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Objective: The aim of this study is to evaluate the impact on blood pressure (BP) of a 10°C
change in room temperature (between 18°C and 28°C).

Methods: A total of 112 volunteers, 56 males and 56 females, 55 with and 57 without
hypertension, were enrolled in the study. First, the participants were placed in a 25°C room.
Second, they were randomly assigned to either a 28°C (group A) or an 18°C room (group B).
Finally, they were moved from the 28°C to the 18°C room, or vice versa. They stayed in each
room for 20 minutes. Seated BP was measured at the 17th and 19th minute in each room, and
the average was used. The difference in the subject’s BP between the second two rooms was
recorded as delta BP.

Results: The baseline systolic BP (SBP), age, gender distribution, and incidence of hyper-
tension were similar between the two groups. In group A, the decrease in room temperature
of 10°C induced a mean rise in SBP of 4.1 mmHg. In group B, the increase of 10°C caused
SBP to decrease by 4.0 mmHg. When compared with the group without hypertension, the
group with hypertension had a significantly higher rise in mean SBP (6.8 vs 1.2 mmHg) as
a result of the decrease in temperature and a significantly higher drop in SBP (7.3 vs 1.2
mmHg) as a result of the increase in temperature. The participants in the group with
hypertension were older.

Conclusion: A 10°C change in room temperature, from 18°C to 28°C, for 20 min can cause
a significant change in SBP. The extent of this change is more obvious in the older group.
Keywords: room, temperature, BP, hypertension, change

Introduction

Blood pressure (BP) is generally higher in cold seasons than in warm seasons.
Increased mortality from cardiovascular disease in winter is partly explained by the
increased BP induced by exposure to the cold.

Generally, changes in outdoor temperatures have been considered as the reason
for seasonal BP changes.' * A study showed that outdoor temperature was inversely
associated with BP in 438,811 Chinese adults.?
cated that a 1°C decrease in mean daily outdoor temperature was associated with an
increase in systolic BP (SBP) of 0.26 mmHg and diastolic BP (DBP) of 0.13
mmHg.* Otsuki et al found that SBP during outdoor exercise was associated with

In addition, a meta-analysis indi-

the air temperature.’

Recently, the impact of indoor temperature on BP has attracted more
attention.*®” A study suggested that a change in indoor temperature has a more
obvious impact on BP than a change in outdoor temperature. For example, the
above-mentioned meta-analysis indicated that a 1°C decrease was associated with
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an increase of 0.38 mmHg in SBP.* However, based on the
data from 4659 community-dwelling adults, Zhao et al
found that a 1°C decrease in indoor temperature was
associated with a 0.48 mmHg increase in SBP and a 0.45
mmHg increase in DBP, after controlling for confounding
variables.’

Some scholars consider that the relationship between
BP and indoor temperature is not completely linear. When
the indoor temperature is below 18°C, a decrease in indoor
temperature may induce a more obvious increase in BP
when compared with changes above 18°C. Therefore, an
indoor temperature above 18°C is recommended for the
prevention of high BP in humans.®

A change in room temperature in the range of 18°C—
28°C is common at home or in hospital. Currently, the
impact of this change on BP is unclear. If it were discov-
ered that this change in room temperature could cause
variation in BP, this information would be useful for the
diagnosis of and research into hypertension. This study
mainly evaluated the impact of a 10°C change in room
temperature for 20 minutes on the BP of a group of
volunteers.

Methods
Subjects

A total of 112 volunteers, 56 males and 56 females, were
enrolled in this study (age: 18—80 years old). According to
their disease history, 55 had hypertension and 57 did not.
The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of the Second
Affiliated Hospital of Nanchang University, and all parti-
cipants gave informed consent. Hypertensives patients
took Annezen (Amlozepin Benzylate Tablets 5 mg-
10 mg/day), Annexide (Losartan Potassium 50 mg/
Hydrochlorothiazide Tablets 12.5 mg, 1 tablet/day).

Study Design
The participants were asked to abstain from caffeine and
alcohol and to avoid intense physical activity. In this study,
three rooms were maintained using central air conditioning
at 25°C, 28°C, and 18°C, respectively. Room humidity
was 50-60%. The experiment was carried out in winter
and spring from 08:00 to 12:00 and 14:00 to 17:30.

First, all the participants were placed in the 25°C room.
Second, they were randomly assigned to the 28°C (group
A) or the 18°C (group B) room. Finally, the participants in

group A moved to the 18°C room, ie, from 25°C to 28°C
to 18°C, and those in group B moved to the 28°C room, ie,
from 25°C to 18°C to 28°C. This means that in the last
stage, group A experienced a decrease in room tempera-
ture of 10°C, while group B experienced an increase of
10°C. The participants stayed in each room for 20 minutes,
and they could put on or remove items of clothing accord-
ing to how they were feeling (Figure 1).

BP Measurement
Blood pressure testers: research nurses;

Participants: The blood pressure was measured in
a sitting position to protect and relax. The thickness of
the jacket was no more than 0.5 cm. The lower edge of the
cuff was 2~3 cm above the elbow socket, and it was
considered to be moderately tight if two fingers could fit
into it.

Cuff: the cuff for ordinary people to use the electronic
blood pressure monitor is 22—32 cm, and the cuff for obese
people to use the electronic blood pressure monitor is
3245 cm.

First, a cuff was carefully placed on the right arm of
the participant. In this study, seated BP was measured
using an electronic (oscillometric) BP device (Omron
HEM-7201) in each room at the 17th and 19th minute.
The average of these two measurements was recorded as
the final value for each participant. The BP was measured
with the same BP device for each participant.

The BP measured in the 25°C room was recorded as
the baseline BP (BP-25). The BPs measured in the 28°C
and 18°C rooms were recorded as BP-28 and BP-18,
respectively. The difference in BP between the 28°C and
18°C rooms was recorded as delta BP, and the difference
in temperature was recorded as delta T. The BP change
rate was calculated using the following formula: Delta BP
+ Delta T (mmHg/°C).

ft 3°c {10°c
A
25C 28T 18T
18T 28 B
$7°c f 10°c
20 min 20min 20min

Figure | The scheme of the study proposal.
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Statistical Analysis

All data were presented as mean =+ standard deviation, and
the SPSS 21.0 statistical package was used for the analysis.
A t-test was performed for the comparison of continuous
variables, and a paired #-test was performed for the compar-
ison of paired data. Categorical variables presented as
a percentage were analyzed using the Pearson Chi-square
test. P < 0.05 was considered statistically significant.

Results
The baseline BP, age, distribution of gender, and incidence of
hypertension were similar between the two groups (Table 1).

When the participants in group A moved from the 28°C
to the 18°C room (10°C decrease), their mean SBP increased
by 4.1 mmHg, a rate of increase of 0.41 mmHg/°C, and their
mean DBP increased by 3.6 mmHg, a rate of increase of
0.36 mmHg/°C. When the participants in group B moved
from the 25°C to the 18°C room (7°C decrease), their mean
SBP increased by 2.7 mmHg, a rate of increase of 0.39
mmHg/°C, and their mean DBP increased by 3 mmHg,
a rate of increase of 0.43 mmHg/°C.

When the participants in group B moved from the 18°C
to the 28°C room, their mean SBP decreased by 4.0
mmHg, a rate of decline of 0.40 mmHg/°C, and their
mean DBP decreased by 1.3 mmHg, a rate of decline of
0.13 mmHg/°C. When group A moved from the 25°C to
the 28°C room (3°C increase), their mean SBP decreased
by 0.8 mmHg, a rate of decline of 0.26 mmHg/°C, and
their mean DBP decreased by 0.6 mmHg, a rate of decline
of 0.20 mm Hg/°C (no statistical significance) (Table 2).

The participants in the group with hypertension, who
were significantly older, had higher BP-25 levels than

Table | The Age and Gender of the A and B Groups

N (%) Age (y) BMI (kg/m?)

A Total 56 41.0£19.3 22.46+3.93

Male 28 (50%) 422202

Female 28 (50%) 39.8+18.8

HT 29 (51.8%) 57.7£3.0

Non-HT 27 (48.2%) 23.01838
B Total 56 39.1£19.9 23.58+4.56

Male 28 (50%) 37.5¢18.8

Female 28 (50%) 40.8+21.1

HT 26 (46.4%) 57.714.2

Non-HT 30 (54.6%) 23.1%1.6

P=0.166

Abbreviation: HT, hypertension.

those in the group without hypertension, but the gender
distribution was similar between the two groups (Table 3).

Figure 2 compares the change in SBP and DBP between
the group with and the group without hypertension when the
room temperature changed by 10°C. The group with hyper-
tension had a significantly higher increase in mean SBP (6.8
mmHg vs 1.2 mmHg, p = 0.014) when the room temperature
decreased by 10°C and a significantly higher decrease in SBP
(7.3 mmHg vs 1.2 mmHg, p = 0.021) when the room tem-
perature increased by 10°C. However, for DBP the values
were 4.8 mmHg vs 2.4 mmHg (p = 0.206) and 2.7 mmHg vs
0.03 mmHg (p = 0.208), respectively, but there is no statis-
tical significance (Figure 2).

Discussion

A previous study found that when the room temperature
was above 18°C, the temperature change had a relatively
weak impact on BP.® Therefore, this study set the lowest
room temperature at 18°C.

Our results demonstrated that an increase or decrease
in temperature of 10°C, between 18°C and 28°C, may
induce a significant decrease or increase in both SBP and
DBP. When the room temperature decreased by 10 °C, the
rate of increase was 0.41 mmHg/°C for SBP and 0.36
mmHg/°C for DBP. Interestingly, a decrease in room tem-
perature of 7°C induced a similar rate of increase of 0.39
mmHg/°C for SBP and 0.43 mmHg/°C for DBP.
Previously, a study® indicated that a 1°C decrease in
indoor temperature was associated with a 0.38 mmHg
increase in SBP. In addition, Zhao et al found that a 1°C
decrease in indoor temperature was associated with a rise
of 0.48 mmHg in SBP and 0.45 mmHg in DBP.” These
values indicate that a 1°C decrease in indoor temperature
is associated with an increase of 0.4-0.5 mmHg in SBP
and of 0.35-0.45 mmHg in DBP.

Our results demonstrated that an increase in room tem-
perature of 10°C could decrease SBP, with a rate of 0.40
mmHg/°C, and that the absolute value of this decrease is
very close to that of the rate of increase induced by a 10°C
decrease in room temperature. However, this change in
room temperature did not induce a significant decrease in
DBP (a rate of decline of only 0.13 mmHg/°C). These
results indicated that the DBP response to the change in
temperature may be different to the SBP response.
Although the exact mechanism is unclear, a possible reason
is that cold exposure could rapidly increase the sympathetic
activity, while warm exposure could not rapidly decrease

the sympathetic activity.>*'*
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Table 2 The BP Change Between the A and B Groups in the Rooms with Different Temperatures
Items AQ) B (1)
SBP (mmHg) DBP (mmHg) SBP (mmHg) DBP (mmHg)
First room (25°C) 121.4£19.0 76.9+12.6 121.8+20.2 74.9x14.1
Second room (28°C) 120.6+18.52 76.3%11.6 124.5+23.4 77.9+15.9
Third room (18°C) 124.7+22.3 79.9%£14.4 120.5+20.1 76.6x13.6
TI-2 0.760 0.236 —2.142 —2.480
(~1.276, 2.834) (-1.292, 1.637) (-5.291, -0.177) (-5.263, —0.559)
P 0.450 0.814 0.037 0.016
T2-3 —3.528 -3.574 3.128 1.179
(-6.431, -1.772) (-5.551, —1.687) (1.444, 6.592) (-0.874, 3.37)
P 0.001 0.000 0.003 0.243

Notes: T1-2: t value compared between first room temperature and second room temperature. T2-3: t value compared between second room temperature and third room

temperatu re.

Table 3 The Age and BP Levels of the Groups with and without Hypertension

N Male (%) Age (y) SBP (mmHg) DBP (mmHg)
HT 55 29 (52.73%) 57.7x12.6 133.1+20.3 81.5£15.4
Non-HT 57 27 (47.37%) 23.1+2.4 110.5£10.2 70.1£7.63
P / NS <0.001 <0.001 <0.001

Abbreviation: HT, hypertension.

In addition, we found that an increase in room tem-
perature of 3°C did not induce a significant decrease in
SBP or DBP. However, a previous study found that a rise
in room temperature of 2.09°C could significantly decrease
SBP and DBP by 4.43 mmHg and 2.33 mmHg,
respectively.® This difference may be due to the short

B Al
B Nonhypertension
B Hypertension

temperature rise 10°C

i |

SBP

~ 58P DBP

mmHg

temperature decrease 10°C

Figure 2 The change in SBP and DBP induced by room temperature change
between the groups with and without hypertension (mean * SD). *Compared
with the group without hypertension, p<0.05. 56 participants in each group.

length of time (20 min) that the participants spent in
each room in our study.

Our study also found that the group with hypertension,
who were older, had a larger change in BP when the room
temperature changed by 10°C than the younger group
without hypertension. As both the age and the baseline
BP levels in the group with hypertension were higher,
these two factors may also be related to the excessive
change in BP.'>'® Based on our results, more attention
should be paid to older patients and patients with hyper-
tension when the room temperature changes, especially
when the room temperature decreases.

Clinical Implications

Our study showed that even though the participants could
freely put on or remove items of clothing, a 10°C change
in room temperature for only 20 min can induce a change
in SBP of about 4 mmHg. However, this change was
about 7 mmHg in the older group with hypertension.
Therefore, this finding should be considered in clinical
diagnosis and management of hypertension and in hyper-
tension research, especially for the elderly and those with
hypertension.
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Limitations
Potential limitations may have affected this study. First, this

study involved only a small population. Therefore, the findings

must be treated with caution. Second, the participants with

hypertension in this study were older than those without hyper-

tension. Therefore, we could not fully explain the impact of

hypertension on the change in BP induced by changes in room

temperature. Third, the impact of anti-hypertensive treatment

on the relationship between BP and room temperature was not

analyzed in depth, since the sample was small. Also, The

sample is restricted and of young age. The main limitation is

the selection of participants (no report), the restricted sample

size, and the fact that we did not use a cross-over design for all

participants which would increase study power.

Conclusions
A change in room temperature of 10°C, between 18°C and

28°C, for 20 min induced a mean change of 4 mmHg in

the SBP of 112 volunteers. However, the change was

about 7 mmHg in the older group with hypertension.
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