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1 Abstract

Abstract

Introduction An economic evaluation provides information to investigate whether an intervention

is a good use of society’s resources; it assists policy makers to make an optimal decision for different

interventions in various settings. Lifestyle and drug intervention are often implemented for primary

preventive purposes in many diseases, among other cardiovascular diseases. Based on the Dutch

guideline for cardiovascular risk management, in primary prevention, physical activity and diet as lifestyle

intervention and statins as drug intervention are advised for people with low to moderate high CVD risks.

Studies have shown favourable outcomes in the cost-effectiveness of these two interventions. However,

based on the nature of these two interventions, it is interesting to have more insight on how these

economic evaluations are conducted and observe if differences exist between studies on lifestyle and drug

interventions. The purpose of this systematic review is to assess potential disparities in the methodology

between the cost-effectiveness studies on drug treatment (i.e. statins) and lifestyle interventions (i.e.

a combination of physical activity and diet advice) for primary prevention of cardiovascular diseases.

Further, this study is also interested in potential relationships between different factors (e.g. time horizon,

funding source, incremental cost-effectiveness ratios and etc.) and to what extent these associations hold

for these two interventions.

Method A systematic literature search has been performed through different databases including

Medline, Scopus and NHS-EED-HTA. Data is extracted from twelve economic evaluations that were

eligible according to the inclusion criteria. Further, study characteristics and outcomes are analysed

between studies on the two interventions. The quality of these studies is compared based on the

BMJ quality checklist. Potential associations between different types of study characteristics, study

characteristics and outcomes are assessed within/across studies. From these associations, it is examined

to what extent these hold for both interventions.

Results In general, minor systematic differences are found on the methodology between lifestyle and

drug interventions. When comparing the study characteristics between these two interventions, little

methodological disparities were observed on the types of population, the comparators, perspective,

intervention time, type of costs included and time horizon. Further, when comparing the relationships

between study characteristics, two points are observed. First, it seems that the study perspective does

not correspond to the costs that should be included (societal costs were often not included). Second, a

relation is found between the choice of discount rate and the country that these studies were conducted in.

On these two observations, no systematic differences are found between the two types of interventions.

This also holds for the assessment on potential relationships between study characteristics and their

outcomes. However, a general issue is observed within these studies on both interventions. Most of

the twelve reviewed economic evaluations had a transparency problem in the documentation of their

methodologies such as a lack of explanation in approaches, stating the time horizon, intervention period,

range and variables of sensitivity analysis, choice of comparator and discount rate.
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Conclusion Lacking transparency and comparability between studies in documentation on the

methodology of economic evolutions could reduce optimal policy making. Future research should put

more focus on the investigations in the field of methodology of economic evaluations in general, quality

of guidelines and checklists.

1. Introduction

An economic evaluation provides information to investigate whether an intervention is a good use of

society’s limited resources; in addition it offers analysts and policy-makers the opportunity to compare

different programs in terms of a common metric such as quality of life.1−3 The Wanless reports

recommended that in order to create an efficient approach to improve health of the population, a

generation of evidence on cost-effectiveness of public health strategies is needed.4−5 Methods for economic

evaluation of health care interventions have mostly focused on clinical interventions such as drugs,

medical devices and procedures.1,6 During the past years, evaluating the cost-effectiveness of public

health interventions has gained greater attention among researchers. However, compared to clinical

interventions, economic evaluations on public health interventions are scarce. Furthermore, applying

economic evaluations on public health interventions faces difficulties given their broad nature.6−7 Because

of this, methodological challenges such as attribution of effects, measuring and valuing outcomes, equity

considerations, identifying intersectoral costs and consequences are often recognized when conducting

economic evaluations in this field.6

Previously published literature on the transparency, methodology or consistency among different

economic evaluations did not systematically investigate potential discrepancies among different types of

interventions.8−11 However, one could suspect that there could be substantial disparities in the methods

of performing an economic evaluation, which should be taken into account to provide more reliable

information for policy making. Based on previous results on the difficulties of economic evaluations

on public health interventions,6−7 it is questioned whether there are substantial differences in the

methodology of conducting an economic evaluation among different types of interventions. Especially,

the difference in methodology between drug and public health intervention is quite interesting because

of their great difference in nature. Previous researches on both types of interventions have concluded

that different factors such as funding source, modelling, time horizon and discount factor could affect

the outcome such as cost-effectiveness ratio.8−11 For instance, a study have concluded that the factor

funding source could have an effect on the ICERs because of different study incentives.9 However, these

studies only reviewed economic evaluations on the interventions separately. None of the studies have

evaluated both drug and public health interventions. Characteristics of public health interventions are

quite different compared to drug interventions. An explanation could be the broad nature of public

health interventions. Public health interventions are implemented to gain societal rather than individual

wealth; it observes costs and effects from a broader perspective. However, drug interventions often

focus on individual health gain and observe the costs from a health payer perspective1.12 This indicates

1Health payer perspective: budget relevant costs and effects are taking into account while conducting an economic

evaluation (e.g. treatment costs, drug costs).
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that because of the difference in their study objectives, methodology could be different between these

two interventions. Based on the previous findings and the nature of these two different interventions,

it is interesting to have more insight on how these economic evaluations are conducted and observe if

difference exists between studies on lifestyle and drug interventions.

As an interest of the Dutch public health institute in public health forecasting and in order to

facilitate policy making, the purpose of this study is to gain more insight on the potential differences

in the methodology between cost-effectiveness studies on preventive drug treatment and public health

interventions. Besides this, this study is also interested in potential relationships between different factors

(e.g. time horizon, funding source, Incremental cost-effectiveness ratios and etc.) and to what extent

these associations hold for these two different types of interventions. For these aims, a systematic review

has been conducted. Primary preventive interventions for cardiovascular diseases (CVDs) are chosen

because of a large burden of disease worldwide.13 Further, CVD is associated with numerous risk factors

such as physical inactivity, overweight and smoking causing higher risk for developing cardiovascular

diseases such as diabetes mellitus 2 and hypertension.14 Lifestyle (public health intervention) and drug

interventions are used in both primary and secondary preventive programs for reducing the risk of CVD

and both have shown effectiveness to a certain extent. Based on the Dutch guideline for cardiovascular

risk management, in primary prevention, lifestyle interventions (physical activity and diet) and drug

interventions (statin) are advised.15 For this reason, this systematic review focuses on physical activity

and diet interventions compared to statin treatment in the primary prevention of CVD for a population

with low to moderate high CVD risk and no previous history of CVD as an example of assessing potential

methodological differences.

2. Methods

Different databases were used in order to identify all relevant studies. Medline, CRD (Centre for

review and dissemination) and Scopus were used for locating the articles by inserting all possible

combinations of meSH terms (medical subject heading) and keywords. CRD contains three categories

of different databases: NHS-EED, HTA and DARE; only the NHS-EED and the HTA databases were

used to search for economic evaluations. The search terms were categorized into six sub-groups: cost-

effectiveness studies, cardiovascular diseases, prevention, diet, physical activity programs and statin

treatment. Within each sub-group, meSH and synonym terms were made and combined. The searches

for the articles on lifestyle and drug treatment were performed separately. First, a combination of meSH

terms was constructed to find cost-effectiveness studies of physical activity and diet interventions, i.e.

combining the sub-groups cost-effectiveness studies, cardiovascular diseases, prevention and diet and

physical activity. Second, the cost-effectiveness studies of statins were found by combining the terms

cost-effectiveness studies, cardiovascular diseases, prevention and statins (see appendix for complete

search terms).

Data extraction and criteria From our perspective, this systematic review includes all relevant

articles that have been published until 2011. The search initially identified 1,150 articles (see figure
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1). Duplicated articles (N=279) have been removed if the articles contained the same keywords, title

and authors. After duplication, title and abstract were read followed by global and full review of the

articles. From the 871 studies for title and abstract reading, exclusion is based on three categories.

First, the studies those were not suitable according to the PICO model (N=283). The PICO model

(population, intervention, comparator and outcome) is used to define the inclusion criteria. The eligible

population for this review is defined as individuals with a low to moderate high CVD risk2; individuals

with an elevated cholesterol level, hypertension or obesity are included because they are assumed to have

a low to moderate high CVD risk. Studies were only selected when their comparator of the intervention

was placebo (for the economic evaluations on drug interventions), standard care3 or no care (for the

economic evaluations on lifestyle interventions). Outcome measures were based on the standards of cost-

utility (quality adjusted life years (QALY)) and cost-effectiveness (life expectancy (LE), life years gained

(LYG), or life years saved (LYS) and CVD events prevented). Second, only full economic evaluations (i.e.

cost effectiveness studies and cost utility studies) were selected. Cost of illness studies, effect studies,

protocols and reviews have been excluded (N=451). Third, studies that were not published in English

have been excluded (N=47). The remaining studies were eligible for the following step: global reviewing

(N=90) based on the PICO model. A majority of studies did not only focus on a population with

low to moderate high CVD risk, but on patients with previous CVD history; these were assumed to be

secondary prevention and excluded. (N=30). Furthermore, many studies did not assess cost-effectiveness

of physical activity and diet interventions or statin treatment separately, but in a combination with other

interventions such as screening. Thus, these studies were also excluded (N=21). Further, some studies

did not compare the new intervention with placebo, standard care or no treatment but with other

interventions (N=13). Finally, a study that paid attention to intermediate outcomes such as amount of

cholesterol reduced was excluded (N=1). After the exclusion by global reviewing, 25 identified articles

were included for the final step: a full review. Studies were excluded based on an unsuitable population

(N=3), intervention (N=7) and comparator (N=4). With the remaining eleven studies that were chosen

for this review, a systematic search through the reference lists was conducted to find potential articles

that were eligible for inclusion. One study was found through this search and has been added to the

total.16

This systematic review included twelve economic evaluations, i.e., four economic evaluations on

lifestyle interventions8,17−19 and eight on drug interventions.16,20−26 From these twelve articles, data were

extracted on both study characteristics and on the results of the economic evaluations. The general study

characteristics consisted of the target population, type of intervention, comparator, study design, short

and long-term effectiveness, type of costs, discount rates of costs/effects, price year, study perspective,

source of funding, intervention period, time horizon and country in which the study was conducted.

Information about the study results was collected, including the incremental costs and effects, incremental

cost-effectiveness ratio (ICERs), sensitivity analysis and conclusions as stated by the authors. When

the results were reported incomplete, calculations were made in this review for incremental costs, effects

and ICERs based on standard methodology of calculating the ICERs.27 In addition to presenting the

2An individual with a 10-year risk of fatal CVD (cardiovascular diseases) risk above 5% and no previous history of CVD.
3Normal procedures aimed at primary prevention on CVD at the general practitioner.
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key findings in their local currency and price year, costs were converted to Euro values of that time.

The methods to convert the outcomes emerged from the advice of the Organization for Economic Co-

operation and Development and then recalculated with the price index of 2010 of statistics Netherlands

in order to facilitate comparisons across studies.28−29

Along with data extraction, the quality of articles was evaluated by using the BMJ quality checklist.30

This checklist contains 35 questions related to the study design, data collection and their analysis

in results. The possible answers for the referees when assessing the quality on each question of the

BMJ checklist are: item adequately addressed, item inadequately addressed, not stated, not applicable,

referred to reference and item partially addressed. A percentage of fulfilment for every question was

calculated separately for the four included economic evaluations on lifestyle interventions and for the

eight economic evaluations on drug interventions. When calculating the percentages, item adequately

addressed (100%), item inadequately addressed (0%), item partially addressed (50%), referred to

reference (r = 50%) and not applicable (NA = 0%) were used to calculate the average fulfilment rate.

Finally, potential relationships between study characteristics, characteristics and outcomes are

examined within/across studies. From these potential relationships, it is observed to what extent

these differ between the two interventions. The potential associations are investigated and divided into

two categories: the potential relationships between different types of study characteristics (i.e. study

population, type of intervention, comparator, study design, short/long-term effectiveness measure, type

of costs, discount rates, price year, perspective, funding source, intervention period, time horizon and

country) and the relationship between study characteristics and outcomes (outcomes are i.e. incremental

costs/effects, incremental cost-effectiveness ratio, type of sensitivity analysis, results of the sensitivity

analysis and author’s conclusion).

The data extraction and quality assessment were performed in association with two peer reviewers

(Laura Burgers and Heleen Hamberg). Consensus meetings were arranged to sort out ambiguities and

discrepancies in opinions.
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Studies transfered to 
Endnote
N = 1150

Studies for title, 
abstract reading

N = 871

Excluded, duplicates
N = 279

Excluded,

1) Not suitable 
according to PICO

N = 283
2) Non (full) economic 

evaluation 
N = 451

3) Non English articles
N = 47

Studies for global 
review
N = 90

Excluded, according to 
PICO

1) Population
N = 30

2) Intervention
N = 21

3) Comparator
N = 13

4) Outcome
N =1

Studies for full review
N = 25

Excluded, according to 
PICO

1) Population
N = 3

2) Intervention
N = 7

3) Comparator
N = 4

Economic evaluation 
included for review 

N = 11

Inclusion of economic 
evaluation from 

reference list
N = 1

Drug intervention: 
statin treatment

N = 8

Lifestyle intervention: 
diet + exercise

N = 4

Figure 1: Flow chart of review selection from databases: Medline, Scopus and NHS-EED-HTA
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3. Results

Altogether, four economic evaluations on lifestyle and eight on drug interventions in the primary

prevention of cardiovascular diseases were eligible for final review. In the following, study characteristics

and outcomes of these studies will first be listed, analyzed and compared between the two interventions.

Furthermore, key findings that resulted from the BMJ quality checklist are investigated. The final section

(3.4) shows the potential relationships between factors within/across studies. From these relationships,

it is assessed to what extent these differ between the two interventions.

3.1 Study characteristics of the selected articles

Potential differences on study characteristics between economic evaluations on physical activity and diet

intervention (lifestyle intervention) and statin treatment (drug treatment) are described detailed in the

following (see Tables 1-6 in appendix).

The age of the target population within the reviewed economic evaluations on physical activity and

diet interventions had a great range, i.e. a general age public between 18 to 85 years old. On the

contrary, the included economic evaluations on statin treatment had a different range, which indicates

that the starting age begins later than lifestyle interventions (above 30 years old). Except from one,

this study did not select on age but only on the risk factor.26 Within all studies, there was no selection

between men or women as population inclusion criteria. One study on statin treatment excluded women

in their target population.23

The reviewed interventions on physical activity and diet varied from simple provision of information

about behavior changes to active participation, which involved counseling for diet behavior and physical

activity. For statin treatment, studies included one or more types of statin treatment with different

doses.

As comparator, economic evaluations on physical activity and diet interventions mainly used standard

care; one study compared its lifestyle intervention with no intervention. Economic evaluations on statin

treatment used placebo16,20,22,26 or no treatment21,23−25 as comparator. From the placebo-studies, some

older studies did not directly state this comparator in their study,16,20 but only referred to the underlying

clinical trials.

The used study design was mainly a decision analytic modeling (DAM). From the studies on physical

activity and drug interventions, three of four have chosen for using decision analytic modeling8,18−19

and for studies on statin treatment, six of the eight studies have chosen for DAM.20−21,23−26 Within the

studies that have chosen for modeling, markov model was mainly conducted. The most of the studies

have conducted their modeling study based on their population group, only one study has chosen for

a hypothetical cohort in conducting their modeling study.18 Next to this, few economic evaluations on

both types of interventions used a so-called piggy-back design (i.e. based on a randomized controlled

trial.17,19,22,26 In overall, no clear differences were found between lifestyle and statin studies on their

choice of study design.

The type of economic evaluation conducted varied very little between lifestyle and drug intervention.

Within the physical activity and diet intervention studies, two have conducted a cost-utility analysis
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with the effect measure QALY;17−18 one performed a cost-effectiveness analysis by using LYG as

effect measure8 and another combined a cost-effectiveness and a cost-utility analysis.19 Within the

economic evaluations of statin treatment, four studies have conducted a cost-effectiveness study by using

respectively LE or LYS and number of CVD events and procedure avoided as effect measure,16,20,22−23

two conducted a cost-utility analysis24−25 and two studies combined cost-effectiveness and a utility

analysis.21,26 On both types of intervention a trend was discovered between the type of economic

evaluation conducted and the time line. It was observed in this review that before the year 2000 a

majority were cost-effectiveness studies and after 2000, more cost-utility studies were reported.

The stated study perspective differed between lifestyle and statin treatment. The included economic

evaluations on physical activity and diet interventions all had a societal perspective4 or a combination

of a societal and a health-payer perspective. On the contrary, for statin therapy, only two out of seven

studies had a societal perspective. The rest were mainly conducted from a health-payer perspective.

The types of costs that were included were primarily direct medical costs such as treatment and

drug cost. Only 50% of the economic evaluations on physical activity and diet interventions8,19 have

considered indirect costs such as productivity losses in their calculations. This is quite contradictory

when observing the study perspectives of these studies, because all studies on physical activity and diet

interventions stated to use a societal perspective. The same applies to the studies on statin treatment;

all studies only considered direct medical costs. However, two studies20,24 did not adhere to a societal

perspective.

A great variety was found between the source of funding of studies on physical activity/diet

interventions and statin treatment. It is observed that foundations or government funding all included

economic evaluations on lifestyle interventions. On the contrary, almost all studies on drug interventions

were funded by the pharmaceutical industry. Based on the results of the previous literature, it is

concluded that when studies are funded by the pharmaceuticals, the study outcomes may be affected

because of financial incentives.9 In section 3.4.2, comparison between the funding and outcomes will

be made to observe whether there is a relationship between these two factors and potential differences

between lifestyle and drug interventions.

The time horizon was not always directly stated in studies on both interventions. The time horizons

were mostly derived from the model that was used or the time length of the randomized controlled

trials (RCT). It was observed that 50% of the studies on physical activity and diet interventions,8,18

and almost all studies on statins were based on a lifetime time horizon (circa 90%).16,20−21,23−26 The

intervention period differed between economic evaluations on physical activity and diet interventions

and statin treatment. The studies on lifestyle interventions had a fixed intervention period ranging

between one to three years; all studies on statin treatment had a lifetime intervention period since statin

treatment need to be used lifelong. Further, three out of the four lifestyle studies had a specific range

of intervention period but a longer time horizon.8,17−18 Controversially, intervention period and time

horizons were aligned in the studies on drug treatments.

Most selected studies were conducted in developed countries. Three out of the four economic

4Societal perspective: All relevant costs and effects of the intervention will be taking into account when conducting an

economic evaluation (e.g. costs by informal care, productivity costs).
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evaluations on physical activity and diet interventions were conducted in Europe (one from Switzerland,

two from Sweden)8,17−18 and one economic evaluation was conducted in Australia.19 The countries that

conducted studies on statin treatment were evenly spread in the region of North America (two from the

US and two from Canada),16,20,23,26 Asia (one from Japan and one from Korea)21,24 and Europe (one

from Ireland and one multi-national study within seven European countries).25

3.2 Study outcomes of the selected articles

Both interventions on physical activity and diet and statin treatment in the primary prevention of

cardiovascular diseases could be regarded as cost-effective comparing to no intervention, placebo or

standard care depending on the selected age, CVD risk, gender, discount rate, study perspective and

threshold value (see Tables 7,9,11,12 in appendix). Because of these discrepancies, it is a challenge to

compare ICERs between these studies. In general, it is observed that the range of the cost-effectiveness

ratio is never located in the southeast quadrant of the cost-effectiveness plane since the costs of the

new intervention are always higher than the cost of the comparator with a minimum gain of effects.

The ICERs of physical activity and diet intervention ranged from €40 to €10 million per QALY/LYG

and for statin treatment from approximately €10.000 to €540.000 per QALY/LYS/LYG. In economic

evaluations on both types of interventions, ICERs were estimated for different scenarios.

It is observed that the ICERs of the studies on lifestyle intervention slightly decrease by time (see

Figure 2). At in Figure 2, the red triangles and blue squares represent the change in ICERs and the

intervals per study of drug and lifestyle interventions. It is recognized that the ICERs of a study on

lifestyle intervention in 1997 were the highest comparing to studies later on (10 to 16 of the logarithm

of the ICERs)5 .19 The reason for this could be the high incremental costs with little gain of health

effects (see Table 7 in appendix). The rest of the studies on lifestyle interventions showed more stable

ICERs. However, from the results of one study in 2008, a great range within ICERs could be observed

(between approximately 3 and 8 of the logarithm of ICERs).18 An explanation could be the inclusion

of discount rate in their study. When the cost and effects were undiscounted, lifestyle intervention

dominated standard care for both men and women within a certain range of age; when the costs and

effects were discounted, the ICERs tend to be higher irrespective of the gender (See 7 in appendix).

Further, the ICERs of drug intervention remained quite stable by time. Between the two studies that

have conducted economic evaluation on statin treatment in 2005, one showed higher ICERs (between 12

and 14 of the logarithm of the ICERs) and have concluded unfavourable ICERs compared to its current

therapy.24 This could be explained by the little gain in effects of this intervention for comparing to other

studies. Further, the extent of scenarios analyses varied little. The minor difference was in the statin

doses that were added as scenario in studies on drug intervention. However, a difference was found in

the choice of scenarios between lifestyle and drug interventions. It was suspected that the outcomes of

the included economic evaluations on lifestyle interventions were based on study perspectives,8 gender,
18−19 discount rates,18 CVD risks19 and without specific scenarios,17 The included economic evaluations

on drug treatment had different scenarios on CVD risks and gender,16,20,24 reimbursement schemes,25

5Because of the great differences in the ICERs (see Tables 7,9,11,12 in appendix), a logarithm is implemented in order

to be comparable.
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Figure 2: The change of ICERs by time

inclusion of exclusion of non-CVD costs,20 time horizon26 and without specific scenarios.21−23 Studies

on both interventions have included gender and CVD risks. However, the studies on lifestyle were more

interested in scenarios such as different study perspectives or discount rates. Nevertheless, studies on

drug interventions were interested in reimbursement schemes and costs. From these observations, one

could suspect a potential relationship between the selection of scenarios and funding source.

When observing the robustness, the results of sensitivity analysis indicated that almost every study

concluded that their outcomes were robust respective to the change of model parameters. Univariate

sensitivity analysis testing at least one variable was mainly used on assessing the robustness of the

outcomes. Five out of eight studies on statin treatment16,20−23 and two out of four studies on physical

activity and diet interventions8,19 conducted a one or more way sensitivity analysis; the rest of the

studies17−18,25 conducted a probabilistic sensitivity analysis. Two studies on statin treatment have

conducted both univariate and probabilistic sensitivity analysis.24,26 It can be observed that studies on

lifestyle interventions mainly have selected one parameter in their sensitivity analysis; no clear alignments

were found within the studies on lifestyle interventions. For drug treatment, discrepancies were observed

between the choices of parameters within the seven studies that have conducted one-way sensitivity

analyses. In general, many studies have a diversity of parameters in their sensitivity analysis. A

majority of studies on drug interventions has chosen for the change of discount rates and different

CVD costs.16,20−21,24,26 Besides that, lipid-lowering effects have been selected by some studies.16,21,23

Further, no clear consistencies in the choice of parameters were found between studies on both types of

interventions. However, it is observed that a minority of studies on lifestyle and drug interventions has
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selected utility weights for their sensitivity analysis.8,21,24,26 Finally, it was challenging to find the range

of variables that were included in these sensitivity analyses, because many studies did not describe the

range of uncertainty.

3.3 Key findings based on the BMJ quality checklist

The quality checklist of BMJ was used in this systematic review to assess the quality of economic

evaluations on both lifestyle and drug interventions.30 Tables 14 and 15 in appendix illustrate the

percentage of fulfilment for the 35 questions for economic evaluations on both interventions. In general,

from the 35 questions, 24 questions on lifestyle and 17 on statin treatment fulfilled above 70% in stating

their research question, economic relevance of the study. In the section about data collection, the form of

economic evaluation, the source of effectiveness, primary outcome, currency price, detail and justification

of the choice of model were mostly adequately reported with a fulfilment percentage.

However, some justification problems were found on both types of interventions. In economic

evaluations on both types of interventions, the rationale of choosing alternative programs was poorly

reported. Only half of the studies on lifestyle and minority of drug interventions have stated the

alternative program with additional explanation (50% of lifestyle8,19 and 13% of statin treatment26).

In the section of interpretation of results and analysis, it was recognized that a majority of lifestyle and

statin studies (25% of lifestyle17 and 50% of statin treatment20−22,26) did not or indistinctly mention the

time horizon of their studies. Further, studies on both types of interventions mainly failed to justify their

choice of discount rate; only a minority of studies have fulfilled this (0% of lifestyle and 22% of statin

treatment21,25−26). This also holds for the choice of the variables, the percentages of fulfilment of studies

on drug interventions are relatively lower comparing with lifestyle interventions. (50% of lifestyle8,18−19

and 6% of statin21) and the range (63% of lifestyle8,18−19 and 0% of statin) for their sensitivity analysis.

As it is observed, in the field of sensitivity analysis, studies on drug interventions have scored more

poorly than lifestyle intervention.

In addition to the justification issue, documentation problems are also observed. A great proportion

of studies have not discussed the relevance of including or excluding costs of productivity loss (75% of

lifestyle8,17−18 and 100% of statin treatment16,20−26) Further, minor details on currency and inflation

adjustments were given (both 25%17,21−22). Last, many studies did not mention the time horizon of

their studies (75% of lifestyle8,18−19 and 50% of statin treatment16,23−25).

No large differences in quality between studies on lifestyle and drug interventions were found.

However, some minor differences can be mentioned. When focusing on the methodology of data

collection, firstly, a slight difference was observed in the section of providing details on the design and

results of effectiveness studies. In the economic evaluations on drug interventions, less than half of the

studies did provide sufficient information about their effectiveness studies regardless whether their study

was based on meta-analysis or a single study (40% on single studies20,22,24−25, 17% on meta-analysis21).

In the economic evaluations on lifestyle interventions, all studies have given sufficient information on

their effectiveness study; these were all based on a single study. Further, more than half of the studies

on drug interventions did not illustrate their quantities of resource separately from their unit costs;

from all studies less than half have fulfilled this requirement (44%16,20−22,26). These studies mainly
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presented direct medical costs but did not mention their unit costs and quantities used per patient

group separately. On the contrary, all lifestyle studies fulfilled this criterion. Nevertheless, most studies

have presented their outcomes in aggregated and disaggregated form (100% of lifestyle8,17−19 and 88%

of statin treatment20−26). Studies usually presented a summary index with the ICERs based on their

comparisons (aggregated form). When reporting data in a disaggregated manner, this indicates that the

outcomes of the studies are reported separately based on different scenarios. This is to allow readers to

calculate other ratios of that he or she sees fit.30 Last, all studies have answered their study question

and conclusions based on the data that they have reported.

3.4 Potential relationships between factors and differences between lifestyle and drug

interventions

After the characteristics, outcomes and quality elements are listed in detail, potential relationships

between different types of study characteristics, study characteristics and outcomes are assessed

within/across studies. Further, it is observed to what extent the associations differ between the two

interventions.

3.4.1 Potential relationships between different types of study characteristics

When observing the study perspective, a great relationship is expected between the perspective of the

study and the type of costs that have been taken into account. Nevertheless, some studies that were

conducted from a societal perspective did not include indirect costs in their study. This occurred for

studies both on lifestyle and drug interventions.

The way in which future costs and benefits of interventions are discounted could have great influence

on the economic evaluation of a given intervention.31 The higher the discount rate, the lower the net

present value of future costs and benefits. it is confirmed from viewing table 2,5, and 6 in appendix that

studies had different approaches of discounting. The choice of discount rate had a pattern for Europe

and was different from the patterns seen in North America, Australia and Asia. All cost-effectiveness

studies that conducted in Europe had a discount rate of 3% annually. The studies conducted in North

America and Australia opted for a discount rate of 5% annually.16,19−20,23 Only one study on statin

treatment conducted in the United States chose for a 3% discount rate.26 Inconsistencies have been

found in discount rates in Asia, A study conducted in Japan24 chose for a 3% discount rate and Korea21

chose for a 5% discount rate. Further, no clear differences were found between the choice of discount

rate between the studies on the economic evaluation of lifestyle prevention and statin treatment.

3.4.2 Potential relationships between study characteristics and outcome

In this section, the potential relationships between study characteristics and outcomes are observed. In

general, the observed relationships hold for both interventions. Thus, no systematic differences were

found between lifestyle and drug interventions.

From the included economic evaluations, a relationship is found between the type of population,

risk factors and the study outcome. Within study, it seems that the higher the CVD risk, the more



13 4. Discussion

favourable the ICER keeping the other variables constant.16,19−20 This holds for both lifestyle and drug

interventions. Furthermore, two studies on lifestyle intervention showed that when focusing on the

economic evaluations that present gender-specific results within the same CVD risk range, the ICERs

of men tend to be more favourable than that of women.18−19 Consistent conclusions have been found

in studies on drug intervention that have also chosen for CVD risks with gender selection of scenarios.

Thus, it is concluded that for studies on both interventions, within in the same CVD risk range, the

ICERs of men tends to always be more favourable than women.16,18−20,24

A relationship can be found between the time horizon and the ICERs. It seems that the ICERs are

more favourable for studies with a limited time horizon than for studies with a lifetime time horizon. For

example, it is observed in a study on statin treatment that the incremental costs of statin with a limited

time horizon (median 3 years) tends to be much lower than in other studies with lifetime time horizons.22

Consistent results are observed for a study on lifestyle interventions with a limited time horizon of three

years.17

It is observed from studies on both types of interventions19,21,26 that the ICER from cost-utility

analysis tends to be lower than cost-effectiveness analysis. For example, an economic evaluation on

lifestyle interventions19 calculated that video and self-help intervention for men was €186,899 per LYG

and €140,390 per QALY. Consistent results have showed in other studies.21,26

In a study on lifestyle intervention, it is recognized that when indirect costs were considered (societal

perspective), the total costs have increased by costs of productivity losses.8 When health effects remain

the same, the ICER of societal perspective tends to be higher than health payer perspective. However,

there is only one study within both interventions that have included indirect costs and calculated the

results based on both a health payer and a societal perspective.8 The rest of the studies did nor included

or separated direct and indirect costs. Thus, there is not enough evidence to state an opinion on the

relation between the inclusion of different types of costs and study outcome.

No systematic differences have been found in the relationship between funding source and the ICER.

In general, statin therapy was regarded to be cost-effective in comparing with no treatment or placebo.

One study has determined that statin therapy did not have a favourable ICER for their specific country

and was highly dependent on the risk of CVD.24 Unfortunately, the funding source of that study was not

stated.25 There is a possibility that there was no funding for that study. Further, none of the reviewed

studies on statin treatment were funded by government or institute and likewise for lifestyle interventions.

Previously, in section 3.2, it is observed that the two types of intervention had slightly different scenario

settings. The studies on lifestyle interventions were more interested in the study perspective and discount

rate and the studies on drug intervention favoured for scenarios such as CVD costs and reimbursement

criteria. As it is mentioned earlier, one could assume that funding has potential association with the

selection of scenarios. This could be observed by their choice of scenarios such as reimbursement schemes

and including costs for studies on drug intervention. However, there is not enough evidence regarding

these twelve studies that may lead to positive relationship between funding source and the ICERs.
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4. Discussion

The objective of this systematic review was to gain more insight on the divergence of methodologies

between economic evaluations on lifestyle interventions compared with drug interventions in the primary

prevention of cardiovascular diseases. Further, this study was also interested in potential relationships

between different factors (e.g. time horizon, funding source, incremental cost-effectiveness ratios and

etc.) and to what extent these associations hold for these two interventions. In general, no great

differences have been found between the methodology in conducting economic evaluation between lifestyle

and drug interventions. Some minor variations in study characteristics were found, i.e. the choice of

population, comparator, perspective, intervention time and time horizon. Nevertheless, it is noticed

that transparency and documentation of the methodology was lacking in many studies on both types

of interventions. A shortage in explanations of study approaches was observed in several factors such

as stating the time horizon, intervention period, range and variables of sensitivity analysis, choice of

comparator and discount rate.

When investigating the relationships between study characteristics within/across studies, some

associations were observed. It is observed that the association between study perspective and the

included costs was not clear. In studies on both interventions, it is found that societal perspective was

not always adhered in terms of the costs included. In addition, a clear relationship was found between

the discount rates and countries that the studies were conducted in. Furthermore, some associations

have been discovered between study characteristics and outcome. It is observed that CVD risk factors,

type of economic evaluation, time horizon and inclusion of additional costs interventions could have an

influence on the ICERs. However, it was observed that there was not enough evidence to relate a positive

relationship between funding and ICERs. Overall, the observed associations hold for both lifestyle and

drug interventions.

In order to facilitate policy making and future researches on economic evaluations, transparency

problems in documentation should be tackled. Further, potential differences between methodology on

different types of interventions and relationships between factors and their influence on study results

should be acknowledged. This way, comparability increases between studies. In the following section,

possible explanations and further recommendations will be given on these results.

4.1 Discussion on the minor systematic differences

The report of Wanless has concluded that the standard principles of public health economic evaluations

are the same as others such as clinical interventions.32 However, it is true that the practical difficulties

associated with methodology of economic evaluation of public health interventions are greater.5−7

This systematic review has found consistent results as the statement of Wanless. Minor systematic

differences have been found in the results of these twelve studies. These differences were also quite

expectable because the difference of aims between clinical and lifestyle interventions and the context

these studies were in. Thus, the general elements in the methodology between lifestyle and drug

interventions seem to be consistent. However, a recent review on the methodology challenges of public

health interventions concluded that studies on public health interventions particularly challenge in areas:
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attribution outcomes to interventions to obtain unbiased estimates of effects (effects beyond RCTs);

measuring and valuing outcomes (outcomes beyond the QALY); equity considerations, discounting,

choice of type of sensitivity analysis and identifying intersectoral costs.6 This systematic review has

confirmed most of these challenges such as identifying intersectoral costs, obtaining effects beyond the

outcomes of RCTs and methods dealing with uncertainty; these will be discussed through the discussion.

4.2 Discussion on the quality of studies

From the results of the selected studies and outcomes of the quality checklist by BMJ, many studies

have shown a justification problem in various factors such as intervention time, time horizon, sensitivity

analysis, choice of perspective and comparator. First, the approach, range and the choice of the

variables for sensitivity analysis are mostly poorly written which could question the trustworthiness of the

outcomes of these sensitivity analyses. A review recently performed in Sweden on economic evaluations

on lifestyle interventions discusses that when cost-effectiveness studies are performed with lacking details

as described earlier, it could be problematic to draw a trustworthy conclusion11. Consistent results were

found in several other studies.8−10,33−34 Moreover, the authors stated that the trade-off between accuracy

and transparency is not always applicable11. Even on expectations that the studies would be transparent

or accurate; it is still a challenge to guarantee that the studies are performed adequately. For example,

it is often seen that economic evaluations in general report average cost-effectiveness ratios that may be

difficult for policy makers to decompose overall results, or may not fully appreciate the importance of each

element of data or assumption.33 Another example is that it is observed in this systematic review that

many studies do not adequately report the choice of variables and their range in sensitivity analysis.

A study commented that authors often give an appearance of stability of their findings by omitting

important parameters from consideration or by varying them by a small amount.34 Thus, it is never safe

to lay a direct relationship between accuracy and transparency because one study could be very accurate

but fail or have no incentive to report their methodology truthfully. For this reason, more interests have

been put in reporting guidelines for economic evaluations in order to increase transparency.30,33−35

It can be expected that the quality of economic evaluations would improve with increase of time

and importance of economic evaluation. The reason for this could be more awareness in precision in

study outcomes and quality of intervention that facilitates policy making.36−38 A study pointed out that

from the thirteen countries in Europe, economic evaluations on drug interventions are mainly used on

reimbursement decisions (N=11) followed with communication to prescribers (N=7) and local formulary

decisions (N=6).37 This indicates that for policy making, economic evaluation is an important instrument

to settle on an adequate policy in different settings. Further, it is resulted that cost-effectiveness studies

before 2000 were slowly being switched to cost-utility analysis more recently. A possible explanation is

the growth of attentiveness in comparison between study effects; it is shown that besides the effect on

mortality, health-related quality of life has gained its importance.27 Further, no clear trend was found

in the field of quality improvement for more recently published economic evaluations. Regardless of

the previous statement on accuracy and transparency, a lack of quality improvement still leads to a

substantial issue that questions the consistency and transparency of the future economic evaluations.

The interpretation and approach to measure these aspects should be aligned in studies in order to reduce
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vulnerability and facilitate economic evaluations.

4.3 Discussion on potential relationships between factors

Firstly, studies on both types of interventions have inconsistent study perspectives in relation to the

methodologies of conducting their economic evaluations. By this, it is meant that numerous studies with

a societal study perspective did not include indirect costs and benefits such as productivity forgone in

terms of monetary value into their calculations and unrelated healthcare costs. A lack of explanation

has been found for not including these costs that led to confusions. One can expect that the difficulty

exists to include unrelated healthcare costs because of the broad nature of public health interventions.

It is mentioned in a research that studies on public health interventions often challenge in identifying

intersectoral costs and consequences.6 The previous study has commented that the impact of public

health intervention is often wide-ranging. The costs and effects of lifestyle interventions could fall in

many parts of the public sector, it challenges to identify all relevant costs and benefits affected by the

intervention. An explanation for not including unrelated healthcare costs could be the unavailability

of data and sometimes imprecise data.27 This indicates that it is often challenging to gather patient

specific data than taking an average of the total healthcare expenditure. Further, indirect costs such as

informal care often lack valuation methods that are both theoretically valid and empirically feasible.39

For example, it is challenged to measure the time of informal care and divide this into informal care

and daily activities given by the caregiver. For economic evaluations in general, it is also recognized

that many studies fail to include all relevant costs.34 It is mentioned in a study on methodological

flaws of economic evaluations that by adopting a broad societal viewpoint in general raises the biggest

measurement challenges and may be tempting for studies to omit items for the benefit of the study.34

In these situations, it is necessary to judge whether the omitted items would have a potential difference

in study results. This would increase difficulties for health decision-makers to make efficient choices.

The same study confirmed the importance the adherence to the chosen perspective. Thus, based on

the results of this review, the reliability of the study perspective is questioned. This may be another

indication for more attention when setting scientific guidelines for conducting an economic evaluation.

Second, it is recognized that there is a clear difference in the perspective of lifestyle and drug

interventions. Conducting studies on drug treatment from a health-payer perspective could be seen

as a logical conclusion, because these studies were funded by the pharmaceutical industry. Thus, these

companies may not have enough incentive to include other costs outside of their interests. However,

from a policy maker point of view, a societal study perspective for both costs and effects is still preferred

in guidelines for several countries such as Australia, Canada, France, Spain, and the Netherlands.3,37

By considering all relevant costs an optimal societal decision can be made. When not all costs are

considered, it could lead to inefficient allocation of resources, on a short-term as well as on a long-term

basis.12,40 However, in the United Kingdom, it is advised in the guideline of technology appraisal that

perspectives for costs and effects should be differed. The perspective of costs should have impact on

costs and savings for the NHS (national health services) and personal social services; the perspective on

outcomes should contain all health effects on individuals.41 Nevertheless, in the reviewed study that have

included United Kingdom in their study did not adhere to this advice when measuring health effects.22
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Thus, it may be unattractive for studies on drug interventions to take a societal point of view for their

interests in reimbursement issues and clinical effectiveness. Nevertheless, when other relevant costs such

as productivity losses are left out, important differences could be neglected in both costs and effects of

the prevention.

Third, a review on cost-effectiveness studies conducted in the Netherlands has shown that a difference

in source funding may have substantial influences on the outcome of the study.9 It is concluded that

studies funded by pharmaceutical companies generally showed more favourable cost-effectiveness ratios

because these companies have the intention to increase or attract more target group in the low CVD

risk population group and generate more profit.9,34 However, the results of our systematic review did

not provide enough evidence on the statement of the review performed by Franco et al. 2005.9 With

a further glance, the conclusion from this review was based on comparing the ICERs of studies funded

by pharmaceuticals and government or institutes. It results that there is a striking difference in ICERs

between these two funding sources in low CVD risks. However, the government funded none of the

studies on drug treatment in this systematic review. Thus, even a positive relation is shown between

funding source and the ICERs, it is still inconclusive to confirm the statement from the previous study.

Fourth, approximately 50% of the studies on statins stated that placebo was their comparator. The

rest of the studies compared their intervention with ’no intervention’ or ’current therapy’. In general,

placebo is often chosen as a comparator because it is the most commonly used comparator in clinical

trials. From a policy point of view, placebo or no therapy are rarely good comparators in an economic

evaluation where the comparator should be the most commonly used or the best alternative treatment

besides the new treatment.42 This indicates that when the best alternative is used as comparator,

it assists the policymaker to decide on which intervention is most suitable to implement. However,

manufacturer or sponsor may have the incentive to show its own therapy in a good light when their

therapy is compared to placebo because of a more increase in treatment effects.34 One study commented

that the cost-effectiveness of a given therapy can only be judged in relation to one or more alternatives,

which may include ”doing nothing”. The choice of alternative is critical because it provides the basis

incremental cost-effectiveness analysis.34 It can be expected that when using placebo or no therapy, the

incremental effects would be higher than when using current therapy as comparator because placebo

and no therapy have initially no treatment effect. Simultaneously, incremental costs would also increase.

Nevertheless, the trade-off between incremental costs and effects are dubious which could lead to lower or

higher ICER as result. From a decision maker point of view, results of the ICER take a great proportion

in implementing a treatment. Thus, it would still not be beneficial for the pharmaceuticals when their

treatment leads to a lower ICER than the current therapy. As conclusion, by comparing new drug

intervention to current therapy as alternative would have potential benefits for both pharmaceuticals

and policy makers.

Fifth, no distinct relationship is found between the uses of study design for both interventions.

Studies on statins and on lifestyle have conducted their study based on RCT, modelling or both. It is

being concerned that with the evaluation of medical technologies in most published guidelines, indicate

a preference for evidence from RCTs comparing to relevant alternatives.6 In the reviewed studies, we

observed a greater proportion of modelling studies in studies on drug and lifestyle interventions. One
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of the potential challenges of economic evaluations on public health interventions is the attribution

of effects.6 Since there are likely to be fewer controlled trials of public health programmes, other

approaches such as modelling or quasi-experiments might be necessary for obtaining unbiased estimates

of intervention effects. In this systematic review, it is recognized that many outcomes were often short-

term. However, from a policy point of view, it is often favourable to view the costs and benefits in the long

term in order to decide on which intervention to implement.6 However, it is important to keep in mind

it might be quite logical that RCTs do not cover costs and effects for a longer period; many modelling

studies extrapolate the results of RCTs to extend the time horizon of the intervention. Besides the

difference in time horizon of RCT and modelling studies, RCT effect data may also chooses a narrower

inclusion criteria what could favours the outcome. Further, RCTs are often criticized that they are

unable to accommodate the complexity and flexibility that characterises public health programmes than

drug interventions. This is also one of the challenges of conducting economic evaluations on public health

interventions.6 RCTs are often judged as relatively simple and unvarying interventions. Thus, in several

studies, it is confirmed that RCTs are often inappropriate for public health settings.6,43−44 The outcomes

of RCTs determine the causal relationship between the intervention and outcomes. However, study design

alone cannot suffice as main criterion for credibility of evidence about public health interventions.44

Sixth, one of the potential challenges of public health interventions is the method of estimating

uncertainty of the study. In this systematic review, it is observed that minor studies have conducted

probabilistic sensitivity analysis and this holds for both lifestyle and drug interventions. From the results

from these twelve studies, it is observed that irrespective of the choice of sensitivity analysis, almost

all studies have concluded that the outcome of the sensitivity analysis indicated robust with respect

to model parameters. There have been debates on which methods is the most suitable for economic

evaluations and some researchers recommended that probabilistic sensitivity analysis should be required

in all cases and others think simpler methods will suffice.45 It is mentioned that when a probabilistic

analysis is conducted properly, it provides an approach by requiring that all input parameters in a model

be specified as full probability distribution, rather than as point estimates, to indicate the uncertainty

of the estimates.46−48 Other approaches such as univariate sensitivity analysis are often recognized as

too simple because it only tests one variable at a time by holding others constant; when variables are

correlated, it becomes more complicated to determine the relationship and effect of the parameter on

the outcome. Within these twelve studies, some have conducted one-way sensitivity with more variables.

However, a probabilistic sensitivity analysis is recommend in order to receive a more complete picture

of the parameter uncertainty in the model and lead to higher additional value of information.49

Last, it is resulted from the reviewed studies that the choice of discount rate mainly differed for Europe

(3%) compared to North America (5%), Australia (5%) and Asia (3-5%). This choice is consistent with

the different guidelines for specific countries.36 For example, a review on potential differences in health

technology assessment (HTA) guidelines pointed out that in Australia and Canada, it is formalized

to choose a discount rate of 5% in order to meet the reimbursement criteria.36 However, the review

mentioned that several informal guidelines exists which are only voluntarily followed by studies such as

countries like United States and Ireland.36 Studies in these countries are advised to set a discount rate,

but no specific range is given in these guidelines. Furthermore, HTA guidelines in Asia have emerged
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in the last few years; it is expected that the implementation of HTA guidelines will catch up with the

progress in Western countries.50 This may explain the inconsistencies in discount rate from the studies

in Asia. However, the conclusions of this review were only based on medical economic evaluations. For

studies on lifestyle interventions, there is not enough evidence to have similar conclusions because studies

on public health interventions are not as well established as compared to drug interventions.1,6 A report

on economic evaluation in the social welfare field showed that studies on public health interventions

have started increasing after 1996.1 However, this is still a minority compared to medical economic

evaluations. More researches are continuing on the field of public health interventions.7

4.4 Limitations

This systematic review faces several limitations. First, a narrowed PICO model is used in this systematic

review; this could limit potential additional findings. For example, lifestyle interventions were only

focused on the combination therapy of diet and physical activity in this study. This led to only four

studies for review, which could be too little for an adequate quality assessment and comparisons between

studies on lifestyle and drug interventions. The outcomes of the methodology assessment could be

different when other types of lifestyle interventions were chosen.

Second, there are minor doubts about the objectivity of the BMJ quality checklist. From 35

questions, it is assumed that all questions have an equal weight. Nevertheless, one can expect that

some questions such as giving the details of currency information may weigh less than others such as

methodological sections. Peer reviewing the selected articles may reduce subjectivity. However, there

were inconsistencies in answers because of widely questions and ended answers such as yes and no

answers. Thus, through consensus meetings with both peer-reviewers, an agreement is formed on these

items. However, it is inconclusive to state a strong opinion on the absolute quality of these studies.

Last, this review has only focused on studies on preventive interventions on both lifestyle and drug

interventions. It is resulted that minor systematic differences exists between these two interventions.

However, from a broader perspective, the conventional economic evaluations have more focused on

clinical interventions. Guidelines that have been established and are discussed in this review are also

mainly based on drug conventional economic evaluations. It is concluded from this systematic review

that the potential methodological issues exist among preventive interventions. However, it is not sure

whether the results of this review holds for economic evaluation as a whole (e.g. medical treatments) ;

this is beyond the scope of this research.

5. Conclusion and recommendations

In this systematic review, minor systematic differences have been found in the methodology on economic

evaluations between lifestyle and drug interventions. Similar conclusion could be made for the observation

on potential relationships between different factors (between study characteristics, study characteristics

and outcomes within/across studies). Nonetheless, it is resulted from this systematic review that

transparency problem in documentation exists within these twelve studies. These problems exist mainly

in several factors such as stating the time horizon, intervention period, range of variables of sensitivity
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analysis, choice of comparator and discount rate. The transparency issues that have been recognized

between these characteristics may be caused by the lack of adequate guidelines in conducting an economic

evaluation. This could hinder health policy making on mainly reimbursement and implementation

decisions. In order to reduce these challenges, two recommendations are suggested. First, for

developing countries, governmental sectors should put more attention in conducting sufficient guidelines

for economic evaluations that researches could follow. Further, it is suggested for policymakers to increase

formalization in established guidelines; this would obligate the researchers to follow the recommendations

by monitoring research activities. Both recommendations will reduce transparency problems as well as

methodology inconsistencies that would increase overall quality of economic evaluations in the long term.

In addition, this review recommends that more attention should be put in conducting quality checklists.

It cannot be denied that subjectivity remains in assessing the quality of studies. However, it was often

difficult to judge the article per question because some of them were quite unclear and could lead to

multiple answers. One can suggest rephrasing some questions in order to receive more definite and

reliable answers. For future research, more investigations should be made in the field of methodology on

economic evaluations in general, quality of guidelines and checklists. This would enhance comparability

between interventions and assist policymaking in various settings.
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Search terms for Medline, Scopus and NHS-HTA-EED

Medline

Cost-effectiveness studies (“Costs and Cost Analysis”[mh] OR “Cost-Benefit Analysis”[mh] OR

cost benefit*[ti] OR cost effect*[ti] OR cost utility[ti] OR cost efficien*[ti] OR econom*[ti] OR

pharmacoeconomic*[ti] OR pharmaco-economic*[ti] OR (cost*[ti] AND (effect*[ti] OR benefit*[ti] OR

quality[ti] OR efficien*[ti])) OR (cost*[ti] AND economics[majr]))

Prevention (prevention[tiab] OR preventive[tiab] OR screening[tiab] OR health promotion[tiab] OR

health protection[tiab] OR intervention*[tiab] OR health protection[tiab] OR health promotion[mh]

OR healthy people programs[mh] OR preventive health services[mh] OR health surveys[mh] OR mass

screening[mh] OR primary prevention[mh] OR public health[tiab] OR accident prevention[mh] OR

preventive medicine[mh])

Cardiovascular disease (cardiovascular diseases[mh] OR cardiovascular[ti] OR angina[ti] OR stroke[ti]

OR blood pressure[ti] OR myocardial[ti] OR ischaemic[ti] OR ischemic[ti] OR coronary[ti] OR

heart[ti] OR atherosclerosis[ti] OR cerebrovascular[ti] OR cardiac[ti]) Physical activity programs: (life

style[tiab] OR lifestyle[tiab] OR life style[mh] OR physical activity[tiab] OR physical inactivity[tiab]

OR motor activity[mh:noexp] OR exercise*[tiab] OR exercise[mh] OR locomotion[tiab] OR sedentary

behavior[tiab] OR sedentary behaviour[tiab] OR physical fitness[tiab] OR physical therapy[tiab] OR

physical training[tiab] OR physical education[tiab] OR fitness[tiab] OR aerobics[tiab] OR sports[tiab]

OR sports[mh] OR counsel*[tiab] OR self-management[tiab] OR health education[tiab])

Diet programs (overweight[tiab] OR obesity[tiab] OR obesity[mh] OR dietetics[tiab] OR diet[tiab]

OR diets[tiab] OR dieting[tiab] OR diet therapy[mh] OR nutrition therapy[tiab] OR weight loss[tiab]

OR weight loss[mh] OR body weight changes[mh] OR weight gain[mh] OR fruit[tiab] OR vegetables[tiab]

OR sodium chloride[tiab] OR fish oils[tiab] OR calories[tiab] OR dietary fats[tiab] OR dietary fats[mh]

OR diet, fat-restricted[mh] OR diet, carbohydrate-restricted[mh] OR diet, sodium restricted[mh] OR

diet, reducing[mh] OR fasting[mh] OR fasting[tiab] Or healthy eating[tiab] OR high fat*[tiab] OR low

fat*[tiab] OR fatty food*[tiab])

Statin (Hydroxymethylglutaryl-CoA Reductase Inhibitors[Mh] OR statins[tiab] OR statin therapy[tiab]

OR statin drug[tiab] OR statin drugs[tiab] OR statin use[tiab] OR “coa reductase inhibitors”[tiab])

Scopus

Cost Effectiveness studies TITLE((cost-benefit*) OR (cost-effect*) OR (cost-utility) OR (cost-

efficien*) OR econom* OR pharmacoeconomic* OR (pharmaco-economic*)) OR KEY((cost-benefit*)

OR (cost-effect*) OR (cost-utility) OR (cost-efficien*) OR (costs-and-cost-analysis)) OR (TITLE(cost*)

AND TITLE(effect* OR benefit* OR quality OR efficien*))
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Prevention TITLE-ABS-KEY((prevention) OR (preventive) OR (screening) OR (health-promotion)

OR (health-protection) OR (intervention) OR (public-health) OR (health-promotion) OR (healthy-

people-programs) OR (preventive-health-services) OR (health-surveys) OR (mass-screening) OR (primary-

prevention) OR (accident-prevention) OR (preventive-medicine))

Cardiovascular disease TITLE(cardiovascular OR angina OR stroke OR (blood-pressure) OR

myocardial OR ischaemic OR ischemic OR coronary OR heart OR atherosclerosis OR cerebrovascular

OR cardiac)

Physical activity programs TITLE-ABS-KEY((life-style) OR (physical-activity) OR (physical-

inactivity) OR (motor-activity) OR (exercise) OR (locomotion) OR (sedentary-behavior) OR (sedentary-

behaviour) OR (physical-fitness) OR (physical-therapy) OR (physical-training) OR (physical-education)

OR (fitness) OR (aerobics) OR (sports) OR (counseling) OR (self-management) OR (health-education)

Diet programs TITLE-ABS-KEY((overweight) OR (obesity) OR (dietetics) OR (diet) OR (diets)

OR (dieting) OR (nutrition-therapy) OR (weight-loss) OR (fruit) OR (vegetables) OR (sodium-chloride)

OR (fish-oils) OR (calories) OR (dietary-fats) OR (fasting) OR (healthy-eating) OR (high-fat) OR (low-

fat) OR (fatty-food) OR (obesity) OR (diet-therapy) OR (weight-loss) OR (body-weight-changes) OR

(weight-gain) OR (dietary-fats) OR (diet-fat-restricted) OR (diet-carbohydrate-restricted) OR (diet-

sodium-restricted) OR (fasting))

Statin TITLE-ABS-KEY ((CoA-Reductase-Inhibitors) OR statins OR (statin-therapy) OR (statin-

drug) OR (statin-drugs) OR (statin-use))

NHS-EED-HTA

Cost-effectiveness studies (“Costs and Cost Analysis” OR “Cost-Benefit Analysis” OR cost benefit*

OR cost effect* OR cost utility OR cost efficien* OR econom* OR pharmacoeconomic* OR pharmaco-

economic* OR (cost* AND (effect* OR benefit* OR quality OR efficien*)) OR (cost* AND economics))

Prevention (prevention OR preventive OR screening OR health promotion OR “health protection”

OR intervention* OR “health protection” OR “health promotion” OR “healthy people programs” OR

“preventive health services” OR “health surveys” OR “mass screening” OR “primary prevention” OR

“public health” OR “accident prevention” OR “preventive medicine”)

Cardiovascular diseases (“cardiovascular diseases” OR cardiovascular OR angina OR stroke OR

“blood pressure” OR myocardial OR ischaemic OR ischemic OR coronary OR heart OR atherosclerosis

OR cerebrovascular OR cardiac)
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Physical activity programs (“life style” OR lifestyle OR “physical activity” OR “motor activity”

OR exercise* OR exercise OR locomotion OR “sedentary behavior” OR “sedentary behaviour” OR

“physical fitness” OR “physical therapy” OR “physical training” OR “physical education” OR fitness

OR aerobics OR sports OR sports OR counsel* OR “self management” OR “health education”)

Diet programs (overweight OR obesity OR obesity OR dietetics OR diet OR diets OR dieting OR

“diet therapy” OR “nutrition therapy” OR “weight loss” OR “weight loss” OR “body weight changes”

OR “weight gain” OR fruit OR vegetables OR “sodium chloride” OR “fish oils” OR calories OR “dietary

fats” OR “dietary fats” OR “diet, fat-restricted” OR “diet, carbohydrate-restricted” OR “diet, sodium

restricted” OR “diet, reducing” OR fasting Or “healthy eating” OR high fat* OR low fat* OR fatty

food*)

Statins (“Hydroxymethylglutaryl-CoA Reductase Inhibitors” OR statins OR statin therapy OR statin

drug OR statin drugs OR statin use OR coa reductase inhibitors)
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Table 14: BM
J quality checklist of lifestyle intervention (physical activity and diet) 

Checklist item
s

30 
Percentage of fulfilm

ent 
 

Salkeld et al 
'97 

 
Lindgren et al 

'03 

 
G

alani et al ' 
08 

 
Eriksson et al 

'10 
Study design 

 
 

 
 

 

1. The research question is stated. 
100%

 
! 

! 
! 

! 

2. The econom
ic im

portance of the research question is stated. 
100%

 
! 

! 
! 

! 

3. The view
point(s) of the analysis are clearly stated and justified. 

75%
 

! 
! 

/ 
/ 

4. The rationale for choosing alternative program
m

es or interventions com
pared is stated. 

50%
 

! 
! 

" 
" 

5. The alternatives being com
pared are clearly described. 

88%
 

! 
/ 

! 
! 

Data collection 
 

 
 

 
 

6. The form
 of econom

ic evaluation used is stated. 
100%

 
! 

! 
! 

! 
7. The choice of form

 of econom
ic evaluation is justified in relation to the questions 

addressed. 
75%

 
! 

! 
" 

! 

8. The source(s) of effectiveness estim
ates used are stated. 

100%
 

! 
! 

! 
! 

9. D
etails of the design and results of effectiveness study are given (if based on a single 

study). 
100%

 
! 

! 
N

/A 
! 

10. D
etails of the m

ethods of synthesis or m
eta-analysis of estim

ates are given (if based 
on a synthesis of a num

ber of effectiveness studies). 
0%

 
N

/A 
N

/A 
" 

N
/A 

11. The prim
ary outcom

e m
easure(s) for the econom

ic evaluation are clearly stated. 
100%

 
! 

! 
! 

! 

12. M
ethods to value benefits are stated.  

75%
 

! 
! 

" 
! 

13. D
etails of the subjects from

 w
hom

 valuations w
ere obtained w

ere given. 
88%

 
/ 

! 
! 

! 

14. Productivity changes (if included) are reported separately. 
50%

 
! 

! 
" 

" 

15. The relevance of productivity changes to the study question is discussed. 
25%

 
! 

" 
" 

" 

16. Q
uantities of resource use are reported separately from

 their unit costs. 
100%

 
! 

! 
! 

! 

17. M
ethods for the estim

ation of quantities and unit costs are described. 
88%

 
/ 

! 
! 

! 

18. C
urrency and price data are recorded. 

100%
 

! 
! 

! 
! 

19. D
etails of currency of price adjustm

ents for inflation or currency conversion are given. 
25%

 
" 

" 
" 

! 
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m
s30

 
Pe
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en

ta
ge

 o
f f

ul
fil

m
en

t 
 

Sa
lk

el
d 

et
 a

l 
'9

7 

 
Li

nd
gr

en
 e

t a
l 

'0
3 

G
al

an
i e

t a
l' 

08
 

 
Er

ik
ss

on
 e

t a
l 

'1
0 

20
. D

et
ai

ls
 o

f a
ny

 m
od

el
 u

se
d 

ar
e 

gi
ve

n.
 

10
0%

 
! 

! 
! 

N
/A

 
21

. T
he

 c
ho

ic
e 

of
 m

od
el

 u
se

d 
an

d 
th

e 
ke

y 
pa

ra
m

et
er

s 
on

 w
hi

ch
 it

 is
 b

as
ed

 a
re

 ju
st

ifi
ed

. 
 

10
0%

 
! 

! 
! 

N
/A

 

An
al

ys
is

 a
nd

 in
te

rp
re

ta
tio

n 
of

 re
su

lts
 

 
 

 
 

 

22
. T

im
e 

ho
riz

on
 o

f c
os

ts
 a

nd
 b

en
ef

its
 is

 s
ta

te
d 

25
%

 
" 

" 
" 

! 

23
. T

he
 d

is
co

un
t r

at
e(

s)
 is

 s
ta

te
d.

 
10

0%
 

! 
! 

! 
! 

24
. T

he
 c

ho
ic

e 
of

 d
is

co
un

t r
at

e(
s)

 is
 ju

st
ifi

ed
. 

0%
 

" 
" 

" 
" 

25
. A

n 
ex

pl
an

at
io

n 
is

 g
iv

en
 if

 c
os

ts
 a

nd
 b

en
ef

its
 a

re
 n

ot
 d

is
co

un
te

d.
 

0%
 

N
/A

 
N

/A
 

" 
N

/A
 

26
. D

et
ai

ls
 o

f s
ta

tis
tic

al
 te

st
s 

an
d 

co
nf

id
en

ce
 in

te
rv

al
s 

ar
e 

gi
ve

n 
fo

r s
to

ch
as

tic
 d

at
a.

 
83

%
 

! 
N

/A
 

/ 
! 

27
. T

he
 a

pp
ro

ac
h 

to
 s

en
si

tiv
ity

 a
na

ly
si

s 
is

 g
iv

en
. 

10
0%

 
! 

! 
! 

! 

28
. T

he
 c

ho
ic

e 
of

 v
ar

ia
bl

es
 fo

r s
en

si
tiv

ity
 a

na
ly

si
s 

is
 ju

st
ifi

ed
. 

50
%

 
/ 

/ 
! 

" 

29
. T

he
 ra

ng
es

 o
ve

r w
hi

ch
 th

e 
va

ria
bl

es
 a

re
 v

ar
ie

d 
ar

e 
ju

st
ifi

ed
. 

63
%

 
! 

/ 
! 

" 

30
. R

el
ev

an
t a

lte
rn

at
iv

es
 a

re
 c

om
pa

re
d.

 
50

%
 

! 
! 

" 
" 

31
. I

nc
re

m
en

ta
l a

na
ly

si
s 

is
 re

po
rte

d.
 

10
0%

 
! 

! 
! 

! 

32
. M

aj
or

 o
ut

co
m

es
 a

re
 p

re
se

nt
ed

 in
 a

 d
is

ag
gr

eg
at

ed
 a

s 
w

el
l a

s 
ag

gr
eg

at
ed

 fo
rm

. 
10

0%
 

! 
! 

! 
! 

33
. T

he
 a

ns
w

er
 to

 th
e 

st
ud

y 
qu

es
tio

n 
is

 g
iv

en
. 

10
0%

 
! 

! 
! 

! 

34
. C

on
cl

us
io

ns
 fo

llo
w

 fr
om

 th
e 

da
ta

 re
po

rte
d.

 
10

0%
 

! 
! 

! 
! 

35
. C

on
cl

us
io

ns
 a

re
 a

cc
om

pa
ni

ed
 b

y 
th

e 
ap

pr
op

ria
te

 c
av

ea
ts

. 
75

%
 

! 
! 

! 
" 

!:
 it

em
 a

de
qu

at
el

y 
ad

dr
es

se
d,

 !
: i

te
m

 in
ad

eq
ua

te
ly

 a
dd

re
ss

ed
, N

/A
: n

ot
 a

pp
lic

ab
le

, /
: i

te
m

 p
ar

tia
l a

dd
re

ss
ed

, r
: r

ef
er

re
d 

to
 re

fe
re

nc
e.
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Table 15: BM
J quality checklist of drug intervention (statin treatm

ent) 

Checklist item
s

30 
 

Percentage of 
fulfilm

ent 

 
Hay et 
al '91 

 
M

artens 
et al '94 

 
Ham

ilton 
et al '95 

 
Nagata-Kobayashi 

et al '05 

 
Lindgren 
et al '05 

 
Nash et 

al '06 

 
Kang et 
al ' 09 

 
O

hsfeldt et al 
'10 

Study design 
 

 
 

 
 

 
 

 
 

1. The research question is stated. 
100%

 
! 

! 
! 

! 
! 

! 
! 

! 
2. The econom

ic im
portance of the research question is 

stated. 
75%

 
! 

" 
! 

! 
! 

! 
! 

" 

3. The view
point(s) of the analysis are clearly stated and 

justified. 
50%

 
/ 

" 
/ 

/ 
! 

" 
/ 

! 

4. The rationale for choosing alternative program
m

es or 
interventions com

pared is stated. 
13%

 
" 

" 
r 

" 
r 

" 
" 

! 

5. The alternatives being com
pared are clearly described. 

60%
 

" 
" 

r 
" 

! 
! 

! 
! 

Data collection 
 

 
 

 
 

 
 

 
 

6. The form
 of econom

ic evaluation used is stated. 
100%

 
! 

! 
! 

! 
! 

! 
! 

! 
7. The choice of form

 of econom
ic evaluation is justified in 

relation to the questions addressed. 
50%

 
! 

" 
! 

" 
! 

" 
" 

! 

8. The source(s) of effectiveness estim
ates used are stated. 

88%
 

! 
" 

! 
! 

! 
! 

! 
! 

9. D
etails of the design and results of effectiveness study 

are given (if based on a single study). 
40%

 
" 

N
/A 

r 
" 

! 
/ 

N
/A 

! 

10. D
etails of the m

ethods of synthesis or m
eta-analysis of 

estim
ates are given (if based on a synthesis of a num

ber of 
effectiveness studies). 

17%
 

N
/A 

" 
N

/A 
N

/A 
N

/A 
" 

/ 
N

/A 

11. The prim
ary outcom

e m
easure(s) for the econom

ic 
evaluation are clearly stated. 

100%
 

! 
! 

! 
! 

! 
! 

! 
! 

12. M
ethods to value benefits are stated.  

82%
 

! 
! 

! 
! 

/ 
" 

! 
! 

13. D
etails of the subjects from

 w
hom

 valuations w
ere 

obtained w
ere given. 

69%
 

/ 
" 

! 
! 

! 
" 

! 
! 

14. Productivity changes (if included) are reported 
separately. 

0%
 

N
/A 

N
/A 

" 
" 

N
/A 

N
/A 

N
/A 

N
/A 

15. The relevance of productivity changes to the study 
question is discussed. 

0%
 

N
/A 

N
/A 

" 
" 

N
/A 

N
/A 

N
/A 

N
/A 

16. Q
uantities of resource use are reported separately from

 
their unit costs. 

44%
 

! 
" 

/ 
" 

! 
" 

/ 
/ 

17. M
ethods for the estim

ation of quantities and unit costs 
are described. 

75%
 

! 
! 

! 
" 

! 
" 

! 
! 
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Na
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t 
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09

 

 
O
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'1
0 

 18
. C

ur
re
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y 

an
d 

pr
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e 
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 re

co
rd
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. 

10
0%

 
! 

! 
! 

! 
! 

! 
! 

! 

19
. D

et
ai

ls
 o

f c
ur
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nc

y 
of

 p
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e 
ad

ju
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m
en
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 fo

r i
nf
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n 
or

 
cu

rre
nc
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co

nv
er

si
on

 a
re

 g
iv

en
. 

25
%

 
" 

" 
" 

" 
! 

" 
! 

" 

20
. D

et
ai

ls
 o

f a
ny

 m
od

el
 u

se
d 

ar
e 

gi
ve

n.
 

10
0%

 
! 

! 
! 

! 
N

/A
 

! 
! 

! 
21

. T
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 c
ho
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 m

od
el

 u
se

d 
an

d 
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e 
ke
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pa
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m

et
er

s 
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w

hi
ch

 it
 is

 b
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re
 ju

st
ifi

ed
. 

72
%

 
! 

" 
! 

! 
N

/A
 

" 
! 

! 

An
al
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ta
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n 
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 re
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22
. T

im
e 
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riz
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 o

f c
os
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 a

nd
 b

en
ef
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 is

 s
ta

te
d 

50
%

 
" 

" 
! 

" 
! 

" 
! 

! 

23
. T

he
 d

is
co

un
t r

at
e(

s)
 is

 s
ta

te
d.

 
93

%
 

/ 
! 

! 
! 

N
/A

 
! 

! 
! 

24
. T

he
 c

ho
ic

e 
of

 d
is

co
un

t r
at

e(
s)
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 ju

st
ifi
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%

 
" 

" 
" 

" 
N

/A
 

! 
/ 

" 
25

. A
n 

ex
pl
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n 

is
 g

iv
en

 if
 c

os
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 a
nd

 b
en

ef
its

 a
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 n
ot

 
di
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ou

nt
ed

. 
10

0%
 

N
/A

 
N

/A
 

N
/A

 
N

/A
 

! 
N

/A
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/A

 
N

/A
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. D
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