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Abstract

Background: Hypertension is one of the leading risk factors for ischemic heart diseases, and high rates of hypertension prevalence
have either remained the same or increased in developing countries in recent years. Unfortunately, about 20% to 50% of patients
with chronic diseases have been nonadherent to their drug therapy. SMS text messaging and pharmacy student–led consultations
have the potential to help patients manage their blood pressure (BP).

Objective: The aim of this study was to assess the effectiveness, feasibility, and acceptability of SMS text messaging and
consultation to manage the BP of Chinese patients with hypertension.

Methods: We conducted a two-arm cluster randomized controlled trial among patients with hypertension in Xi’an City, Shaanxi
Province, China, and recruited 384 patients from 8 community health care centers. Patients were randomized into an intervention
group to receive SMS text messages and consultations or into a control group to receive usual care for 3 months. We sent SMS
text messages at 3-day intervals and collected data at baseline (including demographics, clinical outcomes, medication complexity,
side effects, patient behavior, knowledge about hypertension, BP, and medication adherence) and the 3-month follow-up (including
BP, medication adherence, and knowledge about hypertension).

Results: We assessed 445 patients with hypertension and excluded 61 patients who were not eligible or who had not filled out
their questionnaires. The mean age of the patients was 68.5 (SD 7.9) years in the intervention group and 69.4 (SD 9.7) years in
the control group, and the sample was primarily female (265/384, 69.0%). Patients in the intervention group showed significant
improvements in systolic BP (SBP; mean 134.5 mm Hg, SD 15.5 mm Hg vs mean 140.7 mm Hg, SD 15.2 mm Hg; P=.001),
medication adherence (mean 7.4, SD 1.2 vs mean 7.0, SD 1.3; P=.04), and knowledge about hypertension (mean 6.3, SD 0.9 vs
mean 5.9, SD 1.2; P=.004) compared with those in the control group. In measures of diastolic BP (DBP), the two arms showed
nonsignificant improvements (mean 78.2 mm Hg, SD 9.0 mm Hg vs mean 77.2 mm Hg, SD 10.3 mm Hg; P=.06). In total, 176
patients had controlled BP at the 3-month follow-up (98 patients in the intervention group vs 78 patients in the control group),
but it was nonsignificant (P=.08).

Conclusions: The use of SMS text messaging and consultation to manage SBP and improve medication adherence is effective,
feasible, and acceptable among Chinese patients with hypertension, although a significant difference was not observed with regard
to DBP. It is important to maximize the potential of SMS text messaging and consultation by increasing the feasibility and
acceptance of mobile interventions and conduct a cost-effectiveness analysis on this method.

Trial Registration: Chinese Clinical Trial Registry ChiCTR1900026862; http://www.chictr.org.cn/showproj.aspx?proj=42717.
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Introduction

Background
Hypertension is regarded as one of the leading risk factors for
ischemic heart diseases, affecting more than 1.4 billion people
globally [1,2]. In the United States alone, over 100 million
people are living with hypertension, according to a recent report
of the American Heart Association [3]. Hypertension has also
greatly amplified the rate of deaths, for example, every year
nearly 9.4 million deaths are attributed to hypertension
worldwide [4]. High rates of hypertension prevalence have
either remained the same or increased in developing countries
in recent years [5]. A study conducted in China from 2012 to
2015 concluded that the prevalence of hypertension in China
was 27.9% [6], increased by 48.4% compared with the previous
study conducted in 2002 [7].

The risk of ischemic heart diseases could be reduced by up to
50% via lowering the systolic blood pressure (SBP) by 20 mm
Hg or diastolic blood pressure (DBP) by 10 mm Hg, thus
preventing the rate of mortality and morbidity [8]. In the
People’s Republic of China, hypertension, with its several
life-threatening complications, including stroke, heart attack,
heart failure, renal failure, and coma, has seriously challenged
the financial health care delivery system [9].

The management of hypertension is based on drug therapy
coupled with lifestyle modifications. Better control of
hypertension is possible by improving adherence to
antihypertensive medications, which could further minimize its
complications [10]. Unfortunately, adherence to the prescribed
medications is always considered as a problem in patients with
chronic diseases [11]. For example, a study reported that 20%
to 50% of patients with chronic disorders have been nonadherent
toward their drug therapy [12-14]. Similarly, patients with
hypertension have also struggled to comply with the guidelines
of their health care providers [15-17].

A large number of interventions and strategies have been
proposed to improve adherence to the treatment plan among
patients despite inconsistent results [18]. One such approach is
the use of SMS text messaging via mobile technology, which
has the potential to tailor patients’ behavior to support their
treatment adherence [19,20]. The use of customized SMS text
messages offers several advantages, including cost-efficiency,
wide coverage, ease in accessibility, and timely delivery of
useful medical information [21-23].

Pharmacists are an integral part of the health care system, and
their role in overcoming poor medication adherence is evident
in the literature [24]. Owing to the limited number of qualified
pharmacists in developing counties and the lack of proper
education and counseling to patients [25,26], patients are
struggling to cope with the problem of poor adherence. To
address this issue, consultations by pharmacy students could be
another alternative that is already in use in different health care

settings of the United States and Kenya [27,28]. Meanwhile, as
future pharmacists, pharmacy students can expand the scope of
pharmacists’ practices by holding patient consultations in their
early stages. A study highlighted that 89% of patients had a
better understanding of their medications when counseled by
pharmacy students and residents in a discharge counseling
program [28]. Furthermore, a 5-min pharmacy student–led
counseling session offered to 198 participants greatly improved
the rates of vaccination as well as reduced medication errors
and costs in acute health care settings [23].

Objectives
A systematic review concluded that an intervention needs to
reduce costs and expand outreach, and more studies from
resource-limited settings, especially in Africa and Asia, are
needed [29]. Moreover, a greater number of studies have been
conducted to determine the effect of SMS text messaging on
adherence among patients with heart diseases, mental diseases,
and HIV. The literature is lacking in studies investigating the
impact of SMS text message reminders sent by pharmacy
students on patients with hypertension [30-33]. Thus, we
conducted a two-arm cluster randomized controlled trial among
patients with hypertension to assess the effectiveness, feasibility
and acceptability of SMS text messaging and consultation to
manage blood pressure (BP) among Chinese patients with
hypertension.

Methods

Study Design
From October 2018 to May 2019, we completed the randomized
controlled trial testing the efficacy of SMS text messages and
personal consultation to improve adherence among patients
with hypertension. The study was reviewed and approved by
the Research Ethics Committee of Health Science Center, Xi’an
Jiaotong University (Number: 2018531), and all patients
provided written informed consent before enrollment. We
conducted this study in 8 community health care centers (CHCs)
in Xi’an City, Shaanxi Province, China. The full details of the
trial design were published previously [34]; however, key
elements are summarized subsequently. This study compared
medication adherence and clinical outcomes, including SBP
and DBP, between the intervention and control groups. The 8
CHCs, located in different geographic and socioeconomic areas,
were randomized in a ratio of 1:1 to the intervention or control
group using a random number generated by the computer. The
study is reported according to the Consolidated Standards of
Reporting Trials of Electronic and Mobile HEalth Applications
and onLine TeleHealth V1.6.1 (Multimedia Appendix 1) [35].

Participants
To be eligible for enrollment, patients had to be adults (aged
over 18 years) meeting the following criteria: diagnosed with
hypertension and currently using antihypertensive medications,
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BP <220/120 mm Hg at enrollment, and with health records at
CHCs included in the study. Participants also had to have a
mobile phone capable of receiving SMS text messages or access
to a mobile phone and be able to read and complete informed
consent. We excluded patients who had dementia, depression,
and serious heart, lung, and kidney diseases and who were
pregnant or in their lactation period.

Patient Recruitment
Participants were recruited during the process of physical
examination or physician consultation. Potential patients were
screened and approached by the clinic staff and a trained
research assistant. Eligible patients in both groups completed
a baseline survey comprising demographics, clinical outcomes,
medication complexity, side effects, patient behavior, knowledge
about hypertension, and medication adherence. Medication
adherence was measured by using a validated 8-item Morisky
Medication Adherence Scale (MMAS-8) [36]. The 8 items of
MMAS-8 were designed to detect patients who are nonadherent
to their medications and the reasons for such behavior, such as
forgetfulness, insufficient knowledge, inconvenience, and side
effects. The score of MMAS-8 ranges from 0 to 8, with a score
of <6 indicating low adherence, 6 to <8 indicating medium
adherence, and 8 indicating high adherence. The knowledge
questionnaire included 7 questions, and the score ranges from
0 to 7, with a high score indicating a high knowledge level.

Intervention
The intervention program comprised 2 components. The first
component comprised personal consultations by trained
pharmacy students. The second component was SMS text
messages sent at 3-day intervals. Patients randomized into the
intervention group were given a personal consultation that lasted
about 5 min to identify the reasons for medication nonadherence.
For patients with poor memory for taking medication, we
suggested setting an alarm on their phones as well as keeping
medications near their beds or drinking glasses. Regarding
patients with poor knowledge, we helped them understand the
need to take antihypertensive medications throughout their lives
to decrease BP fluctuation as well as the chances of serious

complications, and we told them to modify their lifestyles, for
example, reducing salt intake or stopping tobacco or alcohol
consumption. Pharmacy students certified by Professor Morisky
took personal consultations. Professor Morisky and the research
group trained pharmacy students on July 20 and 21, 2018. The
training comprised 3 parts: interactive discussion on
measurements of medication adherence and their advantages
and disadvantages, Morisky Training Test, and use of the
Morisky Widget. Professor Morisky trained the students on how
to use MMAS-8 appropriately to detect patients with low
medication adherence and identify the reasons behind it so that
we could offer advice to overcome medication nonadherence
on an individual basis. The students were asked to finish a test
assessment after the first day’s training, and the students who
failed the test were excluded from further training. In addition,
we conducted a role-playing process to simulate the real scenario
when faced with patients. Professor Morisky evaluated the
process and offered general and individual feedback. Only those
students who passed the test assessment and role-playing
evaluation were given certification by Professor Morisky. The
details of the training sessions were discussed in our earlier
study [34].

After a personal consultation, we told patients to read the SMS
text messages sent by our research group. SMS text messages
were unidirectional and sent at 3-day intervals at 7 AM. The
content of the SMS text messages was developed by researchers,
a nurse coordinator, and a cardiologist with regard to helpful
suggestions on the management of risk factors and motivation
based on previous references [10,20,37]. SMS text messages
were incorporated into 3 parts: knowledge about hypertension,
lifestyle modifications and additional information on physical
activity, dietary sodium reduction, normal BP, complications
of hypertension, healthy diet, smoking cessation, weight
reduction, and strategies to cope with emotions [34], and
suggestions of measures to improve medication adherence. SMS
text messages were sent to patients via an open website. During
the 3-month program, patients in the intervention group received
a total of 30 SMS text messages. The examples of SMS text
messages are shown in Table 1.

Table 1. Text message contents.

Example of contentCategory classification

Please remember to take your antihypertensive medications every day. Hypertension is defined as systolic blood pressure
≥140 mm Hg or diastolic blood pressure ≥90 mm Hg. Hypertension can cause cardiovascular disease, stroke, and kidney
failure. Please keep an eye on your blood pressure and seek medical assistance if you have any abnormalities

Knowledge about hyperten-
sion

Please remember to take your antihypertensive medications every day. Please reduce salt intake and pay attention to
the intake of hidden salt (sausage, canned food, soy sauce, and pickles). The maximum of daily salt intake is a beer
bottle cap (about 6 grams). Please keep an eye on your blood pressure and seek medical assistance if you have any ab-
normalities

Lifestyle modifications

Please remember to take your antihypertensive medications every day. Put medications around your toothbrush or
drinking glass to remind yourself of taking them daily. Please keep an eye on your blood pressure and seek medical
assistance if you have any abnormalities

Measures to improve medi-
cation adherence

Control Group
Patients in the control group received a welcome SMS text
message and an end-of-trial SMS text message, but they did not
receive a personal consultation. Besides, both patients in the

intervention group and control group were given standard
pharmaceutical care according to the Guidelines for Good
Pharmacy Practice (GPP) [38]. GPP require pharmacists to
provide medications along with pharmacy practice, which is a
patient-centered, outcomes-oriented service to cooperate with
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physicians and nurses to promote health, prevent and manage
disease, and assess, monitor, initiate, and modify the medication
regimen. Finally, patients’ health-related quality of life can be
optimized.

Follow-Up Assessment
Follow-up assessments were performed in both study arms at
month 3, based on the intention-to-treat principles. In this case,
outcomes were evaluated in all randomized participants,
including those in the intervention arm who did not read SMS
text messages. The study assessment also evaluated medication
adherence, BP, and patient knowledge about hypertension at
month 3.

Outcomes
The primary outcomes were a mean change of BP, measured
by using the OMRON BP cuff (HEM-7200, OMRON
Corporation) by clinical staff and trained research coordinators,
as well as medication adherence and knowledge about
hypertension at baseline and month 3. Two BP readings were
collected after the patients sat and rested for 5 min [39]. A third
reading was taken if the difference between the previous two
readings was ≥5 mm Hg, and the final BP reading was the
average of the two closest BP readings [39]. The secondary
outcome was whether patients had controlled BP, defined as
SBP<140 mm Hg and DBP<90 mm Hg for patients without
diabetes mellitus or chronic kidney disease, SBP<130 mm Hg
and DBP<80 mm Hg for patients with diabetes mellitus or
chronic kidney disease, and SBP<150 mm Hg and DBP<90 mm
Hg for patients aged over 80 years.

Sample Size
We sought to enroll 384 patients to have 90% power to detect
a 5-mm Hg difference in BP between the intervention and

control groups, with an alpha of .05, a 15% attrition rate, or an
SD of up to 14.1 mm Hg [40].

Statistical Analysis
We conducted our analyses using intention-to-treat principles.
Frequencies and percentages or means and SDs were presented
in descriptive statistics. An independent-samples 2-tailed t test
was used for continuous variables, and the chi-square test was
used for categorical variables. A univariate linear regression
model was used to analyze factors associated with medication
adherence and SBP. The primary outcomes were analyzed using
a mixed effect model to produce a difference in mean change,
95% CIs, and P values from baseline to follow-up. The model
considered time, treatment group, and group-by-time interactions
as fixed effects and incorporated random effects for individuals
across time. The secondary outcome was analyzed using a mixed
effect logistic model. All analyses were performed using SPSS
Version 18.0 (SPSS Inc), and a two-sided P value of <.05 was
considered statistically significant.

Results

Study Population
We assessed 445 patients with hypertension and excluded 61
patients who were not eligible or who had not filled their
questionnaires. A total of 384 patients were randomly allocated
to either the intervention group (n=192) or the control group
(n=192). Figure 1 shows study enrollment and retention flow.
A total of 14 and 22 patients were lost to follow-up in the
intervention and control groups, respectively. In the final
analysis, we included 384 patients in the mixed models based
on the intention-to-treat analysis.

Figure 1. Flow diagram.
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Baseline Characteristics
The mean age was 68.5 (SD 7.9) years in the intervention group
and 69.4 (SD 9.7) years in the control group. The sample was
primarily female (265/384, 69.0%), with 64.6% (124/192) of
patients in the intervention group and 73.4% (141/192) in the
control group. More than one-third (146/384, 38.0%) of the
patients had attained junior high school education, and most of
the patients did not smoke (343/384, 89.3%) or drink (340/384,
88.5%). A total of 83.1% (319/384) of the participants were
living with family members; of them, 166 (52.0%) patients were

in the intervention group, and 153 (48.0%) patients were in the

control group. The mean BMI was 25.2 kg/m2 and 24.8 kg/m2

in the intervention group and control group, respectively. Their
mean SBP and DBP were 147.9 mm Hg and 78.9 mm Hg,
respectively, with a mean score of 5.6 in the knowledge part.
The mean score of MMAS-8 was similar in both groups (mean
6.9, SD 1.5 in the intervention group and mean 6.8, SD 1.3 in
the control group). Sociodemographic variables between the
randomized groups were well balanced, and these are shown in
Table 2.

Table 2. Baseline characteristics of participants (N=384).

P valueControl group (n=192)Intervention group (n=192)Variables

.3269.4 (9.7)68.5 (7.9)Age (years), mean (SD)

.08Gender, n (%)

 51 (26.6)68 (35.4)Male

 141 (73.4)124 (64.6)Female

.02Education, n (%)

 56 (29.2)37 (19.3)Primary school or below

 64 (33.3)82 (42.7)Junior high school

 46 (24.0)52 (27.1)High school

 4 (2.1)9 (4.7)College

 22 (11.5)12 (6.3)Undergraduate university or above

.74Smoking, n (%)

 19 (9.9)22 (11.5)Yes

 173 (90.1)170 (88.5)No

.08Drinking, n (%)

 16 (8.3)28 (14.6)Yes

 176 (91.7)164 (85.4)No

.10Living arrangements, n (%)

 39 (20.3)26 (13.5)Living alone

 153 (79.7)166 (86.5)Living with family members

.2024.8 (3.1)25.2 (3.0)BMI (kg/m2), mean (SD)

.05149.9 (21.7)146.0 (18.1)Systolic blood pressure (mm Hg), mean (SD)

.0679.9 (10.6)77.9 (10.7)Diastolic blood pressure (mm Hg), mean (SD)

.676.8 (1.3)6.9 (1.5)8-item Morisky Medication Adherence Scale score, mean
(SD)

.345.6 (1.2)5.7 (1.3)Knowledge score, mean (SD)

Factors Associated With Medication Adherence and
Systolic Blood Pressure
The determinants of medication adherence and SBP are
presented in Tables 3 and 4, respectively. Age and frequency
of BP measurements were found to have significant associations
with medication adherence by the linear regression model. For
age, beta was 0.19 (95% CI 0.01 to 0.05; P=.001), and patients
with older age tended to be less likely to be medication
nonadherent. For the frequency of BP measurements, patients
with a higher frequency of BP measurements were more likely

to be medication adherent (beta=.19; 95% CI 0.05 to 0.18;
P<.001). With a linear regression model, age, gender, education,
and DBP were found to be significantly associated with SBP.
For age, young patients were likely to have optimal SBP
(beta=.28; 95% CI 0.41 to 0.87; P<.001). Patients who were
female tended to have higher SBP than their male counterparts
(beta=.12; 95% CI 0.42 to 9.88; P=.03). Those with a bachelor’s
degree or above (beta=−.12; 95% CI −3.90 to −0.33; P=.02)
and low DBP (beta=.48; 95% CI 0.72 to 1.08; P<.001) were
likely to have low SBP.
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Table 3. Factors associated with medication adherence.

P valueaBeta (95% CI)Variables

.0010.19 (0.01 to 0.05)Age (years)

.750.02 (−0.32 to 0.44)Gender

.870.01 (−0.13 to 0.16)Education

.770.02 (−0.46 to 0.62)Smoking

.280.06 (−0.23 to 0.79)Drinking

.380.05 (−0.21 to 0.56)Living arrangements

.330.05 (−0.02 to 0.07)BMI (kg/m2)

.10−0.10 (−0.02 to 0.001)Systolic blood pressure (mm Hg)

.500.05 (−0.01 to 0.02)Diastolic blood pressure (mm Hg)

.720.02 (−0.10 to 0.14)Knowledge score

<.0010.19 (0.05 to 0.18)Frequency of blood pressure measurement

.37−0.05 (−0.15 to 0.06)Duration of hypertension

.580.03 (−0.22 to 0.39)Family member of hypertension

.86−0.01 (−0.37 to 0.30)Number of antihypertensive drugs used

.90−0.01 (−0.24 to 0.21)Number of complications

aLinear regression model.

Table 4. Factors associated with systolic blood pressure.

P valueaBeta (95% CI)Variables

<.0010.28 (0.41 to 0.87)Age (years)

.030.12 (0.42 to 9.88)Gender

.02−0.12 (−3.90 to −0.33)Education

.71−0.02 (−8.00 to 5.43)Smoking

.82−0.01 (−7.10 to 5.63)Drinking

.170.06 (−1.42 to 8.18)Living arrangements

.65−0.02 (−0.72 to 0.45)BMI (kg/m2)

<.0010.48 (0.72 to 1.08)Diastolic blood pressure (mm Hg)

.10−0.08 (−2.35 to 0.20)8-item Morisky Medication Adherence Scale score

.410.04 (−0.89 to 2.16)Knowledge score

.99−0.00 (−0.81 to 0.82)Frequency of blood pressure measurement

.550.03 (−0.97 to 1.68)Duration of hypertension

.300.05 (−1.81 to 5.80)Family member of hypertension

.91−0.01 (−4.41 to 3.91)Number of antihypertensive drugs used

.15−0.07 (−4.90 to 0.77)Number of complications

aLinear regression model.

Primary Outcomes and Secondary Outcome
Table 5 shows the primary outcomes measured at baseline and
follow-up and changes in these outcomes between the
intervention and control groups. The mean (95% CI and P value)
difference change in SBP between the two groups was −6.86
mm Hg (−10.37 to −3.34 and P=.001). Both intervention and
control groups had an improved MMAS-8 score (mean 7.4, SD

1.2 and mean 7.0, SD 1.3, respectively) and a knowledge score
(mean 6.3, SD 0.9 and mean 5.9, SD 1.2, respectively) at
follow-up, and intervention patients experienced significant
mean improvements in these two outcomes compared with the
control group (P=.04 and P=.004). However, negligible
improvements in DBP were noted (mean 78.2 mm Hg, SD 9.0
mm Hg and mean 77.2 mm Hg, SD 10.3 mm Hg, respectively)
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with no significant difference found between the two groups
(P=.06). The proportion of participants achieving controlled
BP was 55.7% (98/176) and 44.3% (78/176) in the intervention

group and control group, respectively, at the follow-up (Table
6), and the improvements in BP control did not have a
significant difference between the two arms (P=.08).

Table 5. Baseline and changes in systolic blood pressure, diastolic blood pressure, 8-item Morisky Medication Adherence Scale score, and knowledge
score at each assessment point using the missing data method.

P valueaDifference in mean change (95% CI)Control group, mean (SD)Intervention group, mean (SD)Variables

.001Systolic blood pressure

N/Ab149.9 (21.7)146.0 (18.1)Baseline

−6.86 (−10.37 to −3.34)140.7 (15.2)134.5 (15.5)3 months

.06Diastolic blood pressure

N/A79.9 (10.6)77.9 (10.7)Baseline

−0.95 (−1.09 to 2.98)77.2 (10.3)78.2 (9.0)3 months

.048-item Morisky Medication Adherence Scale score

N/A6.8 (1.3)6.9 (1.5)Baseline

0.39 (0.12 to 0.65)7.0 (1.3)7.4 (1.2)3 months

.004Knowledge score

N/A5.6 (1.2)5.7 (1.3)Baseline

0.44 (0.22 to 0.66)5.9 (1.2)6.3 (0.9)3 months

aMixed effect model was used.
bN/A: not applicable.

Table 6. Secondary outcome at the 3-month follow-up.

Control group, n (%)Intervention group, n (%)Variable - Blood pressure controla

59 (45.7)70 (54.3)Baseline

78 (44.3)98 (55.7)3 months

aMixed effect logistic regression model showed a P value of .08.

Text Acceptability
We sent 5760 SMS text messages to participants in the
intervention group and 384 SMS text messages to those in the
control group, and all SMS text messages were sent successfully.
In the intervention group, 68.0% (121/178) of the patients
reported reading the messages sent by our research group, and
32.0% (57/178) of the patients reported having not read the
messages as they did not have the habit of reading messages

(34/57, 60%) and they could not see messages clearly because
of old age (18/57, 32%), and some of them declared that they
were too busy to read messages (5/57, 9%). A total of 69.7%
(124/178) of participants in the intervention group reported
having improved satisfaction about their BP, whereas 53
(29.8%) and 1 (0.6%) of them reported having the same
satisfaction and decreased satisfaction, respectively, compared
with the baseline study at month 3. The details are presented in
Table 7.
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Table 7. Text acceptability after the 3-month intervention (n=178).

Value, n (%)Variables

How many SMS text messages that were sent by our research group did you read?

57 (32.0)0

55 (30.9)1-10

29 (16.3)10-20

37 (20.8)20-30

What is the reason for not reading SMS text messages?

34 (59.6)I do not have the habit of reading messages

18 (31.6)I cannot see messages clearly because of old age

5 (8.8)I am too busy to read messages

Has your satisfaction with blood pressure control changed after participating in this study?

124 (69.7)Yes, my satisfaction increased over the process

53 (29.8)No, my satisfaction remained the same

1 (0.6)Yes, my satisfaction decreased over the process

Discussion

Principal Findings
In this randomized controlled trial of SMS text messaging and
consultation, we found significant improvements in both
medication adherence and SBP over 3 months of follow-up in
the intervention group compared with the control group in a
general population of patients with hypertension. Using an
inexpensive means of communication and consultation, there
was a relative increase of 0.5 in the MMAS-8 score and a
decrease of 11.5 mm Hg in SBP in the intervention group. The
secondary outcome of the trial focusing on patients having
controlled BP showed a promising trend toward improved BP
control even though the difference was insignificant.

There was no evidence of differences in the intervention
effectiveness in DBP; however, compared with DBP, elevated
SBP is the main target of antihypertensive therapy.
Epidemiological studies indicated that hypertension is
undertreated, especially SBP, which should be the primary target
of antihypertensive treatment [41].

During the study period, patients reported high acceptability of
SMS text messaging and consultation. They said that it helped
them to understand how to manage hypertension through
medication treatment and lifestyle modifications in their daily
lives. However, there were participants (32.0%) who did not
read their messages. Studies showed that improved
patient-provider communication could help patients commit to
lifestyle adaptations [42]. In future studies, we can call patients
every month to confirm whether they read the SMS text
messages. If they did not, we can remind them and ask about
their interests in the context of SMS text messaging. In this way,
patients are more engaged and involved in the process, so they
will likely be more committed to the study.

A large number of previous studies based on SMS text
messaging and student consultation have shown a significant
improvement in medication adherence [33,43,44]. A

meta-analysis of 16 randomized trials involving 2742 patients
with chronic diseases, such as asthma, cardiovascular diseases,
and HIV, has shown twice the improvement in the odds of
medication adherence [43]. This improvement of medication
adherence translated into adherence rates from 50% to 67.8%,
with an absolute increase of 17.8%, suggesting that SMS text
messaging interventions have the potential to improve
medication adherence in patients with chronic diseases [43].
Moreover, a study conducted in Santiago, Chile, among 314
patients with hypertension with <6 months of antihypertensive
treatment, found a boost in adherence levels from 49.0% to
62.3% in the SMS text messages–led intervention group [44].
Abughosh et al [33] evaluated the impact of an intervention
based on motivational interviewing conducted by 11 pharmacy
students on 743 patients with diabetes and hypertension. This
intervention also resulted in a significant improvement in the
patient’s adherence to medication treatment.

Strengths and Limitations
However, there are a few limitations inherent in this study. First,
we hypothesized that medication adherence and SBP have a
significant association, but the hypothesized interaction was
not found in the baseline survey. This finding contrasts with
studies that have observed better BP control in those with better
adherence [45]. Medication adherence was measured by a
self-reported measure, which has social desirability bias and
may overestimate true adherence [46]. Furthermore, patients
were recruited with the help of nurses and physicians; therefore,
patients may have been more likely to report being adherent to
please the medical staff. Moreover, those with high baseline
SBP and DBP were excluded in this study, which could
influence the ability to discover the relationship between them.
However, this study is not designed to observe the relationship
between medication adherence and BP. Second, we used 3
months as our intervention period, which is inconsistent with
our protocol. Taking time, cost, and seasonal factors into
account, we decided to intervene in 3 months rather than 6
months, as patients’ BP is lower in summer compared with
winter, because of which this study’s results might be biased.
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Moreover, in a meta-analysis, the median intervention duration
is 3 months, and response fatigue may be the feature of
long-duration interventions [43]. In addition, the results in this
study might be interpreted with caution because 69.0% of the
participants were female, which might create a bias for this
study’s results. Finally, we used one-way communication in
this study, and future studies on two-way SMS text messaging
are suggested. According to a meta-analysis of 8 randomized
trials [47], two-way SMS text messaging is related to
substantially improved medication adherence compared with
one-way SMS text messaging. Interactive SMS text messaging
requires further inquiry and provides an opportunity for patients
to get support from health care providers about healthy lifestyles,
which can be translated into a long-term behavior change.

Despite these caveats, to our knowledge, this was the first study
to evaluate the combined effect of SMS text messaging and
consultation on patients with hypertension in the People’s
Republic of China. Given the rapidly changing lifestyle,
characterized by high-salt and high-fat diets as well as low levels
of physical activity, the prevalence of hypertension will continue

to increase in China [48], and this study provides evidence to
help manage the situation. The strength of this study is the
combined intervention, randomized design, and use of SMS
text messaging, which is convenient, inexpensive, and has a
high penetration rate in society. Moreover, this study was
conducted in CHCs, which represent the real-world setting;
therefore, the results of this study can be used on a large scale.

Conclusions
We found significant improvements in medication adherence,
SBP, and knowledge about hypertension but no difference in
DBP between the intervention and control groups. The results
of this study provided valuable insight and evidence on the
design of intervention studies in developing countries and
demonstrated that it is possible to improve BP control in
community settings by using our intervention model. It is
important to maximize the potential of SMS text messaging and
consultation by increasing the feasibility and acceptance of
mobile interventions, and future studies aimed at a
cost-effectiveness analysis of this intervention model can also
be conducted.
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