in admission rates in those patients 
with intermediate values of NT-proBNP [3]. 
In addition, compared with low levels, high 
levels of NT-proBNP were associated with 
higher rates of hospital admission (odds ratio 
[OR] 2.9), longer hospital stays (8.5 days vs 
3.5 days, P<0.01), higher rates of in-hospital 
death (3.9% vs 0%, P<0.01), greater likelihood 
of re-hospitalization within 6 months (OR 5.1, 
P < 0.001), and greater likelihood of death or 
re-hospitalization within 6 months (OR 5.7). 
Overall, NT-proBNP levels were associated 
with better stratification of patient care and 
were strongly correlated with subsequent utili-
zation of hospital resources and prognosis [3]. 
In agreement with these observations, a cost-
utility analysis of NT-proBNP-guided therapy in 
Canada found that NT-proBNP-guided inten-
sive HF patient management, in addition to 
multidisciplinary care, not only reduced death 
and hospitalisation but was cost effective com-
pared with multidisciplinary care alone or usu-
al care, without adverse effects on safety [36]. 
NT-proBNP-guided intensive management cost 
less per patient compared with usual care and 

multidisciplinary care (CAN$55,946 vs $57,729 
and $61,500, respectively). Quality-adjusted 
life-years were also greater (3.20 vs 2.36 and 
3.04 for usual care and multidisciplinary care, 
respectively). 

Taken together, these studies clearly demon-
strate the considerable value of NT-proBNP test-
ing from both a clinical and health economic 
perspective.

CLINICAL AND HEALTH ECONOMIC 
IMPACT OF LABORATORY DIAGNOSTICS 
IN ALZHEIMER’S DISEASE

According to the World Alzheimer’s Report 
(2010), the global economic burden of demen-
tia - which affects 36 million people around the 
world - has been estimated at $604 billion [37]. 
The strongest risk factor for the development 
of AD is advancing age [8]. Therefore, increas-
ing life expectancy will result in more and more 
people becoming affected by the disease; the 
number of people suffering from AD is estimat-
ed to reach 65.7 million by 2030 and 115.4 mil-
lion by 2050 [37]. This same report predicts a 
rise of 85% in costs associated with dementia by 
2030. As the most common cause of dementia, 
responsible for 60−80% of cases [9], AD is the 
largest contributor to this clinical and economic 
burden. 

In Europe, annual costs per person with demen-
tia vary widely. Based on Eurocodes estimates 
for dementia prevalence, a cost model based 
on published European cost of illness papers 
determined that the total cost of illness in the 
European Union in 2008 was €160 billion, which 
equates to €22,000 per person with dementia 
per year [38]. This annual burden varied from 
€4,473 in Eastern Europe to €35,987 in North-
ern Europe.

In the US, Medicare costs for beneficiaries with 
AD were $91 billion in 2005 and reached a stag-
gering $160 billion in 2010. While direct medical 
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costs are substantial, the costs from lost wages 
of patients and families and the costs for non-
nursing home patients is $120 billion annually 
in the US. In high-income countries, informal 
care (45%) and formal social care (40%) account 
for the majority of costs, while the proportion-
ate contribution of direct medical costs (15%) is 
much lower.

In the US, development of an intervention found 
to delay onset of AD by 5 years is estimated to 
result in a 57% reduction in the number of peo-
ple affected and to almost halve projected an-
nual Medicare costs from ~$630 to ~$340 billion 
[8]. Currently, however, there are no effective 
disease-modifying drugs that will prevent the 
disease, slow its progression or delay its onset 
[8]. In the absence of such drugs, early symp-
tomatic treatment is the optimal strategy. Stud-
ies have shown that a patient’s level of function 
will be preserved for longer if managed earlier 
and that community-dwelling patients with AD 
incur less societal cost than those who require 
long-term institutionalisation [39]. Early inter-
vention, however, requires early diagnosis. As 
discussed earlier, diagnosis based on clinical 
signs and symptoms alone is incorrect in a sub-
stantial proportion of patients [10−13]. 

Biomarkers have diagnostic value in AD. Al-
though several have been studied, evidence 
for three is strongest [8,40]; the 42 amino acid 
species of amyloid-beta (amyloid β42 [Aβ42]), 
which is the principal constituent of amyloid 
plaques, and total Tau (t-Tau) and phosphorylat-
ed Tau (p-Tau), which aggregate to form intra-
neuronal neurofibrillary tangles and are associ-
ated with neuronal degeneration or injury. Both 
are measured in CSF. Aβ42 has been shown to 
have an inverse correlation with plaque load at 
autopsy, and whereas t-Tau and p-Tau are gen-
erally highly correlated and typically elevated in 
individuals with Alzheimer’s disease, p-Tau may 
be more specific for AD as, unlike t-Tau, eleva-
tions are not observed in traumatic brain injury, 

stroke or Creutzfeldt−Jakob disease [8]. Indeed, 
low circulating Aβ42 and high levels of Tau have 
been shown to have diagnostic and prognostic 
value in AD and are able to predict which indi-
viduals with mild cognitive impairment (MCI) 
and asymptomatic/preclinical AD are likely to 
progress to AD [8].

The ability to identify individuals whose disease 
is likely to progress using clinical laboratory 
assessment of biomarkers is important. Even 
in the absence of effective disease-modifying 
therapies, the timely detection of AD can be 
cost effective because treatments that are avail-
able can improve symptoms sufficiently to re-
duce healthcare costs by keeping patients living 
in the community for longer [41]. Because few 
treatments are available, this study modelled 
the effects of two hypothetical interventions; 
one modestly effective symptomatic treat-
ment, and another that halted cognitive decline 
for a short period. Although hypothetical, the 
study demonstrates that early intervention is 
necessary for current symptomatic treatments 
to maximise cost-effectiveness. For disease-
modifying drugs, maximal cost-effectiveness is 
achieved by intervening early enough to antici-
pate the period of rapid cognitive decline [41]. 
A diagnostic and economic evaluation of new 
biomarkers for AD is ongoing, which aims to 
assess the diagnostic test accuracy of current 
clinical diagnostic work-up and emerging bio-
markers, perform a cost-consequence analysis 
and assess long-term cost-effectiveness using 
an economic model [42].

Recently, the use of AD pathology biomark-
ers has been included in the new consensus 
research diagnostic criteria for AD, MCI, and 
preclinical AD, proposed by the National Insti-
tute on Aging and the Alzheimer’s Association. 
These new criteria take into account that AD 
dementia is part of a continuum of clinical and 
biological phenomena [43−45]. The new Inter-
national Working Group (IWG) criteria, IWG-2, 
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recommend the use of either CSF biomarkers or 
PET imaging for the evaluation of AD patients 
[46]. In Europe, the Committee for Medicinal 
Products for Human Use published a number of 
qualification opinions on the use of biomarkers 
in the context of AD for enrichment of clinical 
trials in pre-dementia and mild-to-moderate AD 
[47]. The use of AD biomarkers for clinical trial 
enrichment is also supported by the recent FDA 
draft guidance for treatment of early AD; at this 
point the role of clinical laboratory diagnostics 
can be expected to be central in the effective 
clinical and cost-effective management of pa-
tients with AD.

CLINICAL AND HEALTH ECONOMIC 
IMPACT OF LABORATORY 
DIAGNOSTICS IN ASTHMA

Asthma is a highly heterogeneous disease. It is 
a global public health problem and the preva-
lence is increasing in most countries [48]. Ac-
cording to the Global Asthma Report, as many 
as 334 million people may be affected and the 
burden of disability is high [49]. Asthma was 
once considered a disease of high income soci-
eties, but this is no longer the case and rates of 
asthma are increasing fastest in low to middle 
income societies [49]. It is responsible for an es-
timated 1% of the worldwide disability-adjusted 
life years lost [50] and ranks 22nd worldwide, 
similar to other chronic diseases, such as diabe-
tes [48]. In Western Europe one in four patients 
requires either an emergency room or unsched-
uled urgent care visit, and in North America this 
figure reached 40% [50]. In the US, patients with 
asthma exacerbations had significantly higher 
total healthcare costs compared with those 
who did not ($9,223 vs $5,011; P<0.0001). Asth-
ma-related costs were also significantly higher 
($1,740 vs $847; P<0.0001), and they tend to 
have co-morbidities such as sinusitis, pneumo-
nia, and mental disorders [51]. 

In the UK, the NHS spends around £1 billion a 
year for the treatment of patients with asthma. 
In the year 2008/2009 up to 1.1 million working 
days were lost due to lung problems [52,53]. 
Asthma exacerbations led to over 50,000 hos-
pital admissions with an annual spend of £800 
million on pharmaceutical therapy alone [54]. 
In Germany, the direct and indirect medical 
costs reached €2.74 billion during 1999. Age-
specific hospital costs per admission ranged 
from €564 (in those <5 years of age) to €2,800 
(in those ≥75 years of age) [55]. Moreover, 
despite the availability of effective preventive 
therapy, costs associated with asthma appear 
to be increasing [56].

The heterogeneity of the disease makes it a 
challenge to manage. Patients present with dif-
ferent clinical, inflammatory and immunological 
phenotypes, the identification of which is key 
to providing effective treatment. Traditional di-
agnostic techniques rely on clinical judgement 
and pulmonary function tests, despite the limi-
tations of both [57]. Associated exacerbations, 
defined as the need for courses of high-dose 
oral corticosteroids or hospitalization, are a ma-
jor cause of morbidity as a result of an acceler-
ated decline in lung function [58,59] and are as-
sociated with high healthcare costs comparable 
to diabetes and hypertension [59,60]. Approxi-
mately 5−14% of the total asthma population 
have severe asthma [61,62] (Table 3) and this 
population is associated with disproportionate 
healthcare use and costs [62,63], both in terms 
of direct and indirect costs [64,65] (Figure  1). 
Disease exacerbations, in particular hospitaliza-
tions, account for 55% of direct costs in the EU.

It is not possible to predict the risk of exacer-
bation based on asthma phenotype without 
the use of biomarkers. However, along with a 
patient’s clinical history, biomarkers may help 
identify individuals at risk of exacerbations, 
which may in turn improve patient care and 
reduce associated healthcare costs. Currently 
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available biomarkers for clinical practice, such 
as those in bronchial lavage, bronchial biop-
sies, sputum or fraction of exhaled nitric oxide 
(FeNO) are limited due to invasiveness or lack 
of specificity [66], and there is a need for easily 
interpreted biomarkers that can be exploited in 
clinical laboratory diagnostic tests to assess the 
nature and severity of disease.

Serum total IgE and allergen specific IgE are bio-
markers to define phenotype in asthmatic pa-
tients [67]. Serum periostin, a systemic marker 

of T2-derived asthma, is upregulated by IL-13 
and may be the marker with a highest accuracy 
for identifying eosinophilic airway inflammation 
in asthma [68−70]. Lebrikizumab, a monoclonal 
antibody to IL-13, has been shown to have a 
more pronounced anti-asthmatic effect in pa-
tients with elevated periostin [7]. Thus, diag-
nostic tests for periostin have the potential to 
identify a subgroup of asthma patients who will 
benefit from treatment with lebrikizumab. IL-5 
has also been proposed as a potential thera-
peutic target in eosinophilic asthma. FeNO may 

Table 3 Severe asthma is associated  
with disproportionate healthcare use and costs [32]

Asthma severity % Asthma population Mean direct costs* (€)

Mild 13.7 263

Moderate 33.3 686

Moderate−severe 38.9 1,196

Severe 14.1 2,782

*Direct costs of asthma: mean costs of goods and services except hospitalization.

Figure 1 Asthma-related direct (drug; physician visits; emergency department/
hospitalization) and indirect annual costs per patient by severity of  asthma

Reproduced by permission of the European Respiratory Society: Eur Respir J May 2004; 23: 723–29;  
doi:10.1183/09031936.04.00004904.
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help predict exacerbations and may identify pa-
tients most likely to respond to inhaled cortico-
steroids [71], although results are conflicting. 

Treatment directed by serial sputum eosino-
phil count measurements has been shown to 
prevent exacerbations in patients with severe 
asthma, resulting in fewer hospital admissions 
[72]. In this study, compared with treatment 
based on symptoms and spirometry, sputum 
count-directed corticosteroid therapy resulted 
in fewer exacerbations (47 vs 79; P=0.04), a 
longer period until first exacerbation (607 days 
vs 394 days) and fewer exacerbations requiring 
prednisolone (78% occurred in the symptoms 
and spirometry group). Since exacerbations 
are responsible for a substantial proportion of 
asthma-related costs, these observations may 
be expected to reduce healthcare expenditure. 

As well as identifying those most likely to re-
spond to certain therapies, eosinophil counts 
can similarly be used to identify patients likely 
to have a poor response to corticosteroids [73]. 
Identifying subpopulations of patients with im-
proved clinical response to specific drugs allows 
targeted therapy and is likely to reduce costs. 
Individualized management plans have been 
shown to improve asthma control and reduce 
hospitalization (relative risk [RR] 0.64 [95% CI: 
0.50−0.82]) and emergency room attendance 
(RR 0.82 [95% CI: 0.73−0.94]) as a result of ex-
acerbations [74] as well as reducing the number 
of days off work (RR 0.79 [95% CI: 0.67−0.93]). 

Clinical laboratory diagnostics clearly have a 
central role to play in the appropriate, cost-ef-
fective management of patients with asthma. 
The heterogeneity of the asthma phenotype 
requires clinical laboratory diagnostic tests for 
a biomarker panel to improve disease diagno-
sis [67].

DISCUSSION

The literature reviewed in this paper is not ex-
haustive. However, in the three therapeutic ar-
eas discussed there appear to be clear clinical 
and/or economic benefits to guided therapy 
facilitated by accurate clinical laboratory di-
agnostics. NT-proBNP-guided therapy has the 
potential to triage patients to the appropriate 
level of care [3], and to reduce costs associated 
with hospitalization [2,35]. Earlier intervention 
with symptomatic treatments in AD based on 
diagnosis with Aβ42 and Tau has the poten-
tial to reduce associated costs by keeping pa-
tients functioning in the community for longer 
[41]. When disease modifying drugs do become 
available, they have the potential for substan-
tially reducing the financial impact of AD [8,41]. 
In asthma, emerging biomarkers, such as peri-
ostin, have the potential to dissect the hetero-
geneous asthma population and to direct care 
to those most likely to respond to therapy [7]. 
However, these apparent benefits of individu-
alized healthcare need to be balanced against 
costs associated with this approach. These in-
clude additional costs associated with the true 
and false positive patients, the costs associated 
with expanding patient populations through 
screening and prevention, which will need po-
tentially costly therapeutic intervention, and in-
creased spending on diagnostics [18]. 

Diagnosis is a vital part of medical innovation 
and novel diagnostic tools enable the identifica-
tion of patients with a specific pathophysiologi-
cal cause within a group of patients with similar 
symptoms. This, in turn, fosters better under-
standing of the disease and perpetuates the cy-
cle of medical innovation; provision of innova-
tive and reliable/reproducible diagnostic tools 
to physicians is crucial for reliable outcomes in 
this process.

The clinical laboratory is thus central to the 
provision of effective patient care, identifying 
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disease, guiding treatment, and monitoring 
response. The skills within clinical diagnostic 
laboratories must be used to further refine di-
agnostic processes and realize the promise to 
identify patients more or less likely to respond 
to a particular therapy and to ensure appropri-
ate, targeted therapy for all. This in turn should 
help to control healthcare costs associated with 
an expanding ageing population. To achieve 
this, manufacturers will need to focus on devel-
oping diagnostic tests that better predict clini-
cal outcomes and deliver savings in healthcare 
costs and improve patient management. They 
will also need to collaborate more systematical-
ly to demonstrate the significant contribution of 
diagnostics to improving delivery of healthcare 
to patients. 

The relative spend on diagnostics compared 
with pharmaceuticals underlines the fact that 
currently diagnostic tests are in general un-
derappreciated in relation to the medical and 
economic value that they deliver. Unlike the 
‘value-based’ reimbursement of innovative 
pharmaceuticals, in many markets in vitro diag-
nostics have been treated as low-margin com-
modities with low reimbursement rates that are 
based solely on the method of testing and not 
according to value brought to the patient [75]. 
In addition, in most healthcare systems, codings 
are non-specific, covering procedures, rather 
than technologies or brands, and new tests 
are linked to existing Diagnosis-Related Group 
codes [75].

The ultimate goal of diagnostic testing is to 
guide disease management in order to improve 
patient outcomes and patient well-being. Clini-
cal laboratory diagnostics should be viewed as 
a pivotal part of the healthcare system and val-
ued accordingly. The skills available in clinical 
laboratories around the world should be har-
nessed to ensure the continued development of 
accurate tests that inform the healthcare com-
munity with respect to the pathophysiology of 

disease and facilitate the diagnosis, appropriate 
treatment and monitoring of patients. Labora-
tory medicine will need to form alliances with 
clinicians, healthcare managers and insurers, as 
well as the general public, and gain these stake-
holders as advocates for valuing laboratory 
medicine according to the information it deliv-
ers to facilitate optimum clinical care.
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