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                        ORIGINAL ARTICLE    

 Does self-monitoring reduce blood pressure? Meta-analysis with 
meta-regression of randomized controlled trials      

    EMMA P.     BRAY  1  ,       ROGER     HOLDER  1  ,       JONATHAN     MANT  2    &        RICHARD J.     MCMANUS  1    

  1  Primary Care Clinical Sciences, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK, and   2  General 
Practice  &  Primary Care Research Unit, Forvie Site, University of Cambridge, Robinson Way, Cambridge CB2 0SR, UK                              

 Abstract 
  Introduction.  Self-monitoring of blood pressure (BP) is an increasingly common part of hypertension management. The 
objectives of this systematic review were to evaluate the systolic and diastolic BP reduction, and achievement of target BP, 
associated with self-monitoring. 
  Methods.  MEDLINE, Embase, Cochrane database of systematic reviews, database of abstracts of clinical effectiveness, the 
health technology assessment database, the NHS economic evaluation database, and the TRIP database were searched for 
studies where the intervention included self-monitoring of BP and the outcome was change in offi ce/ambulatory BP or 
proportion with controlled BP. Two reviewers independently extracted data. Meta-analysis using a random effects model 
was combined with meta-regression to investigate heterogeneity in effect sizes. 
  Results.  A total of 25 eligible randomized controlled trials (RCTs) (27 comparisons) were identifi ed. Offi ce systolic BP 
(20 RCTs, 21 comparisons, 5,898 patients) and diastolic BP (23 RCTs, 25 comparisons, 6,038 patients) were signifi cantly 
reduced in those who self-monitored compared to usual care (weighted mean difference (WMD) systolic –3.82 mmHg 
(95% confi dence interval –5.61 to –2.03), diastolic –1.45 mmHg (–1.95 to –0.94)). Self-monitoring increased the chance 
of meeting offi ce BP targets (12 RCTs, 13 comparisons, 2,260 patients, relative risk � 1.09 (1.02 to 1.16)). There was 
signifi cant heterogeneity between studies for all three comparisons, which could be partially accounted for by the use of 
additional co-interventions. 
  Conclusion.  Self-monitoring reduces blood pressure by a small but signifi cant amount. Meta-regression could only account 
for part of the observed heterogeneity.   

Key words:  Blood pressure monitoring  ,   hypertension  ,   meta-analysis  ,  self-monitoring     

 Introduction 

 Hypertension is a key risk factor for cardiovascular 
disease, the leading cause of death worldwide (1). 
Therapeutic reduction of blood pressure leads to 
signifi cant reduction in both stroke and coronary 
heart disease risk and is cost-effective, especially for 
individuals at higher risk of cardiovascular events 
(2,3). However, international community-based sur-
veys indicate that only a minority of people treated 
for hypertension are controlled to recommended 
treatment levels (4). 

 Self-monitoring of hypertension has been 
proposed as a method for reducing blood pressure 

over and above standard care by increasing 
the involvement of individuals in their own treat-
ment and therefore aiming to increase adherence, 
reduce clinical inertia, and provide patients and 
professionals with common information about 
the effi cacy of treatment (5,6). Self-measurement 
is a better predictor of end-organ damage than 
offi ce measurement (7) and is well tolerated by 
patients (8,9). 

 Previous systematic reviews have found self-
monitoring of blood pressure to be associated with 
lower offi ce systolic blood pressure (around 4 
mmHg) as compared to conventional care but also 

  Correspondence: Professor Richard J. McManus, Professor of Primary Care Cardiovascular Research, Primary Care Clinical Sciences, University of 
Birmingham, Edgbaston, Birmingham, B15 2TT UK. E-mail: r.j.mcmanus@bham.ac.uk  

 (Received   7   August   2009  ; accepted   14   April   2010  ) 

Annals of Medicine, 2010; 42: 371–386

ISSN 0785-3890 print/ISSN 1365-2060 online © 2010 Informa UK Ltd.
DOI: 10.3109/07853890.2010.489567



372   E. P. Bray et al.   

found large variation in effect size with signifi cant 
heterogeneity between studies (5,10). No reviews 
have reported the effect of self-monitoring using 
ambulatory blood pressure as the outcome. The het-
erogeneity previously reported may refl ect the sub-
stantial variation in a number of key variables such 
as the study setting, the methodologies employed 
(e.g. length of follow-up, measurement of blood 
pressure (BP) (how, when, and by whom), co-inter-
ventions, the BP defi nitions utilized), and the clas-
sifi cation criteria for home, self, and usual care. 
Since these previous meta-analyses were performed, 
a number of new trials have been published. The 
aim of this study was therefore to provide an updated 
systematic review of the evidence for self-monitor-
ing in hypertension and to explore any heterogeneity 
found using meta-regression. The objectives were to 
determine the effect of self-monitoring of blood 
pressure in adults on blood pressure and blood pres-
sure control, compared to usual care (no self-mon-
itoring of BP). The outcomes used were offi ce and 
ambulatory systolic and diastolic blood pressure, 
and number of patients meeting offi ce target blood 
pressure. (The protocol for this review can be found 
in Appendix 1 online.)   

 Methods  

 Searching 

 Electronic databases (MEDLINE, Embase, 
Cochrane database of systematic reviews, database 
of abstracts of clinical effectiveness, the health tech-
nology assessment database, the NHS economic eval-
uation database, and the TRIP database) were 
searched in February 2009 for articles published 
up to and including January 2009, using a search 
strategy (Appendix 2 online) based on those used 

in previous meta-analyses which was designed to 
capture all randomized controlled trials (RCTs) 
concerning self-monitoring and self-management 
of hypertension (5,10). Additionally, reference lists 
from included studies and previous meta-analyses 
were searched. Reference titles and abstracts of 
publications resulting from the search were scruti-
nized independently by two reviewers and poten-
tially eligible studies reviewed in detail to assess 
eligibility.   

 Selection 

 RCTs were eligible if the intervention tested 
included self-measurement of BP without medical 
professional input, if usual care did not include 
patient self-monitoring, and if a blood pressure out-
come measure was available that had been taken 
independently of the self-measurement (either sys-
tolic or diastolic offi ce pressure or ambulatory 
monitoring (mean day-time ambulatory pressure)). 
Non-randomized designs were excluded. No addi-
tional quality criteria in terms of methodology or 
study size were applied (11).   

 Data extraction 

 Data were extracted independently using a coding 
form (included as Appendix 3 online) by two review-
ers (RM and EB) concerning patient characteristics 
(gender, age), study characteristics (length of follow-
up), type of self-monitoring (home, community), 
co-interventions (any procedure over and above self-
monitoring that was included in the intervention 
including patient education, nurse-led support, 
telemonitoring), and outcomes (see below). Where 
data were missing from published reports, for 
instance standard deviations of change, authors were 
contacted to request such information. Where stud-
ies reported more than one outcome time (e.g. 6 and 
12 months), data concerning the longest follow-up 
were extracted. In cases of disagreement that could 
not be resolved by consensus, a third reviewer (JM) 
adjudicated.   

Key messages  

 Self-monitoring of blood pressure results in   •
small reductions in offi ce blood pressure, 
but there is signifi cant heterogeneity of 
results between studies. 
 Meta-regression to investigate this heteroge-  •
neity found that additional co-interventions 
such as telemonitoring or education 
explained part but not all of the heterogene-
ity in studies with achievement of blood 
pressure target as their outcome. 
Other factors not studied may play an   •
important role in the remaining heterogene-
ity and may be best studied by an individual 
patient meta-analysis.

Abbreviations    

 ABPM  ambulatory blood pressure 
measurement 

 BP  blood pressure 
 DBP  diastolic blood pressure 
 mmHg millimetres of mercury 
 RCT(s) randomized controlled trial(s) 
 RR  relative risk 
 SBP  systolic blood pressure 
WMD weighted mean difference
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 Outcomes 

 The outcomes assessed were change in mean offi ce 
systolic blood pressure (SBP) and diastolic blood 
pressure (DBP), change in mean day-time ambula-
tory SBP and DBP between base-line and follow-up 
for both intervention and control arms, and change 
in proportion of people with offi ce-measured BP 
controlled below target between intervention and 
control arms. Data were also collected on whether 
adjustments were made for self-monitored readings 
compared to offi ce readings.   

 Quantitative data synthesis 

 Analyses were performed with STATA 10.1 (Stata-
corp, Texas) using a random effects model (metan 
command). Weighted mean differences (WMD) 
were calculated for the overall mean change in sys-
tolic and diastolic blood pressure (both offi ce and 
ambulatory blood pressure measurement) between 
intervention and control, with relative risk (RR) used 
when percentage of patients with BP above target at 
fi nal follow-up was reported. The weighting depended 
on the standard deviation of the change in BP from 
base-line to fi nal reading, and this value was not 
always reported, but standard deviations at base-line 
and fi nal measurements were given. Elementary 
theory of differences of correlated variables was used 
to estimate the standard deviation of change on 
those occasions. The correlation between base-line 
and fi nal result was estimated from studies where all 
three standard deviations were reported and then 
used in conjunction with the latter two standard 
deviations to estimate the standard deviation of 
change when not available. Where either of the latter 
two standard deviations was missing then an average 
value from the other studies was imputed. (The data 
used and an explanation of the standard deviation 
estimation can be found in Appendix 4 online.) 

 Clinical heterogeneity was assessed using a 
chi-square test for systematic variation and  I  2 . 
Heterogeneity was further explored using meta-
regression with backward elimination to analyse the 
associations between treatment effect and the study 
characteristics (metareg command). Where a signifi -
cant moderator of the heterogeneity was found, 
studies were grouped using this moderator, and if 
heterogeneity of effect size persisted with respect to 
blood pressure change, further meta-regression was 
performed within groups. A priori, on the basis of 
results from previous studies suggesting an effect on 
outcome, we included terms for age (continuous) 
and sex of participants (12,13), length of follow-up 
(continuous) (6), use of additional co-interventions 
(where these were part of the intervention in addition 

to self-monitoring) (10), adjustment made for self-
monitored BP readings, and inclusion criteria for dia-
stolic blood pressure (DBP of  �  90 versus  �  95 
mmHg) in the regression models (5). Meta-regression 
was not used for the ambulatory BP outcome, due to 
the small number of studies involved. A series of 
sensitivity analyses was performed to assess the 
impact of each study on the overall outcome with 
recalculation of both the weighted mean differences 
and meta-regression as each study was removed one 
at a time from the analysis. A specifi c sensitivity 
analysis considered whether studies with multiple 
arms infl uenced the degree of heterogeneity as 
measured by  I  2 . 

 Publication bias was assessed by producing 
funnel plots of effect size and of sample size against 
WMD to provide a visual review of any potential 
bias.    

 Results 

 The search results are presented in Figure 1. Of 630 
studies included in the original search results, 25 
studies including 27 comparisons were eligible for 
the meta-analysis (Table I). Two studies included 
three arms and so were included twice (14,15). Of 
these, 20 RCTs (21 comparisons, 5,898 patients) 
contained extractable data on change in offi ce sys-
tolic blood pressure, 23 RCTs (25 comparisons, 
6,038 patients) data for change in offi ce diastolic 
blood pressure, 12 RCTs (13 comparisons, 2,260 
patients) data for achievement of offi ce blood 
pressure target, and 3 studies for change in mean 

630 unique 
studies resulted 
from searches 

98 Abstracts 
considered 

39 Papers 
considered in 
detail 

25 Studies 
included in the 
review 

532 studies not 
relevant on basis 
of titles 

59 studies not 
relevant on basis 
of abstracts

5 wrong question (inc wrong outcome) 
4 no data 
3 not RCT 
2 control group self monitored 

  Figure 1. Flow chart of search results.  
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day-time ambulatory BP (SBP and DBP) (3 com-
parisons, 572 patients). 

 Nine studies included follow-up of 1 year or 
more, and the mean age of participants ranged from 
47 to 77 years, with 18 studies having a mean age 
of less than 60 (Table I). Six studies included 200 
or more patients per randomized group. Thirteen 
studies included no additional intervention other 
than self-monitoring. Additional co-interventions 
over and above self-monitoring included patient 
education (seven studies), phone contact or home 
visits (seven studies), family involvement (one study), 
and telemetry (six studies). Seven studies included 
more than one additional co-intervention. The 
treating physician was aware of self blood pressure 
readings in 16 studies.  

 Offi ce systolic blood pressure 

 Systolic blood pressure was signifi cantly reduced in 
those who received self-monitoring compared to 
usual care (weighted mean difference � –3.82 mmHg 
(95% CI –5.61 to –2.03); Figure 2). However, there 
was a high level of heterogeneity between the studies 
( I  2  � 71.9%,  P   �  0.001). Subsequent meta-regression 
demonstrated that of the six variables investigated as 
moderators for this heterogeneity, none approached 
signifi cance (Table II). 

 Sensitivity analyses, which examined the infl u-
ence of each individual study on the overall effect size 
estimate by removing each study in turn from the 
analysis, revealed a range of weighted mean differ-
ences of between –3.14 and –4.11 mmHg, with no 
single study affecting the overall heterogeneity. In 
particular the Green study, which was included 
twice, did not have any distorting effect.   

 Offi ce diastolic blood pressure 

 Diastolic blood pressure was signifi cantly reduced 
in those who received self-monitoring compared to 
usual care (weighted mean difference � –1.45 mmHg 
(95% CI –1.95 to –0.94); Figure 3). Again, there 
was signifi cant (albeit this time moderate) heteroge-
neity between the studies ( I  2  � 42.1%,  P   �  0.01). 
Meta-regression demonstrated that none of the six 
variables investigated as moderators approached 
signifi cance (Table II). 

 The range of weighted mean differences seen in 
the sensitivity analysis removing each study in turn 
from the analysis was between –1.23 and –1.62 
mmHg. On fi ve occasions, removing a single included 
study had an effect on the resultant meta-analyses 
and meta-regressions of the remaining studies: with 
Haynes (16) removed gender approached signifi cance 
as a moderator ( P  � 0.075); and with Binstock (17), P
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Green (i) (14), Parati (18), and Marquez-Contreras 
(19) removed, co-interventions approached sig-
nifi cance as a moderator ( P  � 0.056,  P  � 0.069, 
 P  � 0.05,  P  � 0.091, respectively). A sensitivity anal-
ysis of the two trials included twice examining 
their effect on  z  scores and  I  2  was consistent 
with the magnitude of the individual effect sizes and 
suggested no distortion caused by including both 
arms of these trials.   

 Offi ce target blood pressure 

 Self-monitoring of blood pressure (12 RCTs, 13 
comparisons) increased the chance of meeting 
target compared to usual care (relative risk � 1.09 
(95% CI 1.02 to 1.16); Figure 4). There was 
signifi cant heterogeneity between the studies ( I  2  �  
73.6%,  P   �  0.01) which was moderated by the pres-
ence of a co-intervention ( t  � 2.39,  P   �  0.05) in the 
meta-regression (Table II). Where self-monitoring 
was accompanied by an additional co-intervention, 

participants were more likely to meet target BP 
compared to where there was none (RR � 1.34 (95% 
CI 1.2 to 1.51) versus RR � 0.98 (95% CI 0.91 
to 1.05)). However, none of the other included 
moderators could explain the heterogeneity which 
remained in both groups. 

 Sensitivity analyses showed that removing each 
study individually made little difference to the 
overall relative risk (range 0.97 to 1.03). None of 
these analyses affected the remaining heterogeneity 
in the relative risk. 

 Fewer than half of the studies reported achieve-
ment of target blood pressure as an outcome. To 
determine if there was bias related to choice of out-
come, the SBP and DBP offi ce analyses were re-run 
including only those studies that also reported tar-
get BP. These analyses had little impact on the over-
all effect size (SBP WMD �  –3.2 mmHg (95% CI 
–5.65 to –0.75), DBP WMD  �  –1.45 mmHg (95% 
CI –2.57 to –0.47)) suggesting little if any bias in 
terms of chosen outcome for the target analysis.   

NOTE: Weights are from random effects analysis
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 Figure 2.     Overall offi ce systolic BP results.  
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 Discussion 

 This review has found that self-monitoring has a 
small but signifi cant effect on blood pressure 
control: As with previous meta-analyses, signifi cant 
heterogeneity was apparent between all studies with 
offi ce blood pressure as the outcome (5,10). Meta-
regression to investigate this heterogeneity was not 
explanatory for the comparisons with offi ce blood 
pressure as an outcome, but sensitivity analyses 
considering offi ce diastolic pressure showed that fi ve 
studies individually infl uenced this heterogeneity. 
In four cases absence of these studies resulted in 
co-interventions becoming a signifi cant moderator 
of this heterogeneity. In the case of the target blood 
pressure analysis, meta-regression showed that studies 
including additional co-interventions were more likely 
to result in blood pressure control and that this 
explained some but not all of the heterogeneity. 
Where ambulatory blood pressure was the end-point, 
a smaller and non-signifi cant reduction in day-time 
ambulatory blood pressure was observed. This may 
refl ect a lack of power with only three studies 
included. 

 This meta-analysis, unlike previous work, pro-
vides some explanation of the heterogeneity observed 

 Day-time ambulatory blood pressure 

 Mean day-time ambulatory blood pressure was 
reduced but not signifi cantly in those who received 
self-monitoring compared to usual care (three studies, 
weighted mean difference SBP -2.04 mmHg (95% 
CI –4.35 to 0.27),  I  2   �  0.05%,  P  � 0.89 (Figure 5A); 
and DBP –0.79 mmHg (95% CI –2.35 to 0.77), 
 I  2   �  0.05%,  P  � 0.96 (Figure 5B)). The  I  2  sug-
gested homogeneity but has limited power with only 
three studies. Sensitivity analyses removing each 
study in turn showed that the Parati study (which 
included telemonitoring) (18), had the greatest 
effect, altering the WMD by about 0.5 mmHg in 
both the SBP and DBP analyses. However, none of 
these analyses altered the non-signifi cant nature 
of the results. An analysis for target ambulatory BP 
was not undertaken as these data were only reported 
in the Parati study.   

 Publication bias 

 Funnel plots (see Appendix 5 online) imply several 
unpublished negative studies may exist but that these 
are likely to have small ( � 100) sample sizes and thus 
little effect on the overall results.    

  Table II. Results from the main meta-regression analyses.  

Overall backward elimination model Single moderator 
model

 P Moderator Coeff.  P 95% CI

Systolic offi ce meta-regression
 Follow-up –0.17 0.57 –0.77 to 0.44 0.42
 Age 0.39 0.31 –0.40 to 1.18 0.80
 Male 0.09 0.43 –0.14 to 0.31 0.66
 DBP 0.50 0.88 –6.55 to 7.56 0.93
 Co-interventions –4.10 0.25 –11.47 to 3.26 0.28
 Adjusted BP –2.16 0.56 –9.89 to 5.56 0.48
 Constant –24.65 0.28 –72.06 to 22.75

Diastolic offi ce meta-regression
 Follow-up 0.04 0.68 –0.16 to 0.24 0.55
 Age 0.02 0.90 –0.26 to 0.30 0.22
 Male 0.04 0.31 –0.04 to 0.12 0.22
 DBP –0.41 0.75 –3.04 to 2.24 0.59
 Co-interventions –1.67 0.24 –4.52 to 1.19 0.13
 Adjusted BP –0.96 0.52 –3.99 to 2.10 0.83
 Constant –2.57 0.77 –20.06 to 15.09

Target offi ce meta-regression
 Follow-up –0.0002 0.99 –0.06 to 0.06 0.65
 Age 0.008 0.83 –0.08 to 0.10 0.43
 Male –0.005 0.72 –0.04 to 0.03 0.60
 DBP –0.087 0.81 –0.94 to 0.76 0.92
 Co-interventions 0.41 0.14 –0.17 to 0.99 0.04
 Adjusted BP 0.19 0.54 –0.52 to 0.90 0.33
 Constant –0.60 0.84 –7.31 to 6.12
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between studies, particularly in terms of the co-inter-
ventions used (5,10). The range of co-interventions 
utilized in the included trials was wide and included 
patient education, health professional support (phone 
calls, pharmacist involvement, additional clinic visits 
or home visits), patient-led drug titration, techniques 
designed to increase medication compliance, and use 
of a web site and telemonitoring with automated 
feedback. It is perhaps unsurprising that these could 
enhance the effect of self-monitoring given that multi-
faceted interventions are more likely to result in 
improvements in outcome, and this was seen defi ni-
tively in the target blood pressure analysis (20). 

 Blood pressure drops with repeated measurement 
(21), and it has been previously suggested that habitu-
ation to measurement might be the mode of action of 
self-monitoring. The smaller effect size seen in the 
ambulatory monitoring analysis provides some sup-
port for this argument but included only three studies 

hence should be interpreted with caution (18,22,23). 
Furthermore, if habituation had a large effect it might 
have been expected that the length of study would 
have moderated some of the heterogeneity in the 
meta-regression, but this was not observed. 

 The recent scientifi c statement from the Amer-
ican Heart Association, American Society for 
Hypertension, and Preventive Cardiovascular 
Nurses Association recommends that the target self 
blood pressure goal for treatment is  � 135/85 mmHg 
or  � 130/80 mmHg in high-risk patients (24). The 
evidence underlying these recommendations is not 
robust: the majority of trials included in this meta-
analyses report target  ‘ offi ce blood pressure ’  of 
140/85 – 95 mmHg, but many do not explicitly state 
whether the same target levels were applied to the 
self-monitoring. The importance of this can be seen 
from the results from the THOP (Treatment of 
Hypertension Based on Home or Offi ce Blood 
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Figure 3.     Overall offi ce diastolic BP results.  
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Pressure) trial where the same target was used for 
both self and offi ce measurements and it was found 
that basing treatment decisions on self-readings led 
to higher blood pressures than basing them on offi ce 
readings (25). 

 The current paper includes more than double the 
number of patients in previous meta-analyses and 
has resulted in a reduction in the point estimates of 
effect size for both systolic and diastolic blood pres-
sure. The relatively small effect of self-monitoring is 
likely to result in a lack of power in most included 
studies (only one of which had enough patients to 
detect a 3 mmHg difference between groups). This 
fact, along with the evidence from the funnel plots, 
increases the possibility of unpublished negative 
studies such as has been postulated previously (5). 

 Despite a range of potential moderators chosen 
a priori to explore the heterogeneity between studies 
including age, sex, length of follow-up, and inclu-
sion of diastolic blood pressure, the observed het-
erogeneity remained largely unexplained by this 
analysis which suggests that other factors may play 
a role. Possibilities which might be further investi-
gated include: the timing of self-monitored readings 

(variation of blood pressure during the day may 
impact on patient ’ s perceptions of their BP), the 
setting of self-monitoring (home, at a GP surgery, 
or in the community), and changes in treatment 
during the study. Further work should also explore 
the types of co-interventions and how differing 
combinations of these might optimize the impact on 
reducing BP and helping patients reach target levels. 
This might best be done in an individual patient 
data meta-analysis.   

 Conclusion 

 Self-monitoring of blood pressure has a small but 
signifi cant effect on reduction of offi ce blood pres-
sure when compared to usual care. Co-interventions 
explain part of the observed heterogeneity between 
studies which used achievement of target blood pres-
sure as an outcome, but most remains unaccounted 
for. Future investigators should consider carefully 
the design of their intervention and the use of out-
comes such as ambulatory monitoring that are less 
likely to be affected by habituation to blood pressure 
measurement.  

  

Figure 4.     Offi ce target BP results.  
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