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Chapter 8 

Abstract 

Introduction: The two most important clinical conditions, which are associated 

with Helicobacter pylori infection, both in numbers and costs are peptic ulcer 

disease and gastric cancer. In 1999 these two conditions were responsible for more 

than 2000 deaths and €94,9 million in the Netherlands In this paper the cost-

effectiveness is calculated of a potential Helicobacter pylori vaccine. Additionally, 

the impact of changing the discount rate for health, as is now suggested for the 

Netherlands, is shown.  

Methods: The birth cohort of 1999 was chosen as the vaccinated population to be 

in line with the cost estimates underlying the analysis. Plausible assumptions of 

doses for a full vaccination and the vaccine price per dose (including 

administration) were made. The percentage of peptic ulcers and gastric cancers 

attributable to Helicobacter pylori infection were estimated using Attributive Risks. 

For peptic ulcer disease and gastric cancer the number of deaths per age group in 

1999 was taken. The corresponding estimation of the total number of life years lost 

was discounted using the current discount rate of 4% and the currently discussed 

discount rate of 1.5%. To calculate life years gained and financial savings a 

vaccine effectiveness at 80% was assumed (base case analysis). In the model 

different distributions for the estimation of uncertainty for the different variabeles 

were used. A second order Monte-Carlo simulation was performed. The 10,000 

sampled cost-effectiveness ratios of the Monte-Carlo simulation were used to 

construct cost-effectiveness acceptability curves. 

Results: In the base case scenario the cost-effectiveness ratio for the 4% discount 

rate is €14,300 compared to €2,600 for the 1.5% discount rate for health. For the 

different scenarios investigated all median cost-effectiveness ratios for the 4% 

discount rate are relevantly below the median cost-effectiveness ratios obtained 

with a 1.5% discount rate for health. 

Conclusion: Using the current prescribed discount rate for health effects the cost-

effectiveness ratio for a potential newly developed Helicobacter pylori vaccine is 
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below the Dutch threshold of €20,000 per life year gained. Introducing a new, 

lower discount rate for health will greatly benefit the cost-effectiveness ratio for 

vaccines as is shown here for the Helicobacter pylori vaccine. This benefit will be 

true for all programs (e.g. screening programs) which have their benefits in the 

future and cost in present time. 
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Chapter 8 

Introduction 

Prevalence of Helicobacter pylori in the western world has decreased over the last 

decades in following birth cohorts. Also, in the Netherlands the prevalence of 

infection in young adults decreased from 23% in 1978 to 11% in 1993 [1]. The 

overall prevalence of Helicobacter pylori in the Netherlands at that time was 

probably around 30%. In developing nations the prevalence of infection could be 

as high as 80% to 90% [2]. Despite this decrease, Helicobacter pylori is still one of 

the most common bacterial pathogens in humans. 

Infection with Helicobacter pylori is associated with several clinical 

conditions, including gastritis, peptic ulcer disease, gastric cancer, and mucosa-

associated lymphoid tissue (MALT) lymphoma. This association is clearly 

described for gastritis and peptic ulcer disease, in which eradication of 

Helicobacter pylori cured the condition [3]. For gastric cancer and MALT-

lymphoma the association is mainly based on retrospective epidemiologic research 

[4]. However the results of these studies had such strength that the working group 

of the International Agency for Research on Cancer concluded that infection with 

Helicobacter pylori is a definite cause of cancer in humans [2]. 

The two most important clinical conditions in both numbers and costs are 

peptic ulcer disease and gastric cancer. In 1999 these two conditions were 

responsible for more than 2000 deaths and € 94.9 million of direct medical costs in 

the Netherlands [5,6]. As infection with Helicobacter pylori is usually acquired at 

childhood [7] and the exact timeline in pathofysiology of Helicobacter pylori is 

still uncertain, the only sure way of preventing these two conditions attributable to 

Helicobacter pylori would be a preventive vaccine.  

Currently for accepting any program, and thus also vaccination 

programmes, next to effectiveness and safety also the economics are taken into 

account. Before a program is accepted it has to show its value for money in a cost-

effectiveness or cost-utility analysis. In particular, the Dutch Health Council seems 

to accept programs which show a cost-effectiveness ratio below €20,000 per life 
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year gained [8]. One important factor in cost-effectiveness analyses concerning 

vaccines is the discount factor used. Discounting is a technique that reflects 

existing time preference: preferring future costs over current costs and current 

benefits and gains over those in the future. For vaccination programmes, generally 

benefits are gained at a later point in time than the costs are made. For a 

Helicobacter pylori vaccine this is also the case, with the first benefits are expected 

to be gained at least 20 years after vaccination. In the first Dutch guidelines 

concerning pharmacoeconomic research, which were introduced in 1999, a 

discount rate of 4% for money and health outcomes was advocated [9]. In this 

period it was widely accepted that using the same discount rate for health and 

money was the sound choice [10,11]. During recent years this insight has been 

changed and the committee designing Dutch guidelines on pharmacoeconomic 

research is considering a discount rate of 1.5% for health, where the discount rate 

for money stays 4% [12,13]. For the background on these differential discount 

rates we refer to appendix 8.1 at the end of this paper. 

In the development of a Helicobacter pylori vaccine a few issues arise. 

Firstly, Helicobacter pylori infection persists even after a vigorous host immune 

response. A future vaccine must therefore generate a response that is differently 

from natural response. This can be achieved by generating a stronger response or a 

response through other means. Secondly, Helicobacter pylori antigens may induce 

hypersensitivity or autoreactive responses. These two arguments argue against the 

use of attenuated vaccines or crude whole-cell preparations [14]. Furthermore, 

Helicobacter pylori strains differ markedly. Vaccines under development must 

therefore focus on antigen(s) which are highly conserved and expressed in vivo. 

Urease and cytotoxin are two of the potential candidates investigated. The urease-

based prophylactic vaccine is currently the most likely candidate for a prophylactic 

vaccine [14]. 

In this paper the cost-effectiveness is calculated of a potential Helicobacter 

pylori vaccine with respect to preventing peptic ulcer disease and gastric cancer. 
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Furthermore, as indicated above, the impact of using a lower discount rate for 

health is shown.  

 

 

Data & Methods 

Model 

A Markov model [15] with a time frame of 85 years was constructed with 

“TreeAge Data ProTM 2005 for healthcare”. In FIGURE 1 the Markov model is 

shown. There are 4 stages in the model of which 3 are absorbing states. For each 

Markov cycle the transition probabilities were estimated. Each Markov cycle has a 

length of 5 years. Half cycle correction was applied.  

 Transition probabilities were derived from stomach cancer deaths, peptic 

ulcer deaths and all deaths in 1999 divided by the total number of persons in the 

population for each age group [5]. These yearly probabilities were used to derive 

the 5 year probabilities for each Markov cycle. All probabilities used are shown in 

TABLE 1. In the model these probabilities were adjusted using the attributive risks 

(ARs) and vaccine efficacy. 

For vaccination costs we used the birth cohort of 1999 as the vaccinated 

population. The birth cohort of 1999 was chosen as the costs used in this analysis 

were also reported for 1999. In TABLE 2 all model inputs used are given. The birth 

cohort of 1999 consisted of 200,445 children. For simplicity, it was assumed that 

all children were vaccinated (100% coverage). This maybe justified by the fact that 

the vaccination coverage in the Netherlands is high, for the national vaccination 

programme this is approximately 95%. The vaccine is assumed to consist of 3 

doses given in the first year of life, with an estimated cost of €50 (additional 

scenarios for €30, €40, €60, €70) per dose [16]. The ARs for peptic ulcer and 

gastric cancer were 70% (95% CI; 62-77) and 60% (95% CI; 47-71) respectively. 

These ARs were used together with the expected efficacy of the vaccine, at 80% 

(range; 50-100), to estimate the expected percentage of preventable cases of peptic  
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Figure 1. Markov model used. a, b and c reflect Markov cycle specific transition probabilities. 
States indicated with * are absorbing states. 
 

Table 1. Transition probabilities for each Markov cycle 
Markov Age Peptic ulcer death Gastric cancer death Other death 
Cycle  Male Female Male Female Male Female 

1 0-4 0.000000 0.000000 0.000000 0.000000 0.006946 0.006022 
2 5-9 0.000000 0.000000 0.000000 0.000000 0.000787 0.000566 
3 10-14 0.000000 0.000000 0.000000 0.000000 0.000869 0.000736 
4 15-19 0.000000 0.000000 0.000000 0.000000 0.002233 0.001074 
5 20-24 0.000010 0.000000 0.000000 0.000000 0.003269 0.001381 
6 25-29 0.000000 0.000000 0.000000 0.000000 0.003274 0.001587 
7 30-34 0.000007 0.000008 0.000030 0.000016 0.003651 0.002294 
8 35-39 0.000008 0.000008 0.000061 0.000039 0.005323 0.003926 
9 40-44 0.000008 0.000008 0.000124 0.000093 0.008504 0.006669 

10 45-49 0.000017 0.000018 0.000278 0.000161 0.013477 0.010575 
11 50-54 0.000062 0.000009 0.000414 0.000201 0.022936 0.016344 
12 55-59 0.000095 0.000024 0.000798 0.000379 0.038222 0.023761 
13 60-64 0.000100 0.000070 0.001384 0.000459 0.064871 0.036304 
14 65-69 0.000265 0.000177 0.002318 0.000840 0.115271 0.058290 
15 70-74 0.000459 0.000275 0.003797 0.001261 0.193243 0.099029 
16 75-79 0.000970 0.000464 0.005590 0.002320 0.340903 0.177606 
17 80-84 0.000151 0.00121 0.007020 0.003121 0.559119 0.325701 

 

Ulcer  
Death*

 
Alive

Other  
Death* 

Cancer 
Death*

1-(a+b+c) 

b ca
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Table 2. Input variables used in model 
ase Distribution  Input variable Base c

Birth cohort    
Male 102,896 - [5] 
Female 97,549 - [5] 
Vaccine inputs    
Efficacy % (ran
Doses per course

ge) 80 (5 triangula  0-100) r [16]
 3

€5
 - [14,16] 

Cost per dose* 0 - [14,16] 
Helicobacter pylori risks   
AR Ulcer (range) 70 (62 Implicitly define-77) d [Appendix 8.2, 17] 
AR Carcinoma (range) 60 (47-71) Implicitly defined [Appendix 8.2, 17] 
*Additional to the base case scenario, nar o

lcer disease and gastric cancer. These preventable cases were used to estimate 

accination and Costs 

n as the vaccinated population as vaccination for 

 we 

me 

ave  

ted as 

 gastric 

different sce ios for the cost per d se (at €30, €40, €60 
and €70) were evaluated 
 

 

 

u

costs and life years lost through Helicobacter pylori infection. 

 

V

A birth cohort was chose

Helicobacter pylori is assumed to be best done in infants; in particular here

assume vaccination is done in the first year of life [14,16]. Furthermore we assu

that vaccination in children will provide a lifelong protection for Helicobacter 

pylori associated illness, because infection in adults is low and a vaccine may h

a lifelong effect. Plausable assumptions for the number of doses for a full 

vaccination and the vaccine price were made. These costs were not discoun

they were made on t=0. Costs associated with gastric cancer en peptic ulcer in 

1999 were divided by the total number of deaths in that year. The costs per 

diseased patient were used to estimate costs associated with peptic ulcer and

cancer in the 1999 birth cohort. Future costs averted were estimated using the 

number of gastric cancers and peptic ulcers attributable to Helicobacter pylori. 

These direct healthcare costs were discounted using a 4% discount rate. 
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Life Years Gained (LYG) 

In the model the number of life years lived by the 1999 birth cohort was estimated 

for the scenario without Helicobacter pylori vaccination and for the one with 

Helicobacter pylori vaccination. In the latter case the transition probabilities of 

death due to gastric cancer and peptic ulcer were decreased through the ARs and  

vaccination effectiveness. The transition probabilities of death due to other causes 

were equal both cases. The difference in total number of live years lived between 

these scenario’s was considered to be the total number of LYG by Helicobacter 

pylori vaccination. This implies that the transition probabilities of death due to 

gastric cancer or peptic ulcer are decreased; the transition probabilities for other 

causes of death are not. 

This estimation of the total number of LYG compared to no vaccination 

was discounted using the current discount rate of 4% [9] and the currently 

discussed discount rate of 1.5% [12,13]. 

  

Statistical methods 

In the model different distributions for the approximation of uncertainty for the 

different variabels were used. In TABLE 2 the variables and distributions used are 

presented. For the number of doses only one number is taken as this is the most 

likely number of doses that will be used. As no information on effectiveness is 

available, the estimates given by manufacturers as reported by Rupnow et al. [16] 

were used, distributed according to the triangular distribution. For cost per dose we 

performed different scenario analyses. The distribution for the ARs is implicitly 

defined as for the natural logarithm of the RR (LnRR), which was used to construct 

the ARs, the normal distribution may be assumed to apply [18]. 

A second order Monte-Carlo simulation was performed to take the 

uncertainty into account associated with the parameters used in the model [19]. 

The 10,000 sampled cost-effectiveness ratios of the Monte-Carlo simulation were 

used to construct a cost-effectiveness acceptability curve [20,21]. 
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Results 

In TABLE 3 the total number of LYG and the total costs are presented as well as the 

incremental cost-effectiveness ratio for both the 4% discount rate as for the 1.5

discount rate in the base case scenario. In the base case scenario the cost-

effectiveness ratio for the 4% discount rate is €14,300/LYG compared to 

% 

 In 

 

n 

,000 threshold which is currently used in the Netherlands. 

 of 0.5 

0.5) is mostly used by decision makers. 

owever when a more stringent criterium is choosen, a probability of 0.95 can be 

the values given it can be seen that the acceptable thresholds 

 

 

t 

Discuss

, 

 currently used 

€2,600/LYG for the 1.5% discount rate. 

In FIGURE 2 the cost-effectiveness acceptability curves for the 

Helicobacter pylori vaccine using a 4% discount rate for health effects is shown.

FIGURE 3 this is done with a 1.5% discount rate for health effects. It can be seen

that in FIGURE 2, 4 of the 5 vaccine price scenarios have a probability of more tha

0.5 to stay under the €20

In FIGURE 2 all vaccine price scenarios have a probability of 1 to to stay 

under the €20,000 threshold. In TABLE 4 the thresholds for the probabilities

and 0.95 are given. The median value (p=

H

applied. Considering 

of the 1.5% discount rate are consistantly lower than the acceptable thresholds of

the 4% discount rate variant. At a discount rate of 1.5% for health all cost per dose

scenarios are acceptable. However with the currently used threshold in the 

Netherlands of €20,000, one of the median values of the 4% discount rate varian

would not be accepted. For the probability of 0.95 two out of five vaccine price 

scenarios would not be accepted with the current threshold of €20,000 if health is 

discounted at 4%. 

 

 
ion 

It was found, using the current Dutch guidelines on pharmacoeconomic research

that in the base case scenario the cost-effectiveness ratio of a Helicobacter pylori 

vaccine is €14,300/LYG. This cost-effectiveness ratio is below the
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Table 3. Base case incremental cost-effectiveness ratio for a preventive 

-ratio 

Helicobacter pylori vaccine presented for a  4% discount rate and a 1.5% discount 

rate for effects compared to doing nothing 
Discount 

rate 
Total 
LYG 

Vaccination cost 
(million €) 

Total costs prevented 
(million €) 

CE
(€/LYG) 

4% 1,489 30.07 8.83 14,300 
1.5% 8,112 30.07 8.83 2,600 

 
 
 
Table 4. Median cost-effectiveness ratio and cost-effectiveness ratio for 95% 
probability of acceptance. Presented for the different cost/dose scenarios and 
discount rates used. 

 Median CE ratio p=0.5 (€/LYG) Threshold value for p=0.95 (€/LYG) 
Cost/dose 4% 1.5% 4% 1.5% 

€30 6,300 1,200 9,200 1,500 
€40 10,400 1,900 13,000 2,500 
€50 14,400 2,700 17,900 3,200 
€60 18,600 3,400 23,000 4,200 
€70 22,800 4,200 27,400 4,900 
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Figure 1. Cost-effectiveness acceptability curve for the five different cost/dose 
scenarios using a 4% discount rate for costs and health effects: probability of 
favourable cost-effectiveness for a given threshold for net costs per LYG (λ)
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reshold of €20,000 in the Netherlands. Increasing the vaccine price in different 

cenarios, the median cost-effectiveness ratio comes closer to the €20,000 treshold, 

and in the last vaccine price scenario it is over the €20,000 threshold. If the 0.95 p-

value is taken as the decisive cut off, the vaccine price should be between €50 en 

€60 to yield a cost-effective result. The cost-effectiveness ratios for the 1.5% 

discount rate for health are all below the €20,000 for p=0.5 and p=0.95. In the 

United States, a cost-effectivenes study concerning Helicobacter pylori vaccination 

has already been done. In the study by Rupnow et al. [16] it was concluded that 

Helicobacter pylori vaccination is cost-effective for development in the United 

States. In this study a discount rate of 5% was used, in the sensitivity analysis they 

varied the discount rate from 2-10% and estimated cost saving per infant mortality 

equivalence prevented. This more positive result compared to the results found in 

igu . Cre 2 fective ability e five st/dose
 4% dis or cos

 a give  for net YG (λ

 

th

s

this study depend probably on the inclusion of diminished quality of life due to 
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Helicobacter pylori associated illness instead of death through peptic ulcer disease 

and gastric cancer alone.  

There can be criticism on the model used to estimate the cost-effectiveness 

ratio of Helicobacter pylori vaccination. The natural decline in Helicobacter pylori 

prevalence of Dutch native inhabitants [1] and the decline in death rate by peptic 

ulcer and stomach cancer [5] were not taken into account. For immigrants in the 

Netherlands a higher prevalence of Helicobacter pylori infection is shown [22], 

which can be a possible subgroup in which the current figures used may be 

applicable for a longer period of time. Furthermore the estimated effectiveness and 

vaccine price used are important factors for cost-effectiveness. As no vaccine is 

ew Helicobacter pylori vaccine. Also the use of the attributable risk can lead to an 

ptimistic estimate of the cost-effectiveness. This issue is discussed in appendix 

 

 into 

 

of 

the different vaccine price scenarios are consistently much higher than the cost-

currently available these figures can be only crude estimates. However a new 

vaccine with effectiveness less than 50% will probably not be marketed and a 

accine price of €70 per dose is probably a maximum estimate for the price of a v

n

o

8.2. In this appendix it is shown that although there might be concern of 

overestimation of the role of Helicobacter pylori in peptic ulcer disease and gastric 

cancer, there are also arguments which might lead to an underestimation of the 

effect of a Helicobacter pylori vaccine. These arguments include other diseases in

which Helicobacter pylori infection has a part. And only life years were taken

account, whereas gastric cancer and peptic ulcer disease also influence quality of

life. A pharmacoeconomic study with incorporating of the influence on quality of 

life of Helicobacter pylori infection will likely yield greater benefits for a 

Helicobacter pylori vaccine. 

It is clear that preventive programmes benefit from a lowering in discount 

rate as is advocated by some authors [13,23-26]. In this study concerning a 

Helicobacter pylori vaccine this beneficial effect of a change in discount rate is 

clearly shown. When using a 4% discount rate all of thecost-effectiveness ratios 
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effectiveness ratios when using a 1.5% discount rate for health. In case of a 

Helicobacter pylori vaccine this relevant beneficial effect of a lower discount rate 

for heal

 

alth 

th was expected as most of the health benefits are gained after a long period 

of time. In general, prevention programmes might become more increasingly 

introduced when the discount rate for health effects will be lowered compared to 

the discount rate for monetary effects. 

 

 

Conclusion 

Using the current prescribed discount rate for health effects the cost-effectiveness

ratio for a potential newly developed Helicobacter pylori vaccine is below the 

Dutch threshold of €20,000/LYG. Introducing a new, lower discount rate for he

will greatly benefit the cost-effectiveness ratio for vaccines as is shown here for the 

Helicobacter pylori vaccine. This benefit will be seen for all programs (e.g. 

screening programs) which have their benefits in the future and cost in present 

time. 
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Appendix 8.1 

Abstract 
Most national guidelines for pharmacoeconomic research prescribe discounting, 

ostly of money and health against the same rate. Theoretically there is much 

bate on whether this is adequate. Two theoretical arguments, the consistency 

gument of Weinstein and Stason and the paralyzing paradox of Keeler and 

Cretin, are mostly responsible for current standards. However, more recently 

h practically and theoretically. In terms of finding 

oney and, in 

 important suggestion arguing that the 

on the expected growth in life expectancy 

inishing marginal utility related to such additional health. Similarly, 

mith argue that if the value of health is assumed to grow over time, 

y be applied to effects, but 

be adjusted downwards. 

The recent theoretical literature in this area indicates that it would be 

 a societal perspective to choose discount rates for health that are 

ose for money. Our suggestion is to allow a lower discount rate for 

oney and change guidelines accordingly if appropriate. 

m

de

ar

several authors have indicated that the basis to claim the necessity of using similar 

discount rates is rather weak, bot

a new theoretical basis on which to base discount rates for m

particular, health, Van Hout has made an

discount rate for health should be based 

and the dim

Gravelle and S

discount rates that are used for costs cannot directl

should 

appropriate from

lower than th

health than for m
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Introduction 

 

f 

r of 

ed 

ains 

ific discount rate to use in calculus should reflect 

the soci  to 

ime 

preference. Time preference is a complex composite of ‘pure’ time preference 

(impatience and uncertainty about the future) and decreasing marginal utilities of 

different utility arguments over time (such as income, health, etcetera). This 

decreasing marginal utility assumes a growth of the different utility arguments over 

time [2]. With, for example, two drugs compared, in mathematical terms 

discounting is as follows: 

 

ICER = Σ (∆Ct/(1+rm)t) / Σ (∆Et/(1+rh)t) 

 

Guidelines for pharmacoeconomic research exist for a number of years now in an

increasing number of countries. These guidelines have the obvious advantage o

increasing the comparability and transferability of studies, and have greatly 

increased the relevance of pharmacoeconomics for policy making. In a numbe

countries, these guidelines for pharmacoeconomic research have been introduc

in the 1990s, and these guidelines will soon be (or are already in the process of 

being) updated. This is also the case for the Netherlands, where guidelines for 

pharmacoeconomic research were introduced in 1999. One of the most 

prominently debated issues in these guidelines is on the symmetric discounting of 

health and money. 

As in regular economics, future costs, benefits and health gains are 

discounted in pharmacoeconomic research. This technique reflects existing time 

preference, preferring future costs over current costs and current benefits and g

over those in the future. The spec

etal time preference [1]. This rate generally is assumed to range from 2

7% annually, indicating that €x now equals between € x * (1.02) and x * (1.07) 

next year. 

Basically, discounting is applied to correct for different types of t
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With ICER representing the incremental cost-effectiveness ratio, t the 

, 

, and we 

 

s that it would be appropriate from a societal perspective to 

choose 

 

for this purpose. 

 

or 

ey was 

es on the real rates of return on investment and 

econom  growth by the Ministry of Finance. A same rate for health was also 

hat time.  

However, despite a broad practical consensus and standard practice (both 

reflected in current guidelines) to discount both costs and health effects with an 

time, ∆Ct the difference in costs and benefits in year t, ∆Et the difference in health 

effects, rm the discount rate for money and rh the discount rate for health. As such

the ICER is the ratio of the net present values of downstream monetary 

consequences and health effects. 

The current country specific guidelines for pharmacoeconomic research, 

(except the guideline that was applied for some time in the UK) is to discount 

health and money at the same rate. It is increasingly becoming clear that these 

current standards for discounting are not based on plausible assumptions

appear to be in the phase of finding new standards. The recent theoretical literature

in this area indicate

discount rates for health that are lower than those for money. This 

discrepancy between current guidelines and recent theoretical literature is the 

primary reason for the current debate. In this short review, the use of a lower 

discount rate for health will be advocated and an overview of the main issues wil 

be provided. Also, it will be shown how to derive country specific differential 

discount rates for health and money using one particular framework specifically

developed 

Guidelines 

Most national guidelines for pharmacoeconomic research indeed prescribe 

discounting, mostly of money and health against the same rate, or rm = rh [2]. F

example, also the Dutch guideline has up to now prescribed a similar rate for 

money and health, in this case 4% [3]. The exact rate for discounting mon

derived in 1995 from figur

ic

adopted as this was standard practice at t
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equal ra es 

underpin 

 basically argues that programs with an equal 

cost-eff  

. 

ates that 

 

ays 

-

However, more recently several authors have indicated that the basis to 

essity of using similar discount rates is rather weak, both practically 

 may 

 

nt rates 

n 

ased on the expected growth in 

life exp

r 

te, there is much debate on theoretical grounds whether current guidelin

are adequate. Looking at the foundation of this standard practice, it appears that 

two theoretical arguments, the consistency argument of Weinstein and Stason [4] 

and the paralyzing paradox of Keeler and Cretin [5], are mostly cited to 

current standards. The first theory

ectiveness ratio at different points in time should receive equal priority and

this can only be achieved by using the same discount rates for costs and effects

The crucial assumption underlying the reasoning of Weinstein and Stason is that 

“life years are valued the same in relation to dollars in the present as in the future”, 

the value of health is not assumed to grow over time. However this assumption is 

highly questionable [6-8].  

The paralyzing paradox, as formulated by Keeler and Cretin, indic

if health gains are discounted at a lower rate than money the cost-effectiveness

ratio of a health-care intervention with investment prior to health gains will alw

improve by delaying the implementation as delay lowers the nominator of the cost

effectiveness ratio more than the denominator. In fact, theoretically this would 

result in the endless postponing of health interventions (thus paralyzing decision 

making). 

claim the nec

(endless delay is not an option in real life) and theoretically (value of health

grow over time). Moreover, there are ethical problems with using high discount 

rates for future health, especially in the context of intergenerational equity and

preventive pharmaceuticals (i.e., inclusive vaccines) for newborns [9]. 

In terms of finding a new theoretical basis on which to base discou

for money and in particular health, Van Hout has made an important suggestio

arguing that the discount rate for health should be b

ectancy and the diminishing marginal utility related to such additional 

health [7]. The resulting discount rate for health can obviously differ from that fo
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money. Similarly, Gravelle and Smith argue that if the value of health is assumed 

to grow over time, discount rates that are used for money cannot directly be 

applied to effects as expressed in QALYs or life-years gained, but should be 

adjusted downwards [6]. These matters are discussed below using the approaches 

suggested by van Hout, and Gravelle and Smith explicitly as the basis [6,7]. 

 

General Mathematical Formulations 

The discount rate for money, rm is implicitly defined by the amount of money in 

the next period of time (1+ rm) which society requires to compensate for the loss of 

one unit of current money. For health the same holds true; rh is implicitly defined 

as the number of future health units (1+ rh) society requires to compensate for the 

loss of o

 

 

itive mathematics, with the discount rate of money and health conceived 

as the c

 

ne current health unit. To make decisions about investments which change 

future health requires an explicit (as in cost-benefit analysis) or an implicit (as in

cost-effectiveness analysis) valuation of health in terms of amount of money in that 

period which is required to compensate for a unit reduction in health. Growth in 

the value of health is the reason for any difference between the discount rate for

money and the discount rate for health. This relationship can be formalized by 

simple add

omposite of pure time preference and diminishing marginal utility due to 

growth in health and income [6].  The discount rates for money and health, and the 

valuation of health can now be formulated as follows:  

 

rm = ρ + εm * gm  (1) 

 

rh = ρ + εh * gh  (2) 

 

and 
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vh = rm - rh = (ρ + εm * gm) – (ρ + εh * gh) = εm * gm - εh * gh  (3) 

 

Typically, here ρ reflects the pure time preference; the ε’s reflect elasticities o

marginal utility of money and health, respectively; and the g’s the growth in mone

and health. Note that generally the societal perspective is advocated in econo

f the 

y 

mic 

evaluations [9]. This means that the discount rates should be formulated from this 

 should be concerned with societal pure 

igure 1. Illustration of utility (U) as a function of income (I). For utility (U) as a 
nction of health (L) a similar graphical illustration can be presented. 

perspective so that equations (1) and (2)

time preference (whereas it is normally assumed to reflect individual impatience 

and the uncertainty about the future, for example risk of death) [10]. Pure time 

preference may then reflect the uncertainty about the bare existence of a future 

society at societal level, which may be of a different magnitude than pure time 

preference at an individual level. Also, the elasticities and the growth rates should 

relate to social welfare and societal growth rates for income and health.  

 

 

I

U

F
fu
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FIGURE  1 illustrates the decreasing marginal utility of income (U : with rising 

ational income the utility of the individual extra € decreases and at any point I=I, 

 

The εm may be estimated to be constant over a limited frame for I 

vailable estimates range from 0.8 to 1.5 [11-13]).  

’’<0)

n

U’(I) reflects this marginal utility value. The elasticity εm typically transforms the 

growth in income to the corresponding change in marginal utility. When U is 

reflecting utility (as a function of I or L); I reflects national income; L reflects life

expectancy (in terms of life years); and U’ is the first derivative of U to I (U’>0),  

we could estimate ε’s and g’s as follows:  

 

εm = - dU’/U’ / dI/I (4)

εh = - dU /U  / dL/L (5) 

g

’ ’

m = dI/I  (6) 

gh = dL/L  (7) 

 

(a

With increasing life expectancy a similar reasoning as money may hold for 

εh, transforming this growth in life expectancy to the corresponding change in 

marginal utility. As the growth in life expectancy is relatively small (only few 

promille per year; i.g., 3‰ for life expectancy at birth in the Netherlands during 

recent years [14]) it can be expected that the change in the value of health in 

equation 3 is positive 

 

vh = εm * gm –εh * gh >0  (8) 

 

 and equation (2) to potentially grossly reduce to 

 

rh = ρ  (9) 
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With the only available (but perhaps not truly societal) estimates for ρ ranging 

from 1-1.5% [6]. Typically, therefore equations (1) and (2) would indicate an rh at 

1-1.5% and an rm at rh with grossly a function of the economic growth added to it 

(usually this value for economic growth lies somewhere between 1.5% and 3%

many western economies, although in case of a stagnating economy this value may

even be negative). 

 

 for 

 

mplications 

 ch s over time, this may not be properly reflected in a 

aly ith similar discount rates for health and money. 

in a cost-benefit analysis, changes in the value in health can be 

ated by adapting the benefit measure directly, in a cost-effectiveness 

nalysis, correcting the discount rate for health seems the adequate approach. In the 

latter ca same 

ever, with a correction for the 

changin

d to income and utility of health is constant in time 

 health and income are related, potentially causing vh to equal gm (in other 

he value attached to health is equal to the growth of 

welfare).   

nd (3): 

ρ gm) – (εm * gm - εh * gh)  (10) 

I

If the value in health ange

cost-effectiveness an sis w

Whereas, 

accommod

a

se you can use the equations above. Implicitly, this means that the 

discount rate for health as for money is adopted, how

g value that is attached to health [7], which recognizes that the elasticities 

and growth rates of health and money may differ [6].  

In order to give an indication of the range in which the appropriate 

discount rate for health effects might be expected to lie, Gravelle and Smith use 

two separate cases:  

• health is not relate

•

words, the growth in t

Both cases may be elaborated using formula (2) a

 

rh = rm - vh = ( + εm * 
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In the first case εh equals zero (as the value/utility of health does not 

change) and the only reason to discount future health effects is pure time 

preference related to future utility: rh = ρ (reproducing equation 9). In the second 

case, where vh possibly equals to gm the equation can be rewritten as rh = ρ + (εm-

1)*gm. Both cases are obviously leading to rh < rm.  

As an illustration for the UK, Gravelle and Smith have estimated ρ at 1-

.5%, εm at 1-2%, gm at 2-2.5% and thus εm*gm at 2-5% and rm at 3-6.5% [6]. As a 

h (rh = ρ) follows 1% and as a maximum 4%. One appealing feature 

box 

nt standards for discounting 

are not is area 

lth that are lower than those for money. This contradicts 

t the 

hea n for 

mon ge guidelines accordingly if appropriate. For example, using the 

nds, discount rates of 4% 

r money and 1.5% for health were estimated in the Dutch context. 

ave mith is 

articularly appealing in its logical approach, research should continue the efforts 

to elucidate all aspects that are relevant to the time preference of health effects. 

1

minimum for r

of Gravelle and Smith their approach is that extrapolation to other countries is 

relatively straightforward using plausible assumptions and local data (see the 

for the application of the method using Dutch data). 

 

 

Conclusion  

This brief review summarizes recent developments in the theoretical thinking on 

discounting money and health in pharmacoeconomic research. With these new 

insights it is becoming increasingly clear that the curre

based on plausible assumptions. The recent theoretical literature in th

indicates that it would be appropriate from a societal perspective to choose 

discount rates for hea

current country-specific guidelines for pharmacoeconomic research, excep

guideline that was applied for some time in the UK (6% for money, 1.5% for 

lth). The authors’ suggestion is to allow a lower discount rate for health tha

ey and chan

method developed by Gravelle and Smith for the Netherla

fo

However, while the method developed by Gr lle and S

p
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For instance, pure societal time preference is a concept that is extrem

Box: 

 of income was needed. To 

es

. 

ing this would be a 

reasonable proxy for the Dutch situation. 

• For the elasticity of the marginal utility of income different estimates have 

de. These estimates range from 0.8 [11] to 1.5 [12,13] for the UK. 

 

Illustration for the Netherlands 

 

• The method described by Gravelle and Smith was applied [6]. For the 

calcualtions Dutch information regarding the growth of income, time 

preference and elasticity of the marginal utility

timate the growth of income in the Netherlands the authors used the 

numbers of Statistics Netherlands (Centraal Bureau voor de Statistiek, The 

Hague). The average economic growth (growth of the gross national 

product) for the Netherlands in the years 1998-2002 was estimated at 2.6%

For the estimate of time preference, the authors used the usual range 

mentioned in the literature of 1-1.5% [6], assum

been ma

It was assumed that there are no marked differences for the two countries 

and the authors used these UK estimates for the Netherlands. 

• Using these figures the discount rate for money in the Netherlands was 

estimated between 3.1% and 5.4%, whereas the discount rate for health was 

estimated between 0.5% and 2.3%. These calculations imply that the 

discount rate for money currently used in pharmacoeconomic research in

the Netherlands could remain at 4%, whereas the discount rate for health 

should be lowered to approximately 1.5%. 

ely difficult to 

measure ons made 

 

e 

 and might even be a purely academic concept. Yet, the assumpti

for this parameter greatly influence the discount rate. In time, research will provide

further insight in the appropriate ways to measure time preference and to redefin
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th e, pending appropriate updating of national 

guidelines, the authors suggest analysts to perform extensive analyses including 

dif s to 

gain a ve for 

differ  

pharm

health  

gener

raised

disco ould well 

be all earch will gain further insight in 

the

proce

 

e discount procedure. In the meantim

ferent discount rates for health and money. The authors urge policy maker

 thorough understanding of the effects of discounting and to be recepti

ential discount rates. In this way, we can both fulfil the descriptive value of

acoeconomics for policy making, make more appropriate choices in 

care resource allocations and provide a healthier future for us and our future

ations. 

Thus, to conclude we can state that the theoretical issues that have been 

 over the last few years show that the current standard of applying equal 

unt rates can be considered inappropriate and lower rates for health c

owed and should be advocated. In time, res

 appropriate ways to measure time preference and to redefine the discounting 

dure.  
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Introduction 
Gastric malignancies such as gastric cancer and peptic ulcer disease have a 

gnificant pharmacoeconomical impact on the Dutch healthcare budget [1]. The 

stric bacterium Helicobacter pylori is believed to be an important aetiological 

ctor in the development of these diseases. Since its discovery by Warren and 

Marshall there has been much debate on the role of Helicobacter pylori in gastric 

ic during 

elicobacter 

 diseases such 

mucosa- associated lymphoid tissue lymphoma (MALT-

mphoma), duodenal ulcer and gastric ulcer has since then been recognised [4]. In 

ontrolling peptic ulcer disease, eradication of Helicobacter pylori has proven to be 

ost-effective compared to maintenance therapy with acid suppressing drugs [5]. In 

arly MALT-lymphoma, eradication of Helicobacter pylori can lead to complete 

istological regression [6,7]. The role of Helicobacter pylori in dyspepsia and 

astroesophageal reflux disease remains controversial, although recently some 

onsensus has been reached and European guidelines have been published [8]. In 

cent years a preventive Helicobacter pylori vaccine is under development. This 

evelopment may reduce the prevalence of Helicobacter pylori infection and thus 

ield significant pharmacoeconomic benefits [9]. In this study the economic 

urden of Helicobacter pylori infection in the Netherlands is estimated using the 

ttributable risk of Helicobacter pylori for peptic ulcer disease and gastric cancer.  

ethods 

tudy design 

he objective of this study was to estimate the economic burden of Helicobacter 

etherlands. For this estimation we investigated gastric 

r pylori infection. Although it is also accepted 

si

ga

fa

diseases [2]. In 1994 Helicobacter pylori was mentioned to be carcinogen

the National Institute of Health-conference concerning the role of H

pylori in peptic ulcer disease [3]. The role of Helicobacter pylori in

as gastritis, gastric cancer, 

ly

c

c

e

h

g

c

re

d

y

b

a

 

M

S

T

pylori infection in the N

cancer and peptic ulcer disease, as of these diseases there is evidence that they are 

(in part) attributable to Helicobacte
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that MALT-lymphoma is (in part) attributable to Helicobacter pylori infection, the 

se this 

ptic 

osts of Illness in the Netherlands’ [1]. In this report all healthcare costs for 1999 

cted.  

 

 

 

impact of Helicobacter pylori on MALT-lymphoma is not considered becau

is a relatively rare disease. For gastritis no information on direct costs was 

available, for this reason the costs attributed to Helicobacter pylori in gastritits 

were not taken into account. 

The attributable risk score was used to estimate which part of gastric 

cancers and peptic ulcers can be attributed to Helicobacter pylori infection. The 

attributable risk is derived from relative risk (RR) scores using the formula. 

 

AR = (RR-1)/RR 

 

Where 

AR = Attributive risk 

RR = Relative risk 

 

The RR scores were derived from meta-analyses in literature. For peptic ulcer 

disease the RR was derived form the paper of Kurata et al. [10] for gastric cancer 

the RR was taken form the paper by Danesh [11]. The calculated AR was then 

multiplied by the total annual direct medical costs for gastric cancers and peptic 

ulcer disease to derive the total direct medical costs for gastric cancers and pe

ulcer disease attributable to Helicobacter pylori infection. The total annual direct 

medical costs for gastric cancer and peptic ulcer disease were taken from the report 

‘C

were colle

 

Results 

For gastic ulcers the total costs in the Netherlands in 1999 were € 61.6 million.

Helicobacter pylori infection was estimated to be responsible for 70% (62-77%) of

the total number of gastric ulcers. These 70% of ulcers attributable to Helicobacter
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pylori infection amounts to € 43.1 (38.0-47.8) million (TABLE 1). For gastric 

cancer the total costs in the Netherlands in 1999 were € 32.9 million. In gastric 

cancers, Helicobacter pylori infection was estimated to be responsible for 6

(47-71) of the cases, which amounts to a total cost of €19.7 (15.6-23.2) million 

(TABLE 1). The total amount o

0% 

f costs related to Helicobacter pylori infection in 

gastric u . 

able 1. Total cost of peptic ulcers and gastric carcinoma’s attributable to 
 infection 

l costs in 
the 

Netherlands* 

RR** 
(95%CI) 

AR*** 
(95%CI) 

Costs attributable to 
Helicobacter pylori 

infection 

lcers and gastric cancers add up to a total of € 62.8 (53.6-71.0) million
 

 

T
Helicobacter pylori
Disease Tota

Ulcers € 61.8 3.3  
(2.6-4.4) 

70  
(62-77) 

€ 43.1 (38.0-47.8) 

Carcinoma € 32.9 2.5  
(1.9-3.4) 

60  
(47-71) 

€ 19.7 (15.6-23.2) 

Totaal    62.8 (53.6-71.0) 
*
re

Costs are in millions and taken from the report cost of illness in the Netherlands [1], ** RR = 
lative risk and 95%CI = 95% confidence interval, both can be found in the original studies 

t 

, 

 

able 2. Distribution of costs over different sectors 
 Hospital 

care 
General 

practitioner 
Drug 
costs 

Nursing 
(home) care 

Other Total 

[10,11], ***AR = attributive risk, which represents the percentage of cases attributable to 
Helicobacter pylori infection 
 

 

In TABLE 2 the distribution of costs over different healthcare sections is shown. I

can be seen that costs for cacinoma’s are primarily in a hospital care setting (81%)

whereas the costs for ulcers are generated in hospital care (39%), drug costs (38%)

and also in (nursing)home care (17%). (TABLE 2) 

 

 

T

Ulcers 24.2 0.9 23.4 10.4 3.0 61.8* 
Carcinoma 26.6 0.4 1.2 3.1 1.7 32.9* 
Total 50.8 1.3 24.6 13.5 4.7  

*The total costs may differ from the sum of the different sector costs due to rounding of sector 
costs 

 164 



The economic burden of Helicobacter pylori infection  

Discussion 

In our study we have estimated that the economical burden of Helicobacter pylo

infection is € 62.8 million. This estimation of total costs caused by the 

complications of Helicobacter pylori infection in the Netherlands is probably an

underestimation.  

First, only cost attributable to Helicobacter pylori infection in peptic ulce

ri 

 

r 

isease and gastric cancer is taken into account. Helicobacter pylori is also known 

 play a role in the aetiology of gastritis and MALT-lymphoma. Furthermore 

tion [  dyspep nts are

high number o ctitio  and utillization of gastrointestinal drugs 

], the total costs for Helicobacter pylori infection in the Netherlands will 

e highe

Secondly, only direct medical costs are t to acco tion 

, 

 lost 

mphoma and gastric cancers. 

We do note that further uncertainties in the method used exists. At the time 

st. This may lead to an 

nderestimation in RRs found and also to an underestimation of total costs. Next to 

ese arguments which argue that there might even be a larger underestimation, 

earch 

the effects of eradicating r p t yo er 

e Heli ter pylo  sufficient in preventing peptic ulcer diseas

 

nce points towards a beneficial effect. The real life effect can 

d

to

recently it is shown that some patients with dyspepsia also benefit from 

acter pHelicob ylori eradica

f general pra

12]. As

ner visits

tic patie  responsible for a 

[13-16

probably b r. 

ak  inen unt. Hospitalisa

through peptic ulcers leads to days lost of work, and correspondingly indirect costs

attributable to Helicobacter pylori infection. This holds also true for workdays

ue to gastritis, dyspepsia, MALT-lyd

gastric malignicies are diagnosed testing for Helicobacter pylori maybe negative, 

also when the patient was Helicobacter pylori positive for a long period of his life. 

This may be because of antibiotics used, however it is known that gastric 

malignicies itself may cause a negative serology te

u

th

one argument argues for a possible overestimation. As no res

ung age, it is uncertain wheth

is known about 

Helicobacte ylori a

radication cobac ri is e and 

gastric cancer. A gh ther  not be y formal pective rch in this

way, all evide

lthou e has en an  pros resea
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probably only be seen if there is a vaccine available, which is adopted by a large 

 to 

e 

ation of all ARs in gastric ulcers and gastric cancers may add up 

to abov

f 

 

Conclu

erlands these 

direct c

population. 

There is one further methodological issue which probably leads

overestimation of the costs attributable to Helicobacter pylori infection. This is th

fact that the summ

e 100%. It can’t be said to what extent this is a problem in this study. Again 

to be sure to what extent Helicobacter pylori is responsible for costs of illness in 

the Netherlands a direct comparison should be made. 

Furthermore next to these direct medical costs, the eradication o

Helicobacter pylori will also save life years and will improve quality of life. 

Therefore with the prevention of Helicobacter pylori infection there will be 

monetary gains and also benefits in terms of quality of life and life years gained.

 

sion 

The total direct costs of Helicobacter pylori infection in the Netherlands is 

estimated at € 62.8 million for 1999 in the Netherlands. With the prevention of 

Helicobacter pylori infection –for example vaccination- in the Neth

osts and indirect costs, next to beneficial health effects, can be saved.  
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