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Abstract

Background: Self-monitoring of behaviour can support lifestyle modifications; however, we do not know whether such
interventions are effective in reducing blood pressure in patients with hypertension.

Objective: This systematic review evaluates the extent to which app-based self-monitoring interventions support reductions in
blood pressure and changes in hypertension-related behaviours.

Methods: A systematic search of six databases identified 4637 articles, of which 226 were included for full text screening.
Article screening, study and intervention coding, and data extraction were completed independently by reviewers. Fourteen
randomised controlled trials were included in the review.

Results: In total 7,365 patients with hypertension were included in the meta-analyses. Results showed that app-based
behavioural self-monitoring interventions had a small but statistically significant effect in reducing systolic blood pressure (mean
reductions MD=1.57 mmHg 95%CI 0.49 mmHg to 2.66 mmHg and OR=1.60 95%CI 0.74 to 3.42), and in improving medication
adherence (mean improvements SMD=0.78, 95%CI 0.22 to 1.34 and OR=3.83, 95%CI 1.25 to 11.76) as an adjunct to usual or
enhanced usual care. The review found no effect of interventions in supporting improvements in physical activity, diet, or
smoking behaviours. Most interventions consisted of features to enable participants receive feedback on reported health
behaviours, report and monitor blood pressure, receive advice by health care providers following the measurements of health
behaviours, and many provided tailored support. A subgroup analysis found that tailored self-monitoring behavioural
interventions resulted in higher and significant reductions in both systolic and diastolic blood pressure in comparison to non-
tailored interventions (SBP = - 2.87 mmHg 95% CI -3.90 to -1.85 vs. SBP = - 0.72 mmHg 95% CI -1.67 to 0.23, Chi2=9.15,
P=0.002; DBP = -2.05 mmHg 95% CI -3.10 to -1.01 vs. DBP = -1.32 mmHg 95% CI -2.26 to -0.39, Chi2=9.19, P=0.002).

Conclusions: Tailored self-monitoring of hypertension-related behaviours via smartphone apps have modest but clinically
significant effects in reducing blood pressure. Future studies should use rigorous methods to explore their effects at supporting
changes at both blood pressure and hypertension-related behaviours to inform health care practice. Clinical Trial: not applicable
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Abstract   
Introduction. Self-monitoring of behaviour can support lifestyle modifications; however, we do not

know  whether  such  interventions  are  effective  in  reducing  blood  pressure  in  patients  with
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hypertension.  This  systematic  review  evaluates  the  extent  to  which  app-based  self-monitoring

interventions support reductions in blood pressure and changes in hypertension-related behaviours. 

Methods. A systematic search of six databases identified 4637 articles, of which 226 were included

for full text screening. Article screening, study and intervention coding, and data extraction were

completed independently by reviewers. Fourteen randomised controlled trials were included in the

review. 

Results.  In  total  7,365  patients  with  hypertension  were  included  in  the  meta-analyses.  Results

showed  that  app-based  behavioural  self-monitoring  interventions  had  a  small  but  statistically

significant effect in reducing systolic blood pressure (mean reductions MD=1.57 mmHg 95%CI 0.49

mmHg to 2.66 mmHg and OR=1.60 95%CI 0.74 to 3.42), and in improving medication adherence

(mean improvements SMD=0.78, 95%CI 0.22 to 1.34 and OR=3.83, 95%CI 1.25 to 11.76) as an

adjunct to usual or enhanced usual care. The review found no effect of interventions in supporting

improvements  in  physical  activity,  diet,  or  smoking behaviours.  Most  interventions  consisted  of

features to enable participants receive feedback on reported health behaviours, report and monitor

blood  pressure,  receive  advice  by  health  care  providers  following  the  measurements  of  health

behaviours,  and  many  provided  tailored  support.  A subgroup  analysis  found  that  tailored  self-

monitoring behavioural interventions resulted in higher and significant reductions in both systolic

and diastolic blood pressure in comparison to non-tailored interventions (SBP = - 2.87 mmHg 95%

CI -3.90 to -1.85 vs. SBP = - 0.72 mmHg 95% CI -1.67 to 0.23, Chi2=9.15, P=0.002; DBP = -2.05

mmHg 95% CI -3.10 to -1.01 vs. DBP = -1.32 mmHg 95% CI -2.26 to -0.39, Chi2=9.19, P=0.002). 

Conclusion. Tailored self-monitoring of hypertension-related behaviours via smartphone apps have

modest  but  clinically  significant  effects  in  reducing  blood  pressure.  Future  studies  should  use

rigorous  methods  to  explore  their  effects  at  supporting  changes  at  both  blood  pressure  and

hypertension-related behaviours to inform health care practice. 

Keywords self-monitoring, smartphone apps, behaviour change, hypertension, blood pressure 
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INTRODUCTION

Hypertension or High Blood Pressure (HBP) affects over one billion adults globally and is a leading

risk factor for premature morbidity and mortality [1,2]. However, only about half of adults  with

hypertension achieve adequate BP control, increasing the cost required for their treatment [3]. In

England, hypertension is estimated to cost the National Health Service an excess of £2 billion per

year [4]. Although many risk factors contribute to poorly controlled blood pressure, non-adherence to

individual  prescribed  health  behaviours,  like  non-adherence  to  prescribed  medications,  low  salt

intake,  high  consumption  of  fruits  and  vegetables,  low  alcohol  consumption,  improvements  in

physical activity, and stopping tobacco smoking, independently account for the majority of these

uncontrolled cases [5-12]. 

Modifying such health-related  behaviours  to  address  the  underlying  risk  factors  of  hypertension

could result in clinically significant health improvements, and reduce morbidity, premature mortality,

and  treatment  health  care  cost.  Practitioners  have  an  important  role  in  prescribing  lifestyle

modifications, however their time to provide advice about and support adherence to health behaviour

change recommendations is limited and expensive [13], and currently there is limited evidence about

effective interventions to support health behaviour change in patients with hypertension [14-16].

There is growing interest in the potential of digital  interventions as a cost-effective and scalable

method to deliver individualized advice to people with long-term health conditions, enabling them to

improve  adherence  to  the  recommended  health  behaviour  modifications  and  achieve  sustained

improvements  in  health  behaviours  [17-19].  Smartphone  applications  (apps),  delivered  via

technologies such as computers, smartphones, tablets, and other hand-held devices can reach large

numbers of people, provide ongoing support and in different settings [20]. Smartphone apps appear

promising due to their potential to complement physician efforts and engage participants in decision

making regarding their health care [21,22]. Users of app-based interventions can receive real-time

advice and support about patterns of their health behaviours that impact on their  long-term health

condition [23], with the potential to eliminate barriers, like recall biases, and better inform shared

decision-making during blood pressure checks or other similar health care treatment consultations. 

Moreover, reporting and monitoring health behaviours using apps could act as  a behaviour change

strategy  to  inform and  support  the  individual  to  self-regulate  their  health  behaviours,  and  thus

support improvements in clinical outcomes [23,24]. Self-monitoring of behaviour could underpin

individual  behaviour  change  through  moderating  self-regulation  processes,  for  example  by

prompting monitoring the levels and progress of behavioural performance to achieve adherence to

recommended health  behaviours  and thus  bring  about  positive  effects  on health  behaviours  and
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clinical indicators [24-26]. While app-based self-monitoring of health behaviours can have a direct

positive effect on patients’ health and an indirect effect on service provision, with the potential to be

a  cost-effective  solution  for  the  health  care  services,  to  date  there  is  limited  evidence  about  its

clinical effectiveness to support patients treated for hypertension. 

Previous systematic reviews have evaluated the impact of app-based interventions to support change

in  either  behaviour  or  blood  pressure  [18,27-29].  Further  content  analysis  suggested  that  such

interventions consist of reminders about the behaviour, generic education about the health condition,

or features to facilitate social interaction, clinical advice support about medication adjustments or

measurements and self-monitoring of blood pressure. However, none of these previous reviews with

content analysis have disentangled the effective behavioural strategies that support improvements in

condition-related  health  behaviours  and thus  reductions  in  blood pressure  in  patients  treated  for

hypertension. Thus, we do not know which of these interventions are effective in reducing blood

pressure. 

This  review will  examine  whether  app-based  self-monitoring  of  hypertension-related  behaviours

reduces blood pressure and improves health  behaviours in  patients treated for hypertension.  The

review will also identify the intervention components that supplement self-monitoring interventions

and explore whether and to what extent they explain intervention clinical effectiveness. 

METHODS

This systematic literature review involved searches of six electronic databases i.e.,  MEDLINE via

Ovid, Embase via Ovid, Web of Science, PsycINFO, Scopus, Cinahl, and Cochrane Central Register

of Controlled Trials (CENTRAL) during August 2021 to identify eligible studies. The search strategy

was  developed  using  key  words  from previous  reviews  and  relevant  literature  (see  full  search

strategy at supplementary file, Table 1). The review included randomised controlled trials aiming to

support behaviour change in people treated for hypertension. Trials involving adults and published

after 2000 and in the English language were considered for inclusion. The review was pre-registered

with prospero (CRD42019136158). 

Title and abstract, and full text screening was implemented independently by four reviewers (AK,

VM, SS, MW) and disagreement was discussed with another reviewer (SS). Articles had to meet all

the following criteria to be considered for full text screening (a) population was individuals treated

for primary or secondary hypertension, (b) intervention consisted of self-monitoring of hypertension-

related  health  behaviours  delivered  by  a  smartphone  app,  (c)  intervention  aimed  to  support

improvements in blood pressure and health behaviour, (d) comparator was usual care or minimal
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behavioural intervention,  (e) the study included measurements of both blood pressure and health

behaviours, and (f) the study was a randomised controlled trial. 

Outcome data were extracted for measurements of systolic and diastolic blood pressure, and health

behaviours of medication adherence, diet, physical activity, alcohol, and smoking. Outcome data for

blood pressure and health behaviours were extracted for baseline and follow up values when feasible,

otherwise  the  follow  up  values  were  extracted  and  included  in  the  analysis.  Two  reviewers

independently  extracted  outcome data  (MW,  RH) and  disagreement  was  discussed  with  another

reviewer (AK). 

The  Taxonomy  of  Behaviour  Change  Techniques  [30]  was  used  to  code  the  self-monitoring

behavioural  interventions  for  their  additional  intervention  strategies.  We  have  also  coded  the

intervention  component  ‘tailoring’ for  those  interventions  that  delivered  different  messages  to

different  participants,  based  on  information  obtained  about  them  [17],  aimed  to  address  the

hypothesised mechanism of behaviour  change when these were reported (see supplementary file

Table  2).  Two  reviewers  independently  coded study characteristics  and intervention  components

(VM, SS) and disagreement was discussed with another reviewer (AK). Authors of primary studies

were contacted by email for missing or unclear information. 

Risk  of  bias  was  assessed  using  the  Cochrane  Risk  of  Bias  tool  version  2,  evaluating  the  risk

introduced by measuring the primary outcome of blood pressure [31,32]. 

Analysis 

A random effects meta-analysis was conducted to estimate the weighted pooled effect for each of the

blood pressure and behavioural outcomes to account for the true effect that may vary across the

individual  studies  [33].   Effect  sizes  for  continuous  outcomes  were  calculated  using  the  mean

difference (MD) for the blood pressure and standardised mean difference (SMD) for the behavioural

outcome measurements. Effect sizes for dichotomous outcomes were calculated using the odds ratio

for both the blood pressure and the behavioural outcomes [34,35]. 

The I2 statistic was used to estimate heterogeneity and quantify the percentage of variation that is due

to heterogeneity rather than chance [33]. Heterogeneity above 60% was considered substantial and

thus was explored  further. Frequencies were used to summarize the intervention content coded for

each  of  the  intervention  and  comparator  groups.  Intervention  content  coded  more  than  3  times

(frequency above 3) was considered for subgroup analyses. We performed subgroup analyses to test

for quantitative interactions,  that is  whether intervention behavioural strategies could explain the

variation of the size of the effect. 
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Publication bias was examined by visual inspection of the funnel plot and the Egger test.  Meta-

analysis was conducted using RevMan version 5.2 [36]. 

RESULTS

The systematic search of the six databases identified 4,637 articles of which 226 were included for

full text screening. In total fourteen randomised controlled trials with 7,365 participants met all the

eligibility criteria and were included in the review with meta-analysis (Figure 1).  

Included trials were conducted in the USA (n=5), Australia (n=2), Canada (n=1), China (n=1), New

Zealand (n=1), Ghana (n=1), India (n=1), China and India (n=1) and Norway (n=1). Participants

(adults above 18 years old) were recruited from primary and secondary health care settings (Table 1).

Records identified from:
Databases searches

(n =4637)

Records removed before screening:
Duplicate records removed (n =38)
Records  marked  as  ineligible  by
automation tools (n =123 reviews)
Records removed for other reasons (n
= 3 reviews)

Identification

Reports excluded:
Population, no hypertension (n = 398)
Delivery mode, no smartphone-based (n = 2547)
Design, no RCT (n= 1302) 

Records  screened  for  title  and
abstract (n = 4473)

Screening

Reports excluded:
Population, no hypertension (n = 73)
Delivery mode, no smartphone-based (n = 32)
Intervention, no behavioural (n = 30)
Design, no RCT (n= 48) 
Outcome (n=29)

Reports assessed for full text 
(n = 226)
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Figure 1. Prisma flow chart 

Meta-analysis 

Blood  pressure  The  meta-analysis  suggested  that  app-based  behavioural  self-monitoring

interventions have a small but statistically significant effect in reducing systolic blood pressure by

1.57 mmHg (95%CI 0.49 mmHg to 2.66 mmHg, n=7253, see Figure 2a) in the experimental group in

comparison to the control group, with a similar direction of effect for the two studies that reported

changes in the proportion of patients meeting the recommended guidelines for controlled systolic

blood pressure (OR=1.60 95%CI 0.74 to 3.42, n=114, Figure 2b). 

Figure 2a. Meta-analysis of continuous outcome measurements for Systolic Blood Pressure 

Figure 2b. Meta-analysis of dichotomous outcome measurements for Systolic Blood Pressure 

A similar direction of effect, but not statistically significant, was found for the impact of the app-

based  behavioural  self-monitoring  interventions  in  reducing  diastolic  blood  pressure.  The

interventions had a small effect in reducing diastolic blood pressure by 0.39 mmHg (95%CI 1.23

Studies included in review
(n = 14)

Included
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mmHg to 2.01 mmHg, n=1368, Figure 3a) for the continuous outcome analysis. The effect of the

interventions in reducing diastolic blood pressure was higher in the experimental than comparator

condition  for  the  subsample  of  studies  that  reported  the  proportion  of  participants  meeting  the

recommended guidelines for diastolic blood pressure (OR=1.41 95%CI 0.66 to 3.01, n=114, Figure

3b); though changes were not statistically significantly different between the two conditions. 

Figure 3a. Meta-analysis of continuous outcome measurements for Diastolic Blood Pressure 

Figure 3b. Meta-analysis of dichotomous outcome measurements for Diastolic Blood Pressure 

Heterogeneity  between  studies  was  low  for  all  Blood  Pressure  outcome  measurements  (SBP

continuous I2=30%, Tau2=0.84, P=0.15; SBP dichotomous I2=0%, Tau2=0, P=0.58; DBP continuous

I2=53%, Tau2=2.56, P=0.15; DBP dichotomous I2=0%, Tau2=0, P=0.54), suggesting that there is little

variation of effect between studies beyond that due to chance. 

Medication adherence  There was a small but statistically significant effect of the app-based self-

monitoring interventions at improving medication adherence in comparison to control, and this effect

was supported by both the mean change of medication adherence (SMD=0.78, 95%CI 0.22 to 1.34,

n=688, Figure 4a) and by the proportion of participants achieving the recommended threshold for

clinically meaningful adherence (OR=3.83, 95%CI 1.25to 11.76, n=6428, Figure 4b). 
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Figure 4a. Meta-analysis of continuous outcome measurements for Medication Adherence  

Figure 4b. Meta-analysis of dichotomous outcome measurements for Medication Adherence  

Physical  activity  The  review found no effect  of  the  app-based self-monitoring  interventions  in

improving physical activity, for both the continuous (SMD = 0.35, 95%CI - 0.12 to 0.82, n=303,

supplementary  file  Figure  2a)  and  dichotomous  (OR=1.09,  95%CI  0.57  to  2.07,  n=149,

supplementary file Figure 2b) outcomes meta-analyses, although only three studies provided data for

these analyses. 

Diet  The review included one study for salt consumption and suggested a significant effect of the

behavioural  intervention  on  reducing  salt  intake  (SMD  =  0.54  95%  CI  0.04  to  1.03,  n=65,

supplementary  file  Figure  3a);  and  two  studies  for  healthy  diet  suggesting  no  effect  of  the

behavioural  interventions  on  improving  diet  (SMD  =  0.07  95%  CI  0.15  to  0.30,  n=301,

supplementary file Figure 3b). However, these results should be interpreted with caution due to a

small number of studies and participants that contributed to the meta-analyses. 

Smoking and alcohol One study measured smoking and suggested significant improvements in the

intervention group compared to control (OR=1.53 95% CI 0.76 to 3.09, n=3698, supplementary file

Figure 4). No study on alcohol consumption was found. 

Subgroup analyses 

The  most  frequent  BCTs  coded  in  app-based  self-monitoring  interventions  were  feedback  on

behaviour (n=12), feedback on blood pressure (n=6), goal setting behaviour (n=4), and information

about health consequences and generic information about hypertension (n=3). Most of the app-based

interventions prompted participants to obtain advice (n=8) by a health care provider following the

behavioural  measurements,  and  many  (n=5)  provided  tailored  advice  to  address  the  underlying

mechanisms of behaviour change (see supplementary file Table 2). 

Subgroup analysis found that tailored interventions resulted in higher and significant reductions in

both systolic and diastolic blood pressure in comparison to non-tailored interventions (SBP = - 2.87
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mmHg 95% CI -3.90 to -1.85 vs. SBP = - 0.72 mmHg 95% CI -1.67 to 0.23, Chi2=9.15, P=0.002;

DBP =  -2.05  mmHg 95% CI  -3.10  to  -1.01  vs.  DBP =  -1.32  mmHg 95% CI  -2.26  to  -0.39,

Chi2=9.19, P=0.002), and the difference between the two conditions was statistically significant (see

supplementary file Figure 6 and Figure 7). 

Risk of bias 

The risk  of  bias  analyses  suggested  that  studies  were  of  low risk of  bias  for  random sequence

generation, allocation concealment and attrition bias. However, due to the nature of the interventions,

most studies were assessed as high risk of bias for detection bias and all studies for performance bias

(Figure 5).

Inspection of funnel plots and Egger tests suggested low risk of publication bias (supplementary file

Figure 5).  

Figure 5. Risk of bias assessment for individual randomised controlled trials
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Smartphone app-based interventions for hypertension

Table 1. Study Characteristics 
Study,

Country,
Design

Recruitment Experimental Control Outcomes and measurement

Chandler
et  al.,
201939 

USA 

RCT 

Patients
contacted via
phone  and
booked in for
initial  BP
screening
assessment 

Smartphone
Medication
Adherence
Stops
Hypertension
(SMASH),
Bluetooth-
enabled  BP
monitor  and  an
electronic
medication tray

Enhanced
standard
care
received
text
messages
including
links  to
PDFs  and
brief  video
clips
containing
healthy
lifestyle
tips  for
attention
control

Follow up at 1,6 and 9 months
Blood pressure: proportion of participants meeting
the  recommended  thresholds  for  controlled  SBP
and DBP, change from baseline to 6 months. SBP
[ I 19/26 C 16/28] and DPB [ I 11/26 C 8/28] and
mean  change  from  baseline  to  follow  up  (not
estimable);  measurement  obtained  by  ambulatory
BP readings 
Medication  adherence:  self-reported  mean
difference at  6  months  [  I  9.81 (1.31) 26 C 6.84
(1.52)  28];  measurements  obtained  by  Morisky
scale

Choi  et
al., 201940

USA 

RCT

Recruited
from  the
cardiology
clinic  of  an
academic
medical
centre 

Smartphone app
for duration of 6
months 

Counsellin
g at 1 and 3
months 

Follow up at 1, 3 and 6 months 
Blood pressure:  mean  change  from baseline  to  6
months SBP [ I -0.1 (16.58) 51 C -0.6 (16.58) 49]
and  DBP  [  I  -0.4  (9.95)  51  C  -1  (9.95)  49];
measured at clinic by RD 
Diet:  mean  change  of  Mediterranean  diet  from
baseline to follow up [ I 0.5 (0.35) 51 C 0.53 (0.35)
49]  a and  proportion  of  participants  meeting
guidelines  for  high  compliance  with  the
Mediterranean diet, change from baseline to follow
up  (not  estimable);  measured  obtained  by  self-
reported 14-items of adherences to Mediterranean
diet

Del
Rosario et
al., 201841

Australia 

RCT

Patients
referred  to
hospital  for
cardiac-
related
diagnosis
were
recruited 

The Smartphone
Technology  and
Heart
Rehabilitation
(STAHR) app

No
additional
advice 

Follow up at 6 weeks 
Blood pressure:  mean  change  from baseline  to  6
weeks SBP [ I -2.97 (19.10) 33 C 3.84 (17.2) 33]
and  DBP [  I  -0.4  (9.95)  51  C  -1.88  (10.1)  33];
measurement obtained at clinic
Physical  activity:  six-minute  walking  distance  (a
clinically  established  metric  to  evaluate  sub-
maximal exercise capacity in CRPs) correlated with
the  average  walking  time/day captured  at  mobile
phone (not estimable)

Eyles  et
al., 201742

New
Zealand 

RCT

Adverts  at
supermarkets
,  hospital,
healthcare
organization
newsletters,
and  social
media;
newspapers;
posters  at

SaltSwitch
smartphone  app
for 4 weeks  

Access  to
cardiac
rehabilitati
on  services
as per usual
care  for
people with
CVD  in
New
Zealand

Follow up at 4 weeks 
Blood pressure:  change from baseline to 4 weeks
SBP [  I  -3  (15)  32  C -1  (15)  32]  and DBP (not
estimable)  ;  blood  pressure  measurement  at  the
university  
Diet,  salt  consumption:  mean  change  of  salt
consumption from baseline to 4 weeks [ I 0.7 g/MJ
(0.52) 33 C 1.0 g/MJ (0.58) 33]  a ;  measurement
obtained by household food purchases salt content
of household food purchases (g/MJ)
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clinics.

Urinary sodium: mean between group difference at
sodium at 4 weeks follow up [ I 3534 (536) 32 C
3545 (536) 32] measurement obtained by a random
(spot) urine sample. Spot  urine concentration was
converted  into  an  estimate  of  24-hour  sodium
excretion using the INTERSALT formula 

Gong  et
al., 202043

China

RCT

Patients
diagnosed
with  primary
hypertension
were
enrolled
from  38
hospitals 

Yan Fu app Usual care 

Follow up every month, 6 months 
Blood pressure:  mean  change  from baseline  to  6
months [ SBP I -8.99 (6.41) 225 C -5.92 (6.94) 218]
and DBP [ SBP I – 7.04 (6.13) 225 C -4.24 (8.13)
218]  a and  mean  change  in  percentage  of
participants  with  controlled  BP;  baseline
measurement  obtained  at  clinic  follow  up  using
ambulatory blood pressure monitors (for control) or
app (for intervention)
Medication Adherence: mean change from baseline
to  6  months  [I  48/225  C  10/218]  proportion  of
medium and high adherence; measurement obtained
by 8 item Morisky self-report 

Lunde  et
al., 202044

RCT

Norway 

Patients were
recruited
from  two
cardiac
rehabilitation
centres 

Smartphone app Usual care 

Follow up at 12 months 
Blood pressure: mean change from baseline to 12
months [ SBP I 9 (17) 48 C 9 (20) 54] and DBP [ o
5 (11) 48 C 3 (10) 54]; measurement obtained at
clinic 
Exercise habits: mean change from baseline to 12
months  [  I  1.4 (1.5)  48 C 0.6 (1.1)  54]  Exercise
habits were defined as mean exercise sessions each
week for the last year. In this context, an exercise
session was defined as structured activity lasting at
least  30  min,  where  you  got  both  sweaty  and
breathless, and felt like taking a shower afterwards

Morawski
et  al.,
201845 

USA 

RCT

Online
patient
communities,
social media,
pertinent
mobile  apps,
and  targeted
adverts.

Medisafe app Usual care 

Follow up at 4, 8 and 12 weeks 
Blood pressure: mean change from baseline to 12
months SBP [ I -10.6 (16.0) 209 C -10.1 (15.4) 202]
and  DBP  (not  estimable);  measurement  was
obtained participants in both treatment groups are
contacted and asked to check their blood pressure
using  the  Bluetooth-enabled  blood  pressure  cuff
that  they  were  provided  at  enrolment.  Blood
pressure  is  assessed  as  the  average  of  2
measurements, taken at least 5 minutes apart
Medication adherence: mean change from baseline
to 12 weeks follow up [ I 0.4 (1.5) 209 C -0.01 (1.5)
202];  measurement  obtained  by  self-reported
Morisky 8 items 

Persell  et
al., 202046

USA 

RCT 

Patients were
recruited
from
outpatient
primary  care
clinics 

Mobile  phone-
based  tracking
application

Remote  BP
measureme
nts 

Follow up at 6 months 
Blood pressure:  mean  change  from baseline  to  6
months SBP [ I -8.3 (13.8) 144 C 6.8 (13.7) 154]
and  DBP  −4.3  (8.4)  144  −3.6  (9.5)  152]  ;  BP
measurement at clinic by research staff
Medication adherence: mean change from baseline
in proportion of participants fully adherent [ I 2/108
C 0/93] ; measurement obtained by self-reported 4-
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day recall 
Diet: mean change [ I 1.1 (12) 108 C 1.9 (12.08)
93]  days  per  week  eating  several  other  food
categories (processed meat, fried food, sugar, baked
goods  or  ice  cream);  measurement  obtained  by
Dietary  Approaches  to  Stop  Hypertension  diet
compliance Questionnaire
Physical activity: mean change [ I 5.1 (162) 108 C -
16  (163)  93]  self-reported  at-least-moderate
physical activity (days per week times minutes per
day)  

Petrella et
al., 201447

Canada  

RCT

Patients were
recruited  via
adverts
printed  or
radio,  word
of  mouth,
community
presentations
and
physician
referral.

Tailored
exercise
program  and
health
monitoring app

Tailored
exercise
program
(similar  to
interventio
n group)

Follow up at 12 weeks 
Blood pressure: change from baseline to 12 weeks
SBP [ I -3 (19.15) 67 C - 8.7 (19.15) 60] and DBP
[ I -2.5 (10.2) 67 C – 4.9 (10.2) 60] ; measurement
obtained at clinic 
Physical  activity:  between  group  difference  in
means at 12 week follow up [ I 188.2 (189.5) 67 C
170.3 (161.2) 60] (baseline values not estimable to
calculate mean change) ; Exercise compliance was
calculated as the percentage of weeks in which at
least  150  minutes  of  exercise  was  recorded.
Participants  logged compliance  to  exercise  at  the
app  (experimental)  or  paper  (control).  Four
measurements in total,  one corresponding to each
time point,  were included as  part  of  the outcome
variable

Prabhakar
an  et  al.,
201948

India  

Cluster
RCT

Patients were
recruited  by
nurses  at  20
community
health
centres 

mWellcare
system 

Enhanced
usual care 

Follow up at 12 months 
Blood pressure: mean change from baseline to 12
months SBP [  I -13.7 (15.5) 1842 C -12.7 (15.5)
1856] and DBP [ I -6.5 (10.5) 1842 C -9.5 (10.5)
1856] ; measurement obtained at clinic 
Tobacco use: change in tobacco use from baseline
to  12 months  [  I  -6% reduction in  tobacco users
19.5/1842  C  -7%  reduction  in  tobacco  users
12.8/1856]  number  of  participants  using  tobacco;
measurement obtained by self-report 
Alcohol use: mean change from baseline to follow
up [ I -3.8% reduction in alcohol users 8.7/1842 C -
2.4%  reduction  in  alcohol  users  0.3/1856];
measurement  obtained  using  the  Alcohol  Use
Disorder Identification Test
Medication adherence: between group difference in
days  of  adherence  during  the  past  week  at  12
months  follow  up  [  I  648  /  1856  C  833/1842];
measurement obtained by self-report

Santo  et
al., 201849

Australia 

RCT

 Patients
with
coronary
health
diseases
from  a
tertiary
hospital

 Enhanced app Usual care 

Follow up at 3 months 
Blood pressure:  mean  change  from baseline  to  3
months SBP [ I -0.9 (18.26) 107 C 1.6 (18.26) 56]
and DBP [ I -0.1 (11.42) 107 C 2.2 (10.51) 56] ;
measurement obtained at clinic 
Medication adherence: mean change from baseline
to 3 months [ I 0.31 (1.4) 107 C -0.17 (1.26) 56];
measurement obtained by self-reported Morisky 8
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items 

Sarfo  et
al., 201950

Ghana 

RCT

Outpatient
Neurology
clinic  at
Teaching
Hospital 

smartphone with
an  App  for  3
months 

Usual care 

Follow up at 9 months 
Blood  pressure:  between  group  difference  at  9
months follow up SBP [ I 14/30 C 12/30] and DBP
[ I 14/30 C 12/30]; measurement obtained at clinic  
Medication adherence: mean change from baseline
to 9 months follow up [ I 2.7 (1.5) 30 C 1.5 (1.7)
30]  a ; measured by self-reported 8 items Morisky.
Medication possession ratio [ I 22/30 C 22/30] at
9months follow up, measurement obtained by refill
prescription data at 3,5 and 9 months

Tian  et
al., 201551

China and
India  

Cluster
RCT

Conducted in
47  villages
(27  in  China
and  20  in
India).  2,086
patients 

Android-
powered “app” 

Standard
care 

Follow up at 12 months 
Blood Pressure: mean change from baseline to 12
months follow up SBP [ I -11.8 (29.6) 1095) C -9.1
(27.8) 991] and DBP (not estimable); measurement
obtained at clinic  
Medication  adherence.  Mean  change  of  adherent
participant  [  I  351/1095 C 65/991];  measured  by
self-reports 

Widmer
et  al.,
201752

USA 

RCT

Patients were
recruited,
consented,
and  enrolled
in  a
prospective
fashion  after
PCI
according  to
an  approved
Mayo  Clinic
IRB protocol

Digital  health
intervention

Usual care 

Follow up at 3 months 
Blood pressure:  mean  change  from baseline  to  3
months SBP [ I (10.6) 37 C -2.1 (16.5) 34] and DBP
[ I -4.0 (11.9) 37 C -4.4 (13.1) 34] ; measurements
obtained at clinic 
Diet:  scores were calculated by the summation of
daily  servings  of  fruits,  vegetables,  whole  grains,
and lean proteins with points taken away for daily
servings of saturated fats and sweets [ I 1.4 (3.2) 34
C 4.1  (4.1)  34]  ;  measurement  obtained  by  self-
reports 
Physical activity: mean change of minutes exercises
per  week  [  I  139  (87.7)  34  C  179  (109.1)  34];
measured using self-reported questionnaires 
Medication  adherence:  (not  estimable)
measurement obtained by self- reports  
Smoking: (not estimable) measurement obtained by
self- reports  

a data included in meta-analysis  
I= intervention group, C=control group. Values are reported as means (SD) or number/total
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DISCUSSION 

Main findings 

This  systematic  literature  review  with  meta-analysis  included  fourteen  trials  with  7,365

patients and suggested that app-based self-monitoring of hypertension-related behaviours had

small but significant effect in reducing systolic blood pressure in patients prescribed lifestyle

treatment  for  hypertension.  Subgroup  analyses  suggested  that  tailored  interventions  had

significant effect at reducing both systolic  (2.87 mmHg)  and diastolic  (2.05 mmHg)  blood

pressure, whereas non-tailored interventions had small and no significant effect. The effect of

tailored self-monitoring intervention although modest is clinically meaningful and potentially

impactful in reducing morbidity and premature mortality in patients treated for hypertension

[37,38]. 

This study found that app-based behavioural self-monitoring interventions increased the odds

of achieving medication adherence by a factor of 3 to 4 in the experimental group compared

with  control.  The  significant  effect  of  the  app-based  interventions  in  supporting

improvements in both blood pressure and medication adherence provides us with confidence

that such interventions could be an effective solution to support health behaviour change and

thus reduce blood pressure in patients attending blood pressure checks or similar clinical

consultations. 

The behavioural interventions had positive but not significant effects in supporting reductions

in  salt  consumption  and  improvements  in  healthy  diet,  physical  activity,  and  smoking

cessation.  Although promising,  a  small  number of  studies  has  contributed  to  these  meta-

analyses and thus the results should be treated with caution. 

Strengths and limitations 

This  review  has  several  strength  and  limitations.  It  did  not  include  grey  literature  or

unpublished  studies  and  was  limited  at  searching  six  publicly  accessible  databases  only.

Nevertheless,  this  review  summarizes  the  currently  available  evidence  to  provide  the

evidence  to  support  that  app-based  tailored  self-monitoring  behavioural  interventions  are

effective to reduce systolic blood pressure by on average of 2.87mmHg and diastolic blood

pressure by an average of 2.05 mmHg above usual care treatment. 

A  limitation  of  the  included  studies  is  the  use  of  self-reported  measurements  of  the

behavioural outcomes. This might have diminished the validity of the observed intervention

effects on health behaviours; thus, future trials should employ valid measures of behavioural

outcomes to provide definitive recommendations for practice. 
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This review has evaluated randomised controlled trials comparing behavioural interventions

with usual care or minimal behavioural interventions. We have performed an extensive search

strategy and identified all available evidence. We have adopted a rigorous approach to data

extraction and intervention coding to  generate  the  results  and form recommendations  for

practice and future intervention development. 

Implications for practice and intervention development 

The  app-based  self-monitoring  behavioural  interventions  reviewed  by  this  study  had  a

duration from one to twelve months, thus evaluation of sustained effects of the intervention

on reductions of blood pressure and impact on overall morbidity and mortality could not be

evaluated. Moreover, there was limited evidence about whether and how experimental group

participants were engaged with the self-monitoring of health behaviours for a sufficient time

and  dose  to  confidently  attribute  the  observed  effects  to  the  app-based  behavioural

interventions. Future research could usefully investigate whether and how individual patterns

of app usage might impact on the observed effects. Nevertheless, this review suggested that

apps  including  functions  to  measure  condition-related  health  behaviours  are  effective  in

reducing blood pressure in patients treated for hypertension. 

All  app-based  self-monitoring  interventions  were  implemented  as  an  adjunct  to  blood

pressure checks and most  apps  included functions  for  participants  to  obtain  and monitor

blood  pressure  measurements,  suggesting  that  such  interventions  could  be  an  effective

addition to blood pressure check and blood pressure telemonitoring interventions. 

The  most  common  behaviour  change  strategies  combined  with  the  behavioural  self-

monitoring  interventions  were  feedback  on  health  behaviours  and  feedback  on  blood

pressure,  as  well  as  prompts  to  obtain  advice  by  a  health  care  provider  following

measurements  that  required  further  support  and  monitoring.  Although,  none  of  these

additional  behavioural  strategies  individually  explained  clinical  effectiveness,  they  could

have synergistic effect at supporting engagement with self-monitoring processes and thus at

generating the observed improvements in health behaviours and reductions in blood pressure.

Future studies should use valid measurements of engagement with the intervention strategies,

the  underpinning  of  health  behaviours  and  the  health  behaviours  itself  to  provide  more

evidence about how self-monitoring of app-based behavioural interventions supports health

behaviour change and reductions in blood pressure. 

Conclusion 

This  systematic  literature  review suggested  that  tailored  self-monitoring  of  hypertension-

related behaviours delivered via smartphone apps are effective in reducing blood pressure by
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an  average  2mmHg above  and  beyond  usual  care  or  minimal  behavioural  interventions.

Considering the wide use of smartphone apps and their potential to reach large numbers of

people,  app-based  self-monitoring  behavioural  interventions  could  be  a  cost-effective

addition  to  usual  care  blood  pressure  checks  in  patient  treated  for  hypertension.  Future

research  should  use  rigorous  methods  to  investigate  their  direct  impact  on  both  health

behaviour  change and blood pressure,  their  indirect  effects  on service provision,  and the

overall morbidity and premature mortality associated with hypertension. 
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