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Abstract
Based on a previous national scale housing andhhgakstionnaire survey, we observed
significant differences in many housing qualityriatites by dwelling types and tenure status.
Respondents living in apartment buildings and ldmases reported being less satisfied with
their housing conditions than respondents livingpwner-occupied apartments or houses in
Finland. In this subsequent work, we aim to stuty dssociations between tenure status and
housing satisfaction among respondents living iar@pent buildings (N=397). Further on,
we used measurement data collected from 28 apaidnresix buildings to determine if the
differences in housing satisfaction could be relat® objectively measured indoor
environmental quality indicators: indoor temperafurelative humidity, and carbon dioxide
concentrations. Based on the results, the resptméfem rental flats were significantly more
unlikely to be satisfied with their dwelling, and teport their dwellings suitable warm in
winter than the respondents from owner-occupieid.fRased on the measurement data, small
differences were observed in thermal conditionsemyre status, however, a large portion of
all apartments appeared to be overheated, and amdy apartment experienced room
temperatures below 18 during winter. In conclusion, there were largifelences between
occupant self-reported satisfaction and thermalfodnioy tenure status, but differences in
measured parameters were relatively small. Thdtsesulicate that occupant characteristics
are likely to explain majority of differences byntee status, which should be taken into
account when assessing the overall relationshipvgela® housing and health.
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1 Introduction
Housing is an important area of research becauspl@espend most of their time in

residential environment [1], which can affect hlea[R]. Satisfaction with dwelling is
associated with physical and mental health, andthheatisfaction [3]. Many housing and
indoor environmental factors have been associaiéidl eccupant health. For example, too
high room temperature can increase chemical emissimm interior materials and cause
symptoms such as fatigue, and decreased abilitpoentrate [4, 5]. Dampness and mould
are well-known risk factors for asthma symptoms atiekr respiratory symptoms [6]. There
exists evidence about noise exposure inflictinglicasascular diseases and symptoms [7-9].
Environmental tobacco smoke causes many harmfettsffincluding cardiac diseases and
lung cancer for adults and respiratory tract infew and asthma for children [10]. Occupant
density, behaviour of occupants, and season cagctafidoor environmental quality (IEQ),
for example opening windows is more effective waydilute high carbon dioxide (G
concentrations and indoor air pollutants than tiratlon of fresh air [11], but may also results

in decreased indoor temperature.

According to our previous study utilizing the saquestionnaire data, occupant reported
inadequate size of the residence, moisture or maardage on interior wall, floor or ceiling
surfaces, dissatisfaction with indoor air quali@), and neighbour noise disturbance were
associated with self-reported general symptoms [[bh2ddition, dissatisfaction with IAQ, as
well as moisture or mould damage on interior sww$awere associated with upper and lower
respiratory track symptoms and respiratory trafgations. Moisture or mould damage was
also associated with eye and skin symptoms, arg m@ighbour noise disturbance with sleep

disturbance [13].



In addition to occupant reporting, information abtiQ can be collected by objective
measurements. With respect to IEQ measurementpetatare (T) and relative humidity
(RH) are commonly used as indicators of thermalfooiinand CQ is used as an indicator of

occupancy (crowding), ventilation, and IAQ.

Socioeconomic and —demographic inequalities haee bmund to be strong determinants of
environmental risks for example through exposurendronmental hazards [14]. These
inequalities can be expressed in relation to facsoch as income, education, employment,
age, gender, race/ethnicity, and specific locatmmsettings. Tenure status has been used as
an indicator of socioeconomic position, and assediavith housing conditions, self-reported

morbidity, and higher mortality rates [15-18].

In 2010, some 30 % of Finnish households livecemtal flats [19]. Household-dwelling units
in rental flats are mainly (85 %) one or two perboniseholds. Especially young population
lives in rental flats [20]. Average income levelasver in rental households than owner-
occupied households. Differences in incomes betwhsese two groups have been increasing:
in 1989 the disposable income of rental householis 79 % of disposable income of owner-

occupied household, whereas in 2010 it was abo@&b §D9].

The aim of this study was to examine the associatioetween tenure status and housing

satisfaction and IEQ related factors in Finnishrapants. The null-hypothesis is that housing

satisfaction and IEQ are independent of tenureistat

2 Materialsand methods



Material consisted of a national scale housingjtheand safety questionnaire data based on
a random sample (N=3000) of Finnish householdsectdt in 2007 [21], and a separate
sample of six apartment buildings with both meas@at and questionnaire data (N=65)

collected in 2010-2012.

The national survey was conducted by sending itiwitdetters and paper questionnaires by
mail. The respondents (one 18-75 year old respamuEnhousehold) could complete and
return the paper questionnaire by regular mail @nglete the same questionnaire via the
internet. Response rate was 44 % (N=1308), andonsggs comprised of a representative
sample of households in Finland. Tenure status evagnally categorized to 1) owner-

occupied flat, 2) rental flat in a housing assae@tbuilding, and 3) rental flat in tenement
building. This study focuses on rental and ownewpeed flats in apartment buildings

(N=397).

First, questionnaire responses were cross tabutateéenure status, including selected socio-
demographic variables (e.g. gender, age, mardtlst and housing quality attributes, such as
satisfaction with dwelling, dwelling perceived largenough, satisfaction with 1AQ,
ventilation, trickle vents in bedroom(s), satisfact with temperature conditions of the
dwelling, airing by hood and opening windows, wwgsant odour in the dwelling (general
stuffiness), and moisture or mould damage on iotesurfaces. Chi-square test was used to
test differences for categorical variables, andsKalrWallis test was used for continuous

variables (e.g. age of the responders).

Where significant differences were observed by rerstatus, multiple logistic regression

analyses were performed. These analyses were medofor satisfaction with dwelling,



dwelling perceived large enough, suitable warm dagelin winter, and too cold dwelling in
winter. Independent variables were chosen to thdetsostepwise. First, tenure status was
included in the models by method “enter”. Secorep smployed three socio-demographic
variables (i.e. gender, age, marital status) byhowet'enter”. In addition, third step included
additional variables that could be associated wittioeconomic status and/or the dependent
variables: proportion of gross income used fornlvicosts, education, and occupation, by
method forward conditional. For level of statistisgnificance we chose p < 0.05. Missing
data were excluded from the analyses. These asalysee performed with PASW Statistics

18.0 Release 18.0.0 —program.

In addition of national survey data, a separatepéaraf six apartment buildings located in
Eastern Finland was studied more thoroughly. Meamsant data were collected from a total
of 28 apartments who volunteered to participat@e rapartments in three buildings were
owner-occupied and 19 apartments in the other thudeings were rental. Heating season
with more stable indoor thermal conditions waseged in order to minimize the impact from
other factors (e.g., opening windows). One buildwas studied in 2010, four buildings in

2011, and one in 2012.

Measurements included two months continuous mongoof T, RH, and C@recorded in

two locations from each apartment (i.e., bedroomehkn or living room) every ten seconds
using a wireless building monitoring system devetbjpy research group of Environmental
Informatics at the University of Eastern Finlan®][2The monitoring system has been
previously utilized in several studies [23-26]. Sers were installed approximately 1.4-1.8
meters above the floor level, and far from ventiatducts, windows and doorways. The

reliability of the measurements was tested in a femdomly selected dwellings with TSI's



IAQ-CalcTM Indoor Air Quality Meter 7525. No sigiehnt difference was observed
between the TSI and installed sensors, and thabikty was within the manufacturer's
specifications [27]. Contemporary outdoor T and ditia from local monitoring stations were

obtained from Finnish Meteorological Institute tmmparative purposes.

The 10-second resolution data during 2-month manigowvas averaged to 1-hour resolution.
Descriptive statistics such as frequencies, meansyariances were calculated and compared
for quality assurance checks. Normality assumptmisontinuous variables were examined
and outliers identified. Correlation coefficienteene calculated for continuous variables.
Further on, we used multilevel modelling (SAS-paogts proc mixed procedure) for indoor
T, RH, and CQlevels, where interaction of month and year wasduess a random effect, and
outdoor T, RH, and the tenure status were usedxas feffects. The main goal of the
modelling was to evaluate possible differences betwowner-occupied and rental buildings.
Temperature data from five apartments were omiftech analysis: three apartments were
unoccupied during the measurement period, and padrments had an error in the equipment
settings. Three rental apartments had missing diaato equipment error. The final sample
with valid measurements included nine apartmerds fowner-occupied buildings and 16

apartments from rental buildings (Table S1).

The occupants of these six buildings were alsodasdulfil the questionnaires, but due to
small sample size and low response rate only gkexgl descriptive analysis was conducted
by cross tabulating selected housing quality atteb (i.e. satisfaction with dwelling,

dwelling perceived large enough, satisfaction wAlQ and temperature conditions of the

dwelling, and unpleasant odour caused by genarfiir&ss) by tenure status.



3 Resultsand discussion

3.1 Bivariateanalyses of questionnaire data

Table 1 shows socio-demographic variables by testatis based on national survey data.
Respondents living in owner-occupied flats wereepldnd more frequently (43 %) married
than respondents living in rental flats both in blmeising association buildings (12 %), and in
the tenement buildings (21 %). Almost half (47 %Y&spondents living in owner-occupied
flats had a college degree, whereas the correspgrmircentage was 28 % for respondents
living in rental flats in housing association builgs, and 22 % for respondents living in
rental flats in tenement buildings. The largesfedédnces regarding to occupational group
were that only 3 % of owner-occupied dwellers warglents, compared to that over 21 % of
rental-dwellers were students. Also, 10 % of thepoadents living in owner-occupied flats
were executive/superior official, whereas the cspomding percentage was 3 % among the
respondents from rental flats. In addition, ownectpied dwellers used lower proportion of
their gross income for living costs. For examplelyod% of them used over 65% of their
cross income for living costs, whereas the pergenteas 12 % among respondents living in

rental flats in housing association building.

Table 2 shows results from cross tabulation ofctete housing quality attributes by tenure
status. Statistically significantly larger proporti of respondents from owner-occupied flats
(44 %) were satisfied with their dwelling than fraental flats (24 %), and perceived their
dwelling large enough more frequently. They wersoamore satisfied with temperature
conditions of their dwellings than respondents fnr@ntal flats, and the differences in winter
thermal conditions were statistically significar@2(% vs. 65 % reported their dwelling

suitable warm).



Owner-occupied dwellers were more commonly satisfieith IAQ and reported less

frequently moisture condensation on the windows ttesmants, but the differences were not
statistically significant. Other non-significantfférences included owner-occupied dwellers
reporting unpleasant odour caused by general sas$, and moisture or mould damage on

interior surfaces less frequently than tenants.

Respondents living in rental flats reported siguifitty more frequently that they did not
know the type of the ventilation system in theireftig. This could be related to that on the
average they had lived a shorter period of timga@ir current dwelling (data not shown), or it
could indicate that they are less interested inkhigding characteristics than the owner-
occupied respondents. In addition, respondentsdiun owner-occupied flats reported more
frequently airing by hood. However, airing by openiwindows was reported in a similar

fashion by all groups of respondents.

3.2 Logisticregression analysesof questionnaire data

Table 3 shows odds ratios between different houaimdy health variables and tenure status.
Crude models only include tenure status and adjustedes also include gender, age and
marital status. None of the additional variablestgp 3 (the proportion of gross income used
for living costs, education, and occupation) werguded in the final models, since they did
not improve the models significantly, and theireeté on the associations between housing

and health variables and tenure status were nblgigi

After adjusting for selected socio-demographicatalgs, there were no significant differences
between respondents in rental and owner-occupad fegarding dwelling perceived large
enough, and too cold in winter. However, basedtenadjusted models, respondents from

rental flats both in tenement (OR=0.42) and housisgociation buildings (OR=0.32) were



statistically significantly more unlikely to be &died with their dwelling, and respondents
from rental flats in tenement buildings (OR=0.4&re also significantly more unlikely to

perceive their dwellings suitably warm in winteathrespondents from owner-occupied flats.

It should be noted that the results based on aquesire responses are prone to reporting
bias. Some bias could be related to tenants’ ldgiossibilities to influence their housing
conditions [28] and/or being generally more dissed with their living conditions than
owner-occupied dwellers. Questionnaire responsgardeng thermal conditions in winter
could be affected by the long recall period, asd@tre collected during the summer season
of 2007. However, compared to similar questionnaiega from 2011, there were no
significant differences in occupant reporting adaor thermal conditions during winter [29].
Regardless of limitations related to use of quest#ires, it is important to collect information
about housing and health directly from the occupaht addition, a better understanding

could be obtained by complementing questionnaisetaata with objective measurements.

3.3 Analysesof IEQ measurement data

First, we checked questionnaire responses relatdgetmal conditions and IAQ by tenure
status from the sample of apartment buildings setefor measurements. All occupants from
these buildings were asked to respond and a tbéx cesponses were collected (33 were
owner-occupiers). In these data, larger proponidthe respondents from owner occupied
flats were satisfied with their dwelling (41 %) thixom rental flats (29 %), perceived their
dwelling large enough (81 % vs. 73 %), and wereenficaquently satisfied with I1AQ (27 %
vs. 19 %) and thermal conditions both during sumamet winter. They also reported less
general stuffiness (9 % vs. 15 %) than the respaisdeom rental flats. On the other hand,

the respondents from rental flats reported moistorelensation on the windows in winter



less frequently (10 %) than the respondents fromeswaccupied flats (17 %). Whereas
statistical testing or modelling was not conduatad to small sample size, the crude results
concurred with the national survey data in termthaf tenants reported being less satisfied

with their housing conditions than owner-occupiers.

Table 4 shows the measured levels of T, RH, andi@®edroom, kitchen and/or living room.
All owner-occupied flats were monitored in both dre®lroom and the living room, and the
results from different locations were highly coateld with each other (r=0.86. 0.85, 0.98 for
T, RH and CQ, Table S2). The rental buildings were monitoredne bedroom and the
kitchen, with one building in the living room onlyhe correlations of T and G®etween
bedroom and kitchen were also high (r=0.83 and)Qt88 it was only moderate for RH
(r=0.40). In general, the measured parameters dliffierent locations in owner-occupied flats

showed less variation, especially for indoor Tjgating more stable indoor conditions.

Due to high correlation, average T, RH and,@0m different locations were calculated and
used as “indoor levels”, and the correlation cogfits with outdoor values are given in
Table 5. Correlation between indoor and outdoan fiental buildings was slightly higher
than in own-occupied buildings, and indoor RH wighly correlated with outdoor T (r=0.80),
indicating temporal effects related to outdoor agbads (e.g., due to occupants’ behaviour
such as window opening). The owner-occupied apantsriead higher correlations of indoor

T and both RH and CQOwhich might again suggest more stable indoor itmmd.

Figure 1 shows the percentage of T, RH and &@@r time in owner-occupied and rental flats.
Based on Finnish housing and health guidelines f@@pmmended room temperature is 21

°C (acceptable temperature is 18 °C), and it shoatdxceed 23-24 °C during the heating



season, whereas recommended range for RH is 206- #@mperature in the measured
apartments appeared to meet the guidelines (1&pRBétter in owner-occupied (33 %) than
rental flats (22 %), but rental flats exceededghiglelines (>230C) more frequently. One
owner-occupied apartment had a period of 66 hotiexwithe temperature (average 16.5 + 0.9
°C) was below the acceptable level (18 °C). Howethere were no statistically significant

differences in T or RH levels by tenure status tasethe multilevel models.

Some 79% of the rental flats exceeded@g3all apartments had T above the acceptable level,
and 5% had RH values below 20%; whereas 65% of cacgupied flats exceeded Z3 and
17% had RH values below 20%. The total amountnoé twith low RH (16.9 £2.9 % for
owner-occupied and 18.4 + 1.4 % for rental flatawbout a month regardless of the tenure
status. The results with respect to T and RH datawr with another sample of 94 Finnish
apartments in 16 buildings from several regionerms of that a large proportion of Finnish
apartments appears to be overheated: in this sagmplerity owner-occupied) indoor
temperature exceeded 23 in 36%, and RH was below recommended in 29%ef th

apartments [31].

Some 36% of the owner-occupied flats had, @Wels higher than 1000 ppm, whereas
majority of rental flats had moderate €l@vels (95% lower than 1000 ppm). The multilevel
model showed a statistically significant differemc@average Céelevels between owner-
occupied and rental flats. The main reason wastbeteo be due to high levels in three
owner-occupied apartments, ranging from 1196 @@ to 1975+417ppm (Table S1). If
the three apartments were excluded, the [@@els would be comparable (722 + 273 ppm in
owner-occupied and 702+ 196 ppm in rental flats)e ®wner-occupied apartment had

relatively low T (18.49 + 0.51 °C in the bedroondd8.93 + 0.49 °C in the living room,



Table S1), and CQevels were also low (567 + 18 ppm and 480 + 20 pespectively).

This could be related to low occupancy in the spacidwelling (Table 2).

In summary, while these data did not support tlalte from the questionnaire data
indicating less acceptable thermal comfort and IAGhe rental flats, a bigger sample size is
needed for drawing more definite conclusions. Ilditiah to sample size, the study has
limitations with respect to information on occupantivities that could affect thermal
conditions and C@levels, e.g., cooking, and opening of windows dadrs. The influence of
outdoor conditions was taken into account in thétiflevel modelling, but the general results
regarding indoor T, RH, and G@re reported as absolute values, without consigéhie
temporal variation by tenure status. Such variatiomd affect the results, as the

measurements were not conducted simultaneouslyboikdings.

4 Conclusions

Based on the analyses of comprehensive and ndjioregdresentative survey data from
Finland, respondents from owner-occupied apartmeete significantly more satisfied with
their dwelling and perceived their dwellings agaly warm in winter. Based on continuous
measurement data in a separate sample of 28 apéstnredoor temperature during heating
season fulfilled the national guidelines in mosthe apartments, and a large proportion of the
apartments appeared to be overheated during therrityagf the 2-month measurement period
regardless of the tenure type. In addition to comfig these findings, possible differences in

both perceived and measured IAQ should be studitdantarge sample size.
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Table 1. Socio-demographic variables and dwellogis by tenure status

Gender
Owner-occupied Rental flat in a Rental flat in
flat % (95%Cl) housing associating | tenement building
building % (95%Cl) | %
(95%Cl)
Female 61.9 (55.5-68.4) 64.6 (54.0-76.2) | 65.8 (57.1-74.5)
Male 38.1 (31.7-44.6) 35.4 (23.8-47.0) 34.2 (25391
Age '
Mean 52.8 (50.8-54.8) 34.8 (31.0-38.6) 42.2 (3%B0H4
Marital group”
Single 25.0 (19.2-30.8) 40.0 (28.1-51.9) 34.2(25.5-
42.9)

Common-law marriage

11.6 (7.3-15.9)

33.8 (22.3%45.3

18.4(11.3-25.5)

Marriage 43.1 (36.5-49.7) 12.3 (4.3-20.3) 21.1(22566)
Divorced 14.4 (9.7-19.1) 10.8 (3.3-18.4) 21.9(12%85)
Widowed 6.0 (2.8-9.2) 3.1(-1.1-7.3) 4.4(0.6-8.2)
Education level”™

Academic degree 24.8 (19.1-30.5) 18.5 (9.1-27.9) .3 (@3-18.3)
College degree 22.0 (16.5-27.5) 9.2 (2.2-16.2) (225-15.0)
Professional degree 25.7 (19.9-31.5) 26.2 (15.8)36 30.7 (22.2-39.2)

High school graduate 2.3 (0.3-4.3) 26.2 (15.5936.9 | 16.7 (9.9-23.6)
Middle school 7.3 (3.9-10.8) 12.3 (4.3-20.3) 19.8422.5)
Elementary school 17.9 (12.8-23.0) 7.7 (1.2-14.2) 4.918.4-21.4)
Occupational group™

Executive / superior official 10.2 (6.2-14.2) 3:2.2-7.6) 2.7 (-0.3-5.7)
Official / Employer 48.1 (41.4-54.8) 39.7 (27.6-81. 43.4 (34.3-52.5)




Self-employed person

42 (1.5-6.9)

3.2 (-1.2-7.6)

3.5(0.1-6.9)

Student

3.2 (0.9-5.6)

30.2 (18.9-41.5)

21.2 (1B772

Retired/unemployed

34.3 (28.0-40.6)

23.8 (13.3934.3

29.2 (20.8-37.6)

Proportion of grossincome used for living costs™

Under than 15 % 285 (224-347) | 8.2(1.3-15.1) (28-12.1)
16-25 % 32.4(26.0-38.8) | 29.5(18.1-40.9) 27.30435.6)
26-35 % 18.8 (13.5-24.1) 19.7 (9.7-29.7) 18.2 (@2501)
36-50 % 145 (9.7-19.3) 26.2 (15.2-37.2) 30.0 (238%6)
51-65 % 4.8(1.9-7.7) 4.9 (-0.5-10.3) 13.6 (7.200.
More than 65 % 1.0 (-0.4-2.4) 11.5 (3.5-19.5) B.647.1)

***p < 0.001; *p <0.01; *p < 0.05

! Based on Kruskal-Wallis —test




Table 2. Housing conditions by tenure status

Variablest

Owner-occupied

flat % (95%Cl)

Rental flat / housing
associating building

% (95%Cl)

Rental flat /
tenement
building %

(95%Cl)

Satisfied with dwelling’

Satisfied

44.4 (37.8-51.0)

23.4 (13.0-33.8)

24.1 (16.2-32.0)

Fairly satisfied

49.1 (42.4-55.8)

59.4 (47.4-71.4)

56.3(47.1-65.5)

Rather unsatisfied

6.5 (3.2-9.8)

12.5 (4.4-20.6)

13.4(7.1-19.7)

Unsatisfied

0.0 (0.0-0.0)

4.7 (-0.5-9.9)

6.3(1.8-10.8)

Residence per ceived large enough’

Yes

83.4 (78.5-88.4)

73.8 (63.1-84.5)

70.2 (61.8-78.6)

Satisfied with indoor air quality

Satisfied 35.8 (29.4—- 42.3) 24.6 (13.8-35.4) 26.8(18.6-3)
Fairly Satisfied 54.7 (48.0-61.4) | 55.7 (43.2-68.2) 58(48.9-67.1)
Rather 8.0 (4.4-11.7) 16.4 (7.1-25.7)

Unsatisfied 8.9(3.6-14.2)
Unsatisfied 1.4 (-0.2-3.0) 3.3(-1.2-7.8) 6.3(1.8-10.8)
Ventilation™

Mechanical support and exhaust 25.9(20-31.8) 10986.9) 26.3(18.2-34.4)
Mechanical exhaust 39.6(33.0-46.2) 12.7(4.5-20.9) 8.1(19.9-36.4)
Natural ventilation 17.0(11.9-22.1) 15.9(6.9-24.9) 7.0(2.3-11.7)
No ventilation 5.2(2.2-8.2) 15.9(6.9-24.9) 5.3(9.2)

Not known 12.3(9.1-15.5) 39.7(34.9-44.5) 33.3(28B719)

Trickle ventsin bedroom(s)’

Yes

53.6(46.9-60.3)

42.6(30.2-55.0)

61.9(53.0-70.¢

)




M oisture condensation present on the windows of dwelling, in winter

At least weekly 5.1(2.0-8.2) 11.1(3.3-18.9) 12(581)
Less frequently 31.0(24.5-37.5) 39.7(27.6-51.8) 3@31.4-42.2)
Never 64.0(57.3-70.7) 49.2(36.9-61.6) 54.6(45.Dp4.

Airing by hood

Daily/almost daily

47.1(39.3-55.0)

27.5(15.3-39.8)

42.3(31.3-53.3)

Less frequently

4.5(1.3-7.8)

3.9(-1.4-9.2)

2.6(-6.9)

If need (for example when cooking)

29(21.9-36.1)

:3824.0-50.6)

21.8(12.6-31.0)

Never/not possible

19.4(13.2-25.6)

31.4(18.7-44.1)

33.3(22.8-43.8)

Airing by opening windows"~

Daily/almost daily

84.0(79.1-88.9)

82.5(73.1-91.9)

87.5(81.4-93.6)

Less frequently 5.7(2.6-8.8) 4.8(-0.5-10.1) 4.5@®.3)

If need (for example when cooking) 9.4(5.5-13.3) .712.5-20.9) 8.0(3.0-13.0)
Never/not possible 0.9(-0.4-2.2) 0(0-0) 0(0-0)
Unpleasant odour in the dwelling, general stuffiness

Yes 5.0(2.1-7.9) 12.3(4.3-20.3) 8.8(3.6-14.0)

Temperature conditionsin summer

Suitably warm

63.3 (56.9-69.7)

49.2 (37.1-61.4)

53.5 (44.3-62.7)

Too warm

38.5(32.0-45.0)

46.2 (34.1-58.3)

41.2 (31.2-50.2)

Temperature conditions in winter

Suitably warm’

81.7 (76.6-86.8)

64.6 (53.0-76.2)

64.0 (55.2—72.8)

Too cold

8.7 (5.0-12.4)

10.8 (3.3-18.4)

18.4 (11.3-25.5)

Moisture or mould damage indoor surfaces

4.6 (1.8-7.4)

6.2 (0.3-12.1)

7.9 (3.0-12.9)

**p < 0.001; *p < 0.01; *p < 0.05

“No opinion / cannot tell” was excluded from analgs




Table 3. Odds rations between different housingtegalth variables and tenure status. Crude

models include only tenure status and adjusted lmageude also gender, age, and marital status.

Dependent variable

Tenure Status

Owner-occupied flat Rental flat in a housing Rental flat in tenemen
associating building building
Crude Adjusted Crude Adjusted Crude Adjusted
Satisfied with dwelling 1 1 0.37 0.32 0.43 (0.25- 0.42 (0.24-
(0.19- (0.15— 0.72)" 0.74)"
0.72)" 0.68)"
Residence perceived large | 1 1 0.57 0.96 0.52 (0.30- 0.74 (0.41—
enough (0.29- (0.45— 0.90) 1.35)
1.12) 2.06)
Suitable warm in winter 1 1 0.47 0.65 0.39 (0.23- 0.48 (0.27—
(0.25— (0.31- 0.67) 0.84)
0.91) 1.34)
Too cold in winter 1 1 1.16 0.78 2.35 (1.184 1.85 (0.89—
(0.44— (0.27— 4.67) 3.87)
3.06) 2.24)

**p < 0.001; **p < 0.01; *p < 0.05



Table 4. Temperature (T), relative humidity (RH)dacarbon dioxide (C£in bedroom, kitchen and living room.

Bedroom Kitchen Living room Total
tatisti
SW@USCS 1 ec)y RH (%) CO(ppm) T (C) RH (%) CO,(ppm) T(C) RH (%) COy(ppm) T (C) RH (%) CO,(ppm)
N 2089 2506 3721 - - - 2483 3571 3027 3048 4424 4680
Owner- Mean 24.00 32.89 1148 - - - 24.71 33.68 1041 24.24 33.12 1032
occupied SD 3.40 13.59 631 - - - 3.28 12.75 587 3.23 11.30 568
Median 23.76 24.80 908 - - - 26.28 35.61 828 26.01 35.84 849
N 3792 6718 6286 4224 6718 6285 7887 9350 0343 12111 16500 16060
Rental Mean 2257 25.37 714 23.25 26.39 720 24.22 33.03 698 23.80 29.95 702
SD 1.56 4.09 191 1.44 4.18 176 0.98 8.67 203 1.30 7.85 196
Median 22.95 23.90 755 23.15 2554 761 24.09 33.81 652 23.85 26.74 693
N 5881 9224 10007 4224 6718 6285 10370 12921 12370 15159 20924 20740
Total Mean 23.08 27.41 875 23.25 26.39 720 24.34 33.21 781 23.89 30.62 777
SD 2.48 8.58 464 1.44 4.18 176 1.83 9.97 370 1.86 8.79 349
Median 23.13 23.97 788 23.15 2554 761 24.26 34.20 684 23.91 27.96 724

Table 5. Spearman correlation coefficients betwedaor (I-) and outdoor (O-) for temperature (Blative humidity (RH) and C©own-
occupied apartments (A), and rental apartments (B).

At I-T I-RH [|-CO2 O-T O-RH Bir I-T I-RH 1-CO2 O-T O-RH
I-T 1 0.690* 0.613* 0.542* 0.160* I-T 1 0.483* 0.398* 0.599* -0.093*
I-RH - 1 0.299* 0.005 -0.253* I-RH - 1 0.123* 0.800* -0.010
-cO2 - - 1 0.157* 0.170* 1-CO2 - - 1 -0.084* 0.100*
O-T - - - 1 0286 O-T - - - 1 -0.169*
O-RH - - - - 1 O-RH - - - - 1

* significantly correlated at=0.01.



Figure 1. Percentages of temperature (T), relative humidity (RH), and CO, levels over timein
owner-occupied (A/B/C) and rental apartments (a/b/c)
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Highlights

Nationally representative housing questionnaire data were analysed by tenure status
A sample of six apartment buildings included questionnaire and measurement data
Thermal conditions were more satisfactory in owner-occupied than rental flats
There were no large differencesin measured T, RH, or CO, concentrations by tenure

A large proportion of the apartments were overheated regardless of the tenure type.



Table S1. Averaged T, RH, and CO, in bedroom, kitchen and living room for each apartment.

Bedroom Kitchen Living room
T (SD) RH (SD) CO,(SD) T (SD) RH (SD) CO,(SD) T (SD) RH (SD) CO,(SD)
[*q] [%] [ppm] [*q] [%] [Ppm] [*q] [%] [Ppm]
B1A1 - 4558 (1.77) 669 (397) - - - - - -
B1A2 - 49.54 (0.95) 832 (146) - - - - 49.15 (1.02) -
B1A3 - 23.65 (0.66) 927 (237) - - - - 48.96 (1.00) 924 (257)
Owner- B2A1 27.29(0.31) - 1975 (417) - - - 27.12 (0.38) 37.35(2.97) 1783 (365)
occupied B2A2 - - - - - - 24.83 (2.96) 22.66(3.48) 703 (214)
B3A1 23.23(0.26) 13.85(3.41) 497 (146) - - - 22.79 (0.44) 13.74(3.46) 444 (120)
B3A2 21.39(0.67) 35.87(3.61) 1410 (474) - - - - - -
B3A3 18.49(0.51) 19.48(1.85) 567 (18) - - - 18.93(0.49) 18.29(2.08) 480 (20)
B3A4 23.32(091) 21.72(2.92) 1196 (216) - - - - - -
B1A1 23.55(0.46) 24.56 (3.87) - 25.90 (0.57) - 651 (127) - - -
B1A2 24.73(1.08) 28.23(4.85) 521 (208) 23.13 (0.55) 26.14(3.63) - - - -
B1A3 - - - 24.64 (0.69) 28.65 (5.34) - - - -
B2A1 - - - - - - 23.41(0.83) 21.13(2.74) 509 (11)
B2A2 20.93(0.78) 25.41(3.61) 488(39) 21.92 (0.73) 22.88(3.46) 499 (37) - - -
B2A3 23.29(0.67) 28.30(5.82) 774 (209) 23.42(0.82) 28.01(5.38) 730(203) - - -
B2A4 - 23.17 (0.42) 774 (48) - 29.13 (0.55) 783 (44) - - -
Rental B2A5 - - - - - - - 24.30 (2.68) 977 (22)
B2A6 - 24.00 (0.66) 878 (32) - 24.95 (0.65) 890 (35) - - -
B3Al - - - - - - 23.69 (0.56) 41.24(6.38) 760 (137)
B3A2 - - - - - - 25.55(0.55) 34.02 (5.45) 592 (126)
B3A3 - - - - - - 24.37 (0.63) 38.66 (5.95) 735 (264)
B3A4 - - - - - - 25.11(0.81) 36.94 (4.57) 758 (158)
B3A5 - - - - - - 2441 (0.77) 37.51(4.10) 686 (225)
B3A6 - - - - - - 24.13 (0.65) 36.30(4.84) 623 (119)
B3A7 - - - - - - 23.58 (0.27) 39.43(6.41) 584 (74)




Table S2. Spearman correlation coefficients for T, RH, and CO, in bedroom (BR) and living room (LR) in owner-occupied apartments (A), and bedroom (BR)

and kitchen (K1) in rental apartments (B).

Al T-BR RH-BR CO,-BR T-LR RH-LR CO,-LR

T-BR 1 0052 0750+ 0864 0.761* 0.786*
RH-BR - 1 0176+ -0441* 0854 0.836*
COBR - : 1 0767* 0163 0976*
T-LR : - - 1 0779" 0828
RH-LR - - - - 1 0710
COrLR - - - : - 1

B: r T-BR RH-BR CO,-BR Tl RH-KI  CO,-KI
T-BR 1 0.458* 0488 0.834* 0.630* 0.756*

RH-BR - 1 0.169* 0421* 0.404* 0.148*
CO,-BR - - 1 0.629*  0.466*  0.981*
T-KI - - - 1 0.696*  0.661*
RH-KI - - - - 1 0.478*
CO-KI - - - - - 1

* p<0.05



