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Effects of Heat Wave on Body Temperature and Blood Pressure
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We aimed to investigate the acute effects of heat stress on body temperature and blood pressure of elderly individuals living in
poor housing conditions.
Repeated measurements of the indoor temperature, relative humidity, body temperature, and blood pressure were conducted for
20 elderly individuals living in low-cost dosshouses in Seoul during hot summer days in 2010. Changes in the body temperature, systolic
blood pressure (SBP) and diastolic blood pressure (DBP) according to variations in the indoor and outdoor temperature and humidity were
analyzed using a repeated-measures ANOVA controlling for age, sex, alcohol, and smoking.
Average indoor and outdoor temperatures were 31.47 ‘C (standard deviation [SD], 0.97 ‘C) and 28.15°C (SD, 2.03 C), respectively.
Body temperature increased by 0.21 C (95% confidence interval [Cl], 0.16 to 0.26 C) and 0.07 °C (95% CI, 0.04 to 0.10 C) with an increase
in the indoor and outdoor temperature of 1°C. DBP decreased by 2.05 mmHg (95% CI, 0.05 to 4.05 mmHg), showing a statistical significance,
as the indoor temperature increased by 1°C, while it increased by 0.20 mmHg (95% Cl, -0.83 to 1.22 mmHg) as outdoor temperature
increased by 1°C. SBP decreased by 1.75 mmHg (95% CI, -1.11 to 4.61 mmHg) and 0.35 mmHg (95% Cl, -1.04 to 1.73 mmHg), as the indoor
and outdoor temperature increased by 1°C, respectively. The effects of relative humidity on SBP and DBP were not statistically significant for
both indoor and outdoor.
The poor and elderly are directly exposed to heat waves, while their vital signs respond sensitively to increase in temperature.
Careful adaptation strategies to climate change considering socioeconomic status are therefore necessary.
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are less likely to be able to afford air-conditioning [7-9].

In addition, it is well known that elderly people do not
adjust compared to young people to sudden changes in
temperature because they are more likely to have a chronic
medical condition that changes normal body responses to
heat [9-13]. The most serious short-term effects of excessive
environmental heat are caused by the impact on the body’s
thermo-regulating mechanism, water and electrolyte

The surface air temperature has increased significantly by
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people because they are more likely to have cardiovascular
diseases. Previous studies [14,15] reported that elderly
persons may be particularly susceptible to temperature-
related variations in blood pressure. The baroreflex, which is
one of the mechanisms of blood pressure regulation, is
modified in elderly subjects [14]; it has been hypothesized
that disorders of baroreflex control and enhanced
vasoreactivity could contribute to the aging-associated
increase in cardiovascular morbidity [15].

Although both poverty and old age are critical risk factors
for heat-related illness and death, there are few studies on the
health effect of heat waves on the poor and elderly people.
Kim and Joh [3] studied the effect of high temperatures on
low-income elderly people in terms of excess mortality due
to heat stress. However, their study did not include changes
in physical condition and the disease burden.

In order to reduce the adverse health impact of extreme
hot weather, potential health effects should be predicted
based on an understanding of vulnerable groups who are
susceptible to climate change. One of the best ways to
predict potential health effects of heat stress on the elderly
living in poor conditions is to measure the changes in
primary outcomes, including the blood pressure and body
temperature, caused by the hot weather. This would lead to a
better understanding of the health effects of climate change
and would allow the formulation of an adaptation strategy
considering the socioeconomic status of people.

The purpose of this study is to investigate the indoor
environmental climate of dosshouses and to assess the acute
effects of heat stress on body temperature and blood pressure
in elderly individuals living in poor housing conditions.

1. Study Design

For this study, we surveyed elderly individuals living in
dosshouses, called zzockbang in Korean, which literally
means a very small room divided into several compartments,
each allowing just one individual, in Donui-dong, Jongno-
gu, Seoul, Korea. Residents living in dosshouses have no
personal kitchen or bathroom and many dosshouses have no
windows. In metropolitan Seoul, there are five large slum
areas. Among them, the Donui-dong zzockbang area, with
about 500 residents, is located in the center of Seoul and is
surrounded by large tall buildings and crowded streets,
meaning that the area easily becomes a heat island in
summer.

Dosshouses in slum areas are mainly occupied by elderly
individuals of low socioeconomic status who typically live
alone. As the sizes of the dosshouses are very small with no
air-conditioning, it was predicted that the people living in
these houses would be directly exposed to heat waves during

hot summer days. Twenty elderly persons who agreed to
participate in our survey were selected for repeated
measurements of their body temperature and blood pressure.

The survey was carried out between July 27 and August 6,
2010. The summer of 2010 was one of the hottest summers
in Korea. There were 12.2 tropical nights on the average of
whole country in August, which is 6.5 days more than the
average of the most recent 10 years (2001-2010). From
August 1 to August 6, 117 of patients were diagnosed as
suffering from hyperthermia (45 % of hyperthermia patients
in 2010). 4 cases died due to heat wave during the same time
among the 8 cases which occurred in 2010 [16].

We collected two types of data: climatic variables such as
temperature and humidity and health indicators such as body
temperature and blood pressure through repeated
measurements. In addition, we surveyed the housing
conditions, the self-reported health outcomes during
successive days of hot weather, and the behavioral habits of
the participants to adjust for confounding factors.

We then analyzed changes in the body temperature,
systolic blood pressure (SBP) and diastolic blood pressure
(DBP) according to variations in the indoor and outdoor
temperature and humidity using a repeated measures
ANOVA controlling for age, sex, alcohol and smoking.

11. Personal Exposure Measurements

The indoor temperature and humidity of the dosshouses
during the survey period were measured with an electronic
hygrothermograph (AE-817CE, B&J, China). For the
calibration of the thermometer and hygrometer used in the
study, the researchers installed a total of 20 thermometers
and hygrometers in the same indoor space, stabilized them
for 40 minutes, and measured device-specific values a total
of five times at 15-minute intervals. Variations were revised
based on the wet-bulb globe temperature (WBGT;
QUESTtemp° 30, Quest® Technologies, Oconomowoc, W1,
USA) levels measured at the same location. Calibrated
thermometers and hygrometers for every household,
installed to avoid particular heat source locations, were used
to measure the temperature and relative humidity in the
morning (8:00-9:00) and afternoon (14:00-15:00) during the
study period. In addition, the temperature and humidity
values were recorded hourly over nine days in two
households that participated in the study.

For the outdoors, the hourly temperature and three-hourly
relative humidity data were obtained from the Korea
Meteorological Administration. We collected the data
measured in Songwoll-dong Jongno-gu, Seoul, which is the
nearest station to the study area, located at 37.34°N and
126.57°E. For temperature, we utilized the average of 8 am
and 9 am data for morning and of 2 pm and 3 pm data for
afternoon. For relative humidity, we adopted the 9 am and 3
pm data for morning and afternoon from among the three-
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hourly data sets, respectively. Discomfort index (DI) was
also calculated based on the measured indoor temperature
and relative humidity. We adopted the formula proposed by
Thom [17]. The formula used is as follows:

DI= 9/5 X Ta -0.55 X (1-RH)(9/5 X Ta- 26)+32

where DI is the discomfort index; Ta indicates the dry-
bulb temperature; and RH is the relative humidity.

After a full five minutes of rest, seated blood pressure and
body temperature were measured by trained research
assistants twice a day in accordance with the time when the
meteorological data were measured. Blood pressure
measurements were recorded in parallel using a mercury
sphygmomanometer on meter on the right arm using
appropriate cuff sizes. Body temperature was also measured
using Braun ThermoScan IRT-4520 ear thermometer twice a
day at the same time as the blood pressure measurements.

It would have been better to measure the hourly indoor
temperature and to make more frequent measurements of
health indicators for a more delicate assessment of
relationship between indoor climatic variables and health
indicators. However, due to poor security, like most slum
areas, it was impossible to measure these factors more
frequently, especially at night.

111, Statistical Analysis

Changes in the body temperature, SBP and DBP according
to variations in the indoor and outdoor temperature and
humidity were analyzed using a repeated measures ANOVA
controlling for age, sex, alcohol and smoking. Repeated
measures ANOVA, a type of mixed effect model, compares
the average score at multiple time periods for a single group
of subjects. The data in this case were collected over time;
specifically there were 18 repeated measurements for each
subject during the study period. To reduce the bias between
subjects, a random effect was adopted for the subject. For
covariance parameters, we used a first-order autoregressive
[AR(1)] covariance structure, which has homogeneous
variances and correlations that decline exponentially with the
distance, considering that the repeated measurement data are
generally associated with autoregression owing to the
narrow time interval.

The model specifications we used are as follows:

Yi=/+ Si(TEMP)i+ BRH)i+ S Xt -+ SiXuit Eirt ey

where /@ is the overall intercept; /i is the coefficient of the
exposure to temperature (TEMP); /2 is the coefficient of the
relative humidity (RH); 3---/: are the coefficients for the
covariates included in multivariate models; &;denotes the
random effect for the subject; j represents the subject; i
represents the measurement time, and e; is the residual error

Heat Stress and Poor and Elderly People

term. All tests were two-sided, and an alpha level of less
than 0.05 was considered significant. In the model for body
temperature, sex and age were included, and in case of blood
pressure, sex, age, current smoking habit, alcohol
consumption, and measurement time (morning and
afternoon) were included for adjustment. In the models for
the DI, indoor DI was included instead of the indoor
temperature and indoor relative humidity and same
covariates were considered for the body temperature and the
blood pressure models.

The statistical package SAS version 9.2 (SAS Inc., Cary,
NC, USA) was utilized to complete the statistical analysis.

1. Summary of Subjects

Table 1 shows the summary statistics of the subjects
including their demographic characteristics, meteorological
data, and health indicators as measured during the study
period. The average age of the participants was 74.3
(standard deviation [SD], 8.2) years. Three (15.0%) of 20
elderly people were current alcohol drinkers and nine
(45.0%) had a habit of smoking.

The indoor temperature of the dosshouses was 31.5°C
(SD, 1.0°C) on average while the outdoor temperature for
the same time, as measured by the Korea Meteorological
Administration, was 28.2°C (SD, 2.0° C), showing that the
indoor temperature of the dosshouses was 3.3° C higher
overall.

The indoor relative humidity of the dosshouses was 73.7%
(SD, 6.7%) on average while the average outdoor relative
humidity for the same time was 68.4% (SD, 12.6%).
Compared to outdoors, there was less variation in both the
indoor temperature and the humidity, which means that the
hot and humid indoor condition was maintained during the
study period without falling. The indoor DI was 84.2 (SD,
1.8) on average, showing that the indoor area was very
uncomfortable for the residents.

The body temperature of the participants was 36.5° C (SD,
0.4° C) on average and the SBP and DBP were respectively
133.66 mmHg (SD, 24.5 mmHg) and 81.68 mmHg (SD,
15.3 mmHg).

Figure 1 shows the comparison of the daily indoor
temperature and relative humidity in the dosshouses with the
outdoor condition in Jongno-gu, Seoul, from July 27 to
August 6,2010. All values for the indoor temperature of the
dosshouses were higher than those of outdoor area; the
average indoor temperature at 8-9 am for 9 days was 31.1°C
(30.5-32.1°C), while the average outdoor temperature at 8-9
am for the same period was 26.6°C (25.4-28.8°C). The
average indoor temperature at 2-3 pm for 9 days was 31.9°C
(31.1-32.8°C), while the average outdoor temperature at 2-3
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Baseline distribution of characteristics of the study sample

Variables No. of samples Average Min Max
Demographic characteristics
Age (y) 20 743 8.1 63 95
Sex
Male 15 (75.0)
Female 5(25.0)
Alcohol consumption
Yes 3(15.0)
No 17 (85.0)
Current smoker
Yes 9(45.0)
No 11 (55.0)
Hypertension
Yes 9(45.0)
No 11 (55.0)
Meteorological variables
Indoor temperature (°C ) 318 31.5%10 29.1 34.8
Indoor relative humidity (%) 319 737 6.7 510 90.0
Indoor discomfort index (%) 317 842+18 80.5 89.0
Outdoor temperature' (°C ) 327 282+20 25.6 32.1
Outdoor relative humidity' (%) 327 684+ 126 340 93.0
Health indicators
Blood pressure (mmHg)
Systolic blood pressure 327 1337 +245 88.0 205.0
Diastolic blood pressure 327 817+ 154 50.0 170.0
Body temperature (°C ) 325 365+04 35.1 375

Data are presented as mean==SD or n (%).
SD, standard deviation.

" Average of outdoor temperature and relative humidity data at the same time when the indoor data were measured during study period.

pm for the same period was 29.9°C (28.0-32.1°C). In
particular, the temperature difference in the morning was
higher than the difference in the afternoon, and was about
4.6°C higher than the air temperature in Jongno-gu, Seoul
during these two times. Furthermore, the tropical night
phenomenon, nights with a minimum temperature exceeds
25°C, occurred every day from July 30 to August 6, 2010
except for August 3.

There was little difference between the indoor and outdoor
relative humidity in the morning; the average relative
humidity of indoors was 75.4% (67.0-82.6%) and that of
outdoorswas 76.0% (66.0-93.0%). However, for the
afternoon (2-3 pm), the indoor relative humidity was much
higher than the outdoor reading; the average indoor relative
humidity at 2-3 pm for 9 days was 72.0% (63.0-78.9%),
while the average outdoor relative humidity was 60.0%
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Comparison between indoor and outdoor in temperature and relative humidity.
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Correlations of meteorological variables, body temperature, and blood pressure

Outdoor Outdoor Indoor Indoor Bod

temperature RH temperature RH bl tempergture Sl DBP

Outdoor temperature 1 -0.679 0.341 -0.055 0.251 0.231 -0.036 -0.031

(p-value) (<0.001) (<0.001) 0.33) (<0.001) (<0.001) 0.52) (0.58)

Outdoor RH 1 -0.038 0448 0254 -0.094 0.001 0015

(p-value) (0.50) (<0001)  (<0.001) 0.09) 0.99) 0.78)

Indoor temperature 1 -0.117 0.771 0.310 -0.243 -0.280
(p-value) 0.04) (<0.001) (<0.001) (<0.001) (<0.001)

Indoor RH 1 0.541 -0.001 0.052 0.147

(p-value) (<0.001) (1.0) 0.36) (0.008)

Indoor DI 1 0.261 -0.178 -0.145

(p-value) (<0.001) 0.002) 0.01)

Body temperature 1 -0.027 -0.030

(p-value) 0.63) (0.60)

SBP 1 0.755
(p-value) (<0.001)

RH, relative humidity; DI, discomfort index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
Effect of temperature and humidity on body temperature and blood pressure

Response Effect Est(|g)1‘ate Stz:r%?rd t-value Pr > Itl Lower Upper

BT (°C) Indoor temperature 0.205 0.025 8.06 <0.001 0.155 0.255

Indoor RH -0.001 0.003 -0.15 0.879 -0.007 0.006

Indoor DI 0.080 0014 5.57 <0.001 0.051 0.108

Outdoor temperature 0.067 0015 437 <0.001 0.037 0.097

Outdoor RH 0.004 0.003 1.56 0.121 -0.001 0.009

SBP (mmHg) Indoor temperature -1.750 1451 -1.21 0.229 -4.608 1.107

Indoor RH -0.052 0.170 -0.30 0.761 -0.387 0.283

Indoor DI -0.755 0.689 -1.10 0274 -2.112 0.602

Outdoor temperature -0.346 0.704 -049 0.623 -1.731 1.039

Outdoor RH -0.018 0.118 -0.16 0.876 -0.250 0213

DBP (mmHg) Indoor temperature -2.049 1014 -2.02 0.044 -4.047 -0.051

Indoor RH 0222 0.124 1.79 0.075 -0.022 0.466

Indoor DI -0.110 0497 -0.22 0.826 -1.088 0.869

Outdoor temperature 0.199 0.521 0.38 0.703 -0.826 1.224

Outdoor RH -0.002 0.086 -0.02 0.984 -0.171 0.168

BT, body temperature; RH, relative humidity; DI, discomfort index; SBP, systolic blood pressure; DBP, diastolic blood pressure
' All effects of climatic variables were results from multivariate models. In the model for body temperature, sex and age were included, and in case of blood
pressure, sex, age, current smoking habit, alcohol consumption, and measurement time (morning and afternoon) were included for adjustment.

(34.0-73.0%), showing more variation by date.

11. Correlation

The correlation coefficients of the body temperature
related to the indoor and outdoor temperature and the indoor
DI were 0.310, 0.231, and 0.261, showing a positive
significant relationship.

For the blood pressure readings, both the SBP and the DBP
showed a significantly negative relationship with the indoor
temperature and the DI, presenting values of -0.243 and -
0.280, respectively, for the indoor temperature and -0.178 and
-0.145, respectively, for the DI, whereas they presented no
significant correlation with the outdoor temperature. The
body temperature and blood pressure showed no significant
correlation with the indoor or the outdoor relative humidity.

111. Effects of Meteorological Variables on Health
Indicators

The effects of the temperature and humidity on the body
temperature and blood pressure are given in Table 3. The
body temperature increased by 0.21°C (95% confidence
interval [CI], 0.16 to 0.26°C) and 0.07°C (95% CI, 0.04 to
0.10°C) as the indoor and outdoor temperature increased by
1°C with the adjustment of age and sex. The body
temperature also increased by 0.08°C (95% CI, 0.05 to 0.11°C)
with an indoor DI increase of 1°C. However, the effects of
the relative humidity on the body temperature were not
statistically significant for both indoor and outdoor readings.

The SBP decreased by 1.75 mmHg (95% CI,-1.11 to 4.61
mmHg) and 0.35 mmHg (95% CI, -1.04 to 1.73 mmHg) as
the indoor and outdoor temperature increased by 1°C,
respectively. It also decreased by 0.76 mmHg (95% CI, -0.60
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Comparison of the effects of indoor temperature and relative humidity between hypertension and non-hypertension
elderly group

Group Response Effect Estl(rz)ate‘ StZ?r%?rd t-value Pr > [tl Lower Upper
Hypertension BT (°C) Temperature 0.258 0.044 5.87 <0.001 0.171 0.345
RH -0.002 0.005 -043 0.670 -0.013 0.008

SBP (mmHg) Temperature 3.175 2717 1.17 0.245 -2.196 8.546

RH -0.133 0.269 -049 0.622 -0.664 0.399

DBP (mmHg) Temperature -0.690 2.024 -0.34 0.734 -4.696 3317

RH 0.179 0212 0.84 0402 -0.241 0.599

Non-hypertension BT (°C) Temperature 0.188 0.032 5.84 <0.001 0.124 0.252
RH -0.001 0.005 -0.30 0.761 -0011 0.008

SBP (mmHg) Temperature -3.170 1.718 -1.84 0.068 -6.570 0.231

RH -0.051 0211 -0.24 0.809 -0467 0.365

DBP (mmHg) Temperature -1.429 1.131 -1.26 0.209 -3.670 0.813

RH 0.181 0.140 129 0.199 -0.096 0459

BT, body temperature; RH, relative humidity; SBP, systolic blood pressure; DBP, diastolic blood pressure.
" All effects of climatic variables were results from multivariate models. In the model for body temperature, sex and age were included, and in case of blood
pressure, sex, age, current smoking habit, alcohol consumption and measurement time (morning and afternoon) were included for adjustment.

to 2.11 mmHg) with the indoor DI increase of 1°C when age,
sex, smoking, alcohol, and morning and afternoon were
controlled as confounding factors.

The DBP decreased by 2.05 mmHg (95% CI, 0.05 to 4.05
mmHg), showing statistical significance, as the indoor
temperature increased by 1°C, while it increased by 0.20
mmHg (95% CI, -0.83 to 1.22 mmHg), showing with no
significance, as the outdoor temperature increased by 1°C.
The DBP decreased by 0.11 mmHg (95% CI, -0.87 to 1.09
mmHg) with an indoor DI increase of 1°C, although this was
not statistically significant.

While the SBP decreased by 0.05 mmHg (95% CI, -0.28
to 0.39 mmHg), the DBP increased by 0.22mmHg (95% CI,
-0.46 to 0.02 mmHg) with an increase in the indoor relative
humidity of 1%, showing no significance.

We compared the effect of climatic variables on the body
temperature and blood pressure between a hypertensive
elderly group and a non-hypertensive group. The
hypertensive group was defined as subjects who had been
diagnosed as suffering from hypertension by a doctor and
who were taking an anti-hypertension drug. Nine (45.0%) of
20 elderly peoplewere classified as hypertensive group.
Upon analyzing the hypertensive and non-hypertensive
subjects separately, the SBP of the hypertension group was
found to increase by 3.18 mmHg (95% CI, -2.20 to 8.55
mmHg), showing no statistical significance, while the DBP
of the hypertension group decreased by 0.69 mmHg (95%
CI, -3.32 to 4.70 mmHg) as the indoor temperature rose by
1°C. However, the SBP of the non-hypertension group
decreased by 3.17 mmHg (95% CI, -0.23 to 6.57 mmHg),
showing no statistical significance, as the indoor temperature
rose by 1°C. The DBP of the non-hypertension group
decreased by 1.43 mmHg (95% CI, 0.81 to 3.67 mmHg).
The effects of relative humidity on blood pressure were not
significant in both hypertension and non-hypertension
groups. The body temperature of the hypertension group
increased by 0.26°C (95% CI, 0.17 to 0.35°C) and that of

non-hypertension group increased by 0.19°C (95% CI, 0.12
to 0.25°C) as the indoor temperature rose by 1°C showing
statistical significance (Table 4).

We investigated the indoor environmental climate of
dosshouses located in the center of metropolitan Seoul
during hot summer days to assess their health impact on
those whose health was most likely to be affected by
weather-related changes, i.e., elderly people who lived alone
in poor housing conditions.

According to the definition of a previous study [18], heat
waves were categorized by intensity and duration. Hajat et
al. [18] considered 6 heat wave types: periods of 2 or more
or 4 or more days of continuous temperatures that are more
than the 98.5th, 99th, or 99.5th percentile of the
community’s temperature distribution. Considering that the
average temperature of Seoul is 12.9°C (SD, 10.2°C) for the
last ten years, 2001-2010, and that the 99th and 98.5th
percentiles of the average temperature in Jongno-gu, Seoul
are 28.6°C and 28.3°C, respectively, a heat wave was
occurred in the study period. The ambient average
temperatures of August 5 and 6 in 2010 were 29.2°C and
28.3°C, respectively, thus matching or exceeding 28.3°C and
having occurred continuously. Furthermore, considering the
indoor temperature, the residents in the dosshouses were
under a heat wave during all the study period because the
daily indoor temperatures were always over 28.6°C, the 99th
percentile of the last ten years, showing a range of 29.1-
34.8°C (Figure 1). During the hot days, the indoor DI was
very high, showing an extremely uncomfortable condition.
That is, the average discomfort index was 84.22 (SD, 1.77),
which was higher than the level of 80 at which most people
complain of discomfort (Table 1). The average morning and
afternoon temperatures were 31.1° C (SD,0.8°C) and 31.9°C
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(SD, 1.0°C), respectively, and there were not significant
differences between them. In Korea, when comparing the air
temperature in the summer under the same conditions, the
appropriate indoor cooling temperature is suggested to be
between 26 to 28° C. Therefore, based upon this information,
people residing in dosshouses live in temperatures 4 to 5°C
higher than the advised standard indoor temperature in the
summer. According to the records of the hourly room
temperature of two participants, the room temperature was
comparatively constant regardless of the daily time, having
remained at more than 30°C (Appendix 1). That is, the high
temperature lasted all night, which means that the residents
in the dosshouses were directly exposed to the high
temperature and tropical night phenomenon during the hot
summer days.

Dosshouses, with an average room size of 5.1 m*(SD, 3.5
m’) according to the measurements of 19 dosshouses and
without window in half of them, are characteristically
clustered together in a narrow space comparable to a
labyrinth, which inhibits ventilation and air circulation.
Furthermore, residents in dosshouses typically cook in their
room using a potable burner and an electric cooker because
they have no separate kitchen. This can cause the
temperature to rise in the dosshouses during the day. The
small building fronts could also lead to less heat escaping,
even at night. In addition, due to poor security at the
dosshouses, the residents could neither open their doors nor
their windows at night, which exacerbated the high-
temperature condition.

The rise in body temperature was significantly associated
with indoor and outdoor temperature rises (Table 3). The rise
in body temperature was more affected by the indoor
temperature (0.21° C of increase in the body temperature per
1°C increase in the ambient temperature increase) than the
outdoor temperature (0.07° C), which reflects the fact that
the residents spend most of their time in the dosshouses due
to the general difficulty they experience when moving. In
addition, the effect of the temperature on the body
temperature was higher in hypertensive subjects than non-
hypertensive subjects (Table 4).

In order for the human body to maintain a consistent
temperature, a continuous exchange of heat with the
environment is necessary according to the law of
thermodynamics. Body heat is primarily produced through a
metabolic process in the interior of the body, and heat
exchange between the body and the exterior environment is
accomplished through mechanisms such as conduction,
convection, radiation, and evaporation. However, when a
body is exposed to high temperatures for an extended period,
body temperature regulation is inhibited as heat exchange
cannot occur properly. Furthermore, the failure of
thermoregulation caused by extremely high temperatures
may be impaired by dehydration, salt depletion, and
increased surface blood circulation [19].

Heat Stress and Poor and Elderly People

As a consequence of impaired body temperature
regulation, our subjects experienced a significant increase in
body temperature during the hot days, and at worst some had
a slight fever. In addition, a high level of subjective
symptoms such as muscle pain, headaches, movement
disorders, and difficulty in breathing were also reported; two
participants experienced dyspnea, one participant
experienced nausea, five participants experienced headache,
and six participants experienced muscle aches and stiffness.
In addition, during periods of sultry weather, over 50% of
the research subjects complained of sleeping disorders;
subjects were able to sleep only one third of their normal
sleep hours as the average number of sleep hours during the
research period was 2.5 compared to the normal sleep hours
of 7.4 according to their self-reports.

Some previous studies [20-22] reported that both
hyperthermia and hypothermia are generally linked to
cardio-respiratory morbidity or mortality. After examining
the functions of the cardiovascular, cerebrovascular, and
respiratory systems at high temperatures, Michelozzi et al.
[23] reported that elderly women had a 4.5% decrease in
function per 1°C increase in body temperature. Therefore,
an increase in the body temperature in the poor and elderly
can be a potential risk factor to aggravate cardiovascular,
cerebrovascular, and respiratory diseases. 21% of the
residents living in dosshouses in Korea have one ailment
among hypertension, respiratory, and cardiovascular disease
[24].

The blood pressure showed a tendency to decrease in
relation to indoor and outdoor temperature increases except
for the effect of outdoor temperature on the DBP. These
results are in good agreement with previous research results
related to blood pressure changes according to the season,
with one finding reporting that the blood pressure in summer
is lower than that in winter [25,26]. In summer, the blood
pressure is lower because the veins of the skin expand in order
to diffuse body heat. The change in the blood pressure is more
obvious among the elderly, and people who are thin react
more sensitively to this change. Upon comparing our research
results to those of a study that investigated the effect of a
change in the temperature on the blood pressure among young
adults in Korea [27], which reported that the SBP and DBP
decreased by 0.659 mmHg and 0.368 mmHg, respectively,
due to a 1°C increase in the ambient temperature, the effect
of the outdoor temperature on the SBP of the elderly people
living in the dosshouses was in accordance with findings of
the previous research. However, that on the DBP of the
elderly people living in the dosshouses was different from
the previous study (Table 3); the DBP of the elderly people
in the dosshouses increased by 0.20 mmHg due to a 1°C
increase in the ambient temperature although our results
were not statistically significant due to the smaller sample
size.

The impact of the indoor temperature on the blood
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pressure was higher than that of the outdoor temperature; the
effect of the indoor temperature on the SBP was about 5.1
times of that of the outdoor temperature. In addition, the
effect of the indoor temperature on the DBP was statistically
significant while that of outdoor temperature was not (Table
3). It can be inferred that the change of the blood pressure is
related more to the indoor temperature than to the outdoor
because the residents in the dosshouses spent most of their
time indoors. Correlation coefficients between the blood
pressure and temperature also support this assumption
(Table 2).

Alpérovitch et al. [28] pointed out that because decreased
blood pressure can be a risk factor for increased mortality in
persons who have environmental hyperthermia, the decrease
of blood pressure in the elderly people could be an important
consideration during a heat wave. they reported that in
August of 2003, there was an unprecedented heat wave in
France that resulted in approximately 15,000 deaths, mainly
of the elderly. After their second follow-up examination of
the blood pressure of the affected participants, they also
reported that the seasonal fall in the blood pressure values
was sharper in August of 2003 (mean SBP, 132 mm Hg)
than in August of 2004 (138 mm Hg) [28]. In addition, it is
estimated that a decrease in the blood pressure among the
elderly due to high temperatures increased the risk of
fainting, heat fatigue, and death related to intense heat. This
is also likely to be related to deaths caused by hypertension
that occur frequently in the summer time [29]. Therefore,
attention should be paid on the acute changes in the blood
pressure during hot summer days.

This research has limitations, including the fact that we
used a relatively small sample size. Considering the problem
with public security, the tropical night phenomenon and an
assessment of health during the affected times was not
included. In addition, the data used in the current study
contain some bias, including measurement error such as that
caused by differences between the nurses measuring the
blood pressure. Despite these limitations, this study is
meaningful in that it is the first to assess the effect of a heat
wave on the health indicators of elderly people living in
extremely poor housing condition as well as to investigate
the indoor environmental climate of dosshouses. It is
expected that these research results can be used as basic data
to construct heat wave adaptive plans that are differentiated
and actualized in terms of age and region. In addition, this
research can contribute to climate change vulnerability
assessments that can be used to minimize the detrimental
health effects of heat waves.

In conclusion, the poor and elderly are directly exposed to
heat wave both night and day during hot summer days. In a
poor housing condition, their vital signs respond sensitively
to indoor temperature increase. As weather changes
accelerate, it is predicted that the occurrence of heat waves in
the summer will increase; thus, more substantial and
systematic investigations of the health effects on elderly

populations during the heat wave season are needed. In
addition, careful adaptation strategies as regards to climate
change are required considering the socioeconomic status of
at risk groups.
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Records of the hourly room temperature by two participants

Dosshouse 1 Dosshouse 2

Date Time temp?rature huﬁ?ﬁy; %) Date Time temp?rature huﬁ?ﬁ;{v; %)
(c) ()

2010-08-04 14:00 328 74 2010-08-01 14:00 314 79
15:00 15:00 314 80
16:00 16:00 31.6 79
17:00 324 78 17:00 319 80
18:00 324 78 18:00
19:00 325 82 19:00 31.7 79
20:00 323 82 20:00 30.5 82
21:00 322 80 21:00 31.1 78
22:00 325 81 22:00 312 71
23:00 23:00 30.8 79

2010-08-05 0:00 324 80 0:00

1:00 324 80 2010-08-02 1:00
2:00 32.1 81 2:00
3:00 319 80 3:00
4:00 322 80 4:00
5:00 5:00
6:00 30.7 83 6:00
7:00 30.8 83 7:00 312 84
8:00 31.1 84 8:00 304 86
9:00 9:00 30.5 86
10:00 10:00
11:00 11:00 309 84
12:00
13:00 2010-08-05 14:00 324 76
14:00 15:00 324 76
15:00 16:00
16:00 17:00
17:00 325 7 18:00 322 81
18:00 334 72 19:00 325 83
19:00 332 72 20:00 32.1 78
20:00 329 74 21:00 322 81
21:00 329 74 22:00
22:00 33.1 76 23:00 31.8 80
23:00 330 77 0:00 310 81
2010-08-06 0:00 33.1 71 2010-08-06 1:00
1:00 328 78 2:00
2:00 328 78 3:00
3:00 326 71 4:00
4:00 322 78 5:00
5:00 6:00
6:00 315 79 7:00 314 81
7:00 31.6 80 8:00 315 81
8:00 314 79 9:00 312 82
9:00 10:00 315 82
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