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Abstract Using 2022 data from 600 adults
(=60 years) in Porto, Portugal, we explored the associa-
tion between housing insecurity and various health out-
comes. We examined housing conditions, affordability,
and stability in relation to loneliness, quality of life, cog-
nitive function, perception of healthy ageing, and sleep
using regression models. Older adults without house
heating ($=2.293; 95%CI=0.753, 3.833), with leaks/
dampness/rot (f=3.741; 1.818, 5.664), insufficient day-
light (#=2.787; 0.095, 5.479), living in neighborhoods
with noise (f=1.793, 0.280 to 3.305), pollution/grime
($=2.580; 0.746, 4.414), and violence/crime/vandalism
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(#=3.940; 1.723, 6.157), who faced housing cost over-
burden ($=2.001; 0.426, 3.577), eviction (f=12.651;
0.852, 24.450), and moved frequently (#=4.129; 1.542,
6.716) exhibited higher levels of loneliness. Similarly,
lack of house heating (8 = — 1.942; — 3.438, — 0.445),
leaks/dampness/rot (f = — 4.157; — 5.999, — 2.316),
insufficient daylight ( = — 3.124; — 5.714, — 0.534),
noise (f = — 2.143; — 3.600, — 0.686), pollution/grime
(B = — 2.093; — 3.860, — 0.325), violence/crime/van-
dalism (f = — 2.819; — 4.948, — 0.691), and those
with housing cost overburden (f = — 2.435; — 3.930, —
0.940) reported lower quality of life. Those with no toi-
let (f=—1.891;—3.760,—0.021) or shower (= —1.89
1;—3.760,—0.021) and who faced forced displacement
(f=—2.179;—-3.516,—0.842) presented lower cognitive
function. Furthermore, those living in neighborhoods
with pollution/grime (OR=0.494; 0.322, 0.756) and
violence/crime/vandalism (OR=0.477; 0.284, 0.801),
those in social housing (OR=0.728; 0.575, 0.922), and
those who moved frequently (OR=0.475; 0.257, 0.879)
reported lower levels of perceived healthy ageing. Insuf-
ficient sleep was more common among residents in
social housing (OR=2.155; 1.102, 4.213), while poor
sleep quality was least likely both among those living
in social housing (OR =0.445; 0.220, 0.900) and afford-
able housing (OR=0.381; 0.162, 0.896). Good quality,
stable, and affordable housing seems crucial for healthy
ageing.

Keywords Urban health - Age-friendly cities -
Health equity - Gentrification - Social determinants
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Background

Our world’s agendas should prioritize the health and
well-being of older adults as their numbers are con-
tinuously increasing. Projections indicate that, in
2050, one in six people will be over the age of 65 [1].
Aligned with the United Nations Decade of Healthy
Ageing (2021-2030), now is the time to achieve a
better life for older adults.

Most older adults live in urban spaces. Glob-
ally, over 500 million people aged 65 or over reside
in cities, accounting for 58% of all older people [2].
In Europe, 90.4 million people fall into the 65 and
older category, with 38% living in urban regions [3],
and older people aged 60+ are projected to represent
around 35% of the urban population [4]. In Portu-
gal, individuals aged 65 and above exceed 2.5 mil-
lion, with 21% residing in urban areas [5]. The age-
ing of urban populations poses challenges in creating
residential environments that support the well-being
of older adults, who often face a heightened vulner-
ability to the residential environment due to long-
term residence and reduced mobility and financial
resources [6].

Housing has long been a focal point in public
health, given the adverse health effects of inadequate
housing or poor-quality living conditions. Interest in
housing and health has resurged in the last few years
due to increasing housing costs and inadequate pol-
icy responses [7]. According to the 2022 European
Union statistics on income and living conditions (EU-
SILC), 16.8% of the European Union (EU) popula-
tion lived in overcrowded households; the share of the
EU population unable to adequately heat their homes
increased from 6.9% (2021) to 9.3%, and 8.7% spent
40% or more of their household disposable income
on housing [8]. From 2010 to 2022, housing prices
increased at unprecedented rates in the EU—the
average rents increased by 19% and house prices by
47% [9]. Notably, these increases have not affected
all countries equally, with Portugal currently facing a
severe housing crisis.

Porto (Northern Portugal), after the 2008-2009
economic crisis, faced a severe housing crisis exac-
erbated after 2013, characterized by skyrocketing
housing prices, inadequate public investment, and
widespread displacement due to gentrification [10].
Gentrification involves a set of processes of socio-
spatial change driven by investments in the built
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environment targeted for affluent people [11], lead-
ing to a revitalization of the built environment, dis-
placement of former residents — particularly those
with less economic resources — and the arrival of
wealthier individuals. Qualitative evidence from
Porto suggests mixed health implications: some resi-
dents noted positive effects, while others reported
poor mental health, increased mortality risk, loneli-
ness, and social isolation due to displacement and
housing shortages [11]. Despite improvements in
housing conditions, Porto still has unfavorable hous-
ing types—such as substandard housing (locally
called “ilhas”) and social housing—which are associ-
ated to adverse health outcomes, like premature death
and unhealthier behaviors [12]. Moreover, national
data suggest that forms of housing deprivation, such
as poor hydrothermal comfort, building pathologies
(e.g., mold, dampness), and buildings needing repair
are still prevalent [13], making housing insecurity a
critical public health concern again.

Housing insecurity is related to a combination of
housing features, which may compromise people’s
health if unmet. While there is no consensual defini-
tion, this concept has been operationalised in the lit-
erature in multiple ways. Housing insecurity usually
includes dimensions linked to housing affordability
(burden of high housing costs, living with family
or friends to share housing costs), housing decency
and safety (overcrowding, living in substandard poor
quality housing, living in unsafe neighborhoods and
lack of access to transportation, jobs, quality schools,
and other critical amenities), and stable housing occu-
pancy (evictions, forced moves, moving frequently)
[14].

Housing insecurity can contribute to physical and
mental health issues and was found to be prevalent
(14%) in midlife and ageing populations in the United
States of America (USA) [15]. Older renters, particu-
larly, usually rely on fixed incomes that cannot stretch
for escalating housing expenses. Balancing housing
costs with essential expenses like groceries, appli-
ances, and medication [16] can compromise their
quality of life (QoL). In the USA, older adults who
experienced housing insecurity experienced lower
self-rated physical health and increased occurrence of
chronic conditions [17] which can lead to a negative
self-assessment of their aging process. In the same
country, those facing mortgage difficulties or foreclo-
sure also show lower cognitive scores [18]. Although
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there is currently no literature specifically examining
the impact of housing insecurity on sleep and loneli-
ness in older adults, it has been found that housing
payment problems are associated with disrupted sleep
and poorer mental health [19], the latter of which may
contribute to feelings of loneliness. However, often,
the research that focuses on housing and health nar-
rows on homelessness or single aspects of housing
insecurity, neglecting broader impacts on general
older adult populations [20]. Moreover, in Porto, no
studies have comprehensively explored the health
impacts of various dimensions of housing insecurity.

Against this background, the present study aimed
to investigate the association between housing inse-
curity and indicators of older adults’ health and well-
being living in Porto (Portugal).

Methods
Participants

This study uses data from EPIPorto cohort study
(https://ispup.up.pt/en/coorte/epiporto-2/), a com-
munity-based prospective cohort of non-institution-
alized Portuguese adults in Porto. Participants were
randomly selected through digit-dialing landline tel-
ephone numbers, gathering 2485 people who under-
went five follow-up evaluations. The baseline assess-
ment was conducted between 1999 and 2003, with
the latest assessment concluding in 2022, involving
836 participants (see Figure S1 in supplementary
material).

In this cross-sectional study, we selected people
60 years or older, as it is the United Nations’ defini-
tion of old age, from the ones who participated in the
fifth follow-up (n=600). Characteristics of these par-
ticipants were compared with those who declined to
participate (n=178) and those who were part of the
cohort but did not undergo assessment (n=1240),
as shown in supplementary table S1. The distribu-
tion of sexes was fairly consistent, but non-partici-
pants were older (mean age 79 for refusals and 85
for non-participants) compared to participants (mean
age 73). Individuals who declined to participate
also tended to have lower levels of education (par-
ticipants: 41.8%, refusals: 62.4%, non-participants:
66.7%). Participants completed a structured question-
naire administered by a trained researcher covering

sociodemographic data, sleep, housing characteristics
and insecurity, loneliness, quality of life (QoL), and
cognitive evaluation. Only variables collected in this
evaluation were used.

Housing Insecurity

To assess housing insecurity, we used the fifth fol-
low-up set of questions related to participants’ hous-
ing conditions (availability of house equipment and
amenities, presence of problems in the house and
neighborhood, overcrowding, and the type of hous-
ing, such as substandard housing), affordability (such
as high housing costs and forced displacement),
and stability (frequent moves and tenure status).
These groupings were created for simplicity, but we
acknowledge their interdependence. For example,
tenure status and forced displacement can be related
to both housing affordability and stability.

Regarding housing conditions, we inquired about
the availability of certain house equipment and
amenities, specifically the presence of a private gar-
den, heating, balcony, piped water, toilet, shower,
and washing machine. Moreover, we posed straight-
forward yes-or-no self-perception questions to the
participants about the presence of various problems
in the house and neighborhood of residence, includ-
ing leaking roof, damp walls/floors/foundation, or
rot on the windows frames or floor (from now on
named “leaks/dampness/rot”); insufficient daylight on
a sunny day (from now on named “insufficient day-
light”), noise felt in the accommodation from neigh-
bors or the street (from now on named “noise”); pol-
lution, grime, or environmental problems from traffic
or industry (from now on named “pollution/grime”);
and crime, violence, or vandalism in their local area
(from now on named “crime/violence/vandalism”).
These questions were selected and translated from the
European statistics on income and living conditions
(EU-SILC) questionnaire (Module on Environment of
the Dwelling). In addition, we evaluated if the partici-
pants lived in an overcrowded household by analyz-
ing the number of rooms (bedrooms and living room)
and the family composition, considering the occu-
pants’ ages, sexes, and relationships of the occupants
following the Eurostat definition. Eurostat defines
that a person lives in an overcrowded household
when the housing arrangement does not comply with
allocating one room per couple, assigning one room
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per individual aged 18 or older, providing one room
for pairs of same-gender single individuals between
12 and 17 years old or individual rooms for those
not of the same gender, and assigning one room for
each pair of children under 12 years old. Finally, we
assessed which type of housing they lived in, in the
fifth assessment, (conventional, affordable, social, or
substandard housing (“ilhas™) as in a previous study
from the EPIPorto cohort [12].

To capture housing affordability, we also inquired
about the range of housing costs, namely which per-
centage of the income was spent on housing (60% or
more, 40-59%, 20 to 39%, and less than 20% of the
disposable income). This variable was dichotomized
into housing costs equal to or higher than 40% (over-
burden) or less than that, as defined by the Eurostat.
Moreover, we included dichotomous questions about
forced displacement: “In the past 10 years, have you
ever been forced to move or leave your home for
any of the following reasons: inability to pay rent/
loan (yes/no); the landlord has increased the rent of
the house to a very high value (yes/no); I got evicted
(yes/no); the lease was not renewed (yes/no).” The
research team formulated this question and pertained
to the last 10 years, which marked the period dur-
ing which gentrification and touristification became
prominent in Porto.

To assess housing stability, we counted how many
times participants moved since entering the cohort, as
frequent moves reflect instability. We dichotomized
the variable into two categories: ‘‘not moved at all or
moved once’ and ‘‘have moved two or more times.”
We also included tenure status (owner, renter, lives
in family housing, or other) because it may influence
housing stability and insecurity.

Health Outcomes

We assessed the impact of housing insecurity on sev-
eral health and well-being outcomes: loneliness, qual-
ity of life (QoL), cognitive function, perception of
healthy ageing, and sleeping habits. These outcomes
were selected based on their plausible connection to
housing insecurity, as presented in the “Background”
Sect. [15-19].

Loneliness was measured using 16 items from the
Portuguese version of the University of California,
Los Angeles (UCLA) loneliness scale for older adults.
This scale uses a four-point rating system (1 =Never;
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2 =Rarely; 3 =Sometimes; 4 =Frequently), where the
minimum and maximum scores are 16 and 64, and
higher scores denote a greater feeling of disconnec-
tion from others.

QoL was measured using the 24 items of the Por-
tuguese version of the World Health Organization
instrument to assess the quality of life in older adults
(WHOQOL-OLD). The self-response items are eval-
uated using a five-point Likert scale (1 =Extremely;
2 =Very; 3=Moderately; 4=Slightly; 5=Not at all).
Higher scores denote greater levels of QoL.

Cognitive function was measured using the mini-
mental state examination (MMSE). The MMSE is a
cognitive screening test that uses 30 items to assess
various areas of cognitive function. The maximum
score is 30 points (one point per item); higher scores
mean better cognitive function.

We also asked the participants if they agreed or
disagreed with the following question: “I’'m ageing
successfully.” To measure the level of agreement with
the statement, they could choose between four options
(1=Strongly agree; 2=Somewhat agree; 3 =Some-
what disagree; 4 = Strongly disagree).

For sleeping habits, we used the self-reported
sleeping hours to categorize our participants as
“sleeping less than 7 h” or “sleeping 7 or more
hours,” based on the National Sleep Foundation’s
sleep time duration recommendations for older adults.
To categorize our participants’ sleep quality into “bad
sleeping quality” or “good sleeping quality,” we did
a latent class analysis (LCA) based on their pattern
of answers to the following sleeping habits ques-
tions asked in the fifth follow-up: “How many hours,
on average, do you sleep in a typical night’s sleep?”
“Do you often feel tired, fatigued, or sleepy during
the day?” “How often, in the last month, have you
had difficulty falling asleep?” “How often, in the last
month, have you woken up in your sleep and had dif-
ficulty falling back asleep?” and “How often, in the
last month, did you wake up before the desired time
and could not fall back asleep?” We used LCA to cat-
egorize participants into distinct sleep quality groups
based on their overall sleep patterns. Groups are char-
acterized in supplementary material Figure S2.

Covariates

From the fifth follow-up, the self-reported informa-
tion about participants’ sex (male/female), birth date
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(used to calculate age), marital status (partnered/
non-partnered), education attainment (lower than
primary—if they had less than 4 complete years of
education; primary—if they had 4 or 6 years of com-
plete education; secondary—if they had 9 or 12 years
of complete education; tertiary—if they had a degree
after 12 years of education), and current or last pro-
fessional activity (manual/non-manual—classified
into 10 groups according to the Portuguese Classi-
fication of Occupations 2010, which aligns with the
International Standard Classification of Occupations
(ISCO-08) and was further simplified into non-man-
ual (for groups 0-5) or manual (for groups 6-9).

Statistical Analysis

Categorical variables were presented as absolute fre-
quencies and percentages and continuous variables as
the mean and standard deviation. Latent class analysis
(LCA) was used to identify subgroups (latent groups)
within the sample based on their responses to cate-
gorical sleep-related variables. LCA allows the detec-
tion of individuals who share common characteristics
based on the patterns of responses and, therefore,
can be grouped. Crude and adjusted linear regres-
sion models were computed to estimate the associa-
tions between housing insecurity-related variables
and continuous health variables (loneliness, QoL,
and MMSE), reported as coefficient () with 95%
confidence intervals (95% CI). The associations for
sleeping hours, sleep quality, and housing insecurity
were calculated using crude and adjusted logistic
regression models. Additionally, we employed ordi-
nal regression to analyze the association between the
perception of healthy ageing and housing insecurity,
expressed as odds ratio (OR) and corresponding 95%
CI. Analyses were performed using SPSS version
29.0 and R software version 4.2.2, using the poLCA
library.

Results

Descriptive Statistics

As depicted in Table 1, participants had a mean age of
73.1 years, most of whom were female (65.0%), had a

partner (64.0%), secondary education (32.2%), and a
non-manual professional activity (71.8%) (Table 1).

Regarding their housing conditions and the exist-
ence of housing equipment and amenities, most had a
balcony (83.3%), piped water (99.2%), toilet (98.8%),
shower (98.8%), and washing machine (98.0%). Still,
most houses did not have a private garden (80.5%) or
heating (52.3%). A substantial number reported hav-
ing leaks/dampness/rot in their house (17.2%), insuf-
ficient daylight (8.0%), noise (32.8%), and pollution/
grime (17.5%), or crime/violence/vandalism (11.7%)
in the house surroundings. About 3.5% of these older
adults reside in overcrowded conditions. The majority
lived in a conventional housing type (84.0%).

Regarding housing affordability, a substantial
28.3% allocate 40% or more of their income to hous-
ing expenses. Only a small number of participants
reported being forced to move or leave their home
due to the inability to pay rent/loan (0.3%), having
their rent increased to a high value by their landlord
(1.3%), being evicted (0.3%), and having their lease
not renewed (0.7%).

Regarding housing instability, the vast majority
of participants had never moved house or had expe-
rienced relocation only once (92.0%), partly because
most were homeowners and lived in their own homes
(71.3%).

Regarding health outcomes, as shown in Table 2,
the mean score for loneliness was 24.86 (+8.55), and
for QoL was 73.36 (£ 8.33). The average score for the
MMSE was 27.62 (£2.33). Almost half of the par-
ticipants (49.0%) answered “Strongly agree” to the
statement, “I’'m aging successfully”, regarding their
perception of healthy ageing. More than half of the
participants slept at least 7 h (55.2%); however, most
people had a bad sleep quality (65.0%).

Associations with Housing Insecurity

As depicted in Table 3, according to the adjusted
models, older adults experiencing various forms
of housing insecurity exhibited higher levels of
loneliness and lower quality of life. Specifically,
for those without housing heating ($=2.293,
95% CI=0.753 to 3.833), with leaks/dampness/
rot (f=3.741, 95% CI=1.818 to 5.664), insuffi-
cient daylight (#=2.787, 95% CI=0.095 to 5.479),
neighborhood noise (f=1.793, 95% CI=0.280 to
3.305), pollution/grime (f=2.580, 95% CI=0.746
to 4.414) and violence/crime/vandalism (= 3.940,
95% CI=1.723 to 6.157), housing cost overburden
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Table 1 ‘Pa'rticipant ' Variable
characteristics regarding
general sociodemographic

Counts (%) or
mean (range)

chare}cter'lstlcs apd General sociodemographic characteristics
housing insecurity features

(EPIPorto Cohort, Porto,

Portugal, 2022) Sex
Female
Male

Marital status

Mean age (range)

Partnered
Non-partnered
Education
Lower than primary
Primary
Secondary
Tertiary
Current or last professional activity
Manual
Non-manual

Missing

Housing conditions (equipment and amenities)

Private garden

Yes

No

Missing
Heating

Yes

No

Missing
Balcony

Yes

No

Missing
Piped water

Yes

No

Missing
Toilet

Yes

No

Missing
Shower

Yes

No

Missing
Washing machine

Yes

No

Missing

73.14 (60-99)

390 (65.0%)
210 (35.0%)

384 (64.0%)
216 (36.0%)

23 (3.8%)
192 (32.0%)
193 (32.2%)
192 (32.0%)

138 (23.0%)
431 (71.8%)
31 (5.2%)

114 (19.0%)
483 (80.5%)
3(0.5%)

283 (47.2%)
314 (52.3%)
3(0.5%)

500 (83.3%)
97 (16.2%)
3(0.5%)

595 (99.2%)
2(0.3%)
3(0.5%)

593 (98.8%)
4 (0.7%)
3(0.5%)

593 (98.8%)
4 (0.7%)
3(0.5%)

588 (98.0%)
9 (1.5%)
3(0.5%)
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Table 1 (continued) Variable Counts (%) or

mean (range)

Housing conditions (problems in the home and neighborhood of residence)

Leaks/dampness/rot
Yes 103 (17.2%)
No 484 (80.7%)
Missing 13 (2.2%)
Insufficient daylight
Yes 48 (8.0%)
No 539 (89.8%)
Missing 13 (2.2%)
Noise
Yes 197 (32.8%)
No 390 (65.0%)
Missing 13 (2.2%)
Pollution
Yes 105 (17.5%)
No 482 (80.3%)
Missing 13 (2.2%)
Violence
Yes 70 (11.7%)
No 515 (85.8%)
Missing 15 (2.5%)
Overcrowding
Yes 21 (3.5%)
No 576 (96%)
Missing 3 (0.5%)
House typology
Social housing 56 (9.3%)
Affordable housing 26 (4.3%)
Substandard housing (“ilhas”) 14 (2.3%)
Conventional housing 504 (84.0%)
Housing affordability
Housing costs (percentage of the income spent on housing)
Less than 40% 364 (60.7%)
40% or more per cent 170 (28.3%)
Missing 66 (11.0%)
Forced to move due to inability to pay rent/loan
Yes 2 (0.3%)
No 581 (96.8%)
Missing 17 (2.8%)
Forced to move because the landlord has increased the rent of the house to a very high value
Yes 8 (1.3%)
No 575 (95.8%)
Missing 17 (2.8%)
I got evicted
Yes 2 (0.3%)
No 581 (96.8%)
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Table 1 (continued) Variable Counts (%) or
mean (range)

Missing 17 (2.8%)

The lease was not renewed
Yes 4(0.7%)
No 579 (96.5%)
Missing 17 (2.8%)

Housing instability

Residential mobility
Have moved two or more times 48 (8.0%)
Not moved more than once 552 (92.0%)

House ownership

Owner 428 (71.3%)
Renter 145 (24.2%)
Lives in family housing 17 (2.8%)
Other 5 (0.8%)
Missing 5(0.8%)
Table 2 Par Ficipants’ . Variable Mean (standard deviation) or
characterization regardmg frequencies (percentages)
health and well-being
(EPIPorto Cohort, Porto, Loneliness 24.86 (8.55)
Portugal, 2022) Missing 53 (8.8%)
Quality of Life 73.36 (8.33)
Missing 55 (9.2%)
Mini-mental state examination (MMSE) 27.62 (2.33)
Missing 86 (14.3%)
Perception of healthy ageing
Strongly disagree 12 (2.0%)
Somewhat disagree 34 (5.7%)
Somewhat agree 217 (36.2%)
Strongly agree 294 (49.0%)
Missing 43 (7.2%)
Sleeping hours
Less than 7 h of sleep 244 (40.7%)
Seven or more hours of sleep 331 (55.2%)
Missing 25 (4.2%)
Sleep quality
Good sleep quality 185 (30.8%)

Bad sleep quality
Missing

390 (65.0%)
25 (4.2%)

($p=2.001, 95% CI=0.426 to 3.577), who expe- loneliness. In crude models, living in overcrowded

rienced eviction (f=12.651, 95% CI=0.852 to houses was

associated with higher loneliness

24.450), and moved frequently (f=4.129, 95% [f=4.921 (1.131 to 8.710)], but this was not sig-

CI=1.542 to 6.716) exhibited higher levels of nificant after adjustment.
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Table 3 (continued)

83

Mini-mental state examination

Quality of life

Health outcomes

Loneliness

Exposures

Springer

Adjusted f (95% CI) Crude $ (95% CI) Adjusted S (95% CI) Crude $ (95% CI) Adjusted 3 (95% CI)

Crude $ (95% CI)

—1.687 (=9.937 to 6.562) 3.323 (—6.114 to 12.759) 2.827 (—6.230 to 11.883) 0.721 (- 1.925 t0 3.367) —0.117 (—2.280 to 2.046)

0.394 (—8.003 to 8.791)

The lease was not

renewed (ref. no.)

—2.217 (—4.728 t0 0.294) —0.439 (—1.208 to 0.331) —0.612 (—1.247 t0 0.022)

4.129 (1.542 to 6.716) —2.114 (—4.699 to 0.470)

4.519 (1.888 to 7.150)

Residential moves (ref.

not moved more than

once)

Occupation regime (ref. owner)

—0.236 (—0.650 to 0.178)
0.222 (-0.927 to 1.371)

—0.896 (—1.363 to — 0.430)
0.168 (= 1.106 to 1.441)
—0.082 (~2.351 t0 2.186)

—1.389 (—3.091 to 0.313)
—3.297 (—8.292 to 1.698)
—3.987 (—11.815 t0 3.841)

—2.176 (— 3.837 to — 0.516)
—3.957 (—8.680 to 0.766)
—4.359 (—11.614 to 2.896)

1.168 (= 0.596 to 2.931)
0.962 (=4.252 t0 6.175)

1.255 (= 0.454 t0 2.965)

Lives in family housing 1.928 (—2.963 to 6.819)

Renter
Other

0.853 (= 1.315 t0 3.022)

7.843 (—=0.333 to 16.019)

5.311 (—=2.202 to 12.824)

Adjusted Coefficients (f) was adjusted for sex, age, marital status, education, and current or last professional activity; bold denotes statistically significant associations

Ref reference category

For QoL, individuals living in houses with-
out heating (f=-1.942, 95% Cl= —3.438
to —0.445), with leaks/dampness/rot (f= —4.157,
95% CI=-5.999 to-2.316), insufficient
daylight (= —-3.124, 95% Cl=-5.714
to—0.534), neighborhood noise (= —2.143,
95% Cl=-3.600 to—0.686), pollution/grime
(f=-2.093, 95% CI= —3.860 to—0.325) and
violence/crime/vandalism (= —2.819, 95%
CI=-4.948 to—-0.691), and who experienced
housing cost overburden (f= —2.435, 95%
CI=-3.930 to—0.940) reported lower QoL.
While in the crude models, lower levels of QoL
were found among those living in affordable hous-
ing [f=—3.905 (—7.366 to—0.444), reference:
conventional housing] and renters [f= —2.176
(—3.837 to—0.516), reference: homeowner],
and these associations lost significance after
adjustment.

Older adults with no toilet [f= —1.891 (—3.760
to—0.021)] or shower [f=-1.891 (-3.760
to—0.021)] at home or who faced forced displace-
ment due to rent increases [f=—2.179 (—3.516
to—0.842)] presented lower cognitive levels. Ini-
tially, crude models indicated that those without a
private garden [f=—0.549 (—1.062 to—0.036)],
heating [f=—1.081 (—1.474 to—0.688)], a bal-
cony [f= —0.595 (—1.138 to—0.052)], or a washing
machine [f= —2.211 (—3.736 to—0.686)]; those liv-
ing in houses with leaks/dampness/rot [f= —0.666
(=1.208 to—0.124)], or in social [f=—1.137
(—1.848 to —0.426)], affordable [f= —1.100 (—2.895
to—0.139)], or substandard housing [f= —1.523
(—2.895 to—0.151)]; those facing housing cost
overburden [f= —0.731 (—1.160 to—0.302)]; those
evicted [f= —4.635 (—7.848 to— 1.421)]; and renters
[f=-0.896 (—1.363 to—0.430), reference: home-
owner] were found to have lower levels of cognition.
However, after adjustment, these associations lost sta-
tistical significance.

As depicted in Table 4, and even after adjustment,
older adults in neighborhoods with pollution/grime
[OR=0.494 (0.322 to 0.756)] and with violence/
crime/vandalism [OR =0.477 (0.284 to 0.801)], those
living in social housing [OR =0.728 (0.575 to 0.922),
reference: conventional housing], and those who
moved more frequently [OR =0.475 (0.257 to 0.879)]
were less likely to have a good perception of healthy
ageing.
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Finally, concerning sleeping hours, older adults
living in neighborhoods with pollution/grime
[OR=1.571 (1.018 to 2.424)] were more likely to
sleep for less than 7 h (insufficient sleep); nonethe-
less, this association disappeared in the adjusted
model. In turn, after adjusting for confounders, those
living in social housing were more likely to report
insufficient sleep [OR=2.155 (1.102 to 4.213)].
Unexpectedly, poor sleep quality was least likely both
among those living in social housing [OR =0.445
(0.220 to 0.900), reference: conventional housing]
and affordable housing [OR =0.381 (0.168 to 0.896),
reference: conventional housing] (Table 4).

Discussion

Our study aimed to investigate the association
between housing insecurity and indicators of older
adults’ health and well-being living in Porto. We
found that housing insecurity influences loneliness,
QoL, cognitive function, and sleep in the sense that
the lack of stable, safe, adequate, and affordable hous-
ing leads to worse health and well-being outcomes.
Our findings indicate that individuals lacking
home heating, experiencing leaks/dampness/rot in
the house, insufficient daylight, noise, pollution/
grime, or violence/crime/vandalism in their neigh-
borhood are more likely to report loneliness and a
worse QoL. Indoor cold can affect social percep-
tions making people long for social connections
[21]. Having dampness at home can cause physical
discomfort and psychological distress influencing
people’s moods, hindering social connections and
increasing isolation. Additionally, light is known
to play a crucial factor in mood regulation since its
presence influences the levels of neurotransmitters
like serotonin, the neurotransmitter of overall well-
being and happiness [22]. Exposure to traffic noise
has been linked to mental health issues and psycho-
logical disorders, including depression and anxiety
[23]. Living in areas with higher pollution levels
is also associated with a greater negative impact
on mental well-being [24]. Again, feeling mentally
unwell might hinder social interactions and, there-
fore, feelings of loneliness. Individuals exposed to
violence might be restrained from feeling secure,
which can make them have fewer interactions with
close network members, perceive less social support

from friends, and experience higher levels of loneli-
ness [25]. Moreover, inadequate housing conditions
can lead to adverse health effects, consequently
compromising QoL [26].

Furthermore, we found that loneliness strongly
increases when individuals are forced to move due
to eviction compared to those not evicted. This
aligns with previous research [27] and findings from
a qualitative study conducted within the same city
and cohort [11]. Eviction can lead to the loss of
social ties and community support, making individu-
als feel more isolated as forming new bonds can be
a long process. Our cross-sectional findings should
be supplemented with longitudinal studies to explore
the potential severe understudied health impacts of
eviction.

Experiencing loneliness and a worse QoL was
more common among those spending 40% or more of
their income on housing (housing cost overburden).
High housing costs strain other life aspects, making
it difficult to afford essentials like healthcare, food,
and education [16]. This can diminish QoL, elevate
stress, anxiety, and depression and lead to negative
emotions like fear, anger, resentment, and loneliness
[28]. In our study, 28% of older adults face housing
cost overburden, much higher than the 5% reported
by Statistics Portugal from 2023 EU-SILC data (5%).
This difference may be due to high housing costs in
gentrifying cities like Porto and older adults’ lim-
ited disposable income compared to the overall adult
population.

Older adults who faced forced displacement due
to rent increases scored lower on the MMSE. While
housing affordability’s impact on children’s cogni-
tive function is well-studied, its effects on older adults
remain understudied, a gap our study addresses. It is
plausible that rising rent prices might cause financial
stress and anxiety, factors associated with cognitive
decline [18].

Our study indicates that living in neighborhoods
with pollution/grime and violence/crime/vandalism,
as well as living in social housing, and moving house
are associated with lower odds of a more positive per-
ception of healthy ageing. Growing research shows
that the environment around us influences ageing
outcomes, contributing to diverse health outcomes
among older adults of the same age. For instance, air
and noise pollution have adverse effects on subjec-
tive well-being and health [29], perceived violence in

@ Springer



Santos et al.

(%0+01000'0) 100°0>

(EEHV'T 01 119°0) 9€6°0

(0001 0¥ T1+°0) £€0°C
(968°0 03 291°0) 18€°0
(006°0 91 02Z°0) SPH"0

(€6S°€ ™ 9TH'0) LET'T
(697'T 01 TEL'0) PHET
(608'T01289°0) TTT'T
(09€'T 1 819°0) L16'0

(#96'T 01 ¥67°0) $86°0

(PTI'TONESL0) S9T'T

(I€LTOYEET°0) TO9'0

(90S°TT 01680°0) STO'T

(90S°T1 ©1680°0) S10°T

(#18'8 01 1€0°0) 9250

(#SS°C 01 788°0) 00S'T

(89%'1 01 8¥9°0) 9L6°0

(€9¢'T 01 615°0) T+8°0

(%0+01000°0) 100°0>

(TLET 01629°0) 926°0

(TET'TT OV ¥ES°0) LEV'T
(6L6°0 03 10T°0) €VV'0
(LY1'T 01 29€°0) §¥9°0

(PP1°€ 01 8SH°0) 00T'T
(LT9'T ™ 078°0) 891
(0S9'T © $9°0) 6€0°T
(PLET 01 169°0) S6°0

(PST'T 0 285°0) OTT'T

(T16'T 01 0vL'0) 0611

(0S€'€ 01 L81°0) T6L'O

(Z8S°0T 01 980°0) €560

(28501 01 980°0)£56'0

(F¥9'L 01 0€0°0) SLY'0

(8ST'TO T18°0) €TE'T

(86€'T 01 €69°0) ¥86°0

(01€°7 0 825°0) 1€8°0

(O¥¥'LT 01.690°0) L9O'T

(1.8 "1 01 6€8°0) €ST'T

(I179°€ 01 LT€'0) 1601
(ST0°€ 01 £9S°0) LOE'
(1T 01 201°T) SST'C

(6697 01 969°0) 6081
(OTT'TOIOIL0) ¥TT'T
(0¥€'T010S6°0) 16V
(8061 01 T16°0) 61€'1

(99T 0SL'0) ¥IT'1

(ISE'T 01 125°0) 6€8°0

(808°€ 0120T°0) 9L8°0

(7869 01 ¥S0°0) 919°0

(¥86'9 01 ¥S0°0) 919°0

(956'+T 01 260°0) 91S°1

(€661 01 78L'0) 8¥T'1

(TTSTONIILO) 140’1

(€6T°1 01 0¥S0) 9€8°0

(8€S'TT 01 €80°0) OVE'T

(0691 0186L°0) 1911

(LSLT 0 L8T0) 688°0
(81€'C 91 69%°0) €70'1
(206°C 91 8£6°0) 059'1

(S09°€ © 629°0) 90S'T
(ELT'TOI9LL'0) 6671
PTr'T 01 810°D) ILS'T
(106'T 01 9€6°0) Y€€

(60S°T 01 0SL°0) TLE'T

(F1T'T 01 96%°0)9LL'0

(801°€ 01 161°0) LOS'0

(€9%'L 01 190°0) €L9°0

(€9%'L 01 190°0) €L9°0

(L89°1T 01 ¥80°0) 0SE'T

(998'T O TLL'0) 6611

(60%'1 0192L°0) TI10'

(S1€°1 010L50) $98°0

(TV0'€ 9 620°0) L6T0

(LOT'T OV [15°0) TSL'O

(€ELT O 82L°0) €T1°1
(IT€ T 6IL0) IL60
(TT6'0 03 SLS'0) 8TL'O

(TSET O LLED) TH6'0
(108°0 ) ¥8T°0) LLY"0
(9SL°0 03 TTE'0) ¥61"0
(ZT10'T 01 96%°0) 80L'0

(ELV'T @ 9T+°0) €8L°0

(S¥6°0 01 6LE'0)66S°0

(SPLT O H11°0) 9¥+°0

(089°9 01 091°0) S€0'T

(089'9 01 091°0) SE€0'1

(0LE'81 01 L60°0) SEC'T

(8%S'T 01 965°0) 196°0

(089'T @ T18°0) L9T'I

(869101 LZL'0) T1T°1

(€T8°C 01 820°0) T8T'0

(891°T 01 895°0) #9T°0

(89T°6 01 659°0) 1L¥'T
(0S8°T 03 9L£°0) ¥€8°0
(€0€'T 01 L6£°0) 0TL0

(8¥$°T 01 0bH°0) 6501
(ST8°0 01 €0€°0) L6+°0
(LLL'0 03 THE0) $1S°0
(STO'T 01 TIS0) 1TL0

(199°T 01 €6%°0) S06°0

(LEO'T 01 OVF'0)SL90

(960 0 9G1°0) €LS°0

(#79'9 01 991°0) 6+0'T

(¥29'9 01 991°0) 6%0'1

OYT'+T1 01 8L0°0) 8¥0'T

(S99'T 01 9L9°0)190°T

(ESS'T O H18°0) ¥TI'1

(T9L°T 0V 18L°0) LTO'T

(*ou "Ja1) ueo[
uar Ked 0y Lypiqeuy
(%0p uey) ss9 Jo1)
Sursnoy uo juads
Qwoour ay) Jo a5e
-uod12d 51500 Jursnoyq

(.seyrr,,) Sur
-snoy prepueisqng
9IqepIofy
[e100S
([RUONUAUOD “JoI)
K3o10d£) Suisnoyg
(-ou "ja1)
SUIPMOIOIdAQ
(*Ou “JoI) QOUI[OIA
(*ou “Ja1) uonnyod
(-ou "Ja1) 9SION
(-ou “yor) 31|
[eINIRU JUSIOLINSU]
(*ou "Ja1)
ssoudwrep asnoy
("ou "JaI) suryoRW
Surysem JNOYIAN
(-ou "ja1)
JOMOUS TNOYIA
(*ou "Ja1)
191101 IO
("ou "jar)
10)em padid noyip
(-ou "ja1)
KuodTeq MOy
(*ou "Ja1)
Suneay moypm
("ou "jarx)
uopreS gjeard oy

(1D %$6)
oner sppo paisnipy

(ID %56)
oneI Sppo apni)

(1D %$6)
orner sppo paysnipy

(1D %$6)
orjel sppo apnI)

(1D %56)
orner sppo paisnlpy

(ID %56)
onel Sppo apni)

Kyrenb dogrs 1004

(4 £ uey) ssof) uoneinp dooys yusroyjnsuy

Sure3e Ayyreoy jo uondaorog

SQWIOdINO Yi[eaHy

samsodxg

(2207) ‘Te8muiod ‘03104 ‘410yo)) orodidd :A1enb dosys pue ‘sinoy Surdegys ‘Furae Ayjeay jo uondadrad pue s9[qerrea AJLINddsur UISNOY U2dM)q SUOTIBIDOSSY  § I[qRL

pringer

a's



Housing Insecurity and Older Adults’ Health and Well-Being in a Gentrifying City

K1039180 90URIJI foy)

SUONEIOOSSE JUBOYIUSIS A[[eonsnels sAouap ploq ‘ANANOE [euolssajoid sef 10 JUaLINd Pue ‘uoneonps ‘snje)is [ejrrew 93e ‘xas Joj pajsnipe sem onel sppo pajsnlpy

(069101 LT0'0) OLT0

(EPT'ET 01 L19°0) L¥8'T
(SE€9°T 0 1¥9°0) +20°1

(8€9'T 01 0¥¥°0) 6+8°0

(TOS¥1 01 €41°0) 8EY'T
(co+01
000°0) 0°€LE9SHTTOT

(920°C @ SS0°0) SEE°0

(16991 03 6¥8°0) ¥9L°€
(SOL'T 9 0¥L0) €21

(E1L'10198%°0) T16°0

(98T'#1 01 TST°0) 9LY' T
(co+01
000°0) 6'€L9'PBLPTTE

(c0+0)
000°0) €'LTE9EE'EV6'S

(81€'1 01 660°0) T9E0
(69L'T 01 05L0) TST'T

(SLL'TOITIS0) €560

(981°01 01 G61°0) OEY'T

(0+01000°0) 100°0>

(019'8% 01 L6S°0) 98€°S

(610°T 01 280°0) 68C°0
(TLS'T O 61L°0) €90°T

(8L9'1 01 86%°0) ¥16°0

(656 03 881°0) THE'I

(00+01000°0) 100°0>

(9€9°1 01 LO¥'0) 918°0

(SLST 01 GL90) T€0'T
(LOO'T @ L¥L'0) L98'0

(6L8°0 03 LST'0) SLV'0

(6Tr'€ 01 LEO0) 9SE°0
(co+0)
000°0) ¥9"8€T°790°8€6

(€92°901091°0) TOO'T

(0T'€ 01 06€°0) 8T
(TET'T 01 025°0) LIL'O

(016°0 91 2LT'0) 86+°0

(S18'C 01 ¥€0°0) 80€°0
(co+01
000°0) €'€16°S69°9€€°T

PO
Sur
-snoy AJIWe] ur SoAI]
Rl
(IUMO "JaT)
Qwigar uonednoo
(9ouo
Uey) 9IOW PIAOW JOU
"JoI) SOAOW [BTUAPISY

("ou "JoI) pamaulr
JOou Sem 9sed] Y],

(-ou *Ja1) PAIOIAD 103 |

(‘ou "jo1) onea ySiy
K19A ® 0} 9snoy Ay}

JO JUI AY) PaseaIdur

(LITEOVPLI0) ¥SL'O (6¥'€ 01 €61°0) S18°0 (LTT9 01 0LE D) LIS (TEY'S 01 €€€°0) SHE'I (801°C01911°0) ¥61°0 (660°C01011°0) 087°0 Sey plojpuey oy L,
(1D %56) (1D %56) (1D %S6) (1D %S6) (ID %56) (ID %56)
onelr sppo paisnlpy OBl SPPO dpni) o1e1 Sppo paisnipy oIl Sppo apnr) onel sppo pajsnlpy onel sppo Ipni)
Kyrenb dogrs 1004 (y £ ueyy ssap) uonernp dogys Juaroyynsuy SuroSe Ayreay jo uondasrg

SOWO2)NO YISO somnsodxg

(panunuod)  dqel,

pringer

N's



Santos et al.

the neighborhood is associated with poorer self-rated
health [30], and residential stability was linked to bet-
ter self-rated health [31].

Shorter sleep duration and poorer sleep qual-
ity were more common among individuals living in
social housing. Similarly, a worse sleep quality is
observed in residents in affordable housing. This
might be explained by neighborhood disorder and
perceived building problems experienced in social
housing that may contribute to sleep disturbances and
poor sleep quality [32].

The present study has some limitations. Given the
cross-sectional design, causation cannot be inferred
from these findings. We evaluated our variables at a
single point so that we cannot rule out the possibil-
ity of reverse causation. Therefore, while the rela-
tionships observed are plausible from a biological
and public health perspective, they should be inter-
preted cautiously. Longitudinal studies are needed
to determine the directionality of these associations.
Moreover, the small number of observations in some
evicted-related categories reduced our statistical
power, as mirrored in the large confidence intervals.

Despite these limitations, our study has important
strengths. We assessed various dimensions of hous-
ing insecurity and their potential health implications
in the general older adult population. We believe
these findings are particularly notable among an older
population, as loneliness, quality of life, cognitive
function, perceptions of ageing, and sleep are inter-
connected and significantly impact the overall well-
being of older adults. Addressing these issues is cru-
cial given that older adults face an increased risk for
loneliness—currently considered an under-addressed
and growing epidemic [33]—experience intrinsic
age-related cognitive [34] and physical declines and
are vulnerable to the effects of sleep disturbances on
well-being. Housing insecurity is especially concern-
ing because it may exacerbate these age-related health
declines, further compromising the well-being and
quality of life of older individuals as they age. Health
outcomes were evaluated by trained technicians using
validated scales, enhancing the validity and compa-
rability of our findings. Finally, this research is pio-
neering in Porto, as no prior study has explored how
the different aspects of housing insecurity affect the
health of older adults.

As discussed, housing insecurity can negatively
impact the health and well-being of older adults.

@ Springer

Therefore, there should be a public health investment
in giving older adults access to stable, safe, adequate,
and affordable housing. Housing programs that pro-
vide the necessary conditions to make house modi-
fications to comply with the needs of older adults,
policies to create affordable housing, and policies to
protect against abusive tactics of landlords should be
nudged to mitigate health disparities in this popula-
tion [35]. In this specific population, opportunities
should be given so that older people can age in place,
that is, to remain in their own homes or neighbor-
hoods with which they are familiar to make the pro-
cess easier and cause less disruption in their lives.

Conclusion

Housing insecurity appears to bring potential threats
to older adults’ health and well-being. The most
prominent and consistent consequences were higher
levels of loneliness and a worse QoL. Cognitive func-
tion, perceived healthy ageing, and sleep were related
to fewer components of housing insecurity. The find-
ings support the need for good quality, affordable,
and stable housing to promote healthy ageing in a
person’s desired residential location.
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