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Abstract: In seeking to understand the relationship between housing and health, research attention
is often focussed on separate components of people’s whole housing ‘bundles’. We propose in this
paper that such conceptual and methodological abstraction of elements of the housing and health
relationship limits our ability to understand the scale of the accumulated effect of housing on health
and thereby contributes to the under-recognition of adequate housing as a social policy tool and
powerful health intervention. In this paper, we propose and describe an index to capture the means
by which housing bundles influence health. We conceptualise the index as reflecting accumulated
housing ‘insults to health’ —an Index of Housing Insults (IHI). We apply the index to a sample of
1000 low-income households in Australia. The analysis shows a graded association between
housing insults and health on all outcome measures. Further, after controlling for possible
confounders, the IHI is shown to provide additional predictive power to the explanation of levels
of mental health, general health and clinical depression beyond more traditional proxy measures.
Overall, this paper reinforces the need to look not just at separate housing components but to
embrace a broader understanding of the relationship between housing and health.
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1. Introduction

Since the foundation work of John Snow [1] almost 200 years ago, our conceptualisation of the
means by which housing contributes to the health and wellbeing of people has evolved through the
work of geographers, epidemiologists, economists and specialist housing researchers. Snow’s work
changed the way disease transmission was understood by looking beyond the individual to the place
in which they lived. Two centuries of subsequent research has developed the basic understanding of
a link between dwelling and disease transmission towards a more fine-grained conceptualization of
the role of housing as a determinant of health and wellbeing [2,3].

Housing is more than just shelter. Itis a collection of components that together affect individuals’
lives—across and beyond our wealth, health, wellbeing, employment and educational opportunities.
This collection of components has been usefully conceptualised (for example [4-6]) as a ‘housing
bundle’, one that captures the housing choices, history, available resources and limitations that
individuals command. While acknowledging that individual housing components work together as
housing bundles, work in the field has mostly focussed on the effects of singular dimensions of
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housing, such as housing tenure, or affordability, or housing quality, or neighbourhood
characteristics and their influence on particular outcomes for individuals, households or populations.
This separation of discrete elements within the ‘housing bundle’ is especially evident in the growing
body of research examining the relationship between housing and health. This literature considers
various aspects of housing—for example location, structure and condition of the dwelling—and has
recast our understanding of the housing and health relationship. Much of this research suggests that
these separate aspects of housing have little, if any, significant impact on health at the population
level in developed economies with benign climates and generally good quality housing (for example
Australia [7]). That said, it is clear that substantial sub-populations within nations are vulnerable to
the health effects of housing [8], for example long-term tenants, sole supporting parents, persons with
a disability, or Indigenous persons.

The premise of this paper is that the conceptual and methodological abstraction of the housing
and health relationship limits our ability to understand the relationship between the two. By
separating out and then measuring separate components of people’s housing bundles, we are at risk
of under-estimating the scale of the overall impact of poor housing upon health and ignoring
important interactions between parts of housing bundles. Critically, we suggest that by focussing
investigation on separate components of housing bundles, we may be contributing to the under-
recognition of adequate housing as a social policy tool and powerful health intervention.

1.1. Housing Bundles vs. Abstracted Components

This paper contributes to a growing body of work that aims to capture and measure the ways
that housing influences our lives, in particular our health and wellbeing. Unanimously, work within
this field acknowledges the complexity of the housing and health relationship and the difficulties of
isolating and measuring the individual health effects of housing from within the diverse complexity
of people’s lives [9].

In beginning to understand and measure the relationship, analyses have predominantly
conceptualised and analysed the complex interplay between housing and health through a process
we refer to as ‘abstraction’. In this process, parts of the housing bundle are statistically isolated and
measured while controlling for external effects (such as poverty or education). The guiding rationale
in such analyses has been to understand the underlying drivers by quantifying each of the
components separately. Such analyses have for example shown that there is a measurable mental
health effect (with inferred causality) of residing in unaffordable housing [10,11] or that there is a
directional relationship between damp dwellings and respiratory health [12-14] or that there is an
effect attributable to tenure mix on labour market outcomes [15].

The social determinants of health framework [16] has been a powerful means to broaden the
understanding of health from a focus only on the direct causes of pathology and disease, towards
incorporating the important pathways of behaviour, environment and resources. This movement has
highlighted the importance of living and working conditions in influencing health outcomes, and
within it housing is considered a ‘key social determinant of health’ (for example [17]). The
acknowledgement of housing as a social determinant among social epidemiologists has, to a large
extent, methodologically shaped much recent analysis. Researchers within (or influenced by) this
field have approached the measurement of the relationship between housing and health from within
a social determinants framework (as famously pictorialized by Dahlgren and Whitehead [18]), where
health is shaped by age, sex, lifestyle and constitutional factors, social and community networks,
socio-economic, environmental, cultural, and living and working conditions. Within this framework,
housing is regarded as just one of the eight sub-components of living and working conditions.

Importantly, this body of work is also strongly influenced by the methods employed by
epidemiologists, which predominantly seek to build understanding by isolating the effects of
individual determinants and measuring specific health outcomes using large samples and
statistically robust techniques. While acknowledging the contribution of such approaches to building
anew, and often policy relevant, evidence base on the relationship, we suggest this conceptualisation
and its inherent methodologies may eventually be unhelpful in understanding and measuring the
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relationship between housing and health. To a degree, our conceptualisation of the relationship
between housing and health has been “medicalised’ [19] through a narrow focus on identifying the
impacts of single points of interventions, rather than adopting a broader perspective that examines
the relationship in toto. In part, these are questions of epistemology, with positivist philosophies of
science overshadowing realist [20] and other perspectives on knowledge.

While such frameworks attempt to capture a “universal’ understanding of the factors that work
in concert to influence health, the identification and separation of the component determinants
implies that they can be separated and effects measured independently. The attention given to the
influence of individual determinants may also misrepresent the nature of the relationship between
housing and health. In focussing only on small, distinct parts of the housing and health relationship,
the impacts (effect sizes) measured after controlling for other influences (such as income) are
necessarily small (but often highly statistically significant). Though we assume that these small effects
accumulate (across a collection of other distinct components of the housing and health relationship)
towards much larger effects in individual lives, the case for understanding the combined impact of
housing on health has been under developed.

In a policy environment, the production of small fragments of abstracted evidence is vulnerable
to misinterpretation. An example is the finding that the average mental health decrease associated
with housing becoming unaffordable is around two percentage points on a 1-100 scale [10]. Though
this example infers that the total measurable housing effect on health is two percentage points, the
evidence is limited in referring to (quite strictly defined) unaffordable housing and ignores all other
housing bundle components such as location, condition, suitability. In attending to the limitations of
a methodological framework based on abstraction, this paper proposes a more holistic
conceptualisation of housing and the broader social conditions that may influence health and
wellbeing. We propose that housing bundles may be a more appropriate unit of analysis as they allow
us to capture the influence of housing across and beyond affordability, location, security, and even
amenity. Others have previously recognised the compound relationships between housing and
wellbeing; important among these is Saegert and Evans [21] who note the ‘cascade of troubles’ that
befall many disadvantaged households.

In this paper, we propose and describe an index to capture the means by which housing bundles
influence health and wellbeing. Borrowing from a body of work in public health [22], which defines
health risks to the individual as potential ‘insults’, we conceptualise the measure as reflecting
combined housing ‘insults to health’—an Index of Housing Insults (IHI). We then apply this index to
a sample of just over 1000 low-income households in Australia. We test relative exposure and
estimate the scale and pattern of associated health effects. To test the effectiveness of the index over
and above the more parsimonious measures, such as tenure, we undertake multivariate regression
modelling to account for confounding.

The analysis is structured around two research questions:

(1) Who in our population is more exposed to an accumulation of housing insults?
(2) Is there a corresponding gradient across a range of health measures (mental health, physical
health, general health and clinical depression)?

1.2. A Bundle of Housing Insults?

There is a substantial and growing evidence base examining housing factors and their direct and
indirect effects on health outcomes [23]. Characteristics of the overall quality [24] and condition of
dwellings (for example, damp [13], warmth [25] and thermal quality [26]) are now well established
as important influences on health outcomes. In both separate quantitative analyses and systematic
reviews (for example [25,27]), housing quality and condition has been shown to affect health
outcomes, such as respiratory illness [12,14], mental and physical health [13,28], or cardiovascular
disease [29].

Tenure has been shown across a large number of studies to be directly or indirectly related to
health and wellbeing outcomes (for example [30]), and looking in the other direction, Smith [31] drew
attention to the role of health status as a determinant of housing tenure opportunities. In the majority
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of studies, people who rent have lower health on average than homeowners and home purchasers.
Much of the explanation of this difference is attributed to characteristics of the different tenures, for
example higher levels of ontological security provided by homeownership [32,33]. Some caution,
however, is required when considering the effects of tenure on health and wellbeing, because
alongside robust evidence of the effects of tenure in some contexts and studies (for example [34]),
home ownership is associated with income and wealth accumulation in most industrial and post-
industrial economies. Using the example of Australia, homeownership is a proxy for income status,
and lower-income households are more likely to rent [35]. This means that some explanation for the
poorer overall health among renters can be attributed to who rents, rather than the tenure itself [36].
The recent study by Mason et al. [37] highlighted the additional complexity of the influence of tenure
over individual outcomes, finding evidence of an interaction between tenure and affordability which
resulted in renters being more vulnerable than home owners to the health-related effects of housing
affordability. In addition to tenure security, there is a small but convincing literature linking tenure
and housing security [38] or fear of crime [39] to individual health and wellbeing outcomes. These
effects tend to be focussed upon mental rather than physical health (for example [40]).

There is a substantial body of recent work that aims to isolate the health and wellbeing effects of
housing affordability. Not only are affordability problems associated with poorer overall health and
specific health problems such as arthritis [41] or depression [42], housing affordability has also been
shown to affect health directly (for example via foreclosure or possession [43,44], mortgage arrears
[11], rental insecurity [37] or fuel poverty [45].

Perhaps the most substantial body of literature in the field establishes the health and wellbeing
effects of the condition and quality of dwellings. A systematic review of the health effects of housing
improvement undertaken in 2001 [46] found health gains from housing-based interventions. In their
review, Krieger and Higgins [47] describe existing evidence of housing quality effects across a broad
range of health and wellbeing outcomes. Housing conditions may dictate exposure to smoke,
chemicals or toxins, [48] and also directly influence mental health or inhibit adequate social
interaction [49,50]. Most recently, results from the GoWell study in Glasgow find positive associations
between improvements to dwelling fabric and mental and physical health [51]. In assessing the
evidence across much of this work, the recent Cochrane review [52] examined studies of health
change attributed to housing improvement. This extensive review highlighted the importance of
housing interventions that improved warmth and provided adequate space as most clearly related
to health improvements of residents.

Finally, there is a convincing wave of studies linking features and quality of the neighbourhood
environment with measured health and wellbeing outcomes. Among the recent studies of interest,
Jones-Rounds et al. [53] find that not only does poor neighbourhood quality (in this case, a composite
measure of satisfaction across areas such as with neighbourhood environment, accessibility, safety
and disorder) contribute to lower psychological wellbeing, but that satisfaction may also ‘buffer’
some of the negative effects of housing conditions.

2. Materials and Methods

To explore our research questions, we examine the combined impact of multiple components of
housing on health and wellbeing. This analysis is based on data from a postal and online survey
administered in 2013 to 1008 low-to-moderate income South Australian households, including a
booster sample of households in poor condition dwellings in disadvantaged local areas—the Health
and Wellbeing Survey. Completed by a named tenant, mortgage holder or owner in each household,
the survey was designed to provide measures suitable for inclusion in the IHI and builds upon survey
instruments previously used elsewhere [54]. The sample intentionally focussed on the population
most often implicated in health effects of poor housing—lower income, recipients of assistance and
living in poorer quality dwellings. It comprised approximately 100 questions, including standardised
measures of physical health, general health, mental health and diagnosed depression; questions
about employment, perceptions of the impact of housing assistance and demographic, economic and
locational accessibility. The survey was specifically designed to test the relationship between health
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and housing, and we are unaware of another dataset of similar scale and focus in Australia. Building
on an established housing literature, the survey also collected detailed information about factors such
as residential security, quality, affordability and satisfaction that have been shown to be critical for
the residential bundles that individuals and their households assemble (for example [55-58]).
Housing components implicated in possible health outcomes were selected and are detailed in
Table 1 below.

Tablel. Index Components.

Affordability Domain
1. Is housing affordable?
2. Number of problems because of shortage of money over the last 12 months?

Security Domain
3. Is housing tenure secure?
4. Do you feel safe in your residential neighbourhood?

Quality of Dwelling Domain
5. How well does your dwelling meet the needs of you and your family?
6. Count of identified dwelling problems
7. Does dwelling meet personal care needs?
8. What is the state of repair of your dwelling?

Quality of Residential Area Domain
9. Count of identified problems in the local area

Access to Services and Support Domain
10. Does dwelling meet needs for access to services?
11. Does dwelling meet needs for family support?

The index aimed to capture the multiple small insults that housing may make upon the lives of
individuals. The inclusion of multiple housing insults stands in contrast to analyses that restrict
consideration of the relationship between housing and health to a single measure, such as dwelling
quality or tenure. Evans, Li and Whipple [59] discuss the advantages of formulating multiple risk
factor exposure into a composite score. We note that developing a meaningful index is not
straightforward and there is no specific procedure to follow [60]. As there is little precedent for the
construction of the IHI, we used an inductive approach informed, in part, by our previous use of
indices (for example [61]) to assess complex social and economic phenomena.

For the first-stage of the analysis, we combined the unweighted component indicators described
in Table 1 (noting that the term is used in the sense that no empirical method is used to derive weights
and so the individual data items have equal weight to the extent that each has a range of zero to one)
[62], each normalised to have a range of zero to one [0,1]. After individual components were
normalised, a linear additive index was constructed, where each indicator was given equal weight.
We note alternative methods available to construct formative indicators (i.e., indicators are viewed
as causing an individual’s level or rank in the scale representing the severity of housing insults —in
contrast to a reflective indicator model in which observed indicators are responding to the underlying
factor). The aggregate index was then normalised to a range of zero to one hundred [0,100]
(Xnew = (X-min(x))/(max(x)-min(x))).

The formative model is therefore a linear index of the form:

N =wiXs + waxz + -+ wyx, (1)

Since model weights cannot be estimated for this formative model, and there is no theoretical
guidance as to appropriate weights for combining the indicators, either equal (w1=w2=ws ... =... w)
or unequal subjective weights are imposed or weights are derived by an empirical method such as
Principal Component Analysis (PCA). By design, PCA aims to be a summary of related input
variables, therefore it will be less successful if the indicators are not related. This is a consideration
for the construction of the IHI. Because the index captures the trade-off and bundling of housing
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attributes: it therefore includes indicator variables that are not highly correlated—a bundle of similar
attributes will not necessarily be highly correlated with an alternative trade-off bundle of attributes.
This is important conceptually —because these variables are not highly correlated, no individual
variable can serve as a surrogate for, or indicator of, the other variables. Therefore, the indicator
variables are selected to represent trade-offs and bundles and consequently are, by design, not
necessarily appropriate for PCA. Nonetheless, to confirm that the trade-off-bundle frontier acts as
expected, PCA was conducted as an exploratory analysis—noting that if indicators are not correlated
at about 0.3 there is no expectation that PCA will be successful (there is little evidence of a linear
relationship between indictors). As shown in Table 2, correlations between the set of indicators
varied —ranging from —0.08 to 0.79.

Using (a single-component) PCA, based on polychoric correlations of the ordinal data, to derive
weights to construct a linear index results in an indicator that has a correlation coefficient of 0.919
with the simple unweighted construct. It is an interesting artefact of the data that, notwithstanding
relatively low correlations between some pairs of variables, the PCA-based predicted aggregation is
highly correlated with the simple unweighted index. For the purposes of this initial exploration, the
unweighted index is therefore applied, though we flag a detailed testing and sensitivity analysis as
part of the later development of this index.

Missing data is a common problem in survey data, but for these indictors the maximum missing
data has only two absent observations out of 640 (<0.4 per cent) missing, which for survey data
questions is at least acceptable. For construction of the index, the summation process excludes
missing data at the individual variable level.

Table 2. Matrix of Index Component Correlations.

1 2 3 4 5 6 7 8 9 10 11

1  Housing affordability 1

2 Financial problems 0.09 1

3 Tenure security 0.12 0.13 1

4  Residential safety -0 032 0.00 1

5  Dwelling adequacy -0.1 038 031 0.50 1

6  Physical dwelling problems -01 049 020 044 0.66 1

7  Dwelling meets personal careneeds  0.17 0.04 -0.1 0.12 0.17 0.07 1

8  Dwelling condition 0.02 035 022 038 068 059 0.14 1

9  Neighbourhood quality 0.00 010 -0 015 0.09 0.0 0.01 0.08 1

10 Dwelling access to services 015 015 0.02 019 023 015 044 011 0.03 1
11 Dwelling access to family support 025 0.04 011 013 017 008 079 015 0.02 060 1

In interpreting the index, an increase in the index corresponds to worse housing as measured
across the indicators summarised above. Correspondingly, a lower index value represents exposure
to fewer housing insults.

It is important to note the low degree of correlation between component indicators (as shown in
Table 2). The correlation between most items was low, for example ‘affordability’” and ‘tenure
security’, or ‘access to services’ and ‘house condition’, and in some cases zero or negative correlation
(for example ‘tenure security’ and ‘feeling safe in the neighbourhood’). This suggests that the
components of the index can be, to a large extent, regarded as capturing distinct parts of a housing
bundle. There are a small number of index components in the matrix that have a relatively high
correlation (for example ‘dwelling adequacy” and ‘dwelling condition’). This suggests that these two
components overlap to some extent in their effect on the housing bundle. If component indicators
were found to have high correlation values across several other components, they would have been
excluded from the analysis. This was not the case, and therefore all indicators were retained. We
additionally conducted Variance Inflation Factor (VIF) sensitivity tests and these suggested no
multicollinearity in either the index components or the explanatory variables (results not shown). A
sensitivity test for outliers (using the BACON algorithm [63]) concluded that there were no outliers.
To explore the pattern of association between the IHI and health outcomes, we examined four health
measures. Two came from the SF-12 (mental and physical health which are calculated to have a
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possible (population) range of 1-100). The third is a self-rated health ordinal scale with five options
ranging from excellent to poor, and the fourth is diagnosed clinical depression and is a binary yes/no
variable.

To analyse mental and physical health (measured on a 0-100 scale), we use the standard linear
regression model (an Ordinary Least Squares (OLS) estimator). Coefficients for the OLS are
interpreted either as the marginal change in the dependent variable (DV) for a small change in the
explanatory variable or, for dummy explanatory variables, the difference in the DV between the two
states the explanatory dummy can take. For general health (measured on a 5-point scale from
excellent to poor), we use a non-linear ordered logit model and for diagnosed clinical depression (a
binary measure, yes/no), the standard non-linear logit model. For the ordered logit or the logit
models, the coefficients are converted to odds ratios (OR). An OR of 1.0 indicates no effect; greater
than one indicates that the variable increases the odds associated with the DV; odds ratio less than
1.0 indicates that the variable decreases the odds.

3. Results

3.1. Descriptive

Descriptive sample characteristics are presented, alongside corresponding mean sample IHI
scores in Table 3. Across each of the characteristics, there is a strong apparent association. The table
shows a clear age patterning, where increasing age is related to exposure to lower housing insult in
a strongly linear pattern. This is most clearly demonstrated by comparing the mean IHI of the
youngest group (17-24 years: 45) with that of the oldest group (65 years and older: 33). We temper
these results with an acknowledgement of an established, positive association between age and
residential satisfaction (for example [64]), but interpret the age gradient of the IHI to be over and
above this. Historically, the majority of Australians have avoided poverty in older age through their
housing, especially outright owner occupation [65], although recent changes in the role of housing
over the life course [66] have placed this relationship at risk.

Similarly, there are substantial differences in the mean IHI scores across labour force status. The
unemployed have the highest mean IHI, followed by those not in the labour force and those in part-
time employment. The full-time employed have a very low mean IHI score (29). Considering marital
status, those classified as married/de facto have the lowest mean IHI score (32), followed by widowed,
separated, divorced, and the cohort of ‘never married” has the highest mean IHI score (41). There was
no substantial gender difference in mean IHI scores.

The participants with a long-term disability or health condition had an average IHI (39), which
was above the overall mean (36) and the average IHI score for people with no long-term disability or
health condition. Among people living in a household where someone else had a disability or long-
term health condition, the mean IHI was also 39. There is a strong, linear gradient in the IHI from
those with excellent self-assessed health (25) to those with poor health (43). The average difference in
IHI score for those with and without diagnosed clinical depression was also marked. Those
respondents with clinical depression had a substantially higher mean IHI.

The participants identifying as Indigenous Australians had a mean IHI of 35, which is a slightly
lower mean IHI than among the non-Indigenous population (36). This finding (acknowledging the
relatively small number of Indigenous respondents in the sample) and the concentration of
Indigenous housing disadvantage in remote areas where the survey was unlikely to reach may reflect
a local policy focus on providing adequate housing to Indigenous persons. This is a topic worthy of
further investigation in subsequent analyses.

Finally, there was a substantial difference in mean IHI scores across housing tenure types, where
home owners had the lowest mean IHI (29), compared to social housing tenants (36), and private
renters receiving no assistance who had a very high mean score (49).
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Table 3. Summary Table of Mean Index of Housing Insults (IHI) by Selected Socio-Demographic
Characteristics (n = 638).

Index of Housing Insults Mean n 95% CI
Population age 36 638 35 38
Age cohort
17-24 45 12 36 54
25-34 35 33 29 42
35-44 39 117 36 43
45-54 36 134 33 39
55-64 36 130 33 39
65+ 33 200 31 35
Long term disability/health condition
Yes 39 309 37 41
No 34 329 32 35
Labour force/employment status
Full-time employed 29 91 26 32
Part-time employed 35 103 31 38
Unemployed 42 32 36 48
Not in Labour Force (NLF) 37 396 36 39
Self-rated general health
Poor 43 72 39 47
Fair 40 192 38 43
Good 35 236 33 37
Very good 30 109 27 33
Excellent 25 25 20 29
Marital status
Married/de facto 32 233 30 35
Widowed 33 78 30 37
Divorced 39 161 36 41
Separated 38 43 33 43
Never married 41 118 37 44
Tenure
Home owner/purchaser 29 234 28 31
Private rent (no assistance) 41 45 37 45
Rent assistance 49 103 46 52
Public renter 36 252 34 38
Gender
Male 35 233 33 38
Female 37 401 35 38
Indigenous
Yes 34 23 28 41
No 36 590 35 38
Carer
Yes 37 166 35 40
No 36 439 34 37
In your household 39 130 36 42
Elsewhere 35 52 30 40
Clinical depression
No 33 474 32 35
Yes 44 164 41 47

3.2. Bivariate Analysis

In order to explore the relationship between the level of housing insult and health, we examine
four health outcome measures—mental and physical (from the SF-12), self-reported general health
and diagnosed clinical depression. Figure 1 summarises the results for the relationship between
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mental health and the IHI. It portrays a strong gradient in the data, where those with the highest level
of housing insults are shown to be highly likely to have the poorest mental health.

A comparable result is also evident for physical health (Figure 2), where those with the worst
level of physical health were also the most likely to have the highest IHI scores. Notably, the gradient
is less obvious than for mental health.

80
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[3)
@ 50
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=
S 40
I
® 30
ol
S
s 20

10

0

11-20 21-30 31-40 41-50 51-60 61-70 71-100
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Figure 1. Association between mental health (from SF-12) and IHI (n = 615). Note: altered scale (71—
100) to account for relatively small numbers at the extreme end of the IHI continuum.
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Physica Health Score
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0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-100
IHI

Figure 2. Association between physical health (from SF-12) and IHI (n = 615). Note: altered scale (71—
100) to account for relatively small numbers at the extreme end of the IHI continuum.

An almost identical gradient pattern seen for mental health is repeated when we consider self-
rated general health as an outcome (Figure 3).
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IHI

Figure 3. Association between self-rated health and IHI (1 = 634). Note: altered scale (71-100) to
account for relatively small numbers at the extreme end of the IHI continuum.

Figure 4 presents a different outcome. Survey respondents were asked to self-report if they had
been diagnosed with a number of health conditions, one of which was clinical depression. Across the
638 respondents for whom an IHI could be constructed in this sample, a substantial 26 per cent had
been diagnosed with depression. Because this is such a dominant diagnosed health problem among
this population, it is presented here in terms of relative likelihood. In this case, the gradient should
be interpreted in the opposite direction to Figures 1-3. The figure clearly shows a strong gradient
demonstrating a high likelihood of clinical depression with a greater exposure to housing insults.

[¢)] [e2] ~ [0
o o o o

Clinical Depression (Prevalence)
S
o

30
20
10
: I
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-100
IHI

Figure 4. Association between (self-reported) prevalence of diagnosed clinical depression and IHI (n
= 638). Note: altered scale (71-100) to account for relatively small numbers at the extreme end of the
IHI continuum.

Overall, this analysis of association between level of exposure to housing insults and the
corresponding health and wellbeing characteristics of individuals shows a relationship of substantial
policy significance. People with poor health also have the highest exposure to housing problems—
that are likely to affect their health further, flagging the existence of a substantial mismatch between
exposure to potentially harmful housing and the individuals within a population that arguably have
the greatest need for housing to protect or improve their health. The results are, however, tempered
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by the need to acknowledge unexplained confounding (i.e., factors that explain poor housing may
also explain poor health), reverse causation and selection bias (for example, people with existing
health problems are necessarily more vulnerable within the housing market because they often have
low or statuary incomes and are therefore more likely to be forced to trade-off elements of housing
quality for affordability and access).

3.3. Multivariate Analysis of Outcomes

Building on the evidence provided by the index of a strongly graded relationship between
exposure to housing insults and corresponding exposure to health problems, we undertook a second
series of analyses utilising multivariate regression. This second analysis allowed us to account for
confounding and compositional bias as well as test the degree to which the IHI captures vulnerability
to housing problems compared to other more simple proxy measures, such as income or tenure.

The results of the analysis are summarised in Tables 4 and 5. Table 4 shows that on average, over
and above people’s gender, tenure, education, age, labour force, marital status, income, disability and
carer characteristics, there is a strong and highly significant relationship between level of exposure
to housing insults (IHI) and mental health, but no significant relationship for physical health (dummy
variable results are detailed in Appendix A, Table Al). Thus, for mental health, the value of the
coefficient for the IHI (-0.246, p-value = 0.000) can be interpreted as, all other explanatory variables
held constant, the amount of change in mental health associated with one point change in the IHIL
Noting that both the IHI and the health outcome measures are on a 100-point scale, this means that
for every 1-point increase in IHI, there will be a corresponding 0.246 decrease in mental health. In
practical terms, this means that relatively small differences in accumulated exposure to housing
problems are implicated in sizeable differences in mental health. For physical health, however, we
find no evidence of statistical significance at commonly stated levels of acceptance (p-value 0.301). To
some extent, this is unsurprising and fits with previous findings of limited or significantly lagged
physical health effects of housing limitations —important exceptions within the literature are injury
due to dangers in the dwelling [67] or housing problems related to extreme climates (for example
[68])-

Table 4. Linear regression models for continuous mental and physical health measures (n = 471) *.

Mental Health Physical Health
IHI -0.2457 *** -0.0314

# Adjusted for gender, tenure, education level, age, labour force status, marital status, income,

disability and carer status. *** Highly statistically significant <0.0001.

For the non-linear models for self-rated general health and clinical depression, all other
explanatory variables held constant, we find strong evidence of statistical association (in both models
the p-value on the IHI is 0.000). For general health, the odds ratio for the IHI is 0.965, indicating that
a one unit increase in the IHI is associated with a decrease in the odds of having higher general health
of about 3.5 per cent (100-96.5). On the other hand, an increase in the IHI of one unit is associated
with an increase in the odds of clinical depression by approximately 3.2 percent.

Table 5. Non-linear regression model odds ratios (ORs) for general health (n = 484) and diagnosed
clinical depression (1 = 462) *.

General Health OR Diagnosed Clinical Depression OR
IHI 0.9651 *** 1.0323 ***

# Adjusted for gender, tenure, education level, age, labour force status, marital status, income,

disability and carer status. *** Highly statistically significant <0.0001.

Overall, we find that, after controlling for an extensive number of possible confounders (*), the
IHI provides additional predictive power to the explanation of levels of mental health, general health
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and clinical depression beyond the more traditional measures such as tenure or income. For physical
health, however, the IHI provides no additional predictive power.

4. Discussion

The analysis described above has been guided by two research questions:

4.1. Are Some Groups within Our Population More Exposed to Combined Housing Insults?

The descriptive table (Table 3) shows population cohorts within the sample that appear
vulnerable to an above average level of housing insult. This table highlights the vulnerability of key
groups within the (already low-income) sample. Unsurprisingly, younger people, unemployed
people and single people are shown to have the most health-adverse housing in the sample. The other
dominant association evident in the table is between existing health disadvantage and high level of
housing problems. Those households containing individuals with poor health or disability appear to
be especially vulnerable. Notably, people with clinical depression were living in some of the most
health adverse housing conditions as measured by the IHI (44 compared to the population average
of 36).

Disentangling the relationship between housing and health to determine whether poor quality
housing results in poorer health or whether lower-income persons with poorer health are simply
forced by market processes into ‘health-risky’ dwellings will need to await later analysis. However,
we can note the strong association between poor health, poor housing and vulnerability within the
labour market. Recent policy shifts in many nations (such as England, Australia [36], The Netherlands
[69], Scotland [70]) to reduce government investment in social housing may exacerbate these
problems, adding to the burden of acute health care and further entrenching inequality for the most
disadvantaged. Across each of these jurisdictions, social housing declined as a proportion of the
national housing stock in the first decade of the 21st century [71] and, looking to Australia, there has
been a well-documented and long-run tenure shift towards the private rental tenure [72,73] and a
corresponding shrinkage of the social rental sector and the proportion of outright home owners.

4.2. Is There a Corresponding Health Gradient (Across Mental Health, Physical Health, Self-Rated General
Health and Clinical Depression Outcome Measures)?

Across all the health outcomes examined and prior to adjustment for confounding by socio-
demographic factors, there was an obvious gradient. A greater level of housing insults corresponded
with worse physical, mental and self-assessed health as well as the pronounced prevalence of
diagnosed clinical depression. These outcomes provide strong evidence of a relationship between
health-adverse housing and poorer health in this group of lower-income Australians. Gradients such
as these are observed for a number of economic factors, including income and employment status
vis-a-vis health and have been discussed in both academic and policy documents, such as the World
Health Organisation (WHO) Report on the Social Determinants of Health [74]. These gradients,
however, are less often measured and discussed in relation to housing and health. The generation
and application of the IHI in this study has allowed us to generate compelling evidence for action
across a spectrum of households in Australia to ‘flatten’ or equalise these observed gradients.

The second series of analysis utilising multivariate regression provides additional evidence that
(in the case of mental health, general health and depression) the association with IHI is strong and
highly significant, a relationship that holds even after we account for the influence of an extended
range of socio-demographic characteristics. The lack of significance in the physical health model
indicates that the gradient observed in the simpler bivariate analysis is likely to be largely explained
by non-housing influences. The scale of effect for mental health, general health and depression is an
important finding, suggesting that even small improvements in housing conditions may have large
potential effects on health for this group.

It should be noted that even after adjustment for confounding in multivariate models, we cannot
comment on the direction of effects underpinning the associations observed in these analyses. Our
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findings should be interpreted in two ways—that those with the worst health are highly likely to be
in poor housing and that those with poor housing are likely to have the worst health.

5. Conclusions

This paper has proposed an encompassing means to examine and document the housing and
health relationship, one that acknowledges the combined influence of housing bundles. We test this
index on a large sample of lower-income Australians, but highlight the potential value of such an
approach in broader population analyses. In order to capture the combined influence of multiple
housing problems on health, we constructed and then examined an Index of Housing Insults among
a lower-income population in Australia. Promisingly, this exploration both confirms and questions
our thinking about the mechanisms by which housing acts in individual lives. It also gives clear
direction for new, more causal work.

In conceptualising the index, we capture a bundle of multiple components that may be working
together. Our analysis indicates that this is a potentially valuable approach, and it suggests that
distinct housing components may act in concert upon individuals. There is evidence of overlap
between the components of the index that we have tested in this paper, nevertheless, the analysis
indicates that multiple housing insults might act simultaneously and demonstrate a larger deleterious
effect on health. This simple finding may be used to question the appropriateness of proxy indicators
for assessing the influence of housing on individual outcomes (such as mental health) —we have, for
example, used housing affordability in this way previously.

Because housing (and importantly its deficit) is so closely tied to income and wealth in post-
industrial countries, findings such as those presented in the paper beg the question—does the
analysis simply measure poverty? We suggest that although housing is a commodity where
components of dwelling suitability, location, safety and quality are embedded within the price, there
are other important, competing (and sometimes dominating) influences (across and beyond health
and housing career) [75]. Moreover, at the level of both the individual and identifiable populations,
health outcomes cannot simply be ‘read off’ against income. We observe in this current analysis
evidence of a bundle of housing insults that operates over and above pre-existing health and (lack of)
income to affect health. For many lower-income people, housing bundles act alongside and in
addition to broader poverty, exposing them to the double disadvantage from both poverty and
accumulated housing problems.

This study has a number of potential limitations that should be acknowledged. It is based on a
sample of just over 1000 lower-income dwellings where external housing conditions were poor or
previous housing assistance had been received. Though the sample selection prevents us from
making conclusions that apply to the whole population, we can of course make more focussed
statements about the effect of housing problems on the population known to be especially vulnerable
to the health effects of housing. The findings should also be considered with awareness of potential
bias from missing data. The analytical dataset is limited to respondents for whom complete data was
available. The extent to which the findings of this study on the associations between housing and
health in similar populations can be generalised internationally should be guided by an
acknowledgment of the relatively good overall condition of the Australian dwelling stock, relative
housing affordability and the size and allocation policies of the social and private rental sectors. The
sample size is adequate to detect associations between the IHI and several measures of health and
wellbeing, but we note the value of any future, more extensive data collection. This suggests a need
for future work to consider in-home exposure to housing insults. It is well known that some
demographic characteristics (for example, children or older people) predispose individuals to more
time in the home, and this may affect the action of housing insults on the individual. Intrinsic to the
design of this study, the housing components of the index are self-assessed. We note that this may be
correlated with the health self-assessments also measured, such that people with poorer mental
health may be more likely to rate their housing conditions as poor. We acknowledge this as a
limitation and suggest that further developments of the index could include more objective housing
quality measures, such as those discussed in [76].
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An additional limitation of this study relates to its cross-sectional nature. We acknowledge the
inability of point in time analyses, such as this one, to reveal causes and consequences of the
relationship between housing and health or acknowledge the effects of differential exposure. To a
large extent, we present this analysis as a contribution to conceptual thinking that can eventually
applied longitudinally. To date, detailed housing quality data has been limited in Australia—the last
national housing conditions survey [77] was undertaken in 1999 —but there is a developing focus for
this data in funding and research and a call for any new data to be longitudinal.

Overall, this analysis finds value in the ‘bundle’” approach to examining housing problems. By
shifting our focus from measuring the effect of separate housing components, to measuring the effects
of people’s whole bundle of housing, we are likely to produce larger effect sizes and more convincing
(and arguably more accurate) policy arguments. Questions remain for policy makers, however,
around how to use this evidence and what the policy focus should be? Can interventions be bundle-
focussed? Is there a means of prioritising bundle components?

This paper began with a reference to John Snow, the medical practitioner who cut short a typhoid
epidemic by intervening in the built environment to produce better population health. While Snow
intervened to achieve a single outcome, social reformists and advocates who followed him worked
to establish better housing standards across a number of dimensions of health. Such efforts
contributed to improvements in the public health aspects of housing stocks, the introduction of
minimum dwelling standards in many developed nations, the establishment of town planning as
both an academic discipline and a profession, and the eventual foundation of large-scale public
housing in many nations. Over recent decades, the appetite for such policy interventions has waned
with the rise of neoliberal philosophies of government [78], the emergence of a society that accepts a
degree of human-created ‘risk’ [79] and a resultant requirement for governments to increasingly
justify the external benefits of subsidising good housing [80]. The analysis presented in this paper
flags the risk that changing housing regimes in developed nations may have negative impacts on
health across a number of domains. Many of these impacts may be small and difficult to observe, but
their combined consequences for affected individuals will be substantial. The cost of such adverse
health impacts will be borne by individuals in terms of their quality of life, capacity to find paid work
et cetera and in terms of their health as well as by society in terms of public sector outlays on acute
health. Researchers and societies need to embrace a broader understanding of the relationship
between housing and health in order to inform the community and their governments of how best to
improve housing and public health.
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Appendix A

Table A1l. Dummy Control Variable Results for Linear Regression Models.

Mental Physical
Dummy Control Variables
Gender (ref. male) 1.6224 -1.0788
Tenure (ref. home purchaser)
Own House 3.5182* 0.7391
Private Renter 4.6015 *** -0.9704
Public Renter -1.3851 -1.5037

Other 2.8258 1.3821
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Education (ref. did not complete high school)

SACE/High school -0.4048 -1.2277
Trade/Apprenticeship 2.4696 -1.5958
Certificate -1.6421 1.471
University -3.0851 1.5361
Age group (ref. >76 years)
17-25 -7.8523 8.8588 **
26-45 -4.9865 7.3293 ***
46-55 -4.2839 6.9478 **
56-65 -1.1965 1.4824
6675 -3.1916 2.0587
Labour force (ref. employed full-time)
Part-time/Casual -3.7535 * -0.6195
Unemployed -4.4467 -1.5896
Home -5.9406 ** 0.3693
Retired -0.259%4 -3.987
Student -9.0457 ** -0.1002
Unable -5.1836 ** —6.0085 ***
Marital status (vef. married/partnered)
Widowed -3.1065 -1.0714
Divorced -0.5377 -1.6026
Separated -0.1712 -0.8565
Never Married 0.4993 0.1727
Weekly Income (ref. A$250-$499)
No Income 2.6923 1.0862
$1-249 -1.7453 -0.3451
$500-799 0.5104 0.852
$800-1199 -0.8757 0.1218
$1200-1699 -2.6891 0.1918
$1700-2499 1.3031 -0.2972
$2500-3499 -1.2598 -2.1897
$3500 plus -8.8644 11.1137
Carer (not a carer) -0.614 —4.6530 ***
Disability (ref. no disability) =3.7520 *** -9.3320 ***
_cons 60.7331 *** 45.8851 ***
N 471 471

k% * Statistically significant at 1%, 5% and 10% levels respectively.

References

Snow, J. On the Mode of Communication of Cholera, 2nd ed.; John Churchill: London, UK, 1855.

Dunn, J.R;; Hayes, M.V.; Hulchanski, ].D.; Hwang, SW.; Potvin, L. Housing as a socio-economic
determinant of health: Findings of a national needs, gaps and opportunities assessment. Can. J. Public
Health/Rev. Can. Sante’e Publique 2006, 97, S11-S15, doi:10.17269/cjph.97.1559.

Marmot, M.; Friel, S.; Bell, R.; Houweling, T.A.; Taylor, S. Commission on Social Determinants of
Health. Closing the gap in a generation: Health equity through action on the social determinants of
health. Lancet 2008, 372, 1661-1669, doi:10.1016/S0140-6736(08)61690-6.

Kain, J.F.; Quigley, ]. M. Measuring the value of housing quality. . Am. Stat. Assoc. 1970, 65, 532-548.
Clark, W.W.A_; Dieleman, F.M. Households and Housing: Choice and Outcomes in the Housing Market;
Transaction Publishers: Piscataway, NJ, USA, 1996.

Galster, G. On the nature of neighbourhood. Urban Stud. 2001, 38, 2111-2124,
doi:10.1080/00420980120087072.



Int. |. Environ. Res. Public Health 2017, 14, 567 16 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Waters, A.M. Do Housing Conditions Impact on Health Inequalities between Australia’s Rich and Poor? Final
Report; AHURI ANU Research Centre: Canberra, Australia, 2001.

Baker, E.; Bentley, R.; Lester, L.; Beer, A. Housing affordability and residential mobility as drivers of
locational inequality. Appl. Geogr. 2016, 72, 65-75, doi:10.1016/j.apgeog.2016.05.007.

Baker, E.; Lester, L. Multiple housing problems: A view through the housing niche lens. Cities 2017, 62,
146-151, doi:10.1016/j.cities.2016.10.001.

Bentley, R.; Baker, E.; Mason, K.; Subramanian, S.V.; Kavanagh, A.M. Association between housing
affordability and mental health: A longitudinal analysis of a nationally representative household
survey in Australia. Am. J. Epidemiol. 2011, 174, 753-760, doi:10.1093/aje/kwr161.

Taylor, M.P.; Pevalin, D.]J.; Todd, J. The psychological costs of unsustainable housing commitments.
Psychol. Med. 2007, 37, 1027-1036, doi:10.1017/50033291706009767.

Bonnefoy, X.R.; Braubach, M.; Moissonnier, B.; Monolbaev, K.; Robbel, N. Housing and health in
Europe: Preliminary results of a pan-European study. Am. . Public Health 2003, 93, 1559-1563.

Evans, J.; Hyndman, S.; Stewart-Brown, S.; Smith, D.; Petersen, S. An epidemiological study of the
relative importance of damp housing in relation to adult health. ]. Epidemiol. Community Health 2000,
54, 677-686.

Webb, E.; Blane, D.; de Vries, R. Housing and respiratory health at older ages. |. Epidemiol. Community
Health 2013, 67, 280-285, doi:10.1136/jech-2012-201458.

Van Ham, M.; Manley, D. The effect of neighbourhood housing tenure mix on labour market outcomes:
a longitudinal perspective. |. Econ. Geogr. 2010, 10, 257-282, doi:10.1093/jeg/Ibp017.

Marmot, M.; Wilkinson, R. (Eds.) Social Determinants of Health; Oxford University Press: Oxford, UK,
2005.

Braveman, P.; Egerter, S.; Williams, D.R. The social determinants of health: Coming of age. Annu. Rev.
Public Health 2011, 32, 381-398, do0i:10.1146/annurev-publhealth-031210-101218.

Gbran, D.; Whitehead, M. “Policies and Strategies to Promote Social 9” Equity in Health; Institute for Future
Studies: Stockholm, Sweden, 1991.

Allen, C. On the “Physiological Dope” Problematic in Housing and Illness Research: Towards a critical
realism of home and health. Hous. Theory Soc. 2000, 17, 49—-67, doi:10.1080/140360900457731.

Sayer, A. Realism and geography. In The Future of Geography; Johnston, R.J., ed., Methuen: London,
UK, 1985; pp. 159-173.

Saegert, S.; Evans, G.W. Poverty, housing niches, and health in the United States. ]. Soc. Issues 2003, 59,
569-589, d0i:10.1111/1540-4560.00078.

Haas, S. Trajectories of functional health: The ‘long arm’ of childhood health and socioeconomic
factors. Soc. Sci. Med. 2008, 66, 849-861, doi:10.1016/j.socscimed.2007.11.004.

Shaw, M. Housing and public health. Annu. Rev. Public Health 2004, 25, 397418,
doi:10.1146/annurev.publhealth.25.101802.123036.

Baker, E.; Lester, L.H.; Bentley, R.; Beer, A. Poor housing quality: Prevalence and health effects. . Prev.
Int. Community 2016, 44, 219-232, doi:10.1080/10852352.2016.1197714.

Gibson, M.; Petticrew, M.; Bambra, C.; Sowden, A.J.; Wright, K.E. Housing and health inequalities: A
synthesis of systematic reviews of interventions aimed at different pathways linking housing and
health. Health Place 2011, 17, 175-184, doi:10.1016/j. healthplace.2010.09.011.

Free, S.; Howden-Chapman, P.; Pierse, N.; Viggers, H. More effective home heating reduces school
absences for children with asthma. ]. Epidemiol. Community Health 2010, 64, 379-386,
doi:10.1136/jech.2008.086520.

Thomson, H.; Thomas, S.; Sellstrom, E.; Petticrew, M. The health impacts of housing improvement: A
systematic review of intervention studies from 1887 to 2007. Am. ]. Public Health 2009, 99, S681-5692.
doi:10.2105/AJPH.2008.143909.

Howden-Chapman, P.; Wilson, N. Housing and health. In Social Inequalities in Health: New Zealand,
1999; Howden-Chapman, P., Tobias, M., Eds.; Ministry of Health: Wellington, New Zealand, 2000; pp.
133-145.

Clinch, P.J.; Healy, J.D. Housing standards and excess winter mortality. J. Epidemiol. Community Health
2000, 54, 719-720, doi:10.1136/jech.54.9.719.

Mallett, S.; Bentley, R.; Baker, E.; Mason, K.; Keys, D.; Kolar, V.; Krnjacki, L. Precarious Housing and
Health Inequalities: What Are the Links? VicHealth: Melbourne, Australia, 2011.



Int. |. Environ. Res. Public Health 2017, 14, 567 17 of 19

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Smith, S.J. Health status and the housing system. Soc. Sci. Med. 1990, 31, 753-762, doi:10.1016/0277-
9536(90)90170-W.

Hiscock, R.; Kearns, A.; MacIntyre, S.; Ellaway, A. Ontological security and psycho-social benefits from
the home: Qualitative evidence on issues of tenure. Hous. Theory Soc. 2001, 18, 50-66,
doi:10.1080/14036090120617.

Hulse, K.; Milligan, V. Secure occupancy: A new framework for analysing security in rental housing.
Hous. Stud. 2014, 29, 638-656, d0i:10.1080/02673037.2013.873116.

Ellaway, A.; Macdonald, L.; Kearns, A. Are housing tenure and car access still associated with health?
A repeat cross-sectional study of UK adults over a 13-year period. BM] Open 2016, 6, e012268,
doi:10.1136/bmjopen-2016-012268.

Australian Bureau of Statistics (ABS). Housing Occupancy and Costs 2013-2014; Australian Bureau of
Statistics: Canberra, Australia, 2015.

Baker, E.; Bentley, R.; Mason, K. The mental health effects of housing tenure: Causal or compositional?
Urban Stud. 2013, 50, 426-442, doi:10.1177/0042098012446992.

Mason, K.E.; Baker, E.; Blakely, T.; Bentley, R.J. Housing affordability and mental health: Does the
relationship differ for renters and home purchasers? Soc. Sci. Med. 2013, 94, 91-97,
doi:10.1016/j.socscimed.2013.06.023.

Bentley, R.J.; Pevalin, D.; Baker, E.; Mason, K.; Reeves, A.; Beer, A. Housing affordability, tenure and
mental health in Australia and the United Kingdom: A comparative panel analysis. Hous. Stud. 2016,
31, 208-222, doi:10.1080/02673037.2015.1070796.

Rohe, W.M.; Burby, R.J. Fear of crime in public housing. Environ. Behav. 1988, 20, 700-720.

Ormandy, D.; Ezratty, V. Thermal discomfort and health: Protecting the susceptible from excess cold
and excess heat in housing. Adv. Build. Energy Res. 2016, 10, 84-98, doi:10.1080/17512549.2015.1014845.
Pollack, C.E.; Griffin, B.A.; Lynch, ]. Housing affordability and health among homeowners and renters.
Am. . Prev. Med. 2010, 39, 515-521, doi:10.1016/j.amepre.2010.08.002.

Lee, T.H,; Park, E.C.; Kim, W.; Kim, J.; Shin, J.; Kim, T.H. Depressive symptoms of house-poor persons:
Korean panel data evidence. Int. |. Soc. Psychiatry 2016, 62, 569-577, d0i:10.1177/0020764016653773.
Downing, J. The health effects of the foreclosure crisis and unaffordable housing: A systematic review
and explanation of evidence. Soc. Sci. Med. 2016, 162, 88-96, doi:10.1016/j.socscimed.2016.06.014.
Pevalin, D.J. Housing repossessions, evictions and common mental illness in the UK: Results from a
household panel study. J. Epidemiol. Community Health 2009, 63, 949-951, doi:10.1136/jech.2008.083477.
Hernandez, D.; Phillips, D.; Siegel, E.L. Exploring the housing and household energy pathways to
stress: A mixed methods study. Int. ]. Environ. Res. Public Health 2016, 13, 916,
doi:10.3390/ijerph13090916.

Thomson, H.; Petticrew, M.; Morrison, D. Housing interventions and health: A systematic review of
intervention studies. Br. Med. ]. 2001, 323, 187-190, doi:10.1136/bm;j.323.7306.187.

Krieger, J.; Higgins, D.L. Housing and health: Time again for public health action. Am. . Public Health
2002, 92, 758-768.

Bonnefoy, X. Inadequate housing and health: An overview. Int. J. Environ. Pollut. 2007, 30, 411-429,
doi10.1504/IJEP.2007.014819.

Pevalin, D.]J.; Taylor, M.P.; Todd, J. The dynamics of unhealthy housing in the UK: A panel data
analysis. Hous. Stud. 2008, 23, 679-695, d0i:10.1080/02673030802253848.

Evans, G.W.; Wells, N.M.; Chan, H.Y.E.; Saltzman, H. Housing quality and mental health. . Consult.
Clin. Psychol. 2000, 68, 526, d0i:10.1037/0022-006X.68.3.526.

Curl, A.; Kearns, A.; Mason, P.; Egan, M.; Tannahill, C.; Ellaway, A. Physical and mental health
outcomes following housing improvements: Evidence from the GoWell Study. |. Epidemiol. Community
Health 2015, 69, 1219, doi:10.1136/jech-2014-204064.

Thomson, H.; Thomas, S.; Sellstrom, E.; Petticrew, M. Housing Improvements for Health and Associated
Socio-Economic Outcomes; The Campbell Collaboration, Oslo, Norway, 2013.

Jones-Rounds, M.L.; Evans, G.W.; Braubach, M. The interactive effects of housing and neighbourhood
quality on psychological well-being. J. Epidemiol. Community Health 2014, 68, 171-175, doi:10.1136/jech-
2013-202431.



Int. |. Environ. Res. Public Health 2017, 14, 567 18 of 19

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Beer, A.; Baker, E.; Raftery, P.; Wood, G. Housing policy, housing assistance and the wellbeing
dividend: Developing an evidence base for post-GFC economies. Hous. Stud. 2011, 26, 1171-1192.
doi:10.1080/02673037.2011.616993.

Golledge, R.G.; Stimson, R.]. Spatial Behaviour: A Geographic Perspective; Guilford Press: New York, NY,
USA, 1997.

Clark, W.A.V,; Onaka, J.L. Life cycle and housing adjustment as explanations of residential mobility.
Urban Stud. 1983, 20, 47-57, d0i:10.1080/713703176.

Rossi, P.H. Why Families Move, 2nd ed.; Sage Publications: Beverly Hills, CA, USA, 1980.

Kintrea, K.; Clapham, D. Housing choice and search strategies within an administered housing system.
Environ. Plan. A 1986, 18, 1281-1296, d0i:10.1068/a181281.

Evans G.W; Li, D.; Wipple, S.S. Cumulative risk and child development. Psychol. Bull. 2013, 139, 1342,
doi:10.1037/a0031808.

Babbie, E. The Basics of Social Research; Thomas Wadsworth: Belmont, CA, USA, 2005.

Baker, E.; Beer, A. Developing a workable model of housing need: Applying geographical concepts
and techniques to a problem of public policy. Appl. Geogr. 2007, 27, 165-180,
doi:10.1016/j.apgeog.2007.07.005.

Hinkin, T.R. A Review of Scale Development Practice in the Study of Organizations. J. Manag. 1995,
21, 967-989, d0i:10.1016/0149-2063(95)90050-0.

Billor, N.; Hadi, A.S.; Velleman, P.F. BACON: blocked adaptive computationally efficient outlier
nominators. Comput. Stat. Data Anal. 2000, 34, 279-298, doi:10.1016/50167-9473(99)00101-2.

Lu, M. Determinants of residential satisfaction: Ordered logit vs. regression models. Growth Chang.
1999, 30, 264-276, doi 10.1111/0017-4815.00113.

Yates, J. Towards a reassessment of the private rental market. Hous. Stud. 1996, 11, 35-50,
doi:10.1080/02673039608720844.

Beer, A.; Faulkner, D.; Paris, C.; Clower, T. Housing Transitions through the Life Course: Aspirations, Needs
and Policy; Policy Press: Bristol, UK, 2011; ISBN: 978-1-84742-428-0.

Keall, M.D.; Pierse, N.; Howden-Chapman, P.; Cunningham, C.; Cunningham, M.; Guria, J.; Baker,
M.G. Home modifications to reduce injuries from falls in the Home Injury Prevention Intervention
(HIPI) study: A cluster-randomised controlled trial. Lancet 2015, 385, 231-238, doi:10.1016/S0140-
6736(14)61006-0.

Boelhouwer, P.; Priemus, H. Demise of the Dutch social housing tradition: Impact of budget cuts and
political changes. . Hous. Built Environ. 2014, 29, 221-235, d0i:10.1007/s10901-013-9387-9.

Oliver, ].R.; Pierse, N.; Stefanogiannis, N.; Jackson, C.; Baker, M.G. Acute rheumatic fever and exposure
to poor housing conditions in New Zealand: A descriptive study. J. Paediatr. Child Health 2017, 53,
358-364, doi:10.1111/jpc.13421.

Chantarat, S.; Barrett, C.B. Social network capital, economic mobility and poverty traps. . Econ. Inequal.
2012, 10, 299-342, do0i:10.1007/s10888-011-9164-5.

Scanlon, K.; Fernandez Arrigoitia, M.; Whitehead, C.M. Social Housing in Europe. Eur. Policy Anal.
2015, 17, 1-12.

Flood, J.; Baker, E. Housing Implications of Economic, Social and Spatial Change; AHURI: Melbourne
Australia 2010.

Australian Bureau of Statistics, Census Data 2001 and 2011. Available online:
http://www.abs.gov.au/census (accessed on 12 May 2017).

Commission on Social Determinants of Health. Closing the Gap in a Generation: Health Equity through
Action on the Social Determinants of Health: Final Report of the Commission on Social Determinants of Health;
Commission on Social Determinants of Health: Geneva, Switzerland, 2008.

Smith, S.J.; Easterlow, D.; Munro, M.; Turner, K.M. Housing as health capital: How health trajectories
and housing paths are linked. J. Soc. Issues 2003, 59, 501-525, doi:10.1111/1540-4560.00075.

Bennett, J.; Howden-Chapman, P.; Chisholm, E.; Keall, M.; Baker, M.G. Towards an agreed quality
standard for rental housing: Field testing of a New Zealand housing WOF tool. Aust. N. Z. |. Public
Health 2016, 40, 405—411, doi:10.1111/1753-6405.12519.

Australian Bureau of Statistics. Australian Housing Survey —Housing Characteristics, Costs and Conditions;
Australian Bureau of Statistics: Canberra, Australia, 2000.



Int. |. Environ. Res. Public Health 2017, 14, 567 19 of 19

78. Beer, A.; Bentley, R.; Baker, E.; Mason, K.; Mallett, S.; Kavanagh, A.; LaMontagne, T. Neoliberalism,
economic restructuring and policy change: Precarious housing and precarious employment in
Australia. Urban Stud. 2015, 53, 1542-1558, d0i:10.1177/0042098015596922.

79. Beck, U. Ulrich Beck: A Critical Introduction to Risk Society; Pluto Press: London, UK, 2004.

80. Burns, L.S.; Grebler, L. The Housing of Nations: Analysis and Policy in a Comparative Framework; Wiley:
New York, NY, USA, 1977.

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
‘@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).




