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Introduction
Advances in healthcare technology have led to sig-

nificant improvements in the quality of healthcare and 
in population health and, in parallel, have contributed to 
increases in real health expenditure in most industrial-
ized countries over the recent decades1. The term health 
technology refers to products such as pharmaceuticals or 
medical devices, new techniques (for example surgical in-
terventions) as well as systems of organizing healthcare 
provision2. Technological advances in the healthcare in-
dustry, rising national income and expansion of insurance 
coverage have been acknowledged as the main determi-
nants of the historical growth in health spending. Other 
determinants of health expenditure growth include demo-
graphic factors (population growth and aging) and medical 
prices inflation3-5.

The pharmaceutical sector is of particular interest as it 
constitutes a market characterized by rapid technological 
change and high expenditure growth rates6. The purpose of 
this article is to provide an overview of research findings 
on the impact of pharmaceutical innovation on pharma-
ceutical expenditure growth, total health expenditure and 
population health outcomes and to bring forward the chal-
lenges that arise for pharmaceutical policy in Greece. Inno-
vation is defined as “the technological progress that leads 

to the creation of an entirely new product or a reduction 
in the cost of producing or an increase in the therapeutic 
value of an existing product”7. Pharmaceutical innovation 
therefore can be seen to include new chemical entities; 
new formulations; new combinations and new indications 
for existing products7. Although there is controversy on 
what constitutes innovation in pharmacotherapy8,9, for the 
purposes of the present paper, the terms pharmaceutical 
innovation/pharmaceutical technology correspond to the 
more generic definition.

The impact of pharmaceutical innovation on pharma-
ceutical expenditure

Real pharmaceutical expenditure (expenditure ad-
justed for the effect of inflation) has been increasing at an 
annual average rate of 5.0% between 1980 and 2005 in 
the Organization for Economic Cooperation and Devel-
opment (OECD) countries, a rate higher than the growth 
rate of all other health expenditure components combined 
and that of Gross Domestic Product (GDP)10. The recent 
economic crisis and subsequent public expenditure cuts in 
many OECD countries have slowed the rate of real heath 
expenditure growth; pharmaceutical expenditure has been 
decreased as it has been identified as one of the main areas 
of public spending cuts11. There is considerable uncertain-
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ty about the magnitude of future health spending growth 
rates12,13. According to a recent OECD publication14, pub-
lic spending on health is projected to continue to rise over 
the next 50 years in OECD countries under either a cost-
containment or a cost-pressure scenario. 

It is therefore important to understand which fac-
tors affect expenditure growth and the extent to which 
these are amenable to policy. The present paper focuses 
on pharmaceutical expenditure. The methodological ap-
proach adopted in most studies investigating the deter-
minants of pharmaceutical expenditure growth is the de-
composition of growth in real pharmaceutical spending 
into changes in three components: quantity of pharma-
ceuticals prescribed (measured in Defined Daily Doses- 
DDDs), prices (using the pharmaceutical price index – 
PPI) and prescribing choices/therapeutic mix. The latter 
captures the change in mean price per DDD that results 
from changes in drug treatment patterns within therapeu-
tic categories and classes of drugs. A negative change 
in this component indicates a shift on average towards 
prescribing of less expensive pharmaceuticals and vice 
versa15,16. A summary of study results is presented in 
Table 1. Although there is variability in the characteris-
tics of the pharmaceutical markets and the study time-
frame, researchers conclude that prescribing choices and 
increases in volume of consumption are the main con-
tributors to the observed increase in real spending for 
pharmaceuticals15-21. 

With the exception of one study, all studies conclud-
ed that the prices of pharmaceuticals (as captured by the 
price index) decreased during the study period. This re-
lates to the regulation of the pharmaceutical market in 
these countries22. In health systems with statutory price 

control pharmaceutical prices decrease overtime as a re-
sult of policy measures that determine  ex-factory pric-
es (e.g. price cuts and reviews, rebates, etc.) as well as 
wholesaler and pharmacy profit mark-ups10. A change in 
these components will be reflected in the PPI. 

Depending on the time period and the country, real 
pharmaceutical expenditure increased by 9%-119% 
whereas the change in the prescribing choices component 
ranged from 4.8% to 67%. In all countries, the quantity 
of pharmaceuticals consumed increased overtime by 10% 
to 41% (Table 1). The notable exception is that of Su-
dan: the largest contributor to pharmaceutical expendi-
ture growth was the increase in the quantity component 
by 91%, whereas the prescribing choices component de-
creased by 18.44%. According to Mousnad et al21 the con-
siderable increase in consumption volume was a result of 
the increased demand for pharmaceuticals caused by the 
insurance reform that was implemented in the country. 
Furthermore, Mousnad et al21 note that the relative prices 
for pharmaceuticals increased due to an increase in prices 
of essential goods owing to the global economic crisis as 
well as tax increases. The therapeutic mix component, ac-
cording to the researchers, reflects a shift towards locally 
produced generics. The researchers also report that since 
2007 no new products were introduced in the pharmaceu-
tical market in Sudan21. Since prescribing could not be 
shifted towards more expensive medications, the effect of 
increased generic prescribing was the dominant driver. 

Analysis of patient-specific prescription data in Brit-
ish Columbia, Canada provides a more detailed picture of 
the underlying dynamics in pharmaceutical expenditure 
growth23. Between 1996 and 2002, real pharmaceutical 
expenditure per capita increased by 11.6% annually on 

Country Sweden Sweden Italy Taiwan China Greece Sudan
Type of 
expenditure in 
the analysis

Outpatient
Inpatient and 

outpatient
prescription 

drugs
Inpatient* inpatient and 

outpatient
inpatient and 
outpatient†

Period 
of study

1990-1995 1990-2000 2000-2001 1997-2001 2003-2007 2000-2004 2006–2010

Authors Gerdham et al. 
199815

Gerdham and 
Lundin 200417

Addis and 
Magrini 200216

Hsieh and Sloan 
200818

Wu et al. 
201319

Lambrelli and 
O’Donnell20

Mousnad 
et al. 201321

Real 
pharmaceutical 
expenditure‡

50% 119% 13.5% 56% 9% 39.5% 66.3%

Price 
component‡ -9% -7% -1% -18% -33% -10% 6.7%

Quantity 
component ‡ 
(DDDs)§

27% 41% 9.5% 20% 10% 31% 91.0%

Prescribing 
choices 
component‡

30% 67% 4.8% 59% 48% 18% -18.4%

* anti-infective drugs, † medicine expenditure of the National Health Insurance Fund, ‡ % change, §DDDs: Defined Daily Doses.

Table 1: Percentage change in real pharmaceutical expenditure and its components in selected countries.
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average. Population aging per se explained 0.9% of the 
annual change. This is in line with findings regarding the 
effect of population aging on total health expenditure 
growth24,25. The factors explaining most of the growth 
in pharmaceutical spending were treatment substitu-
tion (across and within drug classes) (6%), poly-therapy 
(increases in the number of therapeutic categories from 
which patients receive concomitant treatment) (4.5%) 
and the increase in exposure to pharmacotherapy (the 
percentage of the population that is treated with drugs) 
(1.1%). Lower drug prices and increased use of gener-
ics had a negative impact on pharmaceutical spending 
growth23. Variations in trends were observed between dif-
ferent age-groups and therapeutic categories of drugs in 
the Canadian study23. 

In the case of lipid-lowering drugs, antihypertensive 
treatment and antidepressants, the dominant driver of in-
creased spending was the increase in exposure to these 
therapies. Increases in exposure were more pronounced 
in the 45-64 age-group for antihypertensives and in those 
over 85 years of age for lipid-lowering drugs. Regarding 
therapeutic choices, increases in per capita drug spend-
ing were driven mostly by a shift in prescribing towards 
newer therapeutic drug classes in the case of antihyper-
tensives (from b-blockers and diuretics, towards angio-
tensin-converting enzyme inhibitors and angiotensin-
receptor blockers). For antidepressants, prescribing of 
more expensive drugs both across and within antidepres-
sant drug classes was observed. By contrast, treatment 
choices were the major driver of the increase in spending 
on antacids during the study period. Although there was 
an increase in the level of exposure to antacid treatment, 
increased prescribing of proton pump inhibitors was the 
most important driver in all age-groups. 

In summary, despite differences in methodology, 
country setting or study period there is consistency in 
findings regarding the significant contribution of vol-
ume of consumption and changes in treatment patterns 
on pharmaceutical expenditure growth during the last 
decades. Where more detailed analysis was performed, 
increases in the consumption of pharmaceuticals were 
found to have been driven by a higher proportion of the 
population receiving pharmacotherapy and poly-therapy. 

These trends are the result of the interaction of a 
multiplicity of factors that may or may not be amena-
ble to policy. Factors that impact the level and mix of 
pharmaceutical consumption include –but are not limited 
to– population demographics and health needs, advances 
in medical knowledge, access to treatment and doctor-
patient preferences17,23,26. Lipid lowering drugs, antihy-
pertensives, anti-diabetic medications and hormone re-
placement therapy are examples of drug classes in which 
these factors were the predominant cost drivers17,27-29. 
Healthcare system reforms also play an important role. 
Evidence from the US point to the significant effect of in-
surance. In particular, according to the literature, expand-
ing insurance coverage in the US to include pharmaceu-
ticals contributed to increased pharmaceutical consump-

tion and spending30,31, a finding that was also reported by 
Mousnad et al21 for Sudan. On the other hand, changes in 
treatment patterns may reflect a shift in prescribing be-
tween drug classes of the same therapeutic category and/
or a substitution effect between drugs in the same drug 
class. As Morgan23 notes, even though in the former case 
policy intervention may not be required or need be lim-
ited to prescribing guidelines, in the latter case policies 
such as reference pricing or generic substitution have the 
potential to modify this components’ impact on expendi-
ture growth.  

The introduction of new pharmaceutical technology 
impacts pharmaceutical expenditure growth by affect-
ing both the volume and the therapeutic choice compo-
nents of expenditure. The underlying mechanisms can be 
described using the framework proposed by Cutler and 
McCellan32. The researchers theorized that new medical 
technology affects healthcare costs in two ways: by re-
placing available technology in a group of people (treat-
ment substitution effect) and by making the treatment 
of more people possible (treatment expansion effect). In 
the case of pharmaceuticals, the substitution effect is ob-
served when newer agents replace already available ones 
in the treatment of a given population already receiving 
pharmacotherapy for a specific condition. The expansion 
effect takes place when the new pharmaceutical technol-
ogy makes treatment of more patients possible; for exam-
ple when a novel agent that covers an unmet need or sub-
stitutes other forms of care (e.g. H2 antagonists replaced 
surgery for stomach ulcer) is introduced or by lowering 
the treatment threshold18,33. In the aforementioned stud-
ies both increases in the number of patients treated with 
medicines (increase in exposure) and changes in thera-
peutic mix (either across or within drug classes) were 
among the major contributors to increases in drug spend-
ing. As Serra-Sastre and McGuire point out6, because 
newly marketed pharmaceuticals are introduced into the 
market under a price premium, advanced pharmaceuti-
cal technology increases pharmaceutical spending also 
through its impact on unit price. 

The effect of pharmaceutical innovation on total 
health expenditure and population health outcomes

As confirmed by the findings of the previous discus-
sion, new pharmaceutical technology has been a major 
driver of pharmaceutical expenditure growth. The ques-
tion that consequently arises refers to its benefits (if any) 
and the extent to which these justify the additional cost. 
A growing body of literature attempts to identify and 
quantify the benefits of new medications. Benefits are 
more difficult to quantify than costs and may include bet-
ter quality of pharmacotherapy (higher efficacy, fewer 
side-effects, ease of administration etc), improvements in 
health outcomes (reduced mortality and morbidity, im-
proved quality-of-life and work-force productivity), as 
well as cost-savings in healthcare expenditure18. The lat-
ter is known as the “new drug cost-offset theory”34.

Research findings on the effects of newer drugs on 
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health spending are conflicting. Lichtenberg35,36 analyzed 
data from the 1996 Medical Expenditure Panel Survey 
(MEPS) in the US and concluded that, controlling for 
patient characteristics and conditions, patients that were 
prescribed newer drugs for a given condition had fewer 
hospitalizations, shorter length of stay in the hospital 
and lower total non-drug (hospital, emergency room, 
outpatient, office-based, dental,home health) medical ex-
penditures associated with that condition. Drug vintage 
was calculated using the number of years since the ac-
tive ingredient was first approved by the Food and Drug 
Administration (FDA)35. Although Zhang and Sumerai37 
consider that the cost-reducing effects in Lichtenberg’s 
analyses are overstated, another study adopting the same 
definition of drug novelty but US State level panel data38 

supports the existence of a cost-offsetting effect at the 
State level. As however their findings refer to the effects 
of newer drugs across individuals and across diseases, 
the researchers38 note that significant heterogeneity across 
disease categories and drug classes might be present. 

Other studies have focused on the effects of selected 
drugs and/or drug classes. Karaca and Wiggins39 analyze 
MEPS data based on the methodology proposed by Lich-
tenberg35, but adopt a different criterion of drug novelty 
and limit their analysis on selected drug classes that are 
acknowledged as “break-through” in clinical practice 
(they constitute “a novel approach to therapy or a unique 
mode of action”). In specific, they investigate the impact 
of selective serotonin reuptake inhibitors (SSRIs), statins, 
angiotensin-converting-enzyme (ACE) inhibitors, H2 an-
tagonists, proton pump inhibitors (PPIs), calcium channel 
blockers, and fluoroquinolones on individuals’ drug and 
non-drug expenditures for selected conditions from 1996 
to 2001. Their results suggest that pharmaceuticals sub-
stitute other forms of care. For all drug classes but ACE 
inhibitors, per capita drug expenditure for regular users 
of each class of new drugs increased; but the increase was 
off-set by significant reductions in total non-drug expen-
ditures in all break-through drug classes but fluoroquino-
lones. Similar conclusions are reported on highly active 
antiretroviral therapy (HAART)40. 

On the other hand, there are studies that do not con-
firm the cost-offset hypothesis. This is the case for anti-
diabetic agents in Taiwan41 and newer therapies for col-
orectal cancer in the US42. In both studies, diffusion of 
newer drugs increased drug outpatient spending mainly 
through the effect of treatment substitution. Utilization 
of these drugs did not result in reduced demand for other 
types of medical care during the study period (1 year); 
hence, adoption of pharmaceutical innovation was ex-
penditure-increasing in the short-term. It must be noted 
that the studies discussed so far explore the effect of 
newly marketed drugs on non-drug health expenditure, 
as this is the focus of the present paper. The substitutabil-
ity between pharmaceutical care in general (which would 
include all drugs) and other types of care is not in the 
scope of our analysis. 

Research on the effect of pharmaceuticals on health 

outcomes is dominated by F. Lichtenberg’s work. In most 
of his studies, Lichtenberg evaluated the impact of new 
pharmaceutical technology on longevity43,44, quality of 
life45 and work productivity35. Defining drug novelty as 
described above, his findings suggest that utilization of 
new active substances had a positive effect on patient 
health outcomes.

With regards to the impact of specific drugs and/or 
drug classes on health outcomes, newer antiretroviral 
therapy, new cancer drugs (e.g. for breast and colorectal 
cancer), statins, pharmaceutical treatment for acute myo-
cardial infarction, new asthma medications and newer 
orphan medications are examples of pharmaceutical 
technologies which significantly contributed to improved 
health outcomes in patients suffering from the related 
conditions33,46-50. Furthermore, new pharmaceutical tech-
nologies such as influenza vaccines, migraine medica-
tions and newer antipsychotic agents have been linked 
to improved economic outcomes (increased productivity 
and higher employment rates)33.

Implications for pharmaceutical policy: a balance act?
The research findings discussed in the previous 

paragraphs bring forward the challenges faced by poli-
cy-makers internationally in an effort to contain costs 
while ensuring patient access to valued pharmaceutical 
innovation. Furthermore, current decisions regarding 
pharmaceutical innovations (reimbursement, prices) are 
among thepolicy variables that influence future R&D in-
vestments10. Biologic drugs as well as personalized treat-
ments which target chronic, debilitating or life-threaten-
ing conditions are illustrative examples of the challenges 
faced by pricing and reimbursement authorities and the 
pharmaceutical industry.

Several policy measures have been introduced with 
the purpose of addressing these challenges such as Health 
Technology Assessment (HTA), product-specific pricing 
agreements for high-cost pharmaceuticals or perfor-
mance-based schemes51. HTA is a multidisciplinary pro-
cess in which various aspects of a new health technology 
and its impact on the health system and society in general 
(ethical issues, economic and organizational implications 
etc.) are assessed1. In pharmaceuticals, HTA is used to 
inform decisions on pricing, reimbursement and the de-
velopment of prescribing guidelines52. It is also consid-
ered that HTA can provide incentives to the manufactur-
ers for the development of new technologies that are of 
value to the health system10. In pricing agreements, the 
unit price of a specific product is linked to its “value” in 
terms of health gains or to its volume of consumption10. 
Performance-based schemes (risk-sharing agreements, 
coverage with evidence development, etc.) are put in 
place when available clinical evidence is insufficient to 
inform a decision on a new pharmaceutical53. In this case, 
regulators aim to minimize risk and, at the same time, 
ensure patient access. Coverage is restricted to specified 
patient populations and is provided with the obligation to 
develop new evidence10,53.  
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The introduction of the aforementioned policy mea-
sures as part of a comprehensive pharmaceutical policy, 
as well as exploitation of international experience is 
important for Greece. During the previous years, phar-
maceutical expenditure growth in Greece was driven by 
increases in quantity of drugs prescribed and treatment 
substitution20. Lambrelli and O’Donell20 analyze OECD 
data on pharmaceutical expenditure and consumption 
for the period from 2000 to 2004 and conclude that the 
increase in real pharmaceutical expenditure during this 
period can be attributed primarily to increases in volume 
of prescribed pharmaceuticals and secondarily to the ef-
fect of treatment substitution (Table 1). However, they 
note that OECD data may overestimate the effect of the 
quantity component as they include parallel exports of 
pharmaceuticals. Using prescription data from the main 
health insurance fund (IKA) and for the period 1991-
2006, Lambrelli and O’Donell find a significant effect of 
the prescribing choices component and a smaller effect of 
the quantity component on pharmaceutical expenditure 
increase20. It can therefore be concluded, that pharmaceu-
tical expenditure growth in Greece follows the pattern ob-
served in other developed countries with increases in the 
volume of consumption and changes in therapeutic mix 
being the determinants of growth. The trends observed 
in the Greek market can be attributed to the introduction 
in clinical practice of a large number of new pharma-
ceuticals that were considered important innovations by 
physicians20,54, as well as the lack of measures to promote 
cost-effective use of pharmaceuticals (such as prescrip-
tion guidelines), promotion of generics and management 
of the diffusion of new drugs20,55,56. As was discussed ear-
lier, new pharmaceutical technology impacts expenditure 
growth through both the expansion and the substitution 
effect. In parallel, pharmaceutical innovation contributes 
to improved patient health outcomes. A recent study by 
Lichtenberg57 provides an estimation of the benefits re-
lated to the introduction and use of pharmaceutical in-
novation in Greece. Lichtenberg57 assessed the impact of 
pharmaceutical innovation (measured by drug vintage) 
on the 2000-2009 longevity change in 30 developing and 
high-income countries. He concludes that, controlling 
for other determinants of longevity change, 73% of the 
population-weighted mean increase in life expectancy at 
birth in these countries can be attributed to the change in 
vintage of pharmaceuticals sold (increase in the percent-
age of drugs sold that corresponds to those marketed after 
1990)57. Greece was among the top 5 countries in drug 
vintage (measured as the quantity-weighted-mean frac-
tion of drugs sold in 2009 that were marketed after 1990). 
Comparing the top five and the bottom five countries in 
drug vintage, Lichtenberg attributes 37% of the differ-
ence in life expectancy at birth (9.1 years) between the 
two country groups to the differences in the vintage of 
drugs consumed in their markets57.

The conditions created by the economic crisis and the 
requirement to contain public pharmaceutical expenditure 
growth, intensify the problems faced by policy-makers 

in Greece. The introduction of measures to promote ef-
ficiency in pharmaceutical expenditure and ensure patient 
access to pharmacotherapy is considered imperative55,58. 
Regarding newly marketed pharmaceuticals, institution-
alization of HTA, introduction of novel pricing schemes, 
development of patients’ registries which would facili-
tate monitoring and forecasting of consumption as well 
as further diffusion of prescribing guidelines in clinical 
practice can contribute to the aforementioned goals. Giv-
en that the adoption and rate of diffusion of new pharma-
ceuticals in clinical practice affect both pharmaceutical 
expenditure through the substitution and expansion chan-
nels and patients’access to innovative drugs59, research 
on the determinants of pharmaceutical innovation diffu-
sion in Greece can inform the development of policies 
promoting optimum technology diffusion and use. 
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