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1  |  INTRODUC TION

Hypertension is an important global health issue. It has been well 
established that elevated blood pressure (BP) is associated with car-
diovascular disease.1 Asian populations are at greater cardiovascular 
disease risk related to hypertension compared with Western popula-
tions.2 Previous studies have demonstrated the existence of ethnic dif-
ferences in BP profiles. For example, one study reported that diurnal 
BP variability detected by an ambulatory BP monitoring (ABPM) device 

was greater in Japanese compared with black and white patients.3 
Another reported that morning BP surge was higher in Japanese than 
European patients.4 In addition to these ethnic differences, BP profiles 
might differ even among populations of the same ethnicity, if they have 
different lifestyles, foods, cultures, and environments.

We recently conducted the AsiaBP@Home study, which analyzed 
data collected using the same home BP monitoring device in 1443 
medicated hypertensive patients from 15 Asian specialist centers in 11 
countries/regions. The AsiaBP@Home study demonstrated that home 
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Abstract
Ethnic differences in the profiles of hypertension and cardiovascular risk have been 
reported between Asians and Westerners. However, blood pressure (BP) profiles and 
the risk factors for cardiovascular disease might differ even among different Asian 
populations because of the diversity of cultures, foods, and environments. We retro-
spectively examined differences in 24-h BP profiles between 1051 Japanese (mean 
age, 62.5  ±  12.4  years; medicated hypertension, 75.7%) and 804 Thai (mean age, 
56.9 ± 18.5 years; medicated hypertension, 65.6%) by using the Japanese and Thai 
ambulatory BP monitoring (ABPM) databases, in order to check the BP control status 
in treated hypertensives and to inform the clinical diagnosis of hypertension. The two 
populations had similar office systolic BP (SBP) (142.7 ± 20.0 vs 142.3 ± 20.6 mm Hg, 
p = .679). However, the Japanese population had higher 24-hr average and daytime 
SBP, and the Thai population had higher nighttime SBP even after adjusting for cardio-
vascular risk factors (all p < .05). Greater morning BP surge was observed in Japanese 
(31.2 vs 22.8 mm Hg, p < .001). Regarding nocturnal BP dipping status, the prevalence 
of riser status (higher nighttime than daytime SBP) was higher in the Thai population 
(30.5% vs 10.9%). These findings suggest that a substantial difference in 24-hr BP 
profiles exists between even neighboring countries in Asia.
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BP is relatively well controlled at hypertension specialist centers in 
Asia, but almost half of patients remain uncontrolled for morning BP ac-
cording to a strict BP threshold (systolic/diastolic BP: 130/80 mm Hg), 
with significant country/regional differences.5,6 The country/regional 
differences in the profile of hypertension and its risk factors should be 
carefully considered in clinical practice. However, specific differences 
in the 24-h BP profiles between countries in different regions of Asia 
remain incompletely investigated.

The aim of this study was to determine the difference in BP pro-
files measured by ABPM between Japan and Thailand, which are lo-
cated in East Asia and Southeast Asia, respectively.

2  |  METHODS

2.1  |  Study design and data collection

The present study is a retrospective analysis comparing the data of 
the Japanese and Thai ABPM, which were conducted to check the BP 
control status in treated hypertensives and to gain information that 
could inform the clinical diagnosis of hypertension. The Japanese 
database includes 1051 subjects who underwent ABPM between 
2005 and 2015 at Jichi Medical University Hospital (located in East 
Japan), and the Thai database consists of 804 subjects who under-
went ABPM between 2015 and 2018 at Mahidol University, Siriraj 
Hospital (located in Central Thailand). The protocol was approved 
by the Institutional Review Board of Jichi Medical School, Tochigi, 
Japan. Data on age, sex, comorbidity, and current medications were 
collected from medical records.

2.2  |  Blood pressure measurements

Ambulatory blood pressure was measured using a validated device 
(Japanese data: TM-2425/2431 [A&D, Saitama, Japan], Thai data: 
Welch Allyn ABPM 6100 [Welch Allyn Co])7 programmed to take 
readings every 30 minutes for at least 24 h.8 Subjects were asked 
to record their sleep and wake times in a diary. Nighttime readings 
were defined as those taken from the time of falling asleep to the 
time of waking; all other readings were defined as daytime values.

Morning BP was defined as the average of the ambulatory BP 
values over the two hours after waking (based on the patients’ di-
aries). Daytime BP and nighttime BP were also calculated based on 
the patients’ diaries and defined as the average of BP measurements 
during the daytime (from awakening to going to bed) and nighttime 
(from going to bed to awakening), respectively. The lowest nighttime 
systolic BP (SBP) was defined as the lowest 1-hour moving average 
of consecutive nighttime SBP values. Morning BP surge was calcu-
lated as the average morning SBP minus the moving lowest night-
time SBP. Exaggerated morning BP surge was defined as a degree of 
morning BP surge ≥ 55 mm Hg.9

Patients were classified into four groups based on the noctur-
nal fall in SBP ([1 minus average nighttime SBP/average daytime 

SBP] multiplied by 100) at baseline: Extreme dippers (20% or more); 
Dippers (10% to below 20%); Non-dippers (0% to below 10%); and 
Risers (any increase).8

Office BP was defined as the average of two consecutive BP 
readings measured at the hospital on the day of starting 24-hour 
ABPM measurement.

The classification of nocturnal dipping status is defined by SBP, 
and the association between BP and the cardiovascular disease risk 
in older adults is mostly discussed by SBP; therefore, we have mainly 
focused on SBP in the present analysis.

2.3  |  Statistical analyses

Results are expressed as numbers, percentages, mean  ±  SD, or ad-
justed mean ± SE. An unpaired t test and Fisher's exact test were used 
to assess the differences of mean values and prevalence rates between 
the Japanese and Thai group. A multivariable regression model was 
used to compare between-group differences of blood pressure param-
eters after adjusting for age, sex, body mass index (BMI), and the prev-
alence of current smoking, medicated hypertension, diabetes mellitus, 
hyperlipidemia, previous coronary artery disease, and previous stroke.

In a sensitivity analysis, we performed similar analysis in the 
propensity score-matched population to accounts for the effects of 
between-group differences. We computed the propensity score by 
using a logistic regression model adjusted for age, sex, BMI, and the 
prevalence of current smoking, medicated hypertension, diabetes 
mellitus, hyperlipidemia, previous coronary artery disease, and pre-
vious stroke. All statistical analyses were performed using SAS ver. 
9.4 (SAS Institute, Cary, NC).

3  |  RESULTS

3.1  |  Characteristics of the study subjects

The characteristics of the Japanese and Thai study subjects are 
shown in Table  1. Compared with the Thai group, the Japanese 
group was significantly older and had a higher prevalence of male 
subjects and higher rates of smoking, past history of coronary ar-
tery disease, and medicated hypertension. The Thai subjects had a 
significantly higher BMI and higher rates of dyslipidemia and past 
history of stroke. The use of antihypertensive medication was also 
different between countries.

3.2  |  Blood pressure parameters and heart rate

There was no significant difference in office SBP between the 
Japanese and Thai groups (142.7 ± 20.0 mm Hg vs 142.3 ± 20.6 mm Hg, 
p = .679), whereas significant differences were observed in the am-
bulatory SBP parameters. The averages of 24-h, daytime, and morn-
ing SBP values were significantly higher in the Japanese group than 
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in the Thai group (24-hr: 133.4 ± 14.8 mm Hg vs 131.7 ± 16.5 mm Hg; 
daytime: 137.9  ±  15.3  mm  Hg vs 133.3  ±  16.4  mm  Hg; morning: 
139.8 ± 18.5 mm Hg vs 137.6 ± 20.7 mm Hg; all p < .05). However, 
nighttime SBP was significantly higher in the Thai group (Japanese: 

123.4 ± 16.7 mm Hg; Thai: 127.8 ± 20.1 mm Hg; p < .001) (Table 1). 
These between-group differences in 24-h, daytime, and nighttime 
SBP remained significant even after adjusting for age, sex, BMI, and 
the prevalence of current smoking, medicated hypertension, diabe-
tes mellitus, hyperlipidemia, previous coronary artery disease, and 
previous stroke (Figure 1).

Office and ambulatory diastolic BP (DBP) parameters were sig-
nificantly higher in the Japanese group than in the Thai group (all 
p <  .001). Office and ambulatory heart rate (HR) parameters were 
significantly higher in the Thai group than in the Japanese group (all 
p < .001).

3.3  |  Diurnal blood pressure variability

Table 2 shows the diurnal BP variability evaluated by ABPM. Morning 
BP surge (average morning SBP minus moving lowest nighttime 
SBP) was significantly higher in the Japanese than in the Thai group 
(31.4 ± 15.9 mm Hg vs. 22.4 ± 16.9 mm Hg, P <  .001). Even after 
adjusting for the related cardiovascular risk factors, this between-
group difference in morning BP surge remained significant (data not 
shown). The prevalence of exaggerated morning BP surge (morning 
BP surge ≥ 55 mm Hg) was also higher in the Japanese group (6.7% 
vs. 2.9%, P < .001).

Regarding the nocturnal BP fall, the prevalence of the 4 noctur-
nal dipping patterns was remarkably different between countries 
(p <  .001). The prevalence of subjects with extreme-dipper status 
was higher in the Japanese group (Japanese [J]:12.3% vs. Thai [T]: 
2.0%), while the prevalence of non-dippers (J: 35.9% vs. T: 43.3%) 
and that of risers (J: 10.9% vs. T:30.5%) was higher in the Thai group. 
The prevalence of the less nocturnal dipping patterns (ie, the Non-
dippers and the Risers) was higher in the Thai group (73.9% vs 46.7%, 
p < .001; odds ratio: 4.41).

3.4  |  Propensity score matching

Table S1 shows the results of the propensity score-matched analysis. 
Nighttime SBP was significantly higher in the Thai group (Japanese: 
123.7  ±  17.0  mm  Hg; Thai: 128.7  ±  20.4  mm  Hg; p  <  .001), even 
though the other ambulatory SBP parameters were higher in the 
Japanese group. Similar to the results of the whole population analy-
sis, the morning BP surge was significantly greater in the Japanese 
group (30.7 ± 16.0 mm Hg vs. 22.1 ± 17.3 mm Hg, p <  .001). The 
prevalence of non-dipper and riser was higher in the matched-Thai 
group (Table S1).

4  |  DISCUSSION

This retrospective comparison of the ABPM data for 1051 Japanese 
and 804 Thai individuals revealed that significant differences in 24-h 
BP profiles may exist even between neighboring countries in Asia. 

TA B L E  1  Characteristics of study subjects

Japanese Group
(N = 1051)

Thai Group
(N = 804) p value

Age, years 62.5 ± 12.4 56.9 ± 18.5 <.001

Body mass index, kg/m2 24.5 ± 3.7 25.4 ± 4.7 <.001

Male, % 52.1 37.1 <.001

Current smoking, % 11.4 1.7 <.001

Diabetes mellitus, % 22.4 20.3 .304

Hyperlipidemia, % 39.9 61.6 <.001

Past history of CAD, % 10.8 7.0 .006

Past history of stroke, % 2.4 5.4 .001

Medicated 
hypertension, %

75.7 65.6 <.001

Number of drugs for 
hypertension

2.0 ± 1.0 2.5 ± 1.3 <.001

ACE inhibitor, % 9.2 17.1 <.001

Alpha blocker, % 7.4 26.2 <.001

ARB, % 60.1 46.9 <.001

Beta blocker, % 24.3 45.2 <.001

CCB, % 67.2 67.7 .878

Diuretics, % 34.1 17.3 <.001

Others, % 0.9 11.8 <.001

Office blood pressure monitoring

SBP, mm Hg 142.7 ± 20.0 142.3 ± 20.6 .679

DBP, mm Hg 81.3 ± 13.3 76.0 ± 13.5 <.001

HR, bpm 72.8 ± 12.9 76.0 ± 13.3 <.001

Ambulatory blood pressure monitoring

24-h SBP, mm Hg 133.4 ± 14.8 131.7 ± 16.5 .023

24-h DBP, mm Hg 78.6 ± 10.0 73.5 ± 11.8 <.001

24-h HR, bpm 68.3 ± 9.1 70.8 ± 10.3 <.001

Daytime SBP, mm Hg 137.9 ± 15.3 133.3 ± 16.4 <.001

Daytime DBP, mm Hg 81.4 ± 10.5 75.2 ± 12.4 <.001

Daytime HR, bpm 71.6 ± 9.6 74.1 ± 11.5 <.001

Nighttime SBP, 
mm Hg

123.4 ± 16.7 127.8 ± 20.1 <.001

Nighttime DBP, 
mm Hg

72.2 ± 10.4 70.2 ± 12.3 <.001

Nighttime HR, bpm 60.8 ± 9.0 63.0 ± 9.3 <.001

Morning SBP, mm Hg 139.8 ± 18.5 137.6 ± 20.7 .019

Morning DBP, mm Hg 83.2 ± 12.1 79.0 ± 13.9 <.001

Morning HR, bpm 68.8 ± 11.4 74.4 ± 12.6 <.001

Note: Data are presented as mean ± standard deviation or percentage.
Abbreviations: ACE, Angiotensin-converting enzyme; ARB, Angiotensin-
receptor blocker; CCB, Calcium-channel blocker; CAD, coronary artery 
disease (including angina and myocardial infarction); SBP, systolic blood 
pressure; DBP, diastolic blood pressure; HR, heart rate.
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F I G U R E  1  Systolic blood pressure parameters in the Japanese and Thai groups. Mean values (inside the bar) and standard error 
(expressed as error bar), adjusted for age, sex, body mass index, current smoking, medicated hypertension, diabetes mellitus, hyperlipidemia, 
past history of coronary artery disease, and past history of stroke. *p < .05( vs the Japanese group). **p < .01 ( vs the Japanese group) [Color 
figure can be viewed at wileyonlinelibrary.com]

Japanese Group
(N = 1051)

Thai
Group
(N = 804) p value

Estimated OR
(95%CI)

p for 
OR

Morning BP surge

Morning BP 
surge, mm Hg

31.4 + 15.9 22.4 ± 16.9 <.001 - -

Exaggerated 
morning BP 
surge, %

6.7 2.9 <.001 0.50 (0.30 - 0.84) .009a 

Nocturnal BP dipping

4 Nocturnal 
dipping 
patterns, %

<.001

Extreme 
dipper

12.3 2.0 0.19 (0.10 - 0.37) <.001b 

Dipper 41.0 24.2 - -

Non-dipper 35.9 43.3 3.06 (2.32 - 4.05) <.001b 

Riser 10.9 30.5 7.59 (5.24 - 11.0) <.001b 

Non-dipper/
Riser, %

46.7 73.9 <0.001 4.41 (3.38 - 5.75) <.001c 

Note: Data are presented as mean ± SD, or a percentage. “Exaggerated morning surge” was defined 
as percentage of unadjusted morning surge ≥ 55 mm Hg.
Abbreviations: BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; OR, odds 
ratio; SBP, systolic blood pressure.
aEstimated odds ratios and their 95% confidence intervals for exaggerated morning surge in Thai 
vs. Japanese data based on multivariable logistic regression model adjusted for age, sex, BMI, 
current smoking, medicated hypertension, diabetes mellitus, hyperlipidemia, past history of CAD, 
and past history of stroke (model A). 
bEstimated odds ratios and their 95% confidence intervals for each nocturnal dipping pattern 
(reference: Dipper) in Thai vs. Japanese data based on multinomial logistic regression model B 
adjusted for the covariates in model A and nighttime SBP average. 
cEstimated odds ratios and their 95% confidence intervals for the Non-dipper/Riser pattern in Thai 
vs. Japanese data based on multivariable logistic regression model B. 

TA B L E  2  Diurnal blood pressure 
variability

www.wileyonlinelibrary.com
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Among the patients controlled to a similar office BP level, night-
time BP was high and less nocturnal BP fall was observed in the 
Thai population. The Japanese population showed higher 24-hr and 
daytime BP and greater morning BP surge compared with the Thai 
population. A previous report showed that there are differences in 
the prevalence of cardiovascular disease among Asian countries. 
The East Asian population, including Japanese, had higher preva-
lence of stroke mortality than coronary artery disease, whereas the 
Southeast Asian population, including Thai, had higher prevalence of 
coronary artery disease mortality than stroke.10 The differences in 
ambulatory BP parameters between the Japanese and Thai popula-
tions found in our study may have partly contributed to the differ-
ences in cardiovascular mortality.

4.1  |  Blood pressure values

As shown in Figure 1, the nighttime SBP was significantly higher in 
the Thai group, and the average SBP over 24-hour and especially 
daytime SBP were significantly higher in the Japanese group, even 
after adjusting for the cardiovascular risk factors including all the 
demographic differences shown between the study populations. In 
this study, the office SBP levels, which are a basic guide to diagnos-
ing hypertension or evaluating BP control, were similar between the 
Japanese and Thai subjects.

A recently published Japanese ABPM study found that increased 
nighttime SBP was significantly associated with the risk of athero-
sclerotic cardiovascular disease and heart failure, while increased 
daytime SBP was associated with the risk of atherosclerotic cardio-
vascular disease, but not heart failure, independent of office SBP. 
Therefore, the increase in out-of-office BP over a different time win-
dow which was observed in our present study might have contrib-
uted to the different types of cardiovascular disease risk.11

4.2  |  24-h circadian BP profile

Excessive morning BP surge and nighttime BP increase with abnor-
mal nocturnal BP falls are well known to be cardiovascular risks.9,11-

15 Previous reports have concluded that Asian populations are more 
likely to have abnormal patterns of BP variability, such as nocturnal 
hypertension and excessive morning BP surge, than Western popu-
lations.3,4 Our present findings expand this information by adding 
evidence that the prevalence of disrupted circadian rhythm (ie, exag-
gerated morning BP surge, and extreme dipper, non-dipper, and riser 
patterns) was different between the Japanese and Thai populations, 
despite the relative proximity of Japan and Thailand.

4.2.1  |  Nocturnal BP fall

In the present study, the Thai population had significantly higher 
nighttime BP and a higher prevalence of non-dipper/riser pattern 

compared with the Japanese population, whereas the Japanese 
population showed a higher prevalence of extreme dipping. Even 
in the comparison between the propensity score-matched popula-
tions, the same nocturnal dipping tendency was found. The risk of 
abnormal nocturnal BP falls has been studied by many investiga-
tors, but the results are inconsistent. Previous studies reported 
that extreme dipping was associated with stroke,11,16 but a meta-
analysis showed that the risk of extreme-dipper status for cardio-
vascular events disappeared with antihypertensive treatment.13 
On the other hand, riser and non-dipper patterns have been con-
sistently reported to pose a cardiovascular risk.15,16 A Swedish 
study and a recent Japanese study demonstrated that a riser pat-
tern was a significant predictor of heart failure.11,17 It is therefore 
important to restore the impaired nocturnal circadian rhythm in 
order to prevent the development of cardiovascular events and 
heart failure.

Increased nighttime BP and decreased nocturnal BP fall coex-
ist and are considered to be related to increased circulation volume, 
salt intake, and salt sensitivity.18-20 Salt intake in Japanese was re-
ported to be 10.4 g/person/d and that in Thai was reported to be 
10.8 g/person/d.21 Thus, the difference in salt intake between the 
two countries was not very large. In addition, the Thai subjects had 
higher HR throughout 24-hour both in an office and an out-of-of-
fice setting. In a tropical climate, sweating may cause a decrease in 
circulating volume and, as a compensatory mechanism, an increase 
in sympathetic nerve activation, which may result in a higher heart 
rate, nighttime BP increase and a nocturnal BP non-dipper/riser pat-
tern. In addition, lower rates of diuretic use in Thailand (shown in 
Table 1) might contribute to these differences.

4.2.2  |  Morning BP surge

In the present study, the Japanese subjects had remarkably greater 
morning BP surge (9 mm Hg greater) than the Thai subjects and 
also a high prevalence of exaggerated morning BP surge. Excessive 
morning BP surge has been reported to be a predictor of stroke 
events.9,15 In addition, a previous study comparing Japanese and 
European hypertensive patients concluded the existence of ethnic 
difference in the degree of morning BP surge between Asians and 
Westerners.4 Our results suggest that there may exist differences 
in morning BP profile between countries/regions even among 
Asians.

Aging and increased arterial stiffness are known to be associ-
ated with morning BP increase and morning BP surge.20 One possi-
ble explanation of the higher morning BP surge in Japanese is that 
the Japanese subjects in this study were older and thus their arterial 
stiffness might have been increased. However, the between-group 
difference in morning BP surge remained significant even after ad-
justing for cardiovascular risk factors including age. Additional pro-
pensity score-matched analysis indicated that the greater morning 
BP surge found in the Japanese group is a Japanese specific feature 
independent from aging.
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Another possibility could be an environmental factor. Morning BP 
surge is reportedly augmented over the winter (cold temperature).22 
In the area where the Japanese study subjects live in Japan, the min-
imum temperature falls below 0ºC in the winter and there is a large 
diurnal temperature difference (more than 10ºC) in the spring and fall. 
The difference in morning BP profile between the Japanese and Thai 
populations might be partly due to this difference in temperature.

4.2.3  |  Management of BP circadian rhythm

Taken together, these results show that patients with similar of-
fice BP level may have different patterns of disrupted BP circadian 
rhythm, and these differences, in turn, may arise from differences 
in their ethnicities, lifestyles and environments. If individuals having 
specific ethnicities, lifestyles, and environments are prone to certain 
disruptions in BP circadian patterns, then any hypertension treat-
ment should take these features into consideration. To detect and 
assess the disrupted circadian rhythms, out-of-office BP measure-
ment by ABPM is essential.

5  |  LIMITATIONS

There are several possible limitations to our study. Our retrospec-
tive study was conducted by comparing two datasets of subjects’ 
characteristics and ABPM parameters measured in clinical practice. 
Different types of ABPM devices were used in each population, and 
this may have made a contribution to the differences in ABPM pa-
rameters. However, all devices used in this study had been previ-
ously validated according to international protocols and found to be 
accurate. In addition, we are unable to determine the cause of the 
difference in BP profile between the Japanese and Thai populations 
because the databases used included no data on vascular stiffness 
and sodium intake. Further studies will be needed to confirm the 
country-specific or region-specific features in BP profile.

6  |  CONCLUSIONS

There were significant differences in the 24-h BP profiles between 
Japanese and Thai populations even when they had similar levels 
of office BP. Our results indicate that differences in environment 
and lifestyle might contribute to specific differences in the profile 
of hypertension and its risks even between neighboring countries. 
Measurement of out-of-office BP using ABPM is useful to assess 
country-specific or region-specific features and could lead to an in-
dividualized 24-h BP control management.
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