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Abstract
Background Given that patients’ medication adherence is regarded as the major part of disease control and 
improving health literacy can be effective in promoting adherence to healthy behaviors, the present study aimed 
to investigate the effect of health literacy intervention based on the medication adherence among uncontrolled 
hypertensive patients using mobile health (M-health).

Methods An interventional study with a quasi-experimental design, was conducted on 118 uncontrolled 
hypertensive patients. Participants were randomly divided into the intervention (n = 59) and control (n = 59) 
groups using blocked randomization. In the intervention group, a mobile health (M-health) program was designed 
using programmed instruction to improve patients’ health literacy over a period of 3 months. Data was collected 
by administering health literacy and medication adherence questionnaires to participants before and after the 
intervention. The analysis involved using the independent sample t-test to compare the variables before and after the 
study.

Results Before the intervention, the total score of health literacy was 33.34 and 33.14 in the intervention and 
control groups, respectively. After the intervention, it increased to 40.36 and 34.20 in the intervention and control 
groups, respectively, which was statistically significant in the intervention group (p = 0.01). Moreover, the medication 
adherence score of the intervention group significantly increased after the intervention. Both systolic and diastolic 
blood pressure decreased in the intervention group. However, it should be noted that the decrease in systolic 
blood pressure by 148.98 was statistically significant, while the decrease observed in diastolic blood pressure in the 
intervention group was not statistically significant (p = 0.08).

Conclusion The application of programmed instruction through M-Health has shown a positive effect on the 
health literacy of uncontrolled hypertensive patients. In addition to detecting and treating patients, it is important 
to prioritize the improvement of health literacy in terms of medication adherence and the adoption of healthy 
behaviors.

Keywords Hypertension, Health literacy, Mobile Applications

The effect of health literacy intervention 
on adherence to medication of uncontrolled 
hypertensive patients using the M-health
Maryam Karami1, Hossein Ashtarian2, Mojgan Rajati3, Behrooz Hamzeh2 and Fatemeh Rajati4*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12911-023-02393-z&domain=pdf&date_stamp=2023-12-15


Page 2 of 10Karami et al. BMC Medical Informatics and Decision Making          (2023) 23:289 

Background
Hypertension is considered as a growing health problem 
and the third cause of death in the world, as about 31% 
of adults over 18 years old in America suffer from hyper-
tension [1]. Hypertension is defined as systolic blood 
pressure ≥ 140 mmHg or greater and diastolic blood pres-
sure ≥ 90 mmHg or greater [2]. This disease is recognized 
as one of the most common risk factors for cardiovascu-
lar diseases, leading to myocardial infarction, brain acci-
dents, heart failure, vision disorders, kidney failure, and 
premature death [3]. According to a recent systematic 
study conducted in Iran, the prevalence of hypertension 
is variable in Iran and its overall prevalence is estimated 
to be 22% [4].

One of the main determinants of blood pressure con-
trol is self-care behavior, including regular control of 
blood pressure, reducing salt intake, not using tobacco, 
physical activity, avoiding stress, healthy nutrition, losing 
weight, and taking medicines prescribed by the physi-
cian timely [5]. In the same vein, non-adherence to medi-
cation is one of the problems of hypertensive patients. 
Medication adherence in hypertensive patients includes 
adherence to medicinal and non-medicinal methods that 
the patient should implement [6].

Ravansar cohort study in Iran demonstrated that 15.7% 
of 10,040 people aged 35 to 65 have hypertension and 
only 53% of them are successful in controlling their dis-
ease and 73% of them receive antihypertensive drugs [7]. 
A meta-analysis study in Iran revealed that blood pres-
sure is not controlled in more than 63% of hypertensive 
patients [4, 8–10].

Inadequate adherence to medication leads to increased 
morbidity, mortality, and health care costs, as well as 
frustration among patients and health care providers [11, 
12]. Non-adherence to medication limits the effective-
ness of preventive strategies and leads to a significant 
increase in cardiovascular complications [13].

Health literacy leads to more awareness of health issues 
and consequently, better self-care [14, 15]. The World 
Health Organization (WHO) introduced health literacy 
as one of the most important determinants of health [16]. 
The systematic review studies illustrated that the criteria 
of defining literacy vary in different studies. Health lit-
eracy is the capacity to obtain, process, and understand 
basic information and services needed for making appro-
priate decisions in the field of health [17, 18].

The American Medical Association (AMA) divided 
the field of health literacy into the cultural and concep-
tual knowledge, print health literacy (writing and reading 
skills), oral health literacy (listening and speaking), and 
numeracy.

Low health literacy makes people unable to find and use 
the health information and cares they need [19]. Further, 
about 40–80% of provided medical information given 

by medical staff is reported to be immediately forgotten 
[20]. Studies show adequate health literacy is a determi-
nant factor to control hypertension among hypertensive 
patients [21, 22]. Further, health literacy promotion inter-
ventions influence patients’ medication adherence [23]. 
There is a wide range of successful applications of new 
technologies, especially targeted interventions of mobile 
health (M-health) application in controlling and lowering 
blood pressure and increasing the health knowledge level 
and medication adherence [24].

Based on the results of the studies, the use of m-health 
application among patients with heart failure, hyperten-
sion, and diabetes improves the efficiency of the health 
care system, quality of life, and medication adherence 
and reduces costs [25]. However, currently these tech-
nologies are applied to change the behavior of Iranian 
patients in a limited way.

Programmed instruction was introduced by Skinner in 
America (1954), professor of psychology at Harvard Uni-
versity. Programmed instruction is an individual instruc-
tion method, dividing the content into small section and 
presenting them gradually and in regulated steps. Indi-
viduals study these materials step by step and after com-
pleting each step and before moving to the next step, they 
are tested to evaluate their understanding [26]. Since the 
programmed instruction provides reinforcement when 
the learner illustrates the desired behavior, this method 
can be an appropriate way to provide feedback to people 
and help interactive learning.

Considering that hypertension is usually associated 
with asymptomatic symptoms, the person may forget to 
take their medicine regularly and perform healthy behav-
iors. Therefore, the programmed instruction is consid-
ered as an appropriate method for these patients, since 
this issue is partially due to the low health literacy of 
the patients. In this method, the educational material is 
taught to the person step by step, and after learning the 
content of each step, the person moves to the next step. 
Given that this method may be associated with trial and 
error, it stabilizes learning in the patient. However, inter-
ventions to improve health literacy in different domains, 
including print health literacy and functional literacy, are 
challenging [27]. Therefore, it seems that the nature of 
programmed instruction using M-health technology is 
effective in improving people’s health literacy, adherence 
to medication and healthy behaviors, and blood pressure 
control. The present study aimed to investigate the effect 
of health literacy intervention based on M-health on the 
medication adherence behavior of hypertensive patients 
using programmed instruction.
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Methods
Study design and procedure
This study was a quasi-experimental design. It was con-
ducted on 118 hypertensive patients referred to a health 
center in Kermanshah, Iran from October to February 
2021. Patients were selected using convenient sampling 
method based on the inclusion and exclusion criteria 
and randomly divided into the intervention (n = 59) and 
control (n = 59) groups. For this study, 118 individuals 
were allocated into two groups using block randomiza-
tion with the assistance of random allocation software 
(https://random-allocation-software.software.informer.
com/download/?caa49a). The allocation was done in 
15 blocks of 8, with 4 individuals assigned to the inter-
vention group and 4 individuals assigned to the control 
group in each block. All patients completed the informed 
consent form. Based on the study results of Hacihas-
anoglu’s et al. (2011), education increases the patient’s 
medication adherence by 10–32% [27]. Therefore, the 
sample size was estimated using the following formula to 
be at least 59 patients, considering anapproximately 95% 
confidence interval and a power of 90%, along with the 
assumption of 10% attrition in each group:

 
n1 = n2 =

(p1(1 − p1) + p2(1 − p2))(Z1−α
2

+ Z1−β)2

(p1 − p2)
2

When n1 and n2 represent the sample size in each group, 
ρ denotes the rate of medication adherence, α was con-
sidered as 0.05, and β is set at 90%.

The inclusion criteria were patients aged over 30 
years with reading and writing literacy, who have been 
diagnosed as hypertensive patients in the health center 
but failed to control their hypertension (systolic blood 
pressure ≥ 140 mmHg and diastolic blood pressure ≥ 90 
mmHg). All patients took medication for their hyperten-
sion. The exclusion criteria included people with under-
lying chronic diseases, including cardiovascular disease, 
diabetes, and cancer or pregnant women.

Measurement
The data were collected using demographic characteristic 
questionnaire, hypertension-health literacy scale (HBP-
HLS), and hypertensive patients’ adherence to medica-
tion, made by the researcher.

Demographic characteristic questionnaire This ques-
tionnaire included the variables of age, gender, height, 
weight, body mass index, educational level, marital status, 
employment status, duration of hypertension disease, and 
regular use of medication. Further, systolic and diastolic 
blood pressure were measured twice based on JNC-8 and 
recorded [10].

Hypertension-health literacy scale (HBP-HLS) The 
scale was developed by Kim et al. (2012) [28], which was 
translated and re-translated by the researcher according 
to the Beaton guideline [29]. The questionnaire composed 
of the oral literacy (speaking and understanding speech), 
print literacy (reading, writing, and understanding written 
language), and functional literacy (performing a specific 
task) subscales. This questionnaire focuses on measuring 
print literacy and functional literacy of patients.

In the first part of the questionnaire to measure print 
literacy, the patient pronounces 30 words in three levels 
and the difficulty of the words is ascending in each level. 
Each word was scored as correct (1) and incorrect (0).

In the second part of the questionnaire, The test of 
functional health literacy in adults (TOFHLA) [30] and 
Newest Vital Sign (NVS) [31] tools with 13-itme were 
used to measure functional literacy of hypertensive 
patients. TOFHLA measures numeracy and reading 
comprehension skills. The calculation subscale measures 
a person’s ability to understand and act based on the 
recommendations given by doctors and health educa-
tors. This subscale includes three health explanations or 
orders, which are provided to the subjects in the form of 
cards. Further, the NVS includes a ramen (popular noo-
dle among Koreans) nutrition label with six items, assess-
ing the ability to interpret nutritional information and 
reading, comprehension, and calculation skills that are 
necessary to understand health information well. In this 
questionnaire, 7 items from TOFHLA and 6 items from 
NVS were given. The items were scored as correct (1) and 
incorrect (0), and their total score ranges from 0 to 13. A 
higher score indicates higher health literacy. The content 
validity index (CVI) and content validity ratio (CVR) val-
ues of the questionnaire were obtained as 0.87 and 0.60, 
respectively. The reliability of the questionnaire was 0.87 
using Kuder Richardson Formula. TOFHELA was used 
and translated to Persian by Javadzadeh et al. [32].

Questionnaire of adherence to medication of hypertensive 
patients
A questionnaire was developed in a study to measure 
the medication adherence of hypertensive patients. For 
this purpose, a mixed method study was designed in 
two phases, including the development of the question-
naire and the evaluation of psychometrics. In the first 
phase, a qualitative study was designed with the steps 
recommended by Waltz et al. [33] using the conventional 
content analysis method to explore the concepts of medi-
cation adherence among hypertensive patients. The data 
were collected through semi-structured interviews until 
the data saturation stage and then, analyzed. The ques-
tionnaire items were designed on a 5-point Likert scale 
(never, rarely, sometimes, often, and always) based on 
the results obtained from qualitative interviews using 

https://random-allocation-software.software.informer.com/download/?caa49a
https://random-allocation-software.software.informer.com/download/?caa49a
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available literature and revised by an expert panel. In the 
second phase, after evaluating the content validity, the 
expert panel was asked about difficulty, wording, gram-
mar, and comprehensibility to modify the questionnaire 
based on their opinions. Then, the essentiality and the 
relevance of each item were asked from the expert panel. 
The content validity ratio (CVR) was considered as 0.42 
based on the Lawche Table [34].

Item’s content validity index (I-CVI) by dividing the 
number of experts (18 individuals) who had given that 
item the score of 3 or 4 by the total number of experts. 
The items with CVI > 0.79 were considered appropriate, 
those with CVI = 0.7–0.79 were revised, and the items 
with CVI < 0.7 were excluded [35].

Twenty hypertensive patients evaluated the face valid-
ity of the questionnaire qualitatively and quantitatively. 
Difficulty and relevancy of each item was assessed in the 
qualitative face validity stage. The items’ impact score 
was calculated in quantitative face validity stage. The 
same hypertensive patients rated the importance of each 
item, scored between 1(unimportant) to 5 (very impor-
tant). Impact score for each item was calculated using the 
following formula:

“Impact score = Frequency (%) × Importance”,
where “frequency” represents the number of patients 

rated the item 4 or 5, and “Importance” displays the aver-
age of the item on the 1–5 rating scale. The items with 
impact scores equal or greater than 1.5 were kept. Reli-
ability analysis was employed using test-retest intra-class 
correlation index (ICC) by 30 eligible patients who asked 
to complete the questionnaire twice with two interval 
weeks. The ICC of the questionnaire was 0.83 (95% CI: 
0.76–0.90, P < 0.001). The Cronbach’s alpha was calcu-
lated as 0.71, which was greater than the cut-off value of 
0.7.

Preparing M-health application based on programmed 
instruction
In this research, an educational M-health application 
was prepared based on the protocol proposed by Sadegh 
et al. [36] to increase the health literacy of hyperten-
sive patients. The educational material of hypertension 
was prepared based on the guidelines of the hyperten-
sion management in the American College of Cardiol-
ogy/American Heart Association [37]. The educational 
material of M-health included the definition, classifica-
tion, complications, and medications of hypertension, 
hypertension measurement, and diet, which were indi-
vidually provided for people in separate sections using 
the programmed instruction. The educational material 
was divided into small sections and presented to the 
patients gradually and in regular sequence. Patients stud-
ied the materials step by step and after completing each 
step successfully and before entering the next step, they 

answered the test questions of each section to assess their 
understanding.

If the patient chooses the wrong answer, the applica-
tion returns him to the previous stage to receive the edu-
cation and study again to select another answer, as the 
person is guided to the correct answer and consequently, 
learning takes place. Accordingly, as this learning pro-
cess progressed, it helped improve the health literacy 
of patients. Therefore, the educational content and 
M-health implementation method were designed based 
on the programmed instruction method and concepts 
about the printed and functional health literacy. The edu-
cational material and application program were designed 
and implemented by five specialists, including three 
health education specialists, one doctor, one nurse, and 
one IT in Health specialist during several sessions. The 
pilot evaluation of the application was done among ten 
patients before finalization, and the patients were asked 
to assess and give feedback on any ambiguity, difficulty, 
and incomprehensibility of the content or the perfor-
mance of application. After brief changes, the initial ver-
sion of the application was finalized. Then, the usability 
of the application was examined using the opinions of the 
health care system managers, and the final modifications 
were made based on the national guidelines for control-
ling and managing blood pressure, which is supervised by 
the health deputy in the universities of medical sciences.

Interventions to improve health literacy
After preparing the application, the educational interven-
tion was conducted in areas of health literacy, spanning 
across four sessions. Patients were also instructed to uti-
lize the application at home. One effective approach to 
enhance health literacy in the domain of reading is to uti-
lize plain language and avoid technical jargon when com-
municating health information to patients. In this regard, 
we employed physiological and anatomical terminolo-
gies, along with synonyms, definitions, and related pic-
tures where applicable. Examples of such words include 
cardiovascular disease, hypertension, uncontrolled 
hypertension, systolic blood pressure, diastolic blood 
pressure, etc. We used these terminologies in certain sce-
narios, emergencies, and medical situations and asked 
patients to discuss and converse about them.

As visual representations can help clarify information 
and make it more accessible, we also provided visual 
materials such as diagrams, illustrations, and charts to 
enhance understanding. We also made efforts to engage 
patients in interactive activities, discussions, and role-
plays to actively involve them in the learning process. 
This hands-on approach can enhance comprehension 
and retention of health information.

To improve patients’ understanding and consequently 
decision-making, we provided clear and accessible health 
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information about hypertension and its management. 
We invited their families to create a supportive and non-
judgmental environment where individuals feel comfort-
able asking questions and seeking additional information, 
which can promote active involvement in decision-
making. Additionally, we utilized M-health as a shared 
decision-making tool by checking patients’ assignments 
completed in M-health during each session. If any issues 
were identified, we provided feedback and resolved them 
to improve patients’ adherence to medication.

Statistical analysis
In this study, the statistical analysis involved the use of 
an independent t-test to assess the differences in quan-
titative variables between the intervention and control 
groups. The homogeneity of qualitative variables was 
evaluated using the Chi-square and Fisher’s exact test. 
Mean and standard deviation were used to report and 
describe the quantitative variables, while frequency 
and percentage were employed for qualitative variables. 
Levene’s test was conducted to check the equality of 

variances for the investigated variables, including health 
literacy score, medication adherence, and systolic blood 
pressure score, between the intervention and control 
groups. The null hypothesis assumed equal variances 
between the two groups. Subsequently, the independent 
t-test was used to determine the significance of the mean 
scores of the investigated variables between the control 
and intervention groups. Paired t test was also used to 
access the change within groups of intervention and con-
trol. The significance level was set at 0.05, and data analy-
sis was performed using SPSS version 22 software.

Results
The mean age of patients was 52.20 ± 15.55 years. The 
homogeneity of variables such as sex, education status, 
job, and marital status was assessed using the Chi-square 
test, which involved dividing the different levels of vari-
ables into two intervention and control groups. We used 
the Fisher’s exact test when more than 20% of the cells 
in the cross-tabulation had expected counts less than 5. 
The mean ± SD systolic and diastolic blood pressure were 
149.13 ± 11.3 and 94.8 ± 12.4  mm Hg in the intervention 
group, respectively and 148.9 ± 16.3 and 94.8 ± 12.4 and 
95.6 ± 7.4 mm Hg in the control group. The mean dura-
tion of hypertension was 6.63 ± 4.09 years, and the mean 
of BMI of the patients was 26.54 ± 3.84 kg/m2 in all par-
ticipants (Table 1).

The mean score of health literacy in the domain of 
reading was 25.17 ± 3.30 in the intervention group and 
24.40 ± 6.60 in the control group before the intervention 
and changed to 26.89 ± 1.68 in the intervention group 
and 24.45 ± 6.57 in the control group after the interven-
tion. Based on the results of the independent t-test, the 
mean score of health literacy in the reading level had a 
statistically significant change in the intervention group. 
However, the mean score did not change statistically in 
the control group (p-value = 0.80) (Table 2).

Before the intervention, the mean score of health lit-
eracy in the field of comprehension was 3.32 ± 1.99 in the 
intervention group and 3.25 ± 2.02in the control group, 
which reached to 5.1 ± 0.99 in the intervention group and 
3.28 ± 2.03 in the control group after the intervention. The 
results of the independent t-test demonstrated that the 
mean score of health literacy regarding comprehension 
and understanding had a statistically significant change 
in the intervention group(p-value < 0.0001), and did not 
statistically change in the control group (p-value = 0.78) 
(Table 2).

The mean scores of health literacy in the domain of 
decision-making and use of health information was 
4.48 ± 2.0 in the intervention group and 5.49 ± 1.63 in the 
control group before the intervention and after the inter-
vention, increased to 6.56 ± 0.79in the intervention group 
and 5.52 ± 1.65 in the control group. The results of the 

Table 1 The characteristic of patient’s demographic and clinical 
variables of 118 patients
Variables Intervention 

(n = 59)
Control
(n = 59)

p-
value

Sex n (%) Man 31 (26.3) 28 (23.7) 0.09*
Female 22 (18.6) 37(31.4)

Education 
n (%)

Primary level 36 (30.5) 16 (13.6) 0.46**
Middle School 13(11.0) 4(3.4)
Diploma 3(2.5) 4(3.4)
Associate 
Degree

2(1.7) 0(0.0)

Bachelor’s 
degree

3(2.5) 2(1.7)

Master’s 
degree

2(1.7) 0(0.0)

Job n (%) housewife 26 (22.0) 35 0.05**
Employee 3 (2.5) 1 (0.8)
Part time job 24 (20.3) 23 (19.5)
Other 3 (2.5) 3 (2.5)

Marital sta-
tus n (%)

Single 4(3.4) 5(4.2) 0.77*
Married 47(39.8) 47(39.8)
Divorced 1(0.8) 0(0.0)
Deceased wife 7(5.9) 7(5.9)

Systolic blood pressurea 
(Mean ± SD)

149.13 ± 11.3 146.61 ± 9.5 0.69***

Diastolic blood pressurea 
(Mean ± SD)

94.83 ± 12.4 95.59 ± 7.5 0.77***

BMI (Mean ± SD) 26.5 ± 3.8 25.8 ± 4.2 0.37***
Duration of the 
morbidityb(Mean ± SD)

6.63 ± 4.1 6.95 ± 4.6 0.16***

a:mmHg, b:year

*Chi-square test

** Fisher’s exact test

***independent sample t-test
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independent sample t-test indicated that the mean scores 
of health literacy in the domain of decision-making and 
use of information had a statistically significant change 
in the intervention group and the mean scores did not 
change statistically in the control group (p-value = 0.001) 
(Table 2).

Before the intervention, the mean score of medication 
adherence was 7.90 ± 1.82 and 8.19 ± 1.93 in the interven-
tion and control groups (P = 0.41), respectively and after 
the intervention, reached to 10.31 ± 0.81 and 7.95 ± 1.88 
in the intervention and control groups. The results of 
the independent t-test revealed a statistically significant 
change in the mean score of medication adherence in the 
intervention group (< 0.0001), while we observed a statis-
tically significant decrease in adherence of medication in 
the control group (p-value = 0.01) (Table 2).

The mean score of systolic blood pressure was 
149.83 ± 17.46 in the intervention group and 146.31 ± 9.47 
in the control group before the intervention and after 
the intervention, this rate changed to 148.98 ± 16.47 and 
146.31 ± 9.47 in the intervention and control groups, 
respectively. The results of the independent sample t-test 
showed a statistically significant change in the mean 
scores of health literacy of systolic blood pressure in the 
intervention group (p-value = 0.024) and no statistically 
significant variation in the control group (p-value = 0.70) 
(Table 2).

Furthermore, the mean score of diastolic blood pres-
sure was 107.80 ± 99.11 in the intervention group and 
95.57 ± 7.48 in the control group before the interven-
tion. After the intervention, this value changed to 
107.80 ± 99.06 in the intervention group and 95.57 ± 7.48 
in the intervention group. The results of the independent 
paired-test illustrated no statistically significantly dif-
ference in mean score of diastolic blood pressure within 
either intervention (p-value = 0.083) or also within con-
trol groups (p-value = 0.86) (Table 2).

Discussion
According to the findings of the present study, the inter-
vention based on programmed instruction led to an 
improvement in the health literacy of patients in the 
areas of reading, understanding and comprehension, and 
decision-making. It also resulted in an increase in the 
average systolic blood pressure and medication adher-
ence in the intervention group than control group.

This study employed plain language, physiological 
and anatomical terminologies, visual aids, and interac-
tive activities to engage patients in the learning process. 
The study found that the intervention improved patients’ 
understanding of hypertension and its management, and 
promoted active involvement in decision-making. Addi-
tionally, the use of M-health as a shared decision-making 
tool improved patients’ adherence to medication. Ta
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Having reading skill in the health literacy contrib-
utes patients to read and understand the concepts and 
instructions written on medicine bottles, appointment 
slips, and other essential health related materials. Some 
studies defined health literacy with great focus on the 
domain of reading.

Therefore, print literacy included reading and writing 
(the ability to decode letters and sound out words) has 
dominated the concept in health literacy so far. The focus 
on print literacy has yielded profound insights into dif-
ficulties and barriers linking literacy skills to health out-
comes [38].

The results of the present study are consistent with 
the findings of previous studies. Peyman et al. (2016) 
reported a significant increase in the mean score of 
health literacy among patients after an educational inter-
vention [39]. Similarly, Zhuang et al. (2016) demonstrated 
the significant role of educational programs in improving 
health literacy in China [40]. Therefore, new educational 
methods can be effective in improving low health liter-
acy. Individuals with low health literacy are less likely to 
understand written and spoken information provided by 
health professionals and may struggle to follow instruc-
tions, leading to higher rates of hospitalization and refer-
ral to physicians [41].

In the present study, the mean score of the compre-
hension of the patients improved after the intervention, 
representing the effect of the intervention on the health 
literacy of the patients. Indeed, it is expected that hyper-
tensive patients who have a better understanding of the 
etiology, mechanism, and complications of the disease 
will be more likely to adhere to their medication and 
experience fewer complications. Improved health literacy 
can empower patients to make informed decisions about 
their treatment, engage in self-management strategies, 
and effectively communicate with healthcare providers. 
This can ultimately lead to better medication adherence 
and improved health outcomes in hypertensive patients.

Adherence to healthy behaviors depends on patients’ 
understanding of their condition, treatment, and the ben-
efits of lifestyle modification. The self-regulation model 
of illness perception suggests that the cognitive responses 
patients develop about their illness can influence their 
choice and appraisal of coping strategies [42]. Kalantari 
et al. (2012) demonstrated that the belief in the disease 
severity, disease outcomes, sever symptoms, poorer self-
care and worry about the disease are associated with the 
lower quality of life [43]. In another study, Rajpura et al. 
(2014) reported a positive relationship between under-
standing of the disease and positive beliefs about treat-
ment among the elderly with hypertension with high 
medication adherence [44]. In the study of Chen et al. 
(2011), the perception of the disease was associated with 
more medication adherence among patients [45]. Further, 

Ross et al. (2004) illustrated that disease perception and 
beliefs about hypertension are predictors of patients’ 
medication adherence [46]. Based on the study results of 
Kang et al. (2015), patients with better perceived health 
status are more likely to adhere to the treatment regimen 
[47]. In our study, improving health literacy probably 
helped patients to obtain, process, and understand health 
information more easily and make informed decisions, 
and consequently, increases their medication adherence.

In line with the results of the present study, Inglis et 
al. (2016) introduced M-health as a tool for the educa-
tion of heart failure patients and reported that the use 
of M-health to manage heart failure detects and reduces 
symptoms, prevents hospitalization, improves quality of 
life, increases patient knowledge and self-care behaviors, 
preventing disease exacerbation, and helps to adhere to 
medication [25]. In the present study, the mean score of 
medication adherence of the patients increased in the 
intervention group compared to the control group, which 
was statistically significant and indicates the effect of the 
educational intervention of health literacy using mobile 
technology on the medication adherence of hypertensive 
patients. The study of Kilic et al. (2020) demonstrated a 
significant and positive relationship between the health 
literacy level and medication adherence among hyperten-
sive patients, which is consistent with the results of the 
present study [49]. Wannasirikul et al. (2016) reported 
that health literacy has no direct effect on the medication 
adherence of hypertensive patients [50]. Since, in manag-
ing patients with uncontrolled hypertension, practitio-
ners may only suspect that the drugs prescribed are not 
in accordance with the most up-to-date guidelines, an 
important issue such as health literacy as a factor influ-
encing medication adherence should not be neglected 
[51]. However, to ensure their accuracy and effective-
ness, it is important to validate these mobile applications 
by comparing them to other validated m-health applica-
tions, just as we do with health-related questionnaires.
[52].

Programmed instruction is an individual educational 
method, dividing subject materials into small units and 
presenting them gradually in a sequential order. People 
study these materials step by step, and after completing 
each step and before entering the next step, they answer 
the test questions to assess their understanding and the 
health literacy of the person is improved in this way. 
Since hypertension with hidden nature is considered as 
a risk factor for cardiovascular disease and a predictor 
of cardiovascular disease mortality, the nature of hid-
den symptoms of hypertension can reduce the patients’ 
medication adherence, as hypertensive patients may 
experience few physical symptoms, leading to non-med-
ication adherence. Mobile phone technology (M-health) 
can play a key role in controlling hypertensive patients’ 



Page 8 of 10Karami et al. BMC Medical Informatics and Decision Making          (2023) 23:289 

health. Therefore, it is possible to reduce costs and the 
number of hospitalizations, and ultimately, empower 
patient without direct supervision of healthcare person-
nel using M-health. Programmed instruction in the elec-
tronic platform allows the patient to read the educational 
materials many times and benefit from the categories of 
reading, practice, and repetition. These findings suggest 
that utilizing an application and a hands-on approach can 
enhance health literacy and improve patient outcomes.

Limitations
This study was some limitations. First, we recruited 
patients from health centers and no detailed information 
was available regarding the compatibility of their drugs 
with the updated guidelines. Second, this study failed to 
control diastolic blood pressure. It seems antihyperten-
sive therapy fail to reduce diastolic blood pressure under 
100 mmHg. Although there was a statistically significant 
difference in mean score of the systolic blood pressure 
after intervention within the intervention group com-
pared to control group, this was not clinically important. 
It is important to note that our study comprised of hyper-
tensive patients who were also overweight. The interven-
tion primarily aimed to improve health literacy, but did 
not encompass all aspects of a healthy lifestyle for over-
weight patients. Therefore, incorporating lifestyle modi-
fications in addition to the intervention may yield better 
results. Therefore, interventions based on improving 
health literacy should be considered as an important tool 
alongside lifestyle modification programs for hyperten-
sive patients. Third, patients with unsuccessful hyperten-
sion control visited physician likely more frequently than 
patients with controlled hypertension as they are more 
relaxed and did not seek medical visits. So, the result of 
this study may not be generalizable to other patients. 
Further studies can expand upon on current work to 
more clarify the relationship between health literacy and 
other health outcomes.

Conclusion
The results of the present study indicated that apply-
ing programmed instruction using the M-health has 
a positive effect on the health literacy of uncontrolled 
hypertensive patients and improves their medication 
adherence. Therefore, the health education programs 
with an emphasis on the use of programmed instruction 
and M-health methods are needed in promoting health 
literacy. In order to increase individuals’ health literacy 
level, health system employees should be trained on using 
programmed instruction and the key role of mobile tech-
nology in controlling patients’ health. Further, health pol-
icy makers should consider health literacy as one of the 
most important tools to improve self-care and formulate 

the applicable and relevant programs and patterns at the 
community.
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