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Executive Summary
Task 10.2 aimed at implementing dynamic microsimulation models for scenario
analyses on policy and intervention strategies focused on optimizing early-life
stressors. In particular we decided to develop a microsimulation model for
investigating the prospective effects of poverty alleviation fiscal policies on child
health outcomes, simulating the effects of alternative fiscal policies on
household income and forecast the impact of these income increases at the time
of childbirth on child health. The microsimulation model, named Microsimulation
for Income and Child Health (MICH), has been develop using Italy as the setting
of interest and using childhood overweight and obesity as the outcome of
interest. MICH model is composed of three integrated modules. Firstly, module 1
(M1) simulates the effects of fiscal policies on disposable household income
using the tax-benefit microsimulation program EUROMOD fed with the countryspecific EU-SILC data (for this study Italy EUSILC 2010 data). We considered four
different fiscal policies to be compared with the baseline scenario (actual fiscal
system of the country analysed): Basic Income, Poverty Reduction, New-born
Benefit and Child Benefit. Secondly, module 2 (M2) exploits EU Child Cohort
Network data and runs a series of concatenated regressions in order to estimate
the prospective effects of income on child body mass index (BMI) at different
ages (for this study we used the data of the Italian NINFEA birth cohort). Finally,
module 3 (M3) uses dynamic microsimulation techniques that combine the
population structure and incomes obtained by M1, with regression model
specifications and estimated effect sizes provided by M2, projecting BMI
distributions according to the simulated policy scenarios. Our results show that
fiscal policies, especially the focalised interventions, can have a strong impact on
childhood health conditions. The MICH model, exploiting the cross-country
comparative nature of EUROMOD and the comparability of birth cohort data
member of the EU Child Cohort Network, can be applied to different settings
both in term of populations and of the outcome of interest. The MICH model
constitutes a useful tool to provide evidence of how fiscal policies could affect
health outcomes in the population and thus could be used in fiscal and health
policy-making.
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1. Introduction
1.1 Background
The role of parental socioeconomic position in determining child health
outcomes is widely recognised. Household income is one of the strongest
socioeconomic determinants of health; increasing household income, especially
among the most vulnerable families, could prevent several health outcomes
(1,2).
Fiscal policies, including fiscal benefits and tax reductions, are interventions that
can quickly and effectively change the income of poor households (3). However,
little is known of the health effects of tax and benefit systems, which in most
countries are responsible for a vast redistribution of resources and provide
significant income support, in the form of targeted benefits, fiscal incentives and
tax reductions, to a large number of individuals and households. Fiscal systems
are not designed with health outcomes – and in particular child health outcomes
– in mind; however, health outcomes are potentially large side effects of fiscal
policies, and their consideration might change the way we think and prioritise
about them. Hence, both from the point of view of the design of fiscal systems
and from the point of view of public health interventions, analysing the health
impact of tax and benefit systems is of high interest.
Several steps separate fiscal policies from child health outcomes, making the
analysis non-trivial. First, there is interaction between policies, insofar income
support received under a specific scheme might have an effect on eligibility to
other schemes. Second, the targeting of fiscal policies (for instance, unemployed
individuals in case of unemployment benefits), is typically different from the
population of interest (children with more disadvantaged background) – said
differently, the outcome (child health) is defined on a different population from
the intervention (fiscal policies). There are also data availability issues, as tax and
benefit models are not typically applied to data containing detailed health
information for all family members.
Dynamic microsimulation modelling involves the generation of simulated data on
individual units and is particularly suited for policy evaluations and scenario
analyses. It is a multi-process simulation model, in which each process is
estimated at an individual level and feeds back into the other processes.
1.2 Objectives
To develop a flexible three-part integrated microsimulation model as a useful
policy design tool for investigating the prospective effects of poverty alleviation
fiscal policies on child health outcomes, simulating the effects of alternative
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fiscal policies on household income and forecast the impact of these income
increases at the time of childbirth on child health.

2. Methods
The microsimulation model has been developed using Italy as the pilot setting
with the population distributions obtained from Italian national surveys and
associational estimates from the NINFEA birth cohort and using childhood
overweight and obesity as the outcome of interest. The microsimulation model
exploits two unique assets, namely (i) EUROMOD, the EU-28 tax-benefit
microsimulation model that we will use to analyse the effects of different policy
measures on equivalised household disposable income (4), and (ii) the
availability of harmonized birth cohort data ensured by EU Child Cohort Network.
With respect to the latter, we specifically make use of the standardized
Equivalised Household Income Indicator (EHII) that was developed within the
LifeCycle project (task 3.1.1) and build upon a systematic review of the effect of
income-related interventions also carried out within the LifeCycle project (task
9.2). We then use an integrated design of analyses of cohort data and
microsimulation models to evaluate the effects of fiscal policies on childhood
overweight and obesity.
In brief, the modelling strategy involves two phases and three integrated
modules. The first phase comprises two modules. Firstly, we simulate the
prospective effects of different fiscal policies on the EHII using EUROMOD
(module 1 (M1)). Secondly, we run a series of concatenated regressions to
estimate the distribution, correlations and associations between the EHII and the
childhood Body Mass Index (BMI) analysed using NINFEA data for Italy (module 2
(M2)).
In the second phase, the estimated parameters obtained from M2 are applied to
the simulated population obtained from M1 in order to get a simulated BMI
distribution (module 3 (M3)).
The overall structure of our Microsimulation for Income and Child Health (MICH)
model and flow of inputs and outputs for each stage are shown in Figure 1,
where the example of the Italian case-study is presented. A description of the
data sources and a more detailed description of each module will be provided
below in the following sections.
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Figure 1. Design of the MICH model and its components. Example of the Italian case-study

2.1 Data sources
2.1.1 EUROMOD
EUROMOD is a tax-benefit microsimulation model for the European Union and
the United Kingdom that enables researchers to compute the effects of taxes
and benefits on household incomes for the population of each country and for
the EU as a whole. It is the only multi-country model and one of the most
consolidated microsimulation models in EU and its focus is on economic and
fiscal studies. EUROMOD is updated to recent policy systems using data from the
European Union Statistics on Income and Living Conditions (EUSILC) as the input
database. EUSILC is a survey that collects from 2005 and onwards comparable
annual microdata at both individual (basic demographic data, education
information, limited health data, labour force data, income data) and household
level (housing conditions, basic demographic data, material deprivation and
aggregated income data) in samples of persons aged at least 16 years in 28
European Union States - as well as Iceland, Norway and Switzerland (~500,000
European residents annually). Several income variables are collected through this
survey including the total disposable household income, which is the one we
used to derive the EHII in LifeCycle task 3.1.1. We use the Italian EUSILC 2010
data as the input population for EUROMOD, in order to be consistent with EHII,
which was estimated using the 2011 ESUILC data for NINFEA given that Italian
8

EUSILC 2011 data for EUROMOD was not available. The baseline scenario is
based on the tax-benefit system corresponding to June 2018, given that this was
the most recent system when this study was carried out.
2.1.2 NINFEA
The Nascita e Infanzia: gli Effetti dell’Ambiente (NINFEA) project is an Italian birth
cohort study included in the EU Child Cohort Network. For these analyses the
database version 02.2019, consisting of 6625 mothers and 7423 pregnancies,
was used. As stated above, within task 3.1.1. of the LifeCycle project, using
internal data of the cohort and external data from the EUSILC 2011 survey, the
EHII - an indicator of the equivalised total disposable household income at
baseline - was derived for the NINFEA participants as well for most of the other
LifeCycle cohorts. Children’s birth weight, gestational age at birth and weight at 6
months of age were collected using the 6-month questionnaire, and weight at 18
months of age was obtained from the 18-month questionnaire. From the
corresponding follow-up questionnaires at 4, 7 and 10 years of age, the NINFEA
dataset includes 4232, 2152 and 973 measurements of children’s weight and
height, respectively. These two measurements were used to calculate each
children’s BMI at each follow-up, as the ratio between weight (in kilograms) and
squared height (in metres). Overweight and obesity for each age were defined
according to the official International Obesity Task Force (IOTF) cut-offs.
2.2 The MICH model
2.2.1 M1 - EUROMOD
The M1 module uses EUROMOD to simulate the effect of different fiscal policies
on the total disposable equivalised household income. EUROMOD produces an
output dataset that contains a population that is the same as the Italian EUSILC
2010 sample, but with added information on disposable income for each
individual, based on the specific, actual or hypothetical policy system considered.
This is then transformed in the equivalised household income using the same
formula used for the EHII developed in task 3.1.1.
2.2.1.1 Simulated fiscal policies
The Baseline Scenario (BS) is simulated applying the actual 2018 Italian fiscal
system on the Italian EUSILC 2010 data. Other four alternative fiscal
interventions are then simulated: Basic Income (BI), Poverty Reduction (PR),
New-born Benefit (NB) and Child Benefit (CB). Each of these four simulated
policies was implemented with two different levels of intensity regarding the
9

benefit amounts, but keeping the same rules for eligibility and recipients among
them, with the aim to evaluate the potential dose-response effects.
- Basic income scenarios, BI1 and BI2, consist of benefit amounts of €100
per year or per month, respectively, to all citizens without eligibility
requirements.
- Poverty reduction scenarios, PR1 and PR2, simulate poverty-relief
interventions of €100 per year or per month, respectively, for each
member of a household with a per capita disposable income of less than
€500 per month.
- New-borns benefit scenarios, NB1 and NB2, simulate more targeted fiscal
interventions of €500 per year or per month, respectively, for each child
less than 1 year old in households with an equivalised disposable income
of less than €500 per month.
- Child benefit scenarios, CB1 and CB2, simulate the new-borns benefits
scenarios but with the only difference being that the eligibility rule
regarding the age threshold for recipients is raised from less than 1 year
of age to 5 years of age.
2.2.2 M2 – The concatenated regression models
The aim of this module is to estimate the regression parameters of interest and
the corresponding variance-covariance matrix that are required later in the third
module M3.
Using the NINFEA data concatenated multivariable regression models are fitted
to estimate the relationship between the EHII and child health outcomes,
adjusted for confounders. In general, the dependent variables considered are:
gestational age at birth, birth weight, infant weight and BMI at different ages
during childhood (depending on data availability). The structure of the
concatenated regressions models fitted on the NINFEA data is described in the
following equations:
GA = αga + δgaEHII + Σ βgaXs + ε
(1)
BW = αbw + βbwGA + δbwEHII + Σ βbw_sXs + ε
(2)
WT6m = αwt6 + βwt6_1GA + βwt6_2BW + δwt6EHII + Σ βwt6_sXs + ε
(3)
WT18m = αwt18 + βwt18_1WT6m + βwt18_2GA + δwt18EHII + Σ βwt18_sXs + ε
(4)
BMI48m = αbmi48 + βbmi48_1WT18m + βbmi48_2WT6m + δbmi48EHII + Σ β bmi48_sXs + ε
(5)
BMI84m = αbmi84 + βbmi84_1BMI48m + βbmi84_2WT18m + δbmi84EHII + Σ β bmi84_sXs + ε
(6)
BMI120m = αbmi120 + βbmi120_1BMI84m + βbmi120_2BMI48m + δbmi84EHII + Σ β bmi120_sXs + ε (7)
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where GA and BW stand for gestational age and birth weight; WT6m and WT18m
stand for weight at 6 and 18 months of age respectively; BMI48m, BMI84m and
BMI120m stand for BMI at 4, 7 and 10 years of age respectively. In all equations,
EHII is the income indicator (log-transformed), with δ being the estimated
coefficient of interest for the income indicator. Moreover, α is the intercept—
different for each regression, Σ βs Xs is the sum of sex of child, maternal country
of birth and age at delivery and ε is the error component. The underlying
assumption is that all outcomes analysed are influenced by the two previous
ones and by the other factors cited above.
In general, while the M1 models can be represented by the formula EHII=
𝑔(TB,…), M2 will use M1 outputs as independent variables according to
CHO=𝑓(EHII,,…), where TB is the tax-benefit system and CHO child health
outcomes.
For each independent variable, these models provide estimated effect sizes,
confidence intervals, and the corresponding variance-covariance matrix required
by M3.
2.2.3 M3 – Microsimulation scenarios
The last module of the MICH model applies effect sizes from M2 to the
population obtained from M1. M3 is developed in two steps: first we create a
synthetic cohort of live-born infants based on the NINFEA data and on the EUSILC demographic and socioeconomic structure. In particular from M1 output,
we select the population of children less than 5 years old and expand it using the
Italian EUSILC survey sample weights. In the second step using the same set of
concatenated multivariable linear regressions shown above, with the outputs
from M1 and M2 used as inputs, the integrated model estimates the distribution
of gestational age for the population of children under 1 year old using
regression equation (1). The obtained distribution of gestational age is
successively introduced in regression equation (2) together with the same set of
demographic and socioeconomic variables, including the equivalised household
disposable income from M1. The same principle is applied for the other
regression equations creating a flow of outputs used as inputs for the next
regression model and allowing us to simulate the final BMI distributions at 18, 48
and 84 months, in a sequential order. In this way, we estimate the effects of
changes in the household disposable income on individual families, and we
evaluate the individual, subpopulation and overall effect of alternative fiscal
policies simulated in M1, including their effects on health inequalities, using
childhood overweight and obesity as outcomes. For each outcome and each
policy, 1000 simulations are performed using the Monte Carlo sampling method.
11

This allows the main parameter values, in our case the estimated alphas and
betas of the regression equations, to vary in each simulation cycle according to
their assumed underlying distributions and their variance-covariance matrix.
Because the intercepts were obtained from the regression models applied to the
NINFEA cohort of the country of interest, which is not representative of the
Italian population, we need to calibrate their values. The calibration was
achieved varying the alpha of the first regression model, in order to obtain the
lower sum of squared errors (SSE) in comparison with the Italian national
prevalence of premature births, and for regression model (2) with the average
birth weight, both from the “Certificato di Assistenza al Parto” (CEDAP) of the
year 2011.
2.2.4 Outcomes
All scenarios were compared in terms of prevalence ratios, using the selected
scenario as the numerator and the real fiscal scenario as the denominator.
EUROMOD also provides the overall cost for the public budget and, therefore,
after comparison with the baseline, the cost of the changes implemented in the
counterfactual scenarios, which can be used to calculate the marginal benefit
(health outcome gain compared with the policy cost) of the reforms. Marginal
benefits - a normalised measure of the effectiveness of the different policy
instruments - were obtained by dividing the cost of the fiscal intervention,
provided by EUROMOD in M1, by the prevalence difference between scenarios.
These characterisation of the health effects of fiscal policies enables a better
understanding of the relative advantages of different schemes, and can inform
the discussion about interventions aimed at potentiating current national
schemes found to be of high health efficacy, and designing new “health-friendly”
policies.

3. Results
The results of the application of the MICH method to the case study of childhood
overweight and obesity in Italy are extensively described in the methodological
paper entitled “Developing an integrated microsimulation model for the impact
of fiscal policies on child health in Europe: the example of childhood obesity in
Italy”, recently published in BMC Medicine (5).
The main results are reported in Figure 2, that shows the estimated coefficients
for each regression model in the series of concatenated regression (equations
(1)-(7)) included in M2, Figure 3, where the prevalence ratios of overweight and
obesity at the different time occasions between the baseline scenario and the

12

alternative fiscal interventions are reported, and in Figure 4, that shows the
estimated cost of 1% prevalence reduction in the outcome.
In brief, we observed an inverse relationship between the EHII and BMI in all the
periods analysed, with the effect increasing with time (Figure 2). Both universal
benefits, such as universal basic income (BI), and targeted interventions, such as
child benefit (CB) for poorer households, have a significant effect on childhood
overweight, with a prevalence ratio (PR) in 10-year-old children—in comparison
with the baseline fiscal system—of 0.88 (95%CI 0.82–0.93) and 0.89 (95%CI 0.83–
0.94), respectively. The impact of the fiscal reforms was even larger for child
obesity, reaching a PR of 0.67 (95%CI 0·50–0.83) for the simulated BI and 0.64
(95%CI 0.44–0.84) for CB at the same age. While both types of policies show
similar effects, the estimated costs for a 1% prevalence reduction in overweight
and obesity with respect to the baseline scenario is much lower with a more
focalised benefit policy than with universal ones.

Figure 2. Estimated coefficients of the concatenated multivariable regressions from M2
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Figure 3. Prevalence ratio and predicted intervals for children overweight and obesity at 48, 84 and 120
months

Figure 4. Estimated cost for 1% prevalence reduction in overweight and obesity

4. Application to other settings
As stated above, the MICH model has been developed using the case of
childhood overweight and obesity in Italy. Cross-country comparison is of
particular relevance in this framework, as differences in health effects between
countries might arise from (i) differences in the population/household structure,
(ii) differences in the tax and benefit systems, and (iii) differences in the role of
stressors in determining the health outcomes of interest. However,
comparability of the results between countries requires that both the tax and
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benefit components and the health components have a comparative
perspective.
One of the main advantages of our method is that it can be applied to different
settings both in term of populations but also in term of the outcome of interest.
This is because the MICH model exploit the cross-country comparative nature of
EUROMOD and the comparability of birth cohort data member of the EU Child
Cohort Network, that ensures the availability of several harmonized exposures
and outcomes variables.
4.1 Childhood overweight and obesity in several European countries
The analyses to evaluate the effects of different fiscal policies on childhood
overweight and obesity using the MICH approach are currently been extended to
other European countries, namely Spain, UK and Finland, using data from the
INMA, ALSPAC/BIB and NFBC86 cohorts (all members of the EU Child Cohort
Network) respectively and national surveys of the corresponding countries to
obtain the association estimates and the population distributions.
In this application the structure of the concatenated regression model has been
slightly changed to account for the different study design of the cohorts
involved, in particular the fact that in some of the study the anthropometric
measurements during infancy are available only for a limited number of subjects
or are available at very different time occasions. The structure used for these
analyses is the following:
GA = αga + δgaEHII + Σ βgaXs + ε
BW = αbw + βbwGA + δbwEHII + Σ βbw_sXs + ε
BMIt1 = αbmit1 + βbmit1_1BW + βbmit1_2GA + δbmit1EHII + Σ β bmit1_sXs + ε
BMIt2 = αbmit2 + βbmit2_1BMIt1 + βbmit2_2BW + δbmit2EHII + Σ β bmit2_sXs + ε
BMIt3 = αbmit3 + βbmit3_1BMIt2 + βbmit3_2BMIt1 + δbmit3EHII + Σ β bmit3_sXs + ε

(8)
(9)
(10)
(11)
(12)

where BMIt1 is the BMI during the pre-school age period, BMIt2 during the
school-age period and BMIt3 during the pre-adolescence period. Preliminary
results of these analyses are shown in the next sections.
4.1.1 Results of the M2 module
Figures 5-8 show the estimated coefficients for each regression model
(equations (8)-(12)) obtained from the INMA, ASLPAC, BIB and NFBC86 data
respectively (M2 module). In each figure the effect of the EHII (log-euro) on the
different outcomes are displayed in the first line, with the models for the BMI at
the different time occasions shown in the last three columns.
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Figure 5. Estimated coefficients of the concatenated multivariable regressions – INMA study

Figure 6. Estimated coefficients of the concatenated multivariable regressions – ALSPAC study
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Figure 7. Estimated coefficients of the concatenated multivariable regressions – BIB study.

Figure 8. Estimated coefficients of the concatenated multivariable regressions – NFBC86 study
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In brief, when analysing the INMA data we observed very similar estimates to
those obtained in the NINFEA study; in the UK cohorts a less strong inverse
relationship between EHII and BMI is observed in the first periods only but not at
approximately 10 years of age on the contrary of the results obtained in NFBC86,
where a relevant negative effect is observed at 10 years of age only.
These results will be used to inform the MICH M3 phase for all the countries.

5. Conclusion
The MICH model constitutes a useful tool to provide evidence of how fiscal
policies could affect health outcomes in the population and thus could be used in
fiscal and health policy-making. The results of the study carried out in the Italian
setting using childhood overweight and obesity as the outcome of interest show
that fiscal policies, especially the focalised interventions, can have a strong
impact on childhood overweight and obesity especially for the most vulnerable
families. The MICH model, exploiting the cross-country comparative nature of
EUROMOD and the comparability of birth cohort data member of the EU Child
Cohort Network, can be applied to different settings both in term of populations
and of the outcome of interest.

6. Contribution of partners








UNITO: has led this task
UOS: has contributed to the design of the case-study to develop the
microsimulation model, to the discussion of the results and the draft of the
methodological paper describing the MICH method.
ISGLOBAL: has contributed to the project with the INMA data for the
application of the MICH model to the case of childhood overweight and
obesity in Spain, and contributed to the definition of the M2 model for Spain.
UNIVBRIS: has contributed to the project with the ALSPAC data for the
application of the MICH model to the case of childhood overweight and
obesity in UK, and contributed to the definition of the M2 model for UK.
BTHFT: has contributed to the project with the BIB data for the application of
the MICH model to the case of childhood overweight and obesity in UK, and
contributed to the definition of the M2 model for UK.
UOULU: has contributed to the project with the NFBC86 data for the
application of the MICH model to the case of childhood overweight and
obesity in Finland, and contributed to the definition of the M2 model for
Finland.
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7. Deviations from original plan
This deliverable has been fulfilled fully in line with the original plan as stated in
the grant agreement.

8. Dissemination activities
As stated previously in the report, to reach the scientific community outside of
LifeCycle a manuscript describing the method and showing its application to the
case of childhood obesity in Italy was published in a scientific journal. We plan to
present our results also in conference presentations.
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