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Purpose: Medication adherence (MA) is a key factor for hypertensive patients’ blood

pressure control and forgetfulness is one of the main reasons that cause medication non-

adherence. If effective, low-cost reminder package (LCRP) has great potentials for large-

scale promotion. Therefore, this study aims to evaluate the effectiveness of combining LCRP

and health education to improve MA among hypertensive patients.

Patients and methods: A clustered randomized controlled trial was performed in Beijing. A

total of 518 hypertensive patients recruited from 8 community health care centers were rando-

mized to receive LCRP combined with case-based health education or usual care. Randomization

was performed at community level. Multilevel modeling was used to evaluate the study effect.

Results: MA scores did not differ significantly at baseline between the intervention group

and the control group. The results of multilevel modeling indicated that MA scores increased

more in the intervention group, and the intervention effect on MA was 0.287 (95% CI:

[0.103, 0.471], P=0.002). Patients’ systolic blood pressure (SBP) and diastolic blood pressure

(DBP) were not improved (SBP: difference=0.536, 95% CI [−3.207, 4.278]; DBP: differ-

ence=−0.927, 95% CI [−3.283, 1.428]).

Conclusion: LCRP combined with case-based health education could significantly improve

hypertensive patients’ MA.

Keywords: low-cost reminder package, medication adherence, multilevel modeling, case-

based health education

Introduction
Globally, hypertension has become a major public health threat, consuming a large

percentage of health expenditures.1 The estimated prevalence of hypertension in 2000

was 26.4% (972 million), and the number continues to rise.2 In 2015, there were 1.13

billion hypertensive patients and the age-standardized prevalence in adults aged 18

and over was around 22%.3 Meanwhile, the disease burden brought by hypertension

also continues to deteriorate. In 2000, hypertension claimed 7.6 million deaths and

6% of the disease burden (calculated by disability-adjusted life year) while the

number climbed to 9.4 million and 7% in 2010.4,5 However, although the prevalence

and burden of hypertension continue to rise, its treatment and control rate remains at

a poor level. It was estimated that in 2010, among 31.1% adults with hypertension

globally, only 36.9% were treated with antihypertensive medication and only 13.8%
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had their blood pressure under control.6 Elevated blood

pressure greatly contributes to increased risks of cardiovas-

cular-related deaths, and Global Burden of Disease Study

revealed that hypertension was the main risk factor for

disability-adjusted life year.5 Therefore, helping hyperten-

sive patients to improve blood pressure control is of critical

importance both for patients themselves and society as a

whole.

Some studies have shown that medication adherence

(MA) was a key factor for hypertensive patients’ blood

pressure control and clinical outcomes, such as risks for

coronary heart disease, stroke, and heart failure.7–9 A

research by Baily et al found that if patients with poor

adherence increased one pill per week for a once-a-day

medication, the risk for stroke would decrease by 8–9%

and death by 7%.10 Several large cohort studies have

shown that hypertensive patients with good MA had sig-

nificantly lower risks of cardiovascular events (up to

38%), compared with those having poor adherence.11–13

Reducing the risks of hypertensive complications such as

coronary heart disease and stroke could reduce the rate of

outpatient visits, emergency visits, and hospitalizations,

and thus further alleviate patients’ economic burden and

the tension of limited health resources.14–16 However,

although MA has a significant influence on patients’

blood pressure, the rate of high MA varies across region

to region. A meta-analysis including 25 studies from 15

countries reported that 45.2% (95% CI: [34.4, 56.1]) of

hypertensive patients had poor MA, and another meta-

analysis examining studies from low and middle-income

countries revealed that 63.35% (95% CI: [38.8, 87.9]) of

hypertensive patients was non-compliant.17,18 The situa-

tion in China was even more severe. A cross-sectional

study conducted in mainland China found that among

elderly hypertensive patients, only 34.2% had good

MA19 As a result, exploring the way of improving MA

has both clinical and practical implications.

Studies have shown that forgetfulness was one of the

main reasons that caused medication non-adherence.20,21

Among various interventions addressing MA in patients

with chronic diseases, some researchers suggested that

reminder package was more effective than other forms

such as medication counseling and social support, and

others also proposed that a combination of education and

reminder strategies might better improve MA.22,23

However, the number of research examining the efficacy

of package intervention in hypertensive patients was lim-

ited and a consistent conclusion was not reached.20,24

Furthermore, most of the reminder packages used in

these interventions were directed at non-Chinese popula-

tions and somewhat expensive as they could not only

record the exact time of bottle opening but also provide

adherence feedback to patients.25,26 Therefore, considering

the large population basis in China, exploring an effective

and low-cost intervention that could be promoted on a

large scale has significant implications.

As a result, this study aims to examine the effective-

ness of a low-cost reminder package (LCRP) combined

with case-based health education in improving MA among

Chinese hypertensive patients. Case-based education nor-

mally refers to education that “prepares students for clin-

ical practice through the use of authentic clinical cases”.27

This study borrowed this term and hoped to test the effec-

tiveness of combining reminder package and authentic

cases in improving hypertensive patients’ MA.

To our knowledge, this study was one of the few that

examined the effectiveness of low-cost reminder devices

combined with case-based health education in patients

with chronic diseases, especially in a Chinese hypertensive

population.

Materials and methods
Ethics statement
This study was approved by the Institutional Review

Board of Peking University Health Science Center. All

participants provided written informed consent, and this

study was conducted in accordance with the Declaration of

Helsinki.

Study design
A clustered-randomized controlled trial was conducted to

examine the effectiveness of an LCRP intervention com-

bined with case-based health education in improving

hypertensive patients’ MA. The patients in the intervention

group received a pill box and two classes of health educa-

tion delivered by health care professionals. Patients in the

control group received usual care. Data were collected at

baseline and at six months follow-up.

Participants and study settings
A clustered randomized controlled trial was performed in

Shunyi District, Beijing, between May and December

2016. Shunyi District covers 1021 square kilometers and

has a population of 983,000. With a rapid economic

growth due to the construction of Beijing Capital
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International Airport, the local residents experienced a

substantial improvement in living conditions and also an

ensuing high prevalence of chronic diseases such as

hypertension.28 Therefore, in this study, in order to explore

an effective method to help manage patients’ blood pres-

sure, a clustered randomized controlled trial was con-

ducted in eight community health care centers in Shunyi

District.

Essential hypertensive patients who volunteered to par-

ticipate, aged above 18, diagnosed according to ICD-9

codes 401–401.9, and currently taking at least one kind

of antihypertensive medications were included. Those who

failed or were unable to sign informed consent, had mental

disorders, had a life expectancy less than 6 months, or had

the intention of moving out of the region within half a year

were excluded.

Interventions
Patients in the intervention group received a commercially

available low-cost pillbox at the start of the intervention.

The pillbox had 28 detachable compartments (4 for each

day) and 1 alarm that could produce audible beeps.

Patients could put a week’s medication into the pillbox

and set at most four alarms at different times of the day.

Each time the patient needed to take medication, the pill-

box would produce large beeps to remind them. If the

alarm was missed, it would beep every 2 mins for half

an hour until it was turned off. Detailed instructions on its

use were provided by medical personnel.

Apart from the reminder package, patients in the inter-

vention group also received two health education classes.

Patients were called before each health education, and they

could come at their wish. As hypertensive patients tended

to be elderly and less-educated, health education in this

study was based on vivid cases, with the aim to maximize

patients’ understanding and internalization. The first health

education was delivered after completion of baseline ques-

tionnaire at the start of intervention. The content of health

education was structured around how to measure blood

pressure correctly and the basic knowledge about hyper-

tension, such as related complications, treatments, hyper-

tension grade, and corresponding severity. The

first education was delivered by health care providers for

20–30 mins at the community health care center, with the

aim to help patients recognize the importance of MA and

blood pressure control. Three months after baseline,

patients in the intervention group received their second

health education. Vivid examples of other hypertensive

patients were presented here to give participants a concrete

impression of the benefits of MA and the possible con-

sequences of non-adherence, such as medication discon-

tinuance after blood pressure was controlled. Fear for side

effects was especially addressed. Furthermore, patients’

possible somatic and emotional issues were also addressed

here. This class presented patients with several vivid cases

which contained the psychological issues that might occur

in the course of medication taking and informed them how

to seek help or deal with them. This session was delivered

by health care providers at the center for 20–30 mins.

Three months after the second health education, the six-

month follow-up questionnaire survey was conducted.

Patients in the control group received usual care.

Outcomes and measurements
Patients in both groups completed two questionnaires on

baseline and six-month follow-up, respectively. Information

on sociodemographic characteristics (eg, age, gender, the

degree of education, and income), disease history, medica-

tion history, and hypertension-related knowledge were col-

lected. MAwas measured both at baseline and follow-up by

self-designed MA scale. The self-designed MA scale

included five items to measure patients’ MA and the total

score was 5. The first two items were dichotomous and

coded as 0 and 1. The rest three items used Likert 5-point

scale and coded as 0, 0.25, 0.50, 0.75, and 1, respectively.

Higher scores represented higher MA. This scale had a

Cronbach’s α of 0.726.

Physical examinations including height, weight, waist-

line, and blood pressure measurements were also per-

formed at baseline and 3-month follow-up. Patients’

blood pressure was measured three times in each time

point, and the average value was used in data analysis.

Both questionnaire survey and physical examination were

conducted by well-trained community health workers and

research staff.

Sample size and randomization
The sample size was determined with PASS 11. The

Module of "Test for Two Means (Two Sample Student's

t-Test )" was used, with an α of 0.05 and β of 0.1. We

expected to observe a difference of 5 mmHg of SBP

between 2 groups after intervention and literature showed

that the standard deviation of SBP among Chinese popula-

tion was 15.4.29 Therefore, based on the earlier informa-

tion, a sample of 200 participants in the control group and

intervention group each was calculated. Considering the
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possibility of loss to follow-up, the final sample was

expanded to 600. Eight community health care centers

were sampled from a total of 26 centers in Shunyi

District and were randomly assigned to the control group

or intervention group in a 1:1 ratio using concealed ran-

dom allocation. Randomization was achieved with random

numbers. Each community health care center was expected

to recruit 75 hypertensive patients, and a total of 596

patients were finally included in this study. Due to the

nature of intervention, both patients and health care pro-

viders were aware of their treatment allocation.

Statistical analysis
Data were entered with Epidata 3.1. Normality test was

performed on continuous data. Those that followed the

normal distribution was reported as mean±SD and others

were described by median and interquartile range.

Categorical data were reported in frequency and propor-

tion. Two sample t-test and paired samples t-test were

performed to compare MA score. Chi-square test was

used to determine whether characteristics differed signifi-

cantly between the control group and the intervention

group. Furthermore, multilevel modeling with an interac-

tion term was applied to account for clustering and to

assess the treatment effects. A time dummy was created

to indicate the time trend in treatment and control group,

and an interaction term between the intervention and time

dummy was generated to represent the net effect of inter-

vention impact on patient outcomes. The analysis was

adjusted for gender, age, education, ethnicity, marital sta-

tus, antihypertensive medication history, and other chronic

medication-taking history. Intention-to-treat analysis was

also used to examine the intervention effect. P<0.05 was

considered statistically significant. Statistical analysis was

performed in Stata SE 14.1.

Results
Demographic characteristics
A total of 596 hypertensive patients were recruited at

baseline, with a mean age of 56±6.7, 299 in the interven-

tion group and 297 in the control group. A significant

difference was observed in gender, age, and education

between intervention and control group (P<0.05). More

patients in the control group were male, young, and well-

educated. Other characteristics at baseline were balanced

between the two groups. A total of 194 (64.9%) patients in

the intervention group and 182 (61.3%) in the control

group had their blood pressure under control (SBP<140

mmHg and DBP <90 mmHg). At follow-up, a total of 518

patients completed the trial, with 262 in the intervention

group and 256 in the control group (Figure 1). As high as

13.1% of the patients were lost to follow-up (12.4% for the

intervention group and 13.8% for the control group).

Similar to the baseline, there was also a significant differ-

ence between intervention and control group in terms of

gender, age, and education. Comparison of patients’ char-

acteristics between baseline and six-month follow-up in

two groups revealed no significant difference. Detailed

information are presented in Table 1.

Patients’ usage of reminder package
A total of 106 (40.5%) patients in the intervention group

used the reminder package. Among them, 67.9% were

frequent users and 32.1% were intermittent users. As

high as 54.3% of the patients reported that the reminder

package was simple to use and 50.9% reported it as a very

helpful tool. The survey conducted among the nonusers

revealed that the primary reason (57.6%) that they did not

use the device was they could remember taking medicine

on their own without the help of a reminder. Other reasons

included the device was a little complex to use (15.2%),

they only took a few kinds of medication (11.9%), and

they did not know how to use the device (9.3%).

Furthermore, a total of 299 patients participated the first

health education class and 263 patients participated the

second.

Overall intervention impact on MA
The MA score for the control group and the intervention

group did not differ significantly at baseline, with 4.36

±1.02 for the control group and 4.39±1.02 for the inter-

vention group (P=0.713). However, at six-month follow-

up, patients in the intervention group had a significantly

higher MA score than those in the control group (con-

trol group: 4.39±1.02; intervention group: 4.62±0.78;

difference=0.226, P=0.005). After adjusting for pre-

defined covariates, the multilevel modeling result indi-

cated that the intervention effect on MA was 0.287 (95%

CI: [0.103, 0.471], P=0.002). The intracluster correla-

tion coefficient of MA for hypertensive patients in

Shunyi District was 0.006 (Table 2). Furthermore, an

intention-to-treat analysis was also conducted, and the

result indicated that the intervention effect on MA was

0.287 (95% CI: [0.102, 0.473], P=0.002).
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Further analysis was performed on individual items of

MA scale to examine which items of the scale were

actually improved. Multilevel modeling results on indivi-

dual items indicated that the intervention had significantly

improved item 1 [Stopped taking medication without tell-

ing doctors when disease status deteriorated] and item 5

[Taking medications even if BP was normal for a conse-

cutive period of time]. Detailed information are presented

in Table 3.

Intervention effect on blood pressure

control
Table 2 presents the blood pressure levels in both groups

before and after the intervention. A significant difference

of systolic blood pressure (SBP) was not found between

two groups both at baseline (P=0.368) and six-month

follow-up (P=0.597), though the SBP-value was elevated

in both groups. Furthermore, the result of multilevel mod-

eling indicated that the intervention effect on patients’

SBP was not significant. The intracluster correlation coef-

ficient of SBP was 0.020.

The diastolic blood pressure (DBP) in the intervention

group was significantly lower than that in the control group

both before (P<0.001) and after the intervention (P<0.001).

Result of multilevel modeling indicated that the intervention

effect on patients’ DBP was not significant. The intracluster

correlation coefficient of DBP was 0.022.

Discussion
Several studies have explored the prevalence of antihyper-

tensive adherence and its determinants.8,28,29–31 However,

although other Chinese residents have been closely exam-

ined, few studies shed lights upon Chinese mainland

populations.29,31–35 Therefore, with the help of self-

designed MA scale, this study examined the situation of

antihypertensive adherence in a Chinese population and

explored the effectiveness of an LCRP combined with

case-based health education in improving MA

In this study, participants were predominantly female

and elderly, with a mean age of 56±6.7 and a male-to-

female proportion of 1:2. Some patients were lost to fol-

low-up at six-month follow-up due to change of contact

information or home addresses. However, the comparison

between baseline and the six-month follow-up in both

groups indicated no significant difference in socioeco-

nomic characteristics. Therefore, it was reasonable to

8 community healthcare centers enrolled

Randomization

Control group:
4 centers randomized

297 patients enrolled at baselineFirst class of health education;
and low-cost pill box

Intervention group:
4 centers randomized

299 patients enrolled at baseline

263 patients at 3-month follow-up

262 patients at 6-month follow-up

262 patients in the analysis 256 patients in the analysis

--36 lost to follow-up due to:

256 patients at 6-month follow-up
--41 lost to follow-up due to:

--1 lost to follow-up (move out

change of phone number
move out of the area

change of phone number
move out of the area

Second class of health
education

of the area)

Figure 1 Flowchart
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believe that loss to follow-up was random and comparable

between the two groups.

After intervention, a significant increase in patients’

MA score was observed in both intervention group and

control group. The baseline MA score did not differ

between two groups while a significant difference was

observed between two groups at six-month follow-up.

The group difference at six-month follow-up remained

Table 1 Sociodemographic characteristics of participants before and after intervention

Sociodemographic

characteristics

Baseline (%) Endpoint (%) Comparison between

baseline and

endpoint: χ2

Control Intervention χ2 Control Intervention χ2 Control Intervention

Number (%) 297(49.8) 299(50.2) 256(49.4) 262(50.6)

Gender 7.675* 8.061* 0.058 0.261

Male 112(37.7) 81(27.1) 94(36.7) 66(25.2)

Female 185(62.3) 218(72.9) 162(63.3) 196(74.8)

Age (years) 10.619* 11.947* 0.053 0.059

≤49 64(21.5) 35(11.7) 57(22.3) 29(11.1)

50-59 144(48.5) 158(52.8) 124(48.4) 140(53.4)

60+ 89(30.0) 106(35.5) 75(29.3) 93(35.5)

Education 17.042* 14.791* 0.466 0.114

Primary school and below 33(11.1) 52(17.4) 31(12.1) 44(16.8)

Middle school 157(52.9) 183(61.2) 128(50.0) 159(60.7)

High school and above 107(36.0) 64(21.4) 97(37.9) 59(22.5)

Marital status 0.198 0.497 0.167 0.012

Married 280(94.2) 285(96.0) 239(93.4) 251(95.8)

Unmarried 14(4.8) 12(4.0) 14(5.4) 11(4.2)

Missing 3(1.0) 3(1.2)

Family income 6.963 4.514 0.359 0.227

<900 90(30.3) 87(29.1) 72(28.1) 79(30.2)

900-1409 50(16.8) 61(20.4) 46(18.0) 54(20.6)

1410-2499 72(24.2) 79(26.4) 63(24.6) 65(24.8)

2500-3499 30(10.1) 46(15.4) 27(10.6) 40(15.3)

3500+ 38(12.8) 25(8.4) 33(12.9) 23(8.8)

Missing 17(5.7) 1(0.3) 15(5.9) 1(0.4)

Ethnicity 0.175 0.033 0.009 0.014

Han 287(96.6) 287(96.0) 247(96.5) 252(96.2)

Other 10(3.4) 12(4.0) 9(3.5) 10(3.8)

Antihypertensive medication

history

2.467 1.887 0.030 0.065

<5 110(37.0) 95(31.8) 96(37.5) 85(32.5)

5-9 77(25.9) 77(25.8) 68(26.6) 69(26.3)

10+ 108(36.4) 126(42.1) 92(35.9) 108(41.2)

missing 2(0.7) 1(0.3) 0 0

Other chronic medication-

taking history

1.414 1.252 0.052 0.057

No 143(48.1) 130(43.5) 121(47.3) 112(42.8)

Yes 150(50.5) 166(55.5) 132(51.5) 149(56.9)

Missing 4(1.4) 3(1.0) 3(1.2) 1(0.3)

Note: *P<0.05.
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significant after controlling for covariates and clustering

effect. Based on the result of multilevel modeling, the

group difference attributable to study intervention alone

was 0.287 (95% CI: [0.103, 0.471]), indicating a signifi-

cant impact of reminder package combined with health

education on antihypertensive adherence. This result was

not consistent with a study conducted in the United States,

which suggested that low-cost reminders could not

improve MA of patients with chronic disease or

depression.21 However, another study found that low-cost

reminder devices could improve HIV patients’ MA.36 As

there were only few evidence examining low-cost devices

on chronic disease MA, it was speculated that one of the

reasons for the controversial result between Choudhry’s

study and this study might be that their package adopted

the form of visual reminder while ours provided audible

beeps. To many patients, sounds might be harder to be

missed or ignored than text. Another explanation might be

that reminder package plus health education were more

effective than reminder alone, as suggested in other

studies.23 To sum up, this study suggests that more studies

are needed to explore the effectiveness of low-cost devices

in antihypertensive adherence.

The secondary analysis of blood pressure control

revealed that LCRP combined with case-based health educa-

tion could not improve hypertensive patients’ blood pressure

control. This result was similar to several other studies eval-

uating the effect of reminder services on hypertensive

patients’ blood pressure control.25,37 In a study conducted

by Ruppar et al, although patients’ MA was significantly

improved after a nurse-delivered adherence intervention

which involved the use of an electronic medication bottle

cap, patients’ blood pressure remained unchanged.25

Furthermore, in another study, differences in terms of blood

pressure between the intervention group and control group

were far from significance at any time in the study.37

However, some other research also reported that participants’

blood pressure was significantly improved after reminder

package intervention.26 In effect, MA study itself had vary-

ing and sometimes even small effect on patients’ blood

pressure outcome, as blood pressure was influenced by

many factors other than MA, such as medication choices

and lifestyle.38–40 Therefore, linking MA directly to blood

pressure performance was difficult. As a result, although

patients’ blood pressure was not improved in this study, the

importance of MA to hypertensive patients and the value of

LCRP combined with case-based health education could not

be denied. In addition, patients’ SBP and DBP were elevated

in this study. This might be attributed to seasonal factors that

people’s blood pressure generally was higher in winter than

in summer. The baseline survey was conducted from May to

June 2016 (Summer in China) while the six-month follow-up

survey was conducted from November to December 2016

(Winter in China). Therefore, it was possible that the elevated

blood pressure was caused by season.

Analysis on individual items of MA scale indicated that

this intervention could effectively improve patients’ perfor-

mance on item 1 [Stopped taking medication without telling

Table 2 Results of multi-level modeling on intervention effectiveness in patients’ medication adherence, SBP and DBP

Variable Baseline (SD) 6-month follow-up(SD) Difference in change between groups (95% CI)a ICC

MAb

Control 4.36 (1.02) 4.39 (1.02) 0.287 (0.103,0.471)* 0.006

Intervention 4.33 (1.02) 4.62 (0.78)

MA (ITTc)

Control 4.30 (1.09) 4.39 (1.02) 0.287 (0.102, 0.473)* 0.002

Intervention 4.28 (1.08) 4.62 (0.78)

SBP

Control 135.3 (16.9) 136.6 (14.8) 0.536 (−3.207, 4.278) 0.020

Intervention 134.1 (16.6) 136.1 (14.9)

DBP

Control 81.6 (10.5) 83.9 (9.9) −0.927 (−3.283, 1.428) 0.022

Intervention 77.0 (10.2) 78.6 (9.6)

Notes: aDifference in change between groups was calculated with multilevel modeling, adjusting for clustering level, gender, age, education, ethnicity, marital status,

antihypertensive medication history, self-efficacy, and other chronic medication-taking history. bN=518 (those who completed the intervention). cN=596, Intention-to-treat

analysis. *P<0.05.
Abbreviations: MA, medication adherence; ICC, intracluster correlation coefficient; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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doctors when disease status deteriorated] and item 5 [Taking

medications even if BP was normal for a consecutive period

of time]. In hypertensive patients, stop taking medication

without telling doctors is a very serious issue and might

lead to severe consequences. Therefore, an improvement on

this item is very important and has clinical implications.

Limitations
This study also had some limitations. First of all, patients’MA

andblood pressure in this studywas relatively good.Therefore,

participants had relatively small room for improvement, and it

was more difficult for the intervention to exert an effect.

Second, only 40.5% of the patients in the intervention group

actually used the reminder package. Although the primary

reason for not using was that they could remember taking

medication on their own, there was still 15.2% of the patients

reporting that it was a little complex to use. Therefore, this

study suggests that future intervention could further simplify

reminder package and intensify instructions on its use.

Practice implications
L.C.R.P. combined with case-based health education is an

economical way to help hypertensive patients improve

disease management, as the devices are non-expensive

and education class can reach a cluster of population at a

time. Furthermore, it is relatively simple to conduct and

easily reproducible in different communities. Therefore, in

terms of the benefits returned, namely MA improved in

this study, LCRP combined with health education is worth

promoting in all communities. Furthermore, the audible

alarm might be more effective for reminder packages.

Conclusion
This study suggested that LCRP combined with case-

based health education could significantly improve

patients’ MA, which was crucial to hypertension manage-

ment. At the end of the study, patients’ adherence was

improved overall, with more increase in the intervention

group (0.370, 95% CI [0.027, 0.714]).

Abbreviation list
SBP, systolic blood pressure; DBP, diastolic blood pres-

sure; MA, Medication Adherence; LCRP, Low cost remin-

der package.
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