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Abstract

Objective    Current clinical  evidence on the effects  of  home blood pressure telemonitoring (HBPT) on
improving  blood  pressure  control  comes  entirely  from  developed  countries.  Thus,  we  performed  this
randomized  controlled  trial  to  evaluate  whether  HBPT  plus  support  (patient  education  and  clinician
remote hypertension management) improves blood pressure control  more than usual care (UC) in the
Chinese population.

Methods     This  single-center,  randomized  controlled  study  was  conducted  in  Beijing,  China.  Patients
aged  30–75  years  were  eligible  for  enrolment  if  they  had  blood  pressure  [systolic  (SBP) ≥ 140  mmHg
and/or  diastolic  (DBP) ≥ 90  mmHg;  or  SBP ≥ 130  mmHg  and/or  DBP ≥ 80  mmHg  with  diabetes].  We
recruited  190  patients  randomized  to  either  the  HBPT  or  the  UC  groups  for  12  weeks.  The  primary
endpoints  were  blood  pressure  reduction  and  the  proportion  of  patients  achieving  the  target  blood
pressure.

Results    Totally, 172 patients completed the study, the HBPT plus support group (n = 84), and the UC
group (n = 88). Patients in the plus support group showed a greater reduction in mean ambulatory blood
pressure  than  those  in  the  UC  group.  The  plus  support  group  had  a  significantly  higher  proportion  of
patients who achieved the target blood pressure and maintained a dipper blood pressure pattern at the
12th  week  of  follow-up.  Additionally,  the  patients  in  the  plus  support  group  showed  lower  blood
pressure variability and higher drug adherence than those in the UC group.

Conclusion     HBPT  plus  additional  support  results  in  greater  blood  pressure  reduction,  better  blood
pressure  control,  a  higher  proportion  of  dipper  blood  pressure  patterns,  lower  blood  pressure
variability,  and  higher  drug  adherence  than  UC.  The  development  of  telemedicine  may  be  the
cornerstone of hypertension management in primary care.
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 INTRODUCTION

C ardiovascular  disease  (CVD)  is  the  most
serious  disease  affecting  human  health
worldwide.  According  to  the  Global

Burden of Disease Study, approximately 17.6 million
people  die  from  CVD  annually[1].  By  2030,  the
number  of  people  dying  of  CVD  each  year  is
expected  to  reach  23.6  million[2].  Hypertension  is  a
major risk factor for CVD, and approximately half  of
all  CVD  events  are  caused  by  hypertension[3].
Therefore,  effective  hypertension  prevention  and
treatment  are  essential  to  reduce  the  health  risks
caused by CVD.

Achieving  a  target  blood  pressure  (BP)  is  key  to
treating hypertension. Patients with poor BP control
suffer  a  significantly  higher  risk  of  myocardial
infarction,  stroke,  renal  failure,  heart  failure,  and
death  than  those  with  well-controlled  BP[4].
Epidemiological data from the United States showed
that  the  BP  control  rate  in  adult  hypertensive
patients  was  40.2% in  2013−2014[5] while  the  BP
control  rate  in  adult  hypertensive  patients  in  China
was  only  13.8% in  2012,  which  is  much  lower  than
that in developed countries[6].

Several  factors  influence  BP  control  in
patients  with  hypertension.  Studies  have  shown
that  home  BP  telemonitoring  (HBPT)  can  better
help  hypertensive  patients  control  their  BP  than
usual  care  (UC)  and  make  it  easier  for  them  to
achieve their target BP[7,8]. A meta-analysis based
on  randomized  controlled  clinical  trials  showed
that  HBPT  can  lead  to  a  greater  decrease  in
systolic  blood  pressure  (SBP)  and  diastolic  blood
pressure  (DBP)  than  UC,  allowing  more  patients
to  achieve  the  target  BP[9-11].  The  American
College  of  Cardiology  and  the  American  Heart
Association Hypertension Management Guideline
2017  recommends  using  telemedicine
interventions (HBPT alone or HBPT plus additional
support)  to  improve  BP  control  in  patients  with
hypertension[12].

Almost  all  current  clinical  evidence  for  HBPT
improvement  in  BP  control  comes  from
developed  countries  such  as  the  United  States,
the  United  Kingdom,  and  South  Korea.  Few
clinical studies have been conducted in countries
with  relatively  low  medical  standards,  such  as
China.  Therefore,  we  conducted  a  randomized
controlled  trial  to  determine  whether  HBPT
combined  with  additional  support  can  improve
BP  control  in  Chinese  patients  with
hypertension.

 PATIENTS AND METHODS

 Research Design and Informed Consent

This  was  a  single-center  randomized  controlled
study  conducted  at  the  Chinese  PLA  General
Hospital,  which  included  former  data,  and  was
approved by the Medical Ethics Committee (Hospital
ethics  No.  S2018-065-01,  Clinical  Research
Registration  No.  ChiCTR2200058922).  All  enrolled
patients were informed that they would receive one
of two hypertension treatment regimens and would
be  followed  up.  All  respondents  provided  informed
consent.

 Participants

The participants were patients with hypertension
treated in our hospital during the recruitment period
(August  2016  to  March  2017)  from  11  different
provinces in China, with a 12-week follow-up period.
Patients  were  included  if  they  met  the  following
criteria:  1)  age ≥ 18  years;  2)  previously  or  newly
diagnosed  with  hypertension;  3)  poor  BP  control
(SBP ≥ 140  mmHg  and/or  DBP ≥ 90  mmHg,  SBP
≥ 130  mmHg  and/or  DBP ≥ 80  mmHg  for  patients
with  diabetes,)  at  the  time  of  consultation;  4)  in
possession  of  a  smartphone.  Patients  would  not  be
included in the study if they met one or more of the
following  criteria:  1)  SBP ≥ 180  mmHg  and/or
DBP ≥ 110  mmHg  at  the  time  of  consultation;
2)  secondary  hypertension;  3)  patients  with  chronic
kidney  disease,  with  serum  creatinine ≥ 2.5  mg/dL
(221  μmol/L);  4)  patients  with  chronic  liver  disease,
with  aspartate  aminotransferase/alanine
aminotransferase four times greater than the upper
limit;  5)  patients  undergoing  hospitalization  due  to
acute  myocardial  infarction,  stroke,  or  congestive
heart  failure  during  the  past  6  months;  6)  patients
with  dementia;  7)  patients  who  were  unable  to
communicate  due  to  severely  impaired  hearing  or
speech function; 8) patients with malignant tumors.

 Sample Size

Our  preliminary  study  showed  that  HBPT  could
help  approximately  65% of  patients  with
hypertension  achieve  their  target  BP,  with  a
conservative  estimate  of  60% (see  our  pre  test
results). In previous outpatients with hypertension at
our  hospital,  the  rate  of  meeting  the  target  BP  was
approximately  37%,  with a  conservative estimate of
35%[13].  In  this  study  α  =  0.05,  β  =  0.10,  the  sample
size  was  estimated  using  PASS  software  (version
15.0.5,  NCSS  NCSS,  LLC.  Kaysville,  Utah)  and  79
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patients  were  needed  in  each  group.  Considering  a
10% loss  to  follow-up,  95  patients  were  enrolled  in
each group.

 Randomization and Masking

Potentially  eligible  patients  were  invited  to  our
research  clinics,  where  they  were  screened  for
eligibility.  Informed  consent  was  obtained,  baseline
measurements were taken, and questionnaires were
administered.  Eligible  participants  were  randomly
assigned  to  the  HBPT-plus  or  the  UC  group  (1:1)
according  to  their  odd  or  even  clinical  ID  numbers.
Neither  the  participants  nor  investigators  were
blinded  to  the  group  assignments  in  this  open  trial.
Statistical  analysis  was  performed  by  a  statistician
upon completion of the trial.

 Interventions

Home  BP  remote  monitoring  with  additional
support  is  a  closed-loop  feedback  system  using  a
software application, cloud platform, blood pressure
monitoring  apparatus,  and  a  management  team.
Interventions  received  by  the  HBPT-plus  group  (95
patients)  included:  1)  remote  HBPT  (the  patients
were  offered  an  automated  sphygmomanometer,
which uploaded BP readings onto the BP monitoring
application  (APP),  which  can  be  seen  by  both
patients  and  staff),  2)  patient  education  (health
education  knowledge  was  regularly  sent via the  BP
monitoring  APP),  and  3)  remote  hypertension
treatment  management  guided  by  a  clinician  or
pharmacist (by phone or BP monitoring APP). Based
on  the  BP  measurement  data  uploaded  by  the
patient,  the  system  calculates  the  average  BP  and
sends it to the patient and staff via a BP-monitoring
APP every week. In the first two weeks of the study,
the  patients  were  asked  to  measure  their  BP  every
morning  and  evening.  Two  weeks  later,  if  the
patient’s  BP  remained  stable,  it  was  decreased  to
measuring the BP 1–2 times every 1–2 days[14]. If the
patient  failed  to  take  BP  measurements  for  five
consecutive  days,  the  staff  would  remind  and
supervise him by phone. If the patients’ BP failed to
reach the standard for two consecutive weeks (SBP ≥
140 mmHg and/or DBP ≥ 90 mmHg, SBP ≥ 130 mmHg
and/or DBP ≥ 80 mmHg, for patients with diabetes),
the  nurse  would  follow up  the  patient’s  medication
within these two weeks by phone, and a pharmacist
or  clinician  would  adjust  the  dose,  usage,  or  type
according  to  the  patients’ BP  level  in  accordance
with  the  latest  medication  guidelines,  and  deliver
individualized  lifestyle  guidance.  Patients  in  the
HBPT-plus group were regularly followed up for drug

adherence (every two weeks).
Patients in the UC group (n =  95)  were treated

according  to  the  treatment  regimens  provided  by
the  first-visit  physician  based  on  the  latest
guidelines.  The  patients  were  recommended  to
undergo home BP monitoring with a normal family
sphygmomanometer  and  return  for  outpatient
visits every 4 weeks (no mandatory requirements).
If  patients  visit  a  physician,  their  treatment
regimens  would  be  adjusted  based  on  the  results
of home and outpatient BP monitoring. Consistent
with  the  HBPT-plus  group,  patients  were  regularly
followed  up  for  drug  compliance  (every  two
weeks).

All  patients  underwent  ambulatory  BP
monitoring  (ABPM)  within  3  days  of  enrolment  and
within  3  days  of  the  end of  the  trial  (12  weeks).  BP
was automatically measured every 30 min during the
day  (06:00–20:00)  and  every  1  h  at  night
(20:00–06:00)[15].  If  the  number  of  effective  BP
readings within 24 h was > 85%, then the number of
monitoring readings was considered valid.

 Outcomes

 Primary Study Endpoints　The primary endpoints of
the  study  were  changes  in  mean  SBP  and  DBP
between the baseline and 12-week follow-up as well
as the proportion of patients achieving the target BP
and dipper BP pattern at the 12-week follow-up. The
24-hour, daytime, and nighttime mean SBP and DBP
were  defined  as  the  mean  of  the  all-day,  daytime
(06:00–20:00),  and  nighttime  (20:00–06:00)  BP
measurements  according  to  ABPM  readings.
Achieving target  BP was defined as  a  24-hour mean
BP  <  130/80  mmHg,  daytime  mean  BP  <  135/85
mmHg, and nighttime mean BP < 120/70 mmHg. The
dipper  blood  pressure  pattern  was  defined  as  a
nocturnal  BP  fall  of  >  10% of  daytime  values  or  a
night/day BP ratio of 0.8–0.9. A diminished nocturnal
decrease in BP is associated with poor cardiovascular
outcomes[15].
 Secondary  Study  Endpoints　 The  secondary
endpoints were blood pressure variability (BPV) and
drug  adherence.  In  our  study,  BPV  was  defined  as
the  degree  of  fluctuation  in  BP  during  24-hour
ABPM, as measured by the standard deviation of the
mean  BP.  The  formula  for  calculating  drug
adherence  was  as  follows:  (number  of  days  taking
the  medication  as  required  /  total  days  required  to
take the medication) × 100%.

 Statistical Analysis

All  statistical  analyses  were conducted based on
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a  per-protocol  analysis,  and  the  mean,  standard
deviation, and percentage were used to describe the
baseline  clinical  characteristics  of  the  patients.
Intergroup  comparisons  of  continuous  variables
were  performed  using  the t-test.  Intergroup
comparisons  of  categorical  variables  were
performed using Pearson’s χ2 test and Fisher’s exact
test.  Statistical  analysis  was  performed  using  SPSS
software  (version  23.0;  Authorization  No.6b454
3b2xxxxf3c69a68).  A  two-tailed P <  0.05  was
considered to be statistically significant.

 RESULTS

A total of 511 patients with hypertension were
screened. After excluding 321 patients who did not
meet  the  inclusion  criteria,  190  hypertensive
patients  were randomized into the HBPT-plus and
UC  groups.  By  the  end  of  the  3-month  follow-up,
seven  patients  in  the  HBPT-plus  group  and  two
patients  in  the UC group had withdrawn from the
study. During the study, 9 patients with white coat
hypertension  were  also  identified.  Therefore,  172
patients  were  included  in  the  final  analysis  (84  in
the  HBPT-plus  group  and  88  in  the  UC  group)
(Figure 1).

According to the latest guidelines, treatment plans
vary  for  different  individual  conditions  with  different
numbers,  classes,  and  dosages  of  antihypertensive

medication.  The antihypertensive drugs administered
to  patients  were  diuretics,  calcium  channel  blockers,
beta-blockers,  angiotensin-converting  enzyme
inhibitors,  or  angiotensin  II  receptor  blockers.  The
mean number of antihypertensive medication classes
was 1.7 ± 0.6 in the HBPT-plus group and 1.6 ± 0.5 in
the UC group at baseline.

There were no significant differences in age, sex,
body  mass  index,  family  history  of  hypertension,
waist-to-hip  ratio,  hypertension  grade,  mean
number  of  antihypertensive  medication  classes,
history of coronary heart disease, history of diabetes
mellitus,  or  proportion  of  newly  or  previously
diagnosed  hypertension  between  the  two  groups
(Table  1).  There  was  no  difference  in  the  baseline
office  BP  (Table  1),  baseline  24-hour  mean  BP,
daytime  mean  BP,  or  nighttime  mean  BP  (Table  2)
between the two groups. The 24-hour mean SBP and
DBP  were  approximately  10  mmHg  and  4  mmHg
lower  than  the  office  SBP  and  DBP,  respectively
(Table 1).

The  mean  number  of  antihypertensive
medication  classes  increased  from  1.7  ±  0.6  at
baseline  to  2.2  ±  0.7  at  12  weeks  in  the  HBPT-plus
group and from 1.6 ± 0.5 at  baseline to 1.9 ± 0.6 at
12 weeks in the UC group.

 Primary Study Endpoints

At  the  12th  week  of  follow-up,  BP  levels

 

Excluded (n = 321)

Assessed for eligibility

(n = 511)

Randomized (n = 190)

Allocated to interven�on (n = 95)
Received allocated interven�on (n = 91)

Did not receive allocated interven�on
(white coat HT) (n = 4)

Lost to follow-up (withdrawal) (n = 7) Lost to follow-up (withdrawal) (n = 2)

Allocated to interven�on (n = 95)

Received allocated interven�on (n = 90)

Did not receive allocated interven�on
(white coat HT) (n = 5)

HBPT-plus group (n = 84) UC group (n = 88)

Not mee�ng inclusion criteria (n = 281)

Declined to par�cipate (n = 27)

Other reasons (n = 13)

Figure 1. Study recruitment flowchart.
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(including  24-hour  mean BP,  daytime mean BP,  and
nighttime  mean  BP)  in  both  the  HBPT-plus  and  UC
groups  were  significantly  lower  than  the  baseline
levels  (P <  0.01).  The  reduction  of  the  BP  (including
24-hour  mean BP,  daytime mean BP,  and  nighttime
mean  BP)  in  the  HBPT-plus  group  was  greater  than
that in the UC group (P < 0.01) (difference in changes
between  groups:  24-hour  mean  SBP  and  DBP  were
4.85 mmHg and 4.01 mmHg, respectively) (Table 2).

At  the  beginning  of  the  study,  there  was  no
significant  difference  in  participants  achieving  the
target  BP  (including  24-hour  BP,  daytime  BP,  and
nighttime BP) between the HBPT-plus group and the
UC  group.  The  proportion  of  participants  who
achieved  their  target  BP  at  the  end  of  the  study  in
both the HBPT-plus  and UC groups  was  significantly
higher  than  at  the  start,  and  the  proportion  in  the
HBPT-plus group was significantly higher than that in
the UC group (P <  0.01).  The proportion of  patients
in  the  HBPT-plus  group who achieved  the  target  BP
at  24  hours  was  71.4%,  while  it  was  only  25.0% in
the  UC  group  [odds  ratio  =  2.625,  95% confidence
interval = 1.833–3.759]. (Table 3).

 Secondary Study Endpoints

At  the  beginning  of  the  study,  35  patients

(41.7%)  in  the  HBPT-plus  group  and  38  patients
(45.2%) in the UC group had a dipper blood pressure
pattern.  At  the  end  of  the  study,  the  number  of
patients  with  a  dipper  blood  pressure  pattern  had
increased to 56 (66.7%) in the HBPT-plus group and
42 (47.7%) which was not a significant change in the
UC  group.  The  proportion  of  patients  with  dipper
blood pressure patterns in the HBPT-plus group was
significantly  higher  than  that  in  the  UC  group  (P <
0.05) (Table 3).

At  the  beginning  of  the  study,  there  was  no
significant difference in BPV between the HBPT-plus
and UC groups.  At  the end of  the study,  the BPV of
the  two  groups  was  significantly  lower  than  at  the
beginning  and  the  BPV  in  the  HBPT-plus  group  was
significantly  lower  than  that  in  the  UC  group  (P <
0.01) (Table 4).

At the 12th week of follow-up, drug adherence in
the  HBPT-plus  group  was  significantly  higher  than
that in the UC group (P < 0.01) (Table 4).

 DISCUSSION

The  results  of  this  randomized  controlled  trial
showed  that  compared  with  UC,  HBPT  plus
additional  support  (patient  education  and  remote

Table 1. Baseline characteristics of patients

Characteristics HBPT-plus group (n = 84) UC group (n = 88) P-value

Age (years) 50.96 ± 10.50 51.45 ± 12.22 0.778

Males, n (%) 50 (59.5%) 51 (58.0%) 0.834

BMI (kg/m2) 27.33 ± 3.11 26.85 ± 3.71 0.365
WHR 0.93 ± 0.68 0.92 ± 0.52 0.302

Blood pressure (mmHg)

Systolic blood pressure 151.92 ± 10.74 151.18 ± 9.30 0.632

Diastolic blood pressure 91.01 ± 9.98 90.60 ± 12.90 0.817

History of HTN, n (%) 36 (42.9) 26 (30.0) 0.052

HTN Grade, n (%)

Class I 57 (67.9) 64 (72.7) 0.485

Class II 27 (32.1) 24 (27.3)

HTN Categories, n (%)

New diagnosed 30 (35.7) 22 (25.0) 0.152

Previous diagnosed 54 (64.3) 64 (72.7)

DM 21 (25.0) 18 (20.5) 0.450

CAD 33 (39.3) 37 (42.0) 0.713

No. of hypertension medication classes 1.7 ± 0.6 1.6 ± 0.5 0.236

　　Note. BMI,  body  mass  index;  CAD,  coronary  artery  disease;  DM,  diabetes  mellitus;  HBPT,  home  blood
pressure  telemonitoring;  HTN,  hypertension;  UC,  usual  care;  WHR,  waist-to-hip  ratio.  Data  are  presented  as
mean ± SD or number and percentage. P < 0.05 was considered statistically significant.
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pharmacist or physician BP management) could lead
to a more significant BP reduction and enable more
patients with hypertension to achieve the target BP,
maintain a  dipper blood pressure pattern,  and have
lower BPV. We also found that patients in the HBPT-
plus group had significantly higher drug adherence.

Patients in the HBPT-plus group had a greater BP
reduction  than  those  in  the  UC  group,  possibly

because  of  higher  drug  adherence  in  the  HBPT-plus
group.  The  timely  adjustment  of  medications  by
clinicians and pharmacists may be another reason. A
previous  meta-analysis  has  shown  that  HBPT
achieved an additional BP reduction (24 h ABPM) of
2.71/1.08 mmHg compared with UC[16]. In our study,
the  HBPT-plus  group  achieved  an  even  greater  BP
reduction,  which  was  possibly  attributable  to  the

Table 2. Comparison of mean SBP and DBP changes between HBPT-plus group and UC group

Variables HBPT plus group (n = 84) UC group (n = 88) P-value

24 h mean systolic BP (mmHg)

Baseline 139.76 ± 9.48 139.97 ± 9.45 0.888

Week 12 127.52 ± 7.12 132.81 ± 5.74 < 0.001

Change 12.01 ± 4.82 7.16 ± 8.57

P-value (within group) < 0.001 < 0.001

24 h mean diastolic BP (mmHg)

Baseline 86.95 ± 9.12 86.48 ± 8.03 0.475

Week 12 78.65 ± 6.13 82.38 ± 6.66 < 0.001

Change 8.11 ± 9.84 4.10 ± 8.41

P-value (within group) < 0.001 < 0.001

Daytime mean systolic BP (mmHg)

Baseline 142.90 ± 9.88 143.51 ± 9.83 0.687

Week 12 130.73 ± 7.01 136.27 ± 6.09 < 0.001

Change 11.92 ± 6.19 7.24 ± 9.05

P-value (within group) < 0.001 < 0.001

Daytime mean diastolic BP (mmHg)

Baseline 89.64 ± 9.73 89.22 ± 8.12 0.755

Week 12 81.12 ± 7.01 85.02 ± 6.83 < 0.001

Change 8.24 ± 10.81 4.19 ± 9.11

P-value (within group) < 0.001 < 0.001

Nighttime mean systolic BP (mmHg)

Baseline 133.42 ± 11.74 132.88 ± 11.20 0.542

Week 12 121.05 ± 8.67 125.76 ± 6.63 < 0.001

Change 12.20 ± 7.96 7.11 ± 10.49

P-value (within group) < 0.001 < 0.001

Nighttime mean diastolic BP (mmHg)

Baseline 81.67 ± 9.53 80.89 ± 9.48 0.780

Week 12 73.75 ± 6.85 77.06 ± 7.91 < 0.001

Change 7.92 ± 10.27 3.83 ± 8.93

P-value (within group) < 0.001 0.004

　　Note. ABPM,  ambulatory  blood  pressure  monitoring;  HBPT,  home  blood  pressure  telemonitoring;  UC,
usual care. Data are presented as mean ± SD or number and percentage. P < 0.05 was considered statistically
significant.
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additional support. Previous studies have also shown
that  HBPT  plus  additional  support  can  result  in
greater  BP  reduction  than  HBPT  alone  (3.44/
1.40  mmHg)[16],  indicating  that  additional  support
may help better control BP. A meta-analysis showed
that  self-monitoring  alone  was  not  associated  with
lower  BP  or  better  control,  but  in  conjunction  with
co-interventions  (including  systematic  medication
titration  by  doctors,  pharmacists,  or  patients,
education,  or  lifestyle  counseling)  led  to  clinically
significant BP reduction[17]. A recent study found that
HBPT  plus  led  to  blood  pressure  dropping  from
151.7/86.4  to  138.4/80.2  mmHg  in  the  intervention
group, and the results at 12 months showed greater
divergence  than  at  6  months,  which  suggested  that
the intervention might have an ongoing impact[18].

The  proportion  of  patients  achieving  the  target
BP  in  the  HBPT-plus  group  in  our  study  was  higher
than that of the intervention group in other studies,
whereas  the  proportion  of  patients  achieving  the
target  BP  in  the  UC  group  was  significantly  lower
than that in the UC group in another study[19-20]. The
high  proportion  of  the  HBPT-plus  group  achieving
the  target  BP  was  attributed  to  measuring  and
uploading  BP  data  more  frequently  in  our  study.  In
addition,  pharmacists  and  physicians  had  higher
management  intentions  for  patients  who  did  not
meet the standards. If the patient’s BP did not reach
the standard in two weeks, we followed up by phone
and  adjusted  the  treatment  regimen.  The  study

lasted  for  12  weeks.  In  such  a  short  period,  the
proportion  of  patients  achieving  the  target  BP  is
likely to be high, but it may decrease to some extent
with time.  The low proportion of  patients in the UC
group  who  achieved  their  target  BPs  may  be
attributed to low drug adherence and low awareness
of hypertension. According to 2012 data, the overall
awareness  rate  in  Chinese  patients  with
hypertension was only 46.5%[6].

We  also  studied  the  effects  of  HBPT-plus  on  BP
rhythm  and  BPV.  The  proportion  of  dipper  blood
pressure  patterns  in  the  HBPT  group  was
significantly higher than that in the UC group at the
end of the study, while BPV was significantly lower in
the  UC  group.  Thus,  this  study  suggests  that  HBPT
plus  may  reduce  adverse  events  in  patients  with
hypertension  by  helping  them  restore  a  normal  BP
rhythm  and  reduce  BPV.  However,  confirmation  of
this conclusion requires further follow-up.

Drug  adherence  determines  the  therapeutic
effects in the treatment of chronic diseases. Previous
studies have found that drug adherence in the HBPT
group  was  92%,  compared  with  74% in  the  control
group[21].  Kim  et  al.  also  found  in  their  randomized
controlled  trial  that  HBPT  combined  with  remote
physician  care  improved  patients’ drug  adherence
compared  to  HBPT  alone[19].  Our  findings  were
consistent with these results.

The  more  significant  BP  reduction  in  the
intervention  group  may  be  attributed  to  the

Table 3. Comparison of the proportion of patients achieving the target BP and dipper BP
pattern between HBPT plus group and UC group

Variables HBPT-plus group (n = 84), n (%) UC group (n = 88), n (%) OR 95% CI P-value

24 h mean BP (130/80 mmHg)

Baseline 5 (6.0) 6 (6.8) 0.991 0.916−1.071 0.817

12 weeks 60 (71.4) 22 (25.0) 2.625 1.833−3.759 < 0.001

Daytime mean BP (135/85 mmHg)

Baseline 9 (10.7) 11 (12.5) 0.980 0.879−1.092 0.715

12 weeks 69 (82.1) 31 (35.2) 3.627 2.236−5.885 < 0.001

Nighttime mean BP (120/70 mmHg)

Baseline 5 (6.0) 3 (3.4) 0.961 1.098 0.489

12 weeks 50 (59.5) 18 (20.5) 1.965 1.485−2.601 < 0.001

Dipper blood pressure pattern

Baseline 35 (41.7) 38 (43.2) 0.974 0.754−1.259 0.841

12 weeks 56 (66.7) 42 (47.7) 1.568 1.091−2.253 0.012

　　 Note. BP,  blood  pressure;  HBPT,  home  blood  pressure  telemonitoring;  UC,  usual  care. P < 0.05  was
considered statistically significant.
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following  points:  first,  the  improvement  of  patient
compliance:  changing  patients’ inaccurate  health
concepts  and  treatment  inertia,  strengthening  their
subjective  initiative  to  actively  cooperate  with
medical  staff;  second,  a  reasonable  and  accurate
drug  plan:  based  on  layer  evaluation  and  BP
monitoring at home, choosing the best drug plan to
lower  BP  while  controlling  hypertension  in  the

morning;  and  third,  improvement  of  the  patient’s
lifestyle:  stabilizing  the  effect  of  lowering  BP  and
helping BP reach the standard smoothly for the long-
term.

Our  study  had  several  limitations.  First,  it  was  a
single-center study conducted in a large hospital in a
developed  city  in  China;  therefore,  the  results  may
not  be  applicable  to  hospitals  with  lower  levels  of

Table 4. Comparison of BPV and drug adherence between HBPT-plus group and UC group

Variables HBPT-plus group (n = 84) UC group (n = 88) P-value

BPV of 24 h mean Systolic BP

Baseline 18.91 ± 4.46 19.47 ± 5.56 0.463

Week 12 13.33 ± 2.90 15.82 ± 3.82 < 0.001

Change 5.46 ± 4.73 3.65 ± 6.66

P-value (within group) < 0.001 < 0.001

BPV of 24 h mean Diastolic BP

Baseline 15.73 ± 4.96 16.18 ± 5.16 0.558

Week 12 11.01 ± 3.27 13.81 ± 3.52 < 0.001

Change 4.87 ± 5.76 2.37 ± 6.31

P-value (within group) < 0.001 < 0.001

BPV of Daytime mean Systolic BP

Baseline 18.06 ± 4.90 17.39 ± 3.78 0.280

Week 12 12.39 ± 3.36 15.51 ± 4.60 < 0.001

Change 5.67 ± 5.97 1.83 ± 5.69

P-value (within group) < 0.001 0.004

BPV of Daytime mean Diastolic BP

Baseline 15.75 ± 6.48 15.41 ± 5.19 0.375

Week 12 10.35 ± 3.50 13.30 ± 3.70 < 0.001

Change 5.15 ± 6.93 2.11 ± 6.67

P-value (within group) < 0.001 0.002

BPV of Nighttime mean Systolic BP

Baseline 15.46 ± 4.30 16.33 ± 5.19 0.234

Week 12 12.14 ± 3.29 14.13 ± 3.64 < 0.001

Change 3.37 ± 4.71 2.26 ± 5.66

P-value (within group) < 0.001 0.001

BPV of Nighttime mean Diastolic BP

Baseline 12.61 ± 3.13 13.22 ± 3.39 0.223

Week 12 9.78 ± 3.31 12.28 ± 3.48 < 0.001

Change 3.25 ± 4.41 0.93 ± 4.76

P-value (within group) < 0.001 0.073

Drug adherence 93.6 ± 7.9 78.1 ± 12.2 < 0.001

　　Note. BPV, blood pressure variability; HBPT, home blood pressure telemonitoring; UC, usual care. Data are
presented as mean ± SD. P < 0.05 was considered statistically significant.
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healthcare. According to the inclusion criteria of this
study, patients needed to have a smartphone and be
proficient  in  using  it,  which  is  unlikely  for
hypertensive  patients  in  remote  and  impoverished
areas  of  China.  Second,  the  follow-up  period  was  3
months,  which  is  relatively  short.  Therefore,  it  is
impossible  to  determine  the  benefits  of  HBPT  plus
hypertension  management  for  long-term  BP
management.  Third,  only  patients  with  Grade I  or  II
hypertension  were  included.  Patients  with  chronic
kidney disease were excluded, and no patients aged
>  75  years  were  eventually  enrolled.  Thus,  it  is
difficult  to  ascertain  whether  the  findings  of  this
study  can  be  applied  to  patients  with  grade  III
hypertension  and  chronic  kidney  disease,  whose  BP
is  more  difficult  to  control  than  those  with  normal
hypertension and elderly hypertensive patients.

In  China,  there  are  a  large  number  of
hypertension patients with low BP control rates and
limited  medical  resources.  With  the  rapid
development  of  mobile  medical  care  and  remote
monitoring  technology,  HBPT-plus  could  overcome
the  limitations  of  traditional  BP  management  and
provide  new  insights  into  hypertension  control,
which would be a strategy worth further exploration.
In  follow-up  research  and  the  application  of  HBPT
plus  in  China,  full  consideration  should  be  given  to
equipment certification, staff qualifications, payment
methods,  etc.  Furthermore,  it  is  necessary  to
establish large data-based assessment systems, early
warning  models,  and  auxiliary  decision-making
systems  for  hypertension.  It  is  also  important  to
perfect  service  structures,  legal  systems,  insurance
strategies,  and  business  models,  to  focus  on
cardiovascular disease[22-24].

 CONCLUSION

Home  blood  pressure  telemonitoring  with
additional  support  was  effective  in  improving  BP
control  compared  to  UC  over  3  months.  Therefore,
promoting  this  improved  BP  management  method
among most patients with hypertension and evaluating
its long-term benefits and cost-effectiveness will be the
direction of our future efforts.
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