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73  Research in context

74

75  Evidence before this study

76  Mental health is associated with certain housing characteristics, such as access to green
77  space and household composition. Additionally, we know that mental health amongst youth
78  has been especially impacted by the COVID-19 pandemic and/or social restrictions, at a
79 time where a majority of youth spend more time at home. Cross-sectional studies have

80 indicated that housing conditions during the initial lockdowns were associated with mental

81  health among youth.

82  Added value to this study

83  We are able to provide evidence that housing conditions have been important factors in how
84  youth’s mental health has changed, due to data collections in our cohort before and during
85 the pandemic. We demonstrate that living alone without access to outdoor spaces and in

86  denser households during lockdown are all associated with deteriorations in mental health in
87 alongitudinal design. The deteriorations in mental well-being are at a level indicative of

88 anxiety and/or depression, indicating that these mental health changes are meaningful from
89  a public health perspective. To our knowledge, this is the first study to examine associations

90 longitudinally in a youth cohort.

91

92 Implications of all the available evidence

93  Not all youth will be equally affected by the pandemic and social restrictions. Public health
94 recommendations could be that youth avoid living alone, in dense households and without
95  access to outdoor spaces during a lockdown, if this is at all possible to choose. Additionally,
96 mental health and public health professionals should be aware of these vulnerabilities as

97 they seek to assist youth at times when social restrictions are in place to control community
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98 transmission. Additionally, as we look to the future and work towards equitable and health-
99 promoting housing, we must consider aspects that are important to mental health during

100 pandemics and otherwise.
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119 Abstract

120 Background Youth’s mental health has on average declined initially during the pandemic
121 and few studies have investigated whether these declines were dependent on housing

122  conditions.

123  Methods We used data from 7445 youth from the Danish National Birth Cohort (DNBC),
124  collected at participants’ 18" year of life and subsequently three weeks into the initial

125 national lockdown (April 2020). We examined associations between housing conditions
126  (access to outdoor spaces, urbanicity, household density, and household composition) and
127  changes in mental health parameters (mental well-being, Quality of Life (QoL) and

128 loneliness. We report results from multivariate linear and logistic regression models.

129  Findings Youth without access to outdoor spaces had a greater decrease in mental well-
130  being compared to those with a garden, mean difference: -0-83 (95 % CI -1-19,-0-48), and
131  correspondingly greater odds of onset of low mental well-being, OR: 1-68 (95 % Cl 1-15,
132 2:47). Youth in higher density households and those living alone also had greater odds of
133 onset of low mental well-being (OR: 1-23 (95 % CI 1-05, 1-43) and OR: 1-47 (95 % CI 1-05,
134  2:07), respectively). Onset of low QoL was associated with living in denser households, as
135  well as living alone. Living alone more than doubled odds of onset of loneliness, OR: 2:12

136 (95 % Cl1-59, 2:82).

137  Interpretation Not all youth were equally affected by the pandemic and our findings inform
138  policy makers that youth living alone, in denser households, and without direct access to

139  outdoor spaces are especially vulnerable to mental health declines.
140
141
142

143
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144 Introduction

145  Differences in housing conditions may become increasingly apparent when a large portion of
146  the population is mandated or recommended to spend the majority of their time at home,
147  resulting from nationwide lockdowns implemented globally to contain the spread of SARS-
148  CoV-2in the COVID-19 pandemic. The COVID-19 pandemic has brought with it public

149  health and political actions varying across countries in their degrees of restrictions,' but in all
150  scenarios likely resulting in more time spent in individuals’ residency. Secondary lockdowns
151  have already occurred in some nations and will likely occur in hotspots, where restrictive

152  measures may be chosen to curb national and regional spread. In Denmark, the national
153 lockdown in spring 2020 was announced March 11" and effective from March 13", 2020." It
154  involved closing of the national boarders, restaurants/bars, sports facilities, schools and

155  public workplaces, and recommendations to social distance and engage in only essential

156  activities.?

157  Previous studies have documented changes in mental health from before to during initial
158  national lockdowns,*® highlighting how youth have been disproportionately affected.®’® A
159  few studies have described cross-sectional associations between housing conditions and

%1 as well as before and after measures of loneliness

160  mental health during initial lockdowns,
161  in separate samples.'? To our knowledge, no previous studies have documented changes in
162  young people’s mental health from before to during a lockdown in relation to the housing
163  conditions one must ‘stay home’ in. Using prospectively-collected mental health data, we

164  examined whether mental health declines among Danish youth were dependent on their

165 housing conditions during the initial national COVID-19 lockdown.

166

167 Materials and methods
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168  Population

169  The Danish National Birth Cohort (DNBC) consists of mothers and offspring from

170  approximately 100 000 pregnancies enrolled in the cohort during the years 1996 to 2002."
171 The pregnant women responded to computer assisted telephone interviews twice during
172 pregnancy and twice in the child’s two first years of life. Additional follow-ups were

173  conducted at offspring ages 7, 11, and more recently, 18 years. In the 18-year follow up,
174 invitations were sent three months after participants’ 18th birthday. This data collection was
175 initiated in March 2016 and will be completed ultimo 2021; detailed information on DNBC is
176  available at: www.dnbc.dk. Most recently, in the 3™ week of the national Danish COVID-19-
177  related lockdown, mothers and their offspring for whom we had either a private e-mail

178 address or phone number were invited to participate in a COVID-19 online questionnaire,
179  and all participants who responded within a week were re-invited to up to six subsequent
180  consecutive online questionnaires.? In this study, we used data on offspring’s mental health
181  from the 18-year follow-up (baseline) as a before lockdown measure and data on housing
182  conditions and mental health from the first of the COVID-19 online questionnaires (follow-up)

183  as a during lockdown measure, eFigure 1.

184  Mental Health Outcomes

185  We examined changes in mental health with the following three parameters:
186 1) Mental well-being

187  Changes in mental well-being were measured as the difference in metric scores on the 7-
188  item Short Warwick-Edinburgh Mental Well-Being Scale (SWEMWBS)'*~'®. This instrument
189  has been validated in a Danish sample, including participants in the age range we studied.'
190 The scale ranges from 7 to 35, with higher values indicating better well-being. Because a

6

191  score of <20 corresponds to possible or probable anxiety or depression,'® we used this cut-

192  off to define low vs. normal mental wellbeing.

193 2) Quality of life (QoL)


https://doi.org/10.1101/2020.12.16.20245191

medRxiv preprint doi: https://doi.org/10.1101/2020.12.16.20245191; this version posted December 22, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

J. Grootet. al.
Housing conditions, mental health and COVID-19

194  Changes in quality of life (QoL) were reported on an adaptation of the Cantril Ladder scale
195  from 0 to 10, where 0 represented the ‘worst possible life’ and 10 ‘the best possible life’.'” In
196  addition to treating the outcome as a continuous variable, we also categorized participants
197  with a score of 5 or lower as having a low QoL and above 5 as normal QoL, in line with

198  previous research.'”'®
199 3) Loneliness

200 Changes in loneliness were measured only as a binary outcome. Loneliness was measured
201  with similar Likert scales at baseline and follow-up. At baseline, participants were asked

202  ‘How often do you feel lonely?’ with response options: ‘Never’, ‘Occasionally’, ‘Often’, ‘Very
203  often’ or ‘Unsure’ (excluded). ‘Often’ and ‘Very often’ responses were categorized as lonely
204  vs. not lonely. At follow-up, participants were asked ‘In the last week, how often have you felt
205 lonely? with the following response options: ‘Seldom or not at all (less than 1 day)’, ‘Some or
206  alittle (1-2 days)’, ‘Occasionally or often (3-4 days)’ or ‘Most of the time (5-7 days)’.

207  Responses with a minimum of three days were categorized as lonely vs. not lonely.
208

209 Housing Conditions during lockdown

210  We examined the following four housing conditions:

211 1) Direct access to outdoor spaces

212 Direct access to outdoor spaces was defined as not having direct access to outdoor spaces
213 or having direct access to a common yard only, a balcony only, a garden only, or multiple
214  outdoor spaces/other (e.g. a garden and a balcony). For descriptive analyses only, the

215  variable was dichotomized into no or direct access to any of the aforementioned outdoor

216  spaces.

217 2) Urbanicity
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218  Urbanicity was defined as residential degree of urbanicity, defined by the European Union,
219  using the following municipality-level population density categorizations: rural (thinly
220  populated), semi-urban (intermediate density) and urban (densely populated).'® Postal codes

221 for residency at follow-up were self-reported.
222 3) Household density

223 Household density was defined as the reciprocal of average square meters per person in the
224 household, i.e. 1/( square meters/number of person in household). The housing area was
225  reported in 10 square meters intervals, e.g. 50 to 59, and we therefore used the middle

226  value. Children and adults were counted similarly, rather than assigning lower value for

227  children. Exposure was split at the median value to create a binary variable for both the

228  descriptive and regression analyses. The continuous variable was used in models where

229  household density was a covariate.
230 4) Household composition

231 Household composition was categorized as living alone, with friends or roommates

232 (including in a dormitory), with a partner, with parents only, or with parents and children or
233 siblings. For descriptive analyses, the variable was dichotomized into living without parents
234  (i.e. alone, with a friend/roommate, and partner) or living with parents (i.e. living with parents

235  only and living with parents and siblings/children).
236
237  Covariates

238  Data on sex (male, female), current educational enrolment (not a student, ISCED 0-2,
239  ISCED 3-4, ISCED 5-8, and ‘other education’), part-time work (yes, no), moving during
240 lockdown (moved from residency/other postal code: yes, no), geographical regions (Capital

241 City Region, Region Zealand, Region of Southern Denmark, Mid Jutland Region, North

10
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242 Jutland Region), and baseline mental well-being/QolL/loneliness were considered potential

243  covariates.

244  Three variables were considered a priori for interaction analyses: sex, quarantine and self-
245  reported psychiatric illnesses. Quarantine was defined as those who at follow-up reported
246 having been in quarantine or isolation during the last 14 days. Psychiatric illnesses were
247  self-reported and respondents could choose between the following answers: ‘no history of
248  psychiatric illness’, ‘current psychiatric illnesses’, ‘previous psychiatric illnesses’, or ‘unsure’.
249  Youth reporting current psychiatric illness and those who were ‘unsure’ were grouped

250  together (since respondents who were ‘unsure’ resembled those with a current psychiatric

251  illness most), and those with previous illnesses or none were grouped together.

252  Statistical analyses

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

254  Absolute and relative frequencies are presented for the dichotomized exposure variables
255 and median and interquartile ranges are presented for continuous covariates. Unadjusted
256  mean changes in mental well-being (SWEMWBS) scores were computed for each category
257  in each exposure. Kernel density plots and bar plots were constructed to visualize the

258  distribution of the mental health parameters at baseline and follow-up.

259  Crude and adjusted regression models were fitted for linear and logistic regressions.

260  Adjusted Model 1 included potential covariates and Adjusted Model 2 included additional
261  mutual adjustments for housing conditions. Results are presented for Adjusted Model 2 and
262 results of crude and Adjusted Model 1 are presented in the eSupplement. Linear regression
263  models were fitted for the two outcomes on a continuous scale (changes in mental well-
264  being and QoL scores). To also examine the odds of onset of low mental well-being, low
265 QOL and loneliness, models were fitted for participants who were at risk (only individuals
266 who had normal levels at baseline, eFigure 1). In post hoc analyses, instead of excluding

267  participants with low mental wellbeing, low QoL, or loneliness at baseline, we estimated

11
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268  relative risk ratios (RRRs) for each of the potential combinations of the binary baseline and
269  follow-up mental health parameter in multinomial logistic regression models with the normal-
270  normal (not lonely-not lonely) as reference outcome-(e.g. for mental wellbeing: low at

271  baseline followed by low at follow-up vs. normal at baseline followed by normal at follow-up.

272

273  For interaction analyses, linear (mental well-being and QoL) and logistic (loneliness)
274  regression models with and without interaction terms were compared, and differences in fit
275  tested with the likelihood ratio test. For tests indicating potential interaction (p <-2), we fitted

276  stratified or joint effect models, as appropriate.

277

278  We performed complete case analyses.

279

280 Results

281  Participants

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

289  demographic characteristics, Figure 1.

290  Declines in mental health during lockdown

12
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291  Lower mental well-being and QoL and higher levels of loneliness were observed in the third
292  week of the lockdown compared to before the lockdown, with higher proportions of

293  individuals with scores indicative of possible (19-1 % compared to 12:2 %) or probable (2-6
294 % compared to 1-3 %) depression/anxiety, low QoL (36-6 % compared to 15.6 %) or being

295  lonely (231 % compared to 13-8 %), Figure 2.
296  Housing conditions impact on changes in mental health

297  Unadjusted mean changes in mental well-being scores were highest for those with no

298  access to outdoor spaces, Figure 3. For this group the score was >1 point lower, and a 1-
299  point change on the SWEMWSBS is considered to represent a clinically meaningful change.
300 Similarly, in the adjusted model, a lack of direct access to outdoor spaces was associated
301  with the greatest decreases in mental well-being scores (no access vs. garden: mean

302 difference: -0.83 [95 % CI1-1.19, -0.48], Figure 4 and eTable 1). A stepwise decrease in

303  odds of onset of low mental well-being was also observed going from more limited to less
304 limited outdoor spaces (Figure 5 and eTable 2). Youth living in denser households had

305 greater decreases in mental well-being (Figure 4 and eTable 1) and likewise greater odds of
306 onset of low mental well-being (Figure 5 and eTable 2) than youth in non-dense households.
307 Household composition was also associated with changes in mental well-being. Youth living
308 alone had greater decreases than those living with parents (Figure 4 and eTable 1). A

309 stepwise greater odds of onset of low mental well-being was observed for youth living with
310 parents and children/siblings, roomies/friends, and alone, compared to living with parents

311  (Figure 5 and eTable 2).

312  Decreases in QoL and onset of low QoL were associated with living in a denser household
313  and living alone (Figure 4 and eTables 3 & 4). Youth living with a partner reported increased
314 QoL (Figure 4 and eTables 3). Incident loneliness was associated with living alone and living
315 in a denser household (OR 2.12 [95 % CI: 1.59, 2.82] and OR 1.30 [95 % CI 1.14, 1.48],

316  respectively: Figure 5 and eTable 5).
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317  Analyses stratified by sex indicated minor sex differences that were not consistent across
318 mental health parameters for household composition (eTable 6). Males experienced greater
319 decreases in mental well-being when living alone or with roomies/friends and in denser

320 households, and greater increases in loneliness when living alone. Females experienced
321  greater decreases in QoL when living alone, but greater increases in QoL when living with
322  their partner. In the joint effects model examining interactions with quarantine status, youth
323  not quarantined and with no direct access to outdoor spaces experienced the greatest

324  decreases in mental well-being (mean difference : -0.98 [95 % CI: -1.38, -0.58], eTable 7).
325  Psychiatric iliness did not interact with housing conditions, except for QoL and household
326  composition where youth with no psychiatric illness and living with a partner had increased

327 QoL (0.38 [0.20, 0.55]).

328 eTable 8).

329  For the majority of youth for whom the mental health changed from before lockdown it

330 decreased, but for 5.3 % the mental well-being, for 6.1 % QoL and for 7.6 % loneliness

331 improved during the lockdown. Factors associated with onset of low mental well-being, low
332  Qol, or loneliness (no access to outdoor spaces, above median household density, and
333  living alone) were also associated with continued poorer mental health, while these patterns

334  were less clear for improvements in mental health (eTables 9,10,11).

335 Discussion

336  The present study shows that housing conditions during the initial national Covid-19 related
337 lockdown influenced changes in mental health among Danish youth. A lack of access to
338  outdoor spaces was associated with greater decreases in mental well-being. Living in a

339  denser household and living alone were also both associated with decreases in mental well-
340 being and QoL, and with an increase in loneliness. Therefore, characteristics of the built
341  environment and the household matters for the mental health of our youth during this

342  pandemic.
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343  The concepts of ‘a sense of over-crowding in the home’ and ‘escape facilities’ have

344  previously been highlighted as important aspects of the built environment that may influence
345 mental health.?’ Results from the first studies on housing and mental health in the COVID-19
346  pandemic, suggest that these factors may be associated with mental health during a

347  pandemic as well.>"" Three cross-sectional studies conducted in Southern European

348  countries which were severely impacted by the pandemic have assessed associations

349  between some housing conditions on mental health during the initial Covid-19 related

350 lockdowns. In ltaly, students with moderate—severe and severe depressive symptoms lived
351 in significantly smaller apartments without access to outdoor space, such as a balcony or a
352 garden, and had a poor quality view.'® Another study from France found that living in an

353  urban area, having access to an outdoor space and a bigger dwelling size was positively
354  associated with well-being (measured using the WEMWBS scores)."" A third study

355  conducted in Portugal reported that access to a garden was related with lower depression
356 and stress, whereas the number of people in the household was not.? In addition, a

357  prospective study in the UK reported that being a young adult, urbanicity, and living alone
358  were associated with greater loneliness — these results were based on a sample during the
359  pandemic and compared levels to another sample with measures prior to the pandemic.'
360 These studies were not, as we did, able to assess changes in mental health parameters

361  from before to during lockdown in the same individuals, and three of them were not specific
362  to youth,>'"'? but their findings are consistent with ours, and highlight the importance of

363  aspects of the built environment previously known to impact mental health.

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

367  only associated with higher mental well-being among males.

368  Associations between access to outdoor spaces and declines in mental well-being were

369  stronger for youth in quarantine. Given previous findings on the disproportionately negative
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370  effects of pandemics on mental health among youth in quarantine,?' this may seem counter-
371 intuitive. Strict adherence to quarantine might have an effect that cannot be improved simply
372 by access to outdoor spaces. Alternatively, youth may utilize some of the outdoor spaces
373 investigated, only when they are not in quarantine (for example, by visiting with friends in a

374  common yard).

375  We suspected that youth with psychiatric illnesses would be more susceptible to the

376  negative effects of the lockdown and that housing conditions could potentially be more

377  strongly associated with mental health outcomes.® We only observed differences for QoL
378 and household composition. Although youth with psychiatric illnesses in our sample have
379  experienced greater declines in mental health on average (for further information visit

380 coronaminds.ku.dk), our results do not suggest that these interact substantially with housing

381  conditions. Nevertheless, it is difficult to draw definitive conclusions, due to the low numbers.
382  Strengths and limitations

383  One of the main strengths of our study design is the longitudinal design with individual-level
384 data on a large sample of youth with measures from before and during the most restrictive
385  phases of the Danish lockdown in spring 2020. The early lockdown of Denmark effectively
386  curbed the spread of COVID-19 and the number of deaths due to COVID-19 were low

387  compared to other European countries at the time of our follow-up.? Therefore, it is less likely
388 that changes in mental health outcomes are due to the pandemic, as opposed to the

389 lockdown. To our knowledge, no other studies have considered longitudinally the effect of
390  housing conditions on youth’s mental health development before and during the Covid-19

391 pandemic.

392 Interpretation of our results deserves consideration of a few limitations. The baseline data
393  were collected at age 18 years and three months for all participants, whereas the
394  participants’ ages varied during the lockdown. Thus, the time elapsed between baseline and

395 follow-up was greater for older participants. All analyses were adjusted for age, and we
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396 thereby indirectly accounted for different time between baseline and follow up. For older
397 participants, changes in mental health parameters may be underestimated, since their

398 baseline measures represent a younger age than the follow-up measures, and on average
399 reporting on mental health instruments improves by age. Therefore, our estimates could be
400 underestimated, and thereby conservative, in particular for the housing conditions where age
401  is unevenly distributed as for access to outdoor spaces and household composition.

402  Additionally, although we adjusted for what we consider likely to be the most important

403  confounding variables, we cannot exclude the possibility of unmeasured and residual

404  confounding. Access to outdoor spaces could be a proxy for other beneficial aspects of the
405  built environment. Nonetheless, we suspect that such factors would be captured in the

406  model (geographical region, urbanicity, household density) and would likely not have

407 independent effects on changes in mental health.

408  Misclassification of housing conditions may have influenced our results. Postal codes were
409  used to identify municipality-level degrees of urbanization. However, in a few instances
410 postal codes may be assigned to multiple municipalities and even regions. Nevertheless, the

411  numbers of potential misclassification due to this are minimal.

412 Afinal important limitation to consider is the selection into the study. Less than 10% of the
413  young people still enrolled in the DNBC contributed to this study, as a prerequisite was that
414 they were old enough to have 18-year data and participated in the corona survey. Maternally
415 reported household socio-occupational status collected when pregnant, prenatal smoking,
416 maternal age and parity are all predictors for participation. It is likely that these and other
417 factors influenced both participation and mental health, and we presume this would, if

418  anything, have biased our results towards no association. The external generalizability of
419 these findings must be considered in light of the predominantly female participation and the
420 Danish context. In our study population, approximately 60 % of the DNBC offspring 18 and
421 19 years old were living with parents at the time of responding to the online questionnaire.

422  The vital statistics for the Danish population in 2016 indicate that this is a lower percentage
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423  than in the general population, although this may be due to a greater proportion of females,
424  who tend to move away from home earlier.?? In other countries, ages for moving away from
425  the parental home is later,?® and the relationship between housing characteristics and

426  youth’s mental health under a pandemic might be different. In our study, 12 % had moved
427  during lockdown, and those who moved more often stayed in non-urban municipalities, had
428  access to outdoor spaces and lived with parents. Additionally, we suspect that the effect of
429  housing conditions on changes in mental health are likely to be more pronounced in

430  countries with more severe and lengthy restrictions.' Future studies may elucidate this.

431

432 Conclusion

433  Youth’s mental health has declined during the initial stage of the COVID-19 pandemic- with
434  some youth especially vulnerable to mental health declines. Living without access to outdoor
435  spaces, alone, or in denser households may increase onset of depression, anxiety, and

436 loneliness. Housing conditions should be emphasized in efforts to keep youth’s mental

437  health intact and public health professionals and policy-makers should consider the

438 increased vulnerability of youth living alone, in denser households, and without access to

439  outdoors spaces.
440
441
442
443
444
445

446
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Figure 1. Demographic characteristics by housing conditions (No. = 7445)
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Figure 2. Distribution of baseline and follow-up mental well-being (SWEMWBS) scores, QoL scores, and loneliness (No. = 7445)
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SWEMWABS: 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 SWEMWBS were aggregated in kernel density plots to secure non-identifiability of participants
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Figure 3. Changes in mental well-being (SWEMWBS) scores indicative of meaningful changes, according to housing conditions (No. =7445)
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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 .
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Figure 4. Changes in mental well-being and QoL, according to housing conditions (No. = 7445)
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Figure 5. Onsets of low mental well-being, low QoL, and loneliness, according to housing

conditions
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J. Grootet. al.
Housing conditions, mental health and COVID-19
QoL:Quality of Life, OR: Odds Ratios, Cl: Confidence Intervals.
OR and 95 % ClI are presented.

Population at-risk of developing low mental well-being/low QoL/loneliness: Mental well-being (No. = 6537), QoL (No. =6283), Loneliness (No.
=6418)

Adjusted model 2: adjusted for age, sex, current education, part-time work, moving, geographical region, baseline SWEMWBS/QoL
scores/loneliness, and mutually adjusted for housing conditions
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