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Purpose of the study 

• A case-control study exploring the disability costs 

• The relationship of income and disability status of people 

who have experienced acquired brain injury (ABI)  

• Calculation of the costs associated with disability and 

comparison with the costs of the non-disabled  

• Sample: provinces of Verona and Florence in Italy 

• The study employees the standard of living (SoL) 

approach using a Structural Equation Modelling (SEM) 



Motivation of the study 

• Health status is one of the most important indicators of human, 

capital, welfare and productivity  

• Many researches and methods have been developed and applied in 

order to measure the financial costs associated with health 

conditions, illnesses and disability. 

• The main proxy that has been traditionally used for exploring the 

distribution and inequality of standard of living is income. 

• Nevertheless, this proxy has some disadvantages: it is not usually correlated with 

some other aspects of standard of living  

• the same income level may represent different standards of living for different people 



Research Program  
Disability Costs 



Motivation of the study 

• This study aims to give more insights on the additional 

costs of households with acquired brain injuries (ABI) 

members 

 

• Cost of disability … Decancq 

 

 



Previous research 

• Jacobs (1988) found that people with brain damage 

after four years from the time of the injury lived with 

their families and neither worked nor attended 

educational institutions and schools.  

 

• People with brain injury remain largely dependent on 

their families for support imposing a lifetime burden 

for their families and relatives (Willer et al., 1991). 



Methodology 

•Three principal approaches have been 

developed for quantifying the economic costs 

of disability 

•direct survey approach (DSA)  

•expenditure diary approach (EDA) 

•standard of living (SoL) conditions approach 



Methodology - DSA 

• DSA approach asks the individuals with a disability how 

much are willing to spend extra on specific expenditure 

items. 

• Advantage: 
• It is an inexpensive and straightforward approach 

• Disadvantage:  
• It is very difficult for the respondents to estimate their real expenditures in 

need leading to inaccurate estimates 



Methodology - EDA 

• EDAs approaches can tackle some of the issues of 

DSA where they include analysis of detailed 

measurements of expenditures of persons with 

disability relative to corresponding expenditures for a 

sample of people with no disability. 

• It is possible to measure areas where the disabled 

people tend to face the additional expenditures. 



Methodology – EDA 2 

• However, EDA can be also problematic, including the 

large cost of data collection and the difficulty of results 

interpretation. 

• This is because that averaging detailed information on 

the nature and severity of the disabilities the effects 

lose important variation. 

• Using EDA the expenditure is an accurate indicator of 

consumption, only if the assumption that both disabled 

and non-disabled people buy at the same prices holds. 



Methodology - SoL 

• The study follows the Standard of Living Conditions 

(SoL) approach developed by Berthoud et al. (1993) and 

applied by Indecon (2004), Zaidi and Burchardt, (2005) 

and Cullinan et al. (2011). 

 

• These studies examine whether an individual has a 

disability answering in type of question like “Do you have 

any chronic physical or mental health problem, illness or 

disability?” 



Methodology 

•Our study examines a specific group of 

disabled people with ABI experience 

 

•SEM is applied which is proper when the 

SoL is latent and unobservable 



Which measure for SOL? 

•Health (EQ-5D, EQ-VAS)  

•Life Satisfaction 

•Standard of Livings as Material 

Deprivation 



EQ-5D and Equivalent Household Income 
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EQ-VAS and Equivalent Household Income 
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Life satisfaction and Household Income 



Life satisfaction and Household Income for Disability Status 
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•Weak relationships between: 
Health measures (EQ-5D and EQ-VAS) and income 

Life Satisfaction and Income especially for those with 

high disability 

 

•Therefore the SoL using material 

deprivation is employed 



A preliminary relationship between SoL 

indicator, Income and Health 
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Structural Equation Modelling (SEM) 

• Structural equation models (SEMs) with latent 

variables provide a very general framework for 

modelling of relationships in multivariate data 

(Bollen, 1989). 

 

• SEM is most commonly applied in studies 

involving latent variables, such as life satisfaction 

and happiness and they provide a parsimonious 

framework for covariance structure modelling.  

 



Structural Equation Modelling (SEM) 

• The advantages of SEM include: 

It is possible to study the complex patterns of relationships 
in a conceptual or theoretical model. 

 

the measurement of the unobserved or latent variables by 
observed indicators can be modelled taking into account 
the effect of the measurement error on the structural 
relationships. 

 

the causal assumptions underlying the theoretical model 
and the statistical analysis are clear and testable 

 



Structural Equation Modelling (SEM) 

• SEM uses a two-step process:  

the measurement model  

the structural equation model.  

• The measurement model specifies how the latent 

(unobserved) variables or hypothetical constructs are 

measured in terms of the observed variables. 

 



Structural Equation Modelling (SEM) 

• The observed variables and unobserved constructs 

are linked by one of two factor equations for 

observations i=1,…..,N results to the measurement 

and structural equations: 
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Structural Equation Modelling (SEM) 

• Model (1) is the measurement equation and it relates sp or 

si=(si1,……, siq)΄ to an n-vector of latent variables ξi=(ξi1,……, ξin)΄ , 

n≤q, through the q×n factor loadings matrix Λx; latent variable SoL.  

• SoL is constructed based on the following observed variables 

(deprivation indicators same vars in EU-SILC) 

Number of rooms 

House size in squared meters 

Number of cars 

Whether the household has debts in the last 12 months 

The minimum income needed to meet the family’s basic needs 

The level of ability to make ends meet (i.e. with great difficulty, easily etc.) 

 



Structural Equation Modelling (SEM) 

• Model (2) is the structural model exploring the 

determinants of SoL.   

 

• Model (2) is used to estimate the disability related 

costs 

 

 



Estimated Model 
SoL
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• SoL is the standard living conditions 

 

• D is the disability index measured by EQ-5D and EQ-VAS in tertiles 

(extreme, intermediate and low severe disability)  

 

• log(y) is the logarithm of the equivalent household income   

 

• Vector Z includes control variables, such as age, education level, 

employment status, marital status among others 

 



Estimated Model 

• The disability related costs for a giving level of standard living are 

estimated as: 

 

MRS(Y, D) =
dY

dD
=

dSoL / dY

dSoL / dD
= -

b1

b2

It is defined as the difference of Y1-Y0 in terms of income in figure 1 



Estimated Model 

Figure 1. The standard of living approach 



Data 

• The data employed in this study for the case group 

have been derived by surveys which took place in 

the main hospital of Verona and Florence in Italy 

 

• The European Union Survey of Income and Living 

Conditions(EU-SILC) is used for the control group 



Data 

• EQ-5D  

The EQ-5D (EuroQol Group, 1990; Brooks, 1996; Rabin and de 

Charro, 2001) is a generic instrument that assesses Health 

Realted Quality of Life (HRQoL) in terms of mobility, self-care, 

usual activities, pain/discomfort, and anxiety/depression.  

The scores of EQ-5D obtained for each dimension have been 

aggregated by using the value set provided by Dolan (1997).  

The EQ-5D index value ranges from -1 to +1, where +1 

represents perfect health, 0 indicates a state equivalent to 

death, and -1 is a state worse than death (Dolan, 1997).  



Data:  EQ-VAS  

EQ-VAS is the patients’ own global rating of 

their overall health measured on a scale from  

 

0       (worst possible health) to  

 

100   (best possible health).  



EQ-5D and EQ-VAS 

Figure 2. Histogram for EQ-5D and EQ-VAS 





SOL and Household Income 





The Dominance Principle and the Personal-Pref Principle 

are incompatible 

(DFS 2014)  



The health-equivalent income 

• The H-eq income (quantity) E(xi,Ri) is implicitly defined as 

 

(E(xi,Ri),1)Ii(ci,hi) 

 

where x=(ci,hi) individual situation described by the levels of 

consumption c and health h.  

• The H-Eq is the level of consumption that combined with perfect 

health would make the individual indifferent with his current 

situation (ci,hi)  

 



Health-Equivalent income 

• Suppose we compare the situation of Alice (in A) and Bob (in B). Taking 

normal health as the reference for the health-dimension, we can define the 

equivalent income y*
A for Alice as the income that would bring her in 

situation A’, i.e., the (income, normal health) bundle that is just as good 

for her as her actual bundle A. Similarly, we obtain for Bob an equivalent 

income of y*
B . We see that Bob’s well-being (in B), as measured by y*

B , 

is larger than Alice’s well-being y*
A (in A). 

• Conveniently, the equivalent income is expressed in monetary terms. It 

has the operational advantages of a cardinal and interpersonally 

comparable measure, so that can be used in traditional inequality 

measures.  



Equivalent Income 

(DFS 2014)  



Conclusions 

If Then 



Future challenges 1 

• The objective is to  

• Separating single health dimensions 

• mobility,  

• self-care,  

• usual activities,  

• pain/discomfort, anxiety/depression 

 

• WTP by health dimension using stated data 

•  to derive the value of functioning 

 

• WTP to acquire a lost functioning is positive, but the WTP not to have to 

consume a nurse or a wheel chair is negative. Why it is important? 



Future Challenge 2.  

• Objective: Individual Ill-being of the patient and the family members 

• Can we use a collective extended demand system (goods, non market goods, 

time)  

• Accounting for assignable goods and time 

• And assignable bads (nurse, wheel chair) 

To estimate individual SOL  

 

Quite a paradoxical challenge: if a patient receives a lot of expensive attentions (nurse, wheel 

chair), is she happier? 
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