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Objectives. To examine the association between residence in different housing ty-

pologies and all-cause and cause-specific mortality, and to compare with the 25 · 25 risk

factors defined by the World Health Organization.

Methods. We used data from EPIPorto cohort (Porto, Portugal; n = 2485). We

georeferenced and matched participants to a housing type—conventional, affordable,

social, or substandard housing (locally called ilhas). We used Poisson regression

models to estimate mortality rates and associations.

Results. Age- and sex-adjusted mortality rates (per 100 000 person-years) were 713

(95% confidence interval [CI] = 584, 863) for individuals residing in conventional housing,

and 1019 (95%CI = 637, 1551), 1200 (95%CI = 916, 1551), and 1239 (95%CI = 839, 1772)

for individuals residing in affordable housing, social housing, and ilhas, respectively. After

further adjustment, the associations between mortality and residence in social housing

(rate ratio [RR] = 1.59; 95% CI = 1.22, 2.06) and in ilhas (RR=1.64; 95% CI = 1.12, 2.33)

remained. The association between disadvantaged housing and mortality was stronger

than that observed for well-established risk factors such as hypertension, sedentariness,

heavy drinking, manual occupation, or obesity.

Conclusions. Disadvantaged housing is a major risk factor for mortality that should be

accounted for by health policies and surveillance systems. (Am J Public Health. 2020;110:

1060–1067. doi:10.2105/AJPH.2020.305661)

Housing is a human right, a key social
determinant of health, and a pivotal

mechanism of the relationship between
poverty and health.1 Poor housing can affect
health through material and psychosocial
pathways and lead to an array of health
conditions, including respiratory infections,
asthma, injuries, and mental illness.2–6 The
material pathway refers to the physical con-
ditions of the home (e.g., need for repair) and
residents’ exposure to physical (e.g., extreme
temperatures), biological (e.g., presence of
mold), and chemical (e.g., lead) hazards,
which all have well-documented health
consequences.5 On the other hand, the
psychosocial pathway refers to the “symbolic
meaning of the home”; the home plays an
important role as a place of refuge in our
society and is an important source of identity
and social relationships, and a source of stigma
or prestige, so that living in poor housing may
lead to low expectations, dissatisfaction, and

stress, which affect both physical and mental
health.1,5,7

Improvements in housing conditions were
targeted by the urban salubrity reforms in the
19th century. Despite the current interest in
the social determinants of health, there has
been little research on the topic, particularly
in Europe.3,7–9 Nevertheless, recent reports
revealed that a large share of the population
has difficulties in accessing affordable housing,
and more than 15% of Europeans still live in
poor-quality and overcrowded homes.10

While housing conditions in Portugal have
significantly improved in the past decade,

problems such as overcrowding and poor
thermal comfort persist.11,12 In addition, since
2015, Porto and Lisbon, Portugal, like many
other European cities, have been facing an
unprecedented housing crisis characterized by
increasing property values, rising rents, in-
creasing levels of homelessness, and a lack of
public investment.13 Thus, availability and
affordability of decent housing has emerged
again as an important societal concern.

In most cities, diverse housing types co-
exist, reflecting the evolution of the housing
policies as well as secular demographic and
social changes. Despite their relatively small
size, Portuguese cities, particularly Porto and
Lisbon, hold a great diversity of housing types:
conventional nonsubsidized housing, sub-
standard housing (locally called ilhas), and
subsidized forms of housing such as affordable
and social housing, which are all depicted in
the photographs from Figure 1.

Ilhas (which translates to “islands”) were
illegal constructions that emerged in the late
19th century in Porto and the Porto met-
ropolitan area when industrialization and
massive rural exodus started.14 Ilhas consisted
of rows of 10 to 20 small houses, usuallywith a
single floor (with 16 square meters of private
area, on average), that grew in the backyards
of themiddle-class houses and that are known
for their substandard living conditions.14–16

The access to the street is made through a
narrow central (or side) corridor.16 This
housing typology is very similar to the “back-
to-back houses” built in England in the 18th
century.17 Although some ilhas have been
demolished or upgraded in the recent past
years, they are still part of the urban fabric.15
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Because the neighborhoods where these
houses were built were the focus of epidemics
in the 19th and 20th centuries, such as tu-
berculosis, plague, and cholera, the govern-
ments began to invest in subsidized forms of
housing. However, despite previous sporadic
initiatives, it was only after 1935, within
Salazar’s political regime, that the provision of
public housing was launched: first the af-
fordable houses program (casas económicas) and

later the social housing program. Affordable
houses were single-family houses that were
commonly distributed to lower-middle-class
civil servants who were members of corpo-
rative trade unions.16 Workers’ unions were
not free, but controlled by the state, which
namely supervised union elections, in which
usually ran only 1 list, sponsored by the re-
gime. These regime unions selected the
beneficiaries of the affordable houses.

From the 1950s to the 1970s, with in-
creased industrialization and urbanization,
public provision became insufficient to meet
housing needs. In response, the national
government along with the municipalities
invested in social housing (i.e., apartment
buildings based on functionalist principles
[large buildings devoid of decorative elements]
in the periphery of Lisbon and Porto).16

Because these housing types have different
physical characteristics and spatial locations
within the city, we hypothesized that the
health status of individuals residing in these
housing types are different from each other,
even after we controlled for personal de-
mographic and socioeconomic characteris-
tics. While there is evidence on the health
effects of social housing and specific housing
conditions,18–20 few studies have assessed
how living in different housing types, each
reflecting the housing policies of that time and
embodying a particular social and political
context, affects population health, and even
fewer have assessed its impact on mortality.20

To fill this gap and to test our hypothesis, we
relied on georeferenced data of a population-
based adult cohort from Porto to examine
the association between residence in differ-
ent housing typologies and all-cause and
cause-specific mortality. In addition, under the
hypothesis that housing is a major health de-
terminant, we also aimed to compare the
strength of association between disadvantaged
housing and mortality with that of the 25 · 25
risk factors defined by the World Health
Organization. The 25 · 25 risk factors include
major risk factors that should be improved to
reduce premature mortality from non-
communicable diseases by 25% by 2025.21

METHODS
The Porto municipality is located in the

northwest of continental Portugal and
comprised approximately 238 000 inhabitants
according to the most recent census (2011),
distributed across 41.7 square kilometers of
land. Porto is limited by the Atlantic coast and
extends along the Douro River estuary. It is
an industrial and port town within the Porto
metropolitan area, the second largest met-
ropolitan area of Portugal, with roughly
1.3 million inhabitants.22

Note. Ilha is the local word for substandard housing.

Source. Porto City Council; figures are copyright-free.

FIGURE1—PhotographsDepicting Each of the StudiedHousing Types: (a) Ilha, (b) Affordable
Housing, and (c) Social Housing: Porto, Portugal, 2019
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Participants
We used data from EPIPorto, a prospec-

tive adult closed cohort study from Porto.
Being a closed cohort, this sample gains no
new participants and is expected to be fol-
lowed until death. The EPIPorto study
started in 1999 and recruited adult commu-
nity dwellers in the city of Porto by random
digit dialing with households as the sampling
frame. Once a household was selected, all
residents were identified by age and sex, and 1
resident (aged ‡ 18 years) was randomly se-
lected as the respondent, without allowing for
replacement in case of refusal. The response
rate was 70%, resulting in a total of 2485
participants.23 The EPIPorto cohort is still
ongoing and, since recruitment, there have
been 3 additional waves (in 2005–2008,
2013–2015, and 2017–2018) and specific
surveys on subsamples. At each evaluation, a
structured questionnaire to assess participants’
sociodemographic, behavioral, and clinical
characteristics is administered by trained
professionals during face-to-face interviews.

Housing Typologies and Address
Geocoding

The EPIPorto questionnaire has no
question on the type of housing because
asking participants to label the housing type in
which they reside could be a sensitive ques-
tion, as living in ilhas and social housing is
associated with social stigma. Yet, we geo-
coded all participants based on their home
address,24 which allows matching them to a
housing type based on their coordinates. We
obtained maps locating each housing type
fromPorto CityCouncilWeb site25 and from
a recent housing survey.15 Then we overlaid
the point location of each participant’s resi-
dence with the housing maps to match each
participant to a housing type. We performed
overlay operations in ArcGIS 10.5.1 (Envi-
ronmental Systems Research Institute,
Redlands, CA). We classified participants
whose house did not intersect with any of
these housing types as residents in conven-
tional, nonsubsidized housing.

Mortality
We assessed participants’ vital status and

cause and date of death through record
linkagewith administrative data.We classified

underlying cause of death according to the
International Classification of Diseases, 10th
Revision (ICD-10; Geneva, Switzerland:
World Health Organization; 1992), and we
examined mortality from the following
causes: all-cause mortality, cancer (ICD-10
C00–C97), and cardiovascular disease (I00–
I99). Other causes of death include all
remaining deaths. We focused on cardio-
vascular and cancermortality as thesewere the
main causes of death in our sample. We
computed follow-up time as the difference
between the date of death and the date of
baseline evaluation.

Covariates
We adjusted estimates to baseline socio-

demographic variables, namely age, sex, oc-
cupation, education, duration of residence in
Porto for 20 years or more (yes or no), marital
status (married or cohabiting, or living alone),
and to 6 out of 7 of the 25 · 25 risk factors21—
current smoking, heavy drinking, physical
inactivity, obesity, hypertension, and diabetes
(we omitted salt intake because of data
unavailability).

We grouped educational attainment into
the following classes: (1) primary and lower
secondary school (7 to 9 years after kinder-
garten, from here onward referred to as
“low”); (2) higher secondary school (around 4
to 5 years more, high-school diploma level,
“medium”); and (3) tertiary education (any
degree after high school, “high”). We
grouped occupation class into 3 classes—
manual workers, nonmanual workers, and
others (e.g., retired, housewives, students)—
used previously to estimate socioeconomic
inequalities in mortality.26,27

We categorized self-reported smoking
into current, former, and never smoker. We
measured alcohol consumption in alcohol
units per week; we categorized participants as
abstainers (0 units/week), moderate drinkers
(1–21 units/week formen; 1–14 for women),
and heavy drinkers (> 21 units/week for men;
> 14 for women).

We expressed physical activity as a di-
chotomous variable indicating whether the
person led an active (any moderate or vig-
orous physical activity weekly) or sedentary
lifestyle (none). We calculated body mass
index as weight in kilograms divided by the
square of height in meters (kg/m2) and

categorized it as underweight or normal (< 25
kg/m2), overweight (25 to < 30 kg/m2), or
obese (‡ 30 kg/m2). We defined hyperten-
sion as the presence of at least 1 of the fol-
lowing conditions: systolic blood pressure
greater than or equal to 140 millimeters of
mercury, diastolic blood pressure greater than
or equal to 90millimeters of mercury, current
intake of antihypertensive medication, or
self-reported hypertension. We defined dia-
betes as the presence of at least 1 of the fol-
lowing conditions: fasting glucose greater
than or equal to 7 millimoles per liter or
self-reported diabetes. These variable cate-
gorization schemes have been employed
elsewhere.26,28,29

Statistical Analysis
For the descriptive analysis, we calculated

the median and interquartile range for con-
tinuous variables and counts and proportions
for categorical ones. For group comparisons,
we used c2 test (or Fisher exact test) and
analysis of variance for categorical and con-
tinuous variables, respectively. We adopted a
significance level of P less than .05 for these
analyses.

We used Poisson regression models to
estimate the age- and sex-adjusted mortality
rates and the associations between housing
typologies and mortality because, for large
samples, low incidence, and relatively short
follow-up, Poisson regression yields similar
results to the Cox proportional hazard
model.30 We also formally evaluated the
adequacy of Poisson models by using the
deviance goodness-of-fit test, which
revealed good fit (P=1.00), and by investi-
gating the presence of multicollinearity and
overdispersion.

To account for time at risk, we used the log
of the person-years as an offset. To remove
the influence of unequal sex and age distri-
bution, we included sex and age (centered at
the mean of all individuals) in all the models.
We subsequently adjusted the models for
individual-level socioeconomic characteris-
tics (i.e., education, occupation,marital status,
residence in Porto for 20 years or more),
hypothesized as confounders of the studied
associations. We then adjusted models for the
previously mentioned 25 · 25 risk factors to
test if, after accounting for these well-known
risk factors, differences in mortality across
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housing typologies remained. We fitted
these 3 sequential models for all-cause mor-
tality, cardiovascular mortality, and cancer
mortality.

Furthermore, we compared the strength of
the association between housing type and
all-cause mortality with the strength of the
association observed for each of the 25 · 25

risk factors (plus occupation and education)
using (1) minimally adjusted models (which
included housing type as the explanatory
variable, and sex and age as covariates, with
mortality as the outcome) and (2) mutually
adjusted models (which included housing
type as the explanatory variable, and sex, age,
occupation, education, and the 25 · 25 risk

factors as covariates, with mortality as the
outcome). A similar approach was used
before.18,19

We present results as age- and sex-adjusted
mortality rates and rate ratios (RRs) and
corresponding 95% confidence intervals (95%
CIs). We used residence in conventional,
nonsubsidized housing as reference category.

TABLE 1—Participants’ Characteristics According to Housing Typology: EPIPorto Cohort Study, Porto, Portugal, 1999–2019

Variable
Conventional Housing, No. (%) or

Mean 6SD
Affordable Housing, No. (%) or

Mean 6SD
Social Housing, No. (%) or

Mean 6SD
Ilhas, No. (%) or
Mean 6SD P

No. 1863 (75.1) 106 (4.3) 394 (15.9) 120 (4.8)

Female gender 1137 (61.0) 75 (70.8) 253 (64.2) 73 (60.8) .17

Age, y 52.2 615.6 56.0 615.5 54.3 614.9 57.3 614.2 < .001

Married or similar marital status 1253 (67.3) 76 (71.7) 266 (67.5) 85 (70.8) .69

Educational attainment

Low 967 (51.9) 79 (74.5) 355 (90.1) 113 (94.2) < .001
Medium 277 (14.9) 10 (9.4) 28 (7.1) 5 (4.2)

High 619 (33.2) 17 (16.0) 11 (2.8) 2 (2.7)

Occupation

Manual 201 (10.8) 15 (14.3) 130 (33.0) 35 (29.2) < .001
Nonmanual 829 (44.5) 33 (31.4) 46 (11.7) 16 (13.3)

Other (retired, housewives, unemployed) 832 (44.7) 57 (54.3) 218 (55.3) 69 (57.5)

Residence in Porto ‡ 20 y 1512 (81.2) 86 (81.1) 315 (79.9) 91 (75.8) .53

Alcohol intake

Abstainer 635 (34.9) 42 (41.2) 115 (30.5) 37 (32.7) < .001
Low 846 (46.6) 42 (41.2) 164 (43.5) 42 (37.2)

High 336 (18.5) 18 (17.6) 98 (26.0) 18 (30.1)

Smoking

Never smokers 995 (54.4) 69 (67.6) 232 (61.5) 67 (59.3) .020

Former smokers 399 (21.8) 14 (13.7) 59 (15.7) 21 (18.6)

Current smokers 434 (23.7) 19 (18.6) 86 (22.8) 25 (22.1)

Body mass indexa

Underweight or normal 745 (40.8) 33 (31.4) 97 (25.0) 33 (27.7) < .001
Overweight 729 (39.9) 46 (43.8) 162 (41.8) 51 (42.9)

Obese 351 (19.2) 26 (24.8) 129 (33.2) 35 (29.4)

Physical inactivity 1354 (74.0) 83 (81.4) 324 (85.7) 95 (84.1) <. 001

Hypertension 889 (47.8) 53 (50.0) 230 (58.7) 69 (57.5) <. 001

Diabetes 225 (12.1) 10 (9.2) 59 (15.0) 19 (15.8) .21

Deaths 272 (14.6) 23 (21.7) 84 (21.3) 34 (28.3) < .001
Cardiovascular disease 68 (25.0)b 5 (21.7) 21 (25.0) 13 (38.2) < .001
Cancer 64 (23.5) 6 (26.0) 19 (22.6) 9 (26.4) .06

Other causes of death 140 (51.5) 12 (52.2) 44 (52.4) 12 (35.3) .06

Premature deaths (before aged 70 y) 58 (21.3) 3 (13.0) 14 (16.7) 9 (26.5) .12

Years follow-up 16.6 64.1 15.9 64.7 15.5 64.3 15.5 64.3 < .001

Note. Ilha is the local word for substandard housing. The sample size was n = 2485.
aWeight in kilograms divided by the square of height in meters (kg/m2): underweight or normal (<25 kg/m2), overweight (25 to < 30 kg/m2), or obese (‡ 30 kg/m2).
bPercentage in relation to the number of deaths in each housing typology.
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We performed statistical analysis with R
software (R Foundation, Vienna, Austria).

RESULTS
This study included 2485 participants

(61.9% women; mean age = 52.9 years), of
whom 4.3%, 15.9%, and 4.8% resided in
affordable housing, social housing, and ilhas,
respectively. Over a mean of 16.3 years of
follow-up, there were 413 deaths.

Table 1 shows the participants’ charac-
teristics according to the housing typology.
Individuals residing in affordable housing,
social housing, and ilhas were more likely
to have low levels of education and to be
employed inmanual occupations, particularly
those residing in social housing and in ilhas.
Regarding the 25 · 25 risk factors, individuals
residing in social housing and in ilhaswere also
more likely to be heavy drinkers, obese, and
sedentary. Hypertension was also more
common among individuals residing in social
housing and ilhas. Only 14.6% of the residents
in conventional housing died during the
follow-up period, versus 21.7%, 21.3%,
and 28.3% among those residing in afford-
able housing, social housing, and ilhas,
respectively.

We observed differences in the causes of
deaths according to housing typology—
cardiovascular disease mortality was signifi-
cantly more frequent among residents from
ilhas, accounting for 38.2% of the deaths (vs
25.0% in conventional housing, 21.7% in
affordable housing, and 25.0% in social
housing). Premature deaths (before the age
of 70 years) also seemed more frequent
in individuals residing in ilhas, where
26.5% of the deceased participants died
prematurely.

The age- and sex-adjusted mortality rate
(per 100 000 person-years) was 713 (95%
CI= 584, 863) for individuals residing in
conventional housing types, and 1019 (95%
CI= 637, 1551), 1200 (95% CI= 916, 1551),
and 1239 (95%CI= 839, 1772) in individuals
residing in affordable housing, social housing,
and ilhas, respectively. Minimally adjusted
models, shown in Table 2, revealed a sig-
nificant association between residence in
social housing (RR=1.68; 95% CI= 1.30,
2.15) and in ilhas (RR=1.74; 95%CI= 1.19,
2.45) and all-cause mortality. On the other
hand, all-cause mortality was unrelated with
residence in affordable housing. After ad-
justment for social and economic factors,
associations between all-cause mortality and
residence in social housing (RR=1.59; 95%

CI= 1.22, 2.06) and in ilhas (RR=1.64; 95%
CI= 1.12, 2.33) remained. Adjustment for
25 · 25 risk factors further reduced the
magnitude of the associations, but the asso-
ciation between all-cause mortality and
residence in social housing persisted
(RR=1.52; 95% CI= 1.14, 1.99).

Table 2 also shows the results for the
associations between housing type and
cause-specific mortality. Although our esti-
mates were based on observations with a wide
variance, we observed that residents in sub-
standard and subsidized housing types tended
to have a higher risk of cardiovascular and
cancer mortality. Particularly strong associa-
tions were found for residents in ilhas, who
showed a 2.4 times higher risk of dying of
cardiovascular disease as compared with those
living in conventional housing, even after
successive adjustments (RR=2.36; 95%
CI= 1.18, 4.35).

Figure 2 shows themortality risk associated
with the 25 · 25 risk factors, socioeconomic
factors such as education and occupation, and
housing type (here grouping residence in ilhas
or social housing, compared with conven-
tional, nonsubsidized housing). As evidenced
in the plot, we observed greater increases in
mortality for current smoking, diabetes, low
education, and residence in poor housing—
the strength of the association between resi-
dence in poor housing andmortality was very
similar to that of low education and greater
than the strength of the association of
physical inactivity, hypertension, obesity,
occupation, and heavy drinking. We ob-
served similar trends in themutually adjusted
models, in which residence in disadvantaged
housing ranked in third place in terms of
mortality, right after current smoking and
diabetes.

DISCUSSION
In this study, we found that residence in

substandard housing (locally called ilhas) and
in social housing was associated with worse
health, as measured by mortality. This asso-
ciation remained even after we accounted for
individuals’ occupation class and education
level, meaning that individuals with the exact
same age, sex, education, and occupation
have different mortality risks according to the
type of house they occupy. In addition, we

TABLE 2—Associations Between All-Cause and Cause-Specific Mortality and Housing
Typology: EPIPorto Cohort Study, Porto, Portugal, 1999–2019

Model 1, RR (95% CI) Model 2, RR (95% CI) Model 3, RR (95% CI)

All-cause mortality

Conventional housing (Ref) 1 1 1

Affordable housing 1.43 (0.91, 2.14) 1.37 (0.86, 2.08) 1.38 (0.83, 2.16)

Social housing 1.68 (1.30, 2.15) 1.59 (1.22, 2.06) 1.52 (1.14, 1.99)

Ilhas 1.74 (1.19, 2.45) 1.64 (1.12, 2.33) 1.45 (0.96, 2.12)

Cardiovascular mortality

Conventional housing (Ref) 1 1 1

Affordable housing 1.14 (0.40, 2.55) 0.94 (0.29, 2.28) 0.83 (0.20, 2.29)

Social housing 1.64 (0.98, 2.64) 1.64 (0.96, 2.70) 1.29 (0.69, 2.28)

Ilhas 2.46 (1.30, 4.30) 2.48 (1.29, 4.43) 2.36 (1.18, 4.35)

Cancer mortality

Conventional housing (Ref) 1 1 1

Affordable housing 1.64 (0.63, 3.50) 1.63 (0.63, 3.49) 1.87 (0.72, 4.03)

Social housing 1.55 (0.90, 2.53) 1.51 (0.86, 2.54) 1.53 (0.86, 2.62)

Ilhas 1.95 (0.90, 3.73) 1.86 (0.85, 3.62) 1.63 (0.71, 3.30)

Note. CI = confidence interval; RR = rate ratio. Ilha is the local word for substandard housing. The sample
size was n = 2485. Model 1 = adjusted for sex and age. Model 2 = additionally adjusted for residence in
Porto for 20 years or more, education, occupation, and marital status. Model 3 = additionally adjusted
for 25 · 25 risk factors (current smoking, harmful use of alcohol, insufficient physical activity,
obesity, hypertension, and diabetes).
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found that the association between mortality
and residence in disadvantaged housing types
was comparable and even stronger than the
associations observed for conventional risk
factors, such as low education, hypertension,
physical inactivity, heavy drinking, manual
occupation, and obesity.

Because this housing type can only be
found in Portugal, no other contemporane-
ous study has been published, to our knowl-
edge, on the health effects of residing in ilhas.
Yet, historical reports have documented that
the levels of mortality in ilhas, especially infant
mortality, were extremely high, and that the
19th- and 20th-century epidemics were
concentrated in these parts of the city.25

Furthermore, a previous ecological study
about the distribution of old-age survival in
Porto highlighted that the neighborhoods of
significantly lower survival coincided with the
locations of social housing and of ilhas.22

Analysis according to cause of death revealed
that residence in ilhas was particularly detri-
mental to cardiovascular health, as people
living in this housing type showed a 2.4 times
higher risk of dying of cardiovascular disease
compared with people living in conventional
housing. The pathways beyond this association
should be further investigated—namely stress,
violence, and multiple psychosocial factors—
because the traditional cardiovascular risk
factors that we accounted for in the multi-
variable models do not fully explain this excess
risk.

International investigations have com-
pared the health status of individuals residing
in social housing versus those in conventional
housing and, similarly to us, found that
the first presented worse health profiles.
Although the premise behind the develop-
ment of social housing was to guarantee ad-
equate housing to unprivileged individuals,

studies have shown a significant association
between residing in social housing and poor
health, including higher risk of obesity, hy-
pertension, respiratory disease, and mortal-
ity.18–20 Seng et al. found that residence in
public rental housing was associated with
increased risk of all-cause mortality (hazard
ratio = 1.57),20 which is in accordance with
the RRs we obtained. Fertig and Reingold,
looking at maternal health, found that resi-
dence in social housing worsens mothers’
health status and increases the probability that
a mother becomes overweight.18 Likewise,
and although our study was conducted in
overall population, not exclusively among
mothers, we observed a 75% higher preva-
lence of obesity among participants residing in
social housing. Finally, in the United States,
residence in public housing was strongly as-
sociated with asthma in a large sample of adult
residents of Boston, Massachusetts.19

Residence in poor housing (Ref = conventional housing)

Current smoking (Ref = never smoker)

Diabetes (Ref = no)

Hypertension (Ref = no)

Physical inactivity (Ref = no)

Obesity (Ref = normal weight)

Heavy drinking (Ref = abstainer)

Low education (Ref = high)

Manual occupation (Ref = nonmanual)

1.66 (1.33, 2.05)
1.46 (1.14, 1.86)

2.05 (1.49, 2.80)
1.91 (1.36, 2.67)

1.80 (1.43, 2.25)
1.85 (1.45, 2.35)

1.41 (1.12, 1.79)
1.27 (0.99, 1.64)

1.37 (1.04, 1.86)
1.22 (0.91, 1.67)

1.30 (1.00, 1.70)
1.15 (0.86, 1.55)

1.00 (0.75, 1.35)
0.92 (0.68, 1.25)

1.74 (1.24, 2.52)
1.46 (1.01, 2.17)

0.88 (0.53, 1.41)
0.70 (0.42, 1.16)

0 1 2 3

Relative Risk

RR (95% CI)
Mutually adjustedMinimally adjusted

Note.CI = confidence interval; RR = rate ratio.The sample sizewas n= 2485.Minimally adjustedmodels included housing type as the explanatory variable, and sex and age as
covariates,withmortality as outcome;mutually adjustedmodels included housing type as the explanatory variable, and sex, age, occupation, education, and the25 ·25 risk
factors as covariates, with mortality as outcome.

FIGURE 2—Associations Between All-Cause Mortality, Housing Typology, and 25 3 25 Risk Factors: EPIPorto Cohort Study, Porto, Portugal,
1999–2019
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Limitations
Our study presents a number of limitations

that need to be discussed. We do not have
information about the quality of the physical
environments inside the houses, such as in-
door air pollution, temperature, and presence
of molds, which would provide valuable
information to better understand the ob-
served associations. However, ilhas and social
housing are known for their adverse envi-
ronmental conditions,31 so that poor physical
environment is a very plausible mediator of
the observed associations.

Psychosocial stress might be another rel-
evant mediator, as residence in typologized
housing might create stigma, thereby in-
creasing psychosocial stress, which, in turn,
affects both physical and mental health. It is
also important to mention that, although we
examined cause-specific mortality, because of
the relatively small number of deaths, we
could only explore 2major causes (cancer and
cardiovascular disease), and because of re-
duced statistical power, our estimates have a
high variance. Moreover, our findings can be
partially explained by residual confounding
attributable to unaccounted socioeconomic
variables (e.g., tenure status, income) and
unmeasured indoor and outdoor environ-
mental factors (e.g., pollution, access to
services). Nevertheless, most observed asso-
ciations were strong and persisted after suc-
cessive adjustments for other important risk
factors.

Furthermore, despite the longitudinal
study design and control for current socio-
economic conditions, we cannot fully
separate what is the effect of living in disad-
vantaged housing from the transgenerational
effects and the effect of early life health and
living conditions. For instance, parental so-
cioeconomic conditions and birth cohort
have well-known health effects and can also
determine housing choices and social mo-
bility, thereby representing potentially im-
portant confounders.32,33 Finally, although
Southern European countries share, to some
degree, the same housing policies, our results
need to be considered taking into account the
specificities of other spatiotemporal contexts.

Public Health Implications
These limitations need to be weighed

against the implications of these findings that

could help guide housing policies even in
other settings with similar demographic
profiles and housing schemes. A substantial
number of individuals still reside in substan-
dard housing, such as these ilhas, and these
individuals present poor health status,
meaning that, despite the fact that ilhas are
gradually disappearing, more vulnerable in-
dividuals, especially the oldest, still live under
very unprivileged conditions and deserve
special attention. Also, despite the fact that
social housing programs have been developed
to solve these types of societal issues, indi-
viduals residing in social housing still have
significantly worse mortality levels than the
population living in conventional, nonsub-
sidized housing, which indicates that there
may exist a need to further improve the
physical and social environments inside and
around these housing complexes. Knowing
that residing in disadvantaged housing types is
as strongly associated with mortality as other
major risk factors suggests that housing should
be ranked a priority health determinant in
local and national policies and surveillance
systems, which may require a coordinated
multisectoral approach of different areas of
policy targeting social determinants of health.

Summing up, our study provides novel
evidence that housing is a major public health
issue and that it should be viewed as a priority
by policymakers. We expect that this study
will reignite awareness about the fundamental
link between housing and health.
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