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Abstract
The main objective of this analysis is to evaluate the extent to which chronic diseases effect the perception of physical and mental well-being. The effects are evaluated on Physical and Mental Component Summary indexes scores. Data are drawn from the Italian Health Survey carried out by the Italian National Institute of Statistics in 2005.
Our analysis takes into account the hierarchical data structure and considers both individual characteristics and information related to socio-economic conditions and household context. Due to the pronounced asymmetry of the response variables and not normally distributed residuals, more robust estimation methods such as Linear Quantile Mixed Models are used.
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Introduction

In recent decades multilevel modelling has received increasing attention as a suitable method of handling a hierarchical data structure when taking dependence between observations into account. Moreover, there is an increasing interest in multilevel and comparative analysis applied to perceived health indicators. Several studies have focused on health conditions in the elderly, exploring differences induced by deprived socio-economic contexts and territorial characteristics (Pirani and Salvini 2012, Olsen and Dahl 2007; Mackenbach et al. 2008, Costa et al. 2003).
The aim of our study is to apply a multilevel quantile regression model to the Istat  household survey on ”Health Conditions and the Use of Health Services”. This survey has the objective of analysing health behaviours and the use of health services and positions them in relation to the demographic and socio-economic characteristics of interviewed citizens. Through this information, collected directly from households, it is possible to construct indicators of health status and quality of life, presence of disability, risk factors, diseases and prevention. The target population are Italian residents aged 18 years and older.
Our analysis focuses on Physical and Mental Component Summary as outcome and applies a multilevel linear quantile regression analysis in order to explore to what extent chronic diseases affect perceived physical and mental status. 

Data and methods

The Italian survey on population health condition conducted by the Italian National Institute of Statistics (Istat) is a part of the ensemble of multi-purpose household surveys, including several thematic surveys repeated every five years. This work will examine the most recently available survey, the 2004-2005 edition. The topics involved in this survey are: perception of individual health status, presence of chronic diseases, disability and invalidity, lifestyle, risk factors such as smoking, body weight and physical activity, prevention, recourse to health services, drug consumption, and, for women, questions about pregnancy and lactation. Subjects included in the survey are members of the Italian population resident in households, excluding residents who live in convents, communities, nursing homes, prisons and barracks.
The study sample is made up of 60,730 households distributed in 1,474 Italian municipalities of varying population size. Sample size was increased significantly compared to other household surveys (usually 24,000 households) and enabled the collection of estimates for small territorial areas: sub-regional areas (the so-called “large areas”). 
The sampling design is two-stage (municipalities and households) with stratification, by size, of the first stage units (municipalities).
The survey unit is the “de facto household” relating to households drawn from municipality population registers. For every “de facto household” all members were interviewed using two paper questionnaires: one filled in by the interviewer through a direct interview, one completed by respondents and containing sensitive questions.
This survey is a rich source of useful information for investigating several dimensions of the health of the population in conjunction with demographic, status and geographical variables, risk factors and prevention control and prophylaxis.
In this study the Physical Component Summary (PCS) and Mental Component Summary (MCS) outcomes were selected as outcome indicators of primary interest. Their scores derived from the questions on the SF-12 questionnaire (Short Form Health Survey).
The main objective of the analysis is to highlight factors that have an impact on perceived health, taking hierarchical data structure into account. We have considered both individual characteristics and information related to socio-economic conditions and household context.
In order to take the hierarchical structure of the sample into account and at the same time assess the possible influence of the context on individual response, a multilevel strategy has been adopted (Goldstein, 2003) at first.
Given the pronounced asymmetry of response variable and non-normally distributed residuals we adopted the more robust estimation method of quantile regression. 
Quantile regression estimates the conditional quantiles of a response variable distribution through a linear model and provides a more complete view of the relationships between variables. Introduced by Koenker and Basset (1978), they may be viewed as an extension of least squared estimation of conditional mean models to the estimation of an ensemble of models for several conditional quantile functions. 
The multilevel linear models, likewise linear regression, estimate the conditional expectation of a response variable taking into account the hierarchical data structure, but they are not able to characterize the entire conditional distribution of a dependent variable. Quantile regression models do allow this but are unable to deal with hierarchical data. Geraci and Bottai (M. Geraci and M. Bottai, 2007, 2013) have introduced a new method for quantile regression with mixed effects, the ”Linear Quantile Mixed Model” (LQMM) which, in this context, we call ”Multilevel Linear Quantile Regression” (MLQR). They propose a conditional quantile regression model for continuous responses where random effects are added to the model taking into account the dependence between units when hierarchical data structure is present. Their approach exploits the link between the minimization of weighted least absolute deviations of quantile regression and the maximization of a Laplace likelihood. An alternative definition of quantile regression carried out by using the Asymmetric Laplace Distribution (ALD) function was first presented in a work in 2001 by Yu, Lu, and Stander. This distribution also appeared in a paper by Koenker and Machado (1999) on goodness of fit for quantile regression.
We have adopted the procedure proposed by Geraci and Bottai to perform a multilevel quantile regression model at individual and family level.
The procedure was carried out assuming normally distributed random effects. The large sample size (about 106,000 records) does not allow a high number of bootstrap replications, so the calculation of standard errors have been performed with 100 bootstrap replications that are nevertheless considered to be sufficient.
Seven quantile estimations are fixed for each model: 0.10, 0.25, 0.33, 0.50, 0.67, 0.75 and 0.90. Quantile 0.33 was added because it corresponds approximately to the sample average of PCS (τ0.324 = 49.89); quantile 0.67 be chosen for symmetry.
Independent variables considered in our models are: age; gender; employment status; education; disability; chronic condition (18 chronic diseases present/absent); body-mass index and; sport practice, which are considered at individual level, and household composition (or household typology) and household economic resources at household level. Urban degree was insert as a contextual independent variable.


Results and discussion

In this survey PCS range from 11.1 to 68.9; the summary statistics are: average 49.9, standard deviation 9.7, median 54.3, inter quantile range 10.1. 
MCS range from 7.5 to 72.3; the summary statistics are: average 49.6, standard deviation 9.8, median 52.7, inter quantile range 10.7.
In addition to the strong asymmetry of the outcome variables, heteroscedasticity on many conditional distributions (mainly with age and chronic diseases) were found.
[bookmark: _GoBack]This novel procedure of analysis enables us to more generally describe the conditional distribution of the response through the estimation of its quantiles, while accounting for the dependence among the observations. This represents a great advantage for our models (MLQR) with respect to classical multilevel regression (MLM). The median regression with random effects is revealed to be more efficient than the mean regression in representation of the outcome central tendency. A more detailed analysis of the conditional distribution of the response on other quantiles highlighted a differential effect of some covariates along the distribution. 

The multilevel linear quantile regression model (MLQR) reveals more information than the classical multilevel linear model (MLM). We report some graphical views of MLQR estimates.
This model performs well especially in the fixed part estimates showing stability in the estimated values.
As well as in the simple multilevel analysis, the random effects present non normal distribution; performing a new analysis with random effects not-normally distributed (e.g. asymmetric Laplace distributed) could improve the results.
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