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W) Check for updates

Impact of housing conditions
on changes in youth’s mental
health following the initial national
COVID-19 lockdown: a cohort

study

Jonathan Groot®*, Amélie Keller®, Andrea Joensen, Tri-Long Nguyen®,
Anne-Marie Nybo Andersen® & Katrine Strandberg-Larsen

We aimed to investigate if declines in youth’s mental health during lockdown were dependent on
housing condition among 7445 youth (median age ~ 20 years) from the Danish National Birth Cohort
(DNBCQ), with data collected at 18 years of age and again three weeks into the first national lockdown
(April 2020). We examined associations between housing conditions (access to outdoor spaces,
urbanicity, household density, and household composition) and changes in mental health (mental
well-being, Quality of Life (QoL) and loneliness). We report results from multivariate linear and
logistic regression models. Youth without access to outdoor spaces experienced greater declines in
mental well-being (vs. garden; mean difference: - 0-75 (95% Cl - 1-14, - 0-36)), and correspondingly
greater odds of onset of low mental well-being (vs. garden; OR: 1-72 (95% Cl 120, 2-48)). Youth in
higher density households vs. below median or living alone vs. with parents only also had greater
odds of onset of low mental well-being (OR: 1-26 (95% Cl 1-08, 1-46) and OR: 1-62 (95% CI 1-17, 2-23),
respectively). Living in denser households (vs. below median; OR: 1-18 (95% Cl 1-06, 1-33), as well

as living alone (vs. with parents; OR: 1-38 (95% Cl 1-04, 1-82) was associated with onset of low QoL.
Living alone more than doubled odds of onset of loneliness compared to living with parents, OR: 2-12
(95% CI 1-59, 2-82). Youth living alone, in denser households, and without direct access to outdoor
spaces may be especially vulnerable to mental health declines.

Differences in housing conditions may become increasingly apparent when a large portion of the population is
mandated or recommended to spend the majority of their time at home, as has been the case under in nation-
wide lockdowns implemented globally to contain the spread of SARS-CoV-2 in the COVID-19 pandemic. The
COVID-19 pandemic has brought with it public health and political actions varying across countries in their
degrees of restrictions', but all scenarios likely resulted in increased time spent in individuals’ residency. Addi-
tional lockdowns have occurred in some nations and despite vaccine availability are still being implemented,
where restrictive measures are chosen to curb national and regional spread. In Denmark, the national lockdown
in spring 2020 was announced March 11th and effective from March 13th, 2020". It involved closing of the
national boarders, restaurants/bars, sports facilities, schools and public workplaces, and recommendations to
social distance and engage in only essential activities?.

Previous studies have documented changes in mental health from before to during initial national
lockdowns®™®, highlighting how youth have been disproportionately affected®”®. A few studies have described
cross-sectional associations between housing conditions and mental health during initial lockdowns®', as well
as before and after measures of loneliness in separate samples'?. To our knowledge, no previous studies have
documented changes in young people’s mental health from before to during a lockdown in relation to the hous-
ing conditions one must ‘stay home’ in. Using prospectively-collected mental health data, we examined whether
mental health declines among Danish youth were dependent on their housing conditions during the initial
national COVID-19 lockdown.
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Materials and methods

Population. The Danish National Birth Cohort (DNBC) consists of mothers and offspring from approxi-
mately 100 000 pregnancies enrolled in the cohort during the years 1996 to 2002'°. The pregnant women
responded to computer assisted telephone interviews twice during pregnancy and twice in the child’s two first
years of life. Additional follow-ups were conducted at offspring ages 7, 11, and more recently, 18 years. In the
18-year follow up, invitations were sent three months after participants’ 18th birthday. This data collection was
initiated in March 2016 and will be completed ultimo 2021; detailed information on DNBC is available at: www.
dnbc.dk. Most recently, in the 3" week of the national Danish COVID-19-related lockdown, mothers and their
offspring for whom we had either a private e-mail address or phone number were invited to participate in a
COVID-19 online questionnaire, and all participants who responded within a week were re-invited to up to six
subsequent consecutive online questionnaires?. In this study, we used data on offspring’s mental health from the
18-year follow-up (baseline) as a before lockdown measure and data on housing conditions and mental health
from the first of the COVID-19 online questionnaires (follow-up) as a during lockdown measure, eFigure 1.

Mental health outcomes. We examined changes in mental health with the following three parameters:

1) Mental well-being
Changes in mental well-being were measured as the difference in metric scores on the 7-item Short
Warwick-Edinburgh Mental Well-Being Scale (SWEMWBS)'*-'¢. This instrument has been validated in
a Danish sample, including participants in the age range we studied'®. The scale ranges from 7 to 35, with
higher values indicating better well-being. Because a score of <20 corresponds to possible or probable anxiety
or depression'é, we used this cut-off to define low vs. normal mental wellbeing.
2) Quality of life (QoL)
Changes in quality of life (QoL) were reported on an adaptation of the Cantril Ladder scale from 0 to
10, where 0 represented the ‘worst possible life’ and 10 ‘the best possible life’”. In addition to treating the
outcome as a continuous variable, we also categorized participants with a score of 5 or lower as having a low
QoL and above 5 as normal QoL, in line with previous research!”!%,
3) Loneliness
Changes in loneliness were measured only as a binary outcome. Loneliness was measured with similar Lik-
ert scales at baseline and follow-up. At baseline, participants were asked ‘How often do you feel lonely?” with
response options: ‘Never, ‘Occasionally; ‘Often, ‘Very often’ or ‘Unsure’ (excluded). ‘Often’ and ‘Very often’
responses were categorized as lonely vs. not lonely. At follow-up, participants were asked ‘In the last week,
how often have you felt lonely?’ with the following response options: ‘Seldom or not at all (less than 1 day);
‘Some or a little (1-2 days), ‘Occasionally or often (3-4 days)’ or ‘Most of the time (5-7 days)’ Responses
with a minimum of three days were categorized as lonely vs. not lonely.

Housing conditions during lockdown. We examined the following four housing conditions:

1) Direct access to outdoor spaces
Direct access to outdoor spaces was defined as not having direct access to outdoor spaces or having direct
access to a common yard only, a balcony only, a garden only, or multiple outdoor spaces/other (e.g. a garden
and a balcony). For descriptive analyses only, the variable was dichotomized into no or direct access to any
of the aforementioned outdoor spaces.
2) Urbanicity
Urbanicity was defined as residential degree of urbanicity, defined by the European Union, using the fol-
lowing municipality-level population density categorizations: rural (thinly populated), semi-urban (inter-
mediate density) and urban (densely populated)™. Postal codes for residency at follow-up were self-reported.
3) Household density
Household density was defined as the reciprocal of average square meters per person in the household,
i.e. 1/( square meters/number of person in household). The housing area was reported in 10 square meters
intervals, e.g. 50 to 59, and we therefore used the middle value. Children and adults were counted similarly,
rather than assigning lower value for children. The distribution was split at the median value to create a binary
variable for both the descriptive and regression analyses. The continuous variable was used in models where
household density was a covariate.
4) Household composition
Household composition was categorized as living alone, with friends or roommates (including in a dormi-
tory), with a partner, with parents only, or with parents and children or siblings. For descriptive analyses,
the variable was dichotomized into living without parents (i.e. alone, with a friend/roommate, and partner)
or living with parents (i.e. living with parents only and living with parents and siblings/children).

Covariates. Data on sex (male, female), current educational enrolment (not a student, ISCED 0-2, ISCED
3-4, ISCED 5-8, and ‘other education’), part-time work (yes, no), moving during lockdown (moved from resi-
dency/other postal code: yes, no) and geographical region (Capital City Region, Region Zealand, Region of
Southern Denmark, Mid Jutland Region, North Jutland Region) were considered potential covariates.

Three variables were considered a priori for interaction analyses: sex, quarantine and self-reported psychiatric
illnesses. Quarantine was defined as those who at follow-up reported having been in quarantine or isolation dur-
ing the last 14 days. Psychiatric illnesses were self-reported and respondents could choose between the following
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answers: ‘no history of psychiatric illness, ‘current psychiatric illnesses, ‘previous psychiatric illnesses), or ‘unsure’
Youth reporting current psychiatric illness and those who were ‘unsure’ were grouped together (since respondents
who were ‘unsure’ resembled those with a current psychiatric illness most in terms of mental health measures),
and those with previous illnesses or none were grouped together.

Statistical analyses. Statistical analyses were performed in Stata 15.0 (StataCorp, Tx, USA).

Absolute and relative frequencies are presented for the dichotomized exposure variables and median and
interquartile ranges are presented for continuous covariates. Unadjusted mean changes in mental well-being
(SWEMWRBS) scores were computed for each category in each exposure. Kernel density plots and bar plots were
constructed to visualize the distribution of the mental health parameters at baseline and follow-up.

Crude and adjusted regression models were fitted for linear and logistic regressions. For all outcomes,
Adjusted Model 1 included potential covariates and Adjusted Model 2 included additional mutual adjustments
for housing conditions. Results are presented for Adjusted Model 2 and results of crude and Adjusted Model 1
are presented in the eSupplement. Linear regression models were fitted for the two outcomes on a continuous
scale (changes in mental well-being and QoL scores). To also examine the odds of onset of low mental well-being,
low QOL and loneliness, models were fitted for participants who were at risk (only individuals who had normal
levels at baseline, eFigure 1). In post hoc analyses, instead of excluding participants with low mental wellbeing,
low QoL, or loneliness at baseline, we estimated relative risk ratios (RRRs) for each of the potential combinations
of the binary baseline and follow-up mental health parameter in multinomial logistic regression models with the
normal-normal (not lonely-not lonely) as reference outcome (e.g. for mental wellbeing: low at baseline followed
by low at follow-up vs. normal at baseline followed by normal at follow-up).

For interaction analyses, linear (mental well-being and QoL) and logistic (loneliness) regression models with
and without interaction terms were compared, and differences in fit tested with the likelihood ratio test. For tests
indicating potential interaction (p <0.2), we fitted stratified or joint effect models, as appropriate.

We performed complete case analyses.

Patient and public involvement. Young DNBC participants from the DNBC ambassadors group were consulted
in the initial design of the COVID-19 questionnaire and provided feedback on questionnaire items prior to
launching the online questionnaire. Preliminary findings were presented to the DNBC ambassadors group and
the DNBC reference group. Other participants and public were not invited to participate in the study design or
interpretation of results.

Ethics. This study was approved by the Danish Data Protection Agency via a joint notification to the Faculty
of Medicine and Health Sciences—University of Copenhagen (ref. 514-0497/20-3000, ’Standing together at a
distance: how are Danish National Birth Cohort participants experiencing the corona crisis?’) and performed
in accordance with relevant ethical and legal regulations and guidelines. Mothers in the DNBC were enrolled
with a signed and written informed consent on behalf of themselves and their offspring, until the offspring’s
18th birthday. At age 18, offspring in the DNBC were informed of their participation in the cohort, their rights,
including information on how to opt out of the cohort and have their personal data deleted. For the COVID-19
questionnaire, participants who had given consent to participate in the cohort at 18, were invited to participate,
and participated voluntarily in the online questionnaire.

Ethics. This study was approved by the Danish Data Protection Agency via a joint notification to the Faculty
of Medicine and Health Sciences—University of Copenhagen (ref. 514-0497/20-3000, ’Standing together at a
distance: how are Danish National Birth Cohort participants experiencing the corona crisis?’). The cohort is
approved by the Danish Data Protection Agency and the Committee on Health Research Ethics under case no.
(KF) 01-471/94. Data handling in the DNBC has been approved by Statens Serum Institut (SSI) under ref. no
18/04608 and is covered by the general approval (Feellesanmeldelse) given to SSI. The 18 year follow-up was
approved under ref. no 2015-41-3961. The DNBC participants were enrolled by informed consent.

Results

Participants. We included a total of 7445 of the 9211 young participants who had responded to the first
COVID-19 online questionnaire and the 18-year DNBC follow-up, eFigure 1. The age range at follow up was
18 to 23 with a median age of 20 years. Approximately two thirds of the study population were female. Youth
with no access to outdoor spaces were older, more educated, and more often lonely at baseline, but had less often
moved compared to youth with access to outdoor space. Additionally, in the capital region more lived in house-
holds with density above median, and the other housing conditions likewise differed according to demographic
characteristics Fig. 1.

Declines in mental health during lockdown. Lower mental well-being and QoL and higher levels of
loneliness were observed in the third week of the lockdown compared to before the lockdown, with higher
proportions of individuals with scores indicative of possible (19.1% compared to 12.2%) or probable (2.6% com-
pared to 1.3%) depression/anxiety, low QoL (36.6% compared to 15.6%) or being lonely (23.1% compared to
13.8%), Fig. 2.

Housing conditions impact on changes in mental health. Unadjusted mean changes in mental well-
being scores were highest for those with no access to outdoor spaces, Fig. 3. For this group the score was > 1 point
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ACCESS URBANICITY HOUSEHOLD DENSITY HOUSEHOLD COMPOSITION
(any access to outdoor spaces?) (urban?) (above median?) (living with parents?)
No Yes No Yes No Yes No Yes
AGE
Years, median (IQR) | 20.5(19.7,21.3) | 19.9(19.1, 20.7) 19.7(19.1,206) | 200(192,208) 19.9(19.1,207) [199(19.2,20.8) 207(19.9,214) | 19.7 (19.0, 205)
SEX
remale| o7. M | 702 | oo |3 ] 7o |eos[ ] 74 (o5 [ ]
CURRENT EDUCATION
Not student| 29.4 [l 50| 330 [l 35.4] 356l 39 366 [l 342 []
Low (15CED 0-2)| 2.8 19| 18] 20| 18] 21| 17| 20
Medium(1scep 3-4)| 30.1 [l asal| sa.2 [ 29[ ] 401 [ 0] 252 [l 542
8 High (1sCED 5-8)| 35.7 I 128[] x| 179[] 116l 160[] 337l 78 |l
5 Other education| 2.1 20/ 23| 18] 19| 24] 271 18 |
% WORK!
$ No part-time work| 64.7 I | es6[_ | cso M |ess[ | coo I oo | cos I [os1 [ |
g Part-time work| 35.3 [l 315 314l ae[] aro [l 21 a0.2 [l 19 [
@ MOVED
Usual residency| 92.0 I | ss2[ ] so3 M | so0 | s71 [ | ss2 | se.0 M [so0 [ ]
Moved| 80l 18] 1370 10.1[] sl 148[] 120l 110 [J
GEOGRAPHICAL REGION
Capital city| 25,5 [l 2570 1.4 as[ ] 26 203 ] 20710 246 [
Region Zealand| 10,5l 1100 12211 1000 104l 11.6[] 73l 120 [
Southern Denmark| 16,5 [l a1 2.4l 17.0[] 2.2l 19.6[] 172 21 [
Mid Jutland | 30,4 [ 310 ] 7y | 2.4 ] 325l 291 ] 303 [l 310 []
North Jutland| 16,5 [l 11.2[] 161l 8ol 123l 104[] 150l 104 []
SWEMWABS!
£ Baseline mental well-being, median (IQR)| 232 (21.5,26.0) | 24.1(21.5, 26.0) 24.1(21.5,26.0) |24.1(21.5, 26.0) 24.1(215,26.0) | 24.1(21.5, 26.0) 23.2(215,25.0) | 24.1(22.4, 26.0)
] Qol|
g Baseline QoL, median (IQR)| 7 (6, 8) 7(6,8) 7(6,8) 7(6,8) 7(6,8) 7 (6, 8) 7(6,8) 7(6,8)
§ Loneliness
Baseline loneliness| 15.2 [l 13.6[] 135l 14.0[] 129 148[] 160l 132 []
(No. = 7455) no. 286 7159 3145 4300 3988 3457 1681 5764
Figure 1. Demographic characteristics by housing conditions (No.=7445). IQR Interquartile range, ISCED
International Standard Classification of Education, SWEMWBS Short Warwick-Edinburgh Mental Well-Being
Scale, QoL Quality of Life. Relative frequencies presented, unless otherwise stated.
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Figure 2. Distribution of baseline and follow-up mental well-being (SWEMWBS) scores, QoL scores, and
loneliness (No.=7445). SWEMWBS Short Warwick-Edinburgh Mental Well-Being Scale, QoL Quality of Life.
(A) Kernel density plot of the distribution of mental well-being (SWEMWBS) scores: Long dash red reference
for probable anxiety/depression'®, short dash red reference line for indication of possible anxiety/depression,
and black short reference line for indication of high mental well-being, (B) Kernel density plot of distribution
QoLscores: Long dash red reference for cut-off of low QoL'®, (C) Barplot of loneliness. Participants in the tails of
SWEMWRBS were aggregated in kernel density plots to secure non-identifiability of participants.

lower, and a 1-point change on the SWEMWRBS is considered to represent a clinically meaningful change'®. Simi-
larly, in the adjusted model, a lack of direct access to outdoor spaces was associated with the greatest decreases in
mental well-being scores (no access vs. garden: adjusted mean difference (aMD): —0.75 [95% CI —1.14, —0.36]).
A stepwise decrease in odds of onset of low mental well-being was also observed going from more limited to
less limited outdoor spaces. Compared to youth living in rural homes, those in urban or semi-urban homes had
greater decreases in mental well-being (aMD: —0.20 [95% CI —0.39, —0.02] and —-0.13[95% CI -0.32, 0.06],
respectively) and greater odds of onset of low mental well-being (aOR 1.14 [95% CI 0.94, 1.38] and aOR 1.21
[1.00, 1.48], respectively). Youth living in denser households had greater decreases in mental well-being and
likewise greater odds of onset of low mental well-being than youth in non-dense households. Household com-
position was also associated with changes in mental well-being. Youth living with a partner had increased mental
well-being compared to those living with parents. A stepwise greater odds of onset of low mental well-being was
observed for youth living with parents and children/siblings, roomies/friends, and alone, compared to living
with parents (Fig. 4 and eTables 1 and 2).

Decreases in QoL and onset of low QoL were associated with living in a denser household and living alone.
Youth living with a partner reported increased QoL compared to youth living with parents (aMD: 0.40 [95% CI
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Figure 3. Changes in mental well-being (SWEMWBS) scores indicative of meaningful changes, according

to housing conditions (No.=7445). SWEMWBS: Short Warwick-Edinburgh Mental Well-Being Scale.
Unadjusted means for changes in mental well-being scores on the SWEMWBS, by housing conditions. Red
dashed line indicates minimum change considered meaningful at the individual level on the SWEMWBS'¢ and
incrementally darker shades of red indicate incrementally larger decreases in SWEMWBS scores.

0.22, 0.58], (Fig. 5 and eTables 3 and 4) Incident loneliness was associated with living alone and living in a denser
household (aOR 2.12 [95% CI: 1.59, 2.82] and aOR 1.30 [95% CI 1.14, 1.48], respectively). (Fig. 6 and eTable 5).

Analyses stratified by sex indicated minor sex differences that were not consistent across mental health
parameters for household composition (eTable 6). Males experienced greater decreases in mental well-being
when living alone or with roomies/friends and in denser households, and greater increases in loneliness when
living alone. Females experienced greater decreases in QoL when living alone, but lesser decreases in QoL when
living with their partner. In the joint effects model examining interactions with quarantine status, youth not
quarantined and with no direct access to outdoor spaces experienced the greatest decreases in mental well-being
(aMD : —1.01 [95% CI —1.45, —0.57], eTable 7). Psychiatric illness did not interact with housing conditions,
with a few exceptions. Youth with no psychiatric illness and living with a partner had increased QoL compared
to youth without a psychiatric illness and living with parents only, suggesting an interaction with psychiatric
illness (aMD: 0.38 [0.20, 0.55]) eTable 8). This may be due to the larger sample of youth without a psychiatric
illness though, as the point estimate was similar for those with a psychiatric illness.

For the majority of youth for whom mental health changed from before lockdown it decreased, but for 5.3%
mental well-being, for 6.1% QoL and for 7.6% loneliness improved during the lockdown. Factors associated with
onset of low mental well-being, low QoL, or loneliness (no access to outdoor spaces, above median household
density, and living alone) were also associated with continued poorer mental health, while these patterns were
less clear for improvements in mental health (eTables 9,10,11).

Discussion

The present study shows that housing conditions during the initial national Covid-19 related lockdown influ-
enced changes in mental health among Danish youth. A lack of access to outdoor spaces was associated with
greater decreases in mental well-being. Although to a lesser extent, decreased mental well-being appeared to
be associated with living in an urban or semi-urban home. Living in a denser household and living alone were
also both associated with decreases in mental well-being and QoL, and with an increase in loneliness. Therefore,
characteristics of the built environment and the household matters for the mental health of our youth during
this pandemic.

The concepts of ‘a sense of over-crowding in the home’ and ‘escape facilities’ have previously been highlighted
as important aspects of the built environment that may influence mental health?. Results from the first studies on
housing and mental health in the COVID-19 pandemic, suggest that these factors may be associated with mental
health during a pandemic as well’-'!. Three cross-sectional studies conducted in Southern European countries
which were severely impacted by the pandemic have assessed associations between some housing conditions on
mental health during the initial Covid-19 related lockdowns. In Italy, students with moderate-severe and severe
depressive symptoms lived in significantly smaller apartments without access to outdoor space, such as a balcony
or a garden, and had a poor quality view'?. Another study from France found that living in an urban area, having
access to an outdoor space and a bigger dwelling size was positively associated with well-being (measured using
the WEMWBS scores)'!. A third study conducted in Portugal reported that access to a garden was related with
lower depression and stress, whereas the number of people in the household was not’. In addition, a prospec-
tive study in the UK reported that being a young adult, urbanicity, and living alone were associated with greater
loneliness—these results were based on a sample during the pandemic and compared levels to another sample
with measures prior to the pandemic'. These studies were not, as we were, able to assess changes in mental
health parameters from before to during lockdown in the same individuals, and three of them were not specific
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aMD [95 % CI]
-0.75[-1.14,-0.36]
0.03[-0.28,0.35]
0.08[-0.23,0.39]
0.06[-0.11,0.22]
Referent

-0.20[-0.39,-0.02]
-0.13[-0.32,0.06]
Referent

-0.21[-0.35,-0.07]
Referent

-0.03[-0.36,0.31]
0.13[-0.22,0.47]
0.35[0.10,0.60]
0.09 [-0.06,0.24]
Referent

aOR [95 % CI]
1.72 [1.20,2.48]
1.45[1.06,1.98]
1.24[0.90,1.69]
1.02[0.85,1.22]
Referent

1.14[0.94,1.38]
1.21[1.00,1.48]
Referent

1.26[1.08,1.46]
Referent

1.62[1.17,2.23
1.24[0.88,1.74
1.03[0.79,1.34
0.84[0.71,1.00

Referent

Figure 4. Changes in mental well-being (A) and onset of low mental well-being (B), according to housing
conditions. aMD Adjusted Mean Difference, aOR Odds Ratios, CI Confidence Intervals. aMD and 95% CI and
aOR and 95% CI are presented. Population at risk of developing low mental well-being: No. (6537). Adjusted
model 2: adjusted for age, sex, current education, part-time work, moving, geographical region, and mutually

adjusted for housing conditions.
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A
No. Outdoor spaces aMD [95 % CI]
286 No access 0.05[-0.23,0.33]
465 Common yard 0.16[-0.07,0.39]
459 Balcony -0.04[-0.27,0.18]
1889 Multiple outdoor spaces 0.14[0.02,0.26]
4346 Garden Referent
Urbanity
2698 Urban -0.09[-0.22,0.04]
1602 Semi-urban -0.00[-0.14,0.13]
3145 Rural Referent
Household density
3457 Above median -0.11[-0.21,-0.01]
3988 Below median Referent
Household composition
436 Alone -0.04[-0.28,0.21]
410 Roomies/friends 0.10[-0.15,0.35]
835 Partner 0.40[0.22,0.58]
2884 Parents and siblings/children -0.05[-0.16,0.06]
2880 Parents only Referent
1,4 0,7 0,7
B
no. cases/no. Outdoor spaces aOR [95 % CI]
78/218 No access 1.18[0.85,1.64]
113/385 Common yard 0.86 [0.66,1.12]
131/379 Balcony 1.12[0.87,1.43]
437/1585 Multiple outdoor spaces 0.81[0.70,0.93]
1250/3716 Garden Referent
Urbanicity
706/2273 Urban 1.04[0.90,1.20]
433/1345 Semi-urban 0.98[0.84,1.14]
870/2665 Rural Referent
Household density
953/2859 Above median 1.18[1.06,1.33]
1056/3424 Below median Referent
Household composition
121/338 Alone 1.38[1.04,1.82]
106/340 Roomies/friends 1.08 [0.81,1.44]
195/677 Partner 0.86[0.70,1.06]
801/2486 Parents and children/siblings 0.98[0.87,1.11]
786/2442 Parents only | | Referent
0,5 1 1,5 2 2,5

Figure 5. Changes in QoL (A) and onset of low QoL (B) according to housing conditions. QoL Quality of

Life, aMD Adjusted Mean Difference, aOR Adjusted Odds Ratios, CI Confidence Intervals. aMD and 95% CI
and aOR and 95% ClI are presented. Population at-risk of developing low QoL(No.=6283). Adjusted model 2:
adjusted for age, sex, current education, part-time work, moving, geographical region, and mutually adjusted for
housing conditions.
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no. cases/no.

Outdoor spaces

aOR [95 % CI]

64/234 No access 1.44[1.01,2.04]
74/394 Common yard | 0.98[0.73,1.34]
89/378 Balcony 1.37[1.04,1.82]
295/1619 Multiple outdoor spaces || 0.97[0.83,1.13]
736/3793 Garden [ | Referent
Urbanicity
454/2315 Urban || 1.00[0.85,1.19]
276/1383 Semi-urban ] 1.02[0.85,1.21]
528/2720 Rural [ | Referent
Household density
620/2945 Above median 1.30[1.14,1.48]
638/3473 Below median [ | Referent
Household composition
121/362 Alone 2.12[1.59,2.82]
51/352 Roomies/friends || 0.66 [0.47,0.94]
111/698 Partner | 0.72[0.56,0.92]
461/2508 Parents and siblings/children || 0.86 [0.74,0.99]
514/2498 Parents only | | Referent
0,5 1 1,5 2 2,5

Figure 6. Onset of loneliness, according to housing conditions. aOR Adjusted Odds Ratios, CI Confidence
Intervals. aOR and 95% CI are presented. Population at-risk of developing loneliness (No.=6418). Adjusted
model 2: adjusted for age, sex, current education, part-time work, moving, geographical region, and mutually
adjusted for housing conditions.

to youth®!'"'2, but their findings are consistent with ours, and highlight the importance of aspects of the built
environment previously known to impact mental health.

Although changes in mental health from before to during lockdown differed for females and males, only
minor and inconsistent differences in the impact of housing were observed. For example, living with a partner
was only associated with relatively-speaking higher QoL among females and was only associated with relatively-
speaking higher mental well-being among males.

Associations between access to outdoor spaces and declines in mental well-being were stronger for youth in
quarantine. Given previous findings on the disproportionately negative effects of pandemics on mental health
among youth in quarantine?, this may seem counter-intuitive. Strict adherence to quarantine might have an
effect that cannot be improved simply by access to outdoor spaces. For example, youth may utilize some of the
outdoor spaces investigated for visiting with friends.

We suspected that youth with psychiatric illnesses would be more susceptible to the negative effects of
the lockdown and that housing conditions could potentially be more strongly associated with mental health
outcomes®. We only observed differences for QoL and household composition. Although youth with psychiatric
illnesses in our sample have experienced greater declines in mental health on average (for further information
visit coronaminds.ku.dk), our results do not suggest that these interact substantially with housing conditions.
Nevertheless, it is difficult to draw definitive conclusions, due to the low numbers.

Strengths and limitations. One of the main strengths of our study design is the longitudinal design with
individual-level data on a large sample of youth with measures from before and during the most restrictive
phases of the Danish lockdown in spring 2020. The early lockdown of Denmark effectively curbed the spread of
COVID-19 and the number of deaths due to COVID-19 were low compared to other European countries at the
time of our follow-up?. Therefore, it is less likely that changes in mental health outcomes were due to the concur-
rent levels of infection spread, as opposed to the lockdown. To our knowledge, no other studies have considered
longitudinally the effect of housing conditions on youth’s mental health development before and during the
Covid-19 pandemic.

Interpretation of our results deserves consideration of a few limitations. The baseline data were collected at
age 18 years and three months for all participants, whereas the participants’ ages varied during the lockdown.
Thus, the time elapsed between baseline and follow-up was greater for older participants. All analyses were
adjusted for age, and we thereby indirectly accounted for different time between baseline and follow up. For
older participants, changes in mental health parameters may be underestimated, since their baseline measures
represent a younger age than the follow-up measures, and on average reporting on mental health instruments
improves by age. Therefore, our estimates could be underestimated, and thereby conservative, in particular for
the housing conditions where age is unevenly distributed as for access to outdoor spaces and household com-
position. Additionally, although we adjusted for what we consider likely to be the most important confounding
variables, we cannot exclude the possibility of unmeasured and residual confounding. Access to outdoor spaces
could be a proxy for other beneficial aspects of the built environment. Nonetheless, we suspect that such factors
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would be captured in the model (geographical region, urbanicity, household density) and would likely not have
independent effects on changes in mental health.

Misclassification of housing conditions may have influenced our results. Postal codes were used to identify
municipality-level degrees of urbanization. However, in a few instances postal codes may be assigned to multiple
municipalities and even regions. Nevertheless, the numbers of potential misclassification due to this are minimal.
Misclassification of loneliness may also have occurred, as the two items from each questionnaire, were worded
slightly differently. Although identical items would have been ideal, the two items were deemed sufficiently
similar to include as harmonizable variables. We also do not expect any differential misclassification according
to housing conditions—that youth in different housing conditions would understand the two questionnaire items
in different manners. Lastly, although we used validated scales for mental well-being and QoL, the interpretation
of these as indicating new onset mental disease must be cautious, as changes on these scales may be transient.

A final important limitation to consider is the selection into the study. Less than 10% of the youth still enrolled
in the DNBC contributed to this study, as a prerequisite was that they were old enough to have 18-year data
and participated in the corona survey. Maternally reported household socio-occupational status collected when
pregnant, prenatal smoking, maternal age and parity are all predictors for participation. It is likely that these
and other factors influenced both participation and mental health, and we presume this would, if anything, have
biased our results towards no association. The external generalizability of these findings must be considered in
light of the predominantly female participation and the Danish context. In our study population, approximately
60% of the DNBC offspring 18 and 19 years old were living with parents at the time of responding to the online
questionnaire. The vital statistics for the Danish population in 2016 indicate that this is a lower percentage than
in the general population, although this may be due to a greater proportion of females, who tend to move away
from home earlier?. In other countries, ages for moving away from the parental home is later”, and the rela-
tionship between housing characteristics and youth’s mental health under a pandemic might be different. In our
study, 12% had moved during lockdown, and those who moved more often stayed in non-urban municipalities,
had access to outdoor spaces and lived with parents. Additionally, we suspect that the effect of housing condi-
tions on changes in mental health are likely to be more pronounced in countries with more severe and lengthy
restrictions'. Future studies may elucidate this.

Conclusion

Youth’s mental health has declined during the initial stage of the COVID-19 pandemic with some youth espe-
cially vulnerable to mental health declines. Living without access to outdoor spaces, in urban or semi-urban
homes, alone, or in denser households may increase onset of depression, anxiety, and loneliness. Housing condi-
tions should be emphasized in efforts to keep youth’s mental health intact and public health professionals and
policy-makers should consider the increased vulnerability of youth living alone, in denser households, and
without access to outdoors spaces.
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