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Abstract 

Residential buildings account for more than 70% of floor 

space, and about half of that is bedrooms. Nevertheless, 

little is known about the conditions in bedrooms and thus 

clear performance criteria for rating and designing 

environmental conditions in bedrooms are lacking. The 

study investigated to what extent people in Belgium were 

disturbed by bedroom environment of thermal discomfort, 

noise, and stuffy air during sleep in summer. Sleep quality 

was also rated by the Pittsburgh Sleep Quality Index 

(PSQI). A total of 83 responses were obtained, among 

whom 47.0% had poor sleep quality with PSQI scores 

higher than five. Responses of people who were disturbed 

by “too warm” conditions were significantly associated 

with poor sleep quality; 67.4% of PSQI scores were 

higher compared to those who were not disturbed (p < 

0.05). A dose-response relationship was observed 

between the PSQI scores and discomfort with the 

bedroom environment (p < 0.066 for trend). “Too warm” 

conditions were the major bedroom discomfort in summer 

in Belgium (temperate climate). More similar studies are 

required to be conducted in the other three seasons or 

regions.  

Key Innovations 

 Proportions of people to be disturbed by 

bedroom environmental discomfort during sleep 

and occupant windows- or door- opening 

behaviors were reported as for providing relative 

information for building simulation.  

 A dose-response relationship between the PSQI 

and bedroom environmental discomfort was 

examined.  

 Stuffy air, which was rarely explored to be 

associated with sleep quality in real life among 

previous studies, was investigated. 

Practical Implications 

The present study gives a view on how to define the real 

situation of bedroom environment in summer in Belgium 

(temperate climate). We can also rate and assign weights 

to typical bedroom environmental discomfort for indoor 

environmental quality based on the results of this paper. 

Introduction 

An appropriate bedroom environment is important to 

ensure good sleep quality for humans. Dissatisfaction 

with the bedroom environment was found to be associated 

with long-term insomnia (Ishigooka et al., 1999). 

Bedroom environment resulting in acoustic and thermal 

discomfort was widely investigated and verified to be 

related to poor sleep quality among previous survey 

studies (Doi et al., 2003; Matsumoto et al., 2017; Ohayon 

and Zulley, 2001). However, poor air quality and its 

impact on sleep quality were rarely investigated.  

Doi et al. (2003) examined the effects of an uncomfortable 

bedroom environment on sleep quality in Japan and 

observed that people, who felt thermal discomfort and 

noise during sleep, had a higher odds ratio of poor sleep 

quality indicated with the Pittsburgh Sleep Quality Index 

(PSQI) higher than five. Ohayon and Zulley (2001) 

performed a cross-sectional telephone survey in Germany 

and concluded that “too hot” responses increase the odds 

ratio (OR) for sleep dissatisfaction to 2.5. Matsumoto et 

al. (2017) also found that thermal discomfort led to higher 

odds of poor sleep quality (OR, 1.93). Yang and Olofsson 

(2017) conducted a questionnaire survey among 229 

dormitory students in Singapore and reported 76% of 

participants felt air stuffy during sleep if the air 

conditioning was used. However, how much stuffy air 

influences sleep quality was not examined in their study. 

Also, to the best of our knowledge, the association of 

stuffy air in bedrooms and sleep was not surveyed in 

Europe in summer. Furthermore, there was a lack of 

studies to survey bedroom environment and sleep quality 

in real life in Europe.  

Recently, poor air quality indicated by high CO2 levels in 

bedrooms was observed to reduce sleep quality (Laverge 

and Janssens, 2012; Mishra et al., 2018; Strom-Tejsen et 

al., 2016; Xiong et al., 2020; Zhang et al., 2018). Lower 

sleep efficiency and increased awakenings were major 

sleep disturbances. However, there is a lack of studies to 

investigate whether people are disturbed by stuffy air 

(poor air quality) and how much they are disturbed by it 

during sleep in real life.  

Opening windows was demonstrated to be an important 

method for ventilating cooling to maintain thermal 

comfort (Foldbjerg et al., 2014; Peacock et al., 2010). 

Very few studies were regarding occupant behaviors 

regarding windows open in bedrooms, as well as the door 

opening behaviors during sleep (Bjorvatn et al., 2017; Lee 

and Shaman, 2017). Zhang et al. (2016) conducted a 

survey investigating the percentages of students living in 
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the dorm focusing on their window-opening behaviors at 

night and obtained that 67% of respondents kept windows 

closed during sleep in winter. The respondents preferred 

to maintain thermal comfort with windows closed instead 

of opening them to maintain good air quality (Zhang et 

al., 2016). Lee and Shaman (2017) performed a 

questionnaire survey administrated to investigate the 

heat-coping strategies in New York City, the United 

States. From them, 23.5% of respondents selected 

“opening windows” as their most commonly used strategy 

for alleviating heat during sleep in summer. Besides, 

another study assessed the frequency of bedroom habits 

including window-opening behaviors and preferences 

among Norwegian adults via a telephone survey, and 

concluded that nearly half of the respondents aged older 

than or equal to 45 years opened windows during sleep 

over the whole year (Bjorvatn et al., 2017). Zhang et al. 

(2018) launched a questionnaire survey among five 

climate zones in China. The majority of respondents from 

the severe cold climate regions and one-quarter of them 

from the mild climate region opened windows to control 

bedroom temperature during sleep in summer. Thermal 

and acoustic comforts were considered to be more 

important than air quality. It was demonstrated that 

opening windows was mostly used for adjusting bedroom 

thermal comfort and air quality was considered less sleep-

disturbed compared to temperature and noise. 

Nevertheless, to our best of knowledge, no studies were 

found to investigate the door opening behaviors, and their 

association with any of bedroom environmental 

discomfort. Furthermore, few studies observed whether or 

not occupant window- or door- opening behaviors 

affected their sleep quality.  

There were three purposes in the present study. The first 

one was to examine the association between discomfort in 

bedrooms caused by noise, stuffy air, “too warm”, “too 

cool” conditions, and sleep quality. The second one was 

to carry out the association between occupant behaviors 

and environmental discomfort in bedrooms. The third one 

was to inspect the association between occupant 

behaviors and sleep quality. An online questionnaire 

survey was conducted in the summer to investigate the 

sleep quality of people living in  Belgium (temperate 

climate). It investigated the level of discomfort, if any, 

and sleep quality.  Last but not least, the situation of 

bedroom environmental discomfort can be used for 

defining indoor environmental quality in building 

simulation.   

Methods 

An online questionnaire survey of bedroom 

environmental discomfort, occupant behaviors, and sleep 

quality was carried out at Ghent University, Belgium from 

July to August 2020, which were during the COVID-19 

pandemic time. The survey consisted of personal 

characteristics, whether or not being disturbed by thermal 

discomfort of “too warm” and “too cool”, noise, or stuffy 

air during sleep, occupant window- or door- opening 

behaviors, and the Pittsburgh Sleep Quality Index (PSQI) 

questionnaire, which is widely used, was used to measure 

sleep quality.   

PSQI, consisting of seven components of subjective sleep 

quality, sleep latency, sleep duration, sleep efficiency, 

sleep disturbances, use of sleep medication, and daytime 

dysfunction, can be used for sleep assessment of the last 

month. The range of PSQI global scores was zero to 21, 

higher scores representing poorer sleep quality. It has 

been suggested that poor sleepers have a global PSQI 

score greater than five. The utility of PSQI has been 

verified in other research studies (Buysse et al., 1989; Doi 

et al., 2000).  

Occupant behaviors included whether or not sleeping with 

windows open and the door open, and whether or not 

opening bedroom windows in the morning and evening 

more than or equal to 15 minutes.  

Three options of “regularly, occasionally, and never” for 

bedroom environmental discomfort and sleeping with 

windows or the door open could be chosen in the survey.  

The responses were obtained by sending emails with the 

link to the questionnaire survey to the students or staff of 

the local universities.  

Data were analyzed by R Studio (version 1.3.1093, 

Boston, MA, USA). Associations of PSQI scores and 

bedroom environmental discomfort were analyzed by a 

generalized linear model. The percent difference of PSQI 

score was calculated by the equation of “(eβ – 1) × 100”. 

A dose-response relationship between PSQI and bedroom 

environmental discomfort was analyzed by the univariate 

linear model. Associations of occupant behaviors and 

bedroom environmental discomfort or sleep quality were 

analyzed by a logistic regression model. Two-sided p-

values less than 0.05 were considered to be statistically 

significant.  

Results and Discussion 

A total of 83 respondents had completed the online 

questionnaire survey. The response rate could not be 

calculated because the survey was posted online. Table 1 

shows the demographic characteristics of the respondents. 

51.8% of them were males. The median age of all 

respondents was 29 years. The majority of them (72.3%) 

had a normal body mass index between 18.6 ‒ 24.9.  

Table 1. Demographic characteristics of the respondents 

(n = 83). 

Item Median (IQR) n (%) 

Sex NA  

Male  43 (51.8) 

Female  40 (48.2) 

Age 29 (27 – 32)  

24 – 27  19 (22.9) 

28 – 29  22 (26.5) 

30 – 32  19 (22.9) 

33 – 62  19 (22.9) 

BMI a 22.1 (20.3 – 24.5)  

15.8 – 18.5  3 (3.6) 
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18.6 – 24.9  60 (72.3) 

25.0 – 29.9  14 (16.9) 

30 or above  3 (3.6) 
a BMI was calculated by “kg/m2” based on the answers of 

“height” and “weight” in the survey. 

BMI, body mass index; IQR, interquartile range. 

Table 2 shows an overview of PSQI components. The 

average PSQI global score was 5.7. The score was similar 

to the one observed in a Korean study of Lee et al. (2020), 

who conducted the PSQI on the Korean general 

population and obtained their PSQI score of 5.6. The 

median PSQI score in this study was also consistent with 

a study from Thailand (Kallawicha et al., 2020). Another 

sleep study reported the average PSQI score was 7.4 

among the Chinese population (Zhang et al., 2018).   

A total of 47.0% of respondents had poor sleep quality 

with PSQI scores higher than five, but only 15.7% of 

respondents rated their sleep quality as fairly or very bad. 

Kallawicha et al., (2020) also reported 20.0% of Thai 

rated self sleep quality fairly or very bad, while 41.9% of 

the subjects had PSQI scores greater than five.  

Table 2: An overview of PSQI components. 

Component score a Median (IQR) n (%)  

PSQI 5.0 (4.0−7.0) 83 (100) 

≤ 5    44 (53.0) 

> 5    39 (47.0) 

Subjective sleep quality NA   

0 (very good)   12 (14.5) 

1 (fairly good)   58 (69.9) 

2 (fairly bad)   11 (13.3) 

3 (very bad)   2 (2.4) 

Sleep latency (min) 15 (10 − 30)   

0   27 (32.5) 

1   32 (38.6) 

2   18 (21.7) 

3   6 (7.2) 

Sleep duration (hrs.) 7.5 (7.0 − 8.0)   

0 (> 7 hrs.)   44 (53.0) 

1 (6−7 hrs.)   36 (43.4) 

2 (5−6 hrs.)   2 (2.4) 

3 (< 5 hrs.)   1 (1.2) 

Sleep efficiency 91.7 (84.0 − 99.4)   

0  (> 85%)   59 (71.1) 

1 (75–84%)   18 (21.7) 

2 (65–74%)   4 (4.8) 

3 (< 65%)   2 (2.4) 

Sleep disturbances NA   

0   2 (2.4) 

1   61 (73.5) 

2   19 (22.9) 

3   1 (1.2) 

Use of sleep medication NA   

0 (not during the past 

month) 
  72 (86.7) 

1 (< 1/week)   5 (6) 

2  (1–2/week)   4 (4.8) 

3  (≥ 3/week)   2 (2.4) 

Daytime dysfunction NA   

0   17 (20.5) 

1   31 (37.3) 

2   34 (41.0) 

3   1 (1.2) 
a Component score was calculated from at least two items and 

rescaled to 0 to 3.  

PSQI, Pittsburgh Sleep Quality Index; IQR, interquartile range; 

NA, not applicable. 

 

Figure 1: The frequency to be disturbed by bedroom 

environmental discomfort 

Figure 1 shows the frequency of respondents to be 

disturbed by bedroom environmental discomfort of 

“noise, too warm, stuffy air, or too cool” regularly, 

occasionally, or never. A total of 87.8%, 68.9%, 32.4%, 

and 18.9% of respondents were disturbed regularly or 

occasionally during sleep by “too warm” conditions, 

noise, stuffy air, and “too cool” conditions, respectively. 

It was observed that a “too warm” condition was the major 

bedroom environmental discomfort in summer in 

Belgium. A total of 65 and 18 respondents answered the 

questionnaire in July and August, respectively. The 

average temperature ranges were 13.1 ‒ 22.4 °C and 16.0 

‒ 26.1 °C in July and August, respectively, whereas the 

normal ranges defined from 1981 to 2010, were 14 – 23 

°C and 13.6 – 22.6 °C, respectively (RMI, 2020). People 

living in Belgium experienced an intensive heatwave in 

August 2020 (RMI, 2020). On the other hand, air 

conditioning (AC) is not commonly used in residential 

buildings in Belgium, and thus people could not control 

the temperature. The absence of air conditioning can on 

the other hand be expected to reduce discomfort caused 

by stuffy air in summer; Sekhar and Goh (2011) showed 

poor air quality in homes using AC in Singapore 

compared with those with natural ventilation. Yang and 

Olofsson (2017) reported that 76% of their subjects felt 
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stuffy air when they used AC during sleep, and normally 

AC was not used together with natural ventilation by 

opening windows to save energy. Moreover, few people 

felt air stuffy if they opened windows (Yang and 

Olofsson, 2017), and window opening was widely used to 

improve thermal comfort in summer (Imagawa and Rijal, 

2015). Hence, it is inferred that people living in Belgium 

were occasionally or never disturbed by stuffy air in 

summer as they did not have AC.  

Table 3 shows the correlation coefficients of bedroom 

environmental discomfort. The correlation coefficient 

between noise and “too warm” condition was the highest 

in the table. As opening windows would be a common 

strategy to alleviate the heat, but meanwhile people would 

feel noisier when windows being open. Overall, weak or 

no significant correlations were found between any two 

bedroom environmental discomfort.  

Table 3: Correlation coefficients of bedroom 

environmental discomfort 

Item “Too warm” “Too cool” Noise 

Stuffy air 0.269* 0.287** 0.262* 

“Too warm”  0.083 0.308** 

“Too cool”   -0.005 
**p-value < 0.05; *p-value < 0.01.  

PSQI scores follow a Poisson distribution, and thus the 

generalized linear model was used to analyze the 

association between PSQI scores and discomfort caused 

by the bedroom environment. From the Spearman 

correlation coefficients between PSQI and demographic 

characteristics, only BMI was shown to be correlated with 

PSQI (rho = 0.311, p-value < 0.005). Therefore, BMI was 

included in the generalized linear model as an adjusting 

factor. Table 4 shows the respondents, who were 

disturbed by “too warm” conditions, had PSQI scores of 

67.4% higher compared to those who were not disturbed 

by these conditions. There were no significant 

associations between PSQI and the other three bedroom 

environmental discomfort in summer in Belgium.  

Table 4. Associations of PSQI scores and bedroom 

environmental discomfort by the Poisson regression 

model 

Item 
Increase (+) or decrease (-) 

in PSQI scores (95% CI) (%) 
p-value 

Too warm 67.4 (14.8 ‒ 153.2) 0.011 

Stuffy air 9.2 (-12.1 ‒ 35.1) 0.423 

Noise 8.4 (-13.5 ‒ 36.8) 0.470 

Too cool -6.7 (-28.8 ‒ 20.8) 0.607 

Data were adjusted by BMI. 

Furthermore, the association between the number of 

bedroom environmental discomfort and PSQI was 

evaluated by the univariate linear model (Figure 2). The 

PSQI increased with the increasing number of reported 

bedroom environmental discomfort caused by noise, 

stuffy air, “too warm” and “too cool” conditions, the 

effect being close to significance. This is similar to a 

telephone survey in Norway where the association was 

found between bedroom temperature in summer and 

chronic insomnia (Bjorvatn et al., 2018). Besides, 

previous studies in Europe also reported that noise 

disturbed sleep (Aasvang et al., 2008; Bjorvatn et al., 

2018; Bodin et al., 2015; Pirrera et al., 2014).  

The PSQI score was 1.8 times higher when people were 

disturbed by three or four parameters, compared with 

those who were never disturbed or only disturbed by one 

parameter. It is clear that there is an amplifying effect and 

already when people were disturbed with two parameters 

PSQI was higher than 5 indicating poor sleep quality. It 

suggests that the effect on sleep quality may be 

multifactorial and it is not sufficient to simply deal with 

one problem.  

 

Figure 2: PSQI scores in association with the increasing 

number of bedroom environmental discomfort of noise, 

stuffy air, “too warm”, and “too cool” conditions (p < 

0.066 for trend). 

Table 5 shows the frequency of occupant behaviors in 

bedrooms. More than half of respondents (78.2%) slept 

with windows open regularly or occasionally in summer. 

That was much higher than the proportion (33%) of 

Chinese respondents who slept with windows open in the 

study of Zhang et al. (2016), as well as higher than the 

proportion (39.2%) of Norwegians participants (Bjorvatn 

et al., 2017). The major reason was that the seasons 

conducted in the two previous studies were winter, but in 

summer in the present study.  

Around half of respondents (50.7%) slept with the door 

open regularly or occasionally. Also, the proportions of 

opening windows for a long time more than or equal to 15 

minutes both in the morning and evening were 89.9% and 

73.9%, respectively. It is further confirmed that opening 

windows was a prevalent behavior in bedrooms in 

summer, either for alleviating the heat (Lee and Shaman, 

2017) or airing bedrooms.   

Table 5. Frequency of occupant behaviors in bedrooms 

(n = 69 a) 

Item n (%) 

Sleep with windows open  

Regularly 39 (56.5) 

Occasionally  15 (21.7) 

Never 15 (21.7) 

Sleep with the door open  
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Regularly 25 (36.2) 

Occasionally  10 (14.5) 

Never 34 (49.3) 

Time to open bedroom windows in the morning  

≥ 15 min 62 (89.9) 

< 15 min 7 (10.1) 

Time to open bedroom windows in the evening  

≥ 15 min 51 (73.9) 

< 15 min 18 (26.1) 
a sample size was less than 83 since a part of the respondents 

did not answer the corresponding questions. 

Table 6 shows how bedroom environmental discomfort 

influences occupant behaviors in bedrooms. Besides the 

habits of sleeping with windows or the door open or they 

opened windows or door just because they would like to, 

the window- or door- opening behaviors among 

respondents were affected by the bedroom environmental 

discomfort during sleep. Occupants were likely to sleep 

with windows closed and open windows more than or 

equal to 15 minutes in the evening when they were 

disturbed by noise during sleep, showing by the odds 

ratios of 0.23 (95% CI, 0.07 – 0.76) and 0.27 (95% CI, 

0.09 – 0.83), respectively. Noise levels could be reduced 

by 30 – 35 dB with windows closed under the conditions 

of most windows in central Europe (World Health 

Organization, 2009). Therefore, people closed windows 

when they were disturbed by noise.  

Those, who were disturbed by “too cool” conditions, 

tended to sleep with the door closed in summer compared 

to those not disturbed by them, the effect is being close to 

significance (p-value < 0.1). The temperature was not 

high during some days in July or August in summer in 

Belgium as mentioned above that the lowest average 

temperatures of July and August were 13.1 and 16.1 °C, 

respectively. Therefore, it was possible that people would 

be disturbed by “too cool” conditions, which further 

affected their door-opening behaviors.  

Table 6. Associations of occupant behaviors and 

bedroom environmental discomfort 

Item OR (95% CI) (%) p-value 

Sleep with windows open 

Noise 0.23 (0.07 – 0.76) 0.018 

Sleep with the door open 

Too cool 3.84 (1.02 – 18.69) 0.061 

Open bedroom windows ≥ 15 min in the evening 

Noise 0.27 (0.09 – 0.83) 0.024 

OR, odds ratio.  

Noise, stuffy air, “too warm”, and “too cool” were included in 

all the models. Only factors significant or close to significant 

were included in the final models.  

Note: no factors were included in the model of “Open bedroom 

windows ≥ 15 min in the morning”.  

Associations between PSQ I and occupant behaviors were 

also analyzed. However, no significant associations 

between them were found.  

Some limitations in the present study should be taken into 

consideration. The type of accommodation, dwelling 

characteristics, design of bedrooms, especially bedroom 

ventilation systems, were not considered. It was difficult 

to explain that people were disturbed by stuffy air during 

sleep since CO2 levels were unknown. Field measurement 

of CO2 was needed to have a further insight into air 

quality in bedrooms. Lifestyles were changed due to the 

COVID-19 pandemic, which would affect the overall 

results. That should be considered in similar studies 

during the pandemic time. Larger sample size with a 

wider population from different backgrounds is worthy of 

study to generalize the findings.  

Conclusion 

The association between bedroom environmental 

discomfort caused by noise, stuffy air, “too warm”, and 

“too cool” conditions in bedrooms, and self-reported 

sleep quality was investigated in the temperate climate in 

summer using an online questionnaire survey. Noise and 

“too warm” conditions were prevalent problems and “too 

warm” conditions were found to be significantly reducing 

sleep quality. Co-exposure of those bedroom 

environmental discomforts further negatively affected 

sleep quality. 

Bedroom environmental discomfort affected occupant 

window- or door- opening behaviors in bedrooms. 

Occupants were more likely to close windows when they 

were disturbed by noise during sleep. Moreover, they 

slept with the door closed due to being disturbed by “too 

cool” conditions.   

The results provide information in real situations of 

bedroom environment and occupant behaviors for the 

studies of building simulation.  

It is interesting to explore the prevalence of discomfort in 

bedrooms and effects on sleep quality in the other seasons 

as well as other countries or regions, especially in winter 

if people would be bothered by stuffy air during sleep 

much more frequently since they prefer to close windows 

for keeping thermal comfort.  
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