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Abstract

Objective: To estimate the cost-effectiveness of repeated screening for Chlamydia tracho-

matis at various time intervals compared to one-off screening of Dutch young adults.

Methods: We used a dynamic model to fully take the spread of the disease over time in 

the population into account, with data being used gathered within the context of a recently 

performed pilot study in The Netherlands. The screening frequencies analyzed were: every 

year, every 2 years, every 5 years and every 10 years. The strategies were compared in terms 

of incremental cost-effectiveness, expressed as the net costs per quality-adjusted-life-year 

( QALY). 

Results: For all interval strategies, with the exception of screening every year, incremental 

cost-effectiveness stays below the informal Dutch threshold  of fl20,000 per QALY. 

Conclusion: From a health-economic point of view, for the Dutch situation, we estimated 

screening every 2 years as the optimal strategy among the options investigated.





    

Introduction

Previously we estimated the cost-effectiveness of a systematic Chlamydia trachomatis (CT) 

screening program for Dutch a young adult, which recently has been published in this Value 

in Health [1]. This analysis concerned an initial one-off screening, without any subsequent 

repeated screenings assumed. We used a dynamic model to fully take the spread of the dis-

ease over time in the population into account, with data being used that were gathered within 

the context of a recently performed pilot study in The Netherlands [2]. We showed that, in 

baseline analysis, the prevention of one major outcome as a result of the screening program 

costs fl373 for the Dutch situation. Here, symptomatic pelvic inflammatory disease, chronic 

pelvic pain, ectopic pregnancy, infertility and neonatal pneumonia were considered major 

outcomes and were aggregated into one figure.

 The frequency of subsequent screening is a logical topic of discussion before implemen-

tation of such a program. Hence, in this article we present additional research on the cost-

effectiveness of repeated systematic screening at various time intervals compared to the 

one-off screening presented before. Furthermore, as among many other countries in The 

Netherlands interventions are valued with respect to the cost per quality-adjusted life year 

(QALY), we linked quality weights to the complications related to CT-infections to enable 

such estimates of the costs per QALY. In The Netherlands interventions are considered 

cost-effective if cost-effectiveness is estimated below a threshold of fl20,000 per QALY 

[3]. This threshold is informal and certainly not undisputed, but often used by decision-

makers. 

Methods

Model

We used a deterministic SIS (Susceptible-Infected-Susceptible) model to estimate the im-

pact of the screening program on the incidence and prevalence of CT in the population [4]. 

We followed a heterosexual population of 100.000 men and women with a sex ratio 1:1 and 

a uniform age distribution over 15-29 years. The population was divided according to sex, 

sexual activity and condition (susceptible, symptomatically infected or asymptomatically 

infected). We used the output of the dynamic model as input for a progression-of-disease 

tree to calculate the number of complications and associated costs related to a specific inci-





 

dence. The dynamic model, progression-of-disease tree and the parameter values used are 

described in detail in the research previously published [1]. In this analysis we made the 

same assumptions as we did in the baseline analysis of that research. Nevertheless, instead 

of a time horizon of 10 years, a time horizon of 20 years was used to fully acknowledge the 

dynamics of repeated screening at different time intervals.

Screening Strategies

The systematic screening program targeted 15- to 29-year-old men and women and included 

(partner) treatment [1,2]. We compared the one-off screening with repeated screening on 

various time intervals. The screening frequencies analyzed were: every year, every 2 years, 

every 5 years and every 10 years. We modeled the screening from t = 0 to t = 10 years (e.g. 

screening every 5 years was modeled on t = 0, t = 5 and t = 10). The period of t = 10 to t = 

20 was included to fully grasp the long-term effects and financial benefits of the screening 

programs, inclusive the full effects of any screening at t=10. As in the previous article, we 

assumed that the infection reached endemic equilibrium before the implementation of the 

screening program. Furthermore, we assumed that the participation rate was constant over 

time (47% of the women and 33% of the men [1,2]).    

Cost-Effectiveness Analysis

We expressed cost-effectiveness as the net costs per QALY. We linked quality weights to 

the health states related to the complications of both symptomatic and asymptomatic CT-

infections. The quality weights together with their durations were based on the Health Util-

ity Index and were obtained from a study commissioned by the Institute of Medicine [5]. 

The perspective of the analysis was that of the society: both direct medical costs and indirect 

costs of production losses were included. The cost estimates are fully described in the previ-

ous research [1]. Future costs and future complications were discounted at a rate of 4% per 

year according to Dutch guidelines for pharmacoeconomic research [6].





    

Table 1. Outcomes of the different screening programs for a population of 100,000 persons (costs in 2002 

euros).

Strategy              Costs QALYs ICER*

One-off -221,278 362 -611

Every 10 years     33,131 501 Dominated†

Every 5 years   327,625 668 1793

Every 2 years        2,099,562 939 6539

Every 1 years 6,316,683        1065             33,469

*ICER is calculated for each successive alternative, from the least costly to the most. 
†A strategy is dominated as its ICER is higher than the next more effective treatment.

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

Results

The estimated costs and QALYs for the different screening strategies are presented in Table 1 and 

Figure 1. Within a time frame of 20 years the cost of the one-off screening program (fl1,212,778) 

is totally offset by the averted cost of fl1,434,056. Repeated screening on various time intervals 

leads to both an increase in QALYs gained and total net costs. Obviously, the higher the frequen-

cy the more QALYs are gained. Nevertheless, this increase in QALYs is accompanied by an in-

crease in the net costs per QALY. The appropriate comparison between mutually exclusive pro-

grammes, in that if one strategy is implemented the others will not, is in terms of the incremental 

cost-effectiveness [7]. Therefore, in Table 1 the incremental costs-effectiveness ratios (ICERs) 

are calculated for each successive alternative, from the least costly to the most. In Figure 1 

the ICERs are given by the slope of the line joining any two points (alternatives). Here, a 10-

year screening strategy is eliminated because of extended dominance as its ICER is higher 

than that of the next more effective treatment (screening every 5 years). After exclusion of the 

dominated strategy, the recalculated ICER for a 5-year screening strategy is fl1793 per QALY. 

For all interval-strategies, with the exception of screening every year, incremental cost-ef-

fectiveness stays below the informal Dutch threshold of fl20.000 per QALY. For illustrative 

purposes the reduction in CT-prevalence as a result of screening every 2 years is depicted in 

Figure 2. The overall prevalence drops from 1.79% at steady state to a minimum of 0.09% 

after the last screening (t = 10), after which the prevalence slowly increases again as a result 

of the (somewhat restricted) mixing within and between the different sexual activity groups. 





 

Figure 1. Total costs and effectiveness of the different Chlamydia trachomatis screening strategies, where 

A = one-off, B = every 5 years, C = every 2 years, and D = every year. The incremental cost-effectiveness 

ratios are given by the slope of the line joining any two points. QALY, quality-adjusted life-year.

Figure 2. Chlamydia trachomatis prevalence in the whole population as a result of screening every 2 years 

(t = 0, t = 2, t = 4, t = 6, t = 8, t = 10). 





    

Discussion

Application of our dynamic model shows that the one-off systematic screening program is 

estimated cost-saving within a time horizon of 20 years. It is obvious that shortening the 

time horizon is accompanied by a decrease in averted complications and associated costs. 

For example, as in our previous research, within a time horizon of 10 years the program 

costs are not fully off-set by the averted costs (one has to pay fl373 per major outcome 

averted) [1]. Ideally, the time horizon should be a population’s entire lifetime, but as vari-

ous influencing factors may change during that period and could lead to invalid results, one 

should choose a reasonable time horizon to produce plausible results. As in the previous 

research we opted for a period of 10 years after the last screening in any of the strategies 

investigated, which was at t = 0 for the previous article and t = 10 in the current one. The 

latter implies a full period of analysis with a time horizon of 20 years to take the effects of 

repeated screening strategies into account. 

  Even though repeated screening leads to an increase in QALYs gained, society has net 

to pay for the prevention of CT-complications. The influence of the prevalence on the cost-

effectiveness of a CT-screening program is clearly shown in Table 1; as the frequency of 

screening is decreased the prevalence is able to return to a higher level before the next 

screening starts and so relatively more complications (and associated costs) can be averted 

per screening. For example, of all strategies screening every year will avert most complica-

tions, but the price one has to pay per QALY is highest as well. So, among other things it 

depends on the decision-maker’s willingness to pay which program should be implemented. 

We assume the participation rate remains the same every year. Nevertheless, it could be pos-

sible that this rate drops as the frequency increases.  

 In conclusion, from a health-economic point of view the objective is to choose the strat-

egy that gains the maximum number of QALYs with the cost-effectiveness threshold as 

constraint. So, irrespective of other concerns (e.g., feasibility) of the examined strategies we 

estimated screening every 2 years as the best option for the Dutch situation given the infor-

mal threshold of fl20,000 per QALY. We note that other – not yet investigated – strategies, 

such as men and women tested negative are screened every 2 years and those tested positive 

are screened every 6 months, could be cost-effective alternatives as well. Further research 

on the cost-effectiveness of such alternative strategies is required.
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Abstract

The health economic concepts of dominance were reviewed on the basis of two recently 

published cost-effectiveness analyses on screening for asymptomatic Chlamydia trachoma-

tis, one in this journal. On the basis of dominance, some strategies may be deleted from the 

set options from which to choose. The two investigated studies were from the United King-

dom and The Netherlands. Both studies nicely illustrate situations of so-called extended 

dominance, in practical decision making. Extended dominance is a theoretical topic in many 

health-economic text books but is only scarcely encountered in daily practice. Although the 

concept of extended dominance is theoretical in nature, a formal analysis and explanation  

may help show which options under consideration are not optimal from a strictly health-

economic perspective; however, these options might still be attractive policy options for 

other reasons. 

 





    

Two economic evaluations were recently published on screening for Chlamydia trachomatis 

in The Netherlands and the United Kingdom [1,2]. Both papers analysed various alternative 

screening strategies, the Dutch paper regarding different screening intervals, the British one 

targeting different groups regarding age, gender and sexual behaviour. Besides presenting 

formal cost-effectiveness ratios in net costs per quality-adjusted life-year (QALY) gained, 

both papers additionally analysed results using the health-economic concept of dominance. 

This brief report aims to make the readers of this journal acquainted with this concept and 

the related issue of extended dominance. Extended dominance is covered as a theoretical 

topic in many health-economic text books, but is only scarcely encountered in daily prac-

tice. Both papers mentioned on Chlamydia screening do however nicely illustrate the con-

cept in all its dimensions. For clarity, we have added a box with the health-economic terms 

used in this paper [3].

Studies

De Vries et al [1] analysed a systematic screening programme for men and women with 

various screening frequencies: one-off, any 10, any five, any two and any year. The paper 

builds on previous work published since 2000 [4-6]. Calculations were performed for a 

population of 50,000 men and 50,000 women aged 15-29 years. Previous research demon-

strated that the exact risk of pelvic inflammatory disease (PID) as a major complication of 

Chlamydia infection was crucial for the outcome of such cost-effectiveness models. In this 

analysis, the risk of PID was put at 20% per infected case. The main findings were that one-

off screening would be cost-saving and that up to a two-year frequency screening could be 

considered cost-effective. 

 Adams et al [2] published options for Chlamydia screening in the United Kingdom very 

recently in this journal. The population investigated comprised 40,000 persons aged 16-45 

years, again equally divided between both sexes [7,8]. Annual screening was compared for 

various age cut-offs, for all women, selectively for only those women who recently changed 

sex partner(s), and for all women and men annually. PID risk was varied over three values: 

1%, 10% and 30%. The main findings were that the cost-effectiveness of screening was 

sensitive to the proportion of infections that go on to develop PID, that screening all young 

women below 20 years of age was always most cost-effective and that the strategy of target-

ing both young men and women could still be better than many other options investigated.

 Important differences between the two papers concern the timing in the models and the 





 

size and age distributions of the populations analysed. In particular, de Vries et al [1] anal-

ysed one-off screening (and costs) in relation to cost savings and QALYs gained during 20 

subsequent years, whereas Adams et al [2] analysed annual screening (and costs) in relation 

to those savings and QALYs for 10 years. The differences in timing, as well as in popula-

tion sizes and model structures, present explanations for order-of-magnitude differences 

in the results of both studies. Important similarities between the two papers concern the 

use of dynamic models and a rigid incremental approach. Dynamic models are used to de-

scribe the transmission dynamics of Chlamydia and so include the secondary epidemiologi-

cal and health-economic effects of screening. Appropriately parameterised dynamic models 

are seen as providing the most reliable estimates for the cost-effectiveness of Chlamydia 

screening in the general population [9]. We formally introduce the incremental approach in 

the Methods section as one health-economic term considered.

Methods

In this section, we briefly review the health-economic terminology used in this paper (see 

box). Our use of the term cost-effectiveness analysis also comprises cost-utility analysis. In 

particular, cost-utility analysis relates differences in costs of alternatives to differences in QA-

LYs, whereas the broader cost-effectiveness analysis may also consider other health outcomes, 

such as PIDs and infections. For the calculation of the incremental cost-effectiveness ratios 

(ICERs), strategies are ranked in order of costs and subsequently compared two-by-two.

 Dominance refers to the situation in which one alternative is dominated by another, and 

the dominated alternative should be ruled out of consideration according to stringent health-

economic reasoning (see box). Health economists distinguish between strict and extended 

dominance (also referred to as strong and weak, respectively). They formally define the 

strictly dominant strategy as one that is cheaper and renders greater health gains than the 

alternative. As an expansion on the concept, health economists formally define extended 

dominance as the situation in which the index strategy is not dominated by one other, but 

rather by a linear combination of two other alternatives [10]. The argument being that by 

combining the two alternatives wisely in a mixed strategy, a new strategy will result that 

strictly dominates the index strategy.





    

Results

De Vries et al [1] indeed found in their research that two specific alternatives dominate a third 

alternative, defining the situation of extended dominance. No strict dominance was found: no 

single individual strategy dominated another in terms of both lower costs and more effects 

[1]. Both one-off screening (A) and screening every 5 years (C) dominated screening every 

10 years (B; see table 1). So, according to formal health-economic decision rules, the authors 

removed alternative B from further analysis because of extended dominance. Providing one-

Table 1. Extra costs and QALYs gained over 20 (de Vries et al [1]) and 10 (Adams et al [2]) year periods 

for two studies on Chlamydia screening within several strategies2

Extra costs† QALY ICER

De Vries et al

   A One-off -154,895 362 CS‡

   B Every 10 years 23,192 501 1281

   C Every 5 years 229,338 668 1234

   D Combined strategy* § 21,852 527 1256

Adams et al¶

   E All women <20 86,974 64 1364

   F Selective approach <20 265,786 81 10,402

   G Men and women <20 299,610 90 3845

   H Combined strategy** § 235,819 82 8178

ICER, Incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

Extra costs and QALY gained are reported from the publications relative to no screening. ICERs are cal-

culated compared with no screening (A and E) or the preceding option (B, C, F and G). D and H represent 

combinations of strategies A and C and E and F, respectively (see also text). Costs are in £s (cross exchange 

rate used of £0.70 = fl1 at 7 November 2007 from www.abnamro.nl).

*Combined strategy shown is that 54% of the population gets A and 46% of the population gets C; †A 

negative value indicates cost savings; ‡Cost saving; §D and H strictly dominate B and F, respectively, and 

according to formal health-economic decision rules B and F should not be considered for implementation; 

¶From Adams et al.; the reported results for an assumed risk of pelvic inflammatory disease at 30% are used 

here as the illustration; **Combined strategy shown is 30% of E and 70% of G, ie all women are targeted 

and 70% of men are also randomly targeted.

Sources: de Vries et al [1] and Adams et al [2].





 

off screening for only 50% of the population and repeated screening after 5 years for the other 

half (D) provided lower costs and more QALYs than screening the whole population every 

10 years (the 50-50 distribution elaborated here is not necessarily the adequate distribution in 

other cases; generally a range of distributions applies that may or may not include the 50-50 

option). Also, table 1 shows that the value for money, in terms of a lower ICER, was better for 

C than for B. A lower ICER for a more expensive strategy compared with a previous strategy 

is another way of identifying extended dominance (see box).

Figure 1. Cost-effectiveness plane for alternatives E to G (diamonds) from Adams et al [2] and the com-

bined strategy H (see also table1). Extra costs and quality-adjusted life-years (QALYs) are measured com-

pared with no screening. F (selective screening) is extended dominated by E (women only) and G (men 

and women), as we can find a piece of the line in between E and G (bold) on which any option dominates F 

(ranging from equal QALYs and fewer costs than F on the left-hand side, to equal costs and more QALYs 

than F on the right-hand side of the bold line). Position of H from the table 1 (both lower costs and more 

effects) is grossly indicated on the bold line piece. Note that for clarity of representation the x-axis starts 

at 50 QALYs. 

 Besides strict dominance, Adams et al [2] also found extended dominance [2]. In particu-

lar, the authors reported on the strategy of selectively targeting women below 20 years of 





    

age and a recent change in sex partners, a strategy being extended dominated by the two 

other strategies targeted at those aged <20 years (table 1; for illustrative purposes, we pres-

ent the scenario for a 30% PID risk). Besides strategies E (women only), F (selective) and G 

(men and women), table 1 shows the combined strategy H. Fig 1 shows all strategies within 

the formal cost-effectiveness plane (see box for definition of this plane). Stringent health-

economic reasoning implies the exclusion of selective screening (F) from the set of policies 

considered for implementation, limiting the set of alternatives to E and G. Then, based on 

the acceptability of the ICER, either all women should be screened (E) or, if still acceptable, 

the strategy targeting both men and women (G) should be adopted. Corresponding calcula-

tion of the ICER should be from E to G, rather than from E to F, as the latter has been ruled 

out [10]. Also, this ICER at £8178 per QALY, exactly reflects the cost-effectiveness ratio for 

adding men to the screening programme yet directed towards women only. Note that this 

value also represents the ICER for our previously defined combined strategy H.

Discussion

We note that extended dominance is a theoretical concept and that for various reasons com-

bining two strategies is practically difficult. For example, in the analysis of the de Vries et 

al [1], inequalities are obviously introduced if parts of the population would be screened at 

a different interval than other parts. Also, alternatives normally excluded through extended 

dominance may be preferred for reasons beyond health-economics. For example, a strategy 

may be chosen based on ease of implementation, acceptability to the populations concerned, 

or political attractiveness. So, in practice alternatives excluded through extended dominance 

may still be considered in policy making, despite their inferiority from a formal health-

economic standpoint. This presents a good reason to report on such strategies in the same 

detail as on non-dominated alternatives. Indeed, Adams et al [2] did not exclude alternatives 

due to extended dominance as some of them were strategies explicitly considered by the 

National Chlamydia Screening Program. Given this political attention, these strategies war-

ranted careful elaboration.





 

Health-economic terms used in this paper (partly taken and adapted from 
Berger et al [3])

Cost-effectiveness analysis: This is a systematic method of comparing two or more 
alternative programmes by measuring the costs and consequences of each. A distin-
guishing feature of cost-effectiveness analysis is that the consequences (health out-
comes) of all the programmes to be compared must be measured in the same com-
mon units – natural units related to the clinical objectives of the programmes (e.g., 
symptom-free days gained, cases prevented, patients improved, life years gained). 
Also QALYs may be the outcome, and then the cost-effectiveness may be further 
specified as being a cost-utility analysis (cost-utility analysis being conceived as a 
subform of cost-effectiveness analysis).
Cost-effective: A strategy is labelled ”cost-effective” if the ICER is below a speci-
fied threshold for cost-effectiveness, this may for example be £30,000 per QALY.
Cost-effectiveness plane: The cost-effectiveness plane results from plotting the dif-
ference in effects of two alternatives (e.g., no screening and screening) versus the 
respective difference in costs. Typically, effects are measured on the x-axis and 
costs on the y-axis (see fig 1).
Cost saving: A strategy is labelled ”cost saving” if its downstream savings on health-
care resource use exceeds the costs invested in the strategy.
Dominance: This refers to a situation in which one alternative is dominated by an-
other, and accordingly the dominated alternative should be ruled out of contention, 
according to strict health-economic reasoning. There are two ways an alternative 
can be dominated: strict and extended. In strict dominance, there is another alter-
native that is both more effective and less costly. In extended dominance, there is 
another alternative that is more effective and more costly, but provides better value 
for money (lower ICER). Also, with extended dominance, two alternatives can be 
selected that when combined provide strict dominance regarding a third alternative.
ICER (incremental cost-effectiveness ratio): This refers to the ratio of the difference 
in costs (incremental costs) divided by the difference in outcomes (incremental ef-
fect) between two alternative programmes. If there are more than two alternatives, 
programmess are compared on a systematic pair-wise basis using their ICERs.
QALY (quality-adjusted life-year): The QALY is a universal health outcome mea-
sure applicable to all individuals and all diseases, thereby enabling comparisons 
across diseases and across programmes. The QALY combines, in a single measure, 
gains or losses in both quantity of life (mortality) and quality of life (morbidity).
Strong and simple dominance: These are synonyms for strict dominance.
Weak dominance: This is a synonym for extended dominance.





    

Conclusion

We reviewed one specific concept in health-economic theory of extended dominance on the 

basis of two recently published studies on Chlamydia screening cost-effectiveness, one of 

them in this journal. The concept is often applied to narrow the set of options from which 

to choose. We emphasise that it is important always to perform such a dominance analysis. 

For assessing extended dominance, the options defined as new strategies are combinations 

of alternatives: provide part of the population with one alternative and the remaining part 

with another alternative. These combinations obviously pose better options from a purely 

health-economic perspective. Although this search for health-economic optima is tempting, 

combined strategies may be difficult to implement in practice, because of equity concerns. 

Also, extended dominance may lead to the exclusion of policy options that are still attractive 

for other reasons than health economics. Therefore, we recommend always to report fully 

on such extended dominated alternatives, in order to provide decision makers with the full 

picture on all the possible alternatives being discussed.
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