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Abstract 

The control rates of patients with hypertension remain extremely low in Chinese rural 

communities, therefor we aimed to improve treatment adherence and control rate for 

patients with hypertension by using a web-based management system, which included 

modeles of the user’s personal information, health education, adherence alerting, 
communication between physician and statistics analysis and data print functions. 350 

patients with uncontrolled hypertension were included in the study through a 

multi-stage stratified sampling, and were divided radomis1y into the web-based 

intervention group and control group. Comparing with those in the control group, 

there was a significant improvement in the control rate of the blood pressure in the 

intervention group (93.7% vs 50.9%, p < 0.001) and a remarkable decrease in blood 

pressure (systolic blood pressure declined by 25.0 mmHg, < 0.001; diastolic blood 

pressure declined by 8.7 mmHg, p < 0.001) after 12 months follow-up. The 

medication adherence rate in intervention groups was improved significantly than that 

in the control group p < 0.01)，and the adherence scale correlated negatively with 

blood pressure (r=-0.518, P < 0.001), and positively correlated with control rate 

(0.623, P < 0.001). This study suggested that the web-based hypertension 

management system is worth spreading in rural areas in developing countries. 
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Introduction  

Hypertension is the most important risk factor for cardiac-cerebral vascular 

disease and remains an important public health challenge in the world [1, 2]. The 

morbidity of hypertension in adults was 26.8% for males and 25.4% for females in 

urban areas, and 24.2% for males and 22.8% for females in suburban areas in China [3]. 

Furthermore, an increasing prevalence of hypertension was observed in China from 

2002 to 2012, especially in rural areas.   

Fortunately, there has been an improvement regarding the knowledge of 

hypertension risk factors, percentages of patients receiving specific medications, and 

numbers of patients with controlled hypertension in some developed countries [4,5]. 

However, according to a survey conducted in 2013 in China, although there are 

constantly updated guidelines and a spectrum of potent medications, only 37% of 

hypertensive patients in rural communities and 30% in cities were able to have their 

blood pressure controlled after taking medications [3]. The overall rates of awareness, 

treatment, and control of hypertension were 52.7%, 47.9% and 17.9% in urban areas 

and 39.5%, 33.4%, and 9.2% in rural areas respectively. The poor blood pressure 

control, in turn, has been shown to increase the risk of myocardial infarction, renal 

disease, stroke and premature death [6].  

 Multiple factors contributing to less than ideal blood pressure control have been 

described, including the quality of life, the complexity and side effects of medications, 

health care system issues, patient demographics, behaviors, treatments, and clinical 

variables [7]. Among these factors, the lack of knowledge regarding hypertension and 

the nonadherence to prescribed therapies were mostly realized. A meta-analysis 

revealed that the odds of good blood pressure control among those who were adherent 

to therapies, compared to those who were not, were 3.44 (95% confidence interval 

1.6-7.37) [8]. It is mostly agreed that patient non-adherence to antihypertensive 

treatment recommendations remains a global problem, and promoting patient 

adherence is a major clinical hurdle that is necessary to decrease cardiovascular 

morbidity and mortality[9,10]. 

Obviously, there is a need for a valid, reliable, and cost-effective tool that is 

accepted by both health care providers and patients for blood pressure control 

monitoring to promote adherence[11,12]. In fact, many countries have been focusing 

on a convenient and economical mobile-phone or computer-based solution for the 

control of the disease by improving patients’ knowledge of hypertension and promoting 
their adherence to anti-hypertensive medications [13-15]. 

Nevertheless, there is some evidence of publication biases in favor of positive 

results. Therefore, more research is needed to understand the impact of such 

interventions on patients and providers, as well as their perceptions of such 

interventions.  It is especially important that these studies are conducted in low and 

middle-income countries who contributed to eighty percent of the global burden of the 

disease [16,17]. 

The primary objective of the current study is to develop a web-based 

management system for patients with hypertension and evaluate its effectiveness in the 



rural community in China.  

 

Methods 

Patients enrollment: 

This was a pragmatic randomized controlled trial comparing the web-based 

interventions in addition to usual care versus usual care alone in adults with 

hypertension. Individuals aged 35 years and above with high blood pressure (systolic 

≥140 mmHg or diastolic ≥90 mmHg) based on three readings from 3 separate days, or 
receiving antihypertensive medications) were chosen as the candidates. BP was 

measured at baseline and 12-month post-intervention. A total of 350 participants were 

randomly recruited in the study through a multi-stage stratified sampling in a rural 

community of the Huoxian town in Beijing from December 2014 to December 2016. 

All the participants received questionnaires and physical examinations. The ethics 

committee of PLA general hospital in China approved the study. We confirm that all 

methods were performed in accordance with the Declaration of Helsinki and the Chinese 

Guidelines for Prevention and Treatment of Hypertension 2010 revised edition. All 

participants gave written informed consent before data collection.   

Investigators explained the program to everyone who consented to participate. 

The baseline interview was conducted to gather the patient’s demographic information, 

medical history and medication adherence with a community health worker. Patients 

were excluded if they had cerebral hemorrhage, unstable angina, malignant 

hypertension, or were pregnant. 

 

Informatics platform development 

Based on the Chinese guidelines and consensus for managements of hypertension, 

a internet platform was developed [18]. The homepage of the internet platform is a 

user-friendly interface which shows a patient’s personal information and the 
description of the patient’s illness. The user list is shown in the list view control on the 
left, and medical personnel can click the ―patients‖ button on the menu to add a user 
and display them in the list view control. The Tab frame control consists of eight 

separate tabs. The ―Overview‖ tab shows the user personal information. The ―Clinical 
document‖ tab shows the personal illness description. The health education tab shows 
the education program including acknowledgements regarding hypertension care, 

hypertension treatment, lifestyle changes, stress and treatment regimen to foster 

medication adherence. The alerting tab shows whether the blood pressure was within 

their target and when to measure blood pressures again. The communication tab allows 

effective communication between the physician and patients to improve understanding 

regarding hypertension and its treatment. The secure messaging tab offers a protecting 

system for patient’s privacy. The document can only be created and modified by the 
community physician in charge, and it can be viewed by the physician in charge or the 

investigator who has been authorized. The statistics analysis tab and the data print 



functions are designed for physician use only. 

Patients intervention 

Participants in the intervention group were provided with access to the web portal 

where they could obtain further information about hypertension. Patients were offered a 

validated home blood pressure monitor (Omron, M6) and requested to take their blood 

pressure and to report their readings online or by telephone in the morning.  

Physicians, via the internet, text messages or telephones, review blood pressure 

readings, remind patients to take drugs, arrange follow-up appointment, urge patients to 

quit smoking, recommend to take low salt and low-fat diet, encourage to maintain 

proper exercise, suitable weight, stable emotion and plenty of sleep. A cardiologist was 

invited to give monthly lectures to patients and their family members to elevate their 

knowledge about the prevention and control of high blood pressure. Meanwhile, 

patients in the control group received conventional intervention only. 

 

Follow-up of blood pressure control and treatment 

adherence  

Patients underwent follow-ups every 3 months for up to 12 months and blood 

pressure was measured during each follow-up. The primary goal of the study was to 

achieve a hypertension treatment target of below 140/90 mmHg. 

Blood pressure is measured at least three times at 5 min intervals using the 

appropriate cuff size and a Digital Automatic Blood Pressure Monitor (OMRON 

HEM-907, OMRON Healthcare Company, Kyoto, Japan) according to a standardized 

protocol by using the right arm with the patient sitting for all measurements [19,20]. 

The average of the measurements was calculated and used in the analyses. Blood 

pressure was considered to be uncontrolled if the mean of the systolic pressure was 

greater than or equal to 140mm Hg or the mean of the diastolic pressure was greater 

than or equal to 90 mm Hg.  

Medication adherence was measured with the self-reported eight-item scale 

developed by Morisky, which addresses the circumstances surrounding adherence 

behaviours[7]. The theory underlying this measure was that failure to adhere to a 

medication regimen could occur due to several factors as elicited by the questions 

like―do you sometimes have problems remembering to take your medication‖, ―how 
often do you have difficulty remembering to take all your blood pressure medication‖. 
It was shown to be reliable and the responses were significantly associated with the 

achieved control of a series of chronic diseases [21,22].. The total score is a summary of 

all items and ranges between 0 and 8, with higher scores reflecting higher adherence 

and lower scores reflecting lower adherence. 

 

Statistical Analysis 

A descriptive analysis was performed to compare the characteristics of the 



subjects in the intervention and control groups. Continuous measures will be 

compared using Student’s t-test. Between-group differences in control rate of 

hypertension will be compared using the χ2 
test.The correlation among the adherence, 

the blood pressure value and controlled hypertension was analyzed using the Pearson 

correlation method. All analyses were conducted using SPSS (version 19.0), p < 0.05 

was regarded as statistically significant.  

Results 

Baseline characteristics of participants 

A health assessment questionnaire and a high blood pressure survey were 

completed. The information obtained from these forms included demographics, 

smoking status and the diagnosis of diabetes, hyperlipidemia and hypertension. The 

baseline characteristics of the 350 participants in the study are presented in Table 1. The 

parameters of respondents in the control and intervention groups are not statistically 

different as followed: for age was 62.6: 63.7, male gender 51.4%: 50.3%, smoking 

17.7%: 19.4%, High LDL 16.6%: 17.7%, Diabetes 9.7%: 8.6%. 

 

Table 1.Baseline characteristics 

  Control（n=175）  Intervention（n=175） t or X
2
 p 

Age, years (SD)  62.63（9.34）  63.73（9.74） -1.068 0.286 

Male, No. (%)  90（51.4）  88（50.3） 0.046 0.831 

Smoking, No. (%)  31(17.7)  34(19.4) 0.17 0.68 

High LDL, No. (%)  29(16.6)  31(17.7) 0.080 0.777 

Diabetes, No. (%)  17(9.7)  15(8.6) 0.138 0.711 

LDL:low density lipoprotein.  

 

The comparison of blood pressure control rate after 12 

months follow-up 

After 12-month follow-up, the patients with blood pressure under control in the 

intervention group was higher than that in the control group (93.7%: 50.9%, χ2, p 

<0.01). 

 

 

 



The medication adherence change after 12 months follow-up 

The baseline mean score for the medication adherence scale in both the groups 

was not statistically different. At 12-month follow-up, the medication adherence score 

in the intervention group was higher than that in the control group (6.59: 4.84, p <0.01) 

and the baseline value of the intervention group (6.59: 4.05, p <0.01). The medication 

adherence score in the control group was higher than its baseline value at 12-month 

follow-up (4.84: 4.39, p =0.046) (Table 2). 

 

Table 2.The medication adherence score pre- and post-12 months follow-up 

 groups n Pre- Post- t p 

Intervention 175 4.051（1.808） 6.594（1.305） -14.851 0.001 

Control 175 4.394（2.101） 4.840（2.059） 2.005 0.046 

t  -1.637 -9.359 
  

p  0.103 0.000 
  

 

2.4 Blood pressure changes 

The baseline mean values of systolic blood pressure and diastolic blood pressure 

in both groups were not statistically different. There was a significant decrease in blood 

pressure in both groups at 12-month follow-up. Compared with the control group, the 

intervention group achieved significantly lower blood pressures (systolic blood 

pressure differed by 25.0 mmHg, p <0.001, and diastolic blood pressure differed by 8.7 

mmHg p <0.001) (Table 3). 

 

.Table 3. Blood pressure changes after 12 months follow-up （mean±s）  

group n SBP   DBP   

  Pre- Post- t p Pre- Post- t p 

Intervention  175 153.34 

(5.484) 

113.12 

(23.10) 

19.13 0.000 93.19 

(5.55) 

70.70 

(15.07) 

18.54 0.000 

control 175 154.85 

(12.78) 

138.18 

(30.74) 

6.62 0.000 94.03 

(5.56) 

79.38 

(18.29) 

10.14 0.000 

t  0.997 -8.624   0.687 4.845   

P  0.319 0.000   0.158 0.000   

SBP: systolic blood pressure. DBP: diastolic blood pressure. 

 

 



The correlation analysis of adherence 

The correlation analysis showed that the patients who scored higher on the 

adherence scale were more likely to have their blood pressure under control compared 

with patients who scored lower. The adherence scale was significantly correlated with 

the control rate and the blood pressure (p <0.01). (Table 4). 

 

Table 4. The correlation of adherence with control rate and value of blood 

pressure（n=350）   

 r 95% CI p 

Controlled 0.623 0.582～0.662 0.000 

SBP -.519 -.473～-.558 0.000 

DBP -.518 -.475～-.561 0.000 

Outcome of cardiovascular events 

No death was detected, 1 case of unstable angina and 1 cases of ischemic 

cerebrovascular disease was encountered in both the two groups, with no statistically 

significant difference (p >0.05). 

 

Discussion 

Hypertension is still the leading contributor to the global burden of disease and 

mortality [23,24]. This figure is expected to increase in the following years in some 

developing countries, and a significant difference in the overall pooled prevalence 

between urban and rural populations was widely demonstrated [25,26]..  

Hypertension is also a major cause of cardiovascular disease and the prevalence 

has increased significantly during recent decades as reported in periodic nationwide 

surveys made in China [18,27]. According to the 2013–2014 survey, 27.8% of Chinese 

adults were hypertensive. Of those treated, 34.6% had their blood pressure properly 

controlled, resulting in an overall control rate of 9.7% among those with hypertension. 

The control rate is worse in rural areas than in urban areas [28].  

Many barriers to low awareness (diagnosis), treatment and control of hypertension 

in the level of individual, health services and social factors have been identified. They 

include the knowledge of risk factors by health care workers, availability of equipment 

for measuring BP, quality, availability and expertise of healthcare providers, patient age, 

distance to healthcare, socioeconomic status, tobacco use, and adherence to 

medications [27,29,30].  

In rural areas in China, for those receiving community based management, a few 

factors affecting BP control have been identified. They include annual income, body 



weight, family history of hypertension, antihypertensive medicine awareness, and the 

number of times of receiving antihypertensive medicine advice [31,32].  

Obviously, patient non-adherence to antihypertensive treatment recommendations 

remains a global problem, and promoting patient adherence is a major clinical hurdle 

that is necessary to decrease cardiovascular morbidity and mortality [9,10],. This is also 

seen in other chronic diseases with only 30% of adherence rates to lifestyle 

modification and to recommended medicines even after 6 months of therapy [33,34]. 

It is well recognized in different races that the low control rate of hypertension is 

influenced individually by adherence to medication [27,35]. In the same way, 

adherence to appropriate medical therapy for hypertension could result in controlled 

blood pressure and reduction in adverse outcomes as found in a systematic review that 

sub-optimal adherence to prescribed treatments is associated with an increased risk of 

blood-pressure-related complications and mortality [36]. A recent meta-analysis of 

white and black people reported that black adults have higher rates of hypertension and 

lower rates of blood pressure control than white adults, mainly because of low 

antihypertensive regimen adherence, which prevents improved BP control [37]. 

In fact, even with the effective use of updated guidelines, and new medications, 

the lack of control of high blood pressure is still a big challenge for many patients and 

doctors. It is reported that in rural China, no difference was found in BP control had the 

patients received the so-called standardized management[32]. The failure to 

satisfactorily address hypertension management needs within our current healthcare 

system means that new and more efficient approaches to healthcare delivery are 

needed. 

Evidence has suggested the effectiveness of technology in supporting lifestyle 

changes, such as smoking cessation and weight loss. For chronic disease control, many 

countries are exploring a greater use of technologies, like the internet, remote 

monitoring, and telephone support as a way of expanding provision and increasing 

access to care for a larger number of people at relatively low cost [38,39].  

However, there is some evidence of publication bias in favor of positive results, 

for few rigorous pragmatic studies have been done on the implementation of this 

approach in the real world [40,41]  

For blood pressure control, interventions delivered via mobile-phone management 

system have the potential to improve adherence to treatment, though more research is 

needed in various races and settings [42]. Computer-based solutions have also been 

devised for the control of the disease by promoting their adherence to anti-hypertensive 

medications[39,43]. Most of the solutions have shown to be acceptable, relevant and 

useful to a broad range of participants [42].  

In our study, with the computer-based management system, the medication 

adherence in intervention groups was elevated significantly than that in control groups 

at 12-month follow-up (p<0.01). Compared with those in the control group, there are a 

significant improvement in the control rate of the blood pressure in the intervention 

group (93.7%: 50.9%, p<0.001) and a significantly lower blood pressure (systolic 

blood pressure differed by 25.0 mmHg, <0.001; diastolic blood pressure differed by 8.7 

mmHg, <0.001). The result is consistent with most studies published [39]. 



The correlation analysis showed that patients who scored high on the adherence 

scale had lower blood pressure when compared with patients who scored low (r=-0.518, 

P<0.001). The adherence scale was also significantly correlated with control rate 

(0.623, P<0.001). This result agreed with the findings by other authors who declared 

that adherence to appropriate medical therapy for hypertension can result in controlled 

blood pressure and reduction in adverse outcomes [44]. 

The satisfactory BP control rate in our study may come from a systemic 

understanding of the main barrier to medicine adherence.  

On the health service organization level, participants commonly described a range 

of negative factors influencing their adherent behaviors, which include long waiting 

times, frequent and unexplained changes to patient flow systems, unresponsive clinical 

care, unprofessional health worker practices [45]. This can be effectively resolved by 

the elaborately designed interaction net system.  Based on the feedbacks generated by 

the software, both participants and physicians were automatically informed whether the 

blood pressure was within their target, when to take the blood pressure again, and what 

to do if the blood pressure was too high or too low. The physicians in charge will 

actively follow the patient blood pressure, give timely appointment of subsequent visits 

if the targeted blood pressure was not reached. 

On the patients’ level,  reported problems that negatively influenced adherence 
include unhealthy refractory lifestyle, depression, lack of knowledge regarding 

hypertension and its treatment, complexity of medication regimen, side effects of 

medication, forgetting or reluctance to take medications, and unwillingness to adopt a 

greater role in their disease management [7,46]. 

This may be resolved by face to face talks given monthly by physicians and 

information on the education section of the platform. The education content involves 

improving the awareness of the patient of hypertension care, correcting 

misunderstandings and incorrect beliefs regarding hypertension treatment, reducing 

stress, establishing a simple treatment regimen, and encouraging the willingness to play 

a greater role in their disease management to foster medication adherence. The in-depth 

communication with those who had been struggling with adherence to achieve better 

BP control was conducted by providing practical and emotional support.  

In conclusion, prompts via the web-based management system may improve 

adherence to appropriate medical therapy for patients with hypertension, which in turn 

can result in controlled blood pressure and reduction in adverse outcomes. Undoubtedly, 

the web-based adherence interventions should be underpinned with behavior change 

theories. The complex mix of patient psychosocial factors and healthcare services 

invariably affect adherence. All the facilitators and barriers encountered with the 

web-based management system should be closely examined. That is especially 

important for low socioeconomic settings.   
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