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The global record of 1,700 % urban footprint growth in only 38 years made Dubai one of
the fastest growing cities in the world. The density of the metropolis population is
approximately 762.6 individuals/ km?, and high-rise residential buildings in Dubai have
reached 581,166 units (79%) in 2020 and become a common residential type. The
objective of this study is to provide basic data for the design of high-rise residential
buildings in the future by evaluating the health of the residents of high-rise residential
buildings in Dubai. As a methodology, the Todai Health Index, a structured health
assessment tool, was used for high-rise residents’ survey. For the analysis, the health
evaluation data from residents were used as the dependent variable, and the number of
living floors as the architectural characteristic and the indoor temperature and humidity
condition as the residential environments were analyzed as the independent variable. The
result had shown that residence floor is irrelevant to overall health, changes in the health
status compared to those in the previous year, and the occurrence of daily disease health
evaluation by the Todai Health Index. It was statistically proven that the thermal
environment has a significant correlation with the residence floor, but the effect of the
thermal environment on health was not strong. However, the humidity environment has a
very strong relationship with the health of residents. The humidity environment has a very
close relationship not only with the occurrence of daily diseases of residents but also with
the health evaluation analyzed by the Todai Health Index. There is a significant relationship
between the humidity environment and both physical and mental health. It was analyzed
that a slightly humid condition had a positive effect on health.

Keywords: self-reported health evaluation, Todai Health Index, Princess Tower, indoor humidity, high-rise
residential building

INTRODUCTION

After the oil boom of 1973, fast economic growth had occurred in Dubai with rapid population
growth (Nassar et al., 2014). This unprecedented urbanization had created a massive immigration of
foreign labor into Dubali, as well as domestic migration from rural to urban areas (Fazli and Faridi,
2008; Alawadi, 2017). The creation of new coastline over 300 km from reclamation, the rapid
expansion of urban area, and the intensified real estate development made Dubai one of the most
rapidly urbanized cities in human history (Acuto, 2010). The total buildup area had been increased
from only 54 km? in 1975 to 977 km? in 2015 (LULUC, 2021; Buckley & Hanieh, 2014). The global
record of 1,700 % urban footprint growth in only 38 years made Dubai one of the fastest growing
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cities in the world (Ewers, 2017). Dubai’s population was 166,000
in 1975 and expanded to 2,921,376 in 2021 (Alawadi &
Benkraouda, 2019). The metropolis area of Dubai is only
35km® from 4,114km?® of the total Dubai area (Elessawy,
2017). The density of the metropolis population is
approximately 762.6 individuals per square kilometer (Breslow,
2020). High-rise residential buildings in Dubai have reached
581,166 units (79%) in 2020 and become a common
residential type (Dubai Statistics Center, 2021). However, it
has been pointed out that the effect of high-rise residential
buildings on the health of residents has not been clearly
verified (Larcombe et al., 2019). In other countries, there have
been intermittent reports that high-rise living has a negative effect
on the health of residents (Lee, 2014; Xue et al.,, 2016b). These
reports indicate that the higher floor you live, the more negative
impact on the health of the residents (Cho & Lee, 2011). This
presupposes that the primary architectural factor affecting the
health of residents is the number of residential floors (Barros
et al., 2019; Foster et al., 2020). However, there are very few
studies on this topic in the UAE, and it is difficult to apply the
results of foreign studies in Dubai since lifestyle and building
systems are different from those of other countries (Ahmed, 2012;
Generalova, 2018). Therefore, this study aims to provide basic
data for the design of high-rise residential buildings in the future
by evaluating the residents’ health in high-rise residential
buildings in Dubai and understanding the degree of influence
by architectural factors.

LITERATURE REVIEW

The Definition of Health and Influential

Factors

The health of residents is a complicated concept of various factors
(Barros et al., 2019; Ahn et al., 2021). The WHQO’s definition of
health, promulgated in 1948, is health is a state of complete
physical, mental, and social well-being and not merely the
absence of disease or infirmity (Sivakumar et al.,, 2019; Meier,
2010), and this definition has not been revised since 1948. Thus,
by definition, health does not simply refer to the presence or
absence of disease (Wong et al., 2017; Manyazewal, 2017). Itis a
concept that encompasses not only the physical aspect but also
the mental aspect and even the social aspect (Larcombe et al,
2019; Ige et al,, 2019). According to this definition, not being
healthy includes disease, but it is reasonable to view it as a concept
that includes not only disease as a specific medical practice but
also physical and mental discomfort or other health problems
experienced in general (Xue F. et al., 2016).

Most of the studies dealing with the living environment and
the health of residents are divided into three types: first, the type
that deals with the relationship between the residential
environment and the psychological health of residents (Choi &
Matz-Costa, 2018); second, the type that deals with the
relationship between the living environment and physical
health (Van den Berg et al, 2015); and third, the type that
deals with the relationship between the residential
environment and behavioral characteristics (Van Cauwenberg
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etal., 2011). Moreover, in the case of dealing with the residential
environment, it is roughly divided into two groups: first, the case
of studying architectural characteristics such as the number of
floors, size, and type of residence (Emmanuel et al., 2020), and
second, the case of studying the environmental conditions of the
living space such as indoor air, temperature, and humidity
(Ghaffarianhoseini et al., 2018; Nguyen et al., 2014). Recently,
in addition to this, sick building syndrome (SBS), which pays
attention to harmful substances emitted by buildings, is being
discussed as a factor affecting health (Jafari et al., 2015; Lu et al,,
2018).

The architectural characteristics of a residential building may
be a factor affecting health but, in most cases, health is often
affected by the characteristics of the residential environment
(Takigawa et al., 2012; Crook and Burton, 2010). The emission
of harmful substances is directly affected through the
environmental conditions of the residential building as these
hazardous substances are directly related to the indoor air
environment (Wolkoff, 2018; Tham, 2016). Therefore, in order
to understand the correlation between the residential building
and the residents’ health, it is difficult to understand the
correlation by simply paying attention to the architectural
characteristics of the residential space (Steinemann et al., 2017;
Persily and Emmerich, 2012). This means that it is necessary to
analyze not only architectural characteristics but also indoor
environmental conditions as influencing factors in order to
understand the interrelationship between the residential space
and residents’ health (Guyot et al., 2018).

The Review of Self-Reported Health

Evaluation Tools

In order to analyze the effect of the living environment on health,
it is necessary to explore the objective measurement of health
status (Lin et al., 2013). In the field of medicine and health,
various standard measurement tools have been developed and
used not only to define health but also to evaluate general health
rather than disease (Anhang Price et al., 2014).

Self-Assessed General Health

There are two types of single-item indicators: 3-point scale and 5-
point scale. The 5-point scale is used as an international standard,
and the stability of the results has been verified for a long time (Au
and Johnston, 2014). However, since it is a single item, it may be
pointed out that it has rigid characteristics with respect to factors
that interfere with measurement or lack of accurate explanation
for the actual situation (Doiron et al., 2015). Nevertheless, it can
be used as a useful indicator to understand the state of health or
the trend of change for the general public and has the advantage
of being administratively convenient (Hu et al., 2016).

SF-36

It was originally started in the United States, but there is also a
format adapted to the situation in the United Kingdom (Lins &
Carvalho, 2016). This measurement tool has been developed since
the 1980s and has been widely used not only in the medical field
but also as a tool for general health status evaluation (Burholt &
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Nash, 2011). The stability has been verified experimentally. The
content consists of eight areas and 36 items. The U.K.
Department of Health used it in the 1996 Health Survey for
England (HSE). Currently, it has become the most useful tool for
establishing health management policies for the general public in
health policy (ten Klooster et al., 2013). Eight domains including
mental health are recognized as reliable.

SF-20

It is composed of 20 items by adding one item of pain area and
one item of social function to the 18 item survey tool conducted
by Louis Harris of the United States in 1984. It was originally
developed as a tool for the Medical Outcomes Study (MOS). It
consists of six domains: general health, pain, physical functioning,
social functioning, role functioning, and mental health
(Baghianimoghadam et al, 2011). The subitems consist of a
total of 20 items, and the response time is usually 4-5 min.
Reliability is secured to some extent but not high, and it has
been employed and used by the Centers for Disease Control and
Prevention in Denver, United States.

GHQ-12

It is a tool designed to identify individuals with mental health
problems within a group. It has been used as the central method
of the British Household Panel Survey (BHPS) since 1991 (Lesage
et al,, 2011). It is evaluated as an appropriate tool for measuring
mental health on the premise of a long-term investigation. It is
used in surveys involving large population groups (Smith et al.,
2010).

RAND-36

Basically, it is a tool almost similar to the MOS SE-36, but it is a
multidimensional measurement tool for health with partial
modifications. The partial revision was not the revision of the
survey items, but the method of summing the items, and the
survey contents were the same as in SF-36 (Saimanen et al., 2019).

NHP

It is a self-response health evaluation index for adults as the main
survey target as an index briefly indicating the emotional and
physical state of the disease bearer (Busija et al., 2011). It consists
of a total of 45 items and is one of the representative multi-item
self-response health measurement tools along with SF-36. The
measurement tool consists of two parts: part 1 consists of a total
of 38 items in six subareas and part 2 is to answer only “yes” or
“no” to how much discomfort you are experiencing in seven areas
of life. However, since this measurement tool measures the health
status of patients, rather than the general public, it is a suitable
measurement tool for the chronically ill or the elderly (Tabali
et al,, 2012).

EQ-5D

Through five question items (mobility, independent behavior,
daily life, pain/comfort, and anxiety/depression), each item is
asked to respond on three scales. This method assigns the weights
to the five-digit number system. Regarding the weights, the
accumulation of empirical studies is used as a separate
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weighting index. This measurement tool pursues the
sophistication of weights by continuously accumulating data
from each country through EQ-net, centering on Europe
(Sullivan et al., 2011). However, it is judged to have
limitations in measuring comprehensive health because the
evaluation items are limited (Van Hout et al., 2012).

Todai Health Index

Based on the Cornell Medical Index (CMI), the THI was
developed at the University of Tokyo to develop the health
questionnaire by adjusting it to match the characteristics of
Asians (Suzuki, 2017). Todai is the Japanese pronunciation of
the University of Tokyo. The total consists of 130 question items,
with five categories of physical health and seven categories of
mental and behavioral areas, and a total of 12 categories. In
addition to the analysis of 12 categories, the Todai Health Index is
designed to calculate the mental and physical tendency and the
neurotic tendency through discriminant analysis (Trieu et al.,
2021). However, it cannot be judged uniformly, and it is necessary
to determine the analysis method according to the purpose of the
study. In some studies, only some of the 12 categories of the Todai
Index are extracted and used for research. All 130 questions are to
be answered in three ways: 1) often, 2) sometimes, and 3) not at all
or all. This is the case of the English version of the Todai Index. In
the case of the Japanese version, slightly different response items
are mixed depending on the nature of the question (Murayama
et al,, 2019). In the process of interpreting the response result, as
well as using the summed score of the items included in each
scale, if the score is less than a certain point, it is judged that there
is a problem (Furutani et al., 2020). However, in some cases, it is
recommended to interpret not only the score but also the degree
of the position of the total score in the entire survey subject as a
percentile concept.

The Review of Self-Reported Health

Evaluation Tools

Most of the reliability problems of various self-response health
evaluation tools have been verified. However, since there may be
advantages and disadvantages depending on the purpose, the
following selection principles were considered to select an
appropriate evaluation tool: 1) The focus should be on the
general health evaluation of the general public, rather than the
patient; 2) as a multi-item measurement tool, rather than a single-
item question, multifaceted aspects of general health should be
included; 3) questions that express concrete states, rather than
abstract questions, should be constructed; 4) the response should
not take much time; and 5) it should be composed of items that do
not feel rejected when responding.

The evaluation tool that best met the previous selection
principle was determined to be the Todai Health Index. SF-
36 and Rand-36 are also the measurement tools used for both
the general public and patient populations (Garratt & Stavem,
2017). However, in reality, there is a stronger tendency to
presuppose the condition of the person with the disease.
There was a limitation partially inconsistent with the nature
of this study targeting the general public. In the case of the

Frontiers in Built Environment | www.frontiersin.org

November 2021 | Volume 7 | Article 766057


https://www.frontiersin.org/journals/built-environment
www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles

Jung et al.

Residents’ Health in High-Rise Building

FIGURE 1 | Flow of research process.

general public, there may be a sense of rejection when
responding. Although the GHQ-12 is a relatively simple and
commonly used measurement tool, it is focused on measuring
mental health (Lindkvist and Feldman, 2016). The Todai Health
Index may be the most appropriate target in terms of its content,
but the total number of questions is 130, which puts a burden on
the number of responses (Kim et al., 2010). If a problem with a
large number of questions is tolerated without any limitation,
this study conducted a health evaluation using the Todai Index
as the most appropriate index. Residents’ health in high-rise
residential buildings in Dubai had never been evaluated with
any self-reported health evaluation tools, even though Dubai is
one of the most well-known cities of skyscrapers.

METHODOLOGY

The subject of this study is limited to high-rise residential
buildings in Dubai since comparative research between low-
rise and high-rise residential buildings cannot define the
characteristics of the residents of high-rise residential
buildings (Acuto, 2010). Moreover, there is no confirmation
that the socioeconomic class of residents of low-rise and high-
rise residential buildings is the same (Barr and Johnson, 2020).
This is because the area in Dubai is also difficult to be defined
as one metropolitan area, so it was judged that it was more
advantageous in terms of the purity of the sample to limit the
residents of high-rise residential buildings and conduct
comparative analysis by residence floors such as low-rise,
mid-rise, and high-rise residential areas. In addition, the
analysis subjects were limited to adults. The health of
residents is likely to show various characteristics according
to age. Both physical and mental health were included for
health status evaluation. Chronic diseases were excluded
because it was judged that if chronic diseases were included,
it would cause distortion in verifying the effects of the living
environment. For the health survey, self-reported health
evaluation was used for adults. Self-reported health
evaluation refers to a respondent’s self-assessment of their
health according to the questionnaire and is widely used in the
United States and European countries, and various
measurement tools have been developed (Subedi and

Rosenberg, 2014). In the case of the United States, the self-
response evaluation method has been verified to have
considerable validity and reliability in predicting health,
disease, and mortality (Lee et al, 2013; Zimmerman and
Anderson, 2019). In this study, Japan’s Todai Health Index,
a structured health assessment tool, was used for various self-
response health assessments (Kim et al., 2010). For the
analysis, the health evaluation data responded to by
residents were used as the dependent variable, and the
number of living floors as the architectural characteristic
and the indoor temperature and humidity condition as the
residential environment characteristic were analyzed as the
independent variable. In addition, the verification of
differences in health evaluation according to the
characteristics of residents was also conducted (Figure 1).

ANALYSIS

General Information of Surveyors

The survey was conducted for the Princess Tower in Dubai
(Figure 2). This residential tower was built relatively early in
Dubai urbanization, and the residents have 10 years of living
experience, which is longer than other high-rise residential
towers in Dubai. The scale is on the 101** floor with a height of
413 m, and it was the tallest high-rise residential tower in Dubai
(Figure 3) before Marina 101 (425 m, 101°% floor) was completed
(Safarik et al., 2018). Other high-rise residential towers in Dubai,
such as the Executive Towers in Business Bay and Marina 101 in
Dubai Marina, were also considered, but the Princess tower was
selected because it was judged that it was useful to secure the
homogeneity of the respondents because 763 housing units live in
the same building (Figure 4) (Kalantari and Shepley, 2020). The
survey was conducted by sending an email and receiving a reply
with the permission of the Princess Tower residential board. The
survey was conducted between January 9 and March 18, 2021, and
some additional questionnaires were collected.

The average age of the respondents was 39.97 years, and the
average age of the residents of each floor was almost the same.
The number of families is 3.61, which also shows no difference
according to the residence by floor. The gender distribution of the
respondents did not show any differences by floor, so the
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FIGURE 2 | Princess Tower in Dubai, UAE.

FIGURE 3 | Context of the Princess Tower.

respondents were identified as a homogeneous group, regardless
of the number of living floors. The average residence period of the
current house is 49.45 months, and there is no difference
depending on the number of floors (Table 1).

Residence Floor and Health

The general health status of residents was overall above average. It
does not show any difference by the number of living floors, so it
was analyzed that the current number of living floors did not have
a relationship with the general health status. In order to
investigate in more detail, the health status compared with the

previous year was evaluated. Since a certain period of residence is
required for the analysis, only respondents who have lived for
more than 2 years were analyzed, and this analysis did not show
any differences by floor. More than half of the respondents
answered that they were similar, and the response of good
status was slightly higher than that of bad status, the negative
effect of living in a high-rise building on health was not verified
(Table 2).

Since Dubai population is composed of 15 % native residents
and 85 % of expatriates and majority locals live in an independent
villa, our target audience of expatriates, who live in high-rise
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FIGURE 4 | Typical plan of the Princess Tower.
TABLE 1 | General information of surveyors and residence period per floor.
Residence floor Age (years) Number of Gender Average residence Number of Standard deviation
family Male Female period (months) response
1-20 40.19 3.65 1 92 52.46 101 36.13
21-40 39.46 3.66 13 113 47.89 123 35.14
41-60 40.92 3.59 21 98 46.14 112 33.95
61-80 40.37 3.63 20 93 53.63 109 34.38
81-100 39.10 3.60 26 108 47.91 128 36.98
Average or total 39.97 3.62 91 504 49.45 573 35.41
F-test 0.690 N.S. 0.111 N.S. 6.857 N.S. 0.926 N.S.
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TABLE 2 | Evaluation of general health status and comparison with previous year status by residence floor.

Residents’ Health in High-Rise Building

Period Health status Current residence floor Total
1-20 21-40 41-60 61-80 81-100
Current year (2020) health status Excellent 1(10.9) 18 (14.8) .9) 8 (16.1) 14 (10.5) 75 (12.8)
Good 9 (18.8) 40 (32.8) .0) 4 (21.4) 45 (33.8) 154 (26.9)
Average 8 (47.5 42 (34.4) .2) 5 (49.1) 54 (40.6) 257 (43.9)
Worse 0 (19.8) 20 (16.4) 6) 4 (12.5) 16 (12.0) 86 (14.7)
Worst 3 (3.0 2(1.6) 1(0.9) 4 (3.0) 14 (2.4)
Total 101 (100.0) 122 (100.0) 118 1OO 0) 112 (100.0) 133 (100.0) 586 (100.0)
Chi-square 20.916 N.S
Last year (2019) health status Excellent 1(1.4) 3 (3.89) 5(7. 6 (7.9) 6 (7.6) 1 (5.6)
Good 16 (22.5) 9 (23.8) 14 (20.3) 15 (19.7) 15 (19.0) 79 (21.1)
Average 43 (60.6) 46 (57.5) 32 (46.4) 44 (57.9) 41 (51.9) 206 (54.9)
Worse 8 (11.3) 11 (13.8) 16 (23.2) 10 (13.2) 14 (17.7) 59 (15.7)
Worst 3(4.2) 1(1.3) 2 (2.9 1(1.3) 3(3.8) 10 (2.7)
Total 71 (100.0) 0 (100.0) 68 (100.0) 76 (100.0) 79 (100.0) 375 (100.0)
Chi-square 12.8156 N.S
TABLE 3 | Experience of health problems in winter by residence floor.
Symptom Current residence floor Total
1-20 21-40 41-60 61-80 81-100
Respiratory Disorder Yes 92 (88.5) 107 (88.4) 101 (87.8) 105 (94.6) 114 (87.7) 519 (89.3)
No 12 (11.5) 14 (11.6) 14 (12.2) 6 (5.4) 16 (12.3) 62 (10.7)
Total 104 (100.0) 121 (100.0) 115 (100.0) 111 (100.0) 130 (100.0) 581 (100.0)
Chi-Square 4.051 N.S.
Skin Disorder Yes 39 (43.3) 36 (36.0) 40 (43.5) 44 (46.8) 44 (40.4) 203 (41.9)
No 51 (56.7) 64 (64.0) 52 (56.6) 50 (53.2) 65 (59.6) 282 (58.1)
Total 90 (100.0) 100 (100.0) 92 (100.0) 94 (100.0) 109 (100.0) 485 (100.0)
Chi-Square 2.636 N.S.
Allergies Yes 30 (34.5) 34 (35.8) 34 (37.0) 30 (35.7) 46 (43.0) 174 (37.4)
No 57 (65.5) 61 (64.2) 58 (63.0) 54 (64.3) 61 (57.0) 291 (62.6)
Total 87 (100.0) 95 (100.0) 92 (100.0) 84 (100.0) 107 (100.0) 465 (100.0)
Chi-Square 1.959 N.S.
Digestive Disorder Yes 47 (53.4) 53 (563.5) 56 (57.7) 54 (61.4) 68 (63.6) 278 (58.0)
No 1 (46.6) 46 (46.5) 1 (42.3) 34 (38.6) 39 (36.4) 201 (42.0)
Total 88 (100.0) 99 (100.0) 97 (100.0) 88 (100.0) 107 (100.0) 479 (100.0)
Chi-Square 3.337 N.S.
Eye Disorder Yes 34 (40.5) 30 (33.0) 36 (37.9) 38 (44.7) 37 (36.6) 175 (38.4)
No 50 (59.5) 61 (67.0) 59 (62.1) 47 (55.3) 64 (63.4) 281 (61.6)
Total 84 (100.0) 91 (100.0) 95 (100.0) 85 (100.0) 101 (100.0) 456 (100.0)
Chi-Square 2.862 N.S.
Pain Yes 45 (51.5) 59 (60.2) 64 (65.3) 58 (62.4) 65 (61.3) 291 (60.2)
No 43 (48.9) 39 (39.9) 34 (34.7) 35 (37.6) 41 (38.7) 192 (39.8)
Total 88 (100.0) 98 (100.0) 98 (100.0) 93 (100.0) 106 (100.0) 483 (100.0)
Chi-Square 4.323 N.S.
Other Disorders Yes 49 (57.0) 57 (58.2) 58 (59.8) 51 (58.0) 66 (62.3) 281 (59.2)
No 37 (43.0) 41 (41.8) 39 (40.2) 37 (42.0) 40 (37.7) 194 (40.8)
Total 86 (100.0) 98 (100.0) 97 (100.0) 88 (100.0) 106 (100.0) 475 (100.0)
Chi-Square 0.702 N.S.

residential buildings, is mostly on vacation in summer due to the
scorching weather of Dubai. This is the main reason why the
survey was conducted in winter. Moreover, Dubai residents have

more health problems in winter due to dramatic temperature
change from 41°C (night)/31°C (day) in summer to 24°C (night)/
15°C (day) in winter.
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TABLE 4 | 12 scales Todai Health Index average score by residence floor (residents over 2 Years).

Floor

21-40

41-60

61-80

81-100

Total

Sig

Mean

S.D.

Mean

S.D.

Mean

S.D.

Mean

S.D.

Mean

S.D.

Mean

S.D.

complaints

Vague

2.390
62
0.340

2.358
75
0.336

2.288
64
0.401

2.402
71
0.300

2.377
73
0.371

2.364
345
0.351

N.S.

Respiratory

2,613
65
0.325

2.532
78
0.328

2.534
66
0.334

2.611
69
0.311

2.565
76
0.297

2.570
354
0.319

N.S.

Eye and
skin

2.500
69
0.332

2.457
79
0.375

2.449
65
0.338

2.514
70
0.399

2.437
74
0.367

2.471
357
0.363

N.S.

Mouth
and anal

2.580
68
0.276

2.525
79
0.347

2.495
61
0.370

2.601
71
0.279

2.548
77
0.308

2.550
356
0.318

N.S.

Digestive

2.555
68
0.335

2.492
78
0.352

2.476
67
0.398

2.549
70
0.366

2.529
76
0.346

2.520
359
0.359

N.S.

Irritability

2.223
71
0.361

2125
79
0.353

2.096
67
0.424

2.093
70
0.344

2.098
77
0.333

2127
364
0.364

N.S.

Lie
scale

2177
68
0.278

2.086
79
0.254

2.143
69
0.298

2174
71
0.288

2.109
76
0.265

2.136
363
0.277

N.S.

Mental
instability

2.230
65
0.375

2.242
77
0.382

2.250
66
0.366

2.216
70
0.331

2.193
74
0.385

2.226
352
0.367

N.S.

Depression

2.354
68
0.334

2.311
76
0.362

2.313
68
0.397

2.290
72
0.349

2.296
78
0.339

2.311
362
0.355

N.S.

Aggression

2.255
71
0.278

2.263
78
0.255

2.219
67
0.349

2.244
76
0.277

2.269
79
0.301

2.251
371
0.291

N.S.

Nervousness

2.064
68
0.342

1.990
80
0.441

1.974
64
0.448

2.065
71
0.425

1.952
77
0.391

2.008
360
0.412

N.S.

Irregularity
of life

2.311
68
0.261

2.262
77
0.258

2.249
65
0.286

2.268
71
0.235

2.253
75
0.242

2.268
356
0.256

N.S.
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TABLE 5 | Comparison between THI physical categories and THI mental categories by residence floor.

Residents’ Health in High-Rise Building

Current residence floor THI physical categories THI mental categories
Mean F-text Mean F-text

1-20 2.493 0.701 NS 2.204 0.619 NS

21-40 2.499 2.184

41-60 2.463 2.201

61-80 2.526 2.200

81-100 2.511 2.159

Average 2.498 2.188

TABLE 6 | Evaluation of indoor temperature and humidity status by residence floor.

Period Status Current residence floor Total

1-20 21-40 41-60 61-80 81-100

Temperature Very warm 0(10.3) 7 (6.8 9 (7.8 7 (6.3 8 (6.2) 1(7.1)
Warm 7 (27.8) 51 (42.1) 44 (37.9) 44 (39.6) 48 (37.2) 214 (37.3)
Moderate 7 (27.8) 45 (27.2) 48 (41.4) 49 (44.1) 47 (36.4) 216 (37.6)
Cold 8 (28.9) 17 (14.0) 14 (12.1) 10 (9.0) 24 (18.6) 93 (16.2)
Very Cold 5(5.2) 1(0.8) 1(0.9) 1(0.9) 2(1.6) 10 (1.7)
Total 97 (100.0) 121 (100.0) 116 (100.0) 111 (100.0) 129 (100.0) 100 (100.0)
Chi-Square 32.723 ***

Humidity Very dry 18 (18.4) 23 (19.2) 13 (11.2) 7 (15.2) 16 (12.4) 87 (15.1)
Dry 58 (59.2) 69 (57.5) 80 (69.0) 3 (65.2) 80 (62.0) 360 (62.6)
Moderate 21 (21.4) 28 (23.3) 21 (18.1) 7(15.2) 27 (20.9) 114 (19.8)
Humid 1.0 0 (0.0) 2(1.7) 5 (4.5) 6 (4.7) 14 (2.4)
Total 98 (100.0) 120 (100.0) 116 (100.0) 112 (100.0) 129 (100.0) 575 (100.0)
Chi-Square 16.153 N.S.

==@=[Respiratory Disorder ==@==Skin Disorder Allergies
Digestive Disorder ==@==Eye Disorder ==@==Pain

«=@=— Other Disorders

200
180
160
140
120
100
80
60
40
20

Number of Patients

Indoor Temperature

FIGURE 5 | Relationship between thermal environments and general diseases.

Very Warm Warm Moderate Cold

Very Cold

To investigate the occurrence of specific diseases, it was asked that ~ diseases, with 61-63% of them having medical experience. Overall,
the family members about their experiences of being treated for =~ respondents had a very high level of experience in receiving
common diseases this winter (Table 3). As a result, nearly 90% of the ~ treatment for various common diseases among their family
respondents for respiratory diseases have experienced at least one ~ members during the winter period. However, the experience
treatment. The following were digestive diseases, pain, and other  of treatment for each of these seven types of disease did not
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==@=Respiratory Disorder
Digestive Disorder
=@ Other Disorders
350

300

N
(o
o

200

=
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o

Number of Patients

100

50

Very Dry Dry

FIGURE 6 | Relationship between humidity environments and general diseases.

= Skin Disorder
=@=Lyc Disorder

Indoor Humidity

Allergies

«=@==Pain

0

Humid

Moderate

show any significant difference by the number of households,
indicating that the treatment experienced daily was
independent of the number of residents.

The Relationship Between Residence Floor
and Todai Health Index

For the scale score for each of the 12 scales of the Todai Index,
the sum of the items to which it belongs is usually used.
However, since the number of items belonging to each scale is
different, in this study, the average score of items belonging
to each scale was used for analysis for the convenience of
interpretation. Since each item is composed of a 3-point scale,
the closer the scale is to 3, the healthier it is. On all 12 scales, 2
or more points were scored, indicating that they were living
an overall healthy life.

By the number of living floors, there was no significant
difference in all 12 scales, so the Todai Index also shows
that the health of residents does not differ according to the
number of dwelling floors (Table 4). This trend is in line with
the previous analysis of general health conditions. This is
contrary to the claim that the higher you live, the more likely
you are to have health problems in some previous studies. By
the number of floors, there was no significant difference in all
12 categories, and the Todai Health Index also shows that the
health of residents does not differ depending on the number
of floors. This trend is in line with the previous analysis of
general health conditions. As pointed out in some previous
studies, this is contrary to the claim that the higher you live,
the more likely you are to have health problems.

The 12 categories of the Todai Health Index are divided into
five physical health and seven mental health categories.
Therefore, by simplifying the 12 categories of Todai, five
scales representing physical health were used as a group

variable, and seven scales representing mental health were
used as a group variable. By setting the scale to another group
variable, the mean of the two group variables can be
compared. As a result of comparing the scale scores of
these two group variables, it was found that physical
health had a relatively high score compared to mental
health. The paired t-test, which verifies the difference
between the two variables, showed that there was a
statistically significant difference. In other words, high-rise
residential building dwellers show relatively weaker mental
health than their physical health (Table 5).

Among the scales belonging to mental health, the scale
showing the lowest score is the “nervousness” scale, and the
“irritability” and “lie” scales also show relatively low scores.
However, this study cannot confirm whether this trend is a
trend only for high-rise residential building dwellers or a
general trend for city dwellers. Since all respondents in this
study are high-rise residential building dwellers, it is
difficult to compare them with the residents of other
housing types. Therefore, whether this trend is a
characteristic of high-rise apartments only or a general
trend requires a wider range of studies to be able to
identify a definite trend. However, the analysis result
confirmed that mental health had a lower level than
physical health and that this trend did not show any
difference by the number of living groups. From this, it
can be seen that the number of residents is not a factor
that causes the difference in mental and physical health level.

The Relationship Between Residence Floor

and Indoor Temperature/Humidity
The residential environment that affects the health of residents is
more likely to be affected by the environmental characteristics,

Frontiers in Built Environment | www.frontiersin.org

10

November 2021 | Volume 7 | Article 766057


https://www.frontiersin.org/journals/built-environment
www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles

Jung et al. Residents’ Health in High-Rise Building

£ rather than the physical building characteristics, and compared
(] (o0} o — (©} o o (e} N~ N~ hag © — <o} . . . .
35 %93 238 28% 58 Yo KN8% . toother countries, all the apartments in Dubai use centralized
D5 iTS a%S iT S a®S A . . .
A T R e Y A A/C; this is the reason why the survey is designed to separate
indoor temperature and humidity.
] Since indoor temperature and humidity in winter are likely
Q . . . . .
§ % 0% 588 85 g g o8 805 5858 5o to have a direct relationship with the physical health of
g 275 Y93 Y95 293 &7 S «®S o residents, it is necessary to understand the relationship
2 between indoor temperature and humidity in winter and the
health of residents. In particular, temperature and humidity
S deteriorate the ventilation conditions due to the nature of
[7] o < — (@] (<o} hag © — — 171 P
2 S92 §8g v¢ g o 52 5o s $58 &. apartment buildings that have an airtight space structure,
= H : HESUA HES P H : RS HELC A H . . . . . . .
2 N oo TolN old o)|N o)A while the insulation of the residential space is emphasized. It
< is worth noting that this is highly likely to cause health
c problems. As a result of the analysis, about 75% of the
o .
E N8 9, R 90 v ¥ 38 o o,g o respondents answered that the indoor temperature was
] 5 = by z A S o
g Iod 088 2982 Yo 220 9 g8 ~Z moderate or warm in the high-rise apartment, indicating
a that the heating condition in winter was good. However, in
terms of humidity, 19.8% answered that it was adequate, while
FE ¢« mle clo oo oo m e ol 77.7% answered that it was rather dry or fairly dry, indicating
= '8 [s5] N a . . . .
§E -85 998 496 ©3n &23 886 8 that the indoor air of high-rise apartments was generally dry.
=2 Also, in the indoor environment in winter, the number of living
floors and temperature have a certain relationship, but
2 @ N Ng® @9 =~ 9 N aLo o humidity does not show a significant difference (Table 6).
(4] O ~ ™ < [s¢} Xo} (s8] © o © 0 o © < @ © n
@ SN —Q4YN —QA —odN O~d — BN qZ
o q o [a\) o N o [aV) o N o [a\) o —
|
> Indoor Temperature/Humidity and General
= — Q N Q [e0} D <o} (99} N <o} %o} o @0
& 828 =88 988 358 Yo3 55 {2 Health Status
© O ® —2Q2mMm —9Q®M Oop® —<~dq —O9m «Z
x ol S adv%o a3 o [SHNY S o « . . . .1
E The relationship between indoor temperature and humidity and
daily health is characterized by two different factors. As a result of
° o . .
g the analysis, it was found that the temperature in the indoor
@ ILH 596 B8Sd Y8F 28 LB ©+  environment in winter did not have a clear relationship with the
k=) I\ SRR SRR oS o S o o o o o R K
=] occurrence of daily diseases. In other words, the thermal
environment showed a significant difference depending on the
£ 8 o 2 200 FEos N8 2 5 Q02 g resident group, but it was found that the thermal environment
> ®© e} I~ = o p €D . . : .
23 J°8 & 88 888 328 9-8 ©¥2 2 itself was not related to the daily occurrence of diseases in most of
% ® the items (Figure 5). It can be seen that the pattern of disease
° .
£l occurrence does not change depending on how warm and cold
5 585 8o 245 %ak 58 8.2 TvB 8y the indoor space is in winter. However, the indoor humidity
o] o =< SF0 N v ®0 o0 WO THO I Z . . . .
I 5% & o d%c ad¥o oo a o dPo - environment has a very deep relationship, and it was found that
s - : .
3 there was a significant difference according to the degree of
T 2 » indoor humidity in all items, except allergy among daily diseases.
£ B Ead 822 8238 808 308 898 59 Therefore, the factor that has a deep relationship with disease
£ ] e B0 82 Iz . . . . -
= 7o d¥S dTo & o d o d¥o 2 occurrence among indoor environments is the indoor humidity
(= . . .
s environment, rather than the warm environment, and it can be
> . . .
& " evaluated that it has a very strong correlation (Figure 6).
g 9 El o fle ale o0l mlo mle. o However, unlike the warm environment, the indoor
IS 8 n oSy o Is¢] © INEDSS S 1 . A s
$ 23 ABH S8 o6 AP 823 5D humidity environment does not show a significant difference
= s E oV o o o o o o [e I o o o . ! A . . B
g g 2 with residence floors. Even if the indoor humidity environment
o . . . . .
E N is a factor that has a deep relationship with the disease
- e c c c c c c occurrence of residents, it cannot be said that it has a
2 g § 08 o 8§ o 8§ 4o 8 _ac 8§ _ad relationship with the architectural characteristics, that is, the
s £ ZzZzn ZZ0 =ZZ0N =ZZ0H =ZZ0H =ZZO0O . .. .. . . .1
5 6 indoor humidity condition is a result of the indoor humidity
¢ 2 environment formed, regardless of the number of living floors.
— o - -
~ oS £ 2 z It is judged that this is due to the factors other than the number
a g ; £ 3 < = = 3 of households, namely, the lifestyle and other factors each
< < o 0 Q Q o ° Aot
F F = = = o = e 0 household has.

Frontiers in Built Environment | www.frontiersin.org 11 November 2021 | Volume 7 | Article 766057


https://www.frontiersin.org/journals/built-environment
www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles

Jung et al.

o ™ © 0 © ™ o
OC o NN TF OO S
—ONNRANNO2AD
N o o o

=
(] [Ye) [Ye) 0 M o o
TE 34O LROHRNRD X
- Qoo d o250
2% - oS Poca T od
-
=
0
7]
2
© [ Te) N~ < ©
7] SO NROSOS®
3 —oNNBOO - ®S
E N o o o
[}
4
c
.2
7] N~ o 0 0 o ™
7] NoBWOIYTUuANNNN
o NoOOFT 0o
o ol o o o
=
<
c
.2
0 oo} o N~ 0 ™ ~ O
] O - OO NROONS g~
o —o ®NGZNON22ON
S al S o o S o
7]
(=]
=2
8= W SN © o 0 N~
t 9 OCpomMmIoN~NT OO
g8 —odN~-FgA~-TAA
s o o o ol o
c
o o o N @ M ~ 0
[ NopBr20O0n- o
J0 Qv NNT- oA
iy YRR
(] N N o o
= Q ™ © 0 v w <
o] O QAN ©ONSF D
© moommggmmgmaq
s SV o o o o o
=
g
= te} © o [ JTe} <t
kA DT RDRSHDD ©
1] S0 ®0WHEOQO0N0
= al S oS o S o
=]

X

o)

ko]

< -

c ®

< te} o o ® O ®© v

S 5§ 3R 30BBRDH

T 80g QoS Foaweno

T S ¢ « o [@ o

= <

o]

°

e}

[ -

° € o) © © @ N~ © o

c c . ST aaNOWY - O»nO

T 9% <TONOWR DO~

b Ii."’ o [SHY [SIN [SIEY

o]

IS

c

S 2

s 2

5 o [N . o © M

- o N o © OO NWON

= 3 NO®DOYDT QDLW

o 0 ol o o o ol o ol

1S (]

=} o

<

jon

3

S 2

g o .

3 3 © & Q% d% Q%

2 93 3z08§z08=z035

-_% gg = n > n > @n >

@ ]

5 3]

2

[0]

o €

— 7]

o 2>E o

w 5 S > ©

| .Eg © o] ie]

o S O IS

2 5 § > Q =]

I o > 0O = T

13
0.249
2.274

538
0.252
8.065"*

14
0.411

14
0.220
2048

14
0.330
2318

14
0.411

14
0.233
2.140

555
0.281
1126 N.S

13
0.379

12
0.251

14 14
0.365

0.297

14
0.254

13
0.270

S.D.
Mean

2.005

2.231

2.125

2.520
544
0.367
5.796***

2.550

2.471

2.563
537
0.327
6.715"

2.371

Total

551
0.412

562
0.296

4.593***

550
0.362

537
0.373
5.705***

552
0.369
5.783"*

545
0.319

547
0.358
4471+

523
0.347
9.515™

S.D.

3.891***

5.496"**

6.388***

F-test

Residents’ Health in High-Rise Building

Indoor Thermal Environment and Todai

Health Index
Looking at the relationship between indoor temperature and the 12
categories of Todai, some categories show differences in scale scores
according to indoor temperature. Items showing differences in scale
scores were analyzed on five scales: “vague complaints,” “digestive,”
“mental instability,” “aggression,” and “irregularity of life.” Looking at
these in detail, the group that responded to “warm” and “moderate”
was rated relatively high in health. “Very warm,” “cold,” and “very
cold” showed relatively low scale scores in the group that responded.
Although there is a slight difference among the groups of “warm” and
“moderate,” which were evaluated for high health, the group that
responded to “warm” showed a slightly higher score. On the other
hand, in the group with low health, the response group for “very
warm” is similar to the response group for “cold,” whereas the
response group for “very cold” tends to show the lowest scale score.
By simplifying each of these categories, the results of comparing
the 12 categories of Todai by grouping them into physical health
items and mental health items show very interesting results.
Grouping them has a problem of diluting individual
characteristics by treating them as one group variable in 12
independent categories. However, it can be useful as a way of
looking at overall trends. As a result of the analysis, the indoor
thermal environment showed no significant difference with physical
health items. However, there is a significant difference with mental
health items. This means that the indoor thermal environment has a
relatively high effect on mental health than on physical health among
health effects. In the case of mental health items showing a significant
difference, the response group showed high scores for “warm” and
“moderate.” It was found that a cold or too warm indoor
environment had an adverse effect on mental health (Table 7).

Indoor Humidity Environment and Todai
Health Index

As a result of verifying the difference according to the degree of
indoor dryness or humidity for 12 categories of Todai, it was
analyzed that there was a difference in all 11 items, except “lie
scale” out of the 12 categories. This result is consistent with the
analysis previously analyzed that indoor humidity has a
significant relationship in the analysis of the relationship
between indoor humidity and daily disease occurrence.

Among the responses to indoor humidity, “very humid” did not
respond at all. As the dryness increases, the Todai scale score tends
to be lower, indicating that dry indoor air has a negative effect on
health. In addition, in about half of the 12 categories, the group
responding to “humid” showed a higher scale score than the group
responding to “moderate.” Rather, it suggests that a slightly humid
indoor environment is positive for health. These results suggest
that indoor humidity is a central factor affecting the health of
residents. This is because the indoor humidity conditions in both
the daily occurrence of disease and the Todai Index show a
difference under a fairly high level of significance.

As a result of analyzing the 12 categories of the Todai Index by
dividing them into a group of physical health items and a group of
mental health items, indoor humidity shows a significant difference in
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both group variables. It can be seen that the scale scores in both
physical and mental health items are increasing as the group that
responded that it is wet is increasing. These results again show that a
slightly humid indoor environment has a positive effect on health,
whether it be physical or mental health, rather than a dry environment.
Therefore, the daily disease occurrence and Todai Index analyzed
before show the same results in the relationship between the indoor
temperature and humidity environment (Table 8).

CONCLUSION

The correlation between architectural and indoor environmental
characteristics and health was analyzed for the residents of high-
rise residential buildings in Dubai. Residents” health in high-rise
residential buildings in Dubai had never been evaluated with any
self-reported health evaluation tools, even though Dubai is one of
the most well-known cities of skyscrapers.

As a result of the analysis, as has been pointed out before, the
point that the higher you go to the higher floors, the negative
impact on the health of residents is not verified. These results
were found to be independent of the number of floors in the self-
assessment of overall health, changes in the health status
compared to 1year ago, occurrence of daily diseases, and
health evaluation by the Todai Health Index. It can be
determined that there is no relationship between the residence
floor and health. As pointed out in some of the previous studies,
this result is contrary to the point that the higher you go, the more
negative the health of the residents. The average residence period
of Princess Tower residents is not long, and due to the differences
in lifestyles, it suggests that the results of previous studies may not
be applied to Dubai residents. Moreover, the limitation of this
research was the size of the sample. It was not big and diverse
enough. For future research, similar size high-rise residential
buildings such as 23 Marina (90 floors, 393 m), Elite Residence
(91 floors, 381 m), The Marina Torch (80 floors, 348 m), Cayan
Tower (76 floors, 330 m), and HHHR Tower (72 floors, 317 m) in
Dubai Marina should be investigated simultaneously via self-
reported health evaluation based on the Todai Index.

Among the indoor environmental characteristics, the thermal
environment has a significant correlation with the residence floors,
but the effect of the thermal environment itself on health has a weak
correlation with physical health. However, it was analyzed that the
humidity environment in winter has a very direct relationship with
the health of residents. On the other hand, the indoor humidity was
analyzed to be independent of the number of living floors, so it was
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