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Abstract

Background
More than half of patients with hypertension in sub-Saharan African do not achieve blood pressure
control. This study determined the effect of mobile health technology on systolic blood pressure
reduction and blood pressure (BP) control among patients with hypertension in Nigeria and Ghana.

Methods
A randomised control trial of 225 adults with hypertension attending two General/Medical Outpatient
Clinics each in Nigeria and Ghana was randomized into intervention (n = 116) and control (n = 109) arm
respectively. Patients in the intervention arm received messages twice weekly from a mobile app for six
months in addition to the usual care while the control arm received usual care only. The study outcomes
were systolic blood pressure (SBP) reduction and blood pressure control at six months, while the
secondary outcome was medication adherence at six months. Data were collected at 0 and 6 months, it
was analysed using SPSS-21 software at a significance level of p < 0.05. Binary logistic regression was
used to generate the predictors of good blood pressure control.

Results
The mean age for the control and intervention were 60.2 ± 13.5 and 62.6 ± 10.8 years respectively; p-value 
= 0.300. The intervention group had greater reductions in SBP (-18.7mmHg vs -3.9mmHg; p < 0.001) and
greater BP control rate (44.3% vs 24.8%; p-value 0.002).

Conclusions
The mobile health intervention resulted in significant SBP reduction rate and improvement in BP control
rate in the 6th month. However, improvement in adherence level in the 3rd month and was not sustained
in the 6th month. The addition of mobile health technology may be extended for use in the national
hypertension control plan. Female gender, formal education and being in the intervention arm were
predictors of blood pressure control.

Contributions to the literature
There is limited evidence on contributions of mobile health technology (mHealth) to blood pressure
control in Ghana and Nigeria.

The addition of mHealth has great potentials in improving blood pressure control among patients
with hypertension in the low and middle-income countries.
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The implementation of public health policies favouring the use of mHealth in the management of
hypertension will improve patients’ outcome and transform the healthcare systems.

Background
Hypertension is the leading risk factor for cardiovascular disease and a major contributor to disease
burden and disability worldwide1,2. Individuals with uncontrolled hypertension who do not comply with
recommended treatment strategies are at increased risk of strokes, myocardial infarction and chronic
kidney disease, which may lead to hospitalization and consequently greater healthcare costs3,4.
Unfortunately, high rates of uncontrolled blood pressure (BP) have been reported among patients with
hypertension accessing healthcare in both countries, with 56% of patients with hypertension in sub-
Saharan Africa (SSA) not achieving control despite accessing healthcare facilities and the availability of
multiple treatment options5,6. Some of the contributory factors to poor BP control are non-adherence to
regular antihypertensive medications, clinic appointments, healthy diet and lifestyle modifications. Hence,
engaging more active patients and physicians’ involvement in hypertension management through mobile
health technologies promises to improve BP control7.

Coincidentally, there has been a remarkably rapid increase in smartphone devices globally, over the past
decades, with SSA not exempt from this revolution. It has been estimated that by 2022, there will be 6.8
billion smartphone users, globally8. The penetration of mobile phones has corresponded with an increase
in health-related applications which offer health services and information, referred to as mobile health
(mHealth)9. Mobile phone technology, therefore, seems to provide a potential medium to support direct
healthcare delivery and patient-provider communication. Though, mobile-health technologies have been
used with success in other medical areas10. In Ghana, Sarfo et. al demonstrated an improvement in BP
control among stroke survivors in a resource-limited setting via a mHealth intervention11. In Nigeria,
previous studies in other fields of Medicine aside from cardiology have shown desirable effects in the
intervention arms8–10. Otieno et. al launched mHealth in rural and urban areas of Ghana and Kenya and
subsequently demonstrated an increment in the proportion of patients with controlled blood pressure
from 46% at baseline to 77% at 12 months12. Generally, there is limited research on the use of mHealth
for disease diagnosis and treatment support in sub-Saharan Africa13. Therefore, this study determined
the effect of mobile health interventions on systolic blood pressure reduction, the rate of blood pressure
control and adherence to scheduled clinic appointments, diet and medications among patients with
hypertension in Nigeria and Ghana.

Methods
Study design, setting and participants

The study was a randomized clinical trial involving four study sites with similar institutional and
population characteristics in Nigeria and Ghana. The sites were selected through purposive sampling and
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were the Outpatient Department (OPD) clinics of Mamprobi Hospital (MH) and the Adabraka Polyclinic
(AP) in Ghana and the Outpatient Department (OPD) clinics of Ekiti State University Teaching Hospital
(EKSUTH), Ado-Ekiti and the Federal Teaching Hospital (FTH), Ido-Ekiti in Nigeria. A total of 225 adults
with essential hypertension, receiving antihypertensive medications, who owned a smartphone, with at
least basic formal education and the ability to read and understand English were systematically selected
from the four study sites and 116 of them were randomized into intervention arm and the 109 into control
arm. However, patients with self-reported secondary hypertension; self-reported renal disease; physical or
mental disability that impaired use of the mobile application; and severely ill or weak patients whose
condition would not allow them to be interviewed at review dates were excluded from the study.

Sample size determination: The sample size was determined at a confidence level of 95% using the
single sample for infinite population formula: Ss = (z2 x σ2)/d214, where Z = Z value (e.g. 1.96 for 95%
confidence level); σ = Standard Deviation; d = distance on either side of mean in confidence interval. Sarfo
et al. in a study to ascertain the effect of BP, reduction and medication adherence using mobile-health
(mHealth) technology among Ghanaian stroke survivors found the mean adherence ratio to be 0.95 ± 
0.16 1511. Using the standard deviation from Sarfo et al., and assuming d of 0.05, the sample size was
calculated as [1.962 x 0.162] / 0.052 = 39.34 which approximates to 39. Assuming an attrition rate of
20%, (which approximates to 8), the minimum sample size was calculated to give 47 from each study site
with the intervention and control arm having 94 participants each making a total of 188. However, 116
participants in the intervention arm and 109 in the control arm completed the study respectively giving a
total of 225 participants. This was done to increase the power of the study.

Randomization: Patients who met the selection criteria and consented to participate in the study were
randomised into Intervention and Control Groups in a 1:1 ratio using a computer-generated sequence
placed in opaque envelopes numbered serially and with cards to indicate whether a patient should be in
the intervention or control arm after matching for sociodemographic characteristics like age, sex,
education, income level and BMI. They were then used to allocate patients by an independent research
assistant. Data collection was done at the clinics before patients consulted with their Physicians.
Structured questionnaires were used for data collection and included background characteristics (age,
sex, marital status, employment status, income, occupation and health insurance scheme enrolment), BP
measurements, medication adherence and lifestyle.

Data Collection

All participants (intervention and control arms) received standard routine care for the management of
hypertension in the clinics which included history, examination, investigations, medications, and health
education at the various clinics on healthy lifestyle choices and regular clinic visits. However, the
participants in the intervention group received mHealth in addition to the standard care, while those in the
control group received the standard care alone.

Anthropometric and blood pressure measurements
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Clinical measurements of weight, height, waist and hip circumferences and blood pressure were obtained
by standard protocols. Weight to the nearest 0.1kg while the participants were barefooted, and height to
the nearest 0.1m without head-gear, were determined with bathroom scales and stadiometer respectively.
The BMI (Body Mass Index) was taken as the ratio of weight to the square of the height, while the Waist-
to-Hip Ratio (WHR) was calculated from the values of waist and hip circumferences. BP readings were
taken three (3) times at an interval of a minimum of 10 minutes using OMRON M3 digital
sphygmomanometers. The mean systolic and diastolic values were determined using the last two BP
readings. Based on the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure- Seventh Report (JNC-7) guidelines15–17. This study considered patients with BP of
< 140/90mmHg as controlled while those with BP ≥ 140/90mmHg were categorized as uncontrolled.

Mobile Health Interventions

The mHealth intervention consisted of an interactive phone application (m-notify®) that sent reminders to
the participants in the intervention group on antihypertensive medication usage, clinic appointments and
healthy lifestyle choices such as low salt diet, smoking cessation, alcohol reduction and need for regular
physical activity for at least 30 minutes daily for 5 or more times per week. These messages were sent
twice weekly throughout the duration of the study (6 months). An example of a message sent was

Walk briskly for at least 30 minutes a day for a minimum of 5 days a week for a healthy heart,

Salt is hidden in a lot of processed food, check food labels and choose food with little or no salt. Also,
don’t add salt to food after serving as salt worsens hypertension.

The m-notify App gives feedback that respondents got the messages and read them.

Hill-Bone adherence scale

This was used to assess adherence to scheduled clinic appointments, diet and medications. Hill-Bone
adherence scale is a 14-item scale; appointment-keeping (2 items), diet (3 items) and medication
adherence (9 items)18. Each item was scored based on the response on a scale of 1 to 4. A score of 4
indicates the poorest compliance while 1 indicates the best compliance. After adding the points of all 14
items, the total score ranged from 14 to 56. The participant’s total score was converted to percentages
and those with < 80% were categorised as non-adherent while those with 80% and above were
categorised as being adherent.

The study was carried out from May 2021 to December 2021.

Follow-up

The study outcomes were re-assessed at the 3rd and 6th month of follow-up for all the participants in the
intervention and control arms.
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Statistical analysis
Data were analysed using Statistical Package for Social Sciences (IBM SPSS) version 25 for Windows
(IBM Corp., Armonk, N.Y., USA). Data were collected at baseline, 3rd month and the 6th month.
Continuous variables were expressed as Means Standard Deviation (SD) and compared with Students t-
test while categorical variables were expressed as frequency (percentages) and Pearson’s Chi-square was
used to compare the differences in the frequency distribution of the categorical variables. Binary logistic
regression was used to generate the predictors of good blood pressure control and the level of
significance was set at two-sided p-value < 0.05.

Results
The sociodemographic characteristics of the study population were shown in Table 1. A total of 225
subjects were recruited for the study across the two countries, which consisted of 109 participants in the
control and 116 participants in the intervention arm. The mean age for the control and intervention were
60.2 ± 13.5 and 62.6 ± 10.8years respectively. Males constituted 37.6% and 35.3% in the control and
intervention arms respectively. Health insurance coverage was similar in both groups. However, monthly
income was significantly higher in the intervention arm than in the control arm. Also, 63 (54.3%) of the
participants in the intervention arm had tertiary education compared with 21 (19.3%) of the control arm.
In addition, 32 (27.6%) of the participants in the intervention arm were government employees compared
with 8 (7.3%) in the control arm.

Rates of SBP reduction in 6th month

In the control arm, the mean SBP reduction rate (SD) in the control group was 2.2 (7.8%) while in the
intervention arm, the mean SBP reduction rate (SD) was 11.2 (10.2%). Table 2 shows the comparison of
the clinical parameters between control and intervention, pre-intervention and post-intervention. There
was no statistically significant difference between the two groups in the pre-intervention phase, but after
the intervention, systolic and diastolic BP levels were significantly lower in the intervention group than in
the control group (p < .0.001/ 0.032) in the 6th month.

Table 3 shows the comparison of BP control between the intervention and control groups at baseline, 3rd
month and 6th month. There was no statistically significant difference between the control and
intervention groups in the pre-intervention phase 17.4% vs 11.2%; p-value = 0.182. However, in the 6th
month, a greater proportion of the intervention group had good BP control compared with the usual care:
44.3% versus 24.8%; p-value = 0.002.

Table 4 depicts the comparison of the Medication Adherence Level of the Respondents in the Intervention
and Control groups at the Baseline, 3rd month and 6th month in Ghana and Nigeria. The pooled data, at
baseline,58 (53.2%) of the control and 58 (50.0%) of the intervention group had good adherence
respectively. The difference was not statistically significant (p = 0.566) However, at the 3rd month, a
greater percentage of the intervention group 78 (67.3%) had good adherence than 63 (57.8%) of the
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control group; p-value = 0.029. Meanwhile, in the 6th month, the significant difference as regards good
adherence between the 2 groups was blunted.

Table 5 shows the relationship between good blood pressure control and the socio-demographic
variables. At the end of the 6 months, there was a significant improvement in blood pressure control
among participants who were females (p = 0.017), with tertiary level of education (p = 0.010) and in the
intervention arm of the study (p = 0.002).

Table 6 shows the predictors of BP control. Female gender, formal education and being in the intervention
arm were predictors of blood pressure control: Females were 2.5 times more likely to have good BP
control; AOR = 2.52, CI = 1.33–4.79, Participants with secondary and tertiary education were about 17
times (AOR = 16.61, CI = 2.06-133.91) and 15 times (AOR = 15.07, CI = 1.86- 121.76) more likely to have
good blood pressure respectively compared with those without formal education; while those in the
Intervention arm were twice more likely to have good blood pressure (AOR = 2.33, CI = 1.23–4.42).
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Table 1
Socio-demographics characteristics of the study population

Variables Control

n (%)

(N = 109)

Intervention

n (%)

(N = 116)

p-value

Age (Years)      

< 45 7 (6.4) 2 (1.7) 0.300

45–54 22 (20.2) 25 (21.6)  

55–64 40 (36.7) 49 (42.2)  

≥ 65 40 (36.7) 40 (34.5)  

Mean ± SD (years) 60.2 ± 13.5 62.6 ± 10.8  

Sex      

Males 41 (37.6) 41 (35.3) 0.724

Females 68 (62.4) 75 (64.7)  

NHIS Status      

Enrollees 54 (49.5) 63 (54.3) 0.512

Non-Enrollees 55 (50.5) 53 (45.7)  

Monthly Income (dollars)      

≤ 100 90 (82.6) 77 (66.9) 0.002*

101–200 14 (12.8) 18 (15.5)  

201–300 2 (1.8) 4 (3.4)  

301–400 3 (2.8) 18 (15.5)  

> 400 0 (0.0) 3 (2.6)  

Education status      

No formal education 12 (11.0) 8 (6.9) < 0.001*

Primary 24 (22.0) 15 (12.9)  

Secondary 52 (47.7) 30 (25.9)  

Tertiary 21 (19.3) 63 (54.3)  

Occupation      
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Variables Control

n (%)

(N = 109)

Intervention

n (%)

(N = 116)

p-value

Age (Years)      

Unemployed 13 (11.9) 12 (10.3) 0.001*

Self-employed 51 (46.8) 34 (29.3)  

Government employee 8 (7.3) 32 (27.6)  

Retired 27 (24.8) 28 (24.1)  

Non-government employee 10 (9.2) 10 (8.7)  

Marital Status      

Single 13 (11.9) 20 (17.2) 0.135

Married 70 (64.2) 77 (66.4)  

Separated 2 (1.8) 6 (5.2)  

Divorced 7 (6.4) 3 (2.6)  

Widowed 17 (15.6) 10 (8.6)  

Keys: NHIS, National Health Insurance Scheme; *, Statistically significant. 
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Table 2
Comparison of pre-intervention and post-intervention of clinical parameters

Variable Baseline

Mean ± SD

At 6 months

Mean ± SD

  Control

N = 109

Intervention

N = 116

p-
value

Control

N = 109

Intervention

N = 115

p-
value

Mean pulse rate (bpm) 82.9 ± 17.0 84.4 ± 16.9 0.508 81.4 ± 
13.7

79.7 ± 12.0 0.324

Mean SBP (mmHg) 160.1 ± 
22.7

157.3 ± 
19.6

0.322 156.2 ± 
23.0

138.6 ± 
16.5

< 
0.001*

Mean DBP (mmHg) 91.8 ± 14.7 93.1 ± 12.4 0.473 89.3 ± 
14.4

85.8 ± 9.4 0.032*

Weight (kg) 75.4 ± 16.3 77.4 ± 16.7 0.365 75.6 ± 
16.1

78.6 ± 19.4 0.211

BMI (Kg/m2) 30.3 ± 17.2 28.8 ± 6.7 0.384 29.8 ± 
16.2

29.0 ± 8.2 0.639

Waist Circumference
(cm)

96.4 ± 13.7 95.7 ± 14.6 0.712 94.9 ± 
13.9

93.7 ± 13.1 0.507

Hip Circumference
(cm)

105.4 ± 
12.0

105.1 ± 
14.1

0.864 102.9 ± 
11.6

102.7 ± 
12.7

0.902

Waist-hip ratio 0.92 ± 0.09 0.91 ± 0.10 0.432 0.92 ± 
0.10

0.91 ± 0.10 0.455

Keys: SBP, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass
index; *, statistically significant.
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Table 3
Comparison of blood pressure control among study population at baseline, 3rd month and 6th month
Variables Control

n (%)

(N = 109)

Intervention

n (%)

(N = 116)

p-value

Baseline      

Good BP Control 19 (17.4) 13 (11.2) 0.182

Poor BP Control 90 (82.6) 103 (88.8)  

3rd Month      

Good BP Control 26 (23.9) 41 (35.7) 0.054

Poor BP Control 83 (76.1) 75 (64.3)  

6th Month      

Good BP Control 27 (24.8) 51(44.3)** 0.002*

Poor BP Control 82 (75.2) 64 (55.7)  

Keys: BP, Blood pressure; *, Statistically significant, **; one patient died before his 6th month follow-up
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Table 4
Comparison of medication adherence level of the study

population at baseline, 3rd month and 6th month
Variables Control

n (%)

(N = 109)

Intervention

n (%)

(N = 116)

p-value

Baseline      

Adherent 58 (53.2) 58 (50.0) 0.566

Non-Adherent 51 (46.8) 58 (50.0)  

3rd Month      

Adherent 63 (57.8) 78 (67.3) 0.029*

Non-Adherent 46 (42.2) 38 (32.8)  

6th Month      

Adherent 64 (58.7) 73 (62.9) 0.101

Non-Adherent 45 (41.3) 43 (37.1)  

Key: *, Statistically significant
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Table 5
Relationship between good blood pressure control and socio-demographic

variables at 6th month

  BP Control at 6 months  

Variables Controlled

n (%)

Uncontrolled

n (%)

p-value

Age (Years)      

< 45 2 (22.2) 7 (77.8) 0.224

45–54 15 (31.9) 32 (68.1)  

55–64 38 (42.7) 51 (57.3)  

≥ 65 23 (29.1) 56 (70.9)  

Sex      

Males 20 (24.7) 61 (75.3) 0.017*

Females 58 (40.6) 85 (59.4)  

National Health Insurance Scheme      

Enrollees 42 (35.9) 75 (64.1) 0.724

Non-Enrollees 36 (33.6) 71 (66.4)  

Monthly Income ($)      

≤ 100 53 (32.7) 109 (67.3) 0.141

101–200 9 (28.1) 23 (71.9)  

201–300 2 (33.3) 4 (66.7)  

301–400 12 (57.1) 9 (42.9)  

> 400 2 (66.7) 1 (33.3)  

Education status      

No formal education 1 (5.0) 19 (95.0) 0.010*

Primary 10 (26.3) 28 (73.7)  

Secondary 32 (39.0) 50 (61.0)  

Tertiary 35 (41.7) 49 (58.3)  

Occupation      

Unemployed 8 (32.0) 17 (68.0) 0.118
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  BP Control at 6 months  

Variables Controlled

n (%)

Uncontrolled

n (%)

p-value

Age (Years)      

Self-employed 26 (30.6) 59 (69.4)  

Government employee 18 (45.0) 22 (55.0)  

Retired 15 (27.8) 39 (72.2)  

Non-government employee 11 (55.0) 9 (45.0)  

Marital Status      

Single 17 (51.5) 16 (48.5) 0.052

Married 50 (34.2) 96 (65.8)  

Separated 0 (0.0) 8 (100.0)  

Divorced 4 (40.0) 6 (60.0)  

Widowed 7 (25.9) 20 (74.1)  

Cohort      

Control 27 (24.8) 82 (75.2) 0.002*

Intervention 51 (44.3) 64 (55.7)  

Key: *, Statistically significant
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Table 6
Predictors of blood pressure control at 6th month

Variable AOR 95% Confidence Interval p-value

    Lower Upper  

Sex        

Males (ref) 1.00      

Females 2.52 1.33 4.79 0.005*

Education status        

No formal education (ref) 1.00      

Primary 8.69 1.00 75.58 0.050*

Secondary 16.61 2.06 133.91 0.008*

Tertiary 15.07 1.86 121.76 0.011*

Cohort        

Control (ref) 1.00      

Intervention 2.33 1.23 4.42 0.009*

Key: AOR, adjusted odd ratio

Discussion
Mobile health technologies improve hypertension outcomes7 and they can be effective in self-
management of chronic diseases13,19. Therefore, this study showed that the addition of mHealth to usual
care among patients with hypertension led to significant reductions in SBP and DBP. Our findings are in
tandem with previous studies that revealed that the mHealth intervention led to greater reductions in
systolic and diastolic BP than usual care 15–17,20. Additionally, this study showed that the addition of
mHealth to the usual care among patients with hypertension led to an increase in the proportion of those
with good BP control in the intervention arm versus the control group (44.3% vs 24.8%, p-value = 0.002) in
the 6th month. Similarly, a meta-analysis and systematic review carried out among adult Chinese
revealed that mHealth interventions led to an improvement in BP control21. Our findings are also in
tandem with a similar study by Otieno et. al., in the rural and urban areas of Ghana and Kenya which
demonstrated an increment in the proportion of patients with controlled pressure from 46% at baseline to
77% at 12 months12. In our study, the proportion of increase in both studies was similar (over 30% with
the use of mHealth). Nonetheless, the proportion of good BP control in our study was very low at baseline
(11.2%). Optimal control of BP is still poor in our settings; Abdu et al. in Nigeria reported 27.6% of their
study population had good BP control22 while Boima et al. in Ghana reported poor BP control in 69.7% of
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their participants23. The high rate of uncontrolled hypertension has been attributed to poor medication
adherence and inadequate health insurance coverage 23.

Furthermore, adherence to scheduled clinic appointments, healthy diet and medications were assessed
using the Hill-Bone Adherence Scale in this study. A high proportion of non-adherence in both intervention
and control groups at 46.8% and 50% respectively were reported at baseline. This is similar to previous
studies which also reported a high proportion of medication non-adherence among hypertensives in
Ghana and Nigeria23, 24. However, the addition of mHealth showed an initial beneficial effect in 3rd
month, as the proportion of good adherence in the intervention arm increased significantly from 50% at
baseline to 67.3% while the control group barely increased from 53.2% at baseline to 57.8% at the 3rd
month. A similar study has shown a rise in adherence with the use of mHealth1,15. However, the
significant improvement in the adherence level of the intervention group in comparison with the control
group in the 3rd month, but was blunted in the 6th month. The reasons for non-adherence to treatment in
our settings could be due to financial constraints, lack of health insurance, side effects of the
medications and then religious and socio-cultural factors25. Besides, the success of hypertension therapy
is not only dependent on the healthcare systems and healthcare professionals alone but also on the
support of friends/family especially to maintain long-term medication adherence, maintaining scheduled
follow-ups level and healthy diets26. Another study revealed the involvement of family members was a
determinant of good hypertension self-care27. The most important outcomes of the study include
adherence to treatment, weight control, and regular monitoring of blood pressure which are assessed in
the primary assessment. The intervention is a mobile application that has capabilities such as reminders
and scientific and supportive information. This application has been programmed to reduce many of the
non-adherence factors of hypertension treatment. Therefore, the findings may contribute to a rise in
adherence to treatment. If proven to have an appropriate impact, it may be extended for use in the
national hypertension control plan. Therefore, this study has revealed a gap in the need to involve family
members and friends in the management of patients with hypertension, if there must be a long-term
improvement in adherence to healthy diets, medication and clinic appointments. There was a decline in
adherence in both groups at the 6th month, this could likely be due to inertia to the use of mHealth.
Besides, behaviour change is key to the long-term adoption of a healthy and active lifestyle28. For lifestyle
interventions such as structured exercise interventions to be adopted by patients, practitioners need to
ensure that behaviour change programmes are mapped against patient's priorities and values, and
adapted to their level of readiness and intention to engage with the target behaviour.

Furthermore, at the end of our study, in 6th month, female gender, formal education and being in the
intervention arm were predictors of good blood pressure control: Females had 2.5 times likelihood of
having good BP control; having formal education; Primary school education had about 9 times,
secondary school education had about 17 times and tertiary education had 15 times likelihood of having
good blood pressure than those without formal education while those in the Intervention arm were twice
more likely to have good blood pressure than those in the control arm. Females have been shown to have
lower BP than Males29. Furthermore, a previous study has also shown that the university educational
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level of the participants as well as receiving health education, by healthcare providers and family
members were predictors of good hypertension self-care, which will also result in good BP control27. In
our study, having health insurance coverage and monthly income were not determinants of good BP
control. In a study carried out in Ghana, Ogedengbe et. al. showed that the provision of health insurance
coverage alone might not achieve the desirable outcome except if there was an additional intervention30.
Summarily, this study has shown that the use of mHealth led to an improvement in the control of
hypertension and this will lead to better treatment outcomes.

Limitations of this study:
The differences in monthly income, and level of education may have contributed to the observed better
BP control among the intervention group.

On account of limited financial resources, we only relied on self-reported history of cardiovascular
complications or suspected secondary hypertension.

Conclusions
The mHealth intervention resulted in a significant SBP reduction rate and improvement in the BP control
rate in the 6th month. However, improvement in adherence level was only obvious in the 3rd month and
was not sustained in the 6th month. The addition of mobile health intervention may be extended for use
in the national hypertension control plan. Female gender, formal education and being in the intervention
arm were predictors of blood pressure control.

Abbreviations
BP                   Blood Pressure

SBP                 Systolic Blood Pressure

mHealth          Mobile Health 

SSA                 Sub-Saharan Africa

OPD                Outpatient Department

MH                  Mamprobi Hospital

AP                   Adabraka Polyclinic

FTH                 Federal Teaching Hospital

BMI                Body Mass Index



Page 19/22

WHR               Waist-to-Hip Ratio

JNC-7              Joint National Committee on Prevention, Detection, Evaluation, and 

Treatment of High Blood Pressure- Seventh

SD                   Standard Deviation

DBP                Diastolic Blood Pressure

AOR               Adjusted Odd Ratio

Declarations
Ethics approval: Ethical approval for this study was obtained from the Ethical committee of Ekiti State
University Teaching Hospital, Ado-Ekiti (EKSUTH/A67/2020/06/007) and Federal Teaching Hospital
(ERC/2020-06/15/377A) Nigeria and Ghana health services (GHS-ERC 007/10/20). 

Consent to participate: Informed consent was obtained from all participants after a detailed study
information as in indicated in method section.

Consent for publication: All the co-authors read the final version and gave their consent for the
publication.

Availability of data and materials: All data will be made available upon reasonable request from the
corresponding author, Dr Tijani Idris Ahmad., Department of Family Medicine, Ambrose Alli University,
Ekpoma, Nigeria. E-mail: tijanioseni@aauekpoma.edu.ng.

Competing interests: The authors declare no competing interests.

Funding: This study was funded by NIH/FIC Stroke and Cardiovascular Research Training (S-CaRT)
Institute, Prime Award No. 2D43TW009140-06 and the funder did not have any specific in this research.

Authors' contributions: 

Conceptualization: DBF, TIAO, FD, CPE, PKB, BSA, DFS, BOT, VB, MAC, GO.

Data acquisition: DBF, TIAO, FD, CPE, PKB 

Data analysis: DBF, TIAO, FD, CPE, PKB, BSA, DFS, BOT, VB, MAC, GO.

Writing of manuscript: DBF, TIAO, FD, CPE, PKB, BSA, DFS, BOT, VB, MAC, GO 

Review of the final version of the manuscript: DBF, TIAO, FD, CPE, PKB, BSA, DFS, BOT, VB, MAC, GO. 



Page 20/22

Acknowledgements: We acknowledge all the research assistants and the patients who participated in this
study.

 

References
1. Ashoorkhani M, Bozorgi A, Majdzadeh R, et al. Comparing the effectiveness of the BPMAP (Blood

Pressure Management Application) and usual care in self-management of primary hypertension and
adherence to treatment in patients aged 30-60 years: study protocol for a randomized controlled trial.
Trials 2016; 17: 511. 2016/10/23. DOI: 10.1186/s13063-016-1638-0.

2. Carey RM, Muntner P, Bosworth HB, et al. Prevention and Control of Hypertension: JACC Health
Promotion Series. Journal of the American College of Cardiology 2018; 72: 1278-1293. 2018/09/08.
DOI: 10.1016/j.jacc.2018.07.008.

3. Arima H, Murakami Y, Lam TH, et al. Effects of prehypertension and hypertension subtype on
cardiovascular disease in the Asia-Pacific Region. Hypertension (Dallas, Tex : 1979) 2012; 59: 1118-
1123. 2012/05/02. DOI: 10.1161/hypertensionaha.111.187252.

4. Xu H and Long H. The Effect of Smartphone App-Based Interventions for Patients With Hypertension:
Systematic Review and Meta-Analysis. JMIR mHealth and uHealth 2020; 8: e21759. 2020/10/20.
DOI: 10.2196/21759.

5. Parati G, Lombardi C, Pengo M, et al. Current challenges for hypertension management: From better
hypertension diagnosis to improved patients' adherence and blood pressure control. International
journal of cardiology 2021; 331: 262-269. 2021/02/07. DOI: 10.1016/j.ijcard.2021.01.070.

6. Awuah RB, Anarfi JK, Agyemang C, et al. Prevalence, awareness, treatment and control of
hypertension in urban poor communities in Accra, Ghana. Journal of Hypertension 2014; 32: 1203-
1210. 2014/04/12. DOI: 10.1097/hjh.0000000000000165.

7. Khoong EC, Olazo K, Rivadeneira NA, et al. Mobile health strategies for blood pressure self-
management in urban populations with digital barriers: systematic review and meta-analyses. NPJ
digital medicine 2021; 4: 114. 2021/07/24. DOI: 10.1038/s41746-021-00486-5.

8. Akamike IC, Okedo-Alex IN, Alo C, et al. Effect of mobile-phone messaging on patient and health-
worker knowledge and adherence to the isoniazid preventive therapy guideline in HIV clinics in
Southeast, Nigeria. BMC infectious diseases 2021; 21: 1080. 2021/10/21. DOI: 10.1186/s12879-021-
06759-4.

9. Olajubu AO, Fajemilehin BR, Olajubu TO, et al. Effectiveness of a mobile health intervention on
uptake of recommended postnatal care services in Nigeria. PloS one 2020; 15: e0238911.
2020/09/15. DOI: 10.1371/journal.pone.0238911.

10. Ugwa E, Kabue M, Otolorin E, et al. Simulation-based low-dose, high-frequency plus mobile mentoring
versus traditional group-based training among health workers on the day of birth care in Nigeria; a



Page 21/22

cluster randomized controlled trial. BMC health services research 2020; 20: 586. 2020/06/28. DOI:
10.1186/s12913-020-05450-9.

11. Sarfo FS, Treiber F, Gebregziabher M, Adamu S, Nichols M, Singh A, et al. Phone-based intervention
for blood pressure control among Ghanaian stroke survivors: A pilot randomized controlled trial. Int J
Stroke. 2019;14(6):630-638.

12. Otieno HA, Miezah C, Yonga G, et al. Improved blood pressure control via a novel chronic disease
management model of care in sub-Saharan Africa: Real-world program implementation results.
Journal of clinical hypertension (Greenwich, Conn) 2021; 23: 785-792. 2021/01/21. DOI:
10.1111/jch.14174.

13. Bene BA, O'Connor S, Mastellos N, et al. Impact of mobile health applications on self-management in
patients with type 2 diabetes mellitus: protocol of a systematic review. BMJ open 2019; 9: e025714.
2019/06/28. DOI: 10.1136/bmjopen-2018-025714.

14. Kadam P, Bhalerao S. Sample size calculation. Int. J. Ayurveda Res.2010;1:55-7.

15. Bhandari B, Narasimhan P, Jayasuriya R, et al. Effectiveness and Acceptability of a Mobile Phone
Text Messaging Intervention to Improve Blood Pressure Control (TEXT4BP) among Patients with
Hypertension in Nepal: A Feasibility Randomised Controlled Trial. Global Heart 2022; 17: 13.
2022/03/29. DOI: 10.5334/gh.1103.

16. Falah F, Sajadi SA and Pishgooie AH. Effect of a mobile-based educational app on blood pressure of
patients with hypertension. BMJ military health 2020 2020/12/12. DOI: 10.1136/bmjmilitary-2020-
001577.

17. Gazit T, Gutman M and Beatty AL. Assessment of Hypertension Control Among Adults Participating
in a Mobile Technology Blood Pressure Self-management Program. JAMA Network Open 2021; 4:
e2127008. 2021/10/16. DOI: 10.1001/jamanetworkopen.2021.27008.

18. Lambert EV, Steyn K, Stender S, Everage N, Fourie JM. Cross-cultural validation of the hill-bone
compliance to high blood pressure therapy scale in a South African, primary healthcare setting.
Ethnicity and Disease. 2006;16(1):286.

19. Bozorgi A, Hosseini H, Eftekhar H, et al. The effect of the mobile "blood pressure management
application" on hypertension self-management enhancement: a randomized controlled trial. Trials
2021; 22: 413. 2021/06/26. DOI: 10.1186/s13063-021-05270-0.

20. Gong K, Yan YL, Li Y, et al. Mobile health applications for the management of primary hypertension:
A multicenter, randomized, controlled trial. Medicine 2020; 99: e19715. 2020/04/22. DOI:
10.1097/md.0000000000019715.

21. Han H, Guo W, Lu Y, et al. Effect of mobile applications on blood pressure control and their
development in China: a systematic review and meta-analysis. Public Health 2020; 185: 356-363.
2020/08/02. DOI: 10.1016/j.puhe.2020.05.024.

22. Abdu A, Lawrence AB, Shuaibu AT, et al. Blood Pressure Control among Hypertensive Subjects in
Dutse, Northwestern Nigeria. Annals of Ibadan postgraduate medicine 2019; 17: 59-64. 2019/11/27.



Page 22/22

23. Boima V, Ademola AD, Odusola AO, et al. Factors Associated with Medication Nonadherence among
Hypertensives in Ghana and Nigeria. International journal of hypertension 2015; 2015: 205716.
2015/10/29. DOI: 10.1155/2015/205716.

24. Oseni TIA AC, Salam TO, Dele-Ojo BF, Ahmed SD, Edeawe IO, Suleiman BA. Factors Affecting
Medication Adherence in Patients with Hypertension Attending a Tertiary Hospital in Southern
Nigeria. Nigerian Journal of Family Practice 2021; 12: 1-10.

25. Cremers AL, Alege A, Nelissen HE, et al. Patients and healthcare providers' perceptions and practices
regarding hypertension, pharmacy-based care, and mHealth in Lagos, Nigeria: a mixed methods
study. Journal of Hypertension 2019; 37: 389-397. 2019/01/16. DOI:
10.1097/hjh.0000000000001877.

26. Nakwafila O, Mashamba-Thompson T, Godi A, et al. A Cross-Sectional Study on Hypertension
Medication Adherence in a High-Burden Region in Namibia: Exploring Hypertension Interventions and
Validation of the Namibia Hill-Bone Compliance Scale. International journal of environmental
research and public health 2022; 19 2022/04/13. DOI: 10.3390/ijerph19074416.

27. Ketata N, Ben Ayed H, Ben Hmida M, et al. Prevalence and predictors of hypertension self-care
practice in primary health-care facilities in Southern Tunisia. Journal de medecine vasculaire 2021;
46: 72-79. 2021/03/24. DOI: 10.1016/j.jdmv.2021.01.005.

28. Nichols S, McGregor G, Breckon J, et al. Current Insights into Exercise-based Cardiac Rehabilitation in
Patients with Coronary Heart Disease and Chronic Heart Failure. International journal of sports
medicine 2021; 42: 19-26. 2020/07/11. DOI: 10.1055/a-1198-5573.

29. Alhawari HH, Al-Shelleh S, Alhawari HH, et al. Blood Pressure and Its Association with Gender, Body
Mass Index, Smoking, and Family History among University Students. International journal of
hypertension 2018; 2018: 4186496. 2018/07/14. DOI: 10.1155/2018/4186496.

30. Ogedegbe G, Plange-Rhule J, Gyamfi J, et al. Health insurance coverage with or without a nurse-led
task-shifting strategy for hypertension control: A pragmatic cluster randomized trial in Ghana. PLoS
medicine 2018; 15: e1002561. 2018/05/02. DOI: 10.1371/journal.pmed.1002561.


