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Although small area effects on health-related quality of life (HRQoL) have been extensively studied, less is
known at the regional level, particularly in France where no multilevel evidence is available. Using data
from a large representative cross-sectional survey conducted in 2003 (N¼16 732), this study explores
individual and regional determinants of the SF-36 Physical Functioning and Mental Health subscales. We
considered a causal pathway leading from deindustrialization to HRQoL and assessed the roles of net
migratory flows, deprivation, and the social and physical environments. Worse HRQoL results were found
in regions most affected by deindustrialization, with evidence for mediating effects of migration, voter
abstention rate and individual health-related behaviors. Cross-level interactions and intraregional
heterogeneity were also found, confirming the complexity of individual-area relationships and the need
for carefully conceptualized multilevel analyses to guide health policies effectively.

& 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Interest in investigating area effects on health has grown
substantially over the past two decades, following work initially
in the fields of sociology and geography and subsequently epide-
miology (Diez-Roux, 1998). The use of multilevel modeling has
increased (Snijders and Bosker, 1999), and a large amount of
evidence now suggests that health is determined not only by the
demographics, socioeconomic characteristics or health-related
behaviors of the individual but also by various macro-level
features. Indeed, factors like deprivation assessed through specific
facets or summary indices (Carstairs and Morris, 1989; Townsend
et al., 1986), ‘social capital’ (Putnam, 2000), and objective or
perceived quality of the physical and chemical environments
(Macintyre et al., 2002) have been found to affect a variety of
outcomes including mortality, morbidity, health-related behaviors,
and health-related quality of life (HRQoL) (Kondo et al., 2009;
Pickett and Pearl, 2001; Riva et al., 2007). Area effects have been
investigated at various spatial scales, from small areas like neigh-
borhoods (Pickett and Pearl, 2001; Riva et al., 2007), to larger
spatial units, such as counties (Jia et al., 2009) or regions (Franzini
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and Giannoni, 2010; Sun et al., 2011; Voigtlander et al., 2010;
White et al., 2011).

Although a wide diversity of outcomes, determinants and
spatial scales have been studied, there have been some concerns
raised about the lack of clear conceptualization and purposefully
tested hypotheses in previous multilevel studies. Many multilevel
analyses involved making large amounts of data available rather
than adequate information fitting a clear theoretical framework,
thus potentially leading to contrasting results between studies
(Mitchell et al., 2000). There is also discussion about whether the
theoretical distinction between so-called ‘compositional’ and ‘con-
textual’ effects is a relevant distinction (Macintyre et al., 2002).
Whilst composition pertains to the characteristics common to
individuals living in the same area, contextual effects have usually
been assessed as unspecified effects remaining after individual
level characteristics have been taken into account. The resulting
idea that these two types of effects are mutually exclusive
prevents consideration of whether individual socioeconomics or
health-related behaviors could be at least partially determined at
the group-level. This is also relevant to whether specific individual
covariates — typically lifestyle markers — should be considered as
intermediate factors on a causal pathway rather than mere
confounding factors (Galea and Ahern, 2006; Macintyre et al.,
2002). Finally, there is growing evidence that area features could
influence existing relationships between individual characteristics
and health, highlighting the interest in assessing both global
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contextual effects and interactions between individual and group-
level features (Macintyre et al., 2002).

The choice of the spatial unit of analysis and its influence on
findings have been discussed in the previous research on con-
textual analysis. Previous studies have mostly focused on small
areas, such as neighborhoods assessed through varying census
units like census blocks or block groups; they report mixed results
with respect to the impact of the choice of area measure analyzed
(Oliver and Hayes, 2007; Riva et al., 2007). However, neighborhood
characteristics also depend on their surrounding global environ-
ment (Diez-Roux, 1998), so such “close-up” analysis may prevent
the identification of important features operating on a broader
scale, including those associated with macroeconomics, and socio-
cultural or political features (Cummins et al., 2007). Recent reports
exploring larger areas, like regions, have found significant health
disparities persisting after accounting for individual features
(Franzini and Giannoni, 2010; Sun et al., 2011; White et al.,
2011). The choice of contextual predictors to study can also have
substantial effects on the findings (Riva et al., 2007). Focusing
mostly on aggregate data from individual characteristics and
specifically on deprivation indices summarizing socioeconomic
individual features has yielded fundamental findings but failed
to explain remaining differences between equally deprived areas
(Walsh et al., 2010a). Interest has thus been growing in enlarging
the scope of contextual analysis, using integral variables (Diez-
Roux, 1998) (i.e. strictly defined at the group level), in a more
‘relational’ approach (i.e. considering health and its determinants
as dynamic phenomena changing in time and space), based on
notions like declining/advancing areas or multi-scale networks
(Cummins et al., 2007).

In particular, few studies have investigated the direct or
indirect effects on health of the post-industrial decline affecting
most western countries over recent decades — generally referred
to as deindustrialization — despite being widely evoked as a likely
source of disparities (Mitchell et al., 2000; Phillimore et al., 1994;
Riva et al., 2011; Walsh et al., 2010b). It has been hypothesized that
the multiple changes associated with deindustrialization may
affect the health of all members of a community (Mitchell et al.,
2000; Renner and Navarro, 1989). Potential consequences of
deindustrialization include the financial strain due to the loss of
jobs, directly affecting unemployed individuals and their families
struggling in their daily lives. The reduction of the tax revenue
associated with plant closing may also cause financial strains for
communities: as a result, there may be cuts in important public
services affecting many individuals. This may apply particularly in
small cities where a single factory or industry was the main
employer, potentially with numerous dependent subcontractors.
In addition to the decreased financial resources, the efficiency of
overburdened healthcare services could be challenged by the
increased needs associated with deprivation, and with increases
in deleterious health-related behaviors and crime. Finally, the
social environment could be strongly altered in deindustrialized
communities, where social ties are undermined by the loss of the
shared experience at work, the weakened community identity,
and the loss of confidence in institutions. These various changes in
the environment may affect the overall context of a given region,
modulating its dynamic characteristics of ‘decline’ or ‘attractive-
ness’, as reckoned by the positive or negative net migratory flows
recorded. There have been several studies of the influence of social
and geographical mobility on group composition and health
disparities (Boyle et al., 2009; Connolly and O’Reilly, 2007), but
little is known about the contextual effect in itself of the migratory
flows in a given area.

In France, all recent studies indicate the existence of significant
(Mackenbach et al., 2008; Menvielle et al., 2005; Saurel-Cubizolles
et al., 2009) and geographical (Audureau et al., 2013; Salem et al.,
2000, 2006) health disparities. Specifically, distinctive geographic
patterns have been identified for several health indicators, such as
overall and premature mortality, and the prevalence obesity or
diabetes; for most indicators, the results are worse in a broad arc-
shaped area, encompassing the north-western and north-eastern
regions; the north–east has been severely affected by the process
of deindustrialization in coalfields, and metallurgy and textile
industries. Diversity has also been identified within regions,
implying contrasts between rural and urban areas of different
size, and between central and peripheral areas (Rican et al., 2010).
However, no study has addressed the spatial distribution of HRQoL
in France, investigating potential contextual predictors within a
multilevel framework.

The objective of this present paper was therefore to explore the
contextual determinants of individual HRQoL, within the frame-
work of a plausible pathway leading from deindustrialization at
the regional level to HRQoL at the individual level. The choice of
HRQoL as the outcome of interest was motivated by its subjective
and multidimensional nature and therefore its potentially high
sensitivity to the multiple facets of deindustrialization. The aim
was to avoid both oversimplification and overadjustment, that
could over- or underestimate, respectively, the extent of contex-
tual effects, in a context of potentially high multicollinearity
between predictors (Diez-Roux, 1998). We both investigated the
mediating or modulating roles of several contextual indicators,
including deprivation, net migratory flows, physical and social
environments, healthcare access, collective and individual health-
related behaviors, and searched for intraregional heterogeneity.
1.1. Objectives

We used multilevel analysis of a large population-based cross-
sectional survey to:
(1)
 Confirm whether and to what extent regional disparities in
HRQoL exist in France.
(2)
 Explore the contextual predictors and mediators at play within
a hypothesized causal pathway involving indicators of dein-
dustrialization, migration, deprivation, and social and physical
environments.
(3)
 Identify existing interactions between individual and group-
level characteristics and intraregional heterogeneity at the
urban unit level.
2. Materials and methods

2.1. Data sources

Individual level data were drawn from the latest Decennial
Health Survey (DHS) conducted in 2003 by the French National
Institute of Statistics and Economic Studies (INSEE). The DHS is a
national survey of households, representative of the French
population and has been performed on a 10-year basis since
1970. Its sampling design is multistage and stratified on region
and size of urban unit. All individuals in the households selected
are surveyed, using a combination of face-to-face interviews with
specifically trained interviewers and self-administered question-
naires collected after 3-monthly visits. Subjects of all age were
sampled; however, we included only adults aged below 85 to
avoid any possible inconsistency that might be associated with the
extremely elderly, relating to increased rates of missing informa-
tion or to logical inconsistencies between answers. The study was
performed with the approval of the appropriate committees
for observational studies in France: CNIS (Conseil National de
l'Information Statistique) and CNIL (Commission Nationale de
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l'Informatique et des Libertés). There was no incentive for parti-
cipating in the survey.

Area level data were collected from a variety of sources,
including INSEE (unemployment data, employment in industry,
net migration rate), the Directorate for Research, Studies, Assess-
ment, and Statistics (DRESS-ADELI; medical demography), the
General Directorate of Public Finances (DGFIP; median household
income per consumption unit), data from the national postal
survey OBEPI run in 2003 (Charles et al., 2008) (obesity rate),
the Cepidc unit of the French National Institute for Medical
Research (INSERM) (mortality data), and the Ministry of the
Interior (voter abstention rates).

2.2. Geographic localization of individuals

The administrative region of residence (N¼22 for mainland
France) was collected for all individuals included in the DHS, along
with the “département” (highest level intraregional subdivision;
N¼96 for mainland France) and the size of the urban unit (a
French administrative subdivision based on agglomerations of one
or more adjacent municipalities, being categorized as follows:
rural or o5000 inhabitants/ 5000–50 000 inhabitants/ 50 000–
200 000 inhabitants/ ≥200 000 inhabitants). Based on those
available data, localization was determined at the regional level
and as best possible at the intraregional level, by defining a total of
237 intraregional spatial units, hereafter referred to as urban units.

2.3. Primary health outcome

Health-related quality of life (HRQoL) was considered as the
outcome of interest in our study. HRQoL has been extensively used
at the individual level as a measure of health status; HRQoL scores
are associated with a variety of chronic conditions and are
predictive of subsequent adverse events or mortality (Alonso
et al., 2004; Kaplan et al., 2007; Lam and Wodchis, 2010;
Montazeri, 2009). Assessment of HRQoL is also useful in the
general population, where results complementary to objective
indicators can be obtained through surveillance systems (South
Australian Department of Health, 2002; Zahran et al., 2005) or by
research studies (Audureau et al., 2013). In the present study,
HRQoL was measured using two distinctive subscales of the
Medical Outcomes Study (MOS) 36-item short-form (SF-36) ques-
tionnaire: Physical Functioning (PF) and Mental Health (MH).
General Health (GH) was also assessed, yielding very similar
findings to those for PF (results not shown). The SF-36 question-
naire is a validated, generic self-administered questionnaire and is
widely used in population-based studies (McHorney et al., 1993;
Ware and Sherbourne, 1992). The French SF-36 version was
developed and validated as part of the International Quality of
Life Assessment (IQOLA) project (Ware and Gandek, 1998). PF and
MH were scored according to the usual procedure (Ware et al.,
1993), with imputation of missing values from the mean of non-
missing items of the same scale, when more than half of the items
were available (Peyre et al., 2011). Scores were normalized (0–100
range; higher values indicating better-perceived health) and can
be presented as standard deviation scores (SDS), calculated by
dividing the difference between the subject’s score and the mean
for the general population of the same sex and age group by the
standard deviation for the general population group. French
general population reference values for age (10-year interval
groups) and sex obtained in 1995 were used (Leplege et al., 2001).

2.4. Conceptual framework

The conceptual framework underlying the levels and predictors
explored in this work is shown in Fig. 1. As hypothesized in the
introduction and in accordance with our objectives, an individual’s
HRQoL was considered as potentially affected by several factors, to
account for the effect of the overall environment and the theore-
tical multifaceted consequences of deindustrialization. The regio-
nal level was the main level of interest, where the effect of
deindustrialization on HRQoL was hypothesized to be mediated
by the following features: deprivation (unemployment, median
income and income inequality), social environment (voter absten-
tion rate), availability of healthcare services (number of physicians
per inhabitant) and regional net migratory flows (net migration
rate). There is also evidence that health-related behaviors may be
partially determined by group-level features (Amuzu et al., 2009;
Stafford et al., 2010) therefore regional health-related behaviors
(tobacco and alcohol consumption, and obesity as a proxy for diet
and physical activity) were treated as mediators of the covariates
described above. Finally, the physical environment was considered
through the mean annual temperature to determine whether this
feature could directly affect HRQoL and/or indirectly influence the
attractiveness of a region as evaluated from the net migratory
flows.

Intraregional urban organization and recomposition patterns
may influence health (Rican et al., 2010). Therefore, we hypothe-
sized that there may be significant heterogeneity within regions,
involving entangled intraregional macro-areas defined by their
rural/urban nature and by the size of the urban unit. Since specific
relationships may exist between HRQoL and features of such areas
— hereafter named ‘urban units’ — we assessed migration flows
and deprivation indicators at this level, using either their absolute
values or their relative deviation from the regional average.

The data used in our study were drawn from a survey including
all members of sampled households. Consequently, we considered
the household as an intermediate level between the urban unit
and the individual, in accordance with several multilevel studies
indicating the need to account for the higher clustering at this
proximate level than at more distant levels (Chandola et al., 2005;
Pampalon et al., 1999).

Finally, demographic and socioeconomic individual character-
istics known to be associated with HRQoL were considered, and
individual health-related behaviors and morbidity burden were
assessed as potential mediators of the area-level covariates.
2.5. Area level variables

The 22 administrative “Régions” of metropolitan France were
considered in this analysis. Regional level variables included the
mean unemployment rate (%; 2003), the median household
income per consumption unit as defined by INSEE (/1000€;
2003), the Gini index for income inequality (0–100; 2003), the
net migration rate defined as the difference between the number
of immigrants and emigrants in a given area over the 1999–2007
period (%), the voter abstention rate defined as the average
abstention rate over the two rounds of the 2002 presidential
election (%), the number of physicians per 10 000 inhabitants and
the mean annual temperature (1971–2000). Lifestyle at the regio-
nal level was assessed through the alcohol-related mortality
(Standardized Mortality Ratio [SMR] by gender for aerodigestive
tract cancers recorded in 2008), the tobacco-related mortality
(SMR by gender for lung, tracheal and bronchial cancers recorded
in 2008) and the obesity rate (%). To facilitate interpretation of the
regression coefficients, SMR were log-transformed and are
expressed as log2(SMR): the coefficient reported in regression
tables indicates the effect size when mortality doubles. Deindus-
trialization was defined through the absolute proportional loss in
industrial employment (%) between 1982 and 2007 (as the nearest
available census). No summary indices of deprivation were used,
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so as to assess specific interactions between regional unemploy-
ment, Gini index and income with individual covariates.

Urban unit level variables included the size of urban unit as
defined above, the mean unemployment rate (%), the median
household income (/1000€) and the annual net migration rate (%).
The three latter indicators were assessed through their absolute
value and the deviation from the regional average (e.g. an urban
unit with a net migration rate of +3% within a region with an
average net migration rate of +4% had a deviation of −1%).

2.6. Individual and household characteristics

Age was categorized into seven groups from 18 to 84 years.
Marital status was classified into four categories (married/living
with partner, single, divorced/separated, widowed). Individual
socioeconomic status was scored from the highest educational
level achieved (no diploma, primary school, secondary, lower
tertiary and upper tertiary level) and the unemployment status,
categorized according to its duration (full-time or part-time work
or not seeking work as the reference category/ unemployed for
41 year/ foro1 year). Income at the household level was
recorded, and log-transformed to account for the skewed distribu-
tion and the non-linear relationship between income and health
(Backlund et al., 1996). Lifestyle variables recorded included
smoking habits (not smoking/ regular smoking [≥1 cig per day]),
alcohol consumption (CAGE score ≥2/4 (Dhalla and Kopec, 2007))
and obesity (BMI≥30, computed from self-reported height and
weight). The morbidity burden was assessed using self-reported
information about chronic conditions and quantified as the means
of the Functional Comorbidity Index (FCI) (Groll et al., 2005). This
index includes 18 comorbidity groups and was specifically built
with physical functioning as the outcome, contrasting with other
well-known indices designed to have mortality as the outcome
(Charlson et al., 1987; Elixhauser et al., 1998) and which are thus
probably less sensitive for assessing HRQoL from a population-
based survey. No data regarding the race or ethnicity were
available in either surveys, as dictated by French constitutional
law prohibiting the collection of such data.



Table 1
Individual and regional characteristics.

Individuals (N¼16 732)

Mean age, years (SD) 45.5 (15.9)
Age group (%)

18–24 10.2
25–34 17.4
35–44 22.6
45–54 21.1
55–64 14.4
65–74 10.0
75–84 4.4

Women (%) 49.0
Matrimonial status (%)

Married/in couple 73.9
Single 16.7
Divorced/separated 5.4
Widowed 4.0

Education level (%)
No diploma/primary school 22.8
Secondary 49.0
Lower tertiary 20.5
Upper tertiary 7.8

Unemployed
o1 year 3.6
41 year 1.9

Mean household income/year (€) (SD) 15 241 (11 481)
Obesity (%) 10.2
Regular smoking (%) 24.7
CAGE score≥2 (%) 8.6
Mean Functional Comorbidity Index (min–max) 0.68 (0–6)
Size of urban unit of residence (%)

Rural o5000 inhabitants 31.7
5000–50 000 inhabitants 15.1
50 000–200 000 inhabitants 12.2
≥200 000 inhabitants 22.6
Paris agglomeration 18.4

Regions (N¼22)
Mean loss of employment in industry (% 1982/2007) −11.5 (3.4)
Mean net migration rate (% 1999–2007) 3.2 (4.6)
Mean unemployment rate (%) 12.1 (2.2)
Mean household income per unit (€) 15 025 (1227)
Mean income inequality (Gini index/100) 34.8 (1.9)
Mean voter abstention rate in presidential elections (%) 22.5 (3.6)
Mean obesity rate (%) 12.3 (2.0)
Mean # of physicians per 100 000 316 (42)
Mean annual temperature (1C) (SD) 12.2 (1.6)

SD, standard deviation.
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2.7. Statistical analysis

Descriptive statistics were computed for the sample population
and are given as means (7 standard deviation [SD]) for quantitative
variables and as percentages for qualitative variables. SF-36 subscale
scores are expressed either as crude scores (0–100) or as adjusted
standardized scores (SD). Spearman correlations were computed to
assess the level of collinearity between the regional predictors.

Multilevel linear mixed models were fitted to account for the
hierarchical clustering of individuals (level 1; N¼16 732) nested in
the following levels considered for our study: household (level 2;
N¼10 653), urban unit (level 3; N¼237) and region (level 4;
N¼22). Gender-specific results were expected, so all multilevel
analyses were stratified by sex. All models were systematically
adjusted on age. The strategy for regression modeling involved the
following steps, in accordance with our hypotheses.

Firstly (model 0), we fitted a random-intercept unconditional
regression model or null-model without any predictor included, so
as to quantify the amount of variance in HRQoL that could be
attributed to the four different levels. Such initial variance parti-
tioning helps to determine the utility of conducting further
multilevel analyses by introducing explanatory variables at the
different levels.

Secondly (model 1), regional characteristics related to deindus-
trialization, deprivation, medical demography, and physical and
social environments were introduced into the model. Separated
univariate models were initially performed for each predictor
(model 1 ‘separated’), where regional variables eligible for sub-
sequent multivariate analysis were those associated with HRQoL at
the po0.20 level, to avoid excluding potentially relevant variables
whose association with the outcome could be masked by con-
founding factors in univariate analysis. A multivariate stepwise
backward approach was then applied (model 1 ‘retained’) by
progressively removing regional variables non-significant at the
po0.05 level after multivariate adjustment. Thirdly (model 2),
urban unit features were entered into model 1 and a stepwise
backward approach was applied to determine which urban unit
characteristics were to be retained. Household and individual
characteristics were entered into model 3 (socioeconomic status
[household income, matrimonial status, education level, unem-
ployment]) and into model 4 (health-related behaviors [regular
smoking, alcohol consumption, obesity], and comorbidities [FCI
score]).

Cross-level interactions were hypothesized and tested to assess
whether regional covariates could modulate the effect of factors
operating at the individual level. The proportional change in the
variance (PCV) was computed at this stage and at each subsequent
step of the modeling: for each level, PCV was defined as the
proportion of variance explained from the variance initially
estimated in the null model. To assess the evolution of the
coefficients of regional variables that were significant when first
entered but lost their significance in subsequent models, regional
variables (or urban unit) retained in model 1 (or 2) were kept in
model 2 and thereafter (or 3 and thereafter), regardless of the
degree of signification. Finally, empirical Bayesian residuals were
also computed to reflect the remaining differences in HRQoL
between regions after adjustment for compositional effects oper-
ating at the individual and household levels (Greenland, 2000;
Raudenbush and Bryk, 2002); maps were plotted to illustrate
these residuals.

Similar results were obtained using existing calibration weights
to adjust for non-response and sampling bias in the DHS. There-
fore, only results from unweighted models are shown. A two-
tailed p-value of less than 0.05 was considered to be significant. All
statistical analyses were performed using Stata, version 11.0
(StataCorp, College Station, TX, USA). Maps were plotted using
the Geographical Information System (GIS) software ArcGis v.9.3
(ESRI Corp., Redlands, California, USA).
3. Results

3.1. Descriptive statistics

From the 16 000 households initially sampled, 40 796 subjects of
all ages were included, of whom 29 663 were aged 18–84 years and
had received the questionnaire; 16 732 (56.4%) of these had com-
pleted at least one scale of the self-reported SF-36 and the lifestyle-
related questionnaires. The median number of subjects included per
region (22 regions) was 480 (interquartile range [IQR] 353–1033), and
the median number of subjects per urban unit (237 urban units)
sampled was 43 (IQR 22–77). Table 1 summarizes characteristics of
the population included relating to demographics, socioeconomics,
health-related behaviors and morbidity burden, and shows descrip-
tive statistics for the contextual indicators assessed at the regional
level. The median proportional loss of industrial employment was
11.3% over the past three decades.

Geographical distribution of the principal regional covariates is
shown in Fig. 2a. Common spatial patterns can be described, as can
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some distinctive contrasts for particular indicators. Most indica-
tors demonstrate a strong north–south gradient with the northern
and eastern regions showing the worst values for most indicators,
although there were some notable exceptions, for example the
high unemployment rates and low median income recorded in the
regions adjacent to the Mediterranean, the high alcohol-related
mortality rates in the west (Brittany), and the high density of
physicians per inhabitant in Paris. Significant correlations were
found between several regional indicators (Supplementary Table
S1). Of note, the regional net migration rate was strongly and
negatively correlated with the level of deindustrialization, voter
abstention, obesity and alcohol-related mortality, and positively
with the mean annual temperature and, to a lesser extent, the
number of physicians per inhabitant. The unemployment rate
correlated with income inequality and median income but not
with deindustrialization or net migration rate.

3.2. Multilevel regression analyses

Fig. 2b shows the regional SF-36 standardized subscale scores
expressed in SD units, after adjusting for sociodemographic
individual and household characteristics. Estimating empirical
Bayesian residuals, the maximal gaps observed between regions for
Fig. 2. Geographical distribution of main regional pre
PF and MH were 0.17 and 0.12 standard deviations (SD) in men, and
0.27 and 0.18 SD in women, respectively. The northern and eastern
regions presented distinctively the worst results for both genders and
SF-36 subscales (e.g. North: −0.084 SD [PF] and −0.048 [MH] in men;
−0.159 [PF] and −0.115 [MH] inwomen), whereas the best scores were
found in the south west, west and central east.

The initial variance partition across levels and the successive
proportional change in variance (PCV) at each modeling step are
presented in the Table 2. In the null-model including no individual
nor area level explanatory variable (model 0), a limited but
significant clustering of individual HRQoL was found within each
area level. The proportion of total variance was 0.2–0.7% for the
regional level, and o0.01–0.5% for the urban unit level. Household
level showed higher proportions of total variance, from 15.7% to a
maximum of 28.6% for MH in women. PCV presented contrasted
evolution patterns along the steps of modeling, depending on the
level and SF-36 subscale considered. High PCV were progressively
reached at the regional level after introduction of the individual
and contextual variables (58.3% in men and 62.0% in women for
PF; 99.9% for MH in both genders). At the urban unit level, the PCV
was near 100% soon after introducing individual SES covariates
(model 1) for women [PF, MH], and low for men [MH], reaching
21.1% in the final model.
dictors and standardized SF-36 subscale scores.



Table 2
Step-by-step multilevel modeling: initial variance partition and proportional change in variance (PCV) by level.

SF-36 Gender Level Null model Model 1 Model 2 Model 3 Model 4
Regional level predictors 1+Urban Unit level 2+Individual level (SES) 3+Individual level (lifestyle,

comorbidities)

Variance % Partition Variance (PCV) Variance (PCV) Variance (PCV) Variance (PCV)

PF Men Region 0.94 (0.3%) 0.47 (50.0%) 0.10 (89.9%) 0.32 (66.1%) 0.39 (58.3%)
Urban unit 1.76 (0.5%) 1.75 (0.8%) 0.30 (83.0%) 0.29 (83.4%) o10–4 (100.0%)
Household 66.54 (18.1%) 66.20 (0.5%) 65.76 (1.2%) 49.56 (25.5%) 41.69 (37.3%)
Individual 298.60 (81.2%) 296.60 (0.7%) 297.66 (0.3%) 297.90 (0.2%) 291.62 (2.3%)

Women Region 2.46 (0.7%) 0.81 (67.1%) 0.63 (74.3%) 0.90 (63.4%) 0.93 (62.0%)
Urban unit 1.09 (0.3%) 1.01 (7.7%) o10–4 (100.0%) o10−4 (100.0%) o10−4 (100.0%)
Household 58.36 (16.5%) 58.26 (0.2%) 57.61 (1.3%) 46.20 (20.8%) 34.00 (41.7%)
Individual 292.20 (82.5%) 291.38 (0.3%) 291.58 (0.2%) 291.40 (0.3%) 284.92 (2.5%)

MH Men Region 0.54 (0.2%) 0.13 (76.1%) o10−4 (100.0%) o10−4 (100.0%) o10−4 (100.0%)
Urban unit 1.42 (0.5%) 1.40 (1.1%) 0.91 (36.1%) 0.83 (41.5%) 1.12 (21.1%)
Household 42.00 (15.7%) 41.60 (0.9%) 41.90 (0.2%) 37.59 (10.5%) 34.00 (19.0%)
Individual 223.61 (83.6%) 223.59 (0.0%) 223.70 (0.0%) 218.90 (2.1%) 212.06 (5.2%)

Women Region 1.25 (0.4%) 0.40 (68.0%) o10−4 (100.0%) o10−4 (100.0%) o10−4 (100.0%)
Urban unit o10−4 (0.0%) o10−4 (100.0%) o10−4 (100.0%) o10−4 (100.0%) o10−4 (100.0%)
Household 88.70 (28.6%) 88.41 (0.3%) 87.94 (0.9%) 80.85 (8.9%) 74.83 (15.6%)
Individual 220.20 (71.0%) 220.44 (−0.1%) 220.34 (−0.1%) 219.69 (0.2%) 213.13 (3.2%)

All models were stratified on gender and adjusted on age.
PCV, proportional change in variance, defined at each level as the proportion of variance explained from the estimated variance in the null model; SES, socioeconomic status.
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Results from the multilevel contextual analyses are presented
in Table 3 for PF and Table 4 for MH, showing the different models
from models 1–4.

Model 1 included deindustrialization and all other regional
variables entered separately (univariate approach) and then simul-
taneously (multivariate stepwise backward approach), ultimately
only keeping and showing in the table the regional predictors
significant at the po0.05 level. Regional deindustrialization,
assessed as the proportion of industrial employment lost, was
significantly associated with poorer MH scores in women (−0.24
per %; po10−4) and a trend was found in men (−0.13; p¼0.08),
while non-significant trends were observed for PF. Other regional
predictors were significantly associated with HRQoL, including
migration rate in men [PF, MH] and women [PF], voter abstention
rate in women [MH], and median household income in women
[MH]. There was evidence of a mediating effect of deindustrializa-
tion through the voter abstention rate in women [MH] — showing
a loss of statistical significance of the deindustrialization effect
along with decreasing significance of the mediating variable — and
to a lesser extent through the net migration rate in men [MH].

Model 2 included predictors at the urban unit level. The size of
the urban unit was significantly associated with PF in men, the
worst results being in agglomerations of over 200 000 inhabitants
(−1.73). For MH, lowering median income and increasing urban
unit deviation from the average regional unemployment rate were
associated with decreasing scores in men, regardless of the
absolute level of unemployment in the urban unit.

Model 3 included individual demographic and socioeconomic
covariates. At the individual level, significantly poorer PF and MH
scores were found in both genders with greater age and lower
education level (data not shown, see Audureau et al., 2013 for
detailed description), lower income, non-married men [PF, MH]
and women [MH], and men who were not French at birth [PF, MH]
(result not shown). HRQoL decreased gradually with increasing
duration of unemployment. A significant interaction was found
between individual marital status and the regional level of
alcohol-related mortality, with worse PF scores in widowed men
and women, and worse MH scores in widowed and divorced
women: for example a widowed woman living in a region
presenting an alcohol-related SMR of 2 had a MH score that was
6.28 lower than that of a widowed woman living in a region
presenting a SMR of 1. Likewise, two significant negative interac-
tions were found in men: long-term (41 year) individual unem-
ployment had a larger negative effect on HRQoL if there was
higher regional unemployment rate [MH] and regional alcohol-
related mortality [PF]. Finally, lower scores were found in small
cities (5000–50 000) for 18–25 y-old men (interaction term:
−4.67; p¼0.01).

Model 4 represents the final model including individual health-
related behaviors and morbidity burden assessed through the FCI
score. Tobacco and alcohol consumption, obesity and FCI score
were generally associated with poorer HRQoL in both genders and
SF-36 subscales. After introducing lifestyle covariates, some evi-
dence for mediation was found. Coefficients lower than those in
the previous models were observed for migration rate in men [PF,
MH] and women [PF], and for voter abstention rate in women
[MH]. Interestingly, all significant interaction terms previously
found between region level alcohol-related mortality and indivi-
dual level marital status and long-term unemployment persisted,
even after accounting for the individual alcohol consumption.
Finally, an additional interaction was found in men for MH,
between small cities and the FCI score, indicating a worse effect
of increasing morbidity burden in this category of city.
4. Discussion

This study confirms the existence of disparities in HRQoL
between French regions, after adjusting for several individual
characteristics, including socioeconomics, lifestyle and
morbidity-related covariates. Though of limited magnitude, a
significant clustering was found within the regions. These findings
are consistent with other published work addressing the contex-
tual effects in large areas, where the clustering observed was
mostly of lower amplitude than that estimated in more proximate
environments, like neighborhoods or at the household level (Jia
et al., 2009; Sacker et al., 2006; Weich et al., 2003). However, some
important characteristics of small areas that have been demon-
strated to influence individual health may be partly determined by
other factors operating at a broader scale. Thus, only considering
the limited amount of regional-located variance may give a
truncated perspective of the whole causal pathway. Secondly,



Table 3
Multilevel regression results for the SF-36 subscale Physical Functioning (PF).

PF Men Women

Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Region level 1+Urban Unit

level
2+Household &
Individual level (SES)

3+Individual level
(lifestyle &
comorbidities)

Region level 1+Urban Unit level 2+Household &
Individual level
(SES)

3+Individual level
(lifestyle &
comorbidities)

Separated Retained Separated Retained

β p-value β p-value β p-value β p-value β p-value β p-value β p-value β p-value β p-value β p-value

Region level
Deindustrialization (%) −0.11 0.22 0.09 0.49 0.08 0.50 0.08 0.50 0.03 0.78 −0.18 0.13 −0.01 0.92 0.08 0.55 0.09 0.52 0.05 0.76
Migration rate (%) 0.17 0.03 0.23 0.05 0.25 0.01 0.18 0.09 0.12 0.27 0.24 0.01 0.27 0.04 0.35 0.003 0.27 0.04 0.18 0.16
Unemployment rate (%) −0.04 0.79 −0.28 0.15
Median income (/1000€) 0.15 0.51 0.49 0.12 0.59 0.01 −0.15 0.54 −0.16 0.53 0.17 0.51
Income inequality (Gini index; 0-100) −0.03 0.89 −0.19 0.45
Voter abstention rate in presidential elections (%) −0.20 0.15 −0.36 0.05
# of physicians per 100 000 0.005 0.51 0.01 0.12
Mean annual temperature (1C) 0.40 0.08 0.50 0.08
Obesity rate (%) −0.29 0.03 −0.44 0.01
Alcohol-related mortality (log2SMR) −1.90 0.01 −1.49 0.14
Tobacco-related mortality (log2SMR) −3.30 0.05 3.78 0.12

Urban Unit levela

Size of urban unit
Rural o5000 inhabitants ref ref ref
5000-50 000 inhabitants −0.91 0.18 −0.75 0.27 −0.58 0.38
50 000-200 000 inhabitants 0.21 0.77 −0.09 0.90 −0.06 0.93
≥200 000 inhabitants −1.73 0.006 −2.05 0.001 −1.94 0.001

Median income (/1000€) 0.48 o10−4 0.15 0.11 0.16 0.07 0.41 o10−4 0.10 0.39 0.05 0.63
Unemployment rate (%) −0.24 0.01 −0.26 0.004 −0.22 0.01

Household level
Income (log €) 3.34 o10−4 3.27 o10−4 2.10 o10−4 1.78 o10−4

Individual levelb

Marital status
Married ref ref ref ref
Single −2.37 o10−4 −2.44 ov 0.52 0.44 0.90 0.17
Divorced −4.29 o10−4 −3.87 o10−4 0.32 0.70 0.64 0.44
Widowed −5.24 o10−4 −3.74 0.01 −0.47 0.64 0.15 0.88

Unemployed
o1 year −0.98 0.41 0.39 0.74 −0.68 0.52 −0.48 0.64
41 year −4.71 0.004 −3.77 0.02 0.34 0.81 0.94 0.49

Obesity −4.29 o10−4 −9.22 o10−4

CAGE score ≥2 −3.08 o10−4 −1.57 0.09
Regular smoking −2.71 o10−4 −0.80 0.11
Functional Comorbidity Index (FCI;/18) −5.18 o10−4 −5.49 o10−4

Cross-level interactions
Marital status
Widowed � Cage≥2 −10.02 0.03
Widowed � Alcohol log2SMR −7.83 0.02 −7.71 0.02 −5.19 0.04 −4.60 0.06

Unemployed
41 year � Alcohol log2SMR −9.03 0.02 −7.77 0.04

Age
Age 18–25y � 5000–50 000 −4.67 0.01 −4.61 0.01

SES, socioeconomic status; results in bold are statistically significant at the 5% level.
a Also tested at the urban unit level: migration rate, deviation from the regional average (unemployment, migration, income).
b Also adjusted on age, education level and foreign birth.
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investigation of levels defined on strictly administrative criteria
may underestimate the real extent of the effects of context: spatial
effects on health may be linked to more complex interconnections
and overlapping boundaries (Cummins et al., 2007). Finally, there
is growing acknowledgment that assessing the average effects of
place on health might be less informative than exploring specific
relationships between particular effects in particular subgroups
(Macintyre et al., 2002).

4.1. From deindustrialization to HRQoL

In this work, we explored a causal pathway from deindustria-
lization to HRQoL. We assessed deindustrialization as a continuous
variable and tested whether there were other regional criteria
modulating this effect. A significant association was found
between increasing deindustrialization and poorer mental health,
and a negative trend, though not reaching statistical significance,
was observed for physical functioning. Limited evidence has been
reported regarding the impact of deindustrialization on health.
Two studies were conducted in the UK: one demonstrated that the
most deindustrialized electoral wards presented worse self-
reported physical health after accounting for individual character-
istics (Mitchell et al., 2000); the other found a higher risk of
reporting limiting long-term illness and, to a lesser extent, poor
SRH in ex-coalfield communities (Riva et al., 2011). Interestingly,
the latter study also found some evidence of heterogeneity
between coalfield areas, in line with another study which reported
significant differences in mortality rates between equally deindus-
trialized European regions, thus indicating that other factors could
be at play (Walsh et al., 2010b).

Although our quantitative modeling did not identify any
features statistically significantly associated with a “worse” or
“attenuated” impact of deindustrialization, consideration of the
French context can provide important insights. Among deindus-
trialized regions, the north-eastern regions presented the worst
contextual indicators and SF-36 adjusted scores. These regions
historically contained a high concentration of the industrial
activities most severely hit by post-industrial decline: textiles,
metallurgy and coal mining. In contrast, the central-eastern
regions with better SF-36 scores had different industrial profiles,
and various industries, including the pharmaceutical and auto-
mobile industries, have subsequently developed in these regions.
We also found differences between regions showing apparently
similar profiles of deindustrialization, like the northern and east-
ern regions: specific intraregional characteristics could play a role
here, notably involving the density and structure of urbanization.
Indeed, the urban network is more scattered in the northern than
the eastern regions. Rather than considering deindustrialization as
a monolithic phenomenon, further exploration of the associated
economic and sociocultural factors would help generate a better
understanding of how restructuring of local economies can follow
different paths.

4.2. Mediators and other contextual predictors

Therefore, to elucidate the relationships linking deindustriali-
zation to HRQoL, we explored several contextual factors, including
indicators of migratory flows, deprivation, social environment,
climate and lifestyle.

Relatively little is known regarding the contextual effect on
health of the net migratory flows in a given area. Mostly,
residential mobility has been studied as a possible source of
selective migration mechanisms. Mixed results have been
reported, but most reports nevertheless suggest that young and
better-off subjects are more inclined to move towards more
affluent areas, thus contributing to increase existing health
inequalities (Curtis et al., 2009; Norman et al., 2005). In our study,
we adjusted for demographic, socioeconomic and the foreign birth
status of individuals to account for compositional effects; it was
not possible to adjust for history of within-country migration or
the number of years at the same location for individuals. However,
studies assessing the effect of area deprivation on health before
and after accounting for the length of stay in the area reported no
significant modification of estimates (Piro et al., 2007; Sacker et al.,
2006). The proportion of newly arrived migrants has also been
studied within the conceptual framework of social fragmentation,
based on the assumption that stability of the social environment of
a given area could be threatened by a high population turnover
(Congdon, 1996; Fagg et al., 2008). For our analysis, we alterna-
tively hypothesized that a higher regional net migration rate could
be associated with better outcomes, associated with a higher
overall attractiveness of a region. This factor was almost the only
regional contextual effect to be significant in multivariate analysis
for PF, and somewhat mediated the relationship between dein-
dustrialization and HRQoL for MH in men. As suggested by the
correlation analysis, the net migration rate appeared to be linked
to multiple covariates, from climatic characteristics to lifestyle
features, but remarkably not to unemployment or income inequal-
ity. This is a clear evidence that factors independent of deprivation
may play a significant role. While it seems difficult, or even
pointless, to try to unravel the complex underlying relationships
involved, it is plausible that the net migration rate represents both
an overall marker of one region’s attractiveness and a determinant
contributing to better or worse health in itself, for instance by
favoring positive dynamics in house building or conversely by
increasing the demand for limited healthcare access or public
services.

The consequences of area deprivation have been extensively
studied in both small and larger areas (Franzini and Giannoni,
2010; Pickett and Pearl, 2001; Riva et al., 2007; Voigtlander et al.,
2010). At the regional and urban unit levels, significant associa-
tions were found with socioeconomic variables — median income,
income inequality, unemployment rate — but most relationships
became non-significant after adjusting on regional net migration
rate and/or individual characteristics. Despite the absence of a
clear average contextual effect, an interaction was detected
between the regional unemployment rate and the effect of long-
term unemployment on MH in men. In other words, unemployed
men living in the regions with the highest unemployment had
poorer mental health. In addition, women living in the poorest
small cities had poorer PF scores than women in the most affluent
small cities (see the discussion relating to intraregional hetero-
geneity below). These results confirm the value of assessing
specific interactions and relationships rather than overall effects.

The social environment can affect an individual’s health in a
variety of ways and has been extensively studied as a direct effect
or as a mediating factor for deprivation (Engstrom et al., 2008;
Kavanagh et al., 2006; Kim and Kawachi, 2006; Sundquist and
Yang, 2007). Voter abstention rate is a social attribute that has
been used as a proxy measure for civic participation, a broad
concept encompassing participation in civic institutions, as well as
attending cultural events or volunteering (Blakely et al., 2001;
Putnam, 2000). Interestingly, the voter abstention rate was
strongly associated with mental health in women, more so than
factors like income inequality or migration rate. In addition, we
found evidence for a mediating effect of deindustrialization
through the voter abstention rate, possibly indicating that a
degradation of the overall social environment could make a
significant contribution to explaining the worse HRQoL scores
found in deindustrialized areas. These results suggest that multi-
ple aspects of the daily life of deindustrialized communities are
affected two or three decades after the peak of the phenomenon,



Table 4
Multilevel regression results for the SF-36 subscale Mental Health (MH).

MH Men Women

Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Region level 1+Urban Unit

level
2+Household &
Individual level
(SES)

3+Individual level
(lifestyle &
comorbidities)

Region level 1+Urban Unit
level

2+Household &
Individual level
(SES)

3+Individual level
(lifestyle &
comorbidities)

Separated Retained Separated Retained

β p-value β p-value β p-value β p-value β p-value β p-value β p-value β p-value β p-value β p-value

Region level
Deindustrialization (%) −0.13 0.08 0.01 0.90 −0.001 0.99 0.01 0.90 −0.03 0.97 −0.24 o10−4 −0.14 0.12 −0.20 0.01 −0.14 0.06 −0.18 0.01
Migration rate (%) 0.15 0.01 0.16 0.05 0.19 0.03 0.18 0.04 0.14 0.12 0.23 o10−4

Unemployment rate (%) −0.07 0.59 −0.36 o10−4

Median income (/1000€) 0.12 0.51 0.29 0.22
Income inequality (Gini indexa100; 0–100) −0.07 0.68 −0.41 0.02
Voter abstention rate in presidential elections (%) −0.22 0.06 −0.42 o10−4 −0.28 0.05 −0.28 0.02 −0.23 0.05 −0.17 0.16
# of physicians per 100 000 0.01 0.06 0.005 0.47
Mean annual temperature (1C) 0.44 o10−4 0.35 0.11
Obesity rate (%) −0.33 o10−4 −0.46 o10−4

Alcohol-related mortality (log2SMR) −1.60 o10−4 −1.75 0.02
Tobacco-related mortality (log2SMR) −2.80 0.03 1.22 0.53

Urban Unit levela

Deviation from the average regional unemployment rate (%) −0.17 0.04 −0.17 0.03 −0.11 0.17
Median income (/1 000€) 0.20 0.005 −0.05 0.52 −0.04 0.60 0.27 o10−4 0.06 0.34 0.04 0.58

Household level
Income (log €) 3.07 o10−4 2.89 o10−4 2.06 o10−4 1.91 o10−4

Individual levelb

Marital status
Married ref ref ref ref
Single −2.20 o10−4 −2.23 o10−4 −1.87 0.003 1.41 0.02
Divorced −5.50 o10−4 −4.86 o10−4 −4.32 o10−4 −3.63 o10−4

Widowed −7.25 o10−4 −6.87 o10−4 −2.56 0.01 −2.10 0.03
Unemployed

o1 year −2.12 0.05 −0.81 0.43 −2.59 0.01 −2.34 0.02
41 year −5.53 o10−4 −2.42 0.13 −5.00 o10−4 −4.16 0.002

Obesity −0.01 0.99 −0.74 0.27
CAGE score ≥2 −6.24 o10−4 −4.67 o10−4

Regular smoking −1.62 o10−4 −1.50 0.002
Functional Comorbidity Index (FCI; /18) −2.65 o10−4 −5.65 o10−4

Cross-level interactions
Marital status

Divorced � alcohol log2SMR −5.74 0.01 −5.16 0.02
Widowed � alcohol log2SMR −6.28 0.01 −5.77 0.02

Unemployed
41 year � regional unemployment rate −1.53 0.02 −1.35 0.04
41 year� Cage≥2 −9.93 0.005

FCI
FCI �5000–50 000 inhabitants −1.41 0.002

SES, socioeconomic status; results in bold are statistically significant at the 5% level.
a Also tested at the urban unit level: size of urban unit, migration rate, unemployment rate, deviation from the regional average (migration, income).
b Also adjusted on age and education level.
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and that these effects act across the community to include people
not working directly in the industrial sector; this implies effects
beyond the financial strain due to loss of job (Mitchell et al., 2000).

A significant and positive association was found between
regional climatic characteristics and mental health but only in
men, and this association was lost after accounting for the net
migration rate. The consequences of the weather on mental health
has been extensively studied, notably implicating vitamin D but
without providing conclusive results (Ganji et al., 2010; Huibers
et al., 2010). Rather than a direct physical effect of climate, our
results are consistent with a distant and indirect influence,
mediated by the increased attractiveness of the most favorable
temperate regions which may benefit from higher migratory
dynamism.

4.3. Intraregional heterogeneity and moderators

We confirmed the existence of intraregional heterogeneity
between rural/urban units. Notably, the worst results for physical
functioning were found in large cities (4200 000 inhabitants) for
men and in small cities (5000 to 50 000) for 18–25 y-old men; the
effects of multimorbidity on MH appeared strongest in men living
in small cities. A deleterious situation regarding mortality in cities
of limited size has already been reported in France, remarkably,
especially affecting the 30–40 y-old men (de la Santé Publique,
2002). This has been linked to the primary urban center in a region
offering more health facilities and including higher socioeconomic
categories than secondary urban centers. We found that this effect
remained after adjustment on individual socioeconomic charac-
teristics, so it is likely that the local situation summarized by the
size of city encapsulates several factors related to the quality of the
local physical and social environments.

In our study, high unemployment at the regional level wor-
sened the effect of unemployment at the individual level in men.
Interestingly, this effect was somewhat modulated within urban
units, where the deviation from the average regional rate also
influenced individual HRQoL, regardless of the overall regional
level or the absolute urban unit level. These findings contribute to
understanding the influence of area-level unemployment on
unemployed individuals. For an individual, job loss has been found
to be associated with a poorer mental health, to varying extents in
different subgroups (Backhans and Hemmingsson, 2012). Mixed
results have been reported regarding the modulation of this
relationship by contextual factors. Contradictory interactions have
been reported in some studies, suggesting that a higher surround-
ing level of unemployment could subsequently either lower or
amplify the impact of job loss on well-being or SRH (Clark, 2003;
Cummins et al., 2005; Turner, 1995). Other studies found no
interaction with unemployment rate at the municipal or neighbor-
hood level (Beland et al., 2002; Giatti et al., 2010; Strandh et al.,
2011). Considering multiple layered levels can help disentangle the
dynamics at play between material deprivation and relative social
impact. Thus, our findings provide new support for the complexity
of the links involved, where global and distant effects may be
somewhat counterbalanced by more proximate and relative
effects.

4.4. Other results

Individual lifestyle characteristics were entered in last position
in our modeling strategy, because of their contribution to HRQoL
as potentially mediating the effect of hierarchically superior
covariates. We found some evidence for such a mediation. Coeffi-
cients and the statistical significance of migration rate (PF in both
genders, MH in men), and voter abstention rate (MH in women)
were lower after introducing individual lifestyle covariates and
morbidity burden. These findings are in line with previous studies
which indicate that an individual unhealthy lifestyle — smoking,
alcohol drinking or physical activity and diet — may be influenced
by group-level characteristics. Notably, socioeconomic deprivation
factors may play a role (Amuzu et al., 2009; Drukker and van Os,
2003), but also shared cultural norms may be involved, as
suggested in our study by the high alcohol-related mortality in
western regions (Brittany), contrasting with the generally favor-
able deprivation indices in this area. Interestingly, we found
significant interactions involving the regional level of alcohol-
related mortality — a proxy for alcohol consumption — that
worsened at the individual level the effects of long-term unem-
ployment (PF in men), and of being widowed (PF in both genders,
MH in women) or divorced (MH in women). The processes at play
are complex. For example, mental health could be considered to be
a determinant rather than a health outcome (Macintyre et al.,
2002), but these findings serve as a basis for developing a better
understanding of the role of context in individual behavioral
patterns when confronted with harsh life events.

As anticipated, the results of the stratified analyses were
different for men and women. At the individual level, differences
in HRQoL between genders are well known and have been only
partly explained by demographic and SES differences (Cherepanov
et al., 2010). At the contextual level, we report gender differences
in the partition of variance across levels: in women, a very limited
proportion of total variance was found at the urban unit level,
contrasting with the relatively high proportion at the household
level. As previously noted, the voter abstention rate was clearly
associated with the causal pathway leading to poor mental health
in women, whereas men were more affected by the aftermath of
unemployment. These results are consistent with several reports
describing a stronger effect of the more immediate residential
environment and a greater sensitivity to social environment in
women, with men being more affected by the work-related
context (Eriksson et al., 2011; Stafford et al., 2005).

4.5. Strengths and limits

Our study has several strengths: the large number of subjects
included; the data being from a national representative survey;
the use of a validated and multidimensional instrument of mea-
sure capturing both physical and mental domains of HRQoL; and
the careful multilevel modeling within a clear conceptual frame-
work. This last aspect is particularly important to disentangle the
complex relationships linking HRQoL to multiple predictors oper-
ating at different levels, given the potentially high multicollinear-
ity between covariates and the subsequent risk of ecological
fallacy.

Our study also has limitations. The absence of information
about individual migration history is discussed above. At the
individual level, the adjustment for morbidity burden used strictly
self-reported information regarding chronic conditions, without
any confirmation of the diagnosis. It is therefore likely that some
biases occurred, and that the true morbidity status was misesti-
mated. However, the generally low overall FCI scores observed
were coherent for a population-based survey of this type, in
contrast with studies conducted in hospitals. Another limitation
was the lack of accurate localization of individuals within regions.
Such data could have been helpful, notably, for investigating the
contrasts between central and peripheral areas, better discrimi-
nating rural areas close to cities from isolated rural areas which
may present particular characteristics, and defining another inter-
mediate spatial unit within regions for women, between urban
units and household. Our study was also cross-sectional, thus
exploring associations with HRQoL at a single time point, although
evolving regional dynamics are likely to be relevant. Finally,
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multilevel analysis at the regional level was based on the 22
metropolitan France regions. Although Snijders et al. recommend a
minimum number of 10 units for multilevel analysis (Snijders and
Bosker, 1999), a minimum of 30 units has been suggested in
simulation studies, mostly to avoid underestimating the standard
errors of the random effects (Maas and Hox, 2004). Therefore, we
conducted a complementary sensitivity analysis using the metro-
politan French “départements” (N¼94) instead of the regions, so
as to check the stability of the results when assessing areas with a
higher number of units of analysis. Similar trends were found for
the main results, showing a significant association between HRQoL
and level of deindustrialization, with some evidence of mediation
of this relationship by net migration rates, lifestyle covariates and
comorbidity burden (data not shown). In addition, the analysis of
heterogeneity across urban units within départements was impos-
sible with this approach, because of the close proximity between
these two kinds of spatial unit in our data.
5. Conclusion

In summary, our analysis using a multilevel framework and
accounting for several individual characteristics confirmed the
existence of disparities in HRQoL between French regions. We
hypothesized a causal pathway where deindustrialization plays an
important role along with various deprivation, migratory, social
and physical contextual factors. Several contextual effects, media-
tions and cross-level interactions were found between these
covariates, and differentiated results were observed at the regional
and intraregional levels. This study provides new evidence for the
complexity of place effects on individual health, and highlights the
need for careful investigation of multiple levels at various scales
and multiple contextual characteristics in multilevel analyses.
Conceptualized frameworks that aim at a reasonable tradeoff
between oversimplification and overadjustment will help identify
the important contextual factors on which health policies should
focus to promote HRQoL and reduce health disparities.
Appendix A. Supporting information

Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016/j.healthplace.2013.
03.004.
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