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Background: This study explores the effect of brain and heart health manager (BHHM)-led stroke
secondary prevention on blood pressure, and in improving the self-management ability of stroke patients.
The BHHM has not been reported.

Methods: A total of 200 stroke patients, who were discharged from our hospital, were randomized into
two groups at a 1:1 ratio: intervention group and control group. Patients in the control group were followed
up for six months via telephone, while patients in the experimental group were followed up for six months
using the BHHM-led mHealth follow-up. The primary outcomes were systolic blood pressure (BP) and self-
management ability at 3, 6, 9 and 12 months, while the secondary outcomes included medication adherence,
the body mass index (BMI), and blood low-density lipoprotein.

Results: The systolic BP between these two groups at four time points (Fy,. =8.734, F,.,, =172.075, and
Fioteraction =11.363) was statistically significant (P<0.05). The self-health management ability at four time points
during follow-up period (F,. =115.09, F

group

time

wroup =1,185.50, and F,, ,cion =108.22) was also significantly different
between these two groups. Furthermore, there was a statistically significant difference in compliance with
medication at six months (x’=37.616, P=0.000). However, after one year, there were no significant differences
in BMI (t=0.214, P=0.644), total cholesterol (t=0.56, P=0.837), and low-density lipoprotein (t=0.042,
P=0.455).

Conclusions: The BHHM-led mHealth follow-up is an effective method for managing BP and improving
the self-care ability. Furthermore, this approach has no obvious effect on the management of BMI and blood

low-density lipoprotein. A potential signal of efficacy with the intervention was observed.
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Introduction Poor self-health management ability [high systolic blood

Stroke recurrence increases the degree of disability and pressure (SBP), high blood lipid cholesterol, irregular

mortality of patients (1). The recurrence rate of stroke administration of medications, smoking, alcoholism, and
patients in the ﬁrst year has reached 177% in China, and lack Of exercise] has become an important faCtOr fOr its

the accumulation rate was more than 30% in 5 years (2). recurrence (3-6). The reason why stroke recurrence is not
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uncommon is that its risk factors always exist as long as one
stroke episode has occurred (7). In addition, a number of
stroke patients do not have the conscience to control blood
pressure or maintain a healthy lifestyle (7). Furthermore,
when stroke recurs, its symptoms are worse, and its sequelae
are more than the first stroke recurrence (7). Therefore,
preventing stroke recurrence is very important.

Some studies have verified that specialized nurse-led
interventions can greatly reduce stroke recurrence (8-10).
Full-time manager-led follow-up has been widely used in the
field of diabetes, which has led to good results (11). The brain
and heart health manager (BHHM) is trained and assessed
professionally in terms of multi-disciplinary theoretical
knowledge and communication skills (12). They perform
professional stroke management for chronic diseases, such
as cardiovascular and cerebrovascular diseases, and are
trained by the National Brain Defense Commission (12).
The BHHM can provide more timely professional health
interventions, allowing patients to obtain a better health-
related knowledge (13). In previous studies, an Ambulatory
Blood Pressure Monitor Mobile Health System was
established to enable a patient to be aware of their risk in
real-time, and this has improved the medication adherence
with risk self-management (14). In the present study, the
BHHM-led mobile health for secondary stroke prevention
was established for post-hospital stroke patients, in order to
determine its effectiveness.

We present the following article in accordance with the
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/cdt-20-423).

Methods
Patients

Stroke patients, who went to the Department of Neurology
of an upper first-class hospital in Chonggqing city between
March 2019 and June 2019, and were successfully
discharged, were enrolled into the present study. The
study was conducted in accordance with the Declaration of
Helsinki (as was revised in 2013). The study was approved
by Ethics Committee of Chongging Medical Center (No. 3)
and informed consent was taken from all the patients.
Inclusion criteria: (I) residents in our district, who were
>18 years old; (II) patients with stroke defined according
to the World Health Organization diagnostic criteria; (I1I)
patients with an National Institutes of Health Stroke Scale
(NIHSS) score of <4 points, who have long-term follow-up
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management needs; (IV) patients with a clear mind, who are
willing to participate in the present study; (V) patients who
have a smart phone.

Exclusion criteria: (I) patients with serious organic
diseases; (II) patients with mental diseases; (III) patients
participating in other studies. The sample size calculation
formula was utilized to calculate the sample size, which was
finally determined to be 200 cases after considering the 10—
20% drop rate. The computer-generated random number
sequence was randomly assigned to 100 cases in the control
group and 100 cases in the experimental group.

Intervention

Team building

The director of the Brain Center of our hospital served
as the leader of the follow-up group, and was mainly
responsible for the coordination between the departments of
the hospital, in order to ensure the smooth follow-up work
in the hospital. The brain health manager qualifications
issued by the National Health and Safety Commission
Stroke Prevention and Control Engineering Committee
as the deputy head of the follow-up management team are
mainly responsible for each specific follow-up.

Follow-up process

After discharged from the hospital, the health information
of these patients was logged in the management platform
of the national stroke data center. The Bluetooth
sphygmomanometer and wearable bracelet of these patients
are connected to the “regional health monitoring network
platform based on mobile end devices” of our hospital. At
one day before the patient left the hospital, the BHHMs
demonstrated the operation process, and introduce the daily
maintenance precautions of mobile devices to patients, one
on one. A set of mobile devices (including the Bluetooth
sphygmomanometer Yuwell 680A, the Bluetooth blood
glucose meter LipidEx3B, and a wearable bracelet) was
given to these patients when they left the hospital. The
Bluetooth sphygmomanometer monitoring module
included the blood pressure monitoring record, blood
pressure report, and blood pressure fluctuation data graph.
The Bluetooth blood glucose meter monitoring module
included the patient’s blood glucose report, blood glucose
monitoring record, monthly blood glucose control report,
blood glucose fluctuation monitoring, blood glucose report
sharing and customized blood glucose control scheme. The
wearable bracelet monitoring module included the sleep
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quality analysis report, step count, mileage analysis, calorie
consumption analysis and exercise target tracking. The
medical terminal module included the online consultation,
health education, early warning management, measurement
tools and management package. The patient’s Ekangwang
app terminal module included the monitoring service (blood
pressure data, blood pressure early warning, and intelligent
bracelet), health service (health knowledge, exercise plan,
diet plan, and medication reminder), hospital service
(doctor’s advice in the hospital, test report, and my case) and
doctor service (remote guidance and online consultation).
Specific operations: (I) the Bluetooth sphygmomanometer,
Bluetooth blood glucose meter and wearable bracelet were
connected with the information terminal of our hospital; (IT)
the Ekangwang app was downloaded and installed to the
patient’s smartphone, the Bluetooth of the phone was open,
the sphygmomanometer was clicked, the blood glucose
meter and bracelet connected, and the smartphone was used
to search for devices and connect; (III) the data for blood
pressure, blood glucose and daily calorie consumption
was automatically uploaded to the medical terminal; (IV)
the BHHMs certified by the National Stroke Prevention
Commission analyzed the health data on the terminal, and
pushed the personalized intervention scheme according to
the data analysis results; (V) health intervention measures:
health education content on stroke prevention and high-
risk factors was pushed daily, feedbacks on health data were
reported, and the individual health education management
plan was promoted; (VI) high value early warning: the
BHHM:s needed to communicate with patients online or by
phone, when necessary, in time, in order to understand the
causes of early warning, and provide solutions in time. If the
data of these patients were normal for 2 weeks, the health
education content pushed by the BHHMs can be reduced
to 3 times/week.

Evaluation index

The primary outcome measure was SBP and self-
management ability at 3, 6, 9 and 12 months, while the
secondary outcomes included medication adherence, body
mass index (BMI) and blood low-density lipoprotein at
12 months. The self-management ability and medication
adherence were utilized using the self-health management
scale and medication adherence scale, respectively.
Evaluation tools: (I) the Medication Compliance Scale (15):
developed by Morisky DE, which consisted of four items,
with a score range of 0—4 points, in which 0-3 points were
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defined as non-compliance, while 4 points was defined as
sub-table compliance. (I) The Health Self-management
Ability Scale (16): this consisted of 38 items. The score
ranged from 38 to 190 points, in which 38-76 points were
classified as low level support, 77-152 points were classified
as medium level support, and 153-190 points were classified
as high level support. The higher the score, the higher the

healthy self-management level.

Statistical methods

Statistical processing was performed using SPSS 20.0. All
tests were bidirectional, with a significance level of 5% and
a sample of 200 stroke patients. The baseline demographic/
clinical characteristics of all randomized participants were
summarized using descriptive statistical methods, and
baseline imbalance tests were performed on the control and
experimental groups. The blood pressure measurement
data of these two groups of patients at different time points
were tested by multivariate test, Mauchly spherical test and
internal body effect, and the relevant 95% CI and P value
were calculated. The results of the spherical test determined
whether the multivariate test or the test of a patient’s
internal effects would be performed. If the spherical test was
P<0.05, which indicates that the spherical hypothesis was
not obeyed, it was necessary to refer to the multivariate test.
The multivariate test provided four methods, and the first
of which is the most robust. When the four methods were
inconsistent, the first one would prevail. If the spherical
test was P>0.05, the spherical hypothesis was followed, and
the test of the internal effect of the subject could directly
act as the observation index. The principle of the effect
evaluation was to intentionally process the primary outcome
data and evaluate the stability of the primary outcome. The
secondary results did not consider accountability.

Results
Basic information of these patients

Table 1 presents the basic information of patients in these
two groups. There were 63 males and 37 females in the
control group, and these patients had an average age of
41.32+2.16 years old. There were 58 males and 42 females
in the experimental group, and their average age was
42.75+0.16 years old. There was no statistical significance
for the difference between these two groups, in terms of
age, culture, disease type and stroke risk factors (P>0.05).
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Table 1 Demographics and primary outcomes at baseline for participants in BHHM and telephone group
Characteristic BHHM group Telephone group Significance P value
Gender
Men 58 63 0.523" 0.470
Women 42 37
Age, years 0.197* 0.906
40-49 31 29
50-59 38 41
60-69 31 30
Culture 3.54* 0.316
llliteracy 17 19
Primary 29 22
Junior 35 30
Senior and above 19 29
Residential area 1.118* 0.572
City 74 66
Suburb 16 20
Countryside 10 14
Type of stroke 2.524* 0.112
Hemorrhagic 27 39
Ischemic 73 61
BP and weight
SBP 147.45+14.82 142.87+12.60 1.572* 0.211
BMI 25.45+2.62 25.86+2.71 0.012" 0.911
Total cholesterol, mmol/L 4.63+1.29 4.74+1.26 0.034% 0.854
Blood lipids HDL, mmol/L 1.35+0.46 1.26+0.40 0.521% 0.472
Blood lipids LDL, mmol/L 3.79+1.52 3.69+1.43 0.485% 0.487
Self-care ability 50.08 50.64 0.29* 0.590
Medication compliance (case) Follow 16 Follow 21 0.829* 0.363

* % ¥ tvalue; &, F value. HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; BMI, body mass index.

In the experimental group, 27 patients had hemorrhagic
cerebral infarction (27%), while 73 patients had ischemic
cerebral infarction (73%). Furthermore, in the control
group, 39 patients had hemorrhagic cerebral infarction
(39%), while 61 patients had ischemic cerebral infarction
(61%). However, there were no significant difference in
age, gender, culture, disease type, type of residence, SBP,
medication compliance, blood lipid, BMI and self-care
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ability between these two groups (P>0.05).

Changes in SBP and low-density lipoprotein from baseline
to 12 months

After the one-year follow-up period, five patients were
lost to follow-up, and the rate was 2.5%. Hence, a total
of 195 patients were finally included. Two patients in the
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Stroke patients (n=200)

Randomly assigned

The experimental group (n=100)

Lost to follow-up at 9 month (n=2)
3 recurrent

Primary outcomes
SBP (n=98, 98%)
LDL n=98, 98%

The control group (ne=100)

Lost to follow-up at 6 months (n=3)
4 recurrent
2 death (12 mouths)

Primary outcomes
SBP (n=95, 95%)
LDL n=95, 95%

Figure 1 Study design and recruitment. LDL, low-density lipoprotein; SBP, systolic blood pressure.

Table 2 Analyses for change in systolic blood pressure and LDL from baseline to 12 months

Follow-up time, mean (SD)

Follow-up way Fime/ Finteraction’ F group
Base 3 months 6 months 9 months 12 months

Experimental 147.45 (14.82) 136.5 (11.86) 136.53 (15.95) 135.15 (8.48) 136.38 (9.63) 8.73/11.36/172.07

Control 142.61 (12.48) 140.21 (10.46) 147.14 (13.76) 152.53 (14.91) 152.22 (15.93) 0.00/0.00/0.00

t 1.87 1.90 5.99 18.89 28.69

P 0.17 0.17 0.15 0.000 0.000

LDL, low-density lipoprotein.

experimental group were lost to follow-up due to work
transfer. Hence, a total of 98 patients were included. Three
patients in the control group were lost to follow-up due
to work transfer and contact changes. Hence, a total of 97
patients were included (Figure I).

As shown in Tuble 2, the SBP of patients in these two
groups in different intervention periods are presented
in Table 2. There were significant differences among
the different time points before and after the follow-up
(F=8.734, P<0.05). Patients in the experimental group were
able to maintain normal levels after discharge from the
hospital, with minimal control at nine months. Patients
in the control group maintained a normal level at only
three months after discharge, and subsequently, this
gradually increased. The SBP control ability of patients
was significantly higher in the experimental group than in
the control group. Furthermore, there were interactions

© Cardiovascular Diagnosis and Therapy. All rights reserved.

before and after the follow-up, and the different follow-up
modes (Fieraction =11.363, P=0.000). It can be observed in
Table 2 that the minimum SBP control for patients in the
experimental group was nine months after discharge. The
pairwise comparison revealed that the difference in SBP
between the experimental group and control group was
statistically significant in September after discharge.

Analysis of medication compliance, BMI and low-density
lipoprotein at 12 months

As presented in Table 3, after the 1-year follow-up, there was
a significant difference in medication compliance (’=37.616)
between these two groups (P<0.05). However, the low-
density lipoprotein cholesterol levels (t=0.56, P=0.455) and
BMI (t=0.214, P=0.644) did not differ between or within

the groups from baseline to 12 months.
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Table 3 Analysis of medication compliance, BMI, LDL at 12 months
Medication BMI LDL

Intervenin compliance

9 (follow/case/
effect rate) (a year Baseline A year later t/P Baseline A year later t/P

later)

Experimental 78 (78%) 25.45+2.62 21.50+2.29 11.34%/0.00 3.79+1.52 4.85+0.86 -7.03%/0.00
Control 35 (35%) 25.86+2.71 25.98+2.47 -1.80%/0.075 3.69+1.43 5.09+0.89 -7.98%/0.00
$ 37.616* 0.214* 0.56"
P 0.000 0.644 0.455

* % ¥, t value. LDL, low-density lipoprotein; BMI, body mass index.

Table 4 Analyses for change in self-care ability from baseline to 12 months

Follow-up time, mean (SD)

Follow-up way

ane/FinKeraciion/Fgroup

Base 3 months 6 months 9 months 12 months
Experimental 50.08 (6.64) 61.45 (12.03) 73.97 (9.94) 80.7 (5.13) 83.54 (4.68) 115.09/108.22/1,185.50
Control 50.64 (6.17) 53.56 (4.86) 51.32 (6.89) 59.74 (7.53) 49.79 (6.70) 0.000/0.000/0.000/0.000
t 0.29 48.58 14.52 32.53 1717
P 0.59 0.000 0.000 0.000 0.000

Change in self-care ability from baseline to 12 montbs

As presented in Table 4, the self-care ability of patients in
the experimental group increased and reached a maximum
in December. The self-care ability of patients in the control
group did not significantly change before and after the
intervention, and this reached the lowest level in December.
There were significant differences in the two different

follow-up modes (F ., =1,185.50, P=0.000).

group

Discussion

An earlier study revealed that specialist nurses can greatly
improve the effectiveness of health education (14). By
managing high-risk factors and regularly pushing health
education content for stroke patients using mHealth
equipment, patients can observe the trend chart of their
blood pressure indicators, which can better provide alerts
for them. In the present study, the BHHM-led mHealth
follow-up significantly improved the primary outcomes (SBP
and self-care ability). This maintained the SBP at normal
levels, and has a positive impact on medication compliance

© Cardiovascular Diagnosis and Therapy. All rights reserved.

and self-care management ability. This may be due to the
fact that BHHMSs can provide more timely professional
health interventions, allowing patients to obtain better
health-related knowledge.

These present results are consistent with the results
of previous studies. For example, an Ambulatory Blood
Pressure Monitor Mobile Health System enabled a patient
to be aware of their risks in real-time, which improved
medication adherence with risk self-management, and
the traditional telephone follow-up merely served as
a reminder, with no specific intervention and lack of
continuity (17). A number of studies have verified that
the effectiveness of education gradually diminishes, in
which medication compliance and self-management ability
gradually declined with time (18). In the present study, the
SBP was maintained at a normal level in the experimental
group. In the control group, the SBP gradually increased
at three months after discharge, predicting the key turning
point for SBP intervention at three months after discharge.
In the present study, the single telephone follow-up did not
improve the SBP. Furthermore, the self-care ability reached
a medium level at nine months, and reached the highest
level at 12 months, indicating that self-care ability needs to
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be developed in a continuous health education environment.

Although there was no significant difference (P>0.05) in
BMI and blood low-density lipoprotein between the two
groups in the present study, the BMI before and after the
intervention in the experimental group was significantly
different (P<0.05), which indicates that there a positive
impact when the BHHM-led follow-up was applied. These
results may be correlated to a long-term management
of BMI and blood low-density lipoprotein. A previous
retrospective study indicated that stroke recurrence
was 14.8% in 5.5 years using continuous follow-up and
intervention, when compared to the 23.1% recurrence
in the non-sustained group (19). Therefore, the study
may presented with new changes if the duration of the
intervention is extended.

Although the present study has achieved certain results,
it was confirmed that stroke patients can benefit from the
BHHM-led follow-up. However, most of the patients were
urban and suburban patients. In subsequent studies, more
rural patients would be included. Furthermore, the diversity
of subjects would be expanded and the follow-up time
would be extended, in order to verify the effectiveness of
BHHM-Ied follow-up in remote areas.

Conclusions

The BHHM-led mHealth follow-up is an effective method
for managing blood pressure and improving self-care ability.
However, this has no obvious effect on the management of
BMI and blood low-density lipoprotein. A potential signal
of efficacy was observed with the intervention.
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