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Abstract

Background
Self-monitoring of blood pressure has been shown to optimize the management of blood pressure in
high-income settings, but there is less evidence from low-to-middle income countries. We designed a
proof-of-concept pilot trial to assess the feasibility and acceptability of an intervention built around self-
monitoring of blood pressure and health education, and to measure its association with reduced blood
pressure among hypertensives. The study was conducted in Lebanon, a country where the management
of hypertension presents challenges similar to those faced in countries of the Arab region and other
middle-income countries.

Methods
We conducted a parallel two-arm pilot trial with a mixed-method approach to investigate the effect of the
intervention on patient experience. Hypertensive patients (n = 80) were recruited at two primary and one
tertiary health centers in Beirut, and were randomly allocated (1:1) to either an intervention group where
patients received blood pressure devices, diaries and educational sessions, or a control group where
patients received standard of care as practiced in their health centers. The main outcomes were
feasibility (recruitment, retention and adherence), acceptability, and changes in systolic blood pressure.
Quantitative and qualitative data were obtained at baseline and 6 weeks later.

Results
The recruitment rates for the study was 52% and retention was 95%. Most participants in the self-
monitoring group (33/38) reported that the device was convenient and easy to use. Complete case
analysis showed that blood pressure monitoring was associated with a greater reduction in systolic
(-6.3 mmHg, 95%CI [-12.4; − 0.17]) and diastolic (-1.9 mmHg, 95%CI [-6.34; 2.58]) blood pressure in the
self-monitoring group (n = 36) as compared to the standard of care group (n = 36). Improved knowledge
of hypertension was also observed in the self-monitoring group. There were no adverse events related to
study participation.

Conclusions
Self-monitoring is acceptable and feasible and has the potential to improve hypertension management.
Our results should be further tested in trials with adequate statistical power and longer follow-up periods
to examine the effectiveness of the intervention on blood pressure levels.

Trial Registration and funding:
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Retrospectively Registered on April 3, 2020. ISRCTN 16450193. Funded by the Harvard Medical School
Center for Global Health Delivery.

Background
High blood pressure is the leading risk factor for global mortality and a major cause of ischemic heart
diseases and stroke (1–4). Hypertension affects 33% of the population in the Middle East and 29% of the
Lebanese population (5, 6). Global data show that control of blood pressure is poor (7–9) especially in
low- and middle-income countries (LMICs) with a recent review indicating that only 10% of hypertensive
adults in LMICs have their blood pressure under control (10). In Arab countries, less than third of
hypertensive patients have controlled blood pressure, according to a recent review (11), and in Lebanon, a
middle-income country of the Arab region (12), control rates are suboptimal and comparable to the
regional average (10, 13, 14).

The growing accessibility of mobile devices and wearable technologies has increased interest in self-
monitoring of blood pressure. Evidence on the effect of self-monitoring is available for high-income
countries (15–19), where self-monitoring has the potential to reduce blood pressure levels and improve
the medical management of hypertension when compared to usual care (15, 16) by engaging patients
and motivating them to follow healthy lifestyles (20, 21). Recent studies recommend that self-monitoring
be part of multi-pronged interventions that include medication titration, education, and lifestyle
counseling (22). While it is clear that self-monitoring can optimize the management of blood pressure in
high-income settings, there is less evidence from low- and middle-income countries (23, 24) and some
doubts are expressed about its utility in such settings (25).

The considerable gap in delivering prevention and treatment interventions in Arab countries, and in low-
and middle-income countries more generally, underscores the importance of exploring different
approaches to the management of blood pressure including engaging patients in the management of
their condition. We undertook a project to investigate the feasibility, acceptability, and potential impact of
self-monitoring of blood pressure. The project was conducted in Lebanon, a country characterized by
population diversity and disparate levels of medicalization, and where efforts have been made to
formulate policies and programs to address hypertension and cardiovascular disease (26). As some of
these characteristics are shared with other countries of the region and with low-and-middle income
countries more generally, the results have relevance beyond the particular setting of the study.

We designed a pilot study to assess the feasibility and acceptability of an intervention built around self-
monitoring of blood pressure and health education. We also examined whether self-monitoring and
education about hypertension can contribute to reducing blood pressure levels through (1) increasing
knowledge about hypertension management and self-monitoring of blood pressure; (2) improving
medication regimen and medication adherence; and (3) fostering healthy behaviors among hypertensive
patients. To our knowledge, this is the �rst study to examine the proof-of-concept of such an intervention
in a country of the Middle East and North Africa region.
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Methods
Study design and overview

This was a mixed-method, parallel two-arm pilot study to explore the factors that need to be considered
when implementing an intervention that includes self-monitoring of blood pressure and health education;
and assessing its possible effect on patient outcomes. In addition to providing patients with knowledge
and devices to monitor their blood pressure and conducting interviews at several points in time, we paid
special attention to the design of instruments and the production of health education materials and
carefully adapted them to the socio-cultural context, building on a previously conducted situation
analysis of hypertension in Lebanon. This pilot study followed the CONSORT 2010 extension for
randomized pilot and feasibility trials statement (27) (Additional �le 1).

Respondent selection

Hypertensive patients were recruited from physicians’ waiting rooms in two primary and one tertiary
health care centers in Beirut. Patients were eligible if they were Lebanese adults (18+) and had a prior
diagnosis of hypertension. Participants were excluded prior to randomization if their spouse was a
participant in the study or if they had physical or mental health conditions that would interfere with
adequate monitoring of blood pressure. Eligible patients were identi�ed by the clinical team, and then
approached by the research team who invited them to participate in the study. All patients who agreed to
participate provided written informed consent at the beginning of the study. Recruitment and data
collection were carried out between July and September 2018. The study was approved by the
Institutional Review Board of the American University of Beirut.

Participant allocation and study intervention

The 80 patients who agreed to participate in the study were randomly and equally allocated (ratio 1:1),
based on a computer-generated series of numbers, to either self-monitoring of blood pressure group
which includes receiving diaries and educational sessions (n1 = 40), or standard of care group (n2 = 40).
Randomization was strati�ed by gender and health centers. The project coordinator, who did not
participate in data collection or recruitment, generated the randomization lists and put papers with the
assigned group inside consecutively numbered and closed opaque envelopes. The data collectors who
recruited participants had no access to the randomization lists. They assigned an envelope to each
participant who agreed to enter the study. Envelopes were sealed and were only opened after recruitment
to ensure allocation concealment.

Intervention or self-monitoring group
Patients received 1) an Omron MIT Elite Plus arm monitor (Omron Corporation, Schaumburg, IL); 2) a one-
on-one educational session using a brochure with infographics on blood pressure and 3) a diary to record
blood pressure measurements and their experience with blood pressure and with the monitors. Patients
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were asked to measure and record their blood pressure in the diary following a set schedule, and they
were also encouraged to measure it as frequently as they would like. The schedule of the measurements
was established in light of trade-offs between obtaining enough measurements and not asking too much
of participants. It was de�ned as follows: during week 1 and week 6 (at baseline and endline) daily, twice
a day, morning and evening; and during weeks 2 to 5: twice a week, on two non-consecutive days (one
weekday and one weekend day), once a day. Participants were advised to choose the same days and
times to take their blood pressure from week 2 to 5. A total of 108 blood pressure measurements were
requested from the patients for the whole study period. The researcher team called participants at the end
of week 1 and at the beginning of week 6 to remind them about the study protocol; as well as at the end
of the study to schedule the endline questionnaire. Participants were offered reimbursement for
transportation to and from study sites and were considered lost to follow-up if they did not respond to the
research team after four call attempts.

Research assistants trained patients in proper use of the home blood pressure devices; they showed them
how to take three consecutive measurements for each recording session and how to record blood
pressure measurements on the device, and they made sure that patients were able to perform
measurements correctly. At endline, all measurements were downloaded from the device to the research
computer using the Omron Health Management Software. The diary served as a means to remind
participant about the study protocol and to encourage them to write down their feelings and experiences
with the self-monitoring process.

The educational intervention used a specially designed brochure to provide information about blood
pressure and we held a one face-to-face session with participants at baseline to explain the information
in the brochure. We used information available on the websites of major professional organizations (28,
29) and created a brochure with infographics that explained hypertension and its causes, gave tips about
measurements and monitoring, and provided advice about lifestyle and medications. We adapted the
information to the local context, building on a previously conducted situation analysis, which had
provided insights into understandings of blood pressure, prevalent approaches to diagnosis and
management of hypertension, perceptions of the disease and available therapies. The infographics
brochure was produced in English and Arabic using simple visuals in an attractive format.

Control or standard of care group
Patients received standard hypertension care as de�ned by the health facility and healthcare provider,
which may or may not include blood pressure monitoring. Although they were not given blood pressure
monitors or a brochure at recruitment, they received the infographics brochure and an education session
at endline.

Data collection

Face-to-face interviews were conducted with all participants at baseline and six weeks later at endline—a
follow-up period that re�ects trade-offs between the need for a longitudinal view and the resources



Page 7/24

available. The same questionnaire was used for both groups at baseline; the endline questionnaire
includes more questions to patients in the self-monitoring group, about experiences and perceptions
around monitoring. For both groups, we collected data on the main outcomes as well as on the
background and confounding variables. We used close - ended questions to collect quanti�able data
about sociodemographic and clinical variables, medication changes and medication adherence,
knowledge about hypertension, and blood pressure measurements; and we used open-ended questions to
collect data about experiences, perceptions and opinions. Health literacy was assessed by asking 5
questions adapted from the All Aspects of Health Literacy Scale (30), and body mass index (BMI = 
kg/m2) was calculated from self-reported weight (kg) and height (m).

Outcome measures

In this paper, we focus on those quanti�able responses that are relevant for a proof of concept analysis.
We also draw on the qualitative data from the open-ended questions to get insights into patients’
experiences and we provide selected quotes to illustrate the �ndings

Feasibility
We used three quanti�able variables to assess the feasibility of our intervention: �rst, recruitment rates;
secondly, retention rates (i.e. the percentage of patients from the self-monitoring group who completed
the 6-week study); and thirdly, the extent to which participants adhered to the blood pressure
measurements protocol. Adherence was assessed based on the measurements downloaded from the
devices, by dividing the total observed measurements by the total expected measurements (i.e. 108
measurements). We complemented these quantitative variables by analyzing the texts transcribed from
responses to two open-ended questions about whether respondents would continue using the device after
the end of the study, and whether they planned to discuss the information provided in the brochure with
their acquaintances. We recoded responses into quanti�able variables and used the texts to provide
illustrative quotes about participants’ responses to the intervention.

Acceptability
Participants in the self-monitoring group were asked about their experiences with self-monitoring of blood
pressure and their opinion of the educational materials. We recoded their responses to obtain a
quanti�able measure of the acceptability of the intervention, and we also provide illustrative quotes.
Details can be found in Additional �le 2.

Effectiveness
Since the main goal of the study was to explore the effectiveness of self-monitoring for improving the
management of hypertension, we analyzed changes in systolic blood pressure (as primary outcome), in
diastolic blood pressure, knowledge scores, medication and lifestyle changes (as secondary outcomes).

1. Changes in blood pressure level



Page 8/24

The three blood pressure measurements (systolic and diastolic) taken at each study visit were averaged
and used to determine blood pressure changes between baseline and endline.

2. Changes in knowledge score
The questionnaire administered at baseline and endline included 16 questions designed to test
respondents’ understanding of the information in the brochure; we analyzed responses and calculated a
knowledge score based on accuracy of responses.

3. Changes in medication adherence and medications
The 8-item Morisky Medication Adherence Scale (MMAS-8) was used to assess adherence to
medications at baseline and endline (31). Response categories were yes/no for each item and a 5-point
Likert response for the last item. The total score on the MMAS-8 ranges from 1 to 8, with scores less than
6 re�ecting low adherence (31, 32). We also assessed through a close-ended question whether any
change in types, numbers, or dosages of prescribed antihypertensive medications occurred over the 6-
week study period.

4. Changes in lifestyle habits
Participants from both self-monitoring of blood pressure and standard of care groups were asked an
open-ended question during the endline interview, about whether they made any change in their lifestyle
habits over the course of the 6-week study. We quanti�ed and analyzed their reported changes in lifestyle
habits, including physical activity levels, salt intake, dietary intake, and weight management.

All the tools and questionnaires that we developed were translated to Arabic and piloted to ensure that
they were adequately understood and that they were adapted to the local context.

Sample size and duration of the study

A powered randomized controlled trial would have required a sample of around 600 patients (300 per
group, allowing for a 15% loss to follow-up) to detect a difference of 5 mm Hg in change in mean systolic
blood pressure over 6 months between the intervention and control groups, with an 80% power, using a
5% signi�cance level, and assuming that the standard deviation (SD) was ± 20 mm Hg (33). Given that
the resources for such a trial would be di�cult to obtain without preliminary work, we opted for a proof-
of-concept study, with smaller sample size and shorter follow-up period, which would provide enough
variability and suggestive evidence that could be pursued with a larger trial. Thus, a sample of 80
participants and a follow-up of 6 weeks were determined to be adequate in light of trade-offs between the
available resources and the goals of the study (34).

Statistical Analysis
We conducted statistical analyses of the data in order to detect suggestive �ndings as part of a proof-of-
concept analysis. Descriptive statistics on the study population were conducted and expressed as mean
and standard deviation (SD) for normally distributed continuous variables; median and interquartile range
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(IQR) for non-normal continuous variables; and frequency for categorical variables. Independent t-tests
and Mann–Whitney tests were used to evaluate the differences between self-monitoring of blood
pressure and standard of care groups for continuous variables and chi-squared test were used for
categorical variables. As in other studies and despite randomization (23, 35), we observed a statistical
difference between groups for blood pressure baseline values; consequently, we included these variables
as covariates in the multivariate models. Linear and logistic regression models, adjusted for age, sex,
baseline blood pressure values, and health centers, were used to estimate differences in changes from
baseline between self-monitoring of blood pressure and standard of care for continuous and categorical
outcomes, respectively. Blood pressure levels, knowledge scores and MMAS scores were treated as
continuous variables; and medication changes and lifestyle improvement (yes/no) were treated as
categorical variables. Analyses were based on an intention-to-treat approach whereby individuals were
analyzed in the groups to which they were randomized (36). A complete case analysis was conducted
and, for the primary outcome, a sensitivity analysis was carried out to take into consideration different
assumptions regarding missing data and outliers. In order to gain insights into patient experiences and to
explore the protocol’s acceptability and feasibility, we analyzed qualitative data collected in response to
open-ended questions and illustrated the �ndings with quotes. Patient responses were tape-recorded,
transcribed, translated from Arabic to English, and analyzed in two ways. First, where data could be
quanti�ed (i.e. self-reported lifestyle changes) we conducted statistical analyses. Secondly, for data
about participants’ perceptions and experiences with blood pressure monitoring and hypertension
management, transcripts were coded and analyzed by team members trained in qualitative methods and
assisted by the computer software Dedoose version 4.0 (Dedoose; SocioCultural Research Consultants
LLC). All statistical analyses were carried out using STATA version 13 (STATA Corporation, College
Station, Texas, USA) and statistical signi�cance was de�ned at an alpha level of 5%.

Results
Socio-demographic and clinical characteristics

Eighty outpatients from the tertiary hospital and primary health care centers were enrolled in the study
(Additional �le 3). One patient left the study before receiving the intervention due to logistics constraints,
yielding a total of 79 baseline interviews. The socio-demographic and clinical characteristics of patients
in the two groups are shown in Additional �le 4. Just over two thirds of participants (71%) were recruited
from the two primary health care centers and the remaining (29%) from the hospital. The average age of
the participants was 60.2 ± 9.7 years. Almost three quarter of participants were from low socio-economic
status (73%). Most participants were married (70%) and more than half of them were not employed
(52%). Almost half of all study participants were obese (BMI > 30 kg/m2) and 82% reported other
comorbidities such as diabetes, hypercholesterolemia, hypertriglyceridemia, cardiovascular or kidney
diseases. Also, only half of the patients (49%) had a blood pressure target to reach.

Although subjects were randomly assigned to either the self-monitoring of blood pressure group or
standard of care group, systolic and diastolic blood pressure numbers were signi�cantly higher among
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participants from the standard group. This variable was thus included as an additional control for
confounding in regression models. Differences in background variables between groups at baseline
including socio-demographic characteristics, health literacy levels, BMI categories, duration of
hypertension, number of antihypertensive medications, ownership of a blood pressure device, and
frequency of blood pressure monitoring were not signi�cant.

Feasibility

The recruitment rates for the study overall was 52%. It was necessary to approach almost twice as many
patients as the targeted number: 152 patients were approached and met the inclusion criteria and 79
consented and were enrolled. The 73 patients who declined to take part in this study reported that they
had no time, were not interested, or found it inconvenient to travel to the health center. Non-responders did
not differ from responders in terms of age, but a non-signi�cant greater number of females from the
tertiary health center refused to participate in the study as compared to men, while the opposite pattern
was observed in primary health centers. The recruitment rate was higher at the primary centers (70%) as
compared to tertiary (31%) health center, and it was generally easier to recruit participants from low- and
middle-income groups. Retention was high, at around 95%; out of the 79 patients enrolled in the study, 75
completed the 6 weeks. Three participants from the standard of care group recruited at the tertiary health
center and one from the self-monitoring of blood pressure group recruited at the primary health center did
not complete the 6 weeks, and were considered lost to follow-up after they did not respond to the 4 call
attempts by the research team for the end line interview. Participants who completed the study were
similar to those lost to follow-up in terms of gender and age.

All patients took on average 95 out of the total expected 108 measurements; this represents a level of
adherence of 93.9% ± 20% (median ± IQR). In our protocol, participants were encouraged to measure their
blood pressure as frequently as they would like – outside the required protocol; but few did so as they
considered that they were already taking many measurements.

Almost all participants reported that they would keep using the device and were willing to share the
device and educational infographics with others, the quotes below are typical of many responses.

“I will keep on following the same protocol and writing down the numbers. I might do it once or twice a
week. I will share the machine with my wife.” (Male, 68 years)

“I shared the brochure with my neighbors […]. One of my neighbors is pregnant and has hypertension so I
shared the brochure with her.” (Female, 65 years)

Acceptability

The majority of participants (33/38) reported that the device was easy to use and convenient, compared
for example to having to go to the pharmacy for monitoring, and several mentioned that self-monitoring
had become part of their routine. The quotes below illustrate how self-monitoring can be positively
incorporated into daily life.



Page 11/24

“The machine is placed next to my bed. It is a part of my life now. It is like the bible now, always next to
me.” (Female, 60 years)

“Yes, it allowed me to always monitor my blood pressure regularly; I cannot live without it now-either in
the evening or in the morning. [The machine] started to feel like a medicine [in terms of timing, adherence
and regularity]. […] I take it with me wherever I go.” (Male, 65 years)

Many participants also reported that the use of the device gave them peace of mind and reduced their
worries about getting high blood pressure numbers.

“One gets peace of mind when measuring BP with the machine. The machine helped me a lot to have
peace of mind mentally and emotionally.” (Female, 69 years)

“The machine helped me monitor my blood pressure whenever I want. The numbers are accurate because
it is digital […]. It gives you peace of mind and stability as long as your blood pressure numbers fall within
a certain range” (Male, 60 years)

“When I measure my blood pressure and �nd it normal, I am psychologically at peace. Thank God it is
regulated now.” (Male, 55 years)

Very few participants (3/38) reported that monitoring their blood pressure made them anxious. They
described how they would get nervous while waiting for the device to give them their blood pressure
numbers, and would feel relieved when the levels were within the normal ranges.

“When the study is over, I will not look at my blood pressure, it is useless because I will get anxious
(Female, 55 years)

Most participants did not report issues with implementing the protocol as required and found the diary
easy to use, but some reported di�culties in remembering and taking the required blood pressure
measurements, writing down the time of measurement, or entering information in the diary. Some
reported getting help from family members to complete the task correctly and a few reported that self-
monitoring was burdensome due to family or work responsibilities. Only a few participants chose to write
down additional notes about their feelings and symptoms. The following quotes illustrate some of the
reported di�culties with self-monitoring protocol.

“Sometimes I forgot to take my blood pressure, so I got a little bit worried about not following the
protocol.” (Male, 63 years)

“It was good, but I was so bothered. Because I was busy, and my daughter was reminding me [of taking
my blood pressure]. The only thing that was annoying me is the time because I am taking care of my
granddaughter who is a 4 months’ baby. (Female, 56 years)

Regarding the information provided as part of the educational intervention, participants appeared
interested in learning about hypertension, especially those recruited from primary care centers. Patients in
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the self-monitoring group found the infographics to be clear and helpful. Although few participants
reported returning to the brochure, many said they acquired knowledge about hypertension and its
management, and how to measure blood pressure. Most participants also learned about the importance
of measuring blood pressure regularly, which foods are salt-rich, the effect of salt on hypertension, the
notion of blood pressure target numbers, and what to do when blood pressure is high. The quotes below
illustrate respondents’ reports about what they learned.

“I did everything you taught me. I put my hand on the table, back straight, [palm up]. If I had eaten or
drunk coffee, I would wait for 30 min before taking my blood pressure.” (Female, 76 years)

“I thought that tomato contained salt...but she [the researcher] told me that fresh tomato doesn’t contain
a lot of salt, it is tomato paste that is high in salt.” (Male, 60 years)

“I remember the information about blood pressure numbers…if blood pressure reaches 180 we should call
the health center.” (Male, 63 years)

Effectiveness: primary and secondary outcomes

Table 1 presents the results of our analysis of changes in blood pressure levels, knowledge scores and
medication adherence between standard of care and self-monitoring of blood pressure groups.

Changes in blood pressure levels

Compared with the standard of care group, greater and signi�cant reduction in systolic blood pressure,
between baseline and endline, occurred in the self-monitoring group (adjusted mean difference:
-6.3 mmHg; 95%CI [-12.4; -0.17], p = 0.04). Changes in diastolic blood pressure also showed a greater, but
not signi�cant, reduction in the intervention group between baseline and 6-week follow-up (adjusted
mean difference: -1.9 mmHg; 95%CI [-6.34; 2.58], p = 0.40).
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Table 1
Systolic and diastolic blood pressure, knowledge score, and medication adherence at baseline and 6

weeks¶.

        Mean Difference Between groups†

  Baseline

mean(SD)

Endline
mean(SD)

  Unadjusted mean
differences [95% CI]

Adjusted†† mean
differences [95% CI]

SBP (mmHg)          

Standard of Care
(n = 36)

146.1
(17.2)

141.8(18.8)   1.9 [-4.79; 8.58] -6.3 [-12.4; -0.17]*

Self-monitoring
(n = 36)

131.6
(15.9)

129.3
(12.6)

 

DBP (mmHg)          

Standard of Care
(n = 36)

85.3
(13.7)

82.7 (13.3)   1.3 [-2.92; 5.59] -1.9 [-6.34; 2.58]

Self-monitoring
(n = 36)

76.5
(10.8)

75.2(11.1)  

Knowledge score          

Standard of Care
(n = 37)

10.4 (2.2) 10.6 (2.4)   1.4 [0.26; 2.58]* 1.7 [0.38; 3.05] *

Self-monitoring
(n = 36)

10.1 (2.3) 11.7 (2.9)  

Medication
adherence score

         

Standard of Care
(n = 37)

6.2 (1.6) 6.9 (1.3)   -0.2 [-1.06;0.63] -0.1[-1.05;0.76]

Self-monitoring
(n = 33)

6.5 (1.2) 7.0 (1.1)  

Abbreviations: CI: Con�dence interval; DBP: diastolic blood pressure; mmHg: millimeters of mercury;
SBP: systolic blood pressure; SD: standard deviation. ¶ Two participants with very high baseline blood
pressure measurements were excluded as outliers as their measurements did not re�ect their usual
values. The �rst one had very high blood pressure levels (>180/120 mmHg) and was directly referred
to a physician who, after investigation and examination, prescribed an additional anti-hypertensive
drug; the other one reported suffering from white coat hypertension. Sensitivity analysis was
performed for the primary outcome and showed that changes between groups in systolic blood
pressure remained signi�cant. † Negative values indicate a fall from baseline (i.e. endline – baseline);
Unadjusted and adjusted mean difference comparing self-monitoring group – standard of care group.
††Adjusted for age, sex, baseline blood pressure levels and health centers. *Signi�cant at p<0.05

Changes in knowledge scores
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Increase in knowledge scores was signi�cantly higher among the self-monitoring group as compared to
the standard of care group in the crude (crude mean difference: +1.4 points; 95% CI [0.26; 2.58], p=0.02)
and adjusted models (adjusted mean difference: +1.7 points; 95%CI [0.38; 3.05]; p=0.01). Improvements
in knowledge scores among patients in the monitoring group were highest for questions pertaining to
diagnosis of hypertension and to self-monitoring, as shown in table 2.

Table 2. Changes in knowledge score among patients in monitoring group by questions
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Questions
 

Improvement
(√ if

observed)
Diagnosis of hypertension

easuring your blood pressure is the only way to know if your blood pressure is
gh (T)

√

ost individuals with increased blood pressure can feel symptoms (F)
√

is difficult to diagnose hypertension (F)
 

-

Definition of hypertension

ood pressure corresponds to the pressure the blood is exerting against the
tery walls (T)

 

-

Self-monitoring of blood pressure

you want to take your blood pressure and have accurate measurements, you
n borrow or use any device regardless of the cuff size (F)

√

onitors with a wrist cuff are considered more accurate than those with an arm
ff (F)

√

ou can smoke or drink coffee 15 min before taking your blood pressure (F)
√

single high systolic blood pressure reading (between 140 and 180 mmHg) is
ot an immediate cause for alarm and you should not rush immediately to the
ospital (T)

 

√

Complications of hypertension

creased blood pressure can cause kidney failure, if left untreated (T)
 

-

Understanding hypertension risk factors and its lifestyle and medication treatment

sk factors of hypertension cannot be changed (F)
√

ood pressure could rise temporarily due to stress, exercise, or intake of salt (T)
 

-

Management of hypertension

ou can stop, reduce, or change medications without physician consultation
hen your blood pressure readings are normal (F)

√

osing weight usually lowers your blood pressure (T)
-

xercising every day may lower blood pressure in the long term (T)
-
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ou should take your blood pressure medications only when you are feeling high
ood pressure symptoms (F)

-

you take your anti-hypertensive medicine regularly, there is no need to
ecrease your salt intake (F)

 

-

Medication and lifestyle changes
We found no major improvement in medication adherence in our study population and no statistical
difference in adherence scores between groups. Indeed, the mean change in Morisky scores between
baseline and endline did not differ between the intervention and the standard of care groups (adjusted
mean difference: -0.1 point; 95%CI [-1.05; 0.76], p=0.75) (Table 1). Also, over the 6-week study period,
changes in types, numbers, or dosages of prescribed antihypertensive medications did not signi�cantly
differ between groups (change in medications in self-monitoring group=22% vs. standard of care
group=14%; p=0.33).

Almost half of the self-monitoring group reported making one or more changes in their lifestyle, such as
increasing physical activity, decreasing in salt intake, reducing weight, or starting a healthy diet,
compared to only a quarter among the standard of care group (44% vs. 24%).  The difference between
groups was statistically signi�cant after adjusting for age, sex, baseline blood pressure levels and health
centers (Adjusted odds ratio =3.3; 95%CI [1.01; 11.16], p=0.04).

Interestingly, our qualitative data revealed that, while patients acknowledged the importance of
medication adherence and lifestyle changes, they were concerned about all the structural barriers that
they had to overcome to adopt these healthy choices including the �nancial constraints to purchase
medications and healthy foods, the unavailability of free recreational facilities, and the constant political
and economic stress in their lives.

“I went to a dietitian but I did not continue seeing her as it was not affordable to follow the diet she
prescribed.”  (Female, 69 years)

“I have no time. I have my kids. Sport is for people who have nothing to worry about. To be able to
exercise you should be mentally and �nancially relaxed.” (Male, 44 years)

 “I had to stop the medication as it was really expensive. I would rather spend the money on my kids than
buy the medication. My kids are more important than my health. My faith is in God.” (Female, 59 years)

Discussion
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To our knowledge, this is the �rst study in a low- and middle-income country, and in the Arab region, that
explores the feasibility, acceptability, and potential effectiveness of an intervention designed to improve
blood pressure levels through self-monitoring and education. Our mixed-method approach also helps
better understand the experiences and perceptions of the participants.

The analysis indicates that our study protocol was feasible, with good recruitment, retention, and
measurement adherence rates. Refusals to participate were explained by lack of time or interest, or other
priorities, while reasons for dropping out were due to logistic constraints such as long commuting time to
reach the center. The short follow-up period, the reimbursement of transportation, and the reminders prior
to the interview, likely contributed to the high retention among both groups. The fact that those in the
monitoring group could keep the monitoring device after the study was completed represented a further
incentive among these participants. We believe however that the main contributors to recruitment and
retention were the continuity of care that all participants received and their trust in the providers at the
health centers. Thus, we think that the success of monitoring interventions would be greater in settings
that offer continuity of care and foster trust in providers.

Most participants valued the monitors and understood the importance of regularly measuring blood
pressure, stating that it gave them peace of mind and security. Only a few participants made
spontaneous notes on their feelings or recorded additional blood pressure measurements. We believe
that, had the resources been available for a longer follow-up, participants would have been more
encouraged to take their blood pressure outside the �xed protocol and to note their experiences. It is also
likely that patients from low social strata are not accustomed to being asked for their opinions, nor are
they used to making notes about their experiences and hence were reluctant to volunteer to express
themselves (37). Moreover, our situation analysis had suggested that monitoring of blood pressure could
be a source of anxiety which leads some patients to seek unnecessary care at health care facilities or
emergency departments. The results of this study show that only a small proportion of the participants
reported feeling anxious and/or sought additional care due to blood pressure readings. We attribute this
to the fact that our intervention included an educational component to explain the meaning of blood
pressure numbers, what to do when blood pressure is elevated, and when it is appropriate to seek care.

Overall, it is remarkable that despite the small study sample, we were able to demonstrate that the
intervention showed promising results in reducing blood pressure. The decrease in blood pressure levels
among the self-monitoring group is in line with the results of another study conducted in two low- and
middle-income countries: Honduras and Mexico (23). The educational materials we developed were easy
to understand, as indicated by participants’ improved knowledge scores. The highest improvements were
around questions related to the correct measurement of blood pressure, and can be attributed to the
hands-on training on measurement and to the thorough one-on-one educational sessions about
hypertension management conducted at the beginning of the study. The fact that improvements in
knowledge and in blood pressure levels were greater in the intervention group suggests that it is not the
ownership of a device nor the frequency of blood pressure monitoring at baseline (which were
statistically similar among both groups at baseline) but the educational intervention and the engagement



Page 18/24

of patients in the monitoring process, that account for these improvements. Our intervention included a
one-on-one session to train patients to measure their blood pressure, explanations about the meaning of
blood pressure readings, a diary to record regular blood pressure measurements, and follow-ups. We
believe that these elements contributed to better knowledge, stronger motivation, and higher engagement
of patients than the standard hypertension care provided at the health centers to patients. Providing
information along with devices should be part of future interventions. It is however, infrequently done, and
the situation analysis we conducted showed that many health providers do not explain the meaning of
blood pressure readings and the recommended blood pressure targets, and do not show to patients how
to use monitoring devices and how to ensure accurate blood pressure monitoring. Our study showed a
signi�cant higher change in reported healthy lifestyle habits among patients from the self-monitoring
group as compared to the standard of care one. Over the 6-week study period, changes in types, numbers,
or dosages of prescribed antihypertensive medications as well as in adherence to medication did not
statistically differ between groups; and medication adherence levels did not increase in our study
possibly due to structural and �nancial obstacles as reported in other studies (38, 39). We can thus
speculate that the improvement in lifestyle habits might partly explain the greater reduction in blood
pressure levels observed among the intervention group. We are unable to distinguish the effect of each
component of the intervention on blood pressure levels, but we believe that it is the synergistic effect of
the health education and the self-monitoring device on patient understanding and engagement that
contributed to patients’ improved blood pressure levels (22).

This study has implications for thinking about similar interventions in other low- and middle-income
countries. Contrary to studies demonstrating the differential impact of health interventions which are
often taken up by the better off (40, 41), improvements in blood pressure numbers and lifestyle habits
were reported among all our study sample which included a majority of participants from low to middle
socio-economic status. Interestingly, access to blood pressure monitors outside the study was generally
high among our respondents, despite the relatively high cost of blood pressure monitors (around $50).
We found that among 58 patients from lower socio-economic groups—irrespective of whether they were
assigned to control or intervention group—nearly half (27) reported having access to a blood pressure
machine; some had purchased it, others received it as a gift, and others reported borrowing machines
from their neighbors or family members. Our study highlights the importance of health information and
motivation towards monitoring, over and above the mere access to devices. This is consistent with the
observation that hypertensive patients from low socio-economic groups face barriers to controlling blood
pressure beyond simply having access to a blood pressure monitor (25). These obstacles include limited
access to health care, di�culties in communicating with health care providers, �nancial constraints in
purchasing medications or following a healthy diet (42, 43). Indeed, many of our participants mentioned
structural barriers and stressful lives as obstacles to adopting healthier choices.

Uncontrolled blood pressure is a major public health issue in the Arab world, regardless of wealth or level
of development (11). The cultural similarities between Lebanon and other Arab countries, and the
diversity in socioeconomic status, modes of health care delivery, and degree of medicalization in
Lebanon, imply that the results of the project are relevant to the region as a whole. Similar strategies
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incorporating self-monitoring of blood pressure with education and counselling have great potential in
optimizing hypertension management in both high- and middle-income Arab countries.

Limitations

This proof of concept study was intended to examine feasibility, acceptability, and potential impact of
self-monitoring of blood pressure and educational sessions on blood pressure levels. It was not powered
to conduct statistical analyses of effectiveness. Moreover, this study used self-reported data to measure
lifestyle changes which may re�ect social-desirability bias. The potential for such bias is likely reduced by
the use of qualitative data to complement quanti�able responses, as the texts spontaneously provided by
respondents are consistent with real efforts to change lifestyles. Another limitation is the short follow-up
period of 6 weeks; a longer study-period with additional interviews and counselling would provide more
robust results and assess the sustainability of the intervention over time.

Conclusions
This proof-of-concept study demonstrated good feasibility, acceptability, and potential effectiveness of a
strategy combining self-monitoring of blood pressure with educational sessions in reducing blood
pressure levels, improving knowledge scores, and promoting lifestyle changes among hypertensive
patients. These results should be tested on a larger sample with a longer follow-up and with the addition
of a counseling component. Overall, our study suggests that monitoring and education may improve
hypertension management in Lebanon as well as in other Arab countries of the region.
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