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Abstract
The control rate of ambulatory blood pressure (BP) is unclear in Chinese hypertensive patients, and whether it would be
associated with the ambulatory arterial stiffness indices is also unknown. From June 2018 until December 2022, 4408 treated
hypertensive patients (52.8% men, average age 58.2 years) from 77 hospitals in China were registered. Ambulatory BPs were
measured with validated monitors and analyzed with a web-based standardized Shuoyun system (www.shuoyun.com.cn). The
BP control rate was the highest in the office (65.7%), moderate in the daytime (45.0%), low in the morning (34.1%), and
the lowest in the nighttime (27.6%, P < 0.001). Only 21.0% had their 24 h BP perfectly controlled. The stepwise regression
analyses identified that the factors associated with an imperfect 24 h BP control includedmale sex, smoking and drinking habits,
a higher body mass index, serum total cholesterol and triglycerides, and the use of several specific types of antihypertensive
drugs. After adjustment for the above-mentioned factors, the 24 h pulse pressure (PP) and its components, the elastic and
stiffening PPs, were all significantly associated with an uncontrolled office and ambulatory BP status with the standardized odds
ratios ranging from 1.09 to 4.68 (P < 0.05). The ambulatory arterial stiffness index (AASI) was only associated with an
uncontrolled nighttime and 24 h BP status. In conclusion, the control rates of 24 h ambulatory BP, especially that in the
nighttime and morning time windows, were low in Chinese hypertensive patients, which might be associated with arterial
stiffness in addition to other common risk factors.
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Introduction

Hypertension is a major public health challenge. According
to the Global Burden of Disease Study, there were 828
million adults with a systolic blood pressure (BP) >140 mm
Hg in 2019 worldwide [1]. From 1990 to 2019, the total
number of disability-adjusted life years due to high systolic
BP increased from 154 million to 235 million [1]. In China,
the prevalence of hypertension also rapidly increased from
11.3% in 1991 to 27.9% in 2012–2015 [2]. It is estimated
that close to 250 million Chinese people had hypertension,
and only 15.3% of the patients had their office BP con-
trolled to the target of <140/90 mmHg [3].

As recommended by most of the recent hypertension
guidelines [4, 5], ambulatory BP monitoring has super-
iorities in hypertension management over office BP mea-
surement. It allows the assessment of BP level and variation
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during daily activities and in different time windows
throughout the day, e.g., in the daytime, nighttime and
morning. A large number of prospective studies demon-
strated that ambulatory BPs, especially the 24-h and
nighttime BPs, were more closely associated with adverse
outcomes than office BP [6, 7]. Therefore, ambulatory BP
monitoring is considered as a standard method not only for
the diagnosis of hypertension but also for evaluating
effectiveness of antihypertensive regimens [8]. However, up
to now it is unclear about the control rates of ambulatory BP
in Chinese hypertensive patients.

Although the technique of the 24 h ambulatory BP
monitoring has been applied in China for more than 20
years and is covered by medical insurance, it remains
insufficiently used in real clinical practice. One of the bar-
riers is the difficulty in the interpretation and use of the large
amount of information provided by ambulatory BP mon-
itoring for doctors, especially those at primary care settings.
In addition, diverse reports generated by software from
various manufacturers of BP monitors make the use of
ambulatory BP monitoring more difficult. To cope with
these difficulties, we developed a web-based Shuoyun
system (https://www.shuoyun.com.cn), which can retrieve
the data from various validated ambulatory BP monitors,
and generate a standardized report [9]. In addition, it also
paves a way for doctors at the specialized hypertension

Point of view

● Clinical relevance
The control rates of 24 h ambulatory blood

pressure, particularly nighttime and morning blood
pressure, were low in Chinese hypertensive patients.
Furthermore, elevated ambulatory arterial stiffness
indices were associated with uncontrolled ambula-
tory blood pressure.

● Future direction
More endeavors will be required to promote the

control of 24 h ambulatory blood pressure, and to
demonstrate the advantages of 24 h blood pressure
control in patients with high versus low levels of
arterial stiffness.

● Consideration for the Asian population
The HOPE Asia network proposed morning home

blood pressure as the first target and nighttime blood
pressure as the second target for high-risk patients.
Our study provides further support to this recom-
mendation as a low control rate of nighttime and
morning blood pressure was observed in Chinese
hypertensive patients.
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Graphical Abstract

From 2018-2022, 4408 treated hypertensive patients from 77 
hospitals in China were registered.

ABPM was reported with a web-based standardized Shuoyun
system.

The BP control rate was moderate in the daytime (45.0%), low 
in the morning (34.1%), and the lowest in the nighttime (27.6%, 
P<0.001). Only 21.0% had their 24-h BP perfectly controlled. 

Increased arterial stiffness in terms of a high 24-h PP and its 
components (elastic and stiffening PP), and AASI were related 
to the ambulatory BP control status in addition to other common 
risk factors.
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centres in secondary or tertiary hospitals to help doctors at
the primary care centres to manage hypertension by giving
advices in the report, no matter how far the geographical
distance between hospitals is. From the year of 2018, we
have been promoting the application of ambulatory BP
monitoring with the use of the Shuoyun system in China,
and initiated a registry study in treated hypertensive
patients. Using the data of this nationwide registry, we
would first analyze the control rates of the ambulatory BPs
during the daytime, nighttime, morning and throughout the
24 h, and then to investigate factors associated with the
control status of ambulatory BP. As arterial stiffness in
terms of increased pulse wave velocity had been demon-
strated as a significant predictor of poor response to anti-
hypertensive treatment [10], and it can be indirectly
assessed with the indices derived from ambulatory BP
monitoring [11, 12], we also analyzed the associations
between the ambulatory BP control status and the ambula-
tory arterial stiffness indices.

Methods

Study patients

The REgistry study on the “ACTION of controlling Ambu-
latory Blood Pressure to target in ten thousand patients”
(REACTION-ABP) has been registered at www.ClinicalTria
ls.gov (identifier NCT03547856). It was designed as a pro-
spective observational study from the year of 2018 to 2022 to
compare cardiovascular outcomes between patients with or
without controlled ambulatory blood pressure at baseline and
to investigate the control rates of ambulatory blood pressure
and the prevalence of white-coat and masked uncontrolled
hypertension in Chinese patients with treated hypertension.
The study was delayed due to the COVID-19 pandemic and
is currently still ongoing in China. It was conducted in
accordance with the Declaration of Helsinki. The study
protocol was approved by the Ethics Committee of Ruijin
Hospital Affiliated to Shanghai Jiaotong University School of
Medicine (No. 2017–208) and also by the Ethics Committees
of the participating hospitals as appropriate. All participating
patients provided written informed consent.

Patients who attended the outpatient clinic in the parti-
cipating hospitals were selected for inclusion, if they were
men or women, aged 18–80 years, treated with anti-
hypertensive medications, had performed the 24 h ambula-
tory blood pressure monitoring with validated devices, and
were willing to provide information of medical history and
results of blood biochemical examinations within the most
recent 6 months per protocol. Patients who were untreated
with antihypertensive drugs, or in hospitalization, or could

not participate in the follow-up were excluded from
the study.

From June 2018 to December 2022, 4254 patients from
77 hospitals in 25 provinces or municipalities were regis-
tered. We excluded 166 patients from the present analysis
because the patients were not taking antihypertensive drugs
(n= 22), or the ambulatory blood pressure recordings were
missing (n= 2), or <70% of the readings that should be
obtained according to the measurement settings (n= 19), or
performed with the monitors which had not been validated
nor listed at the www.stridebp.org (n= 123) [13]. In total,
4088 patients were included in the present analysis.

BP measurement

Ambulatory BP monitoring was performed with the monitors
validated and available in each participating hospital. The
supplemental Table S1 provides the detailed information
about the monitors. Ambulatory BP was taken at 20–30min
intervals during 6:00–22:00 and at 30 min intervals during
22:00–6:00. The study participants were instructed to follow
their usual daily activities, avoid vigorous exercise, and
remain still during each blood pressure measurement. A brief
diary was provided to report the time when they went to bed
and arose, had meals, and took antihypertensive medication.
After the completion of each 24 h recording, data was
uploaded from the BP monitor at each centre to the web-
based Shuoyun system (www.shuoyun.com.cn) and
was analyzed and reported in a standardized manner
according to the current ABPM guidelines [14, 15]. The
analysis only included readings from the first 24 h of a
recording. Daytime and nighttime were defined as the
time awakening or asleep according to the diary. Morning
was within the 2 h after getting up from bed. The ambulatory
BPs during the 24 h, daytime, nighttime and morning inter-
vals were respectively averaged for each patient. Doctors
from the Shanghai Institute of Hypertension (Dr.s MXL,
QFH, CSS, and YL) checked each recording and did minimal
data editing if deemed necessary, and then issued the ABPM
reports. A report sample is shown in the online only sup-
plemental Fig. S1. In the present study, the thresholds for a
controlled 24 h, daytime, nighttime and morning hyperten-
sion were BP means of <130/80, <135/85, <120/70 and
<135/85 mmHg, respectively [14, 15]. A perfect ambulatory
BP control was defined when the averages of the 24 h, day-
time and nighttime means were all within the above-
mentioned target levels.

Office BP measurement was requested to be performed
preferably within 1 week of (either before or after) the
ambulatory BP monitoring with the validated A&D 767 or
651BLE-W oscillometric monitors (A&D Medical, Kyoto,
Japan). A cuff with an appropriately sized bladder was used.
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After the study participants had rested in the sitting position
for at least 5 min, three consecutive BP readings were
obtained at 1 min intervals, and immediately transmitted to
the web-based Shuoyun System via a microphone or a
customized wireless transmission module. These three
office BP readings were averaged for analysis. Office BP
control was an office BP mean of <140/90 mmHg [16].

Ambulatory arterial stiffness indices

The ambulatory arterial stiffness index (AASI) for each
patient was calculated as one minus the regression slope of
diastolic on systolic BPs in individual 24 h ABPM record-
ings [12]. Pulse pressure (PP) was the difference between
systolic and diastolic BP. The PP components, that are the
elastic PP (elPP) and stiffening PP (stPP), were calculated
as previously proposed by Gavish et al [11]. In brief,
elPP= PP*ln(K)/(K-1), and K is the ratio between the
standard deviations (SD) of systolic and diastolic BP.
The elPP was considered as the pressure change during the
systole in response to the blood volume change, assuming
the arterial stiffness was constant from diastole to systole.
However, in real arteries, the artery “stiffens” for increased
pressure (or volume). Therefore the stPP, calculated as PP
minus elPP, expressed the extra pressure required during the
systole to overcome the arterial stiffening from diastole to
systole [11].

Other data collection

A standardized questionnaire was administered to collect
information on medical history, intake of medications,
cigarette smoking and alcohol intake. Body weight was
measured with light indoor clothing and without shoes.
Body height was measured to the nearest 0.5 cm. Body
mass index was calculated as the body weight in kilograms
divided by the body height in meters squared. Serum lipids,
creatinine and uric acid, and fasting plasma glucose were
measured with automatic biochemical analyzers in the
participating hospitals. Chronic kidney disease was self-
reported. Diabetes mellitus was defined as the current use of
antidiabetic agents, or a diagnosis self-reported or docu-
mented in hospital records.

Statistical analysis

For database management and statistical analysis, we used
SAS software (Version 9.4, SAS Institute Inc, USA).
Continuous variables were expressed as mean ± standard
deviation (SD) and compared using the unpaired Student’s
t test or analyses of variance as appropriate. Categorical
variables between independent groups were compared using
the Chi-square test. The BP control rates in various time

windows were compared with the McNemar test and the
Bonferroni correction was performed for multiple pairwise
comparisons. Using a stepwise multiple regression proce-
dure with the P value for independent variables to enter and
stay in the model set at 0.10, we identified factors associated
with uncontrolled ambulatory hypertension. Multiple
logistic regression was performed to determine the odds
ratios and 95% confidence intervals (CI) associated with a
1-SD increase in the arterial stiffness indices. A two-sided
P value of <0.05 was considered statistically significant.

Results

Characteristics of the registered patients

The 4088 participants included 2159 (52.8%) men, and had
a mean (SD) age of 58.2 ± 11.8 years. Totally, 645 (15.8%)
participants had diabetes mellitus, and 74 (1.8%) had
chronic kidney disease. The mean (SD) number of anti-
hypertensive drugs taken by the patients was 1.8 ± 0.9.
Patients with perfectly controlled (n= 858) or uncontrolled
24 h ambulatory BP (n= 3230) differed in most of the
demographic and clinical characteristics, except the pre-
sence of diabetes mellitus and chronic kidney disease, the
level of fasting plasma glucose, and the number of anti-
hypertensive drug classes (Table 1).

BP control status

The median (5–95th percentiles) number of the ambulatory
BP readings for analyses were 59 (46–65) in the 24 h, 41
(29–49) in the daytime, 16 (11–21) in the nighttime, and 5
(2–6) in the morning. The corresponding mean BP levels
were 130.8/79.4, 134.7/81.8, 122.2/73.9 and 137.6/
84.1 mmHg, respectively. Among the total 4088 patients,
1915 (46.8%), 1378 (33.7%) and 795 (19.4%) patients used
one, two, or three or more classes of antihypertensive
drugs, respectively. With the increasing number of anti-
hypertensive drugs, only morning and office systolic BPs
were significantly higher (P ≤ 0.001, Table 2).

The BP control rate was the highest in the office (65.7%),
moderate in the daytime (45.0%), low in the morning
(35.5%) and the lowest in the nighttime (27.6%, P < 0.001,
Fig. 1). Only 21.0% of patients had their 24 h BP perfectly
controlled. The control rates did not differ among patients
taking various number of antihypertensive drugs except that
the control rates of office BP were lower in patients taking
three or more drugs (Table 2). The stepwise regression
analyses identified that the factors associated with an
imperfect 24 h BP control included male sex, smoking
and drinking habits, a higher body mass index, serum
total cholesterol and triglycerides, and the use of
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angiotensin-receptor blockers, beta-blockers, calcium
channel blockers, and the single pill combinations (Fig. 2).

BP control status in relation to arterial stiffness
indices

In all participants, the 24 h PP and its components, the
elastic and stiffening PP, averaged 51.4 mmHg, 41.8 mmHg
and 9.6 mmHg, respectively. And the mean AASI was 0.54.
The correlation coefficients with the elastic and stiffening
PP were 0.888 and 0.653 for the 24 h PP, respectively, and
0.146 and 0.609 for the AASI (P < 0.001, Table S2). The
24-h PP and elastic PP (P ≤ 0.046), but not the stiffening PP
or AASI (P ≥ 0.135), increased with the number of anti-
hypertensive drugs (Table 2).

As shown in Fig. 3, the office and ambulatory BP control
rates were largely lower (P < 0.05) in patients with a higher
median of the PP, irrespective its components. While for
AASI, only the control rates during the nighttime and
throughout the 24 h differed significantly between the two
median groups. After adjustment for age, sex, body mass
index, and other significant covariates, the 1-SD increases in

the 24 h, elastic and stiffening PP were all significantly
associated with an uncontrolled office and the ambulatory
BP status with odds ratios ranging from 1.09 to 4.68
(P < 0.05, Table 3). For AASI, the unadjusted and
multivariate-adjusted standardized odds ratios were only
significant (P < 0.001) for the nighttime BP control status
(1.20 and 1.29) and the perfect 24 h BP control status (1.13
and 1.21, Table 3).

Discussion

Based on the data of a nationwide registry, the present study
demonstrated that the control rates of ambulatory BPs were
low in Chinese hypertensive patients. Only about one fifth
of the patients had their ambulatory BP perfectly controlled
throughout the whole day, and less than half (45%) had a
controlled BP during the daytime, and only one third at the
nighttime or in the morning. In addition to the commonly
known risk factors for uncontrolled BP, such as male sex,
obesity, smoking and alcohol drinking, and dyslipidemia, it
was observed that the increased arterial stiffness in terms of

Table 1 Clinical characteristics
of the registered patients

Characteristic All (n= 4088) ABP controlled
(n= 858)

ABP uncontrolled
(n= 3230)

P

Age, years 58.2 ± 11.8 59.0 ± 11.9 58.0 ± 11.8 0.028

Men, n (%) 2159 (52.8) 342 (39.9) 1817 (56.3) <0.001

Body mass index, kg/m2 25.3 ± 3.4 24.7 ± 3.5 25.5 ± 3.4 <0.001

Current smokers, n (%) 566 (13.8) 71 (8.3) 495 (15.3) <0.001

Current drinkers, n (%) 452 (11.1) 55 (6.4) 397 (12.3) <0.001

Diabetes mellitus, n (%) 645 (15.8) 134 (15.6) 511 (15.8) 0.885

Chronic kidney disease, n (%) 74 (1.8) 9 (1.1) 65 (2.0) 0.060

Fasting plasma glucose, mmol/L 5.80 ± 1.60 5.72 ± 1.56 5.82 ± 1.62 0.133

Serum total cholesterol, mmol/L 4.96 ± 1.13 4.88 ± 1.14 4.98 ± 1.13 0.026

Serum triglycerides, mmol/L 1.82 ± 1.47 1.66 ± 1.42 1.86 ± 1.48 <0.001

Serum LDL-cholesterol, mmol/L 2.92 ± 0.91 2.85 ± 0.93 2.94 ± 0.90 0.011

Serum HDL-cholesterol, mmol/L 1.33 ± 0.39 1.37 ± 0.39 1.32 ± 0.39 0.001

Serum creatinine, μmol/L 75.5 ± 26.6 73.0 ± 24.9 76.2 ± 27.0 0.001

Number of antihypertensive
agents, n

1.8 ± 0.9 1.8 ± 0.9 1.8 ± 0.9 0.127

Angiotensin-converting enzyme
inhibitor, n (%)

386 (9.4) 68 (7.9) 318 (9.9) 0.087

Angiotensin receptor blocker, n
(%)

2417 (59.1) 555 (64.7) 1862 (57.7) <0.001

Alpha blocker, n (%) 34 (0.8) 4 (0.5) 30 (0.9) 0.185

Beta blocker, n (%) 805 (19.7) 205 (23.9) 600 (18.6) <0.001

Calcium channel blocker, n (%) 2637 (64.5) 487 (56.8) 2150 (66.6) <0.001

Diuretics, n (%) 859 (21.0) 216 (25.2) 643 (19.9) <0.001

Single pill combination, n (%) 852 (20.8) 214 (24.9) 638 (19.8) <0.001

Values are mean ± standard deviation or number (% of the column). P values are for the comparison between
patients with perfectly controlled or uncontrolled ambulatory blood pressure

ABP ambulatory blood pressure, LDL low-density lipoprotein, HDL high-density lipoprotein
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a high 24 h PP and its components, and AASI were also
related to the ambulatory BP control status.

In the China hypertension survey 2012–2015, the
awareness, treatment and control rate of office hypertension
in 451 755 adults (≥18 years) was 46.9%, 40.7% and 15.3%,
respectively [3]. In those who took antihypertensive medi-
cation, the control rate of office BP was 37.6%. In the May
Measurement Month (MMM) project carried out in China
from the year of 2017 to 2019, more than 600,000 subjects
participated in the opportunistic BP measurement [17–19].
The major measurement sites were hospital clinics. The BP
control rate in hypertensive patients on medications was
64%, 62.7%, and 60.1% in the year of 2017, 2018 and 2019,
respectively [17–19], which were very similar to the rate of
office BP control observed in the present study. Our study
firstly reported the control rates of ambulatory BP in Chinese
patients with medicated hypertension, which seemed much
lower than that in populations from other countries [20, 21].
The Home-Activity information and Communication Tech-
nology (ICT)-based Japan Ambulatory Blood Pressure

Monitoring Prospective (HI-JAMP) study is also a nation-
wide registry study of medicated hypertensive patients
began in 2017 in Japan [21]. The office, home and ambu-
latory BPs were measured with a single customized ICT-
based multi-sensor ambulatory BP monitoring device. In the
2731 patients analyzed, the control rates of the 24 h, daytime
and nighttime BP were 71.0%, 70.4% and 68.8%, respec-
tively, for systolic, and 73.3%, 78.0%, and 57.9%, respec-
tively, for diastolic [21]. The higher control rates in the
Japanese than Chinese population might be due to more
sufficient use of antihypertensive treatment in the former
than the latter population. The median number of anti-
hypertensive agents was 2.2 and the combination therapy
was applied in 70.9% patients in the HI-JAMP, while in our
study the corresponding values were 1.8 and 53.1%,
respectively. A similar phenomenon observed in these two
registry studies is the lower control rate of nighttime and
morning BPs compared to that of daytime BPs. Therefore,
both studies highlighted the importance of the application of
out-of-office BP measurement in identifying nighttime and

Table 2 Mean values of blood pressure, control status and ambulatory arterial stiffness indices

Variables Overall (n= 4088) Number of antihypertensive drugs P

One (n= 1915) Two (n= 1378) Three or more (n= 795)

Blood pressure, mmHg

Office SBP 130.8 ± 18.3 130.0 ± 18.0 130.4 ± 18.5 133.1 ± 18.7 <0.001

Office DBP 79.3 ± 11.4 79.2 ± 11.2 79.1 ± 11.2 79.8 ± 12.1 0.351

24 h SBP 130.8 ± 14.5 131.0 ± 14.2 130.3 ± 14.6 131.2 ± 14.9 0.299

24 h DBP 79.4 ± 9.1 79.6 ± 8.9 79.3 ± 9.1 78.9 ± 9.8 0.158

Daytime SBP 134.7 ± 15.1 134.9 ± 14.9 134.2 ± 15.3 135.1 ± 15.6 0.264

Daytime DBP 81.8 ± 9.6 82.1 ± 9.4 81.7 ± 9.6 81.4 ± 10.1 0.151

Nighttime SBP 122.2 ± 16.3 122.3 ± 16.2 121.7 ± 16.2 122.6 ± 16.8 0.350

Nighttime DBP 73.9 ± 9.9 74.1 ± 9.6 73.7 ± 9.6 73.6 ± 11.0 0.341

Morning SBP 137.6 ± 18.7 137.0 ± 18.3 137.1 ± 18.5 139.7 ± 19.8 0.001

Morning DBP 84.1 ± 11.8 83.9 ± 11.7 84.1 ± 11.6 84.5 ± 12.4 0.541

Arterial indices

24 h PP, mmHg 51.4 ± 11.0 51.3 ± 10.7 51.0 ± 11.2 52.3 ± 11.5 0.036

Elastic PP, mmHg 41.8 ± 8.6 41.9 ± 8.6 41.4 ± 8.6 42.4 ± 8.7 0.046

Stiffening PP, mmHg 9.6 ± 5.2 9.5 ± 5.1 9.6 ± 5.2 9.9 ± 5.5 0.135

AASI 0.54 ± 0.15 0.54 ± 0.15 0.54 ± 0.15 0.53 ± 0.14 0.204

BP control rate, %

Office 65.7 67.2 67.3 59.1 <0.001

Perfect 24 h 21.0 19.9 21.8 22.3 0.264

Daytime 44.6 43.6 45.7 45.0 0.468

Nighttime 27.2 26.0 27.8 29.2 0.202

Morning 34.1 34.0 35.4 32.1 0.284

Values are mean ± standard deviation or number (% of the column). P values are for the comparison between groups taking different number of
antihypertensive agents. For the definitions of daytime, nighttime and morning intervals, please refer to the section of methods. Perfect 24 h blood
pressure control means the 24 h, daytime and nighttime blood pressures were all controlled

BP blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure, PP pulse pressure, AASI ambulatory arterial stiffness index
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morning hypertension, and the use of long-acting drugs
to control BP throughout the day and night in the Asian
region [5, 22].

Similar to the MMM study in China [23], we found that
in general men had a lower control rate than women and
common barriers for blood pressure control in the Chinese
population included cigarette smoking and alcohol drinking,
a higher body mass index and serum cholesterol, and the
under-use of combination therapy. Indeed, in the present
study, the use of single pill combination antihypertensive
therapy was favorably and independently associated with

the 24 h BP control, but unfortunately only one fifth of the
patients used such combination.

In addition to the common risk factors, our study also
firstly investigated the ambulatory arterial stiffness indices
and their relationship with the 24 h BP control. Both the
24 h PP and AASI indirectly reflect arterial elastic function
and can be calculated from the data of ambulatory BP
monitoring without the need of additional dedicated devices
[11, 12]. Recently, the 24 h PP was proposed to be
decomposed into two components: the elastic PP and
the stiffening PP, associated with the stiffness at the diastole
and the change of stiffness during systole, respectively [11].
As observed in the present study, both the elastic and stif-
fening PP were closely correlated with the 24 h PP with a
correlation coefficient of 0.89 and 0.65, respectively.
Longitudinal analyses showed that both of the PP compo-
nents predicted cardiovascular morbidity and mortality but
with some difference [24, 25]. In patients aged >60 years,
the association of PP with clinical outcomes is mediated by
the diastolic stiffness via elPP, while in patients aged <60
years, both components are associated with cause-specific
clinical outcomes [25]. In the present study, we found that
the 24 h PP and its components were all significantly
associated with the ambulatory BP control status, which
might be attributable to the fact that patients with stiff
arteries would have poor BP control on one hand [10], and
the 24 h PP and PP components were mathematically cor-
related with the ambulatory BP values on the other hand.

Fig. 2 Common clinical factors in relation to the perfect 24 h BP control status. Odds ratios and 95% confidence intervals were determined by
stepwise regression with the P value for independent variables to enter and stay in the model set at 0.10. In addition to the variables shown in the
figure, other factors in the model included age, fasting plasma glucose, serum creatinine, low-density lipoprotein cholesterol, the use of
angiotensin-converting enzyme inhibitors, and the use of diuretics. BMI body mass index, ARB angiotensin receptor blockers, CCB calcium
channel blockers, SPC single pill combination

Fig. 1 Control rates of the ambulatory blood pressure in the 4088
patients registered in the REACTION-ABP study. For the definitions
of daytime, nighttime and morning blood pressure (BP) control, please
refer to the Methods. Perfect 24 h BP control means that the 24 h,
daytime and nighttime BPs were all controlled. Pairwise comparisons
of the rates were all statistically significant (P < 0.001)
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Interestingly, the associations with the PPs seemed closer
with the daytime than the nighttime BP control, and the
opposite might be true for AASI. The differences between
the ambulatory arterial stiffness indices is intriguing and
warranted further investigation.

Our study should be interpreted within the context of its
strengths and limitations. The ambulatory BP recordings
were in high quality, and the data reporting was performed
with a standardized web-based system [9]. The participating
centres were almost across the whole country of China.

Fig. 3 Control rates of ambulatory blood pressure by median of the ambulatory arterial stiffness indices. BP blood pressure, ABP ambulatory blood
pressure, PP pulse pressure, AASI ambulatory arterial stiffness index. Comparison between the groups *P < 0.001. †P < 0.05. ‡P < 0.01

Table 3 Blood pressure control status in relation to ambulatory arterial stiffness indices

Arterial Index Model BP control status (0 controlled, 1 uncontrolled)

Office Perfect 24 h Daytime Nighttime Morning

24 h PP Unadjusted 1.79 (1.67–1.91) 2.21 (2.01–2.44) 2.90 (2.66–3.17) 1.76 (1.62–1.90) 2.20 (2.03–2.39)

Adjusted 1.99 (1.83–2.15) 3.02 (2.68–3.39) 4.68 (4.17–5.24) 2.22 (2.01–2.44) 2.56 (2.33–2.82)

Elastic PP Unadjusted 1.85 (1.73–1.99) 2.78 (2.49–3.10) 3.50 (3.18–3.86) 2.21 (2.02–2.42) 2.51 (2.30–2.75)

Adjusted 1.91 (1.77–2.06) 3.26 (2.88–3.68) 4.43 (3.96–4.94) 2.53 (2.29–2.80) 2.64 (2.40–2.90)

Stiffening PP Unadjusted 1.23 (1.15–1.31) 1.16 (1.07–1.25) 1.34 (1.26–1.43) 1.01 (0.94–1.08) 1.24 (1.16–1.33)

Adjusted 1.25 (1.16–1.35) 1.30 (1.19–1.42) 1.52 (1.41–1.64) 1.09 (1.01–1.18) 1.27 (1.18–1.37)

AASI Unadjusted 0.96 (0.90–1.02) 1.13 (1.05–1.22) 0.95 (0.89–1.01) 1.20 (1.12–1.28) 1.02 (0.95–1.08)

Adjusted 0.94 (0.88–1.01) 1.21 (1.11–1.31) 0.97 (0.91–1.03) 1.29 (1.19–1.39) 1.00 (0.93–1.07)

Values are standardized hazard ratios (95% confidence intervals) of uncontrolled ambulatory BP status associated with the arterial stiffness indices.
In adjusted models, age, sex, body mass index, smoking, alcohol drinking, serum total cholesterol, serum triglycerides, the use of angiotensin
receptor blockers, the use of calcium channel blockers and the use of the single pill combination were included as covariates

BP blood pressure, ABP ambulatory blood pressure, PP pulse pressure, AASI ambulatory arterial stiffness index
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However, as limited by the resources, in this study with a
large sample size, we collected data only on common
clinical risk factors associated with hypertension control,
and missed many other important factors related to diurnal
BP variations, such as stress, physical activity, sleep quality,
and so on [26, 27]. The present study is cross-sectional and
does not allow inferring any causal relationship. Some
observed associations, such as the BP control status in
relation to the number or specific class of antihypertensive
drugs, can be a result of reverse causality, which should be
interpreted with caution. In addition, considering the modest
reproducibility of the BP phenotype, especially within short
time intervals [28], repeated ambulatory BP measurement
would be ideal for the assessment of BP control status.

Perspectives in Asia

The HOPE Asia network proposed seven-action approaches
for the management of hypertension in Asia [5]. Among the
seven actions, reducing morning home BP as the first target
and nighttime BP as the second target for high-risk patients
were recommended. Our study provides further support to
this recommendation as a low control rate of nighttime and
morning BP was observed in the real-world hypertensive
patients.

Conclusion

The control rates of 24 h ambulatory BP, especially that in
the nighttime and morning time windows, were low in Chi-
nese hypertensive patients. More efforts will be needed to
promote the control of 24 h ambulatory BP. Increased pulse
pressure and ambulatory arterial stiffness were associated
with lower ambulatory BP control rates. Future studies are
warranted to illustrate the benefit of the 24 h BP control in
patients with high versus low levels of arterial stiffness.
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