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1 Synopsis  

This thesis deals with health economic evaluations of interventions aimed at improving care 

for the older population, which is relevant in light of an aging society that challenges the 

sustainability of healthcare systems. Specifically, an activity promotion and fall prevention 

program was economically evaluated (publication 2-4; chapter 4-6), complemented by an 

analysis of mediating factors of fear of falling and health-related quality of life (publication 1; 

chapter 3). In addition, the measurement properties of the EQ-5D as the most widely used 

instrument to measure effectiveness of interventions in economic evaluations were 

systematically reviewed (publications 5-6; chapter 7-8), thereby contributing to a discussion 

of methods of economic evaluations of interventions targeting an older population. 

This chapter provides relevant background information on the implications of an aging 

population for the healthcare system, the economic relevance of promoting healthy aging and 

the specific role of preventing falls and physical inactivity, as well as the state of economic 

research in the field of exercise-based falls prevention. Principles of economic evaluations 

relevant to this thesis are summarized, the contributions of the thesis are highlighted, 

followed by the presentation of the specific objectives of each included study. Subsequently, 

materials and methods are introduced, before the results of each study are briefly 

summarized and discussed. The chapter closes with a general and overarching discussion of 

the studies, including implications for future research as well as for decision-makers and 

practice. 

 

1.1 Background 

1.1.1 The implications of an aging society for the healthcare system 

In most countries of the world, but especially in western, industrialized countries such as 

Germany, the proportion of older people has risen and this increase is projected to continue 

in the future, leading to an aging of the population [1, 2]. In the Summary of the World 

Population Prospect 2022 from the United Nations it is stated that “Countries with ageing 

populations should take steps to adapt public programmes to the growing proportion of older 

persons, including by improving the sustainability of social security and pension systems and 

by establishing universal health care and long-term care systems” [2]. In Germany, the social 
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health insurance system is mainly financed by income-dependent contributions. Thus, a 

shrinking working population (higher contributions, lower healthcare resource 

consumption) in relation to a growing population of older, retired people (lower 

contributions, higher consumption) will possibly challenge the sustainability of the social 

health insurance systems. Due to higher (multi)morbidity in older age, healthcare costs are 

higher in older than in younger age groups [3, 4]. However, to date it is not entirely clear 

whether and how a shift in the age structure of the population due to low birth rates combined 

with rising life expectancy affects health expenditure [5]. Recent findings indicate that the 

famous “red herring” hypothesis [6] – according to which increasing life expectancy does not 

increase per capita healthcare expenditure since the highest costs are incurred at the very 

end of life and are compressed to older ages – may not hold (completely) true. For example, 

Kollerup et al. found that even after accounting for the time to death (which indeed has an 

impact on healthcare expenditure), age itself predicts individual healthcare expenditure and, 

in addition, individual-level healthcare expenditure increases faster in older people, driven 

by the age group 75+ [7]. These findings emphasize the need to promote healthy aging – “the 

process of developing and maintaining the functional ability that enables wellbeing in older 

age” [8] – to postpone high end of life costs. Moreover, several authors stress the importance 

of disease prevention and designing and providing cost-effective interventions to tackle the 

challenges an aging population poses to the sustainability of public health insurance systems 

[5, 7].  

Promoting health into old age and optimizing healthcare for the older population is, of course, 

not only economically beneficial, but is also inherent in fundamental ethical principles and 

our understanding of justice and dignity. The right to health, regardless of age, is enshrined 

in the Declaration of Human Rights [9] and the Sustainable Development Goals [10], and in 

Germany healthy aging has been declared as national health goal [11]. Recognition of the 

societal and economic challenges of an aging population has led to an increase in the 

development and research of interventions to improve health and care of this population. 

Economic evaluations of these interventions can aid in deciding which interventions should 

be implemented into regular care – ideally those that provide value for money (e.g., are cost-

effective) and thus contribute to the sustainability of the health and social insurance system. 

This thesis focused on the economic evaluation of interventions that aim to prevent 

unintentional falls and promote physical activity (PA) in older people, two factors that play 

an important role in the promotion of healthy aging and are both sub goals of the national 
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health goal “healthy aging” [11]. Furthermore, this thesis dealt with the measurement of 

intervention effects in economic evaluations of programs targeting an older population. 

1.1.2 The role of falls and physical inactivity for healthy aging – interplay and 

economic relevance  

Around 30% in the population aged 65 and older falls each year [12], and in Germany the 

annual incidence of fall-related injuries in the population aged 70 and older is around 15% 

[13], resulting in considerable disease burden in terms of years lived with disability, high 

healthcare costs, and a reduction of quality of life (QoL) [14-17].  

Physical inactivity is a global pandemic [18] and, as a leading risk factor for the development 

of widespread non-communicable diseases [19], poses a considerable economic burden on 

societies and healthcare systems [20]. The costs of physical inactivity are particularly high in 

the age group 65+, highlighting the importance of promoting PA in the older population [21]. 

Higher levels of PA are associated with lower mortality and contribute to healthy aging by 

protecting against chronic diseases and risk factors, against a decline in physical and mental 

functional status, against limitations in activities of daily living and QoL, and by leading to 

better psychological well-being and social outcomes [22-26]. Furthermore, people with a 

higher PA have a lower utilization of healthcare resources and thus incur less costs, both in 

the general and in the older population [27].  

However, PA, especially walking, does not come without risks in older people. For example, 

Okubo et al. found that increasing PA in people with more than two fall risk factors (poor 

balance, mobility limitations, knee pain, depressive symptoms, assistive device, 

polypharmacy, history of falling) was associated with an increase in the fall incidence [28]. 

Furthermore, Lu et al. described a u-shaped relationship between PA and falls in older people, 

meaning that both low and very high levels of PA were associated with higher risk of falling 

[29]. A psychological aspect of falls that is interlinked with PA and falls as well is fear of falling 

(FoF). It is not only a consequence of falling, but is, e.g., associated with (lower) QoL, 

independent of an actual fall experience [30] and can be a barrier to being physically active 

[31]. While a reduction of PA may initially reduces the risk of falling (simply by avoiding 

exposure), the beneficial effect of PA on health and function is forgone, which “promotes” 

(further) deterioration of functional capacity, and thereby increases the risk of falling in less 

advanced activities (e.g. activities of daily living) [32]. This interlink of falls, FoF, and PA 

strengthens the importance of promoting safe PA in older people, meaning to combine fall 
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prevention strategies in activity promotion programs and vice versa [29], and stresses the 

importance of measuring the effectiveness of fall prevention programs by adjusting fall 

outcomes for the level of PA [32, 33]. Moreover, since healthy aging, by definition, is not 

restricted to physical health but expands to broader concepts of well-being and QoL, FoF is a 

relevant aspect that can or should be addressed by interventions.  

Overall, falls, FoF, and PA are modifiable factors that are related to health and QoL and 

concern a large proportion of the population. Therefore, (cost-)effective approaches to 

prevent falls, reduce FoF, and improve PA have the potential to contribute to healthy aging 

and lower the economic burden associated with falls and physical inactivity.  

1.1.3 Exercise-based falls prevention in older people – state of economic research 

From a public health and economic perspective, preventing falls and improving PA is 

attractive for the previously mentioned (long-term) consequences of falls and physical 

inactivity on health, as well as healthcare and societal costs. Therefore, especially in the last 

decade, research interest in fall prevention in older people and also the economic evaluation 

of different strategies of fall prevention have increased. Fall prevention strategies can range 

from home modification and medication adjustment (elimination of “external” risk factors) to 

structured exercise interventions. Systematic reviews found strong evidence that exercise-

based interventions are highly effective [34, 35] and are therefore the first-line 

recommendation for older adults at intermediate risk of falls. [36]. This population can be 

assumed to have a high long-term benefit from exercise programs, as they often still live 

independently (community-dwelling) and have the functional capacity to perform the 

exercises safely. Thereby, adverse and costly consequences such as deterioration in physical 

status, injurious falls, and institutionalization may be avoided in the first place or postponed. 

However, despite the increasing literature of economic analyses of fall prevention strategies, 

the number of economic analyses of exercise-based interventions in community-dwelling 

older people is rather limited [37]. The existing studies show a high heterogeneity in cost-

effectiveness results due to heterogeneity in the content, duration, and intensity of the 

interventions, target populations (e.g., low or high risk of falling; age and disease groups), but 

also in methodology of the cost-effectiveness analyses [37-39]. Moreover, characteristics of 

different healthcare and social systems differ between countries, which additionally hampers 

generalizability of the results (e.g., to Germany). For Germany, only one modelling study that 

economically evaluated an exercise-based falls prevention program targeting community-

dwelling older people has been conducted so far [40]. Besides focusing only on the cost of 
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preventing hip fractures, this study used a pooled estimate of the effectiveness of a 

hypothetical program taken from a meta-analysis of different exercise programs [41] rather 

than controlled trial data on the effectiveness of a specific program, which challenges the 

internal validity of the results. 

Considering the usually higher costs for the implementation of exercise-based fall prevention 

programs compared to, e.g., home assessment and medication adjustment [39], which require 

less human resources, lowering the implementation costs while maintaining the effectiveness 

of an intervention is desirable. Therefore, the development of group versions of programs 

that have been shown to be effective when delivered individually may be an economically 

attractive alternative, especially as the evidence currently available does not indicate that 

group programs are inferior to individually delivered exercise programs regarding their cost-

effectiveness [42]. 

1.1.4 Introduction into health economic evaluations 

(Health) economic evaluation is an umbrella term for different study types that aim to inform 

about the optimal allocation of (scarce) resources [43]. Although resources are generally not 

unlimited, the relevance of health economic evaluations in the authorization or 

reimbursement of pharmacological and non-pharmacological interventions differs between 

countries. In the UK, for example, where the National Health Service is a state institution that 

has to operate on a certain budget, economic evaluations are more established and inform 

reimbursement decisions [44]. In Germany, with its less centralized health system, economic 

evaluations have historically been less relevant, although the efficiency of healthcare services 

is explicitly stipulated by law in the German Social  Code, Book Five (“Fünftes 

Sozialgesetzbuch”, SGB V). For example, § 12 SGB V states that services that are not necessary 

or uneconomical cannot be claimed by insured persons, may not be provided by the service 

providers, and may not be approved by the health insurance funds. Moreover, § 135 SGB V 

emphasizes not only medical benefit but also efficiency as a prerequisite for the 

reimbursement of new interventions, also in comparison to interventions that are already 

covered by the health insurance. In view of the pressing challenges, e.g. an aging society, 

considering efficiency in decision-making has become more relevant and may become 

inevitable in the future, especially if the intention is not to raise the contribution rates to the 

social insurance (e.g., keep the contributions to the health insurance at around 15%). 
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Economic evaluations can be defined as “the comparative analysis of alternative courses of 

action in terms of both their costs and consequences” [45] and thereby allow making 

allocative decisions (e.g., Should a new intervention be preferred over “usual care” or a 

competing intervention?). The types of analysis that are mainly conducted to this end and 

were also conducted in this thesis are cost-effectiveness analyses (CEAs) and cost-utility 

analyses (CUAs). 

CUAs can be seen as sub-type of CEAs as the main idea behind both study types is to evaluate 

whether (additional) costs with delivering the intervention are justified by the consequences, 

and therefore can be considered cost-effective. In CEAs, the difference in costs (∆𝐶𝐶) as well as 

the difference in effects (∆𝐸𝐸) between the intervention of interest and the comparator(s) is 

calculated, and the incremental cost-effectiveness ratio (ICER) is built. 

ICER = ΔC Δ𝐸𝐸⁄  

The difference between a CEA and CUA lies in the way effectiveness is measured. In a CEA, the 

ICER can be expressed as costs per any measurement unit of interest in a specific context (e.g., 

costs per fall prevented or per hospital admission avoided). In a CUA, the ICER refers to the 

costs per quality-adjusted life year (QALY), typically based on generic QoL instruments, and 

thus is assumed to allow comparability across studies [45] (more on this in chapter 1.1.4.1). 

Moreover, CEAs and CUAs have in common that the perspective that is adopted for the 

analysis determines which costs and consequences are considered in the analysis. In turn, the 

perspective adopted depends on whom the analysis is intended to inform [45]. When 

examining the cost-effectiveness of an intervention that is potentially paid for by a healthcare 

payer (e.g., the National Health Service or health insurances), the costs and consequences of 

the intervention for the particular payer are of relevance. In Germany, where the majority of 

healthcare costs is covered by the health or long-term care insurances, the healthcare payer 

perspective is often adopted and thus all costs incurred for the healthcare payer should be 

included in the analysis (e.g., outpatient and inpatient treatment, or medication). However, 

some interventions may have costs and consequences in areas outside the healthcare sector, 

so that the true impact of an intervention can only be revealed when the costs or 

consequences that are relevant from a broader societal perspective are included in the 

analysis, e.g. costs from lost productivity or informal (unpaid) care. 

Economic evaluations can further be distinguished between trial-based and model-based 

approaches. Trial-based approaches are mostly conducted alongside randomized controlled 
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trials (RCTs), which offer high internal validity due to the randomization process and 

collected individual patient-level data. However, the generalizability of results may be limited 

because certain eligibility criteria or other selection effects (people who consent to 

participate in a study may have certain characteristics) may result in randomized participants 

no longer being representative of the target population [45]. The informative value of a trial-

based economic evaluation is often further limited by the time horizon and sample size of the 

main trial which is usually determined based on a primary outcome; and this primary 

outcome is not cost-effectiveness in most cases. Decision-analytic modelling can potentially 

overcome the limitations of trial-based economic evaluations, but the validity of the results 

heavily relies on the available input data for the model [45]. This could be especially 

challenging if there is no solid evidence on how short-term or intermediate costs and 

consequences will develop in the long-term. Despite its (potential) limitations, trial-based 

economic evaluations are still deemed important to inform decision-makers if certain 

methodological standards are followed [46]. These include, among others, appropriately 

handling missing data and the assessment of uncertainty under consideration of appropriate 

statistical methods to deal with distributive characteristics of the data, potential baseline 

imbalances between groups, and the correlation between costs and effects [46-48]. The 

following paragraphs describe how these standards were implemented in this thesis. 

1.1.4.1 Dealing with missing data 

When using trial data, missing data on item-level or due to early drop-out are often inevitable, 

but basing the analysis only on complete cases would increase the risk of bias and 

unnecessarily reduce the power of the analysis, especially if more than five percent of the 

observations have missing data [46]. In trial-based economic evaluations, multiple 

imputation is the recommended approach for dealing with missing data [46, 47]. In multiple 

imputation, missing values are predicted based on observed data using regression methods. 

This procedure is repeated several times resulting in m independent datasets (e.g., m=10) 

which are then analyzed independently. Finally, the results are pooled into an overall estimate 

by Rubin’s rule [49]. In this thesis, missing data was imputed using multiple imputation by 

chained equations (MICE) with predictive mean matching as imputation method [50, 51]. In 

MICE, missing values are predicted in a cycle of imputation models: For each variable with 

missing values, unless specified otherwise, these missing values are predicted by all other 

variables (often referred to as fully conditional specification). To generate one imputed 

dataset, several cycles are typically run to stabilize the results. Since each variable is imputed 
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based on its own imputation model, MICE has the advantage that different types of variables 

or scale levels can be imputed. Predictive mean matching ensures that only observed values 

are imputed, thus the true distribution is reflected by the imputed values. This is of relevance 

when data is highly skewed, as is often the case with, e.g., cost data. Since multiple imputation 

methods are based on the assumption that missing data are either unrelated to observed or 

unobserved factors (missing completely at random, MCAR) or only related to observed factors 

(missing at random, MAR), sensitivity analyses should be performed to investigate the impact 

of possible departures from the MAR assumption on the conclusions [48].  

1.1.4.2 Characterizing uncertainty  

An important standard is to assess the uncertainty around the ICER, which is only a point 

estimate. This point estimate alone is often not sufficient to inform decision-makers about the 

cost-effectiveness of an intervention because it does not take uncertainty around this 

estimate into account and can be misleading, as typically neither costs nor effects follow a 

normal distribution. If the differences between groups in costs or effects are examined 

separately, regression methods can be used where ΔC or ΔE are estimated along with 

confidence intervals representing uncertainty. Furthermore, regression methods have the 

advantage that they allow for the consideration of covariates that potentially bias the point 

estimate (e.g., baseline imbalances between groups). The skewed distributions may be 

addressed by calculating bootstrapped confidence intervals (CIs) for the estimates from a 

linear regression or by using generalized linear models (GLMs) that are more suitable for 

specific distributive characteristics [46]. However, cost-effectiveness analyses are concerned 

with the joint distribution of ΔC and ΔE, which in most cases does not follow a normal 

distribution. Therefore, using the separately modeled (adjusted) estimates of cost and effect 

differences is not recommended. 

Instead, the uncertainty around the ICER can be explored by non-parametric bootstrap [52], 

where the ICER is repeatedly calculated (e.g., 1,000 times) and these ICER replications can 

then be plotted on a cost-effectiveness plane to visualize the joint density of cost and effect 

differences (Figure 1).  
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Figure 1 Example for a cost-effectiveness plane with bootstrapped ICERs 

ICERs located in the north-western (less effective, more costly) or the south-western 

quadrant (less effective, less costly) of the cost-effectiveness plane are not desirable, and 

hence an intervention where the majority of the bootstrapped ICERs are located in these 

quadrants would not be considered cost-effective. While ICERs in the south-eastern quadrant 

(more effective, less costly) clearly favor the intervention of interest over the comparator, the 

decision in the north-eastern quadrant (more effective, more costly) is less clear. There, the 

cost-effectiveness of an intervention depends on whether the required additional investment 

can be justified by the additional effect. Therefore, the willingness to pay (WTP, λ) for an 

additional unit of effect is central in determining the cost-effectiveness of an intervention. In 

the net-benefit framework [53, 54], an intervention can be considered cost-effective if the 

ICER is less than the maximum WTP or, rearranged as linear expression, the net monetary 

benefit (NMB) is greater than zero:  

𝑁𝑁𝑁𝑁𝑁𝑁 = 𝜆𝜆 ⋅  ∆𝐸𝐸 − ∆𝐶𝐶. 

Assuming different values of λ, the proportion of the bootstrapped ICERs that have a positive 

NMB can be determined and visualized as cost-effectiveness acceptability curve (CEAC, Figure 

2), indicating the probability of the intervention being cost-effective depending on the WTP. 

Since the NMB is a linear expression, it is more likely to follow a normal distribution than the 

ICER [52]. Instead of using non-parametric bootstrapping of the ICER, CEACs can also be 
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derived directly from net-benefit regression models [55], which are linear models for a 

subjects individual net monetary benefit (NMBi) and can be formed as  

𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖  =  𝛼𝛼 +  𝛿𝛿𝑡𝑡𝑖𝑖  +  𝜀𝜀𝑖𝑖 

where α is the intercept, 𝛿𝛿𝑡𝑡𝑖𝑖  is the coefficient for a treatment dummy t (intervention = 1, 

comparator = 0), and ε is an error term. The model can be expanded by additional explanatory 

variables, thereby allowing for covariate adjustment (e.g., baseline imbalances between 

groups) or subgroup analyses, which is an important advantage over non-parametric 

approaches. The probability of cost-effectiveness at certain WTP values can be derived from 

the p-value corresponding to the coefficient of the treatment variable (1 − 𝑝𝑝/2 𝑖𝑖𝑖𝑖 𝛿𝛿 >

0;  𝑝𝑝/2 𝑖𝑖𝑖𝑖 𝛿𝛿 < 0) [56]. Given the advantages of the net-benefit regression framework, this 

method was employed for the CEAs and CUAs in this thesis. 

  

Figure 2 Example for a cost-effectiveness acceptability curve (CEAC) 

1.1.4.3 Measuring intervention effects in economic evaluations 

Besides measuring the consequences of interventions in terms of costs, an important area of 

research in health economics is how to measure effectiveness in economic evaluations. For 

the ultimate aim of economic evaluations, that is to inform about the optimal allocation of 

(scarce) resources [43], preference-based generic measures of QoL are usually considered 

most appropriate, as they allow for comparability across diseases or indications [45, 52]. The 

most widely used instrument is the EQ-5D, a health-related quality of life (HrQoL) 

questionnaire covering the dimensions “mobility”, “self-care”, “daily activities”, 
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“pain/discomfort”, and “anxiety/depression” [57]. Depending on the version, respondents 

rate their health in each dimension on a three- (EQ-5D-3L) or five-level scale (EQ-5D-5L). By 

weighting these answers using preference-based value sets [58, 59], the answers can be 

transformed to an index with 1 indicating “perfect health”, 0 indicating “death”, and negative 

values indicating health states considered worse than death. This index, in turn, can be used 

to adjust the length of life or an observed time period for QoL. Hence, cost-effectiveness 

results are often expressed as costs per QALY, with one QALY being equivalent to one year in 

“perfect health”. The preferences used for weighting the severity levels are typically those of 

the general population, as they are often those that indirectly pay for healthcare interventions 

via tax or insurance contributions [52]. In Germany, however, the Institute for Quality and 

Efficiency in Health Care (IQWiG) deviates from international standards in several respects. 

For example, it only recommends QALYs as primary outcome measure in economic 

evaluations if preference weights are derived from the (patient) population of interest, and 

should be complemented by disease-specific QoL instruments [60, 61]. This is reasoned, e.g., 

by the German social legislation and weaknesses of the QALY concept itself (e.g., being 

discriminatory against people with disability or older populations). 

Furthermore, an important aspect are the measurement properties (e.g., validity, reliability, 

responsiveness) of generic HrQoL instruments in the population of interest of an economic 

evaluation. Measurement properties can be broadly categorized as validity (the instrument 

measures what it intends to measure), reliability (the measurement is accurate and 

reproducible under the same conditions), and responsiveness (ability to detect important 

changes in the construct of interest over time) [62]. Insufficient measurement properties 

result in a potential underestimation of (cost-)effectiveness of an intervention and thus, false 

conclusions regarding the efficient allocation of resources may be drawn.        

As described earlier, in principle, any measurement unit can be used for reporting cost-

effectiveness results. However, using clinical outcomes (e.g., prevented falls, increased PA) in 

economic evaluations to measure the effect of an intervention has also disadvantages, such as 

the limited comparability to competing interventions from other (disease) areas or the 

intermediate nature of many outcomes, which are only useful if adequate predictions of long-

term or final end points is possible (e.g., how does a certain increase of PA impact QoL or 

survival time in the long-term) [45]. In addition, the lack of defined threshold values – the 

maximum willingness to pay for one additional unit of effect – limits the interpretability of 

the results when an intervention is more effective but also more costly than the comparator. 
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Thus, the question of the acceptable WTP for, e.g., avoiding a fall or increasing PA by a certain 

level arises, which is crucial for determining whether an intervention can be considered cost-

effective or not. However, the question of an adequate cost-effectiveness threshold does not 

only concern clinical endpoints but also QALYs, as only few countries formally defined such a 

threshold (e.g., the UK with £20,000 to £30,000 per QALY gained [63]). 

1.1.4.4 Expanding cost-effectiveness frameworks – Willingness to pay as a tool to elicit  

preferences beyond conventional measures of effectiveness 

Conventional measures of effectiveness in economic evaluations, such as QALYs based on the 

EQ-5D, mainly focus on benefits of an intervention in specific dimensions of health. It can be 

argued that solely considering health benefits in implementation decisions ignores the 

potential non-health benefits of interventions, which could lead to suboptimal allocation of 

resources [64]. This could be of particular relevance in healthcare systems where decisions 

are to be aligned with the preferences of the “users” or which aim to maximize overall well-

being rather than just health in a narrow sense [64]. Assessing the WTP of an individual for 

one or multiple competing interventions is a tool for measuring the value or the strength of 

preference respondents assign to certain interventions. This includes aspects beyond health, 

which could also be process attributes (e.g., how an intervention is delivered) [45, 65]. 

Whereas cost-effectiveness results expressed as costs per QALY describe the amount of 

(public) resources that needs to be invested to improve health, WTP describes the amount of 

money an individual is willing to give up for its own consumption of the resource (e.g., a fall 

prevention program) [45]. Especially in the field of health prevention (e.g. exercise-based fall 

prevention programs), in countries such as Germany, many program costs are not completely 

covered by the health insurance, but only subsidized. Thus, assessing the WTP could also be 

used by decision-makers to set or increase co-payments, which of course has implications for 

equitable access to health(care) and could contradict the principle of allocating resources 

based on need rather than ability to pay [45, 65].  

Although it is acknowledged by Health Technology Assessment Agencies, e.g. in the UK [63], 

that beyond-health aspects or so-called “process utility” are important, there is currently no 

consensus on how to integrate patient preferences in terms of WTP into cost-effectiveness 

frameworks [45, 64]. Challenges include (1) the risk of "double counting", as benefits 

measured by generic preference-based instruments and benefits beyond health are not 

always easy to disentangle, and (2) the lack of harmonized methods to assess WTP (or 

“process utility” in a broader sense), as different methods lead to different results [45, 64, 65]. 
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One frequently used method to elicit WTP are payment cards [66], where the respondents are 

presented with a range of values (prices) and asked to indicate how much they would 

definitely be willing to pay and how much they would definitely not be willing to pay for a 

certain intervention. In this thesis, the payment card method was used in the context of an 

RCT comparing different treatment modalities/versions of an intervention that have similar 

(cost-)effectiveness where it can give an idea of “what do participants prefer?” and “how 

valuable do they perceive the intervention?”.  

1.1.5 Contribution of the thesis to the field of research 

This thesis addressed the topic of promoting healthy aging through cost-effective strategies 

using the economic analysis of an exercise-based activity promotion and fall prevention 

program as an example. Thereby, it contributes to the field of economic evaluations of 

exercise-based fall prevention programs for older, community-dwelling people, overall but 

particularly in the German context where research so far is very limited. In addition, a special 

feature is that two interventions are compared, that have the same content but differ in 

delivery mode (group versus individual) and costs of implementation.  

The economic evaluation was complemented by an analysis of the association between FoF 

and HrQoL (an important endpoint in economic evaluations) as well as potential mediators 

of this association. While the existence of the association between FoF and (Hr)QoL is well-

established [30], only few studies examined factors explaining this association. These studies 

found physical function (an important risk factor for FoF [67]), PA, and the self-concept of 

health and physical independence being mediators of the association between FoF and QoL 

[68, 69]. Knowledge of explanatory factors may help addressing FoF in interventions. This, in 

turn, could be important for improving the (cost-)effectiveness of activity promotion and fall 

prevention programs since FoF is linked to HrQoL and PA [30, 31].  

Beyond this, the thesis contributes to the discussion of appropriate effect measures in health 

economic evaluations (especially for older age groups and activity promotion and fall 

prevention programs) in several ways: Using the health economic analysis of the LiFE-is-LiFE 

study as an example, the influence of the choice of effect measure on the interpretation of 

cost-effectiveness was explored. Furthermore, the preferences of the participants were 

examined in more detail and the potential usefulness of WTP as complementary information 

to conventional CEAs in implementation decisions was discussed. Finally, a systematic review 
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on the measurement properties of the EQ-5D, the most widely used instrument in economic 

evaluations, in a middle-old to oldest-old population was conducted.   

 

1.2 Objectives 

The overall aim of this thesis was to investigate the cost-effectiveness of interventions aimed 

at improving care for the older population using the example of an activity promotion and 

falls prevention program for older people. The results should support the decision-making 

process regarding a possible implementation of the program. 

This aim was addressed by three different sub-projects, the results of which were presented 

in six publications included in this cumulative thesis. The specific objectives of the individual 

sub-projects were as follows: 

In project 1 (publication 1), the objectives were (1) to examine the association between FoF 

and HrQoL (EQ-5D and EQ-VAS) and (2) to analyze mediating factors of the association 

between FoF and HrQoL.  

Project 2 comprised the trial-based economic analysis of the LiFE-is-LiFE project. The 

objectives were (1) to examine the cost-effectiveness of a group version of an activity 

promotion and falls prevention program compared to the individually delivered version 

(Publication 2 & 3), and (2) to explore the participants’ WTP for the group and the individual 

program, to examine factors influencing WTP, and to examine whether the perceived benefits 

– operationalized as WTP – exceed the costs associated with conducting the intervention(s) 

(publication 4). 

In project 3, the objective was to synthesize and critically appraise studies assessing the 

measurement properties – reliability, validity, or responsiveness – of the EQ-5D in a 

population of middle-old and oldest-old people (publication 5 & 6). 
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1.3 Material and methods 

1.3.1 Empirical studies 

1.3.1.1 Framework 

Project 1 and 2 (publications 1-4) were conducted alongside the LiFE-is-LiFE study, a multi-

center, single-blinded, randomized non-inferiority trial funded by the German Ministry for 

Education and Research (BMBF, grant number 01GL1705A-D) [70]. The aim of the study was 

to evaluate a group version of the Lifestyle-integrated Functional Exercise program (LiFE) 

regarding its non-inferiority compared to the original, individually delivered program 

version. To this end, community-dwelling older people (aged ≥70 years) at risk of falling but 

still able to execute the exercises taught in the intervention were recruited between 2018 and 

2019 from two study sites (Stuttgart and Heidelberg, Germany). Overall 309 participants 

were randomized into the group (gLiFE, n=153) and individual program version (LiFE, 

n=156) and followed up over a 12-month time horizon. Data were collected in face-to-face 

interviews at baseline, 6- and 12 months. The intervention consisted of strength activities, 

balance activities, and general PA that can be integrated into everyday life tasks. In gLiFE, 

these activities were taught by two trainers in seven group sessions, whereas in LiFE the 

activities were taught in a 1:1 setting in form of seven home visits. Detailed inclusion and 

exclusion criteria as well as description of the intervention(s) can be found in the study 

protocol [70] and other related publications [71, 72]. In the primary analysis of the study, 

non-inferiority was determined as activity-adjusted fall rate over the 12-month time horizon. 

Although, compared to baseline, an increase of PA (operationalized as mean steps per day) 

and a reduction in the falls incidence was found in both groups, non-inferiority remained 

inconclusive with the upper level of the CI crossing the 20% non-inferiority margin [73] [74].   

1.3.1.2 Materials/Variables/Instruments 

HrQoL was assessed using the EQ-5D-5L [75]. The German value set [76] was used to derive 

the EQ-5D index from participants’ answers on the five dimensions. For the economic 

evaluation, QALYs were calculated for the respective observation period (6 or 12 months) by 

linearly interpolating the EQ-5D indices of the assessment time points. In addition, 

participants rated their overall current health status on a visual analogue scale (EQ-VAS) 

ranging from 0 (worst imaginable health state) to 100 (best imaginable health state).  
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PA data was collected for seven full days at each assessment time point using the “activPAL4 

micro” accelerometer (PAL Technologies Ltd, Glasgow, Scotland). For the purpose of this 

study, PA was operationalized as the mean number of steps per day.  

The number of falls was self-reported by the participants in form of falls calendars, which were 

returned to the respective study center each month. A fall was defined as “an unexpected 

event in which the participants come to rest on the ground, floor, or lower level” [77]. 

FoF was assessed using the Short Falls Efficacy Scale International (Short FES-I) [78], which 

consists of seven items, each with four response levels, combined into a total score, with 

higher scores indicating higher FoF. 

Subjective functional capacity was measured with the Late Life Function and Disability 

instrument (LLFDI) [79, 80], a questionnaire consisting of a function (ability to perform 

discrete actions) and a disability component (limitations in performing specific life tasks). 

Individual-item responses were summed and transformed to a scale between 0 (no 

limitations) and 100 (high limitations) for each component.  

Resource use and costs: Information on health-related resource use (medications; outpatient 

services; inpatient stays in general hospitals, rehabilitation and psychiatric clinics; formal and 

informal care) was collected retrospectively from participants at all assessment time points 

using a questionnaire for the use of medical and nonmedical services in old age (FIMA) [81]. 

This information was monetized based on standardized unit costs and pharmacy retail prices 

[82, 83]. All costs were reported in 2018 Euros (€). Given that all participants were ≥ 70 years 

old, indirect costs (e.g., productivity losses) were not considered.  

For the calculation of intervention costs, personnel and material costs, travel expenses, and 

room rent were taken into account. The information was derived from study documentation. 

Furthermore, an additional intervention cost scenario (“real world”) was calculated assuming 

lower trainer wages and larger gLiFE group sizes to more realistically reflect costs under 

implementation conditions. Detailed assumptions underlying the calculation of intervention 

costs can be found in the supplementary material of publication 2.   

Participants’ WTP was assessed at the 12-month assessment by payment cards [66], where 

participants stated the amount of money they would surely be willing to pay as well as the 

amount they would definitely not be willing to pay for one training session. The midpoint 

between these two values was multiplied by seven (the number of training sessions). 
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Other variables used for adjustment purposes in the different analyses were sociodemographic 

characteristics (age, sex, educational status, income, marital status, living situation, health 

insurance status), the number of chronic conditions (diabetes type 1 and 2, hypertension, 

acute cardiovascular disease, history of heart attacks, cardiac defect, auricular fibrillation or 

other cardiac arrhythmias, history of stroke, rheumatoid arthritis, cancer, asthma or chronic 

obstructive pulmonary disease, osteoporosis, depression), functional mobility (Timed Up-

and-Go Test), problems being physically active due to the COVID-19 pandemic, and variables 

related to participants’ experience with the intervention, such as motivation to exercise 

(BREQ-3 [84]), satisfaction with the program, and training frequency (number of LiFE 

activities performed per week). 

1.3.1.3 Statistical analyses 

In project 1 (publication 1), baseline data from the LiFE-is-LiFE trial was used to conduct a 

cross-sectional study examining the association between FoF and HrQoL as well as factors 

mediating this association. Linear regression models were used to examine the association 

between FoF and the EQ-5D index and the EQ-VAS. Bootstrapped standard errors (SE) and 

CIs were calculated to deal with the non-normality of the outcomes. Models were adjusted for 

sociodemographic characteristics (Model 1) and additionally for the number of chronic 

conditions, number of falls, functional mobility, and subjective functional capacity (LLFDI 

function and disability) (Model 2). The mediating effect of subjective functional capacity was 

examined by path models [85] and significance tests for the indirect effects were examined 

using the Sobel test [86]. 

In project 2, the cost-effectiveness of gLiFE compared to LiFE was examined from a societal 

and payer’s perspective and using QALYs, PA, and number of falls as effect measures 

(publication 2 & 3). In the analyses from a payer’s perspective, costs of informal care and 

gLiFE participant’s travel expenses to the training sessions were excluded. The base case 

analysis was based on the intention-to-treat population, meaning all 309 randomized 

participants were included in the analysis. As described earlier, missing data was assumed to 

be MAR and was imputed on disaggregated level (item-level) by MICE with predictive mean 

matching as imputation method [50, 51]. Due to the COVID-19 pandemic, the 12-month 

assessments were partially delayed, so that in order to eliminate possible pandemic-related 

biases, it was decided to analyze the primary study endpoints (activity-adjusted falls 

incidence and cost-effectiveness) already after 6 months. However, as no relevant pandemic 
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effects on the main parameters of interests (costs, HrQoL, PA, falls) could be observed, it was 

deemed justified to conduct the 12-month CEA as originally planned using the ITT sample.  

At both follow-up time points (6- and 12-month), mean total costs and effects were compared 

between gLiFE and LiFE and the ICERs, expressed as costs per QALY, costs per 1,000 

additional steps per day, and costs per fall prevented, were calculated. Since the WTP for an 

additional unit of effect was unknown, and in order to visualize uncertainty around the ICER 

estimates and the dependency of the cost-effectiveness from the WTP, CEACs were 

constructed based on the net-benefit approach [53, 54]. These were derived from net-benefit 

regressions [55] in which group differences in the 𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖 were estimated, adjusted for baseline 

characteristics (HrQoL, PA, number of falls, costs, chronic conditions) and for problems being 

physically active due to the COVID-19 pandemic at 12 months. Sensitivity analyses were 

conducted restricting the analyses to a per-protocol sample (attendance of ≥5 training 

sessions, n=280) or including the “real world” intervention costs. 

The analysis of the WTP from the participants’ perspective (publication 4) was based on 

participants who filled out the payment card at 12 months (n=237). A linear regression model 

was estimated with WTP as dependent variable and the group variable (gLiFE/LiFE) as well 

as sex, age, income, number of chronic conditions, healthcare costs, and motivation to exercise 

as potential determinants. These determinants were selected based on descriptive and 

bivariate analyses. Non-normality of the data was addressed by estimating the models and 

respective CIs based on 1,000 bootstrapped samples. The WTP was contrasted with different 

“real world” intervention cost scenarios (assumption of different, hypothetical subsidies [€0, 

€50, €75] to the intervention costs by, e.g., a health insurer) by subtracting the intervention 

costs from the WTP (= net benefit).  

1.3.2 Systematic review  

In project 3, a systematic review on the measurement properties of the EQ-5D in a middle-old 

to oldest-old population was conducted under the Consensus-Based Standards for the 

Selection of Health Measurement Instrument (COSMIN) framework [87] (publication 5 & 6). 

Relevant literature was systematically searched in the databases PubMed, Web of Science, 

Cochrane Library, Embase, and EconLit. Articles were included if they provided evidence of 

test-retest reliability, construct validity (convergent/known-groups), and/or responsiveness, 

reported results for a population with a mean age ≥75 years, and were published in German 

or English. Articles other than original studies, qualitative studies, those where the EQ-5D was 
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not self-reported by the population of interest (e.g., proxy-reported), and those that only 

assessed inter-rater reliability were excluded. Selected studies were evaluated for 

methodological quality based on the COSMIN Risk of Bias Checklist [88]. For the evaluation of 

measurement properties as “sufficient”, “insufficient” or “inconsistent”, the criteria for good 

measurement properties were applied [89]. To this end, hypotheses regarding the direction 

and strength of the association between the EQ-5D and the comparator instrument were 

formulated in advance for construct validity and responsiveness. The measurement property 

was rated as “sufficient” or “insufficient” if ≥75% of the individual studies’ results fulfilled or 

did not fulfill the criterion. Finally, the quality of the evidence was graded as “high”, 

“moderate”, “low”, or “very low” based on methodological quality, inconsistency of results, 

and overall sample size [90, 91].  

Study selection, rating of methodological quality, and evaluation of measurement properties 

was undertaken by two independent reviewers. Extraction of relevant data from the 

individual studies was done by one person and cross-checked by a second person. Any 

disagreements were resolved by consulting a third person.   

Project 3 was conducted independently from project 1 and 2 and received no specific funding. 

1.4 Results and discussion of individual studies  

1.4.1 Mediating factors of the association between FoF and HrQoL 

Results. The association between FoF and HrQoL, as frequently reported in the literature 

[30], could be replicated in project 1 (publication 1): A significant negative association 

between FoF and the EQ-5D index (𝛽𝛽 = −0.02,𝑝𝑝 < 0.001) as well as between FoF and the EQ-

VAS (𝛽𝛽 = −1.54,𝑝𝑝 < 0.001) could be found in the model adjusted for sociodemographic 

variables (Model 1). In the fully adjusted model (Model 2), the association remained 

significant for the EQ-5D index (𝛽𝛽 = −0.01, 𝑝𝑝 < 0.01), but not for the EQ-VAS (𝛽𝛽 = −0.36, 𝑝𝑝 >

0.05). Mediation analyses suggested a partial (FoF and EQ-5D via function/disability, FoF and 

EQ-VAS via disability) or complete mediation (FoF and EQ-VAS via function) of the association 

between FoF and HrQoL by subjective functional capacity, indicated by a decrease in strength 

of the association after inclusion of the mediator in the respective model.  

Discussion. The results suggest that the association between FoF and HrQoL may be 

explained by subjective functional capacity, thereby extending the current literature, which 

has rarely looked at factors explaining the association between FoF and HrQoL. This 
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mediating effect may be inherent in the way FoF was measured in this study, as the FES-I asks 

respondents to rate their FoF in typical everyday activities. The cross-sectional nature of the 

study limits drawing causal inferences, but a potential explanation could be that FoF causes 

avoidance behavior, which can lead to a deterioration in functional capacity, which in turn is 

associated with lower (Hr)QoL and an increased risk of falling [32, 92-95]. 

The multidimensionality of HrQoL and the rather small explanatory effects of FoF and 

subjective functional capacity found in this study indicate that focusing on reducing FoF alone 

may not lead to clinically important changes in HrQoL and hence, strategies to reduce FoF 

should be integrated into broader (exercise-based) fall prevention interventions. 

Nevertheless, the results stress the importance of daily and social life activities in older people 

for maintaining HrQoL, which implies that strategies should be taught on how to perform 

daily activities safely despite FoF. Therefore, interventions such as the LiFE program, which 

integrates exercises into everyday life tasks, have the potential to tackle this postulated causal 

pathway and thus maintain or improve older peoples’ HrQoL.     

Due to the design of the study, reverse causality cannot be excluded (e.g., functional 

limitations cause FoF and both are associated with HrQoL). Furthermore, the simple structure 

of the path models is unlikely to reflect the true complexity of the association. These 

limitations may be addressed in future studies by analyzing more complex path models or 

using longitudinal data. Given that the analyses were based on a RCT population where, e.g., 

certain individuals were deliberately excluded, generalizability to the broader population of 

older people may be limited.  

1.4.2 Economic analysis LiFE-is-LiFE 

1.4.2.1 Cost-effectiveness analysis 

Results. The 6-month and 12-month CEAs accompanying the LiFE-is-LiFE trial are reported 

in publication 2 & 3, respectively. Despite lower intervention costs of gLiFE (−€121 [study 

conditions] and −€212 [real world]), the mean total costs from a societal perspective were 

non-significantly higher than in LiFE at both time points (+€77, 95% CI [−€743, €896] and 

+€1,099, 95% CI [−€960, €3,158], respectively). On the effect side, mean differences 

between gLiFE and LiFE were marginal and/or not significant for all effect measures and at 

both time points, except for PA at 6 months (+799 steps per day, 95% CI [207, 1,391]). Using 

QALYs or the number of falls as effect measure, the probability of gLiFE being cost-effective 

compared to LiFE remained uncertain (50%-94%) or unlikely (<50%) at all WTP threshold 



21 

 

values assumed in the CEACs. Regarding PA as effect measure, gLiFE had a ≥95% probability 

of being cost-effective at 6 months at a WTP per additional 1,000 steps per day of ≥€1,600 

from a societal perspective or ≥€600 from a payer’s perspective). After 12 months, the 

probability of gLiFE being cost-effective to increase PA remained unlikely to uncertain – only 

at relatively high WTP levels probabilities ≥50% could be attained (e.g., at a WTP ≥€1,200 

from a societal or ≥€2400 from a payer’s perspective). Replicating the analyses with the per-

protocol sample or assuming “real world” intervention costs yielded slightly higher 

probabilities of cost-effectiveness in the CEACs, but overall confirmed the results of the base 

case analysis.  

Discussion. Despite lower intervention costs of gLiFE, no program version was shown to be 

clearly superior in terms of cost-effectiveness. According to the non-inferiority design of the 

LiFE-is-LiFE trial, no difference on the effectiveness level was hypothesized in advance, but it 

was expected that cost-effectiveness of gLiFE compared to LiFE would be demonstrated solely 

based on the difference in intervention costs. Instead, higher mean costs from health-related 

resource use were observed in gLiFE compared to LiFE. It remained unclear whether this is 

attributable to the intervention or rather a random result due to the sample's lack of power 

to detect differences in costs, which is a common limitation of trial-based economic 

evaluations [45]. In addition, it remained unclear how gLiFE/LiFE perform in terms of cost-

effectiveness compared to a usual care control group, which constitutes a potential future 

research direction. Given that both program versions lead to clinical improvements in terms 

of reduced falls and increased PA over the course of the study [73, 74], it can be assumed, that 

gLiFE/LiFE also have economic benefits over “usual care”. Furthermore, future studies could 

consider a longer time horizon, as the intervention’s effect on PA may only unfold at cost and 

HrQoL level in the long run (e.g., lower healthcare costs and better HrQoL due to prevention 

or postponed onset of chronic diseases). Determining the long-term economic benefit of small 

PA increases such as 1,000 additional steps per day in future studies would contribute to a 

better understanding of what might be a justified WTP for such an increase. Operationalizing 

PA as steps per day may not sufficiently capture the complexity of PA, but represents an easily 

interpretable unit that is associated with mortality [96, 97] and can be used to formulate 

public health recommendations. Another challenge that might be addressed by future studies 

is how a combined measure of effectiveness, such as activity-adjusted fall rate, could be 

incorporated in a cost-effectiveness framework (e.g., ICER), which itself represents a ratio. 
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1.4.2.2 Participants’ WTP 

Results. The participants’ mean WTP for the program was €196 (95% CI [€172, €221]) in 

gLiFE and €228 (95% CI [€204, €251]) in LiFE (publication 4). Besides the group variable, 

income was significantly associated with WTP in the regression model. Comparing the WTP 

with the “real world” intervention costs showed that the mean WTP for gLiFE not only covers 

but also exceeds the intervention costs (+83€, 95% CI, [59, 107]), while for LiFE it was lower 

than the intervention costs. When analyzing the distribution of this net benefit for gLiFE and 

LiFE according to different hypothetical cost subsidies, the majority of gLiFE participants had 

a positive net benefit (68% [€0 subsidy], 86% [€50 subsidy] and 95% [€75 subsidy]), while 

this was only the case for 25% (€0 subsidy), 29% (€50 subsidy) and 40% (€75 subsidy) of 

LiFE participants. 

Discussion. Participants’ WTP for an intervention represents a measure of value of the 

intervention that goes beyond health benefits and societal preferences. Since the LiFE-is-LiFE 

trial compared two different administration modes of an intervention with otherwise similar 

content (and presumably similar clinical effectiveness), this measure could be of considerable 

usefulness. The high WTP consolidates the value of both program versions from the 

participant perspective, which is relevant in the German implementation context, where the 

costs for many prevention programs are not completely covered but require a co-payment. 

This study’s results indicate that for gLiFE in particular, the necessary co-payments seemed 

to be in a range that participants consider justified or a good investment – even without a 

subsidy, the WTP exceeded the intervention costs in the majority of the sample, but also for 

LiFE there seemed to be a number of people who are willing to pay the co-payments. Future 

studies could explore what determines the choice between gLiFE and LiFE (e.g., in a discrete 

choice experiment), as this remained open in this study owing to the fact that participants 

were only asked about their WTP for the program version they received. This knowledge 

could in turn be used to identify specific target groups for the intervention(s). In addition, 

future studies could further explore the factors that determine WTP for gLiFE/LiFE, as the 

potential determinants investigated in this study had low explanatory power. Other 

limitations are related to the sample and the context in which the WTP was obtained from the 

participants, which may inhibit transferability of results to other contexts (e.g., participants 

with certain characteristics self-selected into the study and in the study context participants 

did not actually have to pay for the intervention). The results are still useful as a complement 
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to the CEA because they provide information on the value of the program(s) from a participant 

perspective that is not bound to predefined dimensions or response options. 

1.4.3 Systematic review  

Results. The results of the systematic review on the measurement properties of the EQ-5D in 

populations with a mean age ≥75 years (publication 5 & 6) were mixed depending on the 

particular measurement property and version of the EQ-5D (3-level or 5-level). Overall, the 

EQ-5D seemed to have sufficient convergent validity, with the majority of results being in 

accordance with the hypotheses regarding the strength of the association with comparison 

instruments. Regarding the ability to differentiate between known-groups (known-groups 

validity), results were inconsistent for the EQ-5D-3L but sufficient for the EQ-5D-5L. Notably, 

the EQ-5D seemed to have questionable reliability and responsiveness to change, even though 

the 5-level version seemed to perform better, but the evidence base to date is weak 

(responsiveness) or entirely lacking (reliability).   

Discussion. Based on the sufficient construct validity of the EQ-5D, it seems suitable for 

describing HrQoL (e.g., in cross-sectional studies). However, if the EQ-5D is to be used to 

measure changes in HrQoL (e.g., in economic evaluations), caution is warranted, as at least 

the EQ-5D-3L was insufficiently responsive and the results were inconsistent in terms of 

reliability. The problems with responsiveness may be related to the content of the EQ-5D that 

does not capture all relevant aspects of older people’s (Hr)QoL [98-101]. Another potential 

explanation could lie in the valuation of the individual dimensions‘ response levels, meaning 

that the preferences of older people may not be sufficiently represented in the general 

population‘s preferences, which are normally used for the valuation [102]. Overall, more 

evidence is needed, especially for the EQ-5D-5L, and generalizability of the results of this 

review may be limited by the fact that only few studies exclusively included people aged ≥75 

years. There are a number of alternative instruments that have been or are being developed 

that aim to capture (Hr)QoL or well-being more broadly (e.g., PROMIS [103, 104], EQ-HWB 

[105]) or that focus specifically on older people (e.g., QOL-ACC [106], ICECAP-O [98]). Their 

applicability in economic evaluations is so far limited by the partial lack of country- or 

population-specific tariffs, which have yet to be developed. In addition, their different focus 

limits the comparability of results between different measures and population groups. 

Therefore, the EQ-5D may still be used for economic evaluations in populations aged ≥75 

years, but should be complemented by age- or disease-specific instruments that can be used 

to interpret the cost-effectiveness results based on the EQ-5D.   
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1.5 General discussion 

In the context of the pressing challenges of an aging society to the sustainability of healthcare 

systems and the resulting political goal of promoting healthy aging through cost-effective 

interventions, this thesis dealt with the economic evaluation of such interventions using the 

example of an activity-promotion and fall prevention program.  

The existing state of research on the association between FoF and HrQoL – the latter being an 

important outcome used in economic evaluations – could be extended by an analysis of factors 

mediating this association. The results confirmed the negative association between FoF and 

HrQoL previously reported by other studies [30] and showed that this association can (partly) 

be explained by subjective functional capacity (functional limitations and disability in 

performing specific life tasks). However, it should be noted that the magnitude of the 

association between FoF (via subjective functional capacity) and HrQoL was rather weak, 

which can be explained by the multidimensional nature of (Hr)QoL. Hence, focusing on 

alleviating FoF and reducing limitations in functional capacity in interventions may not be 

sufficient to generate clinically relevant changes in HrQoL.  

The economic evaluation accompanying the LiFE-is-LiFE non-inferiority trial contributed to 

the literature on economic evaluations of exercise-based fall prevention programs for 

community-dwelling older people [37], which has been scarce, especially in the German 

context. It was tested whether gLiFE (the group-delivered version) represents a cost-effective 

alternative to LiFE (the individually delivered version), meaning that it is similarly effective 

but at lower cost. Indeed, the “pure” intervention costs for gLiFE were lower than for LiFE, 

but after taking the costs from resource use into account, superiority of gLiFE over LiFE in 

terms of cost-effectiveness could not be shown. These results underline the importance of not 

focusing solely on intervention costs in an economic evaluation, even when non-inferiority in 

terms of effectiveness and thus no difference at the level of healthcare costs is assumed. Even 

if small effect losses compared to the comparison group are accepted (e.g., the non-inferiority 

margin was set to 20% in LiFE-is-LiFE), potential negative consequences of these effect losses 

should be examined at the level of healthcare costs, as they may outweigh the initial cost 

savings (e.g., lower intervention costs in gLiFE). The necessity of conducting a full CEA in non-

inferiority trials is further supported by the fact that, despite the overall conclusion that no 

program version dominated the other in terms of cost-effectiveness, the results were 

sensitive to the choice of effect measure. On the one hand, PA was unexpectedly higher in 

gLiFE than in LiFE, leading to high probabilities of cost-effectiveness of gLiFE at certain WTP 
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levels, especially at 6 months, where the difference was more pronounced than at 12 months. 

On the other hand, the CEAC pointed towards dominance of LiFE when QALYs were used as 

effect measure at 12 months (although the QALY difference was marginal and not significant).  

The CEA was complemented by an analysis of the participants’ WTP for the program, which 

consolidated the perceived value of both versions of the intervention from a participant 

perspective that was, e.g., not captured on HrQoL level. LiFE participants’ WTP was on average 

somewhat higher than the WTP of gLiFE participants (+€32), but assuming that the 

intervention costs are at least partly borne by the participants themselves (as frequently the 

case with prevention programs in Germany), only in gLiFE the majority had a WTP high 

enough to cover the intervention costs. However, other studies from the LiFE-is-LiFE trial 

showed that both versions are well-accepted and comparable with respect to content 

evaluation [107, 108], and based on the WTP analysis a small proportion of people may still 

be willing to pay enough to cover the intervention costs of LiFE. Therefore, no clear 

recommendation for implementing the one or the other version was derived. Nevertheless, 

identifying participants’ WTP can be useful in informing implementation decisions in contexts 

where two competing interventions have similar effectiveness and similar (intervention) 

costs. 

The thesis also contributed to the discussion on adequate endpoints in economic evaluations 

by a systematic review on the measurement properties of the EQ-5D, the most widely used 

HrQoL instrument in economic evaluations [109]. The results highlighted weaknesses of the 

measurement properties of the EQ-5D in a middle-old to oldest-old population, especially 

with regard to responsiveness to change and reliability, but with the caveat that the evidence 

base for the EQ-5D-5L is still weak. The results have implications for the results of the other 

studies in this thesis. For example, the EQ-5D may not reflect all relevant aspects of (Hr)QoL 

that are impacted by FoF, or the mediating effect of function and disability on the association 

may be explained solely by the strong focus of the EQ-5D on functional dimensions of health 

[100]. Therefore, the “true” strength of the association between FoF and HrQoL may differ 

from the size of the coefficients found in the study (e.g., be stronger or not as strong). For the 

CEA, insufficient responsiveness of the EQ-5D could mean that the intervention effect (and 

possibly also the cost-effectiveness) were underestimated. For example, the clinical changes 

in terms of an increased PA and a reduced rate of falls [73, 74] may not be reflected at the 

level of HrQoL, although an impact of these changes on HrQoL can be assumed [16, 25].  
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The results of this thesis can also be placed in the general discussion on the adequacy of 

focusing on HrQoL or a too narrow definition of health in economic evaluations [100, 110, 

111], which has a special relevance in older populations where factors other than health (e.g., 

ability to perform usual activities or social contact) become more important for (Hr)QoL 

[101]. To address these short-comings, several other instruments have been developed which 

potentially better capture (Hr)QoL or intervention benefits and thus provide an alternative 

for measuring the quality-component of a QALY (e.g., EQ-HWB [105] or PROMIS [103, 112]). 

Using HrQoL/QALYs to measure effectiveness in economic evaluations has been held on to so 

far due to the generic nature of this outcome, which allows for comparability of interventions 

across indications [45, 52]. The need for this comparability is argued with the ultimate goal 

of economic evaluations to inform on the optimal allocation of resources [43]. Having a 

variety of instruments to choose from in economic evaluations can limit this comparability as 

the choice of the HrQoL instrument is likely to lead to different QALY and cost-effectiveness 

estimates, and hence the assumption “a QALY is a QALY is a QALY” [113] no longer holds. This 

also limits the comparability of interventions against a single cost-effectiveness threshold for 

a QALY gain. However, in Germany, for example, this comparability across indications is not 

a prerequisite for deciding on the implementation or reimbursement of a new intervention. 

Due to the IQWiG's hesitation to recommend QALYs as preferred outcome measure [60, 61] 

and the generally lower relevance of health economic aspects in implementation and 

reimbursement decisions in Germany, there is also no fixed cost-effectiveness threshold. 

However, not knowing what is considered a justified investment for a certain unit-increase in 

effect impedes drawing conclusions or making judgements regarding whether an 

intervention can be interpreted as “cost-effective” in cases where a new intervention is more 

effective but also (initially) more costly than the comparator. A potential solution could be to 

determine cost-effectiveness thresholds for alternative outcomes to the QALY based on the 

(predicted) long-term economic consequences of clinical outcomes. Keeping with the 

example from the LiFE-is-LiFE trial: knowing how a certain increase in PA (e.g., by 1,000 steps 

per day) affects healthcare costs in the long run (e.g., by preventing or postponing chronic 

diseases) would give an idea of what a justifiable investment aka cost-effectiveness threshold 

is for the respective unit of effect.  

1.5.1 Limitations and implications for future research  

Based on cross-sectional data and using simple path models, publication 1 showed that the 

association between FoF and HrQoL was mediated by subjective functional capacity. Future 
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studies could build on these findings and further explore the association of FoF and (Hr)QoL 

as well as factors explaining this association in more detail by using alternative (Hr)QoL 

instruments, longitudinal data, and/or structural equation models that examine more 

complex causal pathways. These results, in turn, may then be considered in the design of 

activity promotion and fall prevention strategies, where explanatory factors could be 

addressed and thereby may intensify the interventions’ effect on HrQoL. 

The limitations of the economic evaluation of the LiFE-is-LiFE program (project 2) are 

reflected in the typical challenges of economic evaluations of disease prevention, health 

promotion, or behavior change interventions that relate to attribution of effects, 

measurement and valuation of outcomes, identification of intersectoral costs and 

consequences, and equity considerations [114-117]. Due to the non-inferiority design of the 

LiFE-is-LiFE trial, the economic analysis was restricted to the 12-month time horizon of the 

trial and to the comparison between gLiFE and LiFE. Analyzing the cost-effectiveness of gLiFE 

and LiFE compared to a “usual care” control group and over a longer time horizon would 

contribute to the understanding of the economic value of the interventions. Since conducting 

RCTs over a very long time horizon is often not feasible, different study designs may be used 

to establish relationships between intermediate outcomes (e.g., an increase in PA) and long-

term outcomes (e.g., development of diseases or HrQoL), which in turn could be used to model 

cost-effectiveness beyond a trial’s time horizon. Related to this, determining the long-term 

consequences of intermediate outcomes on the cost level could be used to determine a cost-

effectiveness threshold for intermediate outcomes, such as a certain increase in PA [118, 119]. 

Besides examining which alternative instruments of (Hr)QoL are more suitable than the EQ-

5D for economic evaluations in an older population, a further research perspective could be 

to find ways to incorporate benefits beyond the individual into cost-effectiveness 

frameworks. This could be especially relevant in older people, as e.g., maintaining functional 

independence through exercise-based falls prevention has also effects on the wider network 

(e.g., family or caregivers).  

Furthermore, it should be examined how the cost-effectiveness of gLiFE/LiFE differs by 

person characteristics as this could help in targeting the intervention to sub groups with a 

higher benefit from the intervention (e.g., people with a high risk of falling). Net benefit 

regression models are well suited for such analyses [55]. 
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1.5.2 Implications for decision-makers and practice 

Despite the limitations and challenges, the results of this thesis have implications for decision-

makers and practice. The results of project 1 indicated that ensuring the maintenance of daily 

activities and participation in social life contributes to HrQoL and partially explains the 

association between FoF and (Hr)QoL. This implies that older people should be equipped with 

strategies that enable them to manage their daily and social life despite their FoF, e.g., through 

exercise-based fall prevention strategies integrated into daily life, as done in the LiFE 

program.  

From project 2 it can be concluded that participants of both program versions perceive the 

intervention as valuable, which is reflected in a high WTP and is also supported by studies 

that evaluated the content and acceptability of gLiFE/LiFE [107, 108]. This subjectively 

perceived value is also underscored by the clinical effectiveness in terms of a reduction in the 

rate of falls and an increase in PA in both groups, even though non-inferiority of gLiFE 

remained inconclusive by statistical definition (which does not automatically mean that gLiFE 

is inferior) [73, 74]. Thus, both program versions can potentially contribute to healthy aging. 

When only considering the costs of delivering the intervention, gLiFE was indeed less 

resource intensive than LiFE. However, when also taking the cost of health-related resource 

use into account, gLiFE overall tended to incur higher costs over 12 months, and cost-

effectiveness was uncertain compared to LiFE (but this does not mean that LiFE was superior 

to gLiFE). It should be noted that long-term consequences (e.g., in terms of health-related 

resource use and costs) remained unclear, especially regarding the performance of 

gLiFE/LiFE compared to no intervention (“usual care”). An analysis that modelled the 5-year 

budget impact of implementing gLiFE/LiFE from a German health insurance perspective 

showed that cost savings compared to “usual care” are only possible if the intervention effect 

on the rate of falls was increased, the intervention costs were reduced, or the intervention 

was offered only to people with a high risk of falling [120]. However, the budget impact model 

considered only the economic consequences of falls. Given that gLiFE and LiFE also had an 

effect on PA, and depending on the sustainability of this effect, the implementation of 

gLiFE/LiFE could have a lower budget impact or even save costs. Factors that further 

determine the actual budgetary consequences are the way the intervention is delivered (by 

whom, in what setting, at what costs?) and how it is financed (full reimbursement by a health 

insurer versus co-payments). Therefore, reducing the cost of interventions that have been 

proven to be effective remains important. Developing group versions that require fewer 
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human and financial resources while maintaining comparable effectiveness is therefore an 

attractive option, also in light of the health workforce shortage. Assuming that, as common 

practice in Germany, the costs for (certified) prevention courses are not fully covered by e.g. 

the health insurance anyway and co-payments have to be made by the participants, decision-

makers could also consider offering both program versions so that participants can choose 

between gLiFE and LiFE according to their preferences. 

Overall, it can be concluded that both program versions can potentially contribute to the 

national health goal “healthy aging”, but based on the results of the economic evaluation, no 

clear recommendation can be made for implementing either gLiFE or LiFE. Due to the lack of 

a “usual care” control group, it cannot be excluded that the benefits of gLiFE/LiFE can only be 

achieved at an additional financial costs. This means that investments may be required for 

which, based on the results of this thesis, it is unclear whether they will be offset by cost 

savings at the health care cost level in the long run. 
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Abstract

Background: Previous research has shown that not only falls, but also fear of falling (FoF) influences health-related
quality of life (HrQoL) negatively. The EQ-5D (consisting of an index and a visual analogue scale [EQ-VAS]) is a
frequently used instrument to determine HrQoL in clinical studies and economic evaluations, but no previous study
compared the association between FoF and the EQ-5D index with the association between FoF and the EQ-VAS.
Moreover, factors that influence the association between FoF and HrQoL are rarely examined. Thus, this study
aimed to examine the association between FoF and HrQoL and to examine factors that mediate the association.

Methods: FoF (Short Falls Efficacy Scale International) and HrQoL (EQ-5D descriptive system, EQ-5D index, and EQ-
VAS) were assessed in a sample of community-dwelling older persons (≥70 years) participating in the baseline
assessment of a randomized controlled trial (N = 309). Linear and logistic regression analyses were performed,
adjusting for sociodemographic variables, frequency of falls, number of chronic conditions, functional mobility
(Timed up-and-go test), and subjective functional capacity (LLFDI function and disability scales). Multiple regression
models were used to test the mediating effects.

Results: Moderate or high FoF was prevalent in 66% of the sample. After adjusting for covariates, FoF was
negatively associated with the EQ-5D index, but not with the descriptive system or the EQ-VAS. Subjective
functional capacity partly mediated the association between FoF and the EQ-5D index and completely mediated
the association between FoF and the EQ-VAS.

Conclusion: FoF was negatively associated with the EQ-5D index. As subjective functional capacity mediated the
association between FoF and HrQoL, future interventions should account for subjective functional capacity in their
design.
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Background
Due to the demographic change, the older population is
projected to increase [1]. As this population typically has
a higher level of (multi-)morbidity, an increase will prob-
ably pose challenges to health care systems in the future.
The reasons for higher morbidity in older age are mani-
fold. However, especially falls are a frequent health-
deteriorating event in older people. One third of the
population aged 65 years and above experiences a fall
within a year [2–6], which often leads to severe conse-
quences like injuries, or activity limitations, and conse-
quently, to a decline in health-related quality of life
(HrQoL) [7–9].
Since many health systems move beyond the idea of

mere survival but focus on maintaining the best possible
health status, overarching concepts like HrQoL have be-
come more important in describing the impact of health
conditions or the effects of interventions. HrQoL is sub-
jective and depends on a variety of physical, emotional,
and social-cultural factors [10, 11]. It is therefore neces-
sary to take the individual valuation of the health status
into account. Several measurements of HrQoL have
been developed. The EQ-5D [12, 13] is a generic instru-
ment which is widely used in clinical studies and eco-
nomic evaluations. It comprises a descriptive system and
a visual analogue scale (EQ-VAS). The descriptive sys-
tem of the EQ-5D can be transformed to an index based
on societal preference values, whereas the EQ-VAS
quantifies the overall current health status based on a re-
spondent’s individual preferences [14].
As a recent systematic review by Schoene et al. [15]

confirmed, not only falls but also fall-related risk factors
like fear of falling (FoF) influence HrQoL negatively. In
the past, FoF was considered as consequence of falls, but
nowadays FoF is considered as an independent predictor
of disability or HrQoL, independent of a prior fall ex-
perience [15, 16]. The prevalence of FoF in the popula-
tion aged 65 years and above varies widely, with the
majority of studies reporting a prevalence between 20
and 85% depending on sample characteristics and the
measurement used to assess FoF [15, 17]. The preva-
lence of FoF tends to be higher in females, older per-
sons, as well as in those having a history of falls, being
physically impaired, or reporting poor self-rated health
[17–19]. Moreover, psychological factors, such as de-
pressive symptoms, loneliness, optimism, or self-esteem,
are related to FoF [20, 21]. Consequences of FoF are a
decline in cognitive and physical function, higher phys-
ical dependence, an increased risk of falling, the avoid-
ance of activities, and restrictions in participation in
social activities [17, 22–30].
The review concluded that the association between

FoF and HrQoL was consistent, regardless of the instru-
ments used to assess FoF and HrQoL, with the majority

of studies using generic multidimensional instruments of
HrQoL, like the EQ-5D or the SF-36, and validated in-
struments of FoF [15]. But these studies on the associ-
ation between FoF and HrQoL mainly examined FoF as
independent predictor [31–34], whereas the factors in-
fluencing the association between FoF and HrQoL were
hardly addressed. However, identifying these factors is
crucial as they might be modifiable [35] and could there-
fore be considered in the development of interventions.
As the risks and consequences of FoF themselves predict
HrQoL [33, 36, 37], it is reasonable to assume that they
mediate the association between FoF and HrQoL. To
our knowledge, only one study explored mediating ef-
fects. Using samples of community-dwelling older per-
sons from Germany (n = 182) and Taiwan (n = 193), Hsu
et al. [38] found that the association between FOF and
HrQoL, measured using the SF-12, was significantly me-
diated by the self-concept of health and physical activity.
The EQ-5D is the most frequently used instrument to

determine HrQoL in clinical studies and economic eval-
uations, but no previous study on the association be-
tween FoF and HrQoL compared the association
between FoF and the EQ-5D index with the association
between FoF and the EQ-VAS [15]. Therefore, the
current study aimed to close this gap. In addition, the
current study focused on factors that mediate the associ-
ation between FoF and HrQoL in order to better under-
stand the mechanisms underlying this association, which
may serve as a basis for new approaches in the design of
interventions.

Methods
Sample description/characteristics
Baseline data was taken from a multi-centre, two armed,
single-blinded, randomized fall prevention trial (LiFE-is-
LiFE) evaluating a group-based version of the ‘Lifestyle-
integrated Functional Exercise’ Program (LiFE) [39] for
its non-inferiority compared to the original face-to-face
approach [40].
The LiFE-is-LiFE trial included community-dwelling,

German-speaking people aged ≥70 years with a history
or risk of falling (> 2 falls or 1 injurious fall within the
last 12 month or limited balance [Timed Up-and-Go
time ≥ 12 s]), who were able to ambulate 200 m without
personal assistance. Participants were excluded if they
exceeded a certain physical activity level (structured ex-
ercise > 1 time per week or self-reported activity level
above 150 min of moderate to vigorous physical activity
per week in past 3 months), were unavailable for home
visits during the intervention time or for completion of
the follow-up assessments, if they participated in another
scientific trial, or had certain medical conditions that
affect the ability to perform the activities taught in the
program (e.g., Parkinson’s disease or moderate to severe
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cognitive impairment). A detailed description of the
LiFE-is-LiFE project and its inclusion and exclusion cri-
teria can be found elsewhere [40].

Health-related quality of life
HrQoL was assessed using the EQ-5D-5L questionnaire
[12, 41]. The EQ-5D-5L descriptive system comprises
the five dimensions mobility, self-care, usual activities,
pain/discomfort and anxiety/depression. In each dimen-
sion, study participants were asked to rate their health
problems on an ordinal five level scale with “no prob-
lems (1)”, “slight problems (2)”, “moderate problems
(3)”, “severe problems (4)” or “extreme problems (5)”. By
combining the answers, an individual health state out of
3125 (55) possible health states was obtained for each
participant, with “11111” and “55555” representing the
best and worst health state, respectively. Health states
were transformed to an index value based on
preference-based value sets from the German general
population [42]. Since there are health states of the ref-
erence population being predicted to be < 0 [42], the
EQ-5D index can take values between − 0.662 represent-
ing the worst possible HrQoL, 0 representing death, and
1 representing the best possible HrQoL. Generally, a
value < 0 is assumed to present a health state which is
valued worse than death.
In addition to the descriptive system and the EQ-5D

index, HrQoL was assessed on a visual analogue scale
(EQ-VAS). Participants were asked to rate their overall
current health between 0 (worst) and 100 (best) [12].

Fear of falling
FoF was assessed with the German version of the Short
Falls Efficacy Scale International (Short FES-I) [43]. Par-
ticipants were asked to rate their concerns about falling
regarding the execution of seven everyday tasks on a 4-
level Likert scale reaching from “not at all concerned”
(1), “somewhat concerned” (2), “fairly concerned” (3), to
“very concerned” (4). A Short FES-I sum score was cal-
culated by adding up the answers. This score ranged
from 7 (“no concern about falling”) to 28 (“severe con-
cern about falling”) with low, moderate and high con-
cern represented by a score between 7 and 8, 9–13, and
14–28, respectively [44].

Further measurements
The frequency of falls was assessed by the self-reported
number of injurious or non-injurious falls in the previ-
ous 6months.
The number of chronic conditions was assessed by a

sum score of the following chronic conditions: diabetes
type 1 and 2, hypertension, acute cardiovascular disease,
a history of heart attacks, a cardiac defect, auricular fib-
rillation or other cardiac arrhythmias, a history of stroke

(more than 6month ago) or transient ischemic attacks,
arthrosis, rheumatoid arthritis, cancer (not on active
treatment), asthma or chronic obstructive pulmonary
disease (Gold class < III), osteoporosis, or depression.
Functional mobility was assessed via the Timed Up-

and-Go Test (TUG) measuring the time a person needs
to get up from a chair, walk three meters at a comfort-
able and safe pace, return, and sit down again [45].
Subjective functional capacity was measured using the

Late Life Function and Disability Instrument (LLFDI)
[46, 47], an instrument designed to assess physical func-
tioning in older adults based on a theoretical or concep-
tual model that characterizes physical functioning within
a socio-medical model of disability. It measures two dis-
tinct outcomes: function and disability. In the 32-item
LLFDI function component, participants rate their abil-
ity to perform discrete actions or activities on a 5-level
Likert scale (“no”, “slight”, “moderate”, “heavy”, or “total
limitations”). In the 16-item LLFDI disability compo-
nent, the participants’ limitations in performing specific
life tasks within a typical sociocultural and physical en-
vironment are assessed on a 5-level Likert scale (“not at
all”, “a little”, “somewhat”, “a lot”, or “completely”). In
the current study, the second LLFDI disability dimension
focusing on frequency of performance was skipped. For
both components (function and disability), a sum score
was calculated and transformed to a scale between 0 and
100, with lower scores indicating a higher level of func-
tional limitations or disability.
Sociodemographic variables comprised age, sex, educa-

tional status, marital status (married or living in a partner-
ship/widowed/divorced/permanently living separated/
single) and living situation (living alone/living with
others). Educational status was measured by the highest
school leaving qualification achieved. Since the informa-
tion was assessed based on qualification levels, which are
specific for the German educational system, the informa-
tion was grouped into “low” (9 years of school education),
“intermediate” (10 years of school education), and “high”
(qualifies to enter university) level of education.

Statistical analysis
In addition to descriptive statistics, the association be-
tween FoF and HrQoL measured using the EQ-5D
index, the EQ-5D descriptive system and the EQ-VAS
was examined using Spearman’s rank correlation coeffi-
cients. According to Cohen, correlation coefficients be-
tween 0.10–0.19, 0.30–0.49 and 0.50–1.00 were
interpreted as weak, moderate, and strong, respectively
[48]. Furthermore, linear regression models were per-
formed with the EQ-5D index or the EQ-VAS as
dependent variables and FoF as independent variable.
Neither the EQ-5D index nor the EQ-VAS was distrib-
uted normally, thus bootstrapped standard errors and
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confidence intervals for the regression coefficients from
10,000 resampled data sets were estimated. To examine
the association between FoF and the EQ-5D descriptive
system, logistic regression models were performed by di-
chotomizing answers of each EQ-5D dimension, with 0
representing no problems and 1 representing any prob-
lems. For each outcome, two models were calculated:
the first model (Model 1) included FoF and sociodemo-
graphic variables, whereas the second model (Model 2)
additionally included the number of chronic conditions,
the number of falls, functional mobility (TUG), and sub-
jective functional capacity (LLFDI function and disability
scales). Additionally, path models were performed to es-
timate the mediating effects of function and disability on
the association between FoF and EQ-5D-index and EQ-
VAS following the Baron and Kenny approach [49]. The
indirect effects were tested for significance using the
Sobel test [50].
Statistical analyses were conducted using STATA/SE

16.0 [StataCorp. 2019. Stata Statistical Software: Release
16. College Station, TX: StataCorp LLC]. For all ana-
lyses, the significance level was set to 0.05.

Results
Descriptive statistics
Sociodemographic and clinical characteristics are pre-
sented in Table 1. At baseline N = 309 participants were
included with a mean age of 78.68 (standard deviation
[SD] 5.31) years. The majority was female (73.46%) and
had an intermediate or high educational level (67.96%).
Approximately half of the sample was married or was
living in a partnership (45.31%), whereas one third was
widowed (35.92%) and one tenth was divorced (11.97%).
Only a small proportion was single (5.83%) or perman-
ently living separated (0.97%). On average, participants
reported 2.52 (SD 1.56) chronic conditions. The mean
scores on the LLDFI function and disability scales were
57.34 (SD 7.94) and 70.66 (SD 11.98), respectively. In
the previous 6 months, 40.78% of the sample experi-
enced at least one fall. Among those who fell, the aver-
age number of falls was 1.61 (SD 1.21). Low FoF was
reported by 33.98%, whereas 52.75% reported moderate
FOF and 13.27% reported high FoF. The mean EQ-5D
index was 0.84 (SD 0.15) and the mean EQ-VAS was
70.91 (SD 16.46). Furthermore, differences between
people experiencing at least one fall and those without
falls were not significant (data not shown).

Correlation coefficients
In bivariate analyses (Table 2), Spearman’s rank correla-
tions between FoF and the EQ-5D index, EQ-5D de-
scriptive system or EQ-VAS were weak to moderate,
with absolute correlation coefficients between rS = 0.17
(p < 0.05) and 0.43 (p < 0.05). Furthermore, associations

Table 1 Sample characteristics

N = 309

Female n (%) 227 73.46

Age Mean (SD) 78.67 5.31

Educational status n (%)

Low 94 30.42

Intermediate 92 29.77

High 118 38.19

Other 5 1.62

Marital status n (%)

Married/living in a partnership 140 45.31

Widowed 111 35.92

Divorced 37 11.97

Permanently living separated 3 0.97

Single 18 5.83

Living alone n (%) 166 53.72

Chronic conditions Mean (SD) 2.52 1.56

LLFDI functiona Mean (SD) 57.34 7.94

LLFDI disabilityb Mean (SD) 70.66 11.98

TUG (time in seconds) Mean (SD) 13.29 3.86

Prevalence of fallers n (%) 126 40.78

Number of falls among fallers Mean (SD) 1.61 1.21

Fear of falling n (%) 10.36 3.03

Low concern 105 33.98

Moderate concern 163 52.75

High concern 41 13.27

EQ-5D index Mean (SD) 0.84 0.15

EQ-VAS Mean (SD) 70.91 16.46

LLFDI Late Life Function and Disability Instrument, TUG Timed up-and-go test
aHigher score indicates lower limitations
bHigher score indicates lower disability

Table 2 Correlation coefficients between fear of falling and
variables of health, functional status, and sociodemographic
characteristics

Variables FES-I

EQ-5D index −0.43*

EQ mobility 0.29*

EQ self-care 0.35*

EQ usual activities 0.34*

EQ pain/discomfort 0.17*

EQ anxiety/depression 0.25*

EQ VAS −0.28*

*p < 0.05
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between FoF and the living situation and functional mo-
bility were weak (rS = 0.15 and 0.24, p < 0.05). Moreover,
FoF correlated strongly with function (rS = 0.56, p < 0.05)
and moderately with disability (rS = 0.43, p < 0.05). No
significant correlation was found between FoF and age,
gender, educational level, the number of chronic condi-
tions, or the number of falls (p > 0.05).

Multivariate regressions
Association between FoF and sub-dimensions of HrQoL (EQ-
5D descriptive system)
Results of the logistic regression models for the associ-
ation between FoF and the dimensions of the EQ-5D de-
scriptive system are presented in Table 3. After adjusting
for sociodemographic variables (Model 1), FoF was sig-
nificantly associated with problems in each dimension
(odds ratios [OR] between 1.14 and 1.35, p < 0.05). These
associations became non-significant after adjusting for
chronic conditions, functional mobility, and subjective
functional capacity (Model 2).

Association between FoF and EQ-5D index
After adjusting for sociodemographic variables (Model
1), linear regression revealed a significant negative asso-
ciation between FoF and the EQ-5D index (β = − 0.02,
p < 0.001; Table 4). This relationship remained signifi-
cant after adjusting for chronic conditions, functional
mobility, and subjective functional capacity (ß = -0.01,
p < 0.01; Model 2).

Association between FoF and EQ-VAS
In Model 1, higher FoF was significantly associated
with a lower EQ-VAS score (β = − 1.54, p < 0.001;
Table 4). After adjusting for chronic conditions,
functional mobility, and subjective functional cap-
acity (Model 2), FoF did no longer significantly pre-
dict the EQ-VAS score (β = − 0.36, p > 0.05), whereas
the number of comorbidities (β = − 1.76, p < 0.01),
and the levels of function (β = 0.53, p < 0.001) and
disability (β = 0.21, p < 0.01) significantly predicted
the EQ-VAS.

Mediating effects of function and disability
Figures 1 and 2 show the mediation results of self-
reported function and disability on the relationship be-
tween FoF and HrQoL. Separate mediation models were
calculated for function and disability. Function and dis-
ability partially mediated the association between FoF
and the EQ-5D index. The coefficient of FoF increased
from − 0.023 to − 0.012 after controlling for function
(Sobel test Z = − 3.08, p < 0.01) and to − 0.018 after con-
trolling for disability (Sobel test Z = − 5.31, p < 0.001).
The association between FoF and the EQ-VAS was com-
pletely mediated by function as the coefficient of FoF

increased from − 1.589 to a non-significant effect of −
0.489 (Sobel test Z = − 1.25, p > 0.05) after controlling
for function. After controlling for disability, the coeffi-
cient of FoF increased from − 1.589 to − 0.989 (Sobel
test Z = -2.69, p < 0.01), indicating a partial mediating ef-
fect of disability on the association between FoF and the
EQ-VAS.

Discussion
In this sample of community-dwelling older persons
from Germany, 66% had moderate or high FoF. After
adjustment for sociodemographic characteristics, chronic
conditions, functional mobility, and subjective functional
capacity, FoF was significantly associated with HrQoL
measured by the EQ-5D index. This confirmed previous
findings [15]. The current study did not only examine
the influence of FoF on the EQ-5D index or on the EQ-
5D descriptive system, but also the influence of FoF on
the overall current health status (EQ-VAS). When ac-
counting for sociodemographic characteristics, chronic
conditions, functional mobility, and subjective functional
capacity, FoF was not associated with the EQ-VAS.
Overall, FoF seemed to be better captured by the specific
EQ-5D dimensions than by the unspecific assessment of
the EQ-VAS. This may be due to the different concepts
underlying the EQ-5D index and the EQ-VAS. The EQ-
5D index is based on subjective evaluations of health in
five specific dimensions. However, these subjective rat-
ings in the respective dimensions were transformed into
an index based on societal preference values. These
values were obtained using a representative sample of
the general population and thus reflect the societal
weighting of restrictions in the respective dimensions of
the EQ-5D descriptive system [42]. In contrast, the EQ-
VAS is subject to a valuation of health based on individ-
ual preferences. Thus, by asking how healthy partici-
pants felt today on the EQ-VAS without giving
predefined dimensions like in the EQ-5D descriptive sys-
tem, aspects other than FoF may play a greater role for
participants in assessing their overall current health.
As already found in another study [31], higher age was

associated with better EQ-5D-rated HrQoL. This can
probably be explained by a selection bias. When the dis-
tribution of HrQoL and age were visually assessed, par-
ticipants aged 87 and older exclusively reported EQ-5D
index values above 0.7, whereas in younger participants,
the EQ-5D index values of some individuals were also
distributed at lower levels. When excluding participants
aged 87 and older in additional analyses, age was no lon-
ger significantly associated with HrQoL.
Contrary to previous studies, where falls and FoF were

associated and both had a significant relationship with
HrQoL [15, 34], no significant association between the
number of previous falls and HrQoL was found in the
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Table 4 Linear regression models of the association between fear of falling and EQ-5D-rated and EQ-VAS-rated HrQoL

N = 309 EQ-5D Index EQ VAS

Model 1 Model 2 Model 1 Model 2

β SE β SE β SE β SE

Fear of falling −0.023 *** (0.004) −0.010 ** (0.004) −1.535 *** (0.354) −0.361 (0.396)

Age 0.001 (0.001) 0.004 * (0.001) 0.049 (0.169) 0.228 (0.162)

Female −0.014 (0.016) 0.007 (0.014) −0.370 (2.169) 1.527 (2.135)

Education

High ref. ref. ref. ref.

Low −0.050 ** (0.018) −0.033 (0.017) −2.342 (2.128) −0.571 (2.018)

Intermediate −0.039 * (0.018) −0.022 (0.016) − 2.126 (2.235) −0.403 (2.209)

Other −0.036 (0.025) −0.027 (0.053) −0.471 (5.543) 0.055 (3.549)

Shared living −0.002 (0.016) −0.013 (0.014) 1.511 (1.893) 0.575 (1.779)

Chronic conditions −0.014 ** (0.005) −1.761 ** (0.573)

Number of falls 0.002 (0.006) 0.370 (0.974)

Function 0.005 *** (0.001) 0.533 *** (0.154)

Disability 0.002 ** (0.001) 0.208 ** (0.080)

Functional mobility −0.003 (0.003) 0.065 (0.297)

Adj. R-Squared 0.233 0.379 0.072 0.188

Fear of falling was assessed with the Short Falls-efficacy Scale-International (Short-FES-I), function and disability with the Late-life Function and
Disability Instrument (LLFDI), and functional mobility with the Timed up-and-go test
*** p < 0.001, ** p < 0.01, * p < 0.05

Fig. 1 Mediating effects of function and disability on the association between FoF and HrQoL (EQ-5D index). Note: Path diagrams indicate that function and
disability partially mediated the association between fear of falling (FoF) and EQ-5D-rated health-related quality of life. Numbers outside the parentheses denote
the path coefficients between variables, whereas numbers in the parentheses indicate the path coefficients after including the mediator (direct effect). Function
and disability were assessed with the Late-Life Function and Disability Instrument (LLFDI). *p<0.05, **p<0.01, ***p<0.001
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current study. However, the information on the history
of falls was based solely on retrospective self-reports and
may therefore be biased. Instead, factors like chronic
conditions and activity restrictions (function and disabil-
ity) seemed to be more important than falls in the asso-
ciation between FoF and HrQoL. Mediation analyses
showed that function and disability partially mediated
the association between FoF and the EQ-5D index. With
regard to the EQ-VAS, the effect of FoF was partially
mediated by disability and completely mediated by func-
tion. These findings are not surprising as previous re-
search suggested that FoF is linked to disability and
deteriorating function [51, 52]. Moreover, the FES-I
measures FoF in the context of typical everyday activ-
ities. It therefore seems obvious that functional limita-
tions and disability are reflected in FoF. Although the
current study was of cross-sectional nature and therefore
no causal inferences can be drawn from the results of
the mediation analyses, possible interpretations of these
findings can be hypothesized. A certain degree of FoF
may protect individuals from an actual fall, because they
are more attentive or careful [53]. However, when FoF
leads to the avoidance of certain activities, it becomes a
vicious circle. Avoiding activities leads to a deterioration
in physical functioning, which in turn leads to an in-
creased risk and fear of falling [2, 23, 25, 27, 28, 54–56].

Actual falls again lead to a further deterioration in phys-
ical health status [9, 30, 57]. This reduction in physical
health status and social activities ultimately results in a
higher level of dependence and poorer HrQoL [9, 30, 58,
59]. That function completely mediated the association
between FoF and the EQ-VAS in this study may indicate
that limitations in doing discrete actions or activities
(function) play a greater role in the evaluation of overall
current health (EQ-VAS) than the capability of perform-
ing less discrete, socially defined life tasks (disability).
Furthermore, it may reflect a strong link between FoF
and functional limitations. High FoF may prevent people
from doing certain activities but may not prevent them
from finding solutions to adapt to their FoF and func-
tional limitations which enables them to perform socially
defined life tasks despite FoF.
The mediating effect of function and disability in the

current study emphasizes the importance to maintain
daily and social life activities in older people. Thus, ad-
dressing these factors in interventions may lead to a re-
duction of FoF and an improvement in HrQoL. A
randomized controlled trial from the Netherlands evalu-
ated a home-based cognitive behavioural program to en-
courage older persons in performing activities of daily
living [60]. The intervention focused on the identifica-
tion and restructuring of misconceptions about falls, as

Fig. 2 Mediating effects of function and disability on the association between FoF and HrQoL (EQ-VAS). Note: Path diagrams indicate that
function completely mediated and disability partially mediated the association between fear of falling (FoF) and EQ-VAS-rated health-related
quality of life. Numbers outside the parentheses denote the path coefficients between variables, whereas numbers in the parentheses indicate
the path coefficients after including the mediator (direct effect). Function and disability were assessed with the Late-Life Function and Disability
Instrument (LLFDI). *p < 0.05, **p < 0.01, ***p < 0.001
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well as on the uptake of new or previously avoided daily
life activities and their safe execution. Thereby, the
home-based cognitive behavioural program was effective
in reducing FoF and disability. However, since the effect
sizes of FoF, function, and disability on HrQoL were ra-
ther small in the current study, considering these factors
alone in interventions may not lead to clinically import-
ant changes in HrQoL, which is related to the multidi-
mensionality of factors influencing HrQoL.

Strengths and limitations
Even though different studies have already reached con-
sensus regarding the association between FoF and
HrQoL [15], to our knowledge, no previous study com-
pared the association between FoF and the EQ-5D index
(a multidimensional measure of HrQoL) with the associ-
ation between FoF and the EQ-VAS (a single-item meas-
ure of overall current health). Moreover, previous
findings were extended by examining the mediating ef-
fects of function and disability on the association be-
tween FoF and HrQoL.
This study has some limitations. As the current study

used cross-sectional data, mediation models may not re-
flect the true direction of influence. Instead of being a
consequence of FoF, functional limitations may lead to
FoF, or even both directions of influence exist. Due to
the conceptual overlap between function and disability,
separate mediation models for function and disability
were calculated, which precludes investigating their in-
dependent contributions. However, the mediation results
of this study may serve as basis for future studies, which
could, for example, investigate the causal relationship
between FoF and HrQoL more closely using longitudinal
data or by calculating more complex path models. In
addition, the sample size of N = 309 was relatively small,
thus results may not be generalizable to the older popu-
lation at risk of falling in Germany. Furthermore, the se-
lected sample reached better EQ-5D index values
compared with normative values for the general German
population of the respective age group [61]. This is most
likely due to the exclusion of individuals who were cog-
nitively impaired and had certain chronic conditions.
Nevertheless, the prevalence of moderate or high FoF
was high (66%), which may be explained by the fact that
individuals who participate in a fall prevention project
tend to be more sensitive to (fear of) falling. In addition,
potential limitations by using the EQ-5D as measure of
HrQoL should be noted. The EQ-5D excludes aspects of
quality of life beyond health that may also be affected by
fear of falling. Even some health-related aspects may not
be sufficiently captured in the five dimensions of the
EQ-5D. Although the introduction of the 5-level version
of the EQ-5D has improved the ability to differentiate
between health conditions, ceiling effects remain a

problem [61, 62]. The results of this study should there-
fore be tested in future studies using different measures
of (health-related) quality of life. Finally, the transferabil-
ity of the results to other populations may be limited,
because preference-based value sets for the German gen-
eral population were used to calculate the EQ-5D index
and country-specific cultural factors are known to influ-
ence the subjective assessment of health.

Conclusion
FoF was a significant negative predictor of the EQ-5D
index, whereas FoF did not predict HrQoL measured by
the EQ-VAS. This is probably attributable to the differ-
ent concepts underlying the EQ-5D index and the EQ-
VAS. Furthermore, function and disability were shown
to mediate the association between FoF and HrQoL.
Therefore, future interventions should account for func-
tion and disability in their design.
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a b s t r a c t

Objectives: Interventions aimed at reducing falls and physical inactivity could alleviate the economic
burden attributable to these factors. The study aimed to analyze the cost-effectiveness of a group-
delivered version of the Lifestyle-integrated Functional Exercise Program compared with an individu-
ally delivered program version.
Design: An economic evaluation conducted alongside the LiFE-is-LiFE randomized non-inferiority trial.
Interventions: Group and individually delivered version of a program consisting of strength and balance
exercises integrated into everyday activities to prevent falls.
Setting and participants: 309 community-dwelling older adults (aged �70 years) at risk of falling
recruited around Heidelberg and Stuttgart (Germany).
Methods: Cost-effectiveness of the group program was assessed over 6 months using different effect
measures [quality-adjusted life years (QALYs, EQ-5D-5L), physical activity (mean number of steps/day),
and falls] and cost perspectives (societal and payer’s). Incremental cost-effectiveness ratios were
determined, and cost-effectiveness acceptability curves were constructed.
Results: From a societal perspective, mean costs, the number of falls, and the number of steps/day were
somewhat higher in the group program, whereas QALYs were almost identical between the 2 in-
terventions. From the payer’s perspective, the incremental cost-effectiveness ratio for the group
compared to the individual program were V56,733 per QALY and V4755 per fall prevented. Based on the
cost-effectiveness acceptability curves, the cost-effectiveness of the group program had to be rated as
uncertain for both effect measures and perspectives. In contrast, it demonstrated cost-effectiveness for
increasing physical activity at willingness-to-pay values per additional 1000 steps/day of V1600 (societal
perspective) or V600 (payer’s perspective).
Conclusions and Implications: Compared to the individual program, the group program might be cost-
effective for increasing physical activity in older adults but was unlikely to be cost-effective with re-
gard to QALY or for preventing falls. The cost-effectiveness should be evaluated long-term and compared
to a regular care group.
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A major challenge in aging societies is the promotion of healthy
aging, which has been declared as national health goal in Germany.1

Physical activity is regarded as a main contributor to healthy aging
as it is lowering the risk of aging-associated morbidity and loss of
quality of life.2e4 Conversely, the most common consequences of
physical inactivity (eg, ischemic heart disease, stroke, cancers, type 2
diabetes) are associated with high costs, which are projected to in-
crease in Germany, driven by the aging society.5 Another driver of
morbidity in the older population are falls, with an annual incidence
higher than 30% in those aged �65 years.6,7 Consequences of falls,
such as injuries and a decline in health-related quality of life
(HrQoL),8,9 do not only impact the life of those affected but are also
associated with high health care costs.8,10

Physical activity and falls are related, such as there is evidence that
a higher activity level is associated with a lower risk of falling in the
older population.11 Conversely, a high activity level was found to be
associated with an increased risk of falling in people with limited
functional capacity.12,13 Accordingly, promotion of physical activity in
older adults should be accompanied by fall prevention strategies.14,15

Thereby, such interventions may prevent negative fall-related re-
percussions, a decline in HrQoL, and potentially save health care costs.

This is becoming increasingly important in the context of an
increasing older population as the available budget to cover health
care costs and health care resources are limited. Economic evaluations
can aid in the efficient allocation of resources by comparing costs and
effects of interventions with each other.16

Several fall prevention programs have been developed and
economically evaluated.17,18 Evidence from systematic reviews sug-
gests that diverse exercise-based interventions, especially those
focusing on strength and balance training, are cost-effective strategies
to prevent falls.19,20 However, economic evaluations of those programs
in a German setting are scarce. Because cultures, policies, and re-
sources vary between countries and different health systems, the re-
sults of cost-effectiveness analyses are hardly transferable to other
countries,18,20 thus emphasizing the need for such evaluations.
Moreover, programs that address both physical activity and falls have
rarely been economically evaluated.

In the Lifestyle-integrated Functional Exercise Program (LiFE),21

balance and strength training are integrated into everyday routines
in order to achieve long-term sustainability of the LiFE activities.21,22 It
has demonstrated clinical effectiveness in terms of improving physical
function and activity, while simultaneously reducing functional
disability and falls in an Australian setting.23 Thus, LiFE is a highly
promising intervention concept specifically tailored to older adults’
daily life.

However, implementing the individually delivered version would
entail high costs, whereas a group programmight reduce intervention
costs. Because evidence from international literature found no indi-
cation that group-delivered exercise programs are inferior to indi-
vidually delivered programs,20 it is assumed that the group program
constitutes a cost-saving alternative without having to sacrifice on
effectiveness.

Therefore, the LiFE-is-LiFE trial aimed to evaluate the group pro-
gram for its non-inferiority compared with the individual program.24

As part of this trial, the current study aimed to investigate the cost-
effectiveness of the group program compared to the individual
program.

Methods

Study Design and Participants

Data were taken from the LiFE-is-LiFE multicenter, 2-armed,
single-blinded, randomized trial (registered at clinicaltrials.gov;
identifier: NCT03462654).24 Recruitment took place in Heidelberg and

Stuttgart (Germany) between April 2018 and July 2019. Community-
dwelling, German-speaking people aged �70 years at risk of falling,
who were able to ambulate 200 m without personal assistance were
included. Participants were excluded if they exceeded a certain ac-
tivity level (eg, exercising >1 time per week in the past 3 months),
knew they would be unavailable during the intervention time or for
the follow-up assessments, participated in another scientific trial, or
had certain medical conditions that affect the ability to perform the
LiFE activities (eligibility criteria are described in detail elsewhere24).
Participants were randomized to either the individual or the group
LiFE program. Data was obtained at baseline prior to randomization
(T0) and at 6-month follow-up (T1). The study was approved by the
Ethics Review Boards of the Faculty of Behavioral and Cultural Studies
at Heidelberg University and the University Hospital and Faculty of
Medicine Tübingen, and all subjects gave written informed consent to
participate in the study.

Interventions

LiFE consists of 7 home visits (z1-hour) over 11 weeks during
which a trainer presents activities for balance, strength, and general
physical activity and gives instructions on how to independently
execute and implement these activities in a participant’s individual
daily routine. In the group version, the program was taught by 2
trainers in 7 sessions (z2 hours) to groups of 8 to 12 participants. The
activities were introduced in a predetermined order and the sessions
followed a detailed curriculum, whereas the individual program could
be adapted more flexibly to the individual participant’s needs. The
development of the conceptual framework of the group program is
described elsewhere.25 In both interventions, participants received 2
additional “booster phone calls” 4 and 10 weeks after the last inter-
vention session.

Health Service Use and Costs

Intervention costs
Intervention costs for both program versions were calculated

based on the personnel and material costs, travel expenses, and room
rent that was incurred for conducting the trainer workshop, the
training sessions, and/or phone calls (the calculation is described in
detail elsewhere26). Because study conditions deviate from real-world
implementation conditions (eg, regarding the trainers’ salary level or
group size), a second, real-world scenario of intervention costs was
calculated. Data and assumptions underlying the calculations of each
scenario are summarized in Supplementary Table 1.

Costs of health-related resource utilization
Health-related resource utilization was assessed 6 months retro-

spectively with an adapted version of the questionnaire for the use of
medical and nonmedical services in old age (FIMA).27 The FIMA covers
outpatient (physician and nonphysician) and inpatient services (stays
in general hospitals, rehabilitation clinics, and psychiatric clinics), and
formal and informal care (ambulatory nursing service, paid household
help, help from friends and family, utilization of a day care facility).
Resource utilization from a societal perspectivewasmonetarily valued
in Euro (V) based on standardized unit costs,28 inflated to the year
2018 according to the consumer price index.29 From the payer’s
perspective, informal care costs and participants’ travel expenses
associated with the group sessions were excluded. Furthermore, data
on medication use were collected and monetarily valued with the
pharmacy retail price of the German official pharmaceutical index.30

No indirect costs due to absenteeism or productivity loss were
considered because participants were not active labor market partic-
ipants anymore. As the time horizon of this study was 6 months, costs
were not discounted.
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Effects

Three different effect measures were used in this study: quality-
adjusted life years (QALYs), physical activity, and the number of falls
within 6 months.

QALYs were calculated based on the EQ-5D-5L,31 which consists of
the dimensions mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression. Participants rated their health on a scale from
no problems (1) to extreme problems (5). By combining the answers,
an individual health state was obtained for each participant, with
11111 and 55555 representing the best and worst health state,
respectively. Health states were transformed to the EQ-5D index based
on preference-based value sets from the German general popula-
tion,32 with 0 representing death and 1 representing perfect health.
QALYs for the follow-up period of 6 months were calculated using
linear interpolation between the index scores at T0 and T1.

Physical activity was quantified as the number of steps/day
assessed using an accelerometer (activPAL4 micro; PAL Technologies
Ltd, Glasgow, Scotland), which the participants wore centrally on one
thigh for 7 full days at T0 and T1.

The number of falls was based on retrospective self-report (T0) and
self-reported data from fall calendars that were sent back monthly to
the respective study center (T1). Falls were defined based on common
recommendations.33

Statistical Analyses

Because the analyses were planned as intention-to-treat analyses,
missing data were imputed using multiple imputation by chained
equations (MICE) with predictive mean matching as the imputation
method.34,35 Missing data resulted from loss to follow-up (n ¼ 44;
14%) and from occasional missing information on resource use. The
percentage of missing values varied between 0% and 17% across
different variables. In total, 10 data sets were created.

Differences in costs and effects between the group program and
the individual program at T1 were calculated using linear regression
models adjusting for age, sex, the number of comorbidities [diabetes
type 1 and 2, hypertension, acute cardiovascular disease, cardiac
defect, cardiac arrhythmias, arthrosis, rheumatoid arthritis, cancer
(not on active treatment), asthma or chronic obstructive pulmonary
disease (Gold class < III), osteoporosis, depression, or history of heart
attacks or stroke], and the respective baseline costs or effects.

Bootstrapped standard errors (SEs; 1000 replications) were calculated
to account for the skewed distributions.

For all effect measures, unadjusted incremental cost-effectiveness
ratios from a societal and payer’s perspective were calculated as the
ratio of the difference in mean costs and the difference in mean effects
between the group and the individual program. The incremental cost-
effectiveness ratio is a point estimate and does not account for
uncertainty around this estimate. To determine the probability of cost-
effectiveness at different levels of willingness to pay (WTP), cost-
effectiveness acceptability curves were constructed based on the net
benefit approach.36,37 A series of linear regression models with
bootstrapped SEs (1000 replications) was performed, using the indi-
vidual net monetary benefit (NMBi ¼ WTP * Ei e Ci; Ei and Ci denote
the observed effect and costs of patient i at T1) as dependent variable
and the group variable as independent variable. Baseline character-
istics (age, sex, comorbidities, number of falls and/or steps/day, costs,
and health utility) were included as covariates in the models.

As a robustness check, the analyses were additionally performed
for a per-protocol sample (n ¼ 280). The per-protocol criterion was
defined as having attended at least 5 training sessions. Furthermore,
an additional analysis including real-world intervention costs and
QALYs as effect measure was carried out.

All statistical analyses were conducted using Stata/SE 16.0 (Stata-
Corp, College Station, TX). The significance level was set to .05.

Results

Baseline characteristics are displayed in Table 1. Participants (N ¼
309) had a mean age of 78.7 (SE ¼ 0.3). The majority were female
(73.5%) and had an intermediate or high educational level (67.0%).
Overall, 45.3% were married or living in a partnership, 35.9% were
widowed, 12.0% were divorced, and 6.8% were single or permanently
living separated. On average, participants reported 2.5 (SE ¼ 0.1)
chronic conditions. In addition, 40.8% had experienced at least 1 fall in
the previous 6 months, and the mean EQ-5D index of the sample was
0.84 (SE ¼ 0.01). No significant differences between the program
versions could be observed.

Cost-effectiveness

Table 2 displays the unadjusted mean 6-month costs and effects at
T1. The change in mean HrQoL, physical activity, and the number of

Table 1
Baseline Characteristics of Community-Dwelling Older People at Risk of Falling Participating in the LiFE-is-LiFE Trial

Characteristics Total Sample (N ¼ 309) Group Program (n ¼ 153) Individual Program (n ¼ 156) P Value*

Female, n (%) 227 (73.5) 112 (73.2) 115 (73.7) >.05
Age 78.7 (0.3) 78.7 (0.4) 78.8 (0.4) >.05
Educational degreey, n (%)
Low 94 (30.4) 44 (28.8) 50 (32.1) >.05
Intermediate 92 (29.8) 41 (26.8) 51 (32.7) >.05
High 115 (37.2) 62 (40.5) 53 (34.0) >.05
Other 5 (1.6) 4 (2.6) 1 (0.6) >.05
No degree 3 (1.0) 2 (1.3) 1 (0.6) >.05

Marital status, n (%)
Married/living in a partnership 140 (45.3) 74 (48.4) 66 (42.3) >.05
Widowed 111 (35.9) 50 (32.7) 61 (39.1) >.05
Divorced 37 (12.0) 20 (13.1) 17 (10.9) >.05
Permanently living separated 3 (1.0) 1 (0.7) 2 (1.3) >.05
Single 18 (5.8) 8 (5.2) 10 (6.4) >.05

Living alone, n (%) 166 (53.7) 76 (49.7) 90 (57.7) >.05
Chronic conditions 2.5 (0.1) 2.5 (0.1) 2.5 (0.1) >.05
Prevalence of fallers, n (%) 126 (40.8) 63 (41.2) 63 (40.4) >.05
Number of falls among fallers 1.6 (0.1) 1.6 (0.2) 1.6 (0.1) >.05
EQ-5D index 0.84 (0.01) 0.83 (0.01) 0.85 (0.01) >.05

Unless otherwise noted, values are mean (SE).
*Based on F test.
yLow (9 years of school education), intermediate (10 years of school education), high (qualifies to enter university).
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falls between baseline and T1 is shown in Figure 1. Mean total costs
from the societal perspective were V2662 for the group program and
V2615 for the individual program (þV47, P > .05 for the group pro-
gram). From the payer’s perspective, mean total costs were V1755 for
the group program andV2127 for the individual program (eV372, P>

.05). Looking at the unadjusted effects, the group program had almost
identical QALYs (�0.007, P > .05), a higher mean number of steps/day
(þ605, P > .05), and a higher mean number of falls within 6 months
(þ0.08, P > .05) compared with the individual program. Thus, incre-
mental cost-effectiveness ratios for the group program were V56,733
per QALY and V4755 per fall prevented from the payer’s perspective.
In terms of physical activity, the group program dominated the indi-
vidual program from the payer’s perspective.

None of the unadjusted cost or effect differences reached statistical
significance. After adjusting for baseline characteristics
(Supplementary Table 2), the differences remained nonsignificant,
except for physical activity, where a significant difference of þ799
steps/day (P < .05) in favor of the group program was found.

The cost-effectiveness acceptability curves based on adjusted total
costs and QALYs indicated that the cost-effectiveness of the group
programwas uncertain forWTP values betweenV0 andV150,000 per
QALY gained (Figure 2A). The cost-effectiveness acceptability curves
using steps/day as effect measure indicated that the group program
was cost-effective at WTP �V1600 and �V600 from a societal and
payer’s perspective, respectively (Figure 2B). For the prevention of
falls, the adjusted cost-effectiveness acceptability curves indicated
that the group program was not cost-effective (Figure 2C).

Supplemental Analyses

Overall, the results of the intention-to-treat analyses were
confirmed by the per-protocol analyses (Supplementary Tables 3 and
4, Supplementary Figures 1-3). However, the cost-effectiveness
acceptability curves indicated a slightly higher probability of cost-
effectiveness compared to the intention-to-treat analysis. Similarly,
the probability of cost-effectiveness was slightly higher taking “real
world” intervention costs into account (Supplementary Figure 4).

Discussion

The current study compared, for the first time, the cost-
effectiveness of a group version of the LiFE program with an individ-
ually delivered version in a community-dwelling older population at

risk of falling in Germany. The results were mixed, depending on the
effect measure and cost perspective. The cost-effectiveness with re-
gard to QALYs or prevented falls had to be rated as uncertain, although
the probability of cost-effectiveness was considerably higher from the
payer’s than from the societal perspective. In contrast, the group
program demonstrated possible cost-effectiveness for increasing
physical activity: it was cost-effective at a WTP for an additional 1000
steps/day of V600 (payer’s perspective) and V1600 (societal
perspective).

HrQoL did not differ between the group and the individual pro-
gram, and no significant change in HrQoL could be observed between
T0 and T1 for either group. Similar results were obtained by other
authors who analyzed the cost-effectiveness of a strength and balance
training program and did not find a clinically important change in
HrQoL after 6 months.38 These results contrast with previous studies
that found an effect of strength and balance exercises on HrQoL.39,40

However, the baseline EQ-5D index values of the current study’s
sample were higher than normative values for the respective age
group in the general German population41 and the EQ-5D was found
to be less sensitive to change in people with high baseline utilities,42

meaning that people whose HrQoL is already high are less likely to
show any further improvements.

To account for the possible insufficient responsiveness of the EQ-
5D as well as for the fact that the interventions did not primarily
aim to improve HrQoL, the cost-effectiveness of the group program
was also examined using clinical effect measures.

It was found that the group program might be a cost-effective
strategy to increase physical activity in terms of the number of
steps/day. Walking is an activity that requires relatively low effort, no
equipment, and can easily be integrated into everyday life, and
therefore lends itself well for formulating simple and attainable public
health recommendations. These could be translated into more inter-
pretable units, such as 1000 steps at an age-typical step length of 60 to
70 cm correspond to 600 to 700 m,43 which in turn could correspond
to a short walk around the neighborhood or to the supermarket. As
walking an additional 1000 steps/day was associated with a lower risk
of all-cause mortality and cardiovascular disease morbidity,44 the
group program might be able to contribute to the promotion of
physical activity and healthy aging. As lowering the burden of
morbidity may in the long run translate into cost-savings for the
health care system, promoting activity may reduce the economic
burden attributable to physical inactivity.45 It was shown that even a
5% reduction in physical inactivity can result in substantial cost

Table 2
Unadjusted Costs* and Effects After 6 Months (T1) of Community-dwelling Older People at Risk of Falling Participating in the LiFE-is-LiFE Trial

Category Group Program, Mean (SE) Individual Program, Mean (SE)

Costs
Outpatient services 386.7 (22.0) 383.0 (28.2)
Inpatient services 616.9 (179.9) 984.0 (329.9)
Informal and formal services 914.0 (228.8) 502.3 (145.4)
Formal services 24.9 (14.1) 14.0 (10.4)
Medication 515.0 (89.9) 395.4 (34.9)
Intervention
Study conditions 228.9 350.1
Without travel costs for participants 211.0 350.1

“Real world” 120.7 332.1
Total costs: societal perspective 2661.6 (327.3) 2614.8 (378.6)
Total costs: payer’s perspectivey 1754.5 (211.1) 2126.5 (338.9)

Effects
QALYs 0.415 (0.006) 0.421 (0.005)
Steps per day 6847 (258) 6242 (255)
Number of fallsz 0.40 (0.06) 0.32 (0.05)

*Costs are based on 2018 Euros (V).
yExcluded cost categories: informal care and travel costs for participants.
zOver a 6-month observation period.
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savings.5 However, because consequences of physical inactivity, such
as noncommunicable diseases, are typically long-term consequences,
the benefits of increasing activity on the level of health care costs or
HrQoL may only be observed in the long run as well. Thus, the
observation period of 6 months may not have been sufficient to find
clinically important effects on HrQoL. It further remains unclear how
long the effect on physical activity lasts. Hence, a long-term evaluation
of the costs and effects of the group and individual program is needed.
It would be of particular interest whether the social interaction
component (eg, peer support) of the group program fosters long-term

Fig. 2. (A) Cost-effectiveness acceptability curves from a societal and payer’s cost
perspective; probability of cost-effectiveness for the group program compared to the
individual program for different WTP values per QALY; community-dwelling older
people at risk of falling participating in the LiFE-is-LiFE trial. (B) Cost-effectiveness
acceptability curves from a societal and payer’s cost perspective; probability of cost-
effectiveness for the group program compared to the individual program for
different WTP values per 1000 steps; community-dwelling older people at risk of
falling participating in the LiFE-is-LiFE trial. (C) Cost-effectiveness acceptability curves
from a societal and payer’s cost perspective; probability of cost-effectiveness for the
group program compared to the individual program for different WTP values per fall
prevented; community-dwelling older people at risk of falling participating in the
LiFE-is-LiFE trial.

Fig. 1. Change in mean effects (95% CIs) between baseline and 6-month follow-up by
intervention group; community-dwelling older people at risk of falling participating in
the LiFE-is-LiFE trial (results on effectiveness of the programs are reported in detail
elsewhere26).
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adherence. Moreover, it remains an open questionwhether increasing
the number of steps/day by 1000 steps yields enough value for money
that needs to be invested (eg, V1600 from a societal perspective).

In this study, the group program was not cost-effective for the
prevention of falls compared to the individual program as the par-
ticipants in the group program had a nonsignificantly higher number
of falls at T1. However, between T0 and T1, the incidence of falls was
reduced in both groups (37% group program, 55% individual pro-
gram).26 Hence, future studies should evaluate the cost-effectiveness
of the programs compared with a regular care control group. Fall
research is also increasingly moving toward examining falls in relation
to exposure time.46e48 Participants in the group program fell on
average slightly more often than in the individual program, but at the
same time their exposure time in terms of steps/day increased. In the
long run, combining the LiFE activities with increases in physical ac-
tivity may counteract the frailty process and thereby may also
decrease the risk of falling as a direct manifestation of the frailty
process.49 A future research direction may be to include a combined
endpoint of falls relative to physical activity as effect measure in cost-
effectiveness analyses. However, interpreting the difference between
groups of such a combined endpoint might be challenging, especially
because the WTP for an additional unit of effect is unknown.

Based on the cost-effectiveness results of this study, no clear
recommendation can be made regarding which program version
should be implemented. Aspects such as how or by whom the inter-
vention is financed also play a role in the decision-making process. For
example, assuming that intervention costs were borne primarily by
participants and subsidized by health insurers at a certain amount
regardless of the program version, the choice between the group or
individual programwould be based on individual preferences and the
WTP of the participants.

Strengths and Limitations

The current study is the first that economically evaluated a group
and an individually delivered version of the LiFE program in terms of
costs and cost-effectiveness. Thereby, it complements the studies on
clinical effectiveness23,26 and contributes to the decision-making
process regarding a possible implementation of the program. The
analyses were based on a relatively large sample, and few missing
values were observed.

However, this study has some limitations. As common for clinical
trial data, the LiFE-is-LiFE trial is likely to be underpowered for cost-
effectiveness analyses and determined only short-term effects over a
limited time period. Nevertheless, a recall bias in the retrospective
assessment of health-related resource utilization cannot be excluded.
Despite randomization, differences inmean health care costs at T0 and
T1 could be observed for some cost categories. Although these dif-
ferences were large, they were not significant and are unlikely to be
attributable to the intervention. Moreover, the number of steps/day
represents only 1 way of measuring activity. Physical activity is
complex and involves activities beyond walking, therefore making it
hard to predict the long-term effects of increasing the number of
steps/day on health and economic outcomes. Finally, the generaliz-
ability of the results to other health care systems or populations
outside the eligibility criteria of this study may be limited.

Conclusions and Implications

The current study is the first that economically evaluated an
exercise-based intervention in community-dwelling older adults at
risk of falling in Germany. It was shown that a group-delivered version
of the LiFE program might be cost-effective for improving physical
activity in terms of the number of steps/day at certainWTP values, but
was unlikely to be cost-effective with regard to QALYs or for

preventing falls compared to an individually delivered version of the
program. To be able to make definite recommendations to decision
makers, the cost-effectiveness should be evaluated in the long term
and compared to a regular care group.
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Supplementary Fig. 1. Cost-effectiveness acceptability curves (CEACs) from a societal
and payer’s cost perspective; probability of cost-effectiveness for the group program
compared to the individual program for different WTP values per QALY; per protocol
analysis. (QALY, quality-adjusted life year; WTP, willingness to pay.).

Supplementary Fig. 2. Cost-effectiveness acceptability curves (CEACs) from a societal
and payer’s cost perspective; probability of cost-effectiveness for the group program
compared to the individual program for different WTP values per 1000 steps; per
protocol analysis. (WTP, willingness to pay.).
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Supplementary Fig. 3. Cost-effectiveness acceptability curves (CEACs) from a societal
and payer’s cost perspective; probability of cost-effectiveness for the group program
compared to the individual program for different WTP values per fall prevented; per
protocol analysis. (WTP, willingness to pay.).

Supplementary Fig. 4. Cost-effectiveness acceptability curves (CEACs) from a societal
and payer’s cost perspective; intervention costs based on “real world” assumptions;
probability of cost-effectiveness for the group program compared to the individual
program for different WTP values per QALY. (QALY, quality-adjusted life year; WTP,
willingness to pay.).
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Supplementary Table 1
Data and Assumptions for the Calculation of Intervention Costs by Scenario

Study Conditions “Real World”

Trainer workshop
Duration, d 3 3
Salary group coaches conducting the workshop TVöD* E13 TVöD E13
Number of trainers 8 20
Salary level of the trainers TVöD E10 or E13 TVöD E8

Sessions: individual program
Duration (including preparation and traveling time), min, mean 111 120
Number of sessions per participant, mean 6.49 7
“Booster” phone calls
Number, n, mean 1.66 2.00
Duration, min, mean 27 30

Number of material sets per trainer 1 1
Sessions: group program
Duration (including preparation and traveling time) y, min, mean 180 150
Initial number of participants per group, mean 10.2z 12.0x

“Booster” phone calls
Number, n, mean 1.65 2.00
Duration, min, mean 29 30
Room rent per session, V 50k 0
Number of material sets per trainer pair 1 1

Other assumptions
Number of sessions per trainer (pair) per week Not relevant: 8 trainers

taught the program to a similar
number of LiFE/gLiFE participants
(n ¼ 156 and n ¼ 153) over the study period

LiFE: 15 (30 h); gLiFE: 12 (30 h)

Study conditions ¼ calculation of intervention costs as incurred during the study; “Real world” ¼ calculation of intervention costs based on modified assumptions reflecting
more realistic conditions in case the program is implemented than study conditions.

*TVöD: civil service collective agreement.
yIn one study center, trainers had traveling time to an external room where the group sessions were held; in the “real world” scenario, no traveling time is taken into

account for gLiFE (assumption: a suitable room is available at the workplace).
zAverage number of participants per session due to study dropout and occasional nonparticipation: 7.9.
xAssumption: sessions have to be paid regardless of participation.
kFor 8 of 15 groups (study center: Stuttgart).
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Supplementary Table 2
Adjusted* Differences in Costs and Effects of the Group Program Compared to the Individual Program After 6 Months (T1): Community-Dwelling Older People at Risk of Falling
Participating in the LiFE-is-LiFE trialdITT Sample

Category Mean SE 95% Confidence Interval P Valuey

Lower Limit Upper Limit

Outpatient services (V) 11.4 29.9 e47 70 .70
Inpatient services (V) e274.5 319.9 e902 353 .39
Informal and formal care services (V) 311.6 219.9 e119 743 .16
Formal services (V) 1.9 12.1 e22 26 .87

Medication (V) 61.3 47.7 e32 155 .20
Interventionz (V)
Study conditions e121.2
Without travel costs for participants e139.1

“Real world” e211.5
Total costs: societal
perspective (V)

76.8 418.2 e743 896 .85

Total costs: payer’s
perspectivex (V)

e267.5 350.5 e954 419 .45

QALYs 0.001 0.004 e0.008 0.009 .90
Steps per dayk 799 302 207 1391 .01
Number of falls** 0.07 0.08 e0.088 0.222 .40

QALY, quality-adjusted life-year; SE, standard error.
*Adjusted for age, sex, baseline health utility (EQ-5D), baseline number of falls, baseline number of comorbidities, and baseline costs in the respective cost category.
yBased on F test.
zUnadjusted.
xExcluded cost categories: informal care and travel costs for participants.
kAdjusted for baseline steps per day instead of baseline health utility.
**Observation period >6 months.
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Supplementary Table 3
Unadjusted Costs and Effects After 6 Months (T1)dPer Protocol Sample

Category gLiFE iLiFE

Mean SE Mean SE

Outpatient services (V) 381 20 373 25
Inpatient services (V) 538 151 978 380
Informal and formal
services (V)

884 237 424 115

Formal services (V) 27 16 13 10
Medication (V) 454 77 398 35
Intervention (V)
Study conditions 229 350
Without travel costs for participants 211 350

Total costs: societal
perspective (V)

2486 294 2523 408

Total costs: payer perspective* (V) 1611 176 2112 386
QALYs 0.417 0.006 0.421 0.005
Steps per day 6797 258 6266 251
Number of fallsy 0.41 0.06 0.31 0.05

*Excluded cost categories: informal care and travel costs for participants.
yOver 6 months’ observation period.
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Supplementary Table 4
Adjusted* Differences in Costs and Effects After 6 Months (T1)dPer Protocol Sample

Category Mean SE 95% Confidence Interval P Valuey

Lower Limit Upper Limit

Outpatient services (V) 12 28 e44 67 .68
Inpatient services (V) e356 340 e1023 310 .29
Informal and formal care services (V) 382 198 e7 770 .05
Formal services (V) 6 13 .64

Medication (V) 39 35 e29 107 .26
Interventionz (V)
Study conditions e121
Without travel costs for participants

e139

Total costs: societal perspective (V) e2 434 e852 848 >.99
Total costs: payer perspectivex (V) e387 357 e1085 312 .28

QALYs 0.001 0.004 e0.008 0.009 .85
Steps per dayk 787 289 221 1353 .01
Number of falls** 0.10 0.08 e0.06 0.26 .24

*Adjusted for age, sex, baseline health utility (EQ-5D), baseline number of falls, baseline number of comorbidities, and baseline costs in the respective cost category.
yBased on F test.
zUnadjusted.
xExcluded cost categories: informal care and travel costs for participants.
kAdjusted for baseline steps per day instead of baseline health utility.
**Observation period >6 months.

S. Gottschalk et al. / JAMDA xxx (2021) 1e7 7.e6



67 

 

5 Publication 3 – Comparison of falls and cost-effectiveness of 

the group vs. individually delivered Lifestyle-integrated 

Functional Exercise (LiFE) program: final results from the 

LiFE-is-LiFE non-inferiority trial 

 

Accepted for publication in Age and Ageing as: 

Jansen CP1,2*†, Gottschalk S3†, Nerz C1, Labudek S4, Kramer-Gmeiner F4, Klenk J1,5,6, Clemson L7, 

Todd C8,9,10, Dams J3, König HH3, Becker C1, Schwenk M4,11. Comparison of falls and cost-

effectiveness of the group vs. individually delivered Lifestyle-integrated Functional Exercise 

(LiFE) program: final results from the LiFE-is-LiFE non-inferiority trial. Age Ageing. 

[accepted]. 

1Department of Clinical Gerontology and Geriatric Rehabilitation, Robert Bosch Hospital, Stuttgart, Germany  
2Institute of Sports and Sports Sciences, Heidelberg University, Heidelberg, Germany 
3Department of Health Economics and Health Services Research, University Medical Center Hamburg-

Eppendorf, Hamburg, Germany 
4Network Aging Research, Heidelberg University, Heidelberg, Germany 
5Institute of Epidemiology and Medical Biometry, Ulm University, Ulm, Germany 
6IB University of Health and Social Sciences, Study Centre Stuttgart, Stuttgart, Germany 
7Sydney School of Health Sciences, Faculty of Medicine and Health, University of Sydney, Sydney, NSW, Australia 
8School of Health Sciences, Faculty of Biology, Medicine & Health, The University of Manchester, Manchester 

M13 9PL, UK 
9Manchester University NHS Foundation Trust, Manchester, UK 
10Manchester Academic Health Science Centre, Manchester, UK 
11Human Performance Research Centre, Department of Sport Science, University of Konstanz, Konstanz, 

Germany 
†equal contributors 

 

  



68 

 

Comparison of falls and cost-effectiveness of the group vs. individually 

delivered Lifestyle-integrated Functional Exercise (LiFE) program: 

final results from the LiFE-is-LiFE non-inferiority trial 

Abstract 

Background: The individually delivered Lifestyle-integrated Functional Exercise (LiFE) was 

shown to improve physical activity (PA) and reduce fall incidence, however being rather 

resource-consuming due to one-to-one delivery. A potentially less resource-intensive group 

format (gLiFE) was developed and compared against the original program, considering higher 

risk of falling due to possible PA enhancement. 

Objective: To investigate non-inferiority in terms of PA-adjusted fall risk and cost-

effectiveness of gLiFE at 12-month follow-up. 

Design: Single-blinded, randomized, multi-center non-inferiority trial. 

Setting: Community. 

Subjects: 309 adults aged 70+ years at risk of or with history of falling; n=153 in gLiFE, n=156 

in LiFE. 

Methods: LiFE was delivered one-to-one at the participants’ homes, gLiFE in a group. PA-

adjusted fall risk was analyzed using negative binomial regression to compare incidence rate 

ratios (IRR). Cost-effectiveness was presented by incremental cost-effectiveness ratios and 

cost-effectiveness acceptability curves, considering quality-adjusted life years, PA, and falls 

as effect measures. Secondary analyses included PA (steps/day) and fall outcomes. 

Results: Non-inferiority was inconclusive (IRR 0.96; 95% CI 0.67; 1.37); intervention costs 

were lower for gLiFE, but cost-effectiveness was uncertain. gLiFE participants significantly 

increased PA (+1,090 steps/day; 95% CI 345; 1.835) vs. insignificant increase in LiFE (+569, 

95% CI -31; 1,168). Number of falls and fallers were reduced in both formats. 

Conclusion: Non-inferiority of gLiFE compared to LiFE was inconclusive after 12 months. 

Increases in PA were clinically relevant in both groups, although nearly twice as high in gLiFE. 

Despite lower intervention costs of gLiFE, it was not clearly superior in terms of cost-

effectiveness. 
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Keywords: fall prevention; non-inferiority trial; economic evaluation; fall risk; physical 

activity promotion 

Key points: (1) Non-inferiority of the group format compared to the individual LiFE format 

was inconclusive. (2) Despite lower intervention costs of gLiFE, no program version was 

clearly superior in terms of cost-effectiveness. (3) Both the group and the individual LiFE 

format showed meaningful improvements in daily physical activity and fall incidence. (4) The 

group format came with significant improvements of more than +1,000 steps/day.  
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Introduction 

There is a large body of evidence highlighting the importance of physical activity (PA) for 

healthy aging [1]. However, there are certain conditions in which the enhancement of PA may 

come with some risk. Especially in older adults with a history of falling, more transitions from 

sit to stand or more steps/day may increase the risk of falling [2-5], although beneficial effects 

of PA are generally considered to be worth the risk. Hence, interventions that are capable of 

increasing PA to sufficient levels while at the same time reducing the risk of falls in older 

adults have the potential to alleviate the economic burden of falls and physical inactivity [6-

8]. The use of a combined endpoint of fall risk and PA along these lines is the optimal approach 

to reflect this [9-11].  

The ‘Lifestyle-integrated Functional Exercise’ (LiFE) randomised controlled trial by Clemson 

et al. [12] was a pivotal study, having induced exercise into older Australians’ daily routines 

while reducing fall incidence. As a home-based intervention individually delivered by 

therapists, LiFE comes with considerable human resources and costs. Therefore, a group 

version (gLiFE) was developed and evaluated for its non-inferiority compared to the original 

LiFE program (LiFE) [13, 14]. Preliminary results from a previous analysis comparing gLiFE 

and LiFE at 6-month follow-up show that LiFE participants had a lower fall incidence rate 

ratio (IRR) than gLiFE participants but gLiFE had a considerable advantage over LiFE in terms 

of intervention costs [15].  

However, from a societal or payer’s perspective, not only costs associated with the 

implementation of a program are of interest, but also costs associated with health-related 

resource utilization. When considering both cost types in the 6-month cost-effectiveness 

analysis, results were mixed depending on the effect measure: cost-effectiveness of gLiFE 

compared to LiFE was uncertain regarding quality-adjusted life years (QALY) or the 

prevention of falls, but highly probable for increasing PA at certain willingness to pay (WTP) 

levels for an additional 1,000 steps/day [16]. However, the LiFE program aims for the 

development and long-term maintenance of LiFE exercise-infused routines that last beyond 

trainer support, which leads to the main question of the study: How do PA, fall incidence, and 

cost-effectiveness evolve over a longer period of time, especially after maintenance of LiFE 

activities had been put in the participants’ own responsibility and trainers’ support was 

terminated?  
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Against this background, this study presents the central analysis of the primary outcomes of 

the LiFE-is-LiFE trial as pre-specified in the study protocol [13]. The primary aim of the 

present work is twofold: 1) to evaluate gLiFE’s non-inferiority in terms of PA-adjusted fall risk 

and 2) to examine the cost-effectiveness of gLiFE compared to LiFE at 12-month follow-up. 

As secondary outcomes, PA in terms of steps/day and fall-related outcomes were compared. 

 

Methods 

Study design 

This study (“LiFE-is-LiFE”) was a multi-center, single-blinded, randomized non-inferiority 

trial conducted in Heidelberg and Stuttgart, Germany (clinicaltrials.gov identifier: 

NCT03462654; registered March 12th 2018). The study protocol is available elsewhere [13]. 

Reporting in this article is aligned with the CONSORT extension in non-inferiority trials [17]. 

Data was obtained at baseline (T0), 6 months (T1), and 12 months (T2) after intervention 

start (±2 weeks; reference was the date of the first (g)LiFE session). Ethical approval was 

obtained for both sites, Heidelberg [Schwe2017 2/1–1]; Stuttgart [723/2017BO2]. All 

participants gave written informed consent. 

Participants and eligibility criteria 

Adults aged ≥70 years were drawn from municipality registries in Heidelberg and Stuttgart; 

participant flow is shown in Figure 1. Further information on recruitment and screening can 

be found in the study protocol [13]. To be eligible, participants had either a) experienced at 

least one injurious or multiple non-injurious falls in the year prior to study participation, or 

b) were designated as having high risk of falls when indicating balance decline in the past 12 

months and needing ≥12 seconds for the “Timed Up-and-Go” (TUG) [18]. Participants who 

already reached WHO PA recommendation levels of 150 minutes of moderate to vigorous PA 

per week or exercised more than once per week were excluded. A detailed list of further 

exclusion criteria is provided elsewhere [13]. 

Randomization and blinding 

Participants were randomized after baseline assessment into gLiFE or LiFE through block-

randomization; assessors were blinded to group allocation. Further details on the 

randomization procedure are provided elsewhere [15]. 
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Intervention programs 

gLiFE was developed based on the original LiFE program. [12]. Highest possible fidelity was 

ensured by following specific manuals developed for the LiFE program [19, 20]. Methods and 

didactics were slightly adapted to accommodate the group setting. A detailed description of 

the intervention programs including a TIDieR checklist are part of the study protocol [13]; 

details on intervention development are presented in a publication on pilot results [14]. LiFE 

(in the participant’s home) and gLiFE (in a group) were delivered in seven sessions during 

eleven weeks, plus two booster phone calls four and 10 weeks after the last intervention 

session. A total of seven balance activities, seven strength activities, and two PA promoting 

activities were presented to the participants. They were explained how to independently 

select, execute, and adapt the intensity of activities, including identification of daily situations 

into which activities can be integrated. gLiFE sessions took about two hours and were led by 

two trainers (physio or occupational therapists, sports scientists, health psychologists) with 

a maximum of 12 participants; LiFE sessions took about one hour and were led by one trainer. 

Primary outcomes 

To assess the combined endpoint, “activPAL4™ micro” accelerometers (PAL Technologies 

Ltd., Glasgow, Scotland) attached to participants’ central front thigh measured daily PA for 

seven days (7 times 24 hours). Reliability and validity of the device have been established 

[21]. Data were used if at least two weekdays and the Sunday were fully captured [22]. With 

walking activity being denominated as the most hazardous PA in terms of fall risk [23, 24], PA 

was operationalised as mean steps/day and used as offset variable, that is, steps/day were 

introduced as denominator of exposure variable used for the analysis. 

Falls were defined as “unexpected event in which the participant comes to rest on the ground, 

floor, or lower level” [25]. To collect data on falls in the past 12 months before baseline, falls 

were recorded using a retrospective question; at  follow-up, information on falls (location, 

date, time, injuries, subsequent treatment, and fall circumstances) was collected using 

monthly fall calendars and followed-up via telephone calls [26]. 

For the cost-effectiveness analysis, three different effect measures (quality-adjusted life years 

[QALYs], PA, and falls) as well as intervention and resource utilization costs from a societal 

and healthcare payer’s perspective were considered.  

QALYs were calculated based on the EQ-5D-5L [27]. Participants rated their health on 5 

dimensions (mobility, self-care, usual activities, pain/discomfort, anxiety/depression) on a 
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scale from “no problems” (1) to “extreme problems” (5). The obtained EQ-5D health states 

were transformed to an index based on the German general population value set [28] (0 

representing death and 1 representing perfect health). For the calculation of QALYs over 12 

months, the index scores at T0, T1 and T2 were linearly interpolated. 

Intervention costs for gLiFE and LiFE were calculated based on personnel and material costs, 

travel expenses, and room rent (described in detail elsewhere [15]).  

Data on resource utilization was collected with an adapted version of the questionnaire for 

the use of medical and non-medical services in old age (FIMA), which covers outpatient and 

inpatient services and formal and informal care [29]. Resource use was monetary valued in 

Euro (€) based on standardized unit costs [30] and inflated to the year 2018 according to the 

consumer price index [31]. For the payer’s perspective, informal care costs and participants’ 

travel expenses associated with gLiFE sessions were excluded. Furthermore, data on 

medication use was collected and monetary valued based on the pharmacy retail price of the 

German official pharmaceutical index [32]. Indirect costs (e.g., absenteeism or productivity 

loss) were not considered since participants were no active labor market participants 

anymore. Given the 12-month time horizon, costs were not discounted. 

Secondary outcomes 

Mean steps/day were used to compare PA trajectories between groups. Fall outcomes were 

number of falls in the past year, fall rate per person year, number of fallers, and number of 

frequent fallers (>1 fall in the past year).  

Participant characteristics 

Participant characteristics included age, sex, body-mass index, number of medications, 

number of comorbidities, and cognitive status (Montreal Cognitive Assessment) [33]. 

Sample size and non-inferiority margin 

Sample size for the non-inferiority analysis was calculated based on 12-month data from the 

LiFE trial [12]; further information on this calculation and the non-inferiority margin (∆ of 

20%) is provided in the study protocol [13]. 

Statistical analyses 

Analyses were carried out according to the intention-to-treat principle (ITT); all randomized 

participants were included. As a robustness check, primary analyses were additionally 

performed for a per protocol sample (n=280) of participants who attended ≥5 training 
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sessions. The overall percentage of missing values across different variables varied between 

0% (e.g., baseline variables) and 24% (some T2 variables). Missing data was imputed using 

multiple imputation by chained equations (MICE) with predictive mean matching [34]. In 

total, 10 datasets were created based on data from T0, T1, and T2 assessments. 

Negative binomial regression was used to compare IRRs of falls between gLiFE and LiFE 

participants. For the combined endpoint, mean steps/day were log-transformed and used as 

exposure variable (offset) in the regression model. In this way, observations (number of falls) 

were modified from a count into a rate (per steps/day). Non-inferiority was determined if the 

upper limit of the two-sided 95% confidence interval (CI) for gLiFE remains below the 

predefined non-inferiority margin (upper CI of IRR <1.20). CIs for comparing changes 

between T0 and T2 in PA (steps/day) were calculated with a generalized linear model with 

repeated measures.  

Cost-effectiveness analysis 

Differences in costs and effects (QALYs, PA, falls) between gLiFE and LiFE over the 12-month 

observation period were calculated using linear regression models adjusted for age, sex, 

number of comorbidities, self-reported problems of being physically active due to the COVID-

19 pandemic (yes/no), and the respective baseline costs, EQ-5D, PA, or falls. For all effect 

measures, unadjusted incremental cost-effectiveness ratios (ICER) from a societal and payer’s 

perspective were calculated as the ratio of incremental mean costs and incremental mean 

effects between gLiFE and LiFE. To account for uncertainty around the ICER and to determine 

the probability of cost-effectiveness at different WTP levels, cost-effectiveness acceptability 

curves (CEAC) were constructed based on the net benefit approach [35], performing a series 

of linear regression models adjusted for the covariates mentioned above. Bootstrapped 

standard errors (1,000 replications) were calculated to account for skewed distributions. 

Analyses were performed using SPSS (Version 27.0. Armonk, NY: IBM Corp) and STATA/SE 

16.0 (StataCorp. 2019. Release 16. College Station, TX: StataCorp LLC). 

 

Results 

Participant flow and baseline characteristics 

309 persons were randomized from June 2018 to July 2019 into gLiFE (n=153) and LiFE 

(n=156); 15 persons dropped out before the intervention started. At T2, 61 participants 
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(19.7%) were lost to follow-up, n=29 in gLiFE (19.0%) and n=32 in LiFE (20.5%) (see Figure 

1). Of the envisaged sensor-based 7-day PA measurement, at least 6 full days were completed 

by 99.0% of the participants at T0 and 96.6% at T2 (of those who attended). The mean 

observation duration until the first missing calendar was 321 days (SE=5.2) of 360 possible 

days. 62% of the participants had completed all calendars until end of the study, 80% had 330 

days or more. Similarity of groups at T0 indicates successful randomization (Table 1); no 

significant differences were observed (data not shown). The majority was female, cognitively 

intact, moderately active, had mediocre motor function, and rather low fear of falling. No 

study-associated serious adverse events were reported. 

Table 1 Participant characteristics at baseline according to ITT analyses 

N (mean ± SE) 

All 

N=309 

LiFE 

N=156 

gLiFE 

N=153 

Age, years 78.7 ± 0.3 78.8 ± 0.4 78.7 ± 0.4 

Sex, n (%) female 227 (73.5) 115 (73.7) 112 (73.2) 

BMI [kg/m²] 27.2 ± 0.3 27.7 ± 0.4 26.8 ± 0.4 

No. of medications 4.9 ± 0.2 5.0 ± 0.3 4.8 ± 0.3 

No. of comorbidities 2.5 ± 0.1 2.5 ± 0.1  2.5 ± 0.1 

EQ-5D index 0.84 ± 0.01 0.83 ± 0.01 0.85 ± 0.01 

MoCA Score 26.0 ± 0.1 26.1 ± 0.2 25.9 ± 0.2 

No. of steps/day 5,675 ± 173 5,795 ± 245 5,538 ± 2,828 

No. of falls p.p. in past 12 months* 0.94 ± 1.1 1.01 ± 1.2 0.87 ± 1.1 

Fallers in past 12 months, n (%) 157 (50.8) 79 (50.6) 78 (51.0) 

LLFDI Function 57.3 ± 0.5 57.4 ± 0.6 57.3 ± 0.6 

LLFDI Frequency 49.4 ± 0.2 49.3 ± 0.3  49.5 ± 0.4 

LLFDI Disability 70.7 ± 0.7 71.7 ± 1.0 69.6 ± 0.9 

Gait speed comfortable [m/s] 1.03 ± 0.0 1.03 ± 0.0 1.03 ± 0.0 

Gait speed fast [m/s] 1.40 ± 0.0 1.37 ± 0.0 1.43 ± 0.0 

30 sec Chair Stand 9.1 ± 0.2 9.2 ± 0.3 9.0 ± 0.3 

8 Level Balance Scale 4.3 ± 0.8 4.2 ± 0.1 4.4 ± 0.1 

Short FES-I 10.4 ± 0.2 10.4 ± 0.2 10.3 ± 0.2 

ABC Scale 75.2 ± 1.0 75.0 ± 1.4 75.5 ± 1.4 

Note. *: SD displayed; ABC Scale: Activities-specific Balance Confidence Scale; BMI: body mass index; CI: confidence 

interval; EQ-5D: health-related quality of life instrument; FES-I: Falls Efficacy Scale International; LLFDI: Late Life 

Function and Disability Instrument; max: maximal; MoCA: Montreal Cognitive Assessment; No.: Number; p.p.: per 

person; SD: standard deviation; SE: standard error; TUG: Timed Up-and-Go 
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Figure 1 Participant flow. FU6: 6-month follow-up; FU12: 12-month follow-up; ITT: intention-to-treat; MoCA: Montreal 
Cog-nitive Assessment; TUG: Timed Up-and-Go;  
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Non-inferiority of PA-adjusted fall incidence 

Intention-to-treat non-inferiority between gLiFE and LiFE was inconclusive. IRR indicates an 

insignificant, 4% lower PA-adjusted risk of falling for gLiFE participants, with the upper CI 

crossing the non-inferiority margin (IRR 0.96; 95% CI 0.67; 1.37) (Figure 2). The additional 

per protocol analysis (IRR 0.98; 95% CI 0.67; 1.32) confirmed ITT results. 

 

Figure 2 Observed treatment differences between LiFE (reference) and gLiFE in incidence rate ratio (IRR) of PA-adjusted 
risk of falling according to intention-to-treat and per protocol analysis at 12-month follow-up; non-inferiority ∆ set to 20% 

Costs, effects, and cost-effectiveness of gLiFE vs. LiFE 

gLiFE had non-significantly higher unadjusted mean costs from a societal (+€1,094, 

SE=€1,184) and payer’s perspective (+€513, SE=€798) (Table 2). Regarding the unadjusted 

effects, gLiFE resulted in non-significantly lower QALYs (-0.02, SE=0.02) and thus in negative 

ICERs (less effective, more costly), indicating that gLiFE was dominated by LiFE. Conversely, 

gLiFE participants had a non-significantly higher number of steps/day (+281, SE=449), and a 

lower number of falls (-0.03, SE=0.13). From a societal perspective, the ICERs were €3,895 

per additional 1,000 steps/day and €39,420 per fall prevented (€1,828 and €18,503 from a 

payer’s perspective). Adjusted cost and effect differences remained non-significant.  

The CEACs (Figure 3A-C) indicated that cost-effectiveness of gLiFE versus LiFE was unlikely 

(QALY) or uncertain (falls and PA), independent of the WTP and cost perspective. In the per 

protocol analyses (Supplementary Table S1 & Figure S1), the probabilities of gLiFE being cost-

effective compared to LiFE were slightly higher than in the ITT analyses, but remained below 

95%. 

 

∆ 
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Table 2 Costs and effects after 12 months  

Category gLiFE LiFE Difference, 

unadjusted 

Difference, 

adjustedb 

Mean ± SE Mean ± SE Mean ± SE Mean ± SE 

Costsa     

Outpatient services 882.1 ± 51.0 838.8 ± 55.8 43.3 ± 75.6 52.6 ± 65.6 

Inpatient services 2,664.6 ± 583.1 2,491.3 ± 488.9 173.2 ± 675.8 226.3 ± 647.9 

Informal & formal services 2,854.7 ± 614.0 2,067.5 ± 461.7 787.2 ± 736.3 611.5 ± 638.8 

Formal services 366.4 ± 188.0 141.5 ± 57.1 224.9 ± 197.2 165.3 ± 158.8 

Medication 1,107.6 ± 168.3 896.6 ± 72.6 211.0 ± 179.7 101.8 ± 91.9 

Intervention (SP) 228.9 350.1 -121.2  

Intervention (PP) 211.0 350.1 -139.1  

Total costs (SP) 7,737.9 ± 994.1 6,644.4 ± 791.1 1,093.5 ± 1,183.8 1,099.1 ± 1,050.5 

Total costs (PP)c 5,231.7 ± 688.9 4,718.4 ± 552.4 513.3 ± 798.2 591.4 ± 752.5 

Effects     

QALY 0.820 ± 0.012 0.841 ± 0.010 -0.022 ± 0.015 -0.011 ± 0.011 

Steps/day 6,644 ± 364 6,363 ± 290 281 ± 449 493 ± 413 

Number of fallsd 0.69 ± 0.09 0.72 ± 0.09 -0.03 ± 0.13 -0.03 ± 0.13 

Note. SE: standard error, PP: payer’s perspective, SP: societal perspective, QALY: quality-adjusted life years; Informal 

services include help from family/friends/neighbors; formal services include mobile home care services, payed 

domestic help, daycare, and inpatient care. 
a Costs are based on 2018 Euros (€). 
b Adjusted for age, sex, number of comorbidities (diabetes type 1 and 2, hypertension, acute cardiovascular disease, 

cardiac defect, cardiac arrhythmias, arthrosis, rheumatoid arthritis, cancer [not on active treatment], asthma or 

chronic obstructive pulmonary disease [Gold class < III], osteoporosis, depression, history of heart attacks or stroke), 

problems being physically active related to the COVID-19 pandemic, and the respective baseline costs, EQ-5D index, 

PA, or falls. 

c excluded cost categories: informal care and travel costs for participants 
d over 12 months observation period 
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Figure 3 Cost-effectiveness acceptability curves from a societal and payer’s cost perspective; probability of cost-
effectiveness for gLiFE compared to LiFE for different willingness to pay (WTP) values per (A) quality-adjusted life years 
(QALY) gained, (B) 1,000 additional steps/day, or (C) fall prevented 

Secondary analyses: physical activity 

gLiFE participants increased their steps/day from 5,554 (SE=243) to 6,644 (SE=366), 

meaning a significant increase of 1,090 steps (95% CI 345; 1,835). In LiFE, the increase in 
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steps/day from 5,795 (SE=245) to 6,363 (SE=293) was not significant (+569, 95% CI -31; 

1,168), as was the difference between changes in both formats (+521, 95% CI -348; 1,391).  

Secondary analyses: falls 

According to ITT analyses, 291 falls in the past year were recorded at T0, 158 in LiFE and 133 

in gLiFE; at T2, there were 218 falls (LiFE: 112; gLiFE: 106). At T0, 45 persons fell more than 

once in LiFE and 31 in gLiFE; at T2, these numbers were lower (LiFE: 26; gLiFE: 27). Overall, 

there were 79 fallers in LiFE and 78 in gLiFE at T0 and 64 fallers in both groups at T2. At T0, 

the incidence of falls per person year was 1.01 (95% CI 0.82; 1.01) in LiFE and 0.87 (95% CI 

0.70; 1.04) in gLiFE; at T2, the incidence was reduced to 0.72 (95% CI 0.54; 0.89) in LiFE and 

0.69 (95% CI 0.52; 0.85) in gLiFE. The median time to the first fall was identical in both groups 

(360 days). Comparing the number of falls per person year at T0 and T2, the incidence 

decreased about 21% (0.87 to 0.69) in gLiFE and 29% in LiFE (1.01 to 0.72). 

 

Discussion 

In the present study, we analyzed whether gLiFE was non-inferior to the original LiFE 

program in terms of PA-adjusted fall incidence and examined cost-effectiveness of gLiFE 

versus LiFE at 12-month follow-up. We found that non-inferiority by definition [17] remained 

inconclusive. One main reason for this finding is the rather wide confidence interval in the 

primary outcome; the upper confidence interval clearly crossed the non-inferiority margin. 

As both formats were designed in a similar way, the reason for inconclusiveness can be 

related to characteristics inherent in the different forms of delivery (group vs. one-to-one). 

For example, LiFE participants were visited by a trainer who accompanied implementation at 

home as opposed to gLiFE participants who had to implement LiFE activities at home on their 

own. This also led to a higher attendance rate on the side of the LiFE participants [15]. In line 

with this finding, it was shown that LiFE participants perceived the execution of the LiFE 

activities as slightly easier than gLiFE participants, despite both groups carrying out the same 

amount of LiFE activities [36, 37]. On the other hand, being without trainer support at home 

from the start may have led to more independence in gLiFE participants. 

Looking at PA trajectories, the large enhancement of gLiFE participants’ steps/day of >1,000 

can be seen as a meaningful increase that was kept up in the long term, indicating the potential 

of gLiFE in terms of sustainable PA promotion. In LiFE, the rise of more than 500 steps per 

day was about half of that in gLiFE, but still meant an improvement of about 10%. Through 
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these improvements, the magnitude of the mean steps/day exceeded 6,000 steps in both 

groups – a threshold that has just recently been found to be associated with lower risk of 

mortality in persons >60 years [38], which consolidates the value of the LiFE program in this 

regard. 

Falls were reduced in both formats, which corresponds with findings of the Australian LiFE 

trial [12]. However, in the present sample, fall incidence was less than half compared to the 

Australian sample, indicating a much lower fall risk. Still, the intervention was able to reduce 

number of falls, highlighting its potential across various populations (Australia vs. Germany) 

and different fall risk magnitudes (higher vs. lower risk). 

In clinical practice, our findings point out that the LiFE program is a safe means to increase 

PA in older persons at risk of falling, and that higher PA levels are sustained for at least half a 

year beyond the cessation of program delivery. Hence, especially persons at risk of further 

functional decline and experiencing detrimental effects of sedentary behavior can benefit 

from executing the LiFE program in the mid-term. Further research is required to establish 

whether this can be upheld in the long-term, that is, over a year and longer. In addition, PA 

trajectories of LiFE participants should be compared to controls in order to evaluate the “true” 

PA enhancement induced by LiFE. Aspects related to higher PA effects and adherence in gLiFE 

could be inherent within the group format. Participants’ motivation could have been 

enhanced by social comparison, identification of role models, and peer-to-peer support, as 

was shown in a previous qualitative focus group study with participants from both formats 

[37]. 

From an economic point of view, it was expected that resource use would not differ between 

formats, but that gLiFE, overall, would be less costly due to the lower intervention costs and 

thus would also be cost-effective compared to LiFE. Intervention costs were indeed lower for 

gLiFE (€229 vs. €350), but were offset by higher resource utilization costs. The sample size 

and the short time horizon may inhibit drawing robust conclusions about the differences in 

resource utilization costs, which were at no point significant. Especially the increase in PA is 

probably not reflected in resource use in this study since healthcare costs attributable to PA 

are predominantly associated with treating long-term consequences such as ischemic heart 

disease, cancer, or type 2 diabetes [8]. Thus, the effects of increasing PA on the cost side may 

only be observed over a longer time horizon and should be examined in future studies. These 

long-term cost-savings from increasing PA by a certain level could also inform decision 
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makers about what level of investment is justifiable for increasing PA by, e.g., 1,000 additional 

steps/day. 

Limitations 

IRR confidence intervals were wider than expected. This could be related to the present study 

sample being too fit or having had fewer falls, which may have been due to the rather inclusive 

approach in terms of performance-based estimation of fall risk by using a TUG cut-off of 12 

seconds as opposed to higher values (e.g., 13 seconds) [39].. Another weakness was that 

baseline number of falls was collected retrospectively and thus with lower psychometric 

quality than the “prospective” calendar-based falls assessment at follow-up. 

The T2 assessment was interrupted by the onset of the COVID-19 pandemic; N=70 

participants completed their assessments parallel to COVID-19 regulations being in effect, 

and some of them with a delay of up to two months, which might have impacted study results. 

However, most of the observation period and the complete intervention itself were unaffected 

and no relevant influence of the pandemic on the main variables of interest in this study (PA, 

number falls, QALY, or costs) was observed; no bias between groups was detected. 

Conclusions 

This study extends current findings on ways of delivering effective interventions to prevent 

falls. Although non-inferiority of gLiFE compared to LiFE remained inconclusive, a reduction 

in absolute number of falls was observed and increases in walking activity were clinically 

relevant and sustainable beyond intervention end in both groups. Despite lower intervention 

costs of gLiFE, no program version was clearly superior in terms of cost-effectiveness. 
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Appendix 

Table S 1 Costsa and effects after 12 months of community-dwelling older people at risk of falling participating in the LiFE-
is-LiFE trial (per protocol sample, N=280) 

Category gLiFE LiFE Difference,  

unadjusted 

Difference, 

adjustedb 

Mean (SE) Mean (SE) Mean (SE) Mean (SE) 

Outpatient services 812.7 (46.0) 788.3 (48.6) 24.4 (65.1) 28.6 (58.7) 

Inpatient services 1,933.5 (414.5) 2,241.0 (503.7) -307.5 (623.1) -266.0 

(572.2) 

Informal and formal services 2,446.4 (578.7) 1,757.0 (454.5) 689.4 (722.3) 574.7 (608.0) 

formal services 328.1 (202.6) 107.3 (51.5) 220.8 (210.0) 161.8 (167.0) 

Medication 988.5 (163.1) 878.8 (71.3) 109.7 (177.1) 79.4 (90.9) 

Intervention – societal 

perspective 

228.9 350.1 -121.2 - 121.17 

Intervention – payer’s persp. 211.0 350.1 -139.1 - 139.09 

Total costs – societal persp. 6,410.1 (770.8) 6,015.3 (761.7) 394.9 (1,044.6) 458.0 (943.0) 

Total costs – payer’s persp.c 4,273.8 (520.3) 4,365.5 (545.0) -91.7 (725.0) -19.3 (660.2) 

QALY 0.827 (0.012) 0.843 (0.010) -0.016 (0.015) -0.008 

(0.011) 

Steps/day 6,624 (332) 6,297 (286) 327 (453) 617 (428) 

Number of fallsd 0.71 (0.09) 0.72 (0.09) -0.002 (0.13) -0.01 (0.13) 

Note: SE = standard error, persp. = perspective, QALY = quality-adjusted life years. 

a Costs are based on 2018 Euros (€). 

b Adjusted for age, sex, number of comorbidities, problems being physically active related to the COVID-19 
pandemic, and the respective baseline costs or effects. 

c excluded cost categories: informal care and travel costs for participants 

d over 12 months observation period 
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Figure S 2 Cost-effectiveness acceptability curves from a societal and payer’s cost perspective; probability of cost-
effectiveness for gLiFE compared to LiFE for different willingness to pay (WTP) values per (A) quality-adjusted life years 
(QALY) gained, (B) 1,000 additional steps/day, or (C) fall prevented; community-dwelling older people at risk of falling 
participating in the LiFE-is-LiFE trial (per protocol sample). 
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Abstract
Background Perceived benefits of intervention programs from a participant perspective can be examined by 
assessing their willingness to pay (WTP). Aiming to support decision-makers in their decision to implement a fall 
prevention program, this study examined (1) the WTP for a group-based and an individually delivered fall prevention 
program, (2) which factors influence WTP, and (3) whether the WTP exceeds the intervention costs.

Methods WTP was elicited using Payment Cards from 237 individuals who participated in a randomized non-
inferiority trial (LiFE-is-LiFE) comparing a group version of the Lifestyle-integrated Functional Exercise program (gLiFE) 
with the individually delivered version (LiFE). Linear regression models were used to examine factors associated with 
WTP. The net benefit for (g)LiFE was calculated as the difference between WTP and intervention costs, assuming 
different scenarios of intervention costs (varying group sizes of gLiFE) and hypothetical subsidy levels by a payer (€0, 
€50, or €75).

Results The mean WTP was €196 (95% CI [172, 221]) for gLiFE and €228 (95% CI [204, 251]) for LiFE. In the linear 
regression model, WTP was significantly associated with delivery format (−€32, 95% CI [− 65, − 0.2], for gLiFE) and net 
household income (+ 68€, 95% CI [23, 113], for ≥€3000 compared to <€2000). The net benefit for gLiFE was positive 
in most cases. Due to higher intervention costs of LiFE compared to gLiFE (€298 vs. €113), the net benefit for LiFE was 
negative for the majority of the sample, even at a subsidy of €75.

Conclusion The results provide insight into how valuable the interventions are perceived by the participants and 
thereby may be used by decision-makers as complement to cost-effectiveness analyses. WTP for both programs was 
generally high, probably indicating that participants perceived the intervention as quite valuable. However, further 
research is needed on the WTP and net benefit of fall prevention programs, as results relied on the specific context of 
the LiFE-is-LiFE trial.
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Introduction
In the context of demographic change, the development 
of effective intervention programs to promote health into 
old age has become a priority in societies with an increas-
ing population of older people. Besides clinical effective-
ness, the (widespread) implementation of a program also 
depends on available resources, on whether the benefits 
of the program outweigh the costs associated with the 
implementation, and on who bears the costs of the pro-
gram. Depending on the perspective, different benefits 
and costs are of relevance when deciding in favor of or 
against the implementation of a program. In economic 
analyses of healthcare programs, a societal or payer’s 
perspective is frequently adopted, assuming that inter-
vention costs are (at least partly) covered by the state or 
a health insurer [1]. However, health and well-being are 
also perceived as individual responsibility and hence can 
be seen as a good that people are willing to invest into. 
According to welfare economic theory, the benefits of a 
good or service are reflected in the form of willingness to 
pay (WTP) – the maximum amount of money an indi-
vidual is willing to give up for the good or service. Thus, 
WTP is a concept that can be used to assign a monetary 
value to a good. Thereby, WTP goes beyond health and, 
unlike, for example, quality-adjusted life years (QALYs), 
which are frequently being used as effect measure in 
economic evaluations, does not restrict participants to 
express their preferences on pre-specified dimensions [2, 
3]. Knowing the strength of a preference, aka how much 
people would be willing to pay, could also be relevant 
from a payer’s perspective who may opt for a cost subsidy 
rather than full coverage of an intervention.

WTP for healthcare interventions is frequently cap-
tured using stated preference methods, which can be 
classified into direct (e.g., payment cards) and indi-
rect (e.g., discrete choice experiments) methods [4]. In 
indirect methods, individuals are typically presented 
with several intervention options that differ in, e.g., the 
intervention characteristics, expected effects, and price. 
Participants are then asked to choose their preferred 
intervention option. In direct methods, on the other 
hand, individuals’ WTP is determined by directly ask-
ing how much individuals would be willing to pay for an 
intervention. When collecting WTP data from partici-
pants of a clinical trial after completing the intervention, 
the stated WTP is assumed to reflect their individual 
perception of benefits, which may go beyond clinically 
visible effects such as improved physical performance or 
QALYs.

In Germany, the promotion of healthy ageing has been 
defined as national health goal [5]. Expanding measures 
to prevent falls is defined as sub goal since falls have a 
high prevalence with around one third of the popula-
tion aged 65 years and older experiencing a fall at least 
once per year [6–8]. Falls can lead to injuries (e.g., hip 
fractures) which have serious consequences on health, 
quality of life and the healthcare budget [9]. Effective 
fall prevention programs could therefore be of high rel-
evance for the promotion of healthy ageing and reducing 
the economic burden of falls. The LiFE-is-LiFE project 
compared a group-delivered version of the Lifestyle-
integrated Functional Exercise program (gLiFE) with the 
original, individually delivered version (LiFE) [10]. Both 
programs consist of strength and balance activities that 
are integrated into everyday routines. In both programs, 
falls were reduced and physical activity was improved, 
while gLiFE was less costly in terms of intervention 
costs [11, 12]. Moreover, a content evaluation showed 
that both program versions were similar in terms of per-
ceived safety, intensity of the exercises, integrability, and 
acceptance [13]. To our knowledge, no study has assessed 
how much participants are willing to pay for an exercise 
program aiming to maintain physical function and activ-
ity and reduce the risk of falling. When it comes to indi-
vidual preferences and perceived benefits beyond clinical 
effectiveness, one could assume that the WTP of such a 
program differs by mode of administration. For example, 
gLiFE may be perceived as more valuable since it involves 
a social component (e.g., increased motivation through 
peer support) or, on the other hand, LiFE might be pre-
ferred as the individual training in the participant’s home 
may be perceived as an advantage for implementing the 
LiFE activities into daily routines [13, 14].

Therefore, the aim of the current study was to explore 
WTP for gLiFE and LiFE, to examine factors influencing 
WTP, and to examine whether the perceived benefits – 
operationalized as WTP – exceed the costs associated 
with conducting the intervention(s).

Methods
Study design and sample
Data was taken from the LiFE-is-LiFE study (regis-
tered on 12/03/2018 under clinicaltrials.gov, iden-
tifier: NCT03462654), a multi-center, two armed, 
single-blinded, randomized non-inferiority trial, includ-
ing community-dwelling, German-speaking people 
aged ≥ 70 years at risk of falling, who were able to ambu-
late 200 m without personal assistance [10]. Participants 
were randomized to either LiFE or gLiFE. Data was 

Keywords Willingness to pay, Patient preferences, Participant perspective, Contingent valuation method, Fall 
prevention, Physical activity promotion
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obtained at three time points (baseline, 6 months, and 12 
months). WTP was assessed at 12 months.

Interventions and intervention costs
LiFE consisted of seven home visits (≈ 1 h) where a trainer 
presented activities for balance, strength, and general 
physical activity, adapting the performance and uptake of 
the activities to the needs of the participants. The trainer 
gave instructions on how to independently execute these 
activities and helped in implementing these activities in 
an individual participant’s daily routine. In gLiFE, the 
program was taught by two trainers in seven sessions 
(≈ 2 h) to groups of 8 to 12 participants. The intervention 
sessions followed a detailed curriculum as trainers were 
not able to adapt flexibly to each individual’s preferences. 
In both intervention arms, the participants received 2 
additional ‘booster phone calls’ 4 and 10 weeks after the 
last intervention session. A detailed description of the 
interventions (including a TIDieR checklist) can be found 
in the study protocol [10]. The development of the con-
ceptual gLiFE framework and a content analysis as well 
as a qualitative analysis of the acceptance of the two pro-
gram versions were published separately [13–15].

Intervention costs for gLiFE and LiFE which incurred 
for the training sessions and booster phone calls were cal-
culated as costs per participant based on personnel and 
material costs and travel expenses, assuming group sizes 
of 12 (scenario 1, base case), 10 (scenario 2), or 8 partici-
pants (scenario 3) in gLiFE. Assumptions underlying the 
calculation of different scenarios are presented in Table 
A1 (Additional file 1). For each scenario, the amount of 
costs from the participant perspective was derived by 
subtracting different hypothetical levels of subsidy (e.g., 
by a health insurer) of €0, €50, and €75.

Willingness to pay
Participants’ WTP was elicited using Payment Cards, 
which are commonly used for assessing WTP for health-
care interventions [16]. Using response categories from 
€0, €5, €10, €20 to ‘more than €100’, participants receiv-
ing LiFE or gLiFE were asked about the amount of money 
they would surely be willing to pay as well as the amount 
they would definitely not be willing to pay for one train-
ing session of the respective program. The WTP for one 
training session was determined as the mean between 
these two values, which was then multiplied by the num-
ber of training sessions to obtain the total WTP for the 
intervention.

Explanatory variables
The following sample characteristics were considered 
in the analyses: intervention group (gLiFE/LiFE), age, 
sex, marital status, net household income, health insur-
ance status (statutory vs. private), number of chronic 

conditions, healthcare costs, baseline fall status (non-
faller vs. faller in the previous 6 months), motivation to 
exercise, satisfaction with the program, and training fre-
quency (number of LiFE activities performed per week) 
at 12-month follow-up.

For the calculation of healthcare costs, costs from inpa-
tient and outpatient service utilization, as well as medica-
tion and formal care use in the previous 6 months before 
the baseline assessment were considered. Resource utili-
zation was monetarily valued in Euro (€) based on stan-
dardized unit costs [17] and inflated to the year 2018 [18].

Motivation to exercise was measured based on the 
autonomous motivation score of the Behavioral Regu-
lation in Exercise Questionnaire (BREQ-3) [19], rang-
ing from 0 to 4, with higher scores indicating higher 
motivation.

Satisfaction with the program was measured on a 
5-point Likert scale (higher scores indicate higher sat-
isfaction) and by a German school grade system using 
response categories from 1 (best grade) to 6 (worst 
grade).

Statistical analysis
The WTP was descriptively analyzed for persons with 
different sample characteristics for the total sample as 
well as for gLiFE and LiFE separately. Potential determi-
nants of WTP were examined by linear regression mod-
els including the group variable (gLiFE/LiFE), sex, age, 
income, number of chronic conditions, healthcare costs, 
and motivation to exercise as independent variables. The 
mean net benefit from the participant perspective was 
calculated for different intervention scenarios (varying 
group sizes in gLiFE) and levels of subsidy by subtract-
ing intervention costs from the WTP. The incremental 
net benefit of gLiFE over LiFE was determined by linear 
regression models adjusted for the potential determi-
nants mentioned above.

Skewness of data was taken into account using a boot-
strapped sample with n = 1,000 replicates. All analyses 
were conducted using STATA/SE 16.0 [StataCorp. 2019. 
Stata Statistical Software: Release 16. College Station, 
TX: StataCorp LLC]. The significance level was set to 
0.05.

Results
Sample characteristics
Sample characteristics are displayed in Table 1. Two hun-
dred and thirty seven participants of the LiFE-is-LiFE 
trial completed the payment card at 12-month follow-up. 
Of those, the majority were female (74%), had an inter-
mediate or high education (67%), were married/living in 
a partnership (45%) or widowed (37%), and insured by 
statutory health insurance (74%). The mean age was 79 
years and 41% had fallen at least once in the previous 6 
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months before the baseline assessment. On average, par-
ticipants performed 53 LiFE activities per week and were 
overall satisfied with the program (mean satisfaction = 4.7 
[maximum 5]; mean “school grade” = 1.6). Sample char-
acteristics were similar for gLiFE and LiFE and between 
drop-outs and completers (results not shown).

Willingness to pay
The mean WTP stratified by groups of sample character-
istics is displayed in Table  2. In the total sample, gLiFE 
participants had a lower mean WTP than LiFE partici-
pants (€196, 95% CI [172, 221] vs. €228, 95% CI [204, 
251]) and participants with an income of €2000 to <€3000 
or ≥€3000 had a higher mean WTP than those with an 
income of €500 to <€2000 (€218, 95% CI [187, 248] 

/ €250, 95% CI [215, 284] vs. €175, 95% CI [152, 199]). 
Moreover, WTP was higher in males (€245, 95% CI [207, 
283] vs. €201, 95% CI [183, 219], privately insured par-
ticipants (€249, 95% CI [213, 285] vs. €200, 95% CI [181, 
218]), those with higher healthcare costs (tertile 3: €235 
95% CI [202, 268]; tertile 1: €185, 95% CI [156, 215]), and 
those with lower motivation to exercise (score ≤ 3: €238, 
95% CI [210, 265]; score > 3: €190, 95% CI [169, 210]).

In the linear regression model identifying the deter-
minants of WTP (Table 3), gLiFE was associated with a 
significantly lower WTP (−€32, 95% CI [− 65, − 0.2]) com-
pared to LiFE. Among the other potential determinants 
in the model, only income was significantly associated 
with WTP, with the highest income group having a €68 

Table 1 Sample characteristics
Total (n = 237) gLiFE (n = 117) LiFE (n = 120)

Female n (%) 176 (74.26) 87 (74.36) 89 (74.17)

Age mean (SE) 78.66 (0.36) 78.52 (0.52) 78.80 (0.49)

Educational degree1 n (%)

low 71 (29.96) 33 (28.21) 38 (31.67)

intermediate 67 (28.27) 31 (26.50) 36 (30.00)

high 93 (39.24) 48 (41.03) 45 (37.50)

other/no degree 6 (2.53) 5 (4.27) 1 (0.83)

Marital status n (%)

married/living in a partnership 107 (45.15) 57 (48.72) 50 (41.67)

widowed 87 (36.71) 38 (32.48) 49 (40.83)

divorced 28 (11.81) 17 (14.53) 11 (9.17)

permanently living separated 3 (1.27) 1 (0.85) 2 (1.67)

single 12 (5.06) 4 (3.42) 8 (6.67)

Net household income n (%)

€500 to <€750 5 (1.98) 2 (2.14) 2 (1.83)

€750 to <€1000 5 (2.24) 2 (1.79) 3 (2.67)

€1000 to <€1500 27 (11.27) 15 (12.65) 12 (9.92)

€1500 to <€2000 52 (22.03) 22 (18.89) 30 (25.08)

€2000 to <€3000 70 (29.45) 33 (28.55) 36 (30.33)

€3000 to <€5000 58 (24.51) 32 (27.01) 26 (22.08)

€5000+ 20 (8.52) 11 (8.97) 10 (8.08)

Health insurance status n (%)

statutory 175 (73.84) 82 (70.09) 93 (77.50)

private 62 (26.16) 35 (29.91) 27 (22.50)

Number of chronic conditions mean (SE) 2.44 (0.10) 2.43 (0.14) 2.45 (0.13)

Healthcare costs in € mean (SE) 1585.60 (171.03) 1375.36 (179.37) 1790.57 (288.57)

Prevalence of fallers n (%) 98 (41.35) 52 (44.44) 46 (38.33)

Number of falls among fallers mean (SE) 1.65 (0.13) 1.62 (0.20) 1.70 (0.18)

Motivation to exercise (range 0–4)2,3 mean (SE) 2.96 (0.05) 3.00 (0.07) 2.92 (0.08)

Satisfaction with the program (max. = 5)2 mean (SE) 4.69 (0.06) 4.61 (0.08) 4.77 (0.08)

“School grade"4 mean (SE) 1.60 (0.04) 1.62 (0.06) 1.58 (0.05)

Training frequency5 mean (SE) 53.46 (1.50) 53.20 (2.26) 53.71 (2.00)
1 low (9 years of school education), intermediate (10 years of school education), high (qualifies to enter university)
2 higher scores indicate higher motivation/satisfaction
3 BREQ-3 autonomous motivation score at FU12
4 „school grade“: 1 (A) =“sehr gut“, 2 (B) = “gut“, 3 (C) =“befriedigend“, 4 (D) = “ausreichend“, 5 (E) = „mangelhaft“, 6 (F)= „ungenügend“
5 training frequency = number of LiFE activities performed per week
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Table 2 Older adults’ willingness to pay (€) for the gLiFE/LiFE intervention by sample characteristics
Total (n = 237) gLiFE (n = 117) LiFE (n = 120)
Mean (95% CI) Mean (95% CI) Mean (95% CI)

Group
gLiFE 196 (172, 221)

LiFE 228 (204, 251)

Age
< 80 219 (198, 241) 208 (175, 241) 230 (200, 259)

80+ 202 (176, 228) 180 (143, 217) 225 (188, 262)

Sex
Male 245 (207, 283) 226 (171, 280) 264 (211, 316)

female 201 (183, 219) 186 (160, 213) 216 (191, 240)

Marital status
married/living in partnership 224 (197, 251) 211 (172, 250) 238 (197, 280)

widowed 197 (172, 222) 161 (131, 191) 225 (188, 262)

divorced 231 (181, 280) 248 (172, 325) 204 (171, 236)

permanently living separated 257 (165, 349) 175 (175, 175) 298 (218, 377)

single 169 (108, 231) 109 (43, 176) 199 (112, 286)

Net household income
€500 to <€2000 175 (152, 199) 160 (124, 196) 189 (159, 219)

€2000 to <€3000 218 (187, 248) 203 (162, 245) 231 (189, 273)

€3000+ 250 (215, 284) 227 (181, 273) 276 (226, 326)

Health insurance status
statutory 200 (181, 218) 184 (156, 212) 213 (189, 238)

private 249 (213, 285) 226 (178, 273) 279 (224, 333)

Number of chronic conditions
0–2 (ref.) 212 (190, 235) 194 (162, 226) 233 (202, 263)

3 195 (154, 235) 151 (95, 207) 217 (167, 266)

4–7 229 (195, 263) 228 (184, 271) 231 (180, 281)

Healthcare costs
tertile 1 (≤€570) 185 (156, 215) 168 (120, 216) 203 (166, 239)

tertile 2 (>€570 to ≤€1,132) 217 (193, 241) 199 (173, 225) 234 (198, 271)

tertile 3 (>€1,132) 235 (202, 268) 222 (174, 270) 247 (203, 292)

Fall status
non-faller 209 (189, 229) 188 (161, 215) 228 (199, 256)

Faller 217 (188, 246) 207 (163, 250) 229 (190, 267)

Motivation to excercise1

lower medium (score ≤ 3) 238 (210, 265) 222 (183, 260) 252 (215, 288)

upper medium (score > 3) 190 (169, 210) 176 (145, 206) 205 (178, 232)

Satisfaction with the program
(rather) unsatisfied 208 (145, 270) 159 (73, 246) 263 (180, 345)

rather satisfied 223 (188, 258) 212 (164, 260) 235 (188, 282)

(very) satisfied 207 (187, 227) 193 (163, 223) 220 (195, 246)

“School grade"2

D/C (ref.) 201 (131, 271) 165 (111, 218) 273 (105, 441)

B 217 (192, 242) 209 (170, 247) 224 (192, 256)

A 209 (184, 233) 191 (154, 228) 227 (196, 258)

Training frequency3

lower 3rd (0–42) 198 (170, 225) 197 (159, 235) 198 (162, 235)

middle 3rd (43–63) 217 (189, 245) 190 (142, 239) 237 (203, 271)

upper 3rd (64–112) 221 (189, 254) 201 (157, 244) 245 (198, 291)
1BREQ-3 autonomous motivation score at FU12
2„school grade“: 1 (A) =“sehr gut“, 2 (B) = “gut“, 3 (C) =“befriedigend“, 4 (D) = “ausreichend“, 5 (E) = „mangelhaft“ (not reported), 6 (F)= „ungenügend“ (not reported)
3number of LiFE activities performed per week
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(95% CI [23, 113]) higher WTP compared to the lowest 
income group.

Net benefit
The intervention costs per participant for LiFE were 
€298. For gLiFE, intervention costs varied depending on 
the group size with €113, €123, and €138 for 12, 10, and 
8 participants, respectively (Table A1, Additional file 1). 
In the base case scenario, gLiFE had a significant posi-
tive mean net benefit between €83 (95% CI, [59, 107]) at 
€0 subsidy and €158 (95% CI, [134, 182]) at €75 subsidy 
(Table  4). When lower group sizes were assumed (Sce-
nario 2 and 3), the mean net benefit was somewhat lower, 
but remained positive for each subsidy level. For LiFE, 
the intervention costs exceeded the WTP, resulting into 
negative mean net benefits, except for the case that €75 
were subsidized (€5, 95% CI [− 19, 28]).

When the distributions of the net benefit for gLiFE 
and LiFE were graphically examined for scenario 1 by 
different subsidy levels (Fig.  1), it could be observed 
that the majority of gLiFE participants (68% [€0 sub-
sidy], 86% [€50 subsidy], and 95% [€75 subsidy]) had 
a positive net benefit, whereas this applied to only 25% 

Table 3 Determinants of older adults’ willingness to pay for the 
(g)LiFE intervention

Beta SE 95% CI p-value
gLiFE (ref. LiFE) −32 16 (− 64.61, − 0.16) 0.049

Female (ref. male) −19 23 (− 63.33, 25.73) 0.408

Age 3 2 (− 0.16, 5.98) 0.063

Net household income (ref. 
<€2000)

   €2000-€3000 32 20 (− 8.02, 72.23) 0.117

   €3000+ 68 23 (23.21, 112.96) 0.003

Number of chronic 
conditions

2 5 (− 8.78, 12.69) 0.721

Healthcare costs 0 0 (− 0.01, 0.01) 0.727

Motivation to exercise2 −22 11 (− 44.31, 0.63) 0.057

Intercept 40 121 (− 196.46, 
275.91)

0.742

Adjusted R-Squared 0.071
2 BREQ-3 autonomous motivation score at FU12

Table 4 Mean net benefit by intervention groups, scenarios of intervention costs, and subsidy schemes
gLiFE LiFE Difference

Subsidy Mean (95% CI) Mean (95% CI) Mean (95% CI)

Scenario 1 €0 83 (59, 107) −70 (−94, −47) 153 (119, 188)

€50 133 (109, 157) −20 (−44, 3)

€75 158 (134, 182) 5 (−19, 28)

Scenario 2 €0 73 (49, 98) -70 (−94, −47) 143 (109, 178)

€50 123 (99, 148) -20 (−44, 3)

€75 148 (124, 173) 5 (−19, 28)

Scenario 3 €0 58 (34, 83) -70 (−94, −47) 129 (94, 163)

€50 108 (84, 133) -20 (−44, 3)

€75 133 (109, 158) 5 (−19, 28)
Notes: Scenarios 1–3 differ by group size for gLiFE which influenced the intervention costs: scenario 1 (base case, 12 participants, €113), scenario 2 (10 participants, 
€123), scenario 3 (8 participants, €138). Intervention costs for LiFE were €298.

Fig. 1 Distribution of the mean net benefit for gLiFE/LiFE by different subsidy levels of intervention costs. Intervention costs based on Scenario 1 (gLiFE: 
€113; LiFE: €298)
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(€0 subsidy), 29% (€50 subsidy), and 40% (€75 subsidy) of 
LiFE participants

The unadjusted incremental net benefit for gLiFE 
compared to LiFE was €153 (95% CI [119, 188],Table 4). 
Adjusting the incremental net benefit did not change 
the estimate relevantly (€154, 95% CI [122, 186]; not dis-
played in table)

Discussion
This study is the first that assessed the WTP for a group-
based and an individually delivered version of a fall 
prevention and activity promotion program (LiFE) in 
a sample of community-dwelling German older adults 
at risk of falling. WTP for both programs was generally 
high, probably indicating that participants perceived the 
intervention as quite valuable and thus possibly reflecting 
a demand for such interventions. WTP was determined 
by delivery format and income, with LiFE participants on 
average reporting €32 higher WTP than gLiFE partici-
pants and higher income groups reporting higher WTP. 
For gLiFE, benefits in terms of WTP exceeded interven-
tion costs in most cases, while LiFE had considerably 
higher intervention costs than gLiFE (€298 vs. €113), and 
thus the WTP was lower than the intervention costs in 
the majority of the sample (60–75%, depending on hypo-
thetical subsidy level). Hence, the difference in WTP 
between gLiFE and LiFE did not compensate for the 
higher intervention costs (+€185), even when subsidized 
by up to €75.

Asking participants of an intervention study who have 
actual experience with the intervention of interest about 
their willingness to pay (rather than reporting their WTP 
for hypothetical intervention scenarios) has not been 
done frequently, especially in the field of physical activ-
ity interventions for community-dwelling older people. 
However, this approach might be an attractive comple-
ment to the evaluation of (cost-)effectiveness of com-
peting interventions – WTP constitutes a measure of 
the perceived benefits or value of the intervention from 
a participant perspective that is not restricted to pre-
defined dimensions on which benefits can be expressed 
(e.g., in patient-reported outcome measures). As WTP 
may be based on factors other than effectiveness alone 
[20], knowing the preferences (WTP) of the target popu-
lation may be particularly useful when the effectiveness 
of different program formats based on conventional 
measures (e.g. reduction of falls [11, 12]) is indifferent or 
similar. Furthermore, WTP extends conventional (cost-)
effectiveness frameworks, as it may reveal additional 
benefits perceived by the participants that may other-
wise have been overlooked or not captured. For example, 
in RCTs that evaluated exercise interventions for older 
people, only marginal (and probably not clinically impor-
tant) differences in QALYs between the intervention and 

control group are found, at least over time horizons of six 
months to two years [21]. Overall, determining the WTP 
may aid decision-makers in deciding which intervention 
should be preferred for implementation [2].

Beyond the level of willingness to pay, it is also inter-
esting to know which factors influence willingness to pay, 
as this information may then be used to adapt interven-
tions according to the preferences of the target group. In 
the current study, only income (besides program version) 
determined WTP, and overall only 7% of the variance was 
explained by the potential determinants in the multivari-
ate regression model, indicating that other (unobserved) 
factors determine the WTP to a large extent. Other fac-
tors that can be hypothesized to determine WTP could 
be the individually perceived relevance (e.g. individu-
ally perceived risk of falling) and perceived effectiveness 
of the intervention, the presence of other health condi-
tions whose treatment may be given a higher priority, or 
the relationship with the trainer [14]. It is also not clear 
whether participants factored the cost of providing the 
intervention, and thus the additional effort required for 
home visits in LiFE, into their willingness to pay, which 
may explain the difference in WTP between program 
versions [20].

That WTP is associated with income is not surpris-
ing as it is inherently limited by wealth [22]. This car-
ries a danger of self-selection of only higher-income 
populations into participating in the program which 
poses a threat to the idea of equal health opportunities, 
for example, making prevention accessible to everyone 
independent of socio-economic position [23]. In Ger-
many, prevention programs can be certified, which quali-
fies them for subsidies of the intervention costs by the 
health insurances. These subsidies lower the intervention 
costs and thereby make interventions more accessible 
to people that are economically less well of, while at the 
same time alleviating the burden on health insurers’ bud-
gets. Assuming a subsidy of €75, the WTP of almost all 
gLiFE participants (95%) covered (or even exceeded) the 
intervention costs, providing a strong argument for the 
implementation of gLiFE over LiFE. However, it does not 
seem reasonable to give recommendations for not offer-
ing and/or subsidizing LiFE – there may be still demand 
for LiFE as between 25% and 40% of the LiFE participants 
were willing to pay enough to cover the intervention 
costs. Those people, based on individual preferences, may 
still opt for the individual program despite being more 
costly. For example, some people may prefer individual 
supervision and learning the program in their own home 
where the activities could be adapted to the individual 
conditions and are therefore more easy to integrate into 
everyday life, whereas for others the social aspects of a 
group program (e.g., motivation through peer support) 
may be more important [13, 14]. Moreover, the individual 
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approach in LiFE could be more suitable for people for 
whom participation in group programs would be dif-
ficult, for example, because of physical and transport 
limitations.

Despite the reduction of access barriers through the 
subsidies, the uptake of the intervention still depends to 
a certain extent on the financial resources of the individ-
ual. This selection effect could be reduced if a payer fully 
reimburses the intervention costs, which may still be eco-
nomically attractive for a payer if the effects of an inter-
vention are expected to spill over to cost savings (e.g., 
lower health-related resource use). Therefore, assessing 
participants’ preferences in terms of their WTP does not 
substitute cost-effectiveness analyses, but may be used 
as a complement, especially when there are two compet-
ing interventions where neither is clearly superior to the 
other in terms of cost-effectiveness, as was the case with 
gLiFE and LiFE [12, 24].

Limitations
Limitations arise from the fact that the elicited WTP is 
tied to the specific survey context and therefore does 
probably not reflect ‘real world’ behavior [22]. The results 
are based on a selective population of participants who 
can be assumed to have a special interest in fall preven-
tion and may not be representative of the target popu-
lation in terms of their socio-economic status, which 
influences WTP. Given that all participants valued their 
WTP based on their personal experience of the pro-
gram, the WTP may not represent the WTP of individu-
als who do not have actual experiences with the program 
to draw on, and comparing the strength of the prefer-
ence between gLiFE and LiFE based on this study may 
be limited since the participants were only asked about 
their WTP for the version they received (either gLiFE or 
LiFE). Moreover, the time point of assessing the WTP (at 
12-month follow-up) could have influenced the valua-
tion. Test-retest reliability of the WTP was not examined 
in this study and no information on the WTP of study 
drop-outs (n = 64) was available. Future studies may use 
a discrete choice experiment to find out which attributes 
determine the level of WTP or the decision for one or the 
other program version.

Conclusion
This study explored WTP for a group-delivered and an 
individually delivered activity promotion and fall preven-
tion program. The results are useful for decision-makers 
or potential payers as they provide insight into how valu-
able the interventions are perceived by the participants 
and thereby complement the cost-effectiveness studies 
of the LiFE program with a participant perspective. The 
high WTP for both programs suggests that they are per-
ceived as valuable by the participants, thereby supporting 

previous results on the acceptability and content of the 
(g)LiFE program. WTP was associated with income and 
was higher for LiFE than for gLiFE, but this difference 
did not compensate the higher intervention costs in LiFE. 
gLiFE was likely to yield a positive net benefit, especially 
when the intervention is subsidized by a potential payer, 
while for the individual program the WTP was less likely 
to exceed the costs. Payers may still consider subsidizing 
both versions, as there may be a number of individuals 
who prefer the individual program despite its higher cost.
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Additional file 1 

Table A1 Data and assumptions for the calculation of intervention costs by scenario 

LiFE sessions  

Average duration1 120 min 

gLiFE sessions  

Average duration1 150 min 

(Average) number of 

participants per group2 

12 (scenario 1) 

10 (scenario 2) 

8 (scenario 3) 

Average travel expenses per 

participant 

€ 17.92 

Other assumptions  

Salary level of the trainers TVöD3 E8 

Number of sessions per 

participant2 

7 

Number and average 

duration of “booster phone 

calls” 

2 x 30 min 

Costs material set for each 

participant 

€ 28.65 

Total intervention costs Scenario 1 Scenario 2 Scenario 3 

gLiFE € 113.32 € 123.26 € 138.18 

LiFE € 298.30 € 298.30 € 298.30 

1 including preparation and travelling time 

2 assumption: sessions have to be paid regardless of participation 

3 TVöD: civil service collective agreement; 2018 wages 
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Germany

Introduction: Health care interventions for middle-old and oldest-old individuals (75

years or older) are often economically evaluated using the EuroQol questionnaire (EQ-5D)

to measure health-related quality of life. However, the psychometric performance of

the EQ-5D in this population has been questioned, as it probably does not adequately

capture relevant aspects of quality of life in the older population. Because the results of

economic evaluations using the EQ-5D often guide decision-makers, it is important to

know whether the EQ-5D has satisfactory psychometric properties in the middle-old and

oldest-old population. Therefore, studies assessing the psychometric properties of the

EQ-5D in this population should be synthesized by a systematic review.

Methods and Analysis: A systematic review of studies providing empirical evidence

of reliability, validity, and/or responsiveness of the EQ-5D in a sample with a mean age

≥75 years will be conducted. The databases PubMed, Web of Science, and EconLit

will be searched. In addition, reference lists of included studies will be hand-searched.

Two independent reviewers will select studies and assess their risk of bias with the

COnsensus-based Standards for the selection of health Measurement Instruments

(COSMIN) Risk of Bias checklist. Relevant data will be extracted by one reviewer and

cross-checked by a second reviewer. Potential disagreements in any phase will be

resolved through discussion with a third person. The guidelines for systematic reviews

of measurement properties proposed by the COSMIN group, including criteria of good

measurement properties, will guide the synthesis and interpretation of the results.

Discussion: The review’s results could facilitate the making of recommendations for the

use of the EQ-5D in a population of middle-old and oldest-old people and thereby being

of interest for decision-makers or for researchers designing new intervention studies for

older people. Heterogeneity of individual studies regarding the population under study

could limit the possibility of making a synthesized statement on the appropriateness of

the EQ-5D for the middle-old to oldest-old population.

Keywords: systematic review, psychometric properties, oldest-old population, older population, EQ-5D
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INTRODUCTION

In the context of demographic change, the older population,
especially the population of middle-old and oldest-old (75 years
or older), is increasing (1). As this population has typically a high
number of (co)morbidities, a range of health care interventions
aiming to improve the health and quality of life (QoL) of
older persons has been developed. However, given the scarcity
of resources, economic evaluations of new interventions are
crucial for decision-making regarding their implementation as
they provide information on the efficient allocation of resources.
In economic evaluations, effectiveness of interventions is often
measured by health-related QoL (HrQoL). In order to make
effects comparable across interventions, generic instruments of
HrQoL are used.

The most frequently used generic instrument of HrQoL in
economic evaluations is the EuroQol 5 dimensions questionnaire
(EQ-5D) (2). The advantage of the EQ-5D is its brevity and easy
administration by consisting of only five questions covering the
dimensions mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression. Depending on the version of the EQ-
5D, each dimension has three (EQ-5D-3L) or five (EQ-5D-
5L) severity levels. Despite its brevity, it is important that the
EQ-5D is psychometrically sound in the population it is used,
meaning that it measures what it intended to measure (validity)
in an accurate and reproducible way (reliability) and is able to
detect small but important changes over time (responsiveness).
In the absence of sufficient psychometric properties, the results
of economic evaluations of interventions fail in measuring the
true effect of interventions on HrQoL and thus are not suitable as
basis for decision-making regarding their implementation.

The approach to primarily focus on HrQoL in the form of
health utility gains in economic evaluations has been criticized as
it excludes aspects of QoL beyond health. As people’s needs and
desires change with age, significant intervention effects beyond
the health status may not be sufficiently captured for the middle-
old and oldest-old. Therefore, other instruments than the EQ-
5D with a different theoretical approach have been developed.
One example are the ICECAP instruments (3), which were
developed based on the capability theory (4). Contrary to HrQoL,
capability focuses on the ability of a person to function and not
on functioning. With the ICECAP-O, an instrument has been
developed especially for the assessment of QoL in older people
(5). The development was based on in-depth interviews with the
aim of identifying attributes of QoL instead of only influences
on QoL. In this context, health was seen as an influence on
attributes rather than as an attribute on its own (6). Especially at
the end of life, it was shown that it is not appropriate to apply an
exclusively health-focused perspective in economic evaluations,
because aspects that go beyond health (e.g., choice/having a say,
being with people who care, dignity, and preparation) become
more important (7).

Nevertheless, the EQ-5D is still the most widely used
instrument for economic evaluations, and as it aims to measure

Abbreviations:HrQoL, health-related quality of life; COSMIN, COnsensus-based

Standards for the selection of health Measurement Instruments project.

HrQoL, its validity cannot be judged by the fact that it does
not capture factors beyond health. Previous reviews have been
conducted regarding the psychometric performance of the EQ-
5D focusing on different population groups. The EQ-5D was
found appropriate for depression and personality disorders (8, 9),
urinary incontinence (10), some skin diseases (11), and in people
60 years or older (12). However, the EQ-5D lacked psychometric
performance in populations with anxiety, schizophrenia, and
bipolar disorders, as well as in those with multiple sclerosis (8, 9,
13). Moreover, Tordrup et al. (14) evaluated the responsiveness
of the EQ-5D in various disorders and concluded that the
instrument is not sensitive to change in a range of disorders.
Regarding the use of the EQ-5D in dementia, the validity was
found problematic as there are significant disagreements between
patient and proxy ratings and as the EQ-5D does not capture
aspects that are particularly important for people with dementia
(15, 16). Similarly, other authors conclude that the EQ-5D may
not be appropriate in other conditions prevalent in the older
population, such as hearing impairments, visual disorders, and
some cancers (17, 18).

These findings, together with the literature on the capability
approach that shifts the focus away from a mere health-utility
perspective, raise questions regarding the appropriateness of the
EQ-5D in a population of middle-old and oldest-old people.
Because the results of economic evaluations using the EQ-5D
as effect measure are often considered when deciding on the
implementation of interventions targeting the middle-old and
oldest-old population, it is important to know whether the EQ-
5D has satisfactory psychometric properties in this population.

Objective
This article provides the protocol for a systematic review that
aims to synthesize and critically appraise studies assessing the
psychometric properties of the EQ-5D in a population of middle-
old and oldest-old people. Of interest are all studies reporting
on reliability, validity, or responsiveness of the EQ-5D in a study
population with a mean age of at least 75 years.

METHODS AND ANALYSIS

This protocol was based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Protocols (PRISMA-P)
(19) and will be registered in PROSPERO (registration not yet
completed/currently being assessed).

Eligibility Criteria
Cross-sectional or observational studies providing empirical
evidence of reliability, validity, and/or responsiveness of the
EQ-5D in a sample with a mean age of at least 75 years
will be included. Included studies shall be published in peer-
reviewed journals in German or English languages. Systematic
reviews, studies applying a qualitative design, or studies being
published in forms other than original articles (e.g., conference
abstracts or comments) will be excluded. Furthermore, studies
relying on proxy assessments only or those with the single
objective of investigating agreement between different modes
of administration of the EQ-5D will be excluded (e.g., studies
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TABLE 1 | Search strategy in PubMed using an adapted version of the patient-reported outcome measurement filter available on the COSMIN website (20).

1# (instrumentation[MeSH Subheading] OR “reproducibility of results”[MeSH Terms] OR reproducib*[Title/Abstract] OR “psychometrics”[MeSH] OR

psychometr*[Title/Abstract] OR “discriminant analysis”[MeSH] OR reliab*[Title/Abstract] OR valid*[Title/Abstract] OR “internal consistency”[Title/Abstract] OR

(cronbach*[Title/Abstract] AND (alpha[Title/Abstract] OR alphas[Title/Abstract])) OR “item correlation”[Title/Abstract] OR “item correlations”[Title/Abstract] OR

agreement[Text Word] OR test–retest [Title/Abstract] OR (test[Title/Abstract] AND retest[Title/Abstract]) OR (reliab*[Title/Abstract] AND (test[Title/Abstract] OR

retest[Title/Abstract])) OR intra-rater[Title/Abstract] OR intratester[Title/Abstract] OR intra-tester[Title/Abstract] OR OR intraobserver[Title/Abstract] OR

intra-observer[Title/Abstract] OR intraindividual[Title/Abstract] OR intra-individual[Title/Abstract] OR intraparticipant[Title/Abstract] OR

intra-participant[Title/Abstract] OR kappa[Title/Abstract] OR kappa’s[Title/Abstract] OR kappa’s[Title/Abstract] OR “coefficient of variation”[Title/Abstract] OR

repeatable*[Text Word] OR ((replica*[Text Word] OR repeated[Text Word]) AND (measure[Text Word] OR measures[Text Word] OR findings[Text Word] OR

result[Text Word] OR results[Text Word] OR test[Text Word] OR tests[Text Word])) OR concordance[Title/Abstract] OR (infraclass[Title/Abstract] AND

correlation*[Title/Abstract]) OR discriminative[Title/Abstract] OR “known group” [Title/Abstract] OR “factor analysis”[Title/Abstract] OR “factor

analyses”[Title/Abstract] OR “factor structure”[Title/Abstract] OR “factor structures”[Title/Abstract] OR dimensionality[Title/Abstract] OR subscale*[Title/Abstract]

OR “item discriminant”[Title/Abstract]OR “interstate correlation”[Title/Abstract] OR “interstate correlations”[Title/Abstract] OR “individual variability”[Title/Abstract]

OR “standard error of measurement”[Title/Abstract] OR sensitive*[Title/Abstract] OR responsive*[Title/Abstract] OR “minimal detectable

concentration”[Title/Abstract] OR (small*[Title/Abstract] AND (real[Title/Abstract] OR detectable[Title/Abstract]) AND (change[Title/Abstract] OR

difference[Title/Abstract])) OR “meaningful change”[Title/Abstract] OR “minimal important change”[Title/Abstract] OR “minimal important difference”[Title/Abstract]

OR “minimally important change”[Title/Abstract] OR “minimally important difference”[Title/Abstract] OR “minimal detectable change”[Title/Abstract] OR “minimal

detectable difference”[Title/Abstract] OR “minimally detectable change”[Title/Abstract] OR “minimally detectable difference”[Title/Abstract] OR “minimal real

change”[Title/Abstract] OR “minimal real difference”[Title/Abstract] OR “minimally real change”[Title/Abstract] OR “minimally real difference”[Title/Abstract] OR

“Item response model”[Title/Abstract] OR IRT[Title/Abstract] OR Rash[Title/Abstract] OR “Differential item functioning”[Title/Abstract] OR DIF[Title/Abstract])

#2 (EQ-5D) OR (EQ5D) OR (EuroQoL)

#3 (aged, 80 and over[MeSH Terms]) OR (aged[MeSH Terms]) OR (elderly[MeSH Terms]) OR (aged[Title/Abstract]) OR (elderly*[Title/Abstract]) OR

(older*[Title/Abstract]) OR (geriatric*[Title/Abstract])

#4 #1 AND #2 AND #3

#5 (“addresses”[Publication Type] OR “biography”[Publication Type] OR “case reports”[Publication Type] OR “comment”[Publication Type] OR “directory”[Publication

Type] OR “editorial”[Publication Type] OR “festschrift”[Publication Type] OR “interview”[Publication Type] OR “lectures”[Publication Type] OR “legal

cases”[Publication Type] OR “legislation”[Publication Type] OR “letter”[Publication Type] OR “news”[Publication Type] OR “newspaper article”[Publication Type] OR

“patient education handout”[Publication Type] OR “popular works”[Publication Type] OR “congresses” [Publication Type] OR “consensus development

conference”[Publication Type] OR “consensus development conference, nigh”[Publication Type] OR “practice guideline”[Publication Type]) NOT (“animals”[MeSH

Terms] NOT “humans”[MeSH Terms])

#6 #4 NOT #5

only examining inter-rater agreement between the older person
and a proxy). The question of inter-rater agreement between the
patient and a proxy often concerns people with dementia and
has been the subject of previous reviews (15, 16). There will
be no restrictions relating to interventions, comorbidities/health
conditions, publication date, or the version of the EQ-5D (three-
level or five-level version).

Information Sources and Search Strategy
PubMed, Web of Science, and EconLit will be searched
electronically in August 2020 using predefined search terms,
including EQ-5D, EuroQoL, aged, elder∗, old∗, geriatric∗, ag(e)ing,
and an adapted search filter for finding studies on measurement
properties (20). This filter was developed to account for the
large variation in terminology for measurement properties
and unreliable indexing of studies under specific index terms,
making it difficult to find all relevant studies under a small
set of search terms (20). Because, for example, studies focusing
on proxy assessments or interrater agreement only will be
excluded from the planned review, search terms covering
nonrelevant measurement properties (e.g., inter-rater reliability)
were removed from the search filter. Where possible, search
terms will be used as keywords in the title/abstract or Medical
Subject Headings (MeSH terms). An example for the search
strategy in PubMed is displayed in Table 1. Depending on the
specific requirements of each database, the search terms will be
modified. Additionally, the reference lists of included studies and

previous reviews on HrQoL for middle-old and oldest-old people
will be hand-searched.

Study Records (Data Management,
Selection, and Collection)
Search results from all databases will be combined in a shared
data repository andmanagedwith the software Endnote X8. After
removing duplicates, two independent reviewers (SG and MN)
will screen the titles and abstracts for eligibility. Next, full texts of
the selected abstracts will be assessed for eligibility by SG andMN
independently. In case of disagreement or uncertainty, a third
person (JD) will be consulted.

Using a standardized data extraction sheet, relevant data
from the eligible studies will be extracted by one reviewer
(SG) and cross-checked by the second reviewer (MN). Data
extracted from the individual studies will include setting/country,
population characteristics [sample size, distribution of age
and sex, information on comorbidities (e.g., people with
dementia)], instrument administration, type and method of
validity, reliability and responsiveness assessment, and results of
psychometric tests. The study selection process will be visualized
in the form of a PRISMA flowchart.

Data Items
The review’s main outcomes of interest will be the results
regarding validity, reliability, and responsiveness of the EQ-5D
reported by the individual studies. Regarding the outcomes, we
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adhere to the taxonomy and definitions from the COnsensus-
based Standards for the selection of health Measurement
Instruments project (COSMIN) (21). According to the COSMIN
group, reliability refers to the degree to which the measurement
is free from measurement error and can be differentiated
between internal consistency, reliability, and measurement
error. Validity is referred to as the degree to which an
instrument measures the construct(s) it purports to measure
and consists of the subtypes content validity, construct validity,
and criterion validity. Responsiveness is defined as the ability
of an instrument to detect change over time in the construct to
be measured.

Assessment of Study Quality/Risk of Bias
Methodological quality of included studies will be assessed by
the COSMIN Risk of Bias checklist, which has specifically been
developed for use in systematic reviews of patient-reported
outcome measures (22). It consists of 10 boxes, each referring
to a particular measurement property and containing a different
number of sub-questions. Each item is rated on a four-point scale,
reaching from “very good” to “inadequate” (a “not applicable”
option is also included). For each measurement property, an
overall score will be determined by taking the lowest rating of
any standard in the box (“worst score counts” principle). The
checklist will be filled out by SG and MN independently. Any
disagreements will again be resolved through discussion with a
third person (JD).

Data Synthesis
Based on criteria of good measurement properties (23, 24), the
results of the individual studies will be rated as either “sufficient”
(+), “insufficient” (–), or “indeterminate” (?). The individual
studies’ results will then be summarized, and an overall rating
of the measurement property will be assigned. The results will
be presented in a thematic order by structuring the results
section in the following sub-sections: validity, reliability, and
responsiveness. Each sub-section will be further divided into
sections on different types of reliability or validity (e.g., content
validity, construct validity, criterion validity). If necessary, e.g.,
in case of inconsistencies between different study populations,
the results will be presented separately for different population
groups (e.g., validity in people with dementia) or versions of
the EQ-5D (EQ-5D-3L and EQ-5D-5L). The guidelines for
systematic reviews of measurement properties proposed by the
COSMIN group (25) will guide the synthesis and interpretation
of the results.

DISCUSSION

This review aims to provide a summary statement on the
appropriateness of using the EQ-5D in the middle-old and
oldest-old population by summarizing the evidence regarding
the validity, reliability, and responsiveness. Although previous
reviews had a similar aim, they either focused on the
psychometric properties of the EQ-5D in people with dementia
only (15, 16) or are outdated and were not specifically focusing
on the population of middle-old and oldest-old (12). The planned
review could identify gaps in research that should be addressed
by future studies. Furthermore, recommendations for the use
of the EQ-5D in a population of middle-old and oldest-old
people could be made based on the results of the review. For
example, the review may conclude that, in addition to the
EQ-5D, age- or disease-specific instruments should be used
to better capture the specific needs and experiences of older
people or specific subgroups of older people. Thereby, the results
may be of interest not only for decision-makers, but also for
researchers planning or designing new intervention studies for
older people.

Potential limitations may arise because of the heterogeneity
of the individual studies regarding the population under study
(e.g., people with dementia, people with femoral fractures), which
may limit the possibility of making a synthesized statement
on the appropriateness of the EQ-5D for the middle-old to
oldest-old population. The expected heterogeneity in study
design, measurements used, and populations further precludes
the possibility of performing a meta-analysis. Moreover, it may
not be possible tomake a statement exclusively for the population
75 years or older as there seems to be a lack of studies focusing
exclusively on this population. Therefore, the inclusion criteria
have been adapted to a mean age of the sample of at least 75 years,
which may lead to the inclusion of a number of persons younger
than 75 years.
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Abstract
Purpose Healthcare interventions for middle-old and oldest-old individuals are often (economically) evaluated using the 
EQ-5D to measure health-related quality of life (HrQoL). This requires sufficient measurement properties of the EQ-5D. 
Therefore, the current study aimed to systematically review studies assessing the measurement properties of the EQ-5D in 
this population.
Methods The databases PubMed, Cochrane library, Web of Science, Embase, and EconLit were searched for studies pro-
viding empirical evidence of reliability, validity, and/or responsiveness of the EQ-5D-3L and EQ-5D-5L in samples with 
a mean age ≥ 75 years. Studies were selected by two independent reviewers, and the methodological quality was assessed 
using the COSMIN Risk of Bias checklist. Results were rated against updated criteria for good measurement properties 
(sufficient, insufficient, inconsistent, indeterminate). The evidence was summarized, and the quality of evidence was graded 
using a modified GRADE approach.
Results For both EQ-5D versions, high-quality evidence for sufficient convergent validity was found. Known-groups validity 
was sufficient for the EQ-5D-5L (high-quality evidence), whereas the results were inconsistent for the EQ-5D-3L. Results 
regarding the reliability were inconsistent (EQ-5D-3L) or entirely lacking (EQ-5D-5L). Responsiveness based on correla-
tions of change scores with instruments measuring related/similar constructs was insufficient for the EQ-5D-3L (high-quality 
evidence). For the EQ-5D-5L, the available evidence on responsiveness to change in (Hr)QoL instruments was limited.
Conclusion Since the responsiveness of the EQ-5D in a population of middle-old and oldest-old individuals was question-
able, either using additional instruments or considering the use of an alternative, more comprehensive instrument of (Hr)
QoL might be advisable, especially for economic evaluations.

Keywords EQ-5D · Older population · Oldest-old population · Psychometric properties · Systematic review
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Introduction

Maintaining health of an increasing number of middle-old 
and oldest-old people is a major challenge for aging soci-
eties [1]. Population norms of health-related quality of 
life (HrQoL) suggest that HrQoL decreases with age and 
drops considerably beyond the age of 75 [2, 3]. Numerous 
interventions targeting this population are, therefore, being 
developed. In the face of scarce resources, new interventions 
should be economically evaluated before being implemented 
in the healthcare system, as such information can assist in 
the efficient allocation of resources.

To make effects comparable across interventions, eco-
nomic evaluations often measure effectiveness in terms of 
quality-adjusted life years (QALY), where the ‘Q’ is meas-
ured using generic HrQoL instruments. The most frequently 

used instrument, in general but also for evaluation of inter-
ventions targeting the older population, is the EQ-5D [4–6], 
which is the officially required standard measurement in 
some countries (e.g., UK [7]). It consists of five questions 
covering the dimensions mobility, self-care, usual activi-
ties, pain/discomfort, and anxiety/depression. Depending 
on the version of the EQ-5D, each dimension has three 
(EQ-5D-3L) or five (EQ-5D-5L) severity levels (“no prob-
lems” to “extreme problems”). The combined answers can 
be transformed to an index with 0 representing death and 1 
representing the best possible HrQoL. It is important that 
the EQ-5D is psychometrically sound in the population it is 
used, meaning that it measures what it intended to measure 
(validity) in an accurate and reproducible way (reliability) 
and is able to detect important changes over time (respon-
siveness). In the absence of sufficient measurement proper-
ties, the results of economic evaluations fail in measuring 
the true effect of interventions and, thus, are not suitable as 
basis for decision making regarding their implementation.

Previous reviews examined the psychometric perfor-
mance of the EQ-5D in different population groups. It was 
found appropriate for depression and personality disorders 
[8, 9], urinary incontinence [10], some skin diseases [11], 
and in people aged 60 or older [12]. However, its psycho-
metric performance was lacking in populations with anxiety, 
schizophrenia, bipolar disorders, or multiple sclerosis [8, 9, 
13]. Moreover, it was found insufficiently sensitive to change 
in a range of disorders [14]. Regarding its use in dementia, 
the validity was found problematic as there are significant 
disagreements between patient and proxy ratings and aspects 
being important for people with dementia are not adequately 
reflected [15, 16]. Similarly, other authors conclude that the 
EQ-5D may not be appropriate in other conditions preva-
lent in the older population, such as hearing impairments, 
visual disorders, and some cancers [17, 18]. A common 
problem seems to be that the EQ-5D has limited ability to 
differentiate between healthier individuals [19]. Although 
this ceiling effect could be reduced for the EQ-5D-5L, it 
still exists [20]. Moreover, the EQ-5D has been criticized 
for its narrow focus of health, which may fall short on or 
excludes important aspects of health (e.g., social aspects) 
[21]. As people’s needs and desires change with age, it can 
be assumed that, especially in old age or at the end of life, 
such aspects become more important [22–24].

These findings raise questions regarding the measure-
ment properties of the EQ-5D in middle-old and oldest-old 
people. To our knowledge, there has been no systematic 
summary of the measurement properties of the EQ-5D in 
this population. In a review that is more than a decade old, 
Haywood et al. [12] evaluated the measurement and practi-
cal properties of generic health instruments in older people 
and found evidence for the validity of the EQ-5D. In terms 
of responsiveness, the EQ-5D appeared to perform well in 
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people with substantial changes in health; however, respon-
siveness in terms of correlation of change scores between the 
EQ-5D and other (clinical) measures was rarely addressed 
until then. In addition to being outdated and hence including 
only studies using the EQ-5D-3L, this review did not specifi-
cally focus on middle-old and oldest-old people. More recent 
reviews concluded that the EQ-5D has good feasibility prop-
erties in an older population [25], but due to its sole focus 
on health status, may not be appropriate for measuring out-
comes in economic evaluation within aged care, especially 
in interventions that have effects beyond health status [6, 26, 
27]. However, the authors focused exclusively on depend-
ent older people and/or did not systematically summarize 
the measurement properties of the EQ-5D. Therefore, the 
aim of the current study was to extend the existing literature 
by synthesizing and critically appraising studies assessing 
the measurement properties—reliability, validity, or respon-
siveness—of the EQ-5D in a population of middle-old and 
oldest-old people (mean age ≥ 75 years).

Materials and methods

This review was conducted in adherence with the Consen-
sus-Based Standards for the Selection of Health Measure-
ment Instrument (COSMIN) Methodology for Systematic 
Reviews of Measurement Properties of PROMs [28]. It has 
been registered with PROSPERO (Registration Number: 
CRD42020196070), and a study protocol has been published 
[29]. The manuscript was prepared based on the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
sis (PRISMA) checklist (electronic supplementary material 
[ESM] 1) [30].

Eligibility criteria

Cross-sectional or observational studies providing empiri-
cal evidence of reliability, validity, and/or responsiveness of 
the EQ-5D in a sample with a mean age of ≥ 75 years were 
included. Studies had to be published in peer-reviewed jour-
nals in German or English languages. Systematic reviews, 
studies applying a qualitative design, or not being original 
research articles (e.g., conference abstracts or comments) 
were excluded. Furthermore, studies relying on proxy assess-
ments only or those with the single objective of investigating 
agreement between different modes of administration of the 
EQ-5D were excluded. The question of inter-rater agreement 
between the patient and a proxy often concerns people with 
dementia and has been addressed in previous reviews [15, 
16]. No restrictions relating to interventions, health condi-
tions, publication date, or the version of the EQ-5D (3-level 
or 5-level) were made.

Data sources and search strategy

PubMed, Web of Science, Cochrane Library, Embase, and 
EconLit were searched electronically on March 10, 2021 
using predefined search terms, including quality of life, 
health-related quality of life, EQ-5D, EuroQoL, aged, 
elder*, old*, geriatric*, and ag(e)ing and an adapted search 
filter for finding studies on measurement properties [31]. 
Search terms covering non-relevant measurement properties 
were removed from the search filter (e.g., inter-rater reliabil-
ity or cross-cultural validity). Where possible, search terms 
were used as keywords in the title/abstract or Medical Sub-
ject Headings (MeSH). An example for the search strategy 
in PubMed is displayed in Table S1 (ESM 1). Additionally, 
reference lists of included studies were hand searched.

Selection of studies and data extraction

Search results from all databases were combined in a shared 
data repository and managed with Endnote X8. After remov-
ing duplicates, two independent reviewers (SG and MN) 
screened the titles and abstracts and assessed the full texts of 
the selected abstracts for eligibility. In case of disagreement 
or uncertainty, a third person (JD) was consulted. Using a 
standardized data extraction sheet, relevant data from the 
eligible studies were extracted by one reviewer (SG) and 
cross-checked by the second reviewer (MN). Data extracted 
from the individual studies included setting/country, popula-
tion characteristics, type and method of validity, reliability 
and responsiveness assessment, and results for each meas-
urement property.

Assessment of study quality

Methodological quality of included studies was assessed by 
two reviewers (MN and SG) using the COSMIN Risk of 
Bias checklist, which was developed specifically for the use 
in systematic reviews of patient-reported outcome measures 
[32]. It consists of 10 boxes, each referring to a particular 
measurement property and containing a different number of 
sub-questions. Each item is rated on a four-point scale (“very 
good” to “inadequate”). Any disagreements were resolved 
through discussion with a third person (JD). Risk of bias rat-
ing for each study and measurement property are provided 
in ESM 2.

Evaluation of measurement properties

Updated criteria for good measurement properties were 
applied to rate the individual studies’ results as “sufficient” 
(+), “insufficient” (−), or “indeterminate” (?) [33]. Reli-
ability was considered “sufficient” if the intraclass corre-
lation coefficient (ICC) was ≥ 0.70. Construct validity and 
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responsiveness were rated “sufficient” if the result was in 
accordance with predefined hypotheses. The hypotheses 
were formulated by the review team in advance and where 
partly (but not necessarily) adopted from the authors of the 
individual studies. Generic hypotheses applied in this study 
are presented in Table 1. A detailed overview of specific 
hypotheses for each individual study is provided in Table S2, 
ESM 1. The hypotheses regarding the discriminative abil-
ity of the EQ-5D between relevant subgroups (e.g., known-
groups validity or responsiveness) were accepted if the dif-
ference between subgroups was clinically relevant, which 
was considered more important than whether the difference 
is statistically significant [34]. For the EQ-5D-3L index, 
a minimally clinically important difference (MCID) of 
0.074 was applied, which was identified as the mean MCID 
across different patient groups [35]. The studies reporting on 
known-groups validity or responsiveness of the EQ-5D-5L 
index were either conducted in the UK or used UK value 
sets. Therefore, an MCID of 0.063 was applied, which was 
identified as MCID for England [36].

Summary and grading of the quality of evidence

Criteria for good measurement properties were applied to 
the summarized results from the individual studies on each 
measurement property by rating each property as “suffi-
cient” (+), “insufficient” (−), “inconsistent” (±), or “inde-
terminate” (?) [33, 37]. For construct validity and respon-
siveness, the measurement property was rated “sufficient” 
when ≥ 75% of the individual studies’ results were in accord-
ance with predefined hypotheses. The results were qualita-
tively summarized by providing, e.g., a range of correlation 
coefficients for convergent validity and the percentage of 
hypotheses accepted. The evidence synthesis was performed 
separately for the EQ-5D-3L and EQ-5D-5L. If the results 
were inconsistent, reasons for inconsistency were explored 

(e.g., different results for different subgroups). If no reason 
for inconsistency could be identified, the result was rated 
“inconsistent” and the quality of evidence was not further 
explored. Due to heterogeneity of the populations included 
in the individual studies, quantitative pooling of results was 
not performed.

The quality of evidence was graded as “high,” “mod-
erate,” “low,” or “very low” using a modified GRADE 
approach [38]. Starting with the assumption of “high qual-
ity,” it was downgraded if there was a risk of bias (up to 
− 3 levels), (unexplained) inconsistency (up to − 2 levels), 
imprecision (e.g., small sample size; up to − 2 levels), or 
indirect results. Indirectness was not applied in this study 
since studies examining the measurement properties in other 
populations than the population of interest were excluded. 
Specific criteria for downgrading are described in the COS-
MIN manual [34].

Results

Search results

The search strategy resulted in 4346 records (duplicates 
removed). After screening of title and abstract, 4107 records 
were excluded, leaving 239 records of which full texts were 
assessed for eligibility. Finally, 38 records were included for 
the qualitative synthesis (Fig. 1). No further relevant studies 
were identified through reference screening. The majority 
of studies (n = 30) evaluated the measurement properties 
of the EQ-5D-3L [39–68], whereas 9 studies evaluated the 
EQ-5D-5L [41, 69–76]. One study evaluated both EQ-5D 
versions [41].

Table 1  Generic/general hypotheses for construct validity and responsiveness (adapted from Prinsen et al., [28])

AUC  area under the curve, MCID minimal clinically important differences

H1 Correlations with (changes in) instruments measuring similar constructs should be high (≥ 0.5)
H2 Correlations with (changes in) instruments measuring related, but dissimilar constructs should be at least moderate (≥ 0.3)
H3 Correlations with (changes in) instruments measuring weakly related constructs should be at least weak (≥ 0.1)
H4 Correlations with (changes in) instruments measuring unrelated constructs should be negligible (< 0.1)
H5 Meaningful changes between relevant (sub) groups. MCID of the EQ-5D: 0.074 (EQ-5D-3L)[35] or 0.063 (EQ-5D-5L) [36]
H6 For responsiveness (criterion approach), AUC should be ≥ 0.7
H7 HrQoL may decreases with age, but not necessarily, given the circumstances that this review focusses only on middle-old to oldest-old 

people
H8 Higher education level/social class might be associated with higher HrQoL, but not necessarily, since the differences may no longer be 

present in this age group (in later life, lifestyle factors such as physical activity become more important [103])
H9 Lower cognitive status is hypothesized to be associated with lower HrQoL in institutionalized people and/or people with severe dementia, 

whereas this association may not be visible in people with mild to moderate dementia or non-institutionalized people [102]
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General characteristics of the articles

Characteristics of the included studies are described in 
Table 2. Studies covered a variety of (disease) popula-
tions, such as people with dementia or cognitive impair-
ment (n = 13) [39, 50, 52, 54, 57, 58, 60, 62–64, 69, 72–74], 
people with different kinds of fractures (n = 7) [43, 46, 59, 
61, 65, 66, 76], people who were frail or had a history of 
falling (n = 4) [44, 45, 67, 70], or people with venous leg 

ulcers (n = 2) [68, 71]. The studies were conducted in the UK 
(n = 12) [40, 42, 43, 47, 49, 60, 61, 68, 69, 73–75], Sweden 
(n = 3) [59, 65, 66], Spain (n = 2) [62, 63], Norway (n = 2) 
[46, 70], Finland (n = 1) [48], France (n = 1) [39], Germany 
(n = 2) [54, 57], Korea (n = 1) [53], the Netherlands (n = 2) 
[55, 67], Australia (n = 4) [51, 71, 72, 76], Canada (n = 3) 
[44, 45, 58], the USA (n = 2) [52, 56], Mexico (n = 1) [64], 
Sweden/Denmark/Finland/Norway (n = 1) [50], or Belgium/
Ireland/Netherlands/Switzerland (n = 1) [41]. Participants 

Fig. 1  Selection process of included studies
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were recruited from different settings, e.g., residential care 
homes, home-care registries, general practices, falls preven-
tion clinics, or the general population.

Evidence synthesis (Measurement properties)

The summarized results are presented in Table  3 (EQ-
5D-3L) and Table 4 (EQ-5D-5L).

Reliability

In total, five studies assessed the reliability of the EQ-
5D-3L index, with three reporting sufficient [39, 58, 67] 
and two reporting insufficient reliability [42, 52]. In one of 
the two studies of insufficient reliability [42], the time inter-
val between measurements (6 months) was inappropriate 
(doubtful methodological quality). However, for the other 
study with insufficient reliability [52], no possible explana-
tion could be found (similar population and/or time interval 
like in other studies reporting sufficient reliability [39, 58]). 
Thus, the overall rating of reliability of the EQ-5D-3L was 
inconsistent. Very low-quality evidence regarding the reli-
ability of the individual dimensions of the EQ-5D-3L was 
available from one study [39], which found insufficient reli-
ability based on Kappa coefficients between 0.34 and 0.59.

No study regarding the reliability of the EQ-5D-5L could 
be identified.

Convergent validity

Overall, convergent validity for both EQ-5D versions was 
supported by multiple studies, with the majority of hypothe-
ses being supported at moderate to high quality of evidence.

As hypothesized, strong correlations between the EQ-
5D-3L index and other instruments of HrQoL (SF-12, 
SF-6D, SF-36, HUI3) were found [40, 58, 65, 67]. At least 
moderate correlations were found with instruments of QoL 
(ICECAP-O, OPQOL-Brief, ASCOT, AQOL, QWB, QoL-
AD) [44, 49–51, 57, 58, 61, 67], activities of daily living 
(ADL) (Barthel, Katz, BADL) [54, 58, 62, 64, 67], or sin-
gle-scale instruments of general health or QoL [39, 50, 55, 
57, 58, 63, 67]. Moreover, at least weak correlations with 
instruments of instrumental activities of daily living (IADL) 
(e.g., Lawton-Brody, NOSGER) [44, 54, 58, 62, 64] and 
comorbidities [58, 64] were found in the majority of studies. 
Results were inconsistent regarding the convergent validity 
of the EQ-5D-3L index with measures of depression/anxiety, 
which were hypothesized to be at least weakly correlated 
[57, 58, 60, 62].

Similarly, the EQ-5D-5L index was strongly correlated 
with the SF-6D as measure of HrQoL [70, 75]. At least 
moderate associations were found with QoL instruments 

(DEMQOL, DEMQOL-U, QOL-AD, SPVU-5D) [69, 
71–73] (with the exception of the QoL-AD-NH [74]), as 
well as with a single-scale instrument for general health 
(EQ-VAS) [71] or a measure of ADL (MBI) [72, 76]. Results 
were inconsistent for associations with measures of cogni-
tive status (Hypothesis 9, Table 1) [72, 74, 76], where one 
study found a positive correlation, although an association 
in the opposite direction was hypothesized [72].

Several studies [39, 41, 43, 44, 50, 51, 55, 56, 62–64, 68, 
70–72, 75] also assessed convergent validity by correlating 
the EQ-5D index with the individual dimensions of the com-
parator instrument, the EQ-5D dimensions with a compara-
tor instrument’s summary score, or the EQ-5D dimensions 
with the comparator’s dimensions (Tables S3 & S4, ESM 
1). For both EQ-5D versions, the majority of results were in 
accordance with the hypotheses, thus, supporting the overall 
rating of convergent validity as sufficient.

Known‑groups validity

Twelve studies assessed known-groups validity of the EQ-
5D-3L index in a variety of populations [39, 42, 43, 47, 49, 
51–55, 57, 68]. Overall, known-groups validity was incon-
sistent as < 75% of the results (67%) were in accordance with 
the hypotheses.

For the EQ-5D-5L index, known-groups validity was 
assessed in three studies [71, 72, 76]. The overall result was 
rated sufficient (78% of the hypotheses supported) and the 
quality of evidence was rated high.

Detailed information about the groups that the EQ-5D-3L 
and EQ-5D-5L were able to discriminate between can be 
found in Tables 3 & 4.

Responsiveness

Eight studies assessed responsiveness of the EQ-5D-3L 
index by examining the associations of change scores 
with other instruments [48, 49, 54, 56, 59, 65–67]. With 
one exception (AQoL) [49], the correlations with changes 
in instruments of HrQoL (SF-36, SF-12, NHP, 15D) [48, 
65–67], QoL (ICECAP-O, ASCOT) [67], single-scale 
instruments of general health or QoL [67], ADL (Barthel, 
Katz) [54, 67], and IADL (NOSGER) [54] were weaker than 
hypothesized. Thus, responsiveness based on the compari-
son with other instruments was rated insufficient, and the 
summarized quality of evidence was rated high.

Ten studies assessed responsiveness of the EQ-5D-3L 
index based on comparisons between subgroups [41, 43, 
45, 46, 54, 59, 61, 65, 66, 68]. These studies were primar-
ily conducted on specific patient populations and assessed, 
e.g., the ability of the EQ-5D to differentiate between differ-
ent outcomes after fractures or venous leg ulcers. Overall, 
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Table 3  Summary of findings—EQ-5D-3L

Measurement property Summary Overall rating Quality of evidence

Reliability Sub-dimensions [39]: Kappa: 0.34–0.59 (n = 45) – very low
Index: ICC = 0.58–0.79 [39, 52, 58, 67], r = 0.67 [42] 

(n = 439)
± N/A

Construct validity
 Convergent validity + (91%) high

  HrQoL instruments (Hypothesis: r ≥ 0.5) SF-6D [40], SF-36 [65], HUI3 [58], 15D [48]: 0.44 
[48]–0.74; SF-12 MCS [67]: 0.36a ; SF-12 PCS [67]: 0.60 
(n = 633 or higher (n.c.r. [58]))

+ (83%) high

  QoL instruments (Hypothesis: r ≥ 0.3) ICECAP-O [44, 61, 67], OPQOL-Brief [51], ASCOT [51, 
67], AQoL [49], QWB scale [58], QoL-AD [50, 57]: 
0.34–0.73 (n≈1,588 (n.c.r. [50, 57, 58, 61]))

+ (100%) high

  General health/QoL (single-scale) (Hypothesis: 
r ≥ 0.3)

Health GRS [67], EQ-VAS [39, 50, 58, 63], QoL GRS [67], 
Cantril’s Self-Anchoring ladder [55], SF-36 general health 
[58], other [57] (3-pt ordinal scale): 0.34–0.52 (n≈27,978 
(n.c.r. [50]))

+ (100%) high

  ADL (Hypothesis: r ≥ 0.3) Barthel [54, 62], Katz [58, 64, 67]: 0.25 [58]–0.71; Bristol 
Activities of Daily Living Scale [60]: β = − 0.257 
(n = 1356 or higher (n.c.r. [58]))

+ (86%) moderate

  IADL (Hypothesis: r ≥ 0.1) Lawton & Brody [44, 58, 62], other [64], NOSGER [54]: 
0.03 [44], 0.22–0.62 (n = 904 or higher (n.c.r [58]))

+ (80%) moderate

  Comorbidities (Hypothesis: r ≥ 0.1) Charlson [64], other [58] (0, 1, ≥ 2): 0.30–0.36 (n = 102 or 
higher (n.c.r. [58]))

+ (100%) high

  Cognitive status/dementia severity (Hypoth-
esis: r < 0.3)

MMSE [44, 50, 54, 58, 64]: 0.07–0.20 (n≈1,000 (n.c.r. [50, 
58]))

+ (100%) moderate

  Depression/anxiety (Hypothesis: r ≥ 0.1) GDS [57, 58, 62]: 0.042 [62], 0.21–0.55; CSDD [60]: 
β = −  0.065 (p > 0.05); RAID [60]: β = − 0.168 (n≈1,280 
(n.c.r. [57, 58]))

± (60%) N/A

  Other instruments n≈770 (n.c.r. [61]) + (100%) high
  (Hypothesis: r ≥ 0.3) OHS [61]: 0.70–0.77
  (Hypothesis: r ≥ 0.1) Pearlin Mastery Scale [67], Tinetti [62], VAS Pain [62]: 

0.17–0.33
  (Hypothesis: r < 0.3) CCCQ [67], PPA [44], SPPB [44]: 0.01–0.06

 Known-groups validity n≈31,176 (n.c.r. [49, 53, 54, 57]) ± (67%) N/A
  Supported for groups of… Ageb [42, 43, 49, 55, 68], sex [49, 51], social  classb [49], 

education  levelb [51, 55], general health [51, 52, 57], 
mental & physical functioning (SF-12) [52], QoL-AD 
Score/Whole/Memory [52], IADL impairment (Lawton & 
Brody) [52, 57], disability severity [42], walking ability 
[68], number of medications [49], lower urinary tract 
symptom severity [53], obstructive airways disease (y/n) 
[47], depression (GDS) [52, 57], hospital stay (y/n) [42], 
multimorbidity [55], longstanding illness (y/n) [42], cogni-
tion (MMSE)b [52], confusion (mental test score)b [49], 
memory problems (GDS Memory)b [52],

  Rejected for groups of… Ageb [51], sex [55], living situation (alone vs. not alone/
other arrangement) [49, 51, 55], informal care support 
(y/n) [51], marital status [55], GP visit (y/n) [42], outpa-
tient attendance (y/n) [42], accident/emergency department 
attendance (y/n) [42], ADL impairment (higher vs. lower, 
Lawton-Brody) [52], only dementia vs. dementia + addi-
tional comorbidity [54], leg ulcer size and duration [68], 
functional impairment due to dementia [57], QoL-AD Life 
[52]

Responsiveness
 Construct approach − (22%) high

  HrQoL instruments (Hypothesis: r ≥ 0.5) SF-36 [65], NHP [66], SF-12 PCS [67],  15Dc [48]: 
0.23–0.39; SF-12  MCSa [67]: 0.02 (n = 430)

− (0%) high

  QoL instruments (Hypothesis: r ≥ 0.3) ICECAP-O [67], ASCOT [67]: 0.01–0.09; AQoL [49]: 0.48 
(n≈219 (n.c.r. [49]))

± (33%) high

  General health/QoL (single-scale) (Hypothesis: 
r ≥ 0.3)

Health GRS [67], QoL GRS [67]: 0.12–0.14 (n = 149) − (0%) high
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Table 3  (continued)

Measurement property Summary Overall rating Quality of evidence

  ADL (Hypothesis: r ≥ 0.3) Barthel [54], Katz [67]: 0.04–0.19 (n = 484) − (0%) moderate
  IADL (Hypothesis: r ≥ 0.1) NOSGER [54]: 0.01 (n = 336) − (0%) high
  Cognitive status/dementia severity (Hypoth-

esis: r < 0.3)
MMSE [54]: 0.00 (n = 369) + (100%) low

  Other instruments n = 371 ± (50%) N/A
  (Hypothesis: r ≥ 0.3) DASH [59]: 0.47
  (Hypothesis: r ≥ 0.1) Pearlin Mastery Scale [67], Activity inventory [56]: 

0.02–0.06
  (Hypothesis: r < 0.3) CCCQ [67]: 0.09

 Comparison between subgroups n≈1,711 (n.c.r. [54]) + (79%) moderate
  Supported for groups of… Improvement/worsening on the Barthel index [41], knee 

replacement vs. femur fracture [43], femur fracture vs. stroke 
[43], fallers vs. non-fallers [45], complication vs. non-
complication after femoral neck fracture [46], deterioration in 
health status (CGI-I) [54], less good vs. good outcome after 
femoral neck fracture (pain and/or needing walking aids) [65], 
perceived health change and healing status in people with 
venous leg ulcers [68], complications/non-complications after 
femoral neck fracture [46], improvement/deterioration status 
(DASH) after proximal humeral fracture [59], death/non-
death after hip fracture [61], displaced/undisplaced femoral 
neck fractures [66]

  Rejected for groups of… Improvement/worsening on the EQ-VAS [41], hip replace-
ment vs. femur fracture [43]; healed vs. non-healed leg 
ulcers at 3 months follow-up [68], revision after hip 
fracture [61]

 Before and after intervention
  Supported for… Deterioration/improvement of HrQoL over time after hip or 

proximal humeral fracture [59, 61] (n = 340)
+ (100%) high

  Rejected for … Low-vision rehabilitation [56] (n = 77) – (0%) moderate

Unless otherwise indicated, reported numbers refer to absolute correlation coefficients, correlation coefficients printed in bold indicate results 
for which the hypotheses were rejected
y/n yes/no, n.s. not significant, N/A not applicable, N/R not reported, r correlation coefficient, β regression coefficient, n sample size, n.c.r. not 
clearly reported, ADL activities of daily living, ASCOT adult social care outcomes toolkit, AQoL assessment of quality of life, CCCQ client-cen-
tered care questionnaire, CGI-I clinical global impression of improvement, CSDD Cornell Scale for depression in dementia, DASH disabilities 
of arm, shoulder, and hand, EQ-VAS Visual Analogue Scale, GDS Geriatric Depression Scale, GRS Global Rating Scale, HrQoL health-related 
quality of life, HUI3 Health Utilities Index, IADL instrumental activities of daily living, ICC intraclass correlation coefficient, ICECAP-O ICE-
pop CAPability measure for older people, MCS mental health component summary, MMSE mini-mental state examination, NHP Nottingham 
Health Profile, NOSGER Nurses’ Observation Scale for Geriatric Patients, OHS oxford hip score, OPQOL-Brief older people’s quality-of-life 
brief questionnaire, PCS physical health component summary, PPA physiological profile assessment, QoL quality of life, QoL-AD qualityof life 
in Alzheimer’s diseases, QoL GRS Quality-of-Life Global Rating Scale, QWB quality of well-being, RAID Rating of Anxiety in Dementia Scale, 
SF-36 36-item short-form health survey, SF-12 12-item short-form health survey, SF-6D six-dimensional short form, SPPB short physical per-
formance battery, VAS Pain visual analogue scale for pain
a deviating hypothesis: r ≥ 0.1
b no relevant difference between groups hypothesized
c no calculation of correlation, instead comparison of EQ-5D & 15D in terms of proportions of changes stratified according to the minimally 
important difference values
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moderate-quality evidence for sufficient responsiveness of 
the EQ-5D-3L based on comparisons between subgroups 
was found, as 79% of the hypotheses were supported.

Three studies [56, 59, 61] examined responsiveness by 
testing hypotheses regarding change in the EQ-5D-3L index 
in response to an intervention. Two hypotheses regarding the 

improvement or deterioration of HrQoL after fracture were 
supported, whereas, opposed to the hypothesis, low vision 
rehabilitation did not change HrQoL.

For the EQ-5D-5L index, two studies [70, 74] assessed 
responsiveness based on comparisons with other instru-
ments. 75% of the results were in accordance with the 

Table 4  Summary of findings—EQ-5D-5L

+ sufficient, − insufficient, ± inconsistent, y/n yes/no, n.s. not significant, r correlation coefficient, β regression coefficient, n sample size, n.c.r. 
not clearly reported, N/R not reported, BBS Berg Balance Scale, CDR clinical dementia rating, CMAI Cohen-Mansfield Agitation Inventory, 
CSDD Cornell Scale for Depression in Dementia, DEMQOL dementia quality of life, EQ-VAS Visual Analog Scale, FAST functional assessment 
staging, FES-I Falls Efficacy Scale International, ICC intraclass correlation coefficient, MBI Modified Barthel Index, MMSE mini-mental state 
examination, PainAd Pain Assessment in Advanced Dementia Scale, PAS-Cog Psychogeriatric Assessment Scales-Cognitive Impairment Scale, 
QoL quality of life, QoL-AD quality of life in Alzheimer’s disease, QOL-AD-NH quality of life in Alzheimer’s disease nursing home version, 
SF-6D six-dimensional short-form health survey, 30  s STS 30-second sit-to-stand test, SPVU-5D five-dimensional sheffield-preference-based 
venous ulcer questionnaire
*result in the opposite of the hypothesized direction (H9)
a no relevant difference between groups hypothesized

Measurement property Summary or pooled results Overall rating Quality of evidence

Reliability N/R
Construct validity
 Convergent validity + (84%) High
  HrQoL instruments (Hypothesis: r ≥ 0.5) SF-6D: 0.71 [70], ICC = 0.61 [75] (n≈1193 (n.c.r. [75])) + (100%) High
  QoL instruments (Hypothesis: r ≥ 0.3) DEMQOL [69], DEMQOL-U [72], QOL-AD [69, 73]: 

0.30–0.48
QOL-AD-NH [74]: 0.28; SPVU-5D [71]: ICC = 0.55 

(n≈1417 (n.c.r. [71]))

+ (83%) High

  General health/QoL (single scale) 
(Hypothesis: r ≥ 0.3)

EQ-VAS [71]: 0.39 (n≈75 (n.c.r.)) + (100%) Moderate

  ADL (Hypothesis: r ≥ 0.3) MBI [72, 76]: 0.46–0.49 (n = 225) + (100%) High
  Cognitive status (Hypothesis: r < 0.3) Pas-Cog* [72]: 0.24; MMSE [76]: 0.22; CDR [74]: 0.025 

(n = 1116)
± (67%) N/A

  Other instruments n = 1113 + (80%) High
  (Hypothesis: r ≥ 0.1) CSDD [76], PainAd [76]: 0.33–0.45; FAST [74]: 0.049
  (Hypothesis: r < 0.3) CMAI [74], NPI-Q [72]: 0.1

 Known-groups validity n≈306 (n.c.r. [71]) + (78%) High
  Supported for Groups of… Agea [71], general health (EQ-VAS) [71], leg ulcer healing 

status [71], physical functioning/ADL (MBI) [72, 76], pain 
(PainAd) [76], depression (CSSD) [76]

  Rejected for groups of… cognitive impairment (PAS-Cog)* [72], ulcer duration [71]
Responsiveness
 Construct approach + (75%) High
  QoL instruments (Hypothesis: r ≥ 0.3) QOL-AD-NH [74]: β≈0.007 (p < 0.05) (n≈261(n.c.r.)) − (0%) Moderate
  Cognitive status (Hypothesis: r < 0.3) CDR [74]: β = n.s (n≈261(n.c.r.)) + (100%) High
  Other instruments n≈396 (n.c.r. [74]) + (83%) High
  (Hypothesis: r ≥ 0.3) BBS [70]: Elasticity = 0.54
  (Hypothesis: r ≥ 0.1) 30 s STS [70], 4 m walk test [70], FES-I [70]: Elastic-

ity = 0.09–0.24; FAST [74]: β = n.s
  (Hypothesis: r < 0.3) CMAI [74]: β = n.s

  Comparison between subgroups n = 269 + (75%) High
  Supported for groups of… Improvement/worsening on the Barthel index [41], healing 

status and duration of venous leg ulcers [71]
  Rejected for groups of… Improvement/worsening on the EQ-VAS [41]

 Before and after intervention N/R
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hypotheses and, thus, were rated as sufficient at high qual-
ity of evidence. The correlations of change scores were as 
high (or low) as hypothesized between the EQ-5D-5L and 
measures of cognitive status or agitation (CDR, CMAI) [74], 
measures of physical function (BBS, 30 s STS, 4 m walk 
test) [70] but were lower than hypothesized between the 
EQ-5D-5L and a QoL instrument (QOL-AD-NH) [74] or a 
measure of functional symptoms in dementia (FAST) [74].

Two studies examined responsiveness of the EQ-5D-5L 
index in terms of subgroup comparisons [41, 71]. 75% of the 
hypotheses were supported and, thus, the overall result was 
sufficient. The quality of evidence was rated high.

Results not included in the qualitative synthesis

Some results were not included in the qualitative synthesis 
as no specific results (e.g., correlation coefficients) were 
reported. Regarding convergent validity, Michalowsky et al. 
[57] found a poor association (not further specified) between 
the EQ-5D-3L index and IADL. Other authors examined 
the association between the EQ-5D dimensions with ADL 
and found significant associations between several dimen-
sions but did not provide information about the strength of 
the association [39, 43]. Moreover, the authors assessed 
known-groups validity and found, e.g., that women were 
more anxious than men [39] and that people with disability 
had lower HrQoL than people with no disability [43]. How-
ever, it could not be evaluated whether the differences were 
clinically important because the mean EQ-5D of each group 
was not reported.

Discussion

The current study synthesized reliability, validity, and 
responsiveness of the EQ-5D in a population of middle-old 
and oldest-old people. Regarding reliability, results were 
inconsistent for the EQ-5D-3L, and for the EQ-5D-5L, 
studies were entirely lacking. This may pose a problem in 
contexts where the EQ-5D is used at different time points to 
quantify a ‘true’ difference or change in HrQoL, such as in 
economic evaluations. Previous reviews report mixed results 
on the reliability of the EQ-5D in people with dementia 
(moderate to strong) [16] and sufficient reliability in people 
with diabetes or stroke [77, 78]. Another review further sug-
gests sufficient reliability of the EQ-5D-5L in various patient 
groups (e.g., osteoarthritis, diabetes and cancer patients, 
cardiovascular and liver diseases) and general population 
samples [79]. However, so far, the evidence on reliability 
for both the EQ-5D-3L and EQ-5D-5L is relatively limited 
and entirely lacking for certain patient groups.

For both EQ-5D versions, high-quality evidence of suf-
ficient convergent validity was found. It should be noted 

that high correlations with other generic instruments (e.g., 
SF-36/-12, SF-6D, HUI3) do not necessarily support the use 
of the EQ-5D in middle-old to oldest-old people, as it does 
not preclude that both instruments do not capture aspects 
that are important to the population of interest. In some 
cases, convergent validity was assessed by correlations with 
instruments which were collected only in a single, specific 
study (e.g., OHS, Pearlin Mastery Scale). These results sum-
marized as “other instruments” despite measuring different 
constructs in Table 3 and 4, may not be generally relevant 
for the population aged 75+ but were mostly in accordance 
with the hypotheses.

Known-groups validity of the EQ-5D-3L was inconsist-
ent. One potential explanation could be a ceiling effect of 
the EQ-5D-3L, which may have compromised its ability to 
discriminate between known groups. Moreover, it can be 
questioned whether the groups for evaluating known-groups 
validity are relevant (e.g., marital status, living alone vs. not 
alone). Similarly, it could be questioned whether it is rea-
sonable to examine, e.g., convergent validity of the EQ-5D 
with instruments measuring constructs which are hardly 
related to HrQoL (e.g., CCCQ, PPA, SPPB). The evalua-
tion of measurement properties should be theory driven and 
not exploratory by using all available variables from studies 
that were initially designed for a different purpose. More 
precise preliminary hypotheses of associations between 
measures in studies analyzing an instrument’s measure-
ment properties would, therefore, be desirable. In addi-
tion, rather “soft” hypotheses regarding the strength of the 
association between two instruments were defined in this 
review, e.g., by not setting an upper limit for correlations 
between instruments measuring related but dissimilar con-
structs (r ≥ 0.3) or weakly related constructs (r ≥ 0.1). This 
was done to avoid “penalizing” relatively strong correlations 
between instruments that were assumed to be not necessar-
ily but potentially highly correlated (e.g., EQ-5D and ADL 
instruments). Since, according to the COSMIN methodol-
ogy, the synthesized evaluation of a measurement property 
is based on a majority principle (≥ 75% of the hypotheses 
supported), these aspects could have influenced the (syn-
thesized) results. For the EQ-5D-5L, high-quality evidence 
of sufficient known-groups validity was found. There, the 
selection of groups that the EQ-5D was expected to dif-
ferentiate between seemed to be less arbitrary, but overall, 
the results were based on only three studies. The COSMIN 
methodology recommends judging an instrument’s ability 
to discriminate between relevant groups based on clinically 
important rather than statistically significant differences 
[34]. While being aware that there is no single MCID for 
EQ-5D index values since it varies by population charac-
teristics [80], in the absence of specific MCIDs for each 
country-specific tariff and disease group of the individual 
studies included in this review, MCIDs commonly used in 
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previous literature were nevertheless used but could have 
influenced the results regarding known-groups validity.

Responsiveness was insufficient (high-quality evidence) 
for the EQ-5D-3L when correlated with instruments being 
hypothesized to be related (e.g., other (Hr)QoL instru-
ments). However, it seemed to be responsive to outcomes 
after fracture or healing status of leg ulcers [43, 46, 59, 61, 
65, 66, 68]. These are conditions with substantial changes 
in health, where the EQ-5D has previously been shown to 
be more likely to be responsive (in an older population) [12, 
18]. Although responsiveness of the EQ-5D-5L (construct 
approach) was found sufficient according to the majority 
principle of the COSMIN methodology, the evidence was 
limited as it was based on only two studies which used very 
study-specific instruments to evaluate responsiveness (e.g., 
30 s STS) [70, 74]. These instruments were hypothesized to 
be only weakly associated with the EQ-5D and were, there-
fore, not responsive to changes in HrQoL.

Overall, the results regarding the responsiveness of the 
EQ-5D suggest that at least the EQ-5D-3L is hardly able 
to adequately reflect clinical changes over time. In turn, 
clinically relevant changes may remain undetected; thus, 
intervention effects may be underestimated based on the 
EQ-5D. For example, economic evaluations of fall preven-
tion programs showed that clinical effects could not be found 
on HrQoL [81–83]. This does not seem to be an exclusive 
problem of the EQ-5D but also of other generic HrQoL 
instruments, such as the SF-36 or SF-12 [82, 83]. So far, the 
evidence on responsiveness of the EQ-5D is mainly based 
on studies using the EQ-5D-3L. The sparse evidence on 
the responsiveness of the EQ-5D-5L is not limited to the 
population of middle old to oldest old but is also found in 
general for other populations [79]. Moreover, the majority 
of the included studies reported substantial ceiling effects, 
which may limit the ability to capture small changes at the 
upper end of HrQoL. Ceiling effects were found to be par-
ticularly common among people with dementia [15], who 
make up a large proportion in the current study. Generally, 
the EQ-5D-5L was found to reduce this ceiling effect [84, 
85]. However, it persists in general population studies but 
also in some patient populations [79]. Further studies are 
needed, which evaluate the responsiveness of the EQ-5D-5L 
to change in, e.g., other (age or disease specific) (Hr)QoL 
instruments. It would be of particular interest to examine 
whether the EQ-5D-5L is more responsive than the EQ-
5D-3L which was insufficiently responsive in this respect.

The approach to primarily focus on HrQoL in the form 
of health utility gains in economic evaluations has been 
criticized for excluding aspects of QoL beyond health [23, 
86]. Furthermore, HrQoL instruments such as the EQ-5D 
or the SF-12/SF-36 are mainly functioning oriented and, 
thus, do not reflect the breadth of the concept of health as 
stated in the WHO definition [21], e.g., social aspects of 

health fall short or are not assessed differentiated enough. 
This seems to be especially relevant to older people as it 
was found that not only health but also social domains are 
important to their overall QoL [23, 87]. Therefore, other 
instruments were and are currently being developed, which 
may provide an alternative or complement to measure (Hr)
QoL based on a broader or more comprehensive framework 
of health or well-being in the future. Some age- or disease-
specific QoL instruments exist, and the current study showed 
that although being moderately to strongly associated with 
the EQ-5D when assessed at a single time point (sufficient 
convergent validity), changes on these instruments are not 
reflected on the EQ-5D (insufficient responsiveness). This 
suggests that the EQ-5D is not able to capture changes 
in (Hr)QoL that are important to older people. However, 
the existing age- or disease-specific instruments differ in 
domains of (Hr)QoL that are captured [6] and, thus, pose a 
problem for the comparability of intervention effects across 
diseases and populations. Moreover, the lack of preference-
based value sets for some of these instruments (e.g., for the 
WHOQOL-OLD, an older people-specific QoL instrument 
[87]) or value sets being only available for the population in 
the country where the instruments were developed, impedes 
their use in economic evaluations. Another recently devel-
oped instrument is the PROMIS-29, a health profile measure 
from the Patient-Reported Outcomes Measurement Informa-
tion System® (PROMIS®) [88–90] that captures health in 
a broader sense than the EQ-5D. Although value sets are 
available for the PROMIS-29 [89–92], they are so far only 
available for the US. Moreover, the ‘Extending the QALY’ 
research project is currently developing the EQ-HWB, 
a broad measure of QoL for use in economic evaluations 
across health and social care (https:// scharr. dept. shef. ac. 
uk/e- qaly/), and thus, could be a potential alternative to the 
EQ-5D in the future. However, these age-unspecific instru-
ments carry the risk that scoring algorithms used to derive 
the utility index are based on the preferences of the general 
adult populations, whose preferences for health may differ 
from those of older people [6, 24]. Another research group 
is seeking to address this issue and is currently developing 
an instrument for quality assessment and economic evalu-
ation that adequately captures the aspects of quality of life 
that are important to older people, using a person-centered 
approach [93, 94]. Consequently, as long as there is no single 
preference-based generic instrument that comprehensively 
captures relevant aspects of (Hr)QoL in middle-old and old-
est-old people or its use is limited in certain situations (e.g., 
lack of country/population-specific tariffs), age- or disease-
specific instruments should be used as complement to the 
EQ-5D and help interpreting the results of (cost-)effective-
ness analyses (e.g., whether the effects of an intervention are 
likely to be underestimated).

https://scharr.dept.shef.ac.uk/e-qaly/
https://scharr.dept.shef.ac.uk/e-qaly/
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Beyond these alternative instruments, several “bolt-on” 
dimensions to the EQ-5D have been proposed and a wide 
variety of methods have been applied to identify or select 
relevant bolt-on dimensions [95]. Finch, Brazier, Mukuria, 
and Bjorner [96] identified hearing, sleep, cognition, energy, 
and relationships as potentially relevant bolt-on dimensions, 
and some studies have shown that higher severity levels in 
the bolt-on dimensions impact the health state values or 
preferences for the health state [97–99]. Recently, Chen and 
Olsen [100] proposed vitality, sleep, social relationships, 
and community connectedness as bolt-on dimensions. They 
argue that adding these four dimensions would provide a 
solution to assess HrQoL in a single, brief instrument, but 
still include all key dimensions of the conceptual map of 
HrQoL by Olsen and Misajon, [21] and, thus, capture health 
and well-being more broadly than current EQ-5D instru-
ments. However, to use the additional information from the 
bolt-on dimensions in economic evaluations, the bolt-on 
dimension scores would need to be incorporated into the 
utility index, which would require new valuation studies. 
Moreover, extensive testing on whether the bolt-on dimen-
sions improve psychometric performance of the EQ-5D 
would be needed, in general, but also particularly in middle-
old and oldest-old people.

A large number of the included studies (n = 13) assessed 
the measurement properties of the EQ-5D in people with 
dementia or cognitive impairment. As part of the valida-
tion, the association between (change in) cognitive status 
and (change in) the EQ-5D was examined [44, 49, 52, 54, 58, 
64, 72, 74, 76]. However, the relationship between cognition 
and (Hr)QoL seems to be complex [101, 102], which made 
it difficult to formulate (generic) hypotheses regarding the 
direction and strength of the association in this study.

This review deliberately did not focus on the comparison 
of self- and proxy-rated EQ-5D scores and did not consider 
correlations between the self-rated EQ-5D and proxy-rated 
other (Hr)QoL instruments in the synthesis. (Hr)QoL is a 
subjective concept; therefore, it is not surprising that differ-
ent people evaluate it differently, especially when self-per-
ception is impaired by a condition such as dementia, where 
proxies typically rate the HrQoL of a person with dementia 
lower than the person him/herself [15, 16]. It is not possible 
to determine whose rating is more “correct.” However, it 
is important to be aware of these variations and to select 
the administration mode depending on the perspective from 
which the benefits of an intervention are to be measured.

This study applied the updated COSMIN methodology 
to systematically review the measurement properties of the 
EQ-5D in a middle-old and oldest-old population. How-
ever, several limitations must be acknowledged. First, only 
studies which directly aimed to examine the measurement 
properties of the EQ-5D were included, whereas studies 
providing indirect evidence on measurement properties 

(e.g., by correlating the EQ-5D with instruments being 
hypothetically related) were not included. Second, the 
generalizability of the results may be limited: although 
this study was deliberately not restricted to specific popu-
lations such as disease groups, it is not clear, whether the 
results apply to the general population of middle-old to 
oldest-old adults as, e.g., a large share of the included 
studies included only people with dementia. Moreover, 
the results do not exclusively apply to the population aged 
75+ as a number of persons < 75 years are also included in 
some of the studies. To date, there have been few studies 
focusing exclusively on the population aged 75 years and 
older, representing a gap in research. Such studies could 
allow a comparison between the measurement properties 
of the EQ-5D between younger-old (e.g., aged 60+) and 
middle-old to oldest-old people, which was not directly 
possible based on the current data. Finally, the evidence 
stems exclusively from western, industrialized countries 
and, therefore, may not be transferable to other countries 
or regions.

Conclusion

The results of this systematic review are relevant as 
improving the care and maintaining the health and QoL 
of an older population is a political goal in many countries. 
Thereby, the results may be of interest to decision makers, 
but also to researchers planning, designing, or evaluating 
interventions for older people.

Based on the findings of this study, both EQ-5D ver-
sions seem to have sufficient convergent validity and may, 
therefore, be used in cross-sectional studies to assess 
HrQoL. However, caution is advised when using the 
EQ-5D to assess change in HrQoL, as the EQ-5D-3L was 
found to be insufficiently responsive to change (except for 
conditions with substantial changes in health) and results 
regarding the reliability were inconsistent. As specifi-
cally for the EQ-5D-5L little evidence on reliability and 
responsiveness is available so far, further research might 
be needed in this regard. If responsiveness cannot be dem-
onstrated, either using additional disease- or age-specific 
instruments or considering the use of an alternative, more 
comprehensive instrument of (Hr)QoL might be advisable, 
especially for economic evaluations. Promising research is 
currently underway to develop new, more comprehensive 
instruments that will better capture the aspects of QoL that 
are important to older people. However, there is still a long 
way to go to verify their measurement properties, generate 
population- and country-specific value sets, and thus, be 
broadly applicable to economic evaluations.
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9 Summary in English and German 

9.1 Summary 

The sustainability of healthcare systems is challenged by an aging population, making cost-

effective interventions to promote healthy aging desirable. The overall aim of this cumulative 

thesis was to economically evaluate interventions to improve care for the older population, 

using the example of fall prevention and activity promotion programs that potentially 

contribute to healthy aging. The economic analysis was complemented by an analysis of 

mediating factors of fear of falling (a factor linked to physical activity and falls) and health-

related quality of life (HrQoL). In addition, the measurement properties of the EQ-5D as the 

most widely used HrQoL instrument to measure effectiveness in economic evaluations were 

systematically reviewed in a middle-old to oldest-old population. 

The results of project 1 confirmed the negative association found in previous studies between 

fear of falling and HrQoL and showed that this association is mediated by subjective functional 

capacity. Project 2 presents the economic analysis of the LiFE-is-LiFE randomized controlled 

non-inferiority trial (n=309). To this end, a cost-effectiveness analysis comparing the group 

version (gLiFE) of the Lifestyle-integrated Functional Exercise program with the individually 

delivered version (LiFE) was conducted. It can be concluded that, despite lower intervention 

costs, gLiFE was not clearly superior to LiFE in terms of cost-effectiveness. However, the 

results constituted a high degree of uncertainty and varied depending on the outcome used 

to quantify effectiveness (quality-adjusted life years [QALYs], physical activity, number of 

falls). An analysis of the participants’ willingness to pay (WTP) for the intervention indicated 

that both program versions are perceived as valuable by the participants. The WTP was on 

average higher in LiFE than in gLiFE participants, but given the lower intervention costs of 

gLiFE, only in this group the majority had a WTP high enough to cover the intervention costs, 

whereas this was only the case in a small proportion of LiFE participants. In project 3, the 

results of the systematic review highlighted weaknesses of the EQ-5D, especially with regard 

to responsiveness and reliability, which has implications for the results of the other studies, 

such as a potential underestimation of effectiveness in the cost-effectiveness analysis. 

Overall the thesis contributes to the field of economic evaluations of exercise-based fall 

prevention programs for older, community-dwelling people in the German context where 

research so far is limited. Beyond, it contributes to the discussion of appropriate effect 

measures in economic evaluations of interventions targeting older people. 
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9.2 Zusammenfassung 

Die alternde Bevölkerung stellt eine Herausforderung für die Nachhaltigkeit von 

Gesundheitssystemen dar, wodurch kosteneffektive Interventionen zur Förderung gesunden 

Alterns an Bedeutung gewinnen. Diese kumulative Thesis untersuchte am Beispiel von 

Programmen zur Aktivitätsförderung und Sturzprävention die Kosteneffektivität von 

Interventionen zur Versorgungsverbesserung der älteren Bevölkerung. Diese ökonomische 

Evaluation wurde durch eine Analyse der Faktoren ergänzt, die den Zusammenhang zwischen 

Sturzangst (die sowohl mit physischer Aktivität als auch mit Stürzen zusammenhängt) und 

gesundheitsbezogener Lebensqualität (HrQoL) erklären. Darüber hinaus wurde eine 

systematische Übersichtsarbeit zu den Messeigenschaften des EQ-5D (dem meist 

verbreitetsten Instrument zur Messung von HrQoL) bei hochaltrigen Personen angefertigt. 

In Projekt 1 der Thesis konnte ein negativer Zusammenhang zwischen Sturzangst und 

gesundheitsbezogener Lebensqualität gefunden werden, der (teilweise) durch subjektive 

funktionale Kapazität erklärt wird. Projekt 2 umfasst die ökonomische Evaluation der 

randomisierten Nicht-Unterlegenheitsstudie LiFE-is-LiFE (N=309). Dazu wurde eine 

Kosteneffektivitätsanalyse durchgeführt, die eine Gruppenvariante (gLiFE) des Lifestyle-

integrated Functional Exercise-Programms mit der individuell vermittelten Variante (LiFE) 

vergleicht. Trotz deutlich geringerer Interventionskosten von gLiFE konnte die 

Kosteneffektivität nicht eindeutig gezeigt werden. Die Ergebnisse wiesen einen hohen Grad 

an (statistischer) Unsicherheit auf und variierten je nach verwendetem Effektmaß 

(qualitätsadjustierte Lebensjahre, physische Aktivität, Stürze). Eine Analyse der 

Zahlungsbereitschaft der Teilnehmenden zeigte, dass diese zwar im Durchschnitt höher für 

LiFE als für gLiFE war, aber nur bei gLiFE in der Mehrheit ausreichte, um die 

Interventionskosten zu decken. Hingegen war das nur bei wenigen LiFE-Teilnehmenden der 

Fall. Die Ergebnisse von Projekt 3 deuteten auf Schwächen des EQ-5D hinsichtlich der 

Veränderungssensitivität und Reliabilität hin, was Implikationen für die Ergebnisse der 

anderen Studien dieser Thesis hat (z.B. eine mögliche Unterschätzung des 

Interventionseffektes in der Kosteneffektivitätsanalyse). 

Insgesamt leistet die Thesis einen Beitrag zum Forschungsfeld der ökonomischen 

Evaluationen von übungsbasierten Sturzpräventionsprogrammen für ältere, nicht-

institutionalisierte Personen, wozu es besonders in Deutschland bisher wenig Forschung gibt. 

Darüber leistet sie einen Beitrag zur Diskussion geeigneter Effektmaße in ökonomischen 

Evaluationen von Intervention zur Versorgungsverbesserung der älteren Bevölkerung.  
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