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Executive summary 

Description of the intervention  

The objective of this analysis is to assess the cost-effectiveness of a system for preventing 

robustness decay in elderly populations, based on the City4Age H2020 Project’s early detection 

methodology. 

The City4Age system can be abstracted as an unobtrusive, continuously running classifier, able 

to discriminate elderly people who are robust from those who are not. Such classifier is used to 

timely detect people at risk of health decay, in order to enact in correspondence with effective 

and early interventions, aimed at keeping people at risk healthy for as long as possible. 

The innovative contribution of the project lies in the fact that the features to be given as input 

to the classifier are not limited to “body-scale” attributes, directly obtainable from sensors 

integrated in commonly available mobile devices (e.g. from a 3-axis accelerometer integrated in 

a smartphone), but also include additional ones linked to the reconstruction of complex, “city-

scale” behaviours, which underpin several geriatric instruments applied in current clinical 

practice (e.g. Lawton scale of Instrumental Activities of Daily Living) . The underlying hypothesis 

is that modern smart cities will increasingly be able to provide such data, unobtrusively and at 

low cost, thereby supporting the effective implementation of a new paradigm for managing 

health risks in aging citizens. 

Model input 

Defining the health states and the transition probabilities 

The application scenario is represented through a tree-state Markov model, including a Healthy 

state, a Frail state and a Dead state. 

In the standard care approach (control group) citizens are supposed not to be screened for 

frailty and no relevant prevention or intervention program is in place. Citizens start in the 

Healthy state and some of them will later transition to the Frail state. Frailty incidence is 

assumed to be 2.16%. As a reasonable simplifying assumption, we consider the recovery rate to 

be equal to zero. The relative risk of mortality for the Healthy state is equal to 1, and it will 

increase to an estimate of 5.26 when people transition to the Frail state. 

In the City4Age approach (intervention group) citizens are supposed to use the City4Age early 

detection system. When the system detects a frailty risk, a two-step approach is applied: 

 A diagnosis of frailty is conducted to confirm or reject the City4Age warning 

 In case the frailty diagnosis is confirmed, the citizen is referred to a relevant 

preventative intervention program, to contrast her transition to the Frail state  

In this approach the relative risk of mortality is the same as for the standard of care, for both 

the Healthy and Frail states, while the incidence rate is expected to decrease to 1.71%, based 
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on the observed performance of the City4Age classifier and on the expected effectiveness of 

the preventative intervention program. 

Computing the costs 

In the standard of care case, subjects in the Healthy state are assumed to consume no frailty-

related healthcare resources. As they transition to the Frail state, the public healthcare system 

is supposed to provide additional treatments, as needed to address the worsened health 

outcomes associated with frailty, for an estimated amount of 2,644 €/year per subject. 

Based on the observed performance of the City4Age classifier, the frailty incidence estimates, 

and the expected expenses to be borne for frailty diagnosis and frailty prevention interventions, 

the resulting costs associated with the Healthy state in the intervention group are assumed to 

be 14 € per subject per year. According to the MAFEIP User Guide, this amount is accounted as 

healthcare costs for the Healthy state, rather than as intervention costs, since it only refers to 

patients in such state. Costs for the Frail state in the intervention group are the same as for the 

standard of care, since City4Age does not influence the frailty care process. 

The above assessment assumes a healthcare perspective, where cost-effectiveness for Public 

Health Authorities is improved in part by shifting expenses from cure to prevention. As the 

shifted costs are paid by citizens themselves, their families or other actors different from the 

healthcare sector, it is important to consider their effect on cost-effectiveness, and to verify 

that the system is not uneconomic from the overall societal point of view. 

To switch to such societal perspective, outlays paid by citizens in the Healthy state are assumed 

to amount to 60 € per year, for the subscription to a hypothetical risk detection app running the 

City4Age classifier on the subject’s smartphone. This results in total societal costs of 74 € per 

year per subject in the Healthy state for the intervention group. On the other hand, the 

estimate of societal costs for the Frail state, both in the intervention and in the control group, 

increases to 3,537 € per year per subject with respect to healthcare costs, when other elements 

not paid for by the healthcare system (e.g. nursing costs) are included. 

Utility 

The HRQoL QALY-weight is assumed to be equal to 1 in the Healthy state and to decrease to 

0.63 when the subject transitions to the Frail state.  These values are used both for the standard 

of care and for the City4Age approaches, since the City4Age system does not meaningfully 

influence subjects’ quality of life (in particular, for its unobtrusiveness characteristics). 

In conclusion, the Markov model parameters to be given as input to the MAFEIP tool, derived as 

illustrated in the previous paragraphs, can be summarized as in Table 1 below (note that no 

explicit intervention costs are specified, as these are included in the Healthy state costs, as 

previously mentioned). 

 



 

http://mafeip.eu 
info@mafeip.eu 

 
 

 

 
4 

 
 

Table 1. Input data used to populate the MAFEIP model 

 Control Group  Intervention Group 

Transition Probabilities 

Incidence 
Recovery 

2.16% 
0 

1.71% 
0 

Relative Risk 

Healthy State 
Frail State 

1 
5.26 

1 
5.26 

Costs 

One-off cost per patient (Intervention) 
Recurring cost per patient/year (intervention) 

Healthcare cost – Healthy state 
Healthcare cost – Frail state 
Societal cost – Healthy state 

Societal cost – Frail state  

0 
0 
0 

2,644 € 
0 

3,537 € 

0 
0 

14 € 
2,644 € 

74 € 
3,537 € 

Utility 

Healthy State 
Frail State 

1 
0.63 

1 
0.63 

Model output 

Figure 1 illustrates the location of the Incremental Cost-Effectiveness Ration (ICER) on the cost-

effectiveness plane, when running the MAFEIP tool with the data summarized in Table 1 above, 

assuming a healthcare perspective. The usage of the City4Age early detection system results in 

the simultaneous saving of around 200 € per patient and gain of around 0.2 QALY per patient, 

configuring the intervention as dominant. 

Figure 1. Cost-effectiveness, Healthcare perspective 
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Switching to the societal perspective, the ICER is modified as illustrated in Figure 2 below. With 

respect to the healthcare perspective, the City4Age solution is not dominant in this case. 

However, at slightly more than 1,150 €/QALY, it is confirmed to be highly cost effective and 

viable even at the lowest WTP thresholds. 

Figure 2. Cost-effectiveness, Societal perspective 

 

In addition to comparing the standard of care approach with the innovation introduced by the 

City4Age Project, the MAFEIP tool allows to conduct further relevant analyses. 

For instance, City4Age can be compared with a hypothetical scenario involving a systematic 

screening for frailty, as recommended by some experts in the field. Further reasoning based on 

MAFEIP simulations shows that systematic screening is more effective than both the City4Age 

and the standard of care approaches, when applied to the whole elderly population aged 65 

years or more. On the other hand, City4Age seems be the best solution when its application is 

directed to the riskier layers of the population. 
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1. Description of the intervention  

The objective of this analysis is to assess the cost-effectiveness of a system for preventing 

robustness decay in elderly populations, based on the City4Age H2020 Project’s early detection 

methodology 1,2. 

In conformity with specific plans for future large-scale piloting of the City4Age technology, 

which are being formulated at the time of this writing, we consider as geographical target the 

Apulia Region (Italy) and we address both female and male individuals aged 65 or more. 

Available evidence for conducting the analysis is linked to a longitudinal observational study, 

conducted in the frame of the City4Age Pilot experiments, which enabled us to train and 

measure the performance of a classifier for robustness in elderly citizens – which is one of the 

central elements of the Project’s early detection approach. 

Since such evidence alone is not enough to feed and run a MAFEIP model, additional required 

information has been derived from the scientific literature. For this, we mostly relied on the 

extensive knowledge and references provided by the EU-supported Joint Action ADVANTAGE3. 

In the analysis, we adopted the perspective of the Public Health Authorities, in order to assess 

how City4Age might improve Health Related Quality of Life (HRQoL) in elderly populations, 

while at the same time shifting resource usage from expensive healthcare settings, typically 

sustained by public health systems, to a more efficient wellbeing self-management context, 

sustained by the private sector4. 

For the sake of this analysis, the City4Age early detection system is abstracted as an 

unobtrusive, continuously running classifier, able to discriminate elderly people who are robust 

from those who are not. Such classifier is used to timely detect people at risk of health decay, in 

order to enact in correspondence effective early interventions, aimed at keeping them healthy 

for as long as possible. 

The innovative contribution of the Project lies in the fact that the features to be given as input 

to the classifier are not limited (as in most existing approaches) to “body-scale” attributes, 

directly obtainable from sensors integrated in commonly available mobile devices (e.g. from the 

3-axis accelerometer integrated in a smartphone) but also include additional ones linked to the 

reconstruction of complex, “city-scale” behaviours, which underpin several geriatric 

instruments applied in clinical practice (e.g. usage of transportation means, shopping habits, 

                                                           
 

1
 https://cordis.europa.eu/project/rcn/199899/factsheet/en  

2
 Paolini et al. City4Age: Smart cities for health prevention, 2016 IEEE International Smart Cities 

Conference (ISC2) 
3
 http://www.advantageja.eu/  

4
 City4Age Consortium, Deliverable D8.5 Exploitation plans and sustainability, 2018 

https://cordis.europa.eu/project/rcn/199899/factsheet/en
http://www.advantageja.eu/
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communication patterns, etc. as in the Lawton scale of Instrumental Activities of Daily Living)5. 

The underlying hypothesis is that modern smart cities will increasingly be able to provide such 

data, unobtrusively and at low cost, supporting the effective implementation of a new paradigm 

for managing health risks in aging citizens. 

As previously hinted to, through an observational study conducted in the frame of one of the 

City4Age Pilot experiments, located in the City of Athens, we derived a dataset with 46 

datapoints, each including 60 features extracted from 24 measures, which summarize the 

behaviour of 40 participants along two trimesters. Each datapoint is labelled with the ground 

truth robustness status of the respective individual, measured with the Functional Ability Index 

instrument6 at the end of the respective trimester. The total number of datapoints is less than 

the expected number of 80 (40 subjects followed up over two trimesters) because we discarded 

datapoints with missing data. The dataset has been used to train and assess a Naïve Bayes 

classifier, preceded by a PCA step, using the Weka Machine Learning software7.  

The following Table 2 summarizes the resulting performance measures of such classifier8. The 

measures have been computed by running an inner 10-fold cross-validation scheme for hyper-

parameter selection (i.e. variance covered in the PCA step) based on best AUC, and an outer 

10-times, 10-fold cross-validation scheme for unbiased performance assessment. Significance 

has been calculated with the corrected resampled paired t test statistic9, to mitigate the effects 

of repeated cross-validations. 

Table 2. Performance of the City4Age robustness classifier 

Measure Value 

AUC 0.715 

Significance (null hypothesis: random classification, AUC = 0.5) 0.05 

Sensitivity 0.548 

Specificity 0.790 

 

 

                                                           
 

5
 Ricevuti et al. Data driven MCI and frailty prevention: Geriatric modelling in the City4Age project, 2017 

IEEE 3rd International Forum on Research and Technologies for Society and Industry (RTSI) 
6
 Dapp et al. Long-term prediction of changes in health status, frailty, nursing care and mortality in 

community-dwelling senior citizens – results from the longitudinal urban cohort ageing study (LUCAS), 
BMC Geriatrics, 2014 
7
 https://www.cs.waikato.ac.nz/ml/weka/  

8
 City4Age Consortium, Deliverable D2.11 City4Age frailty and MCI risk model, 2018 

9
 Nadeau, C. & Bengio, Y. Machine Learning (2003) 52: 239. https://doi.org/10.1023/A:1024068626366  

https://www.cs.waikato.ac.nz/ml/weka/
https://doi.org/10.1023/A:1024068626366
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2. Model input 

2.1. Defining the health states and the transition probabilities 

The application scenario is represented through a tree-state Markov model, as illustrated in 

Figure 3. 

Figure 3. General application scenario 

 

In this scenario the frailty condition is used as a proxy for robustness in elderly people (similar 

scenarios could be easily formulated for other robustness-impairing conditions, typical of aging, 

e.g. for Mild Cognitive Impairment). 

In the standard of care approach (the control group in MAFEIP) citizens are supposed not to be 

screened for frailty and no relevant prevention or intervention program is in place. Citizens start 

in the Healthy state (baseline state, in MAFEIP), where they consume no frailty-related 

healthcare resources, i.e. the parameter cost in Figure 3 is 0. Some of them will later transition 

to the Frail state (disease/Impairment state, in MAFEIP) according to the frailty incidence rate, 

represented by the parameter incidence in Figure 3. When subjects are in the Frail state, the 

public healthcare system is supposed to provide additional treatments as needed to address the 

worsened health outcomes, which are normally associated with frailty10. The cost of these 

treatments is represented as Costfrail in the figure. 

Although some authors have shown the possibility for individuals to spontaneously transition 

from the Frail state back to the Healthy state, the corresponding recovery rate is low and not 

generally confirmed11. For this reason, in our scenario we assume the recovery rate to be equal 

to zero (i.e. no arrow leading from the Frail state to the Healthy state). 

HRQoL is supposed to be 1 in the Healthy state and to decrease to the value HRQoLfrail in the 

Frail state. 

                                                           
 

10
 Fried et al. Frailty in older adults: Evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001 

11
 Gill et al. Transitions Between Frailty States Among Community-Living Older Persons, Arch Intern Med. 

2006 
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We consider the mortality rate for the Healthy state to be equal to the all-cause mortality rate 

for the targeted population, as derived by MAFEIP from the Human Mortality Database. In other 

words, the relative risk of mortality in this case is equal to 1, as depicted in Figure 3. On the 

other side, as we shall see, literature shows that the mortality rate for frail people is greater 

than for healthy people. Thus, we have a relative risk of mortality in the Frail state (RRfrail in the 

figure) greater than 1. 

In the City4Age approach (the intervention group in MAFEIP) citizens are supposed to use the 

City4Age early detection system. When the system detects a frailty risk (i.e. an individual is 

classified as non-robust) a two-step approach is applied, as recommended by the ADVANTAGE 

Joint Action12 and also proposed in the City4Age Project8: 

 A diagnosis of frailty is conducted to confirm or reject the City4Age warning, using a 
suitable diagnostic geriatric instrument, such as the Fried’s frailty phenotype or the 
Frailty Index of accumulative deficits. 

 In case the frailty diagnosis is confirmed, the citizen is referred to a relevant 
intervention program, which is supposed to contrast her transition to the Frail state and 
increase the probability to keep her in the Healthy state instead.  

With respect to the general scenario represented in Figure 3, all values in the City4Age 

approach are the same as in the standard of care, except for the italicized incidence and cost 

parameters: 

 The incidence parameter is less than frailty incidence, due to the early detection of 
health decay and the corresponding enactment of early intervention programs, which 
would not have been applied in the standard of care approach 

 The cost parameter is increased, due to (i) the need to conduct a frailty test to confirm 
diagnosis in case of a City4Age warning; and – for confirmed diagnoses – (ii) the need to 
enact the intervention program, to contrast patients’ transition towards frailty 

We finally note that the costs for deploying and running the City4Age system itself are not 

considered in this application scenario since, as previously mentioned, such costs would be 

sustained by citizens themselves and/or their families, while the present analysis is conducted 

from the point of view of the Public Healthcare system (i.e. so called health perspective; a brief 

look into how the situation would change when such societal costs are accounted for – i.e. 

when switching to a societal perspective – is given in the section 3). 

In the standard of care approach, the incidence parameter must be equal to the frailty incidence 

rate. We derive this value from the survey by Galluzzo et al13, conducted in the frame of the 

ADVANTAGE Joint Action. Available studies are unfortunately scarce: the authors identified only 

                                                           
 

12
 Rodríguez-Laso et al. State of the art report on the prevention and management of frailty, Joint Action 

‘724099 / ADVANTAGE’, 2017 
13

 Galluzzo at al. Incidence of frailty: a systematic review of scientific literature from a public health 
perspective, Ann Ist Super Sanità, 2018 



 

http://mafeip.eu 
info@mafeip.eu 

 
 

 

 
10 

 
 

6 of them, 3 from EU countries and 3 from outside the EU. A difficulty is represented by the fact 

that all identified studies report incidence proportions (or cumulative incidence) rather than 

incidence rates, as needed for MAFEIP.  Another difficulty refers to the fact that none of the 

surveyed studies covers the geographical area addressed by the present analysis (southern 

Italy). Considering the general north-south divide observed for frailty prevalence in Europe14, we 

decided to use the data from León-Muñoz et al.15, related to Spain, hypothesizing that this 

population is relatively similar to the one addressed by us (although authors consider age > 60 

instead of > 65). This study identified 137 new cases in a population of 1,815 subjects followed 

up over a 3.5 year period; on this basis we estimated a frailty incidence rate of 2.16% (137 

divided by 1,815 divided by 3.5, slightly underestimating the actual value, as incidence 

proportion is not linearly related to incidence rate and time, as we assume in the computation). 

On the other hand – supposing, as above mentioned, that an early intervention program with a 

given success rate is enacted for all subjects at risk of frailty which are spotted by the City4Age 

system – the incidence parameter for the City4Age approach is equal to the share of new cases 

that are not detected by the system or (if they are) are not effectively cured by the intervention: 

incidence = frailty incidence * (1 – sensitivity * intervention success rate) 

For frailty incidence we use the previously computed estimate, while for sensitivity we use the 

value provided in Table 2. To estimate the success rate of the intervention, we rely on the work 

of Fairhall et al.16 (which we will also use for assessing the costs of interventions, as illustrated 

later in subsection 2.2). The authors discuss the performance of a multifactorial intervention 

program, characterized by a success rate of around 38% over 12 months, which we also assume 

as our estimate. 

Plugging these values into the preceding formula we obtain an incidence of 1.71% in the 

City4Age case. 

As previously discussed, for the Healthy state we assume a relative risk of mortality equal to 1. 

This value is the same for both the control and intervention groups, as City4Age has no impact 

on mortality rates. 

For the relative risk of mortality in the Frail state (RRfrail, again to be used in both the control and 

intervention groups) we rely on the survey by Alves Pereira et al.17 In such survey, the authors 

                                                           
 

14
 Xue QL. The frailty syndrome: definition and natural history, Clin Geriatr Med, 2011 

15
 León-Muñoz et al. Mediterranean diet and risk of frailty in community-dwelling older adults, J Am Med 

Dir Assoc, 2014 
16

 Fairhall et al. Economic evaluation of a multifactorial, interdisciplinary intervention versus usual care to 
reduce frailty in frail older people, J Am Med Dir Assoc. 2015 
17

 Alves Pereira et al. Risk of death in elderly persons based on the frailty phenotype and the frailty index: a 
review study, Rev. bras. geriatr. gerontol. 2017 
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identified 17 studies, including one conducted by Lucicesare et al.18 on an Italian population 

consistent with the target established for this analysis. Using the results obtained from such 

study, we assume RRfrail = 5.26. Although Lucicesare et al. – differently from City4Age – define 

frailty on the basis of the accumulated deficit model (applying the Frailty Index instrument) 

another research, also surveyed in Alves Pereira et al. and conducted in Spain in the frame if the 

FRADEA study19, derives a very similar value (5.5) on the basis of the phenotype model (applying 

the Fried criteria, as in City4Age). Since, as previously mentioned, southern EU countries share 

similar characteristics with respect to frailty epidemiology, we believe that this confirms the 

reasonability of our estimate. 

2.2. Computing the costs 

The estimation of incremental costs of frailty is difficult to obtain, as existing studies differ 

widely in settings of care (e.g. hospital or community) and in included cost categories. The 

ADVANTAGE Joint Action reports an interval of 1,500-5,000 €/year in several EU countries12.  

One relatively complete study, involving a cohort of community dwelling elderly people in 

Saarland (Germany), considers all costs categories implicated in a societal point of view 

(inpatient costs, outpatient costs, pharmaceutical costs and both formal and informal nursing 

care costs)20. We relied on data from this study, while performing several elaborations on it, to 

align the estimations with the context of our analysis: 

 We removed nursing care costs, as we assume a healthcare rather than a societal point 
of view 

 We reclassified costs along our dichotomous model – which, according to Fried 
critera10, classifies people scoring 0, 1 or 2 as non-frail, and people scoring 3, 4 or 5 as 
frail – while the authors prefer to separately present costs for people scoring 
respectively 0, 1, 2, 3 and 4/5, introducing in fact five different classes of frailty 

 We rescaled the original costs, related to Saarland (Germany), in order to adjust them 
to the levels of healthcare expenditure in Italy. We did this by using the average health 
expenditure per inhabitant, reported by Eurostat21, as a proxy for country differences  

The resulting incremental costs due to frailty – i.e. the parameter Costfrail in Figure 3 – is 

2,644 €/year.  This value is consistent with the ADVANTAGE estimation interval given above, 

and conservatively located in the lower part of such interval. We also note that the reported 

numbers are referred to 2009 prices. However, to remain conservative, we did not update them 

                                                           
 

18
 Lucicesare et al. Comparison of two frailty measures in the Conselice Study of Brain Ageing, J Nutr 

Health Aging. 2010 
19

 Abizanda et al. Frailty and mortality, disability and mobility loss in a Spanish cohort of older adults: the 
FRADEA study. Maturitas. 2013 
20

 Bock et al. Associations of frailty with health care costs – results of the ESTHER cohort study, BMC 
Health Services Research, 2016 
21

 https://ec.europa.eu/eurostat/statistics-explained/index.php/Healthcare_expenditure_statistics  

https://ec.europa.eu/eurostat/statistics-explained/index.php/Healthcare_expenditure_statistics
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to take inflation into account. This Costfrail estimate is used for both the standard of care and the 

City4Age approach, as the City4Age system does not influence the care process for frail people. 

The intervention to be enacted in the City4Age approach, illustrated in subsection 2.1, implies 

the following cost elements: 

 All frail subjects detected as such by the City4Age system (true positives), which are 
equal (in percentage) to 

frailty incidence * sensitivity 

incur the cost for the diagnosis step plus the cost for the preventative intervention 

program 

 All non-frail subjects that are incorrectly detected as frail by the City4Age system (false 
positives), which are equal (in percentage) to 

(1 – frailty incidence) * (1 – specificity) 

incur the cost for the diagnosis only 

The specificity and sensitivity values have been given in Table 2, while the frailty incidence rate 

has been estimated previously. 

We estimate the cost of diagnosis at 17,30 € per subject per year, deriving it from the value 

computed by Bleijenberg et al.22 in the Netherlands, adjusted to Italian expenditure levels based 

on Eurostat data, as we did previously for frailty care costs. As this figure enters intervention 

costs, it has also been adjusted for inflation, using relevant Eurostat data23, to mitigate the risk 

of underestimation. 

Estimating the costs for the preventative interventions is also difficult since, although many 

different prevention programs have been tried and assessed across the world in the past, cost 

information has seldom been considered among study outcomes. For example, the survey 

conducted by Apostolo et al.24 identifies 33 intervention studies, of which only two report 

associated costs. We rely on one of such studies, the previously mentioned work by Fairhall et 

al.16, which was conducted on a cohort of community dwelling people aged 70 years or more, 

located in Australia. The authors compare the costs and cost-effectiveness of a multifactorial 

interdisciplinary intervention versus usual care for older people who are frail and conclude that 

the average per-patient cost of a 12-month intervention targeting identified frailty 

characteristics is AU$1,528, at 2011 prices. To adapt this number to the context of our analysis, 

we update it with the inflation rates provided by the Reserve Bank of Australia25, convert it to 

Euros using the rate current at the time of writing (0,62 €/AU$) and then adjust it to the Italian 

                                                           
 

22
 Bleijenberg et al. Cost-Effectiveness of a Proactive Primary Care Program for Frail Older People: A 

Cluster-Randomized Controlled Trial, JAMDA, 2017 
23

 https://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=en&pcode=tec00118  
24

 Apostolo et al. Effectiveness of interventions to prevent pre-frailty and frailty progression in older adults: 
a systematic review, JBI Database of Systematic Reviews and Implementation Reports, 2018 
25

 https://www.rba.gov.au/inflation/measures-cpi.html  

https://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=en&pcode=tec00118
https://www.rba.gov.au/inflation/measures-cpi.html
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context by using the price level indices for health elaborated by the OECD26, eventually 

obtaining an annual cost of around 834,49 € per subject. 

Using the formulas given above to apportion these costs over the population in the Healthy 

state, we obtain: 

 2,16% * 0.548 * (17,30 € + 834,49 €) = 10.08 € per subject per year in Healthy state, to 
account for the share of subjects that undergo frailty diagnosis and early intervention 

 97,84% * 0.210 * 17,30 € = 3.56 € per subject per year in Healthy state, to account for 
the share of subjects that undergo frailty diagnosis only 

This gives a total rounded value for the cost parameter of 14 € per subject per year. As these 

costs only refer to patients in the Healthy state, and not to the totality of patients, according to 

the MAFEIP User Guide they are to be accounted as healthcare costs for such state, rather than 

as intervention costs. We reiterate that the cost parameter for the Healthy state in the standard 

of care approach is 0, as we are considering incremental costs related to the frailty condition. 

2.3. Utility 

The HRQoL QALY-weight in the Healthy state is assumed to be equal to 1, both for the standard 

of care and City4Age approaches since the City4Age system does not meaningfully influence 

subjects’ quality of life (in particular, for its unobtrusiveness characteristics). 

For the HRQoLfrail parameter in the Frailty state we use the value of 0.63, as measured by 

Lundqvist et al.27 for standard care in the frame of the Age-FIT trial. Consistently with the 

recommendations given in the MAFEIP User Guide, such value has been obtained by applying 

the EQ-5D instrument (version 3L) converted to QALY-weight by means of the widely used UK 

value set. For the same reason given above, this weight is used for both the standard of care 

and City4Age approaches. We note that the estimate is referred to a Swedish population, which 

is different from the one targeted in this analysis, located in southern Italy. However, running 

appropriate MAFEIP simulations (which are not reported here for brevity) we could verify that 

variations in this parameter (for example, lowering it down to 0.50) have limited impact on the 

overall assessment28. 

                                                           
 

26
 Lorenzoni et al. International Comparisons of Health Prices and Volumes: New Findings, OECD, 2017 

27
 Lundqvist et al. Cost-effectiveness of comprehensive geriatric assessment at an ambulatory geriatric 

unit based on the AGe-FIT trial, BMC Geriatrics, 2018 
28

 For conducting this evaluation, we could not use the MAFEIP univariate sensitivity analysis function, 
since the HRQoLfrail parameter is used twice in the model, for both the control and intervention groups 
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3. Model output 

The Markov model illustrated in subsection 2.1, populated with the data derived in subsections 

2.1, 2.2 and 2.3, is represented for convenience in the following Figure 4. 

Figure 4. Application scenario populated with parameter estimates 

 

Figure 4 reports the parameter values that are the same across the compared approaches, 

while the estimates for the cost and incidence parameters, which are expressed differently in 

the different approaches, are illustrated in Table 3 below (see first three columns; fourth and 

fifth columns to be explained later). 

Table 3. Values for the cost and incidence parameters 

Parameter Standard of care City4Age  Systematic 
screening 
(see later) 

Perfect classifier 
(see later) 

incidence 2,16% 1,71% 1,34% 1,34% 

cost 0 € 14 € 35 € 18 € 

The discount factor is set at 3.5%, for both utilities and costs, as per MAFEIP default and as 

typical for this kind of analyses. The Time horizon for analysis parameter is set at 125, as per 

MAFEIP default, and the Maximum age parameter, which is mandatory in MAFEIP, is set at 95. 

Figure 5 illustrates the location of the Incremental Cost-Effectiveness Ration (ICER) on the cost-

effectiveness plane, which is obtained after running the MAFEIP model with the above derived 

parameters, when considering the standard of care approach as the control group and the 

City4Age approach as the intervention group. 

In particular, the usage of the City4Age early detection system results in the simultaneous 

saving of around 200 € per patient and gain of around 0.2 QALY per patient, configuring the 

intervention as dominant. 
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Figure 5. Cost-effectiveness plane: City4Age vs standard of care 

 

However, these numbers do not illustrate the whole story, as further discussed next. 

We want now to compare the City4Age approach with a systematic screening for frailty for the 

whole elderly population. This means to make the usage of the classifier redundant, and instead 

periodically test every citizen aged 65 or more with a suitable frailty diagnostic instrument. 

Again, an early intervention program is enacted for subjects which test positively. 

To assess this systematic screening approach, we use the same scenario presented in section 

2.1, with parameters populated as reported in Figure 4 and with the incidence and cost 

parameters recomputed as follows (see fourth column in Table 3): 

 The incidence parameter is expressed by the following formula (all frail cases are 
spotted and administered the frailty-contrasting early intervention) 

frailty incidence * (1 – intervention success rate) 

yielding a value of 1.34% 

 The cost parameter includes diagnosis costs for all subjects, plus the cost of the early 
intervention program for all frail subjects. This value amounts to 17,30 € + 2,16% * 
834,49 € = 35 € per patient per year 

Giving these numbers as input to the MAFEIP model for the control group, while keeping the 

City4Age approach as the intervention group, we obtain the ICER shown in Figure 6. 
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Figure 6. Cost-effectiveness plane: City4Age vs systematic screening 

 

The figure shows that the City4Age solution is dominated by the systematic screening approach, 

as the latter costs around 85 € less and yields 0,17 QALY more per patient. Such conclusion 

entails that the systematic screening approach is even better against the standard of care. This 

can be seen in the following figure, which shows the ICER location firmly placed in the dominant 

quadrant, when the standard of care is used as the control group and the systematic screening 

approach as the intervention group. 

Figure 7. Cost-effectiveness plane: systematic screening vs standard of care 
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We acknowledge that this is a controversial result, as some authors currently do not 

recommend systematic screening for frailty – including for cost considerations and for the low 

specificity exhibited by existing screening instruments29 – while others are in favour of it30. 

Although we are not qualified to enter such debate, we would like nonetheless to formulate few 

technical observations which may be useful to improve the City4Age approach. 

A first observation to be made is that our estimations, as computed in section 2, may not be 

sufficiently precise. For instance, they may underestimate the cost of the diagnosis for frailty, 

thus incorrectly favouring the systematic screening approach. However, as a sensitivity analysis 

conducted in MAFEIP shows, such cost must be increased at least 40-fold (from 17,30 € to 

around 700 €) to rule out systematic screening with respect to standard of care, even at lower 

WTP thresholds (see Figure 8, in which Lower end of parameter range corresponds to a 

diagnosis cost of 17,30 €, while Upper end of parameter range corresponds to 700 €). This 

seems an unlikely case. 

Figure 8. Systematic screening vs standard of care: sensitivity analysis on diagnosis cost 

 

A second observation is that the City4Age system on which we have based the previous ICER 

computations is a proof-of-concept prototype, with a fair (but not good) specificity and very low 

sensitivity (see Table 2) which may incorrectly penalize the City4Age approach. In fact, we can 

show that an ideally perfect classifier, with both sensitivity and specificity equal to 1, would fare 

better than systematic screening. In particular, using again the data from Figure 4, we can apply 

                                                           
 

29
 https://www.bgs.org.uk/resources/introduction-to-frailty  

30
 Morley et al. Frailty Consensus: A Call to Action, J Am Med Dir Assoc. 2013 

https://www.bgs.org.uk/resources/introduction-to-frailty
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the following computations to obtain incidence and cost for the perfect classifier case (see last 

column in Table 3): 

 Parameter incidence is computed as 

frailty incidence * (1 – intervention success rate) 

yielding a value of 1.34% (similarly to the case of systematic screening, also 

characterized by absence of false negatives) 

 Using the formulas presented in subsection 2.2, the parameter cost is derived as the 
sum of 

o 2,16% * (17,30 € + 834,49 €) = 18.40 € (no false negatives) and 
o 0 € (no false positives) 

totalling a rounded value of 18 € per subject per year. 

Inserting these numbers in the MAFEIP tool, and using the systematic screening approach as the 

control group and the perfect classifier approach as the intervention group, we obtain the ICER 

illustrated in Figure 9. 

Figure 9. City4Age vs Systematic screening: using a perfect classifier 

 

The picture shows that a two-step approach based on a perfect classifier dominates a 

systematic screening approach with no preliminary risk detection. While the effects on HRQoL 

are equal (in both cases, all people that need interventions do receive them), the application of 

a perfect classifier reduces costs by around 157 € per patient (since it reduces the number of 

unnecessary frailty tests). 
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However, even slight decreases in sensitivity or specificity rapidly worsen the situation, making 

the systematic screening approach preferable again, as shown in Figure 10, which is based on 

the data illustrated in Table 4 below (computations, which are very similar to the above, are not 

reported for brevity). 

Table 4. A very good, but nonperfect, classifier 

Parameter Better classifier 

Sensitivity 0,97 

Specificity 0,97 

Resulting incidence 1,36% 

Resulting cost 18 € 

Figure 10. City4Age vs Systematic screening: using a very good but not perfect classifier 

 

As a final note, we remind that, as mentioned in section 1, the strategy for the reduction of 

healthcare spending envisaged by the City4Age approach, rests in part on shifting costs from 

cure to prevention. As the latter are paid for by citizens themselves, their families or other 

non-healthcare actors, it is important to consider their effect on the ICER, in order to verify that 

the system is not uneconomic from the overall societal point of view. In the following, we do 

this check for the comparison between City4Age and the standard of care. 

According to the City4Age exploitation planning4, the system is to be positioned as a solution for 

the prevention of health risks in “young elderly” citizens who, still healthy, are keen to preserve 

their wellbeing and to remain fit for longer. The preferred price model for such business 

scenario is a small yearly fee (e.g. for installing and using a relevant smartphone app, running 

the City4Age classifier) that is affordable for a large share of the target population. Leaving out 
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classified business details, for this analysis we assume a price of around 60 €/year, which has 

been verified to be generally reasonable and sustainable in the geographical region of interest. 

This cost is to be attributed to the Healthy state, as City4Age is a preventative application, used 

by subjects in such state. In addition, we need to update the Frail state costs, derived from Bock 

et al.20 as illustrated in subsection 2.2, to reinclude expenses outside the healthcare sector – i.e. 

nursing costs, amounting to 893 €/year – that were excluded when running the analysis from 

the healthcare perspective. The following Table 5 shows how these values determine the 

societal perspective costs which should be given in input to the MAFEIP tool for, respectively, 

the standard of care and the City4Age approaches (we remind that costs for the Healthy state in 

the standard of care are zero, as we are considering incremental costs related to frailty). 

Table 5. Societal perspective costs (yearly) 

 Healthy state Frail state 

Standard of 
care 

City4Age 
Both 

approaches 

Healthcare perspective costs (see subsection 2.2) 0 14 € 2,644 € 

Other costs for frailty, other than healthcare 0 60 € 893 € 

Societal perspective costs (sum of the above) 0 74 € 3,537 € 

The following figure shows the resulting societal perspective ICER, computed by MAFEIP. 

Figure 11. City4Age vs standard of care from a societal perspective 

 

With respect to the healthcare perspective, presented in Figure 5, the City4Age solution is not 

dominant in this case. However, at slightly more than 1,150 €/QALY, it is still confirmed as highly 

cost effective and viable even at the lowest WTP thresholds. 
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4. Lessons learned  

It seems reasonable to conclude that, given the parameters estimates derived in section 2, the 

systematic screening approach is preferable to the City4Age approach, since the application of a 

robustness classifier, envisaged in City4Age: 

 can only improve the situation by reducing costs, as systematic screening achieves the 
maximum HRQoL obtainable in the scenario hypothesised in subsection 2.1, and 

 this improvement must be obtained with very limited HRQoL losses, implying very high 
sensitivity. 

However, the already mentioned recommendations issued by geriatric societies29, bring to the 

fore other important considerations. In particular: 

A. Psychological aspects also come into play: the usage of an unobtrusive classifier, that 
warns about impending risks only when they are actually present, may be better 
accepted by elderlies with respect to a periodic systematic screening, that constantly 
reminds them of their decreasing health conditions 

B. Different ways to stratify risks are worth investigating 

With reference to point A, we claim that the City4Age system could be considered viable, with 

respect to systematic screening, as: 

 It still represents a good improvement with respect to current standard of care (see 
Figure 5) 

 It is more acceptable to elderly citizens, particularly if marketed by highlighting its 
“fitness preserving” focus, as envisaged in the City4Age exploitation planning4, rather 
than categorising it as a screening tool for disease monitoring. 

In addition, with reference to point B above, we may propose using the City4Age approach to 

address only riskier frail subjects – for instance only subjects who score high on the Fried 

criteria or on the Frailty Index. 

We can use MAFEIP to conduct a preliminary viability test for this idea, by speculatively 

assuming a lower incidence rate for “very frail” people – say, 1% instead of 2,16% – as well as 

increased costs for caring these people – say 5,000 €/year, using the higher end of the interval 

discussed in subsection 2.2. 

Running MAFEIP with this data (again, for brevity, we skip the details of the computations, 

which are anyway similar to the previous cases) we obtain a new ICER located as illustrated in 

Figure 12, which shows how the usage of the classifier with 0.97 sensitivity and specificity (as 

intervention group, in the figure) starts to be preferable with respect to the systematic 

screening approach (as control group, in the figure), at least for lower WTPs (up to around 

30.000 €/QALY). 



 

http://mafeip.eu 
info@mafeip.eu 

 
 

 

 
22 

 
 

Figure 12. City4Age vs Systematic screening: targeting only high-risk subjects 

 

The resulting conclusion could be as follows: the MAFEIP analysis of the City4Age early 

detection approach suggests that – in a future scenario, where systematic screening for frailty 

may be put in place – the classifier shall be preferably geared towards the riskier layers of the 

elderly population, as for lower risk levels the increased precision of (even) a good classifier is 

not actually required. 

We conclude with a mention to relevant limitations of this work: 

 The most important limitation is that, since the analysis is not grounded on an RCT with 

a proper control arm, we had to rely extensively on “secondary” literature data, which 

are not always fully consistent with our objectives. 

 Due to the scarcity of available data, we were not able to express gender-specific 

scenarios, which are important given the demonstrated difference in frailty 

epidemiology among sexes (worse in females vs males)31. To solve this issue, more 

studies would be necessary (e.g. to assess gender-specific incidence rates, gender-

specific relative risks of mortality, etc.). 

                                                           
 

31
 Gordon et al. Sex differences in frailty: A systematic review and meta-analysis, Exp Gerontol. 2017 


