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Abstract

Aim: To investigate the effectiveness of eTansiyon smartphone application in blood pressure
control in patients with hypertension. Background: Global prevalence of hypertension and
the burden of chronic illness care, especially in primary care, are increasing in world. We have
developed eTansiyon to ensure the continuity of patient-physician relationship, so it may help
to improve the lifestyle of patients with hypertension, increase their adherence to treatment and
achieve the target blood pressure. Methods: This study was a non-randomized controlled study.
The sample was selected by random sampling method among the patients registered in 6 Family
Health Units (FHUs). Randomization was performed at the FHU level; the units were random-
ized to 4 control group (CG) and 2 intervention group (IG), so that randomization in this study
was 2:1. Both groups were followed up for at least four months. In addition to CG, IG were
provided to use eTansiyon. Obtained data were analysed to evaluate differences between groups
at the beginning and end of the study, intra-group changes after follow-up and interaction
between groups and follow-up period. Findings: The study was performed with 124 patients
in CG and 61 patients in IG. At the end of the study, the average systolic blood pressure/diastolic
blood pressure (SBP/DBP) of office and home was significantly lower in IG compared to CG
(P <0.001, MD 9.5 mmHg; P=0.007, MD 3.8 mmHg; P < 0.001, MD 10.6 mmHg; P < 0.001,
MD 4.8 mmHg, respectively), and it was found that the proportion of people with target blood
pressure in IG was significantly higher than CG (P < 0.001, 49.2%(n = 30) and 22.6%(n = 28),
respectively). Repeated measures ANOV A and generalized estimating equations results showed
that follow-up period and interaction between groups were significant in terms of office
and home SBP/DBP and target blood pressure level during follow-up period (P < 0.001,
P <0.001, P<0.001, P<0.001, P <0.024, respectively).

Introduction

According to the World Health Organization 2015 data, the estimated global prevalence of
hypertension in adults is 22.3% (20.5-24.2) (World Health Organization, 2017), this rate is
19.9% (15.5-24.4) for Turkey (World Health Organization, 2017). Reducing blood pressure
(BP) and controlling hypertension decrease the risk of stroke by 35% of congestive heart failure
by 42% and of coronary heart disease by 28% (Go et al., 2013). Many factors play role in inef-
fective control of hypertension such as lack of patient participation in disease management, low
compliance to medication use, insufficient intervention of the physician about lifestyle modi-
fication due to limitation of time and resources and deficiencies of the health system in the man-
agement of chronic diseases (Mancia et al., 2013; Milani and Lavie, 2015).

The increasing use of smartphones and the rapid development of mobile technologies in
recent years have led to the popularization of these technologies as a useful tool to control risk
factors and improve patient outcomes (World Health Organization, 2011). This development,
named as ‘mHealth’, is used to provide health education, to promote behaviour change, to facili-
tate the diagnosis and management of various health conditions, to support diagnostic tests or to
keep medical records (Piette et al., 2015). The use of mHealth technologies in the follow-up of
BP at home provides more effective cooperation between patient and physician. Mobile appli-
cations are shown to have important effects on improving individual’s BP control (Parati et al,
2008; Mohammadi et al., 2018). The correct use of applications may help to improve the lifestyle
of patients with hypertension, increase their adherence to treatment and achieve the target BP.
Although the use of smartphones is quite spread in our country, user-friendly and culturally
adapted mobile applications to our population, especially in the field of chronic disease man-
agement, are limited.
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The aim of the study is to assess the effectiveness of the
eTansiyon smartphone application in BP control in patients with
hypertension.

Methods
Study design and population

The study was a non-randomized controlled study and was con-
ducted between 01.12.2017 and 20.12.2018. The study has been
run in a total of six Family Health Units (FHUs) located in a total
of five districts in Istanbul and Kocaeli/Turkey; Tuzla, Umraniye,
Maltepe, Pendik (2 units) and Darica. The population of the study
consisted of adult hypertensive patients.

The sample size was calculated by the Epilnfo program, to
increase the patients with the target BP by 25% at a 95% confidence
level with 90% power (Mills et al., 2016; Sengul et al., 2016), it was
projected that a total of 174 patients with 58 participants in the
intervention group (IG) and 116 participants in the control group
(CG) (Kelsey, JL, Whittemore, AS, Evans, AS and Thompson WD,
1996). Similar to the literature (Davidson et al., 2015), it was
planned to reach 240 people in total by taking into consideration
the fact that 30%-40% of the participants might discharge from
the study.

Inclusion criteria

Adult patients between 30 and 74 years old who have been diag-
nosed with essential hypertension for at least one year and who were
using antihypertensive medications, and who have a smartphone,
and who have a sphygmomanometer at home and/or who agreed
to receive a new sphygmomanometer were included in the study.

Exclusion criteria

Patients who did not meet the inclusion criteria; patients with sec-
ondary hypertension; hypertension during pregnancy; patients
with a BP measured as >180/110 mmHg during the first office visit;
patients with stage 3 hypertension and end-organ damage; with a
history of stroke, coronary revascularization in the last 3 months;
chronic renal failure, heart failure; hearing or understanding prob-
lems were excluded from the study.

During the research, patients who changed their family physi-
cian and patients who were out of town/could not be reached at the
time of evaluation; patients who did not undergo a one-week
follow-up of BP; patients from the IG who deleted the smartphone
application; the patients who did not want to continue to partici-
pate in the research and developed complications due to hyperten-
sion were excluded from the study.

Determination of family health units and randomization

The study was announced to an email group including family
physicians working in the Family Health Centers. The first six
physicians/FHUs that agreed to participate were included in
the study. While selecting the study population, it was not pos-
sible to reach all hypertensive patients registered in the units, so
patients could not be randomized. Randomization was performed at
the FHU level so that the patients in the two groups were not affected
by each other in the follow-up process. The units were randomized
to 4 control and 2 IGs, so that randomization in this study was 2:1.
Patients were included in the study using the random sampling
method. Research team visited the physicians to assure standardized
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hypertensive patient follow-up for the control and the IGs and to
validate the devices for BP measurement.

eTansiyon smartphone application

The mobile application software was developed by the contribution
of Computer Engineering, Computer Technologies and Family
Medicine. A study in which the technical information about the
design and implementation of eTansiyon mobile application was
presented in ASYU as a conference paper (Bajgora et al., 2020).
This application was designed in Turkish language to increase
the knowledge level of patients about hypertension, to increase
their motivation for lifestyle modification and to increase their
compliance with the treatment and their contribution to disease
management. eTansiyon is planned as a diary to record BP mea-
surements. Besides, in this application users can also record their
medications, their anthropometric values and their laboratory
results, and there are many informative videos contents about
hypertension created with the narration of a doctor, instant noti-
fications and messages for pill reminding based on pre-built algo-
rithms. Instant notifications to increase motivation and provide
lifestyle changes include many information such as salt restriction
and nutritional advice, importance of exercise and weight loss,
smoking cessation, restriction of alcohol use, regular medication
use and BP measurement. Video contents long 2-5 min on average
have been collected under total of 11 titles and listed below.

1. What is high BP? In which people does it occur more
frequently?
. What complaints and symptoms are seen in high BP?
. What should I pay attention for accurate BP measurement?
. How should I measure my BP at home?
. What problems do high BP cause in my body?
. What should be my target BP value and how can I reach this
target?
7. As a hypertensive patient, what changes should I make in my
lifestyle?
8. As a hypertensive patient, what should I pay attention to my
diet?
9. To what should I pay attention when using medication for
high BP?
10. What are the emergencies of high BP?
11. What are the common mistakes known to be true about
high BP?

A U1 W IN

All the video contents are enabled to be used at any time from the
application, and they are also sent to the patients with instant noti-
fications at certain time intervals. In addition, patients using
eTansiyon app have an opportunity to share the data they have
recorded with their physician. Users could access eTansiyon from
Apple Store and Google Play Store for their smartphones.

Data collection

In research units, hypertensive patients who have been informed
and who accepted to participate have been recruited in the study.
At the first interview, an evaluation form including socio-
demographic (age, gender, marital status, education, occupation,
salary) and health characteristics (smoking/alcohol status, salt-
consumption, physical activity, history of hypertension, hyperten-
sive medication (s), comorbidities), Morisky Medication Adherence
Scale (MMAS-8) and Hypertension Knowledge Level Scale (Turkish
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abbreviation is HiB-DO) was filled by face-to-face interview
method. Anthropometric and BP measurements were made and
recorded. Framingham 10-year risk score was calculated. BP
measurements were performed according to the European
Society of Hypertension and the European Society of
Cardiology (ESH/ESC) recommendations by a valid and calibrated
BP measurement device (Omron M3 Comfort). Measurements
were made from both arms first; then, 2 times measurement at
2-5 min intervals was made from the high measured arm, and sys-
tolic and diastolic BP averages were taken and recorded. All par-
ticipants were informed about BP measurement at home, and BP-
measuring devices were evaluated for their standards and vali-
dated. The patients were asked to record their BP measurements
twice a day in the morning and evening for seven days and bring
them back to the research team to be calculated for systolic and
diastolic average values.

During the first interview with IG, eTansiyon was introduced
and its user manual was explained. To protect the confidentiality
of patient information and to ensure that only patients in IG could
use the application, the users were recorded in the application data-
base with user codes defined by the research team.

Follow-up process

The participants in both groups were followed for at least 4 months
after the initial evaluation stage by the family physicians according
to the common protocol defined by the research team based on
evidence-based guidelines.

IG used eTansiyon and instant notifications with videos were
sent during follow-up period. At the end of this period, each par-
ticipant was re-evaluated by the researcher in their own FHU, with
the same method used at the first interview. The study was com-
pleted with 185 participants, 124 in CG and 61 in IG, who com-
pleted the first evaluation, follow-up and final evaluation stages.
The schematic view of the study sample is shown in Figure 1.

Outcomes of the study

Primary outcomes

o Decrease in BP values

» Increase in BP control at target: According to the 2018 ESC/ESH
guidelines (Williams et al., 2018), the target for systolic blood
pressure (SBP) in office measurements; 120-129 mmHg for
all people <65 years of age using of antihypertensive drugs,
130-139 mmHg for all people >65 years of age using antihyper-
tensive drugs and 130 mmHg and lower if tolerated for all people
<65 years of age using of antihypertensive drugs and who have
diabetes (130-139 mmHg for all people with diabetes and >65
years of age). The diastolic blood pressure (DBP) target for all
people who use antihypertensive medication should be
<80 mmHg. Accordingly, when systolic and diastolic measure-
ments are both within the target values, BP is considered ‘at tar-
get’; when SBP and/or DBP measurements are above the targeted
values, BP is considered ‘not at target’.

Secondary outcomes

« Increase in knowledge level about hypertension: Hypertension
Knowledge Level Scale (Erkoc et al., 2012) was used to evaluate
the knowledge level consisted of 22 items, grouped into six
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Number of patients diagnosed with hypertension targeted to
be reached n=240

[ [

Number of patients who agreed to
participate in the study and met the
study criteria for the intervention
group n=82

Number of patients who agreed to
participate in the study and met the
study criteria for the control group
n=167

U U

Patients excluded from the study

Patients excluded from the study

Patients who did not monitor
blood pressure n=10
Patients who could not be
reached/did not come to the
last interviews n=14

e Patients who did not monitor J
blood pressure n=4

e Patients who could not be .
reached/did not come to the last
interviews n=3

e Patients who changed their e Patients who changed their
FHU registration n=2 FHU registration n=5
e Patients who voluntarily quit e Patients who voluntarily quit

the study/deleted the mobile
application n=14

the study/deleted the mobile
application n=3

e Patients who encountered
technical errors while using the
mobile application n=9

g g

Number of patients who
completed the study in the
intervention group n= 61

Number of patients who
completed the study in the
intervention group n= 124

g

Total number of patients who completed the study n= 185

Figure 1. Schematic view of the study sample.

sub-dimensions including definition of hypertension, medical
treatment, drug adherence, lifestyle, diet and hypertensive com-
plications. Each item is answered as true, false or do not know,
and the patient gets one point for each correct answer. Patients
with a total score of 18 and above on scale were accepted as suf-
ficient, below 18 as insufficient.

« Increase adherence to treatment: MMAS-8 (Morisky, Green and
Levine, 1986) was used. MMAS-8 scale was found to be appro-
priate to assess level of medication adherence (Chatziefstratiou
et al., 2019) Those who scored ‘0" were considered as ‘highly
adherent’, 1-2 a ‘moderately adherent” and 3-8 as ‘low adherent’.

o Decrease in Framingham 10-year risk score for cardiovascular
disease; Framingham Heart Study General Cardiovascular
Disease Risk Prediction using BMI was used. The ‘Framingham
Risk Scoring’ was performed by entering the participants’ gender,
age, mean office SBP, hypertension treatment status, smoking status,
diabetes history and body mass index at Framingham Heart Study
website (Framingham Heart Study, 2018).

Statistical analysis

SPSS (version 20.0, SPSS Inc., Chicago, IL, USA) program was used
to evaluate the data. In the analysis, categorical variables were sum-
marized as frequencies and percentages. In the analysis of
differences between the groups, chi-square test for categorical var-
iables, Student’s t test for variables with normal distribution and
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Table 1. Distribution of sociodemographic and health-related characteristics of the participants according to groups

Control Group Intervention Group

*

Min Max Mean + SD Min Max Mean + SD P
Age 34 74 582 £8.2 34 69 544 +7.8 0.03
Number (n) Percentage Number (n) Percentage
(%) (%)
Gender Male 49 39.5 28 45.9 0.407
Female 75 60.5 33 54.1
Marital status Married 107 86.3 55 90.2 0.453
Single/Widowed/ 17 13.7 6 9.8
Divorced
Education Elementary and below 95 76.6 37 60.6 0.024
High school 20 16.1 20 328
University 9 7.3 4 6.6
Working Status Employed 23 18.5 22 36.1 0.009
Unemployed 101 81.5 39 63.9
Income status 250 $ or less 66 53.2 19 31.2 0.005
251-500 $ 42 33.9 31 50.8
501 $ and above 16 12.9 11 18
Smoking Status Active 25 20.2 19 31.2 0.087
Never 63 50.8 21 34.4
Ex-smoker 36 29 21 34.4
Alcohol Use Status Active 14 113 7 115 0.970
Never 110 88.7 54 88.5
The presence of accompanying At least 1 75 60.5 35 57.4 0.686
disease No 49 39.5 26 42.6
The presence of accompanying Yes 42 33.9 16 26.2 0.292
Diabetes No 82 66.1 45 73.8
Number of drug active Single 31 25 10 16.4 0.283
substance use Two 74 59.7 40 65.6
Three and more 19 153 11 18
Mann-Whitney U test for non-normal distribution were used. For ~ Results

intra-group changes in the follow-up period, McNemar test for cat-
egorical variables and paired-samples t test for continuous varia-
bles with normal distribution were used. Repeated measures
ANOVA model was used to evaluate the time and group-based
interactions of the differences for continuous responses of the
groups at the end of the follow-up period (McCulloch and
Searle, 2000). Generalized estimating equations were used to evalu-
ate the time and group-based interactions of the differences for cat-
egorical responses (Hardin and Hilbe, 2012).

Ethical approval was obtained from Marmara University
Medical Faculty Clinical Research Ethics Committee with the pro-
tocol numbered 09.2017.671 and dated 08.12.2017. The research
was conducted on the field with permissions received from the
Istanbul and Kocaeli Provincial Health Directorates (numbered
16867222-799/2018 and 34059705-799/2018, respectively). The
participants who met inclusion criteria and accepted the research
signed the voluntary consent form after reading the volunteer
information form and being informed about the research.
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Participants’ characteristics

The sociodemographic characteristics of all participants are shown
in Table 1. The mean age of the participants was 56.9 + 8.2
(range:34-74) for all; 58.2 + 8.2 (range:34-74) in CG; 54.4 + 7.8
(range:34-69) in IG. The mean age of participants in CG was sig-
nificantly higher than IG (P = 0.03). The median value of income
of all participants was 300 $ (range:100-1600 $). The income level
in CG was significantly lower than IG (P =0.005). Diabetes was
evaluated in accompanying diseases, as it affected the target BP
results. There was no significant difference between CG and IG
in terms of accompanying diabetes (P = 0.292).

The median value of duration of diagnosis of hypertension,
follow-up and treatment for the participants was 7 (min:1, max:38)
years. This was 8 (min:1, max:38) years in CG and 5 (min:1,
max:25) years in IG. The patients in CG had longer follow-up and
treatment duration than IG (P=0.019, Mann-Whitney U test).
Average follow-up duration for the research was 176.6 + 27.2
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Table 2. The changes of the mean office and home SBP/DBP values and median Framingham 10-year risk percentages obtained from the first and last interview of the
participants

First Interview Last Interview

Min Max Mean + SD Min Max Mean + SD p
Control Group Office SBP (mmHg) 103.5 177 140 + 16.5 106.5 167.5 137.8 £ 12.9 0.025
Office DBP (mmHg) 60 109.5 82.9 + 10.5 60 109 829 +94 0.936
Home SBP (mmHg) 107.3 162.3 133.2 +12.9 105 157.1 132.5+123 0.172
Home DBP (mmHg) 56.8 101.8 79.6 + 8.4 59.8 100.6 79.8 +8 0.601
Framingham 10-year risk (%) 3 81.4 28 +14.8 3.1 79.3 27.2 +14.4 0.059
Intervention Group Office SBP (mmHg) 106 169.5 1357+ 15 105 165 1283 +11.8 <0.001
Office DBP (mmHg) 63 109.5 82.7+9.9 62 102.5 79.1+8 <0.001
Home SBP (mmHg) 103.7 159.3 127.7 £ 10.9 102.4 142.3 121.9+9.8 <0.001
Home DBP (mmHg) 61 95.3 7979 58.4 93.9 75+8 <0.001
Framingham 10-year risk (%) 1.4 69.5 25.1+17.3 1.7 53.8 19.4 £ 134 <0.001
200
180
160
140
120 M Office SBP
;E:n 100 M Office DBP
. 80 * * * * * * * * [ Home SBP
- @ Home DBP
40
20
o Figure 2. The changes of mean for the groups’

Control-First Control-Last Intervention-First

(min:122, max:239) days for all participants; 183,4 + 27,4 (min:122,
max:239) days for CG, and 162,7 + 20,9 (min:129, max:198) days
for IG. Patients in CG had longer follow-up than IG (P < 0.001).

The mean body mass index (BMI) of the participants at the first
interview in the office was 31.7 + 5 kg/m? (min:23, max:49.4) for
CG and 31.2 * 4.8 kg/m? (min:22.5, max:49.5) for IG. There was no
significant difference in BMI between groups (P = 0.507).

All participants were using at least one antihypertensive drug
for the treatment of hypertension at the first interview. There
was no significant difference in terms of the number of drug active
substance (DAS) between the groups (P =0.283).

Blood pressure values

At the first interview, there was no significant difference between
the groups in terms of mean office SBP and DBP (P =0.090,
P=0.896, respectively). In the last interview, the mean office
SBP and DBP was significantly lower in IG than CG (P < 0.001,
mean difference 9.5, 95% CI: 4.6-13.4 mmHg and P = 0.007, mean
difference 3, 95% CI: 1-6.6 mmHg, respectively).

At the first interview, there was no significant difference
between the groups in terms of mean home DBP (P =0.657);
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Intervention-Last

office and home SBP/DBP during the follow-up
period.

however, mean home SBP was higher in CG than IG (P = 0.005,
mean difference 5.4; 95% CI 1.6-9.2 mmHg). At the last interview,
mean home SBP and DBP were significantly lower in IG compared
to CG (P < 0.001, mean difference 10.6, 95% CI 7.1-14.2 mmHg
and P < 0.001, mean difference 4.8, 95% CI 2.4-7.3, respectively).

The changes of mean office and home SBP/DBP obtained from
the first and last interview within groups are shown in Table 2, and
the changes of mean for the groups’ office and home SBP/DBP dur-
ing the follow-up period are shown in Figure 2.

The target blood pressure levels

According to the office BP measurement, there was no significant
difference between the groups in terms of the rate of people having
BP at target in the first interview (P = 0.339). At the last interview,
the rate of people with the target BP in IG was significantly higher
than CG (P <0.001). Table 3 shows the changes in the target BP
levels within groups during the first and last interview.
According to ANOVA and GEE results, the duration of follow-
up period for research and intergroup interaction is significant
(Tables 4 and 5). IG and CG were affected differently during the
follow-up period in terms of office SBP, office DBP, home
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Table 3. The changes of the target blood pressure level rates, hypertension knowledge level rates and adherence to treatments rates obtained from the first and last
interview of the participants

First Interview Last Interview
Number Percentage Number Percentage
(n) (%) (n) (%) p
Control Group Target blood pressure level At the target 23 18.5 28 22.6 0.383
Not at the target 101 81.5 96 7.4
Hypertension knowledge Sufficient 45 36.3 30 24.2 <0.001
tevel Insufficient 79 63.7 94 75.8
MMAS-8 Highly adherent 35 28.2 31 25 0.843
Moderately 29 23.4 31 25
adherent
Low adherent 60 48.4 62 50
Intervention Target blood pressure level At the target 15 24.6 30 49.2 0.001
Group Not at the target 46 75.4 31 50.8
Hypertension knowledge Sufficient 13 213 55 90.2 <0.001
tevel Insufficient 48 78.7 6 9.8
MMAS-8 Highly adherent 6 9.8 21 34.4 <0.001
Moderately 18 29.5 33 54.1
adherent
Low adherent 37 60.7 7 11.5
Table 4. Time and group-based interactions of the differences for blood pressure values
Unadjusted RM ANOVA Adjusted* RM ANOVA
The dependent variable df F p df F P
Office SBP Within-Group Effect Time 1 37 558 <0.001 1 0,256 0.613
TimexGroup 1 11 203 0.001 1 13 438 <0.001
Error 183 - - 180 - -
Between-Groups Effect Group 1 10 588 0.055 1 4,228 0.041
Error 183 - - 180 - -
Office DBP Within-Group Effect Time 1 10 534 0.001 1 0,203 0.652
TimexGroup 1 9,901 0.002 1 13 226 <0.001
Error 183 - - 180 - -
Between-Groups Effect Group 1 2,066 0.152 1 1,636 0.203
Error 183 = = 180 = =
Home SBP Within-Group Effect Time 1 58 954 <0.001 1 0,026 0.966
TimexGroup 1 37 719 <0.001 1 36 518 <0.001
Error 183 - - 180 - -
Between-Groups Effect Group 1 19 562 <0.001 1 11 646 0.001
Error 183 - - 180 - -
Home DBP Within-Group Effect Time 1 33216 <0.001 1 1,966 0.163
TimexGroup 1 40 200 <0.001 1 31982 <0.001
Error 183 - - 180 — _
Between-Groups Effect Group 1 4,891 0.028 1 4,978 0.027
Error 183 - - 180 - -

df = degree of freedom, F = test statistic.
*Dependent variable was analysed adjusting for age, educational status, duration of follow-up with diagnosis of hypertension.
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Table 5. Time and group-based interactions of the differences for target blood pressure levels
Dependent Variable Estimation () SE OR %395 Cl P
Target blood pressure Unadjusted Intervention group (Ref = Control group) —0.359 0.3765 0.69 0.33-1.45 0.340
level GEE
Last interview (Duration) (Ref = First —0.247 0.2263 0.78 0.5-1.21 0.274
interview)
Intervention group x Last interview —0.840 0.3742 0.43  0.2-0.89 0.025
(Duration)
Adjusted* GEE Intervention group (Ref = Control group) 0.175 0.3828 1.19 0.56-2.52  0.647
Last interview (Duration) (Ref = First 0.251 0.2315 128 0.81-2.01 0.278
interview)
Intervention group x Last interview 0.866 0.3837 237 1.12-5.04 0.024

(Duration)

GEE = generalized estimating equations, SE = standard error, OR = odds ratio, Ref = reference category.
*Dependent variable was analysed adjusting for age, educational status, duration of follow-up with diagnosis of hypertension.

SBP, home DBP and BP at target rates (P <0.001, P<0.001,
P <0.001, P<0.001 and P =0.024, respectively).

Hypertension knowledge levels

At the first interview, Hypertension Knowledge Level Scale (HiB-
DO) mean score value was 15.8 + 3.1 (min:7, max:21) for all par-
ticipants; 15.9 + 3.4 (min:7, max:21) in CG and 15.5 + 2.5 (min:10,
max:20) in IG. There was no significant difference between groups
(P=0.482). The scale scores of the two groups were dichotomized
as sufficient and insufficient according to their knowledge level.
The proportion of patients with sufficient knowledge level was
higher in CG than in IG (P = 0.039).

At the last interview, mean score value was 16.6 + 3.3 (min:8,
max:22) for all participants; 15.3 + 3.2 (min:8, max:21) in CG and
19.1 £+ 1.6 (min:15, max:22) in IG. The mean score of IG was found
to be significantly higher than CG (P <0.001). According to
dichotomized results, the proportion of patients with sufficient
knowledge level was higher in IG than in CG (P < 0.001).
Table 3 shows the changes in hypertension knowledge level rates
within groups during the first and last interview.

Adherence to treatment

At the first interview, according to the MMAS-8 score, 22.2% (n
= 41) of the participants were highly adherent, 25.4% (n = 47) were
moderately adherent, and 52.4% (n = 97) were low adherent. The
proportion of highly adherent patients in CG was higher than the
patients in IG (P = 0.005). At the last interview, the proportion of
highly adherent patients in IG was higher than the patients in CG
(P < 0.001). Table 3 shows the changes in the target BP levels
within groups during the first and last interview.

Framingham 10-year risk score for cardiovascular disease

At the first interview, there was no significant difference between
the groups in terms of the risk of having CVD (P =0.245). The
median value of the normal percentage (%) of the participants cal-
culated by age and gender using Framingham was 7.9 (IQR 5.5-13,
min:2.5, max:22.2) for CGand 7 (IQR 4.7-12.7, min:1.5, max:21.3)
for IG. There is no significant difference between the groups in
terms of CVD normal risk calculated according to age and gender
(P=0.207, Mann-Whitney U test).

At the last interview, Framingham 10-year risk percentage (%)
was significantly lower in IG than in CG (P=0.001, mean
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difference 7.81%, 95% CI 3.5-12.2). The changes of median
Framingham 10-year percentage obtained from the first and last
interview within groups are shown in Table 2.

Discussion

The results of our study show that the intervention with eTansiyon
provides a significant decrease in BP measurements, a significant
increase in the BP control at target rates, a significant decrease in
Framingham 10-year risk score, a significant increase in knowledge
level and compliance of the patient with treatments. Some studies
conducted with smartphone applications reveal similar results with
our research. In the Patient Optimal Strategy of Treatment (POST)
study (Albini et al, 2016), 601 patients were followed up for 6
months as control and IGs. In this study, the effect of integrated
use of a smart phone application called ESH Care on the improve-
ment of hypertension was investigated. It was reported that on the
6th month BP measurements, patients had more decrease in IG
office SBP/DBP values (10.5/6.2 mmHg) compared to CG means
(6.1/3.4 mmHg). In terms of CG, while the decrease in the office
SBP/DBP was 2.2/0.1 mmHg at the end of our study, this decrease
was higher in the POST study. In POST study, calling CG to office
at least two times during the follow-up period might have created
this difference, it might also be caused by differences in the con-
tents of smartphone applications. When compared to the target
BP rates, in the POST study, the target BP level was taken as
SBP < 140 and DBP < 90 mmHg and only patients not at target
were included in the study. At the end, it was reported that
39.9% of CG and 72.3% of IG reached the target BP level.

In our study, patients with hypertension were included regard-
less of whether they had BP at target or not. The target BP was
determined based on the 2018 ESH/ESC guideline and individual-
ized according to age and the existence of diabetes. Although sig-
nificant increase in the BP at target rates of IG was similar to values
in POST study, a similar increase was not observed in our CG. This
may be due to the fact that the POST study only involves patients
whose BP is not at target; additional visits may explain the reason
behind why the percentage of reaching the target in CG is higher
than that of our study.

In the EMPOWER-H study (Lv et al., 2017), the initial and 6th
month evaluations of a group of 149 patients were compared. In
this study, BP values were automatically sent to a WEB-based dis-
ease management system and a personalized care model was evalu-
ated to facilitate the management of hypertension by the patients
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on their own. Significant decreases in office and home SBP/DBP
means (15.2/6.4 mmHg, 11.7/6.1 mmHg, respectively) were
reported in the 6th month’s evaluation of the patients. In the
EMPOWER-H study, it was observed that it had twice as much
BP decrease compared to IG of our study. BP records were moni-
tored at least three times a week in a single patient group and indi-
vidualized feedback and lifestyle recommendations were given to
the patients by a team of nurses, dieticians and pharmacists.
During the research, a comprehensive intervention including office
visits and consultations was carried out. In our study, the patient’s
use of eTansiyon was left to the patient’s decision and there was no
additional intervention. Within the application, the patients were
given the opportunity to inform the family physician about their
own recorded BPs and health data at any time by email and get
feedback. The CG continued to receive routine health care. The
decrease in BP mean values in EMPOWER-H may be due to more
intensive intervention. In the EMPOWER-H, as in the POST
study, the target BP values were determined as SBP < 140 mmHg
and DBP < 90 mmHg in the office, and only patients whose BPs
were not at target were included in the study. It was reported that
55.9% of patients had reached the target BP level after intervention,
and this rate was 24.6% in our study. This difference may be due to
fact that in EMPOWER-H the patients’ BPs were not at target and
the intervention was more intense. In addition, the BP targets in
ESH/ESC 2018 guide which was used in our study are lower than
the previous edition of the same guide.

According to the results of our research, when the scores of the
Hypertension Knowledge Level scale were examined, it was found
that although the rate of patients with sufficient knowledge level in
the first interview was lower in IG compared to CG, it was higher in
the last interview than CG. In addition, when the groups were
examined in terms of their first and last interview values, a signifi-
cant increase of 69% was found in IG. This situation is accepted as a
result showing that the intervention applied also affects the knowl-
edge level. In CG, it was found that there was a 12% decrease com-
pared to the first interview. This situation can be explained by the
fact that patients who scored close to the number determined as the
‘cut-off value’ in the categorization of the scale gave incorrect
answers to a few information questions at the end of the study
and got a few points lower, thus remaining below the cut-off value
and being evaluated in the category of insufficient knowledge level.

In a population-based intervention study in which 2-year
follow-up results of 360 hypertensive patients in China were evalu-
ated (Lu et al., 2015), patients were randomized into 3 groups. One
of these groups was given booklets containing information about
hypertension every month, the other group was given information
about hypertension for about 30 min every month by making a
phone visit, and the third group was included in the interactive
hypertension study groups, where visual health education materi-
als were also presented every month. After two years of interven-
tion, significant increases were observed in the knowledge level
scores related to hypertension, with the highest increase with
the participants included in the study groups, followed by the nor-
mal education group and the self-reading group, respectively. As
revealed by this research, the level of knowledge increases signifi-
cantly with visual and auditory supported interactive methods. In
our study, the fact that the information about hypertension was
conveyed to patients with both notifications and videos, and the
significant increase in the level of knowledge in our IG using
eTansiyon application are supported by the results of this study.

When evaluated by categorizing according to MMAS-8 scores,
at the end of our study, the rate of participants with low level of
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adherence to treatment was found to be lower in IG compared
to CG. While the proportion of those with high adherence was
found to increase significantly by 24.6% in IG, no significant
increase was found in CG. In the MedISAFE study (Morawski
et al., 2018), a smartphone application was used as an intervention
in which patients could monitor their own medication use, and at
the end of a 12-week follow-up period, there was no significant
change in the CG, while the MMAS-8 score increased by 0.6 points
in the IG. The increase in adherence levels with treatment after the
intervention in this study supports the results we have obtained.

Framingham 10-year CVD risk percentage was found to be sig-
nificantly lower (mean 7.8%) in IG compared to CG at the last
interview, although there was no difference between them in the
first interview. Considering the changes within the group, the per-
centage of risk detected in the last interview compared to the first
interview decreased significantly in IG (mean 5.7%), while there
was no significant decrease in CG. In the literature, the number
of studies investigating the risk of cardiovascular disease using
mobile applications associated with hypertension is limited, and
in one study (Widmer et al., 2015), risk factors were investigated
separately, a decrease in risk variables was reported, while the total
risk was not discussed. The results of our study include a decrease
in the total CVD risk percentage, as well as a reduction in factors of
the affecting SBP average, the ratio of current smokers and the
average BML

The active participation of patients in disease management pro-
vides success in achieving treatment goals (Proia et al, 2014;
Thomas et al., 2014; Jaffe and Young, 2016). Mobile applications
allow the individuals to monitor their personal health data and to
share them electronically with their family physician provide con-
tinuous and better monitorization of the patient. The contribution
of electronic data sharing is important both in terms of continuity
in service and easy and unhindered access to the patient’s physician
(Samal et al., 2011). In addition to other mobile applications cur-
rently used in the world, eTansiyon has been developed by health-
care professionals and its contents are based on evidence. We can
consider the effect of eTansiyon on hypertensive patient manage-
ment in several different dimensions.

Continuous and easy access

The main point that positively affects the occurrence of differences
may be that the duration of patient consultation, which is limited in
outpatient clinic conditions in patient management, is carried to a
dimension where there is no time limit with this application.
Patients can remotely share all measurement data with their physi-
cians. This way can enable patients to reach their healthcare pro-
viders easily and quickly. It can ensure the continuity of the service
by giving the health service providers the opportunity to evaluate
even when the patients encounter a problem, are out of the city or
cannot meet with the physician.

Video contents

The answers to the questions that most of the patients have in
mind, from the definition of hypertension to BP measurement,
from lifestyle suggestions to issues that need attention, are given
to the patients by a pyhsician through the informative videos
included in eTansiyon. With the application, patients can easily
access all this information and watch them again. In similar appli-
cations (Milani ef al., 2017; Parati et al., 2017), information is pre-
sented to patients in written texts, and this creates a limitation in
accessing information by including the allocation of time for
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reading and the effect of visual acuity. However, eTansiyon pro-
vides patients with easy access to information in different ways
by listening or watching. One of the most effective factors in adult
learning is accessing information when needed. With eTansiyon,
the information is available on the mobile phone in a place that
the patient can reach immediately when they need it. The answers
to the most frequently asked questions are also included in the app,
and the patients are presented with an evidence-based and reliable
source of information.

Messages and notifications

Sending informative and motivational messages about hyperten-
sion and related health conditions at certain times of the day
through pre-build algorithms planned every three days on average
may have affected the knowledge, attitude and behaviour of the
patients. There is evidence in the literature that such information
and motivational messages are particularly effective in increasing
adherence with treatments (Ekinci et al., 2017; Varleta et al., 2017).
The visual presence of a physician in the videos and the identifi-
cation of the notifications in the form of written messages to the
patients with that physician may have led to the perception of that
physician’s words and the patient’s motivation to increase.
Recording the drugs used in treatment and setting an alarm can
increase the adherence of the low adherent patients.

Active participation of the patients in disease management

The fact that patients can record their BP measurements, access
these measurements whenever they want, presenting these
recorded data as a graphical feedback and being able to monitor
BP changes provides the patient with the opportunity to control
BP. In eTansiyon, giving colours along with the measurements
on the BP history screen allows even individuals who have diffi-
culty in using the technology to easily understand the degree of
their measurements. Those who use technology more actively
can also access detailed analysis from the graphic screen.
Recording of BP measurements enables the patient to be evaluated
more effectively in the long term for the physician who follows the
patient. The patient’s decision-making with the physician in the
treatment and goals of hypertension and active participation in
the management of the disease are recommended and effective
approaches in chronic disease management.

eTansiyon smartphone application makes a great contribution
to the continuity of the physician-patient relationship by providing
easily accessible evidence-based information, drug reminders,
information and motivation notifications and visual content, keep-
ing BP records and providing retrospective analysis to the patient,
and allowing physicians to monitor their patients remotely. The
strong and continuous physician-patient relationship contributes
to increasing the patients’ medication compliance and BP control
rates.

As a result, it may contribute to the reduction in mortality and
morbidity for hypertension in the long term and to the reduction of
health expenditures. As a result, it may contribute to the decrease
in mortality and morbidity and health expenditures for hyperten-
sion in the long term.

This study has some limitations. The participants were not ran-
domized at Family Health Centers. Randomization was performed
at the FHU level. There were 6 FHUs and were included in the
study either in control or IGs, consecutively, and participants were
recruited by random sampling method. The six units in different
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locations we included in the study may not be sufficient to dissemi-
nate the results of the study to the general population.

Conclusion

The results of the study provide us the evidence that eTansiyon
mobile app is an effective and applicable tool for the monitoring
of hypertension. In today’s world, family physicians are also
expected to benefit from developing technologies and integrate
them into their clinical practice. However, there is a need for
proven beneficial methods in this field. Considering the daily
patient care burden of family physicians and the limitation of time,
it is an important opportunity to use mobile technologies in the
provision of health services especially for the management of
chronic diseases.
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