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Abstract

Self-measured blood pressure (BP) at home, that is, home BP, is a stronger prognosticator than office BP. However, some
physicians seem to think that office BP measurement is sufficient to manage hypertension. We aimed to assess whether
interventions based on using home BP affect clinical outcomes including BP levels when compared with usual care based on
office BP. Using the PubMed and the Cochrane Library databases (until July 2017), we searched randomized controlled
trials comparing home BP-based treatment to usual care in adults with essential hypertension aged >18 years in an area with
an established medical system. Outcomes were (1) cardiovascular events and related deaths and (2) changes in ambulatory
BP levels. For outcomes of cardiovascular events and related deaths, there were no appropriate studies for the present meta-
analysis. For outcomes of BP change, the analysis based on all 12 studies found by our search showed that home BP-based
treatment was significantly associated with a 1.18 mmHg larger reduction in the average ambulatory systolic BP than the
control group (P =0.04). However, a high heterogeneity was observed (I>=75%, P <0.0001). Based on nine studies
employing a lower target BP for home BP than for office BP, the differences in the averages of the ambulatory systolic/
diastolic BP changes between the two groups were 3.62/2.16 mmHg, respectively (P <0.0001). No significant heterogeneity
was observed (I2 = 0%, P<0.59). Home BP-based treatment is strongly recommended to control BP, especially in the
setting of a lower home BP target than an office BP target level.

Keywords: Home blood pressure * Blood pressure management * Blood pressure measurement * Telemonitoring

Introduction

High blood pressure (BP) is still strongly related to health
loss worldwide [1], and hence, the proper management of
hypertension is an important task for public health. To
manage high BP adequately, a reliable measurement of BP
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is essential.

BP obtained based on casual measurements at the office
has been the primary BP information available for the
diagnosis and treatment of hypertension. On the other hand,
self-measured BP at home, that is, home BP, is more reli-
able and reproducible [2, 3] and, therefore, is a stronger
predictor of cardiovascular disease and is more strongly
related to targeted organ damage than office BP [4-11].
Furthermore, since home BP can provide a greater number
of readings, it allows us to precisely evaluate long-term BP
and the BP-lowering effects of antihypertensive drugs [3].
In the Japanese Society of Hypertension Guidelines for the
Management of Hypertension (JSH) 2014, home BP has a
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higher priority than office BP for the diagnosis of hyper-
tension [12].

While there are many studies indicating the usefulness
of home BP measurements, a few physicians think that
office BP measurement is sufficient to manage hyperten-
sion in a clinical practice [13]. This divergence of views
on home BP measurements should be resolved. Previous
meta-analyses [14—18] demonstrated that antihypertensive
treatment based on home BP could be more effective in
improving BP control than that based on office BP.
However, these meta-analyses evaluated the BP reduction
in each arm mainly using office BP, which has a white
coat effect [14-18]. Meanwhile, data on ambulatory BP
reduction before and after patient allocation are available
in several randomized controlled studies examining the
clinical usefulness of home BP-based treatment. Ambu-
latory BP is sufficiently reliable to be used for evaluations
of antihypertensive drug effects [19]. Ambulatory BP
monitoring can be a third option for BP measurement
when we examine the effect of home BP-based treatment
interventions. Therefore, we aimed to assess whether
interventions using home BP can affect ambulatory BP
levels as well as clinical outcomes, including cardiovas-
cular outcomes, when compared with usual care based on
office BP.

Methods
Outline and outcomes

These clinical question (CQ) 1 members conducted this
meta-analysis to assess whether antihypertensive treatment
based on home BP is superior to that based on office BP for
achieving the following outcomes:

1. Cardiovascular events and related deaths (cardiovas-
cular outcome).

2. Change in ambulatory BP
outcome).

levels (BP change

We conducted a systematic review of the literature using
the approach recommended by the PRISMA statement [20].

Search strategy

Relevant studies were identified by searching PubMed
and the Cochrane Library database (until 4 July 2017).
Two systematic reviewers (MS and TM) separately con-
structed the search strategy and searched the databases
using relevant text words including home BP, tele-
medicine, telemonitoring, and randomized controlled trial
(see online supplement, Supplementary Tables 1-7). For
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the outcome relating to BP change, Reviewer No. 1 sear-
ched the database after January 2012 because Omboni
et al. and Duan et al. had already picked up studies
reported before our searches (see online supplement,
Supplementary Tables 1 and 2) [14, 15]. Reviewer No. 1
further used the text words related to cardiovascular dis-
ease when the outcome was set as cardiovascular disease
(see online supplement, Supplementary Tables 3 and 4).
Reviewer No. 2 used the same search strategy regardless
of the type of outcomes (see online supplement, Supple-
mentary Tables 5 and 6). The search was limited to
randomized controlled trials reported in English. Refer-
ence lists from identified trials by each reviewer and
review articles were manually scanned to identify any
other relevant studies.

Eligibility criteria

We included randomized controlled trials comparing home
BP-based treatment to usual care in adults with essential
hypertension aged 218 years old in an area with an estab-
lished medical system. Studies adding any support to home
BP intervention were included in the present meta-analysis.
For cardiovascular outcomes, we excluded studies not
assessing any cardiovascular events or deaths. For BP
change outcomes, we excluded studies evaluating only
office BP as an outcome since the white coat effect might be
affecting office BP.

Methods of review

The two systematic review members independently
reviewed each study that was found and gathered based on
the search strategy. Disagreements were resolved by con-
sensus or by discussion with the group members for this
CQI (TO and SH). When a similar meta-analysis report was
found, we reviewed it and used the appropriate studies that
were included in the report. We abstracted data from each
report including the authors, year of publication, study
design, study procedure and target BP level in both the
intervention and control arm, sample size, the number of
participants, participants’ characteristics, duration of follow-
up, and outcomes including the number of deaths, the
number or rate of cardiovascular events, systolic/diastolic
BP at baseline and end of study, and the amplitude of BP
change.

The Cochrane Collaboration Risk of Bias Tool was
used to evaluate risk of bias. Discrepancies were resolved
by the project methodologist and/or the chief medical
officer.

Quality assessment of the risk of bias was undertaken for
the included studies, which was assessed by two authors
(MS and TM) in accordance with the guidelines of
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the Cochrane Handbook for Systematic Reviews of Inter-
ventions: version 5.0.2 (The Cochrane Collaboration,
Oxford, UK). Quality was assessed for each study in terms
of random risk of selection, performance bias, detection
bias, and attrition bias. We evaluated the total quality of the
meta-analysis in terms of indirectness, inconsistency,
imprecision, and publication bias using the three grades of
“not serious”, “serious”, and “very serious”.
Statistical analysis

Mantel-Haenszel fixed-effect meta-analysis was used to
assess the cardiovascular outcome. The BP change outcome
was assessed as the difference in BP changes between the
two study arms. This change was computed by the average
value at baseline subtracted from that available at the end of
follow-up. Although 24-h ambulatory BP was primarily
used, we used daytime BP instead in studies not reporting
24-h ambulatory BP values. Weighted mean differences
with 95% confidence intervals were calculated using a fixed
effects model. The SD of the BP change in each study arm
was necessary to evaluate the significance and the 95%
confidence intervals. In case the SD of the BP changes was
missing, it was calculated by the following formula: a
square root of (squared SD of BP value at baseline + SD of
BP value at last follow-up). When either the SD of BP at
baseline or SD of BP at the end of follow-up was missing,
an average value from the other studies reporting the cor-
responding value was imputed [21]. As sensitivity analyses,
we performed additional analyses after excluding the stu-
dies employing the same target BP for both the home BP
and office BP arms. Home BP is usually 5 mmHg lower
than office BP [12]. For example, a target home systolic BP
of 140 mmHg corresponds to a target office systolic BP of
145 mmHg. Under this situation, if the target office systolic
BP is set as 140 mmHg for the usual care group, the
potential high target BP in home BP-based treatment can
result in a higher follow-up ambulatory BP than in usual
care, regardless of the home BP-treatment effect. We further
conducted a stratification analysis according to the use of a
telemonitoring technique for the intervention arm. An ana-
lysis after excluding the study reporting only daytime BP
changes was also performed. Publication bias was examined
graphically by funnel plots. Statistical heterogeneity among
studies was assessed by the chi-square test. All analyses
were conducted by Review Manager (RevMan) Version
5.3.5. Statistical significance was accepted as an a-level of
less than 0.05 on two-sided tests. Data are expressed as the
mean = standard deviation (SD) unless otherwise noted. The
Delphi method, in which the JSH guideline committee
members anonymously answered a questionnaire sent twice
or more, was used to decide the conclusion of the present
analysis.

Results
Cardiovascular outcome

We screened 4845 records and assessed 60 articles for
eligibility. However, there were no appropriate studies for
the present meta-analysis for cardiovascular outcomes,
mostly because there was no information reported for car-
diovascular events or death (see online supplement, Sup-
plementary Figure 1). One study reported the number of
patients hospitalized because of heart failure or other car-
diovascular disease [22]. However, other information was
missing, and only heart failure patients were included in that
study [22]. We finally concluded that the study was not
eligible.

BP change outcome

We first screened 3004 records, and the present meta-
analysis finally included 12 studies [23-34] (see online
supplement, Supplementary Figure 2). Of those, seven
studies combined a telemonitoring technique with home BP
measurements in the intervention group (Table 1).

Summary of outcomes

Table 2 shows the BP change in each study. In the ana-
lysis of all 12 studies included, home BP-based treatment
was significantly associated with a 1.18 [0.03, 2.32]
mmHg larger reduction in the average ambulatory systolic
BP than the control group (P = 0.04), although there was
no significant difference in diastolic ambulatory BP (0.18
[—0.60, 0.95], P=0.66) (Fig. 1). However, a high het-
erogeneity was observed in the analysis (I>=75%, P <
0.0001 in ambulatory systolic BP and I°=74%, P<
0.0001 in ambulatory diastolic BP) (Fig. 1). We then
excluded three studies [23, 33, 34] employing the same
target BP for both home and office BP. The meta-analysis
including the remaining nine studies [24-32] showed a
greater reduction in average ambulatory BP in the home
BP-based treatment group than that in the control group
without heterogeneity (I*>=0%, P=0.59 in ambulatory
systolic BP and I? = 0%, P = 0.53 in ambulatory diastolic
BP) (Fig. 2). The differences in the BP changes between
the intervention and control groups were 3.64 mmHg for
ambulatory systolic BP and 2.16 mmHg for ambulatory
diastolic BP (P <0.0001 in both systolic and diastolic
BP). Similar results were observed in the analysis based
on the studies using a telemonitoring technique for home
BP intervention (the difference in ambulatory BP [95%
confidence intervals]: —3.96 [—5.56, —2.36] for systolic
BP, —2.03 [—3.29, —0.76] for diastolic BP) (see online
supplement, Supplementary Figure 3). In the analysis
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Table 1 (continued)

Duration of
follow-up

Outcomes

Goal systolic/diastolic

BP, mmHg

Control

Intervention

Author (Year) Patients

the median

24 h ambulatory BP

Not stated

Patients measured their home BP. Patients received usual care

Physicians reviewed the home BP

Treated but uncontrolled or

Rogers et al.

of 11 weeks

untreated hypertensive patients or

hypertensive patients with

(2001) [32]

sent via telecommunication system

undesirable side effects of current

antihypertensiveMean age: 61 years

Office and 24 h ambulatory 1 year

Intervention: home
center adjusted medications based diastolic BP of 80-89; BP, changes for treatment

Patients measured their home BP. Blinded physicians in coordinate

Blinded physicians in coordinate

Staessen et al. Treated or untreated hypertensive

(2004) [33]

patients; mean age: 53 years

Control: office diastolic regimen, cardiac function,

BP of 80-89

center adjusted medications based on their office BP

on their home blood pressure

symptom and healthcare

cost

Intervention: home BP Office and 24 h ambulatory 1 year

Patients measured their home BP. Physicians decided treatments

Treated but uncontrolled or

Verberk et al.

BP

based on office BP using algorithm. of 120-140/80-90;

Physicians decided treatments

untreated hypertensive patients

(2007) [34]

Control: office BP of
120-140/80-90

mmHg

aged > 18 years; mean age: 55 years based on patients’ home blood

pressure using algorithm

BP blood pressure

based on the two studies without a telemonitoring tech-
nique, the difference in BP changes among groups were
similar but relatively small (the difference in ambulatory
BP [95% confidence intervals]: —2.56 [—5.49, 0.38] for
systolic BP, —2.41 [—4.15, —0.68] for diastolic BP), and
the difference in systolic BP change between groups was
not significant (P =0.09) (see online supplement, Sup-
plementary Figure 4).

We excluded the five studies [23, 26-28, 30] that only
reported daytime BP changes and not 24-h ambulatory BP
changes. The meta-analysis based on the remaining seven
studies [24, 25, 29, 31-34] revealed no significant differ-
ence in 24-h ambulatory systolic/diastolic BP changes
between the intervention and control groups (the difference
in 24-h ambulatory BP [95% confidence intervals]: —0.53
[—1.87, 0.80] for systolic BP, 0.22 [—0.66, 1.10] for dia-
stolic BP) (Supplementary Figure 5). However, a strong
heterogeneity among studies was observed (> = 85%, P <
0.0001 in systolic BP and P =84%, P <0.0001 in diastolic
BP) (Supplementary Figure 5). After further excluding two
studies [33, 34] using a different BP goal for each treatment
arm, home BP-based treatment was significantly associated
with a —4.08 [-5.88, —2.27]/—2.64 [-3.96, —1.32] mmHg
larger reduction in average 24-h ambulatory systolic/dia-
stolic BP than the control group (P <0.0001), respectively,
showing no significant heterogeneity between studies (I* =
17%, P=0.31 in systolic BP and P =10%, P=0.35 in
diastolic BP) (Supplementary Figure 6).

Risk of bias

In eight studies, the randomization procedures were appro-
priate and were concealed from physicians and researchers
until the analysis was complete [24, 26-28, 31-34]. The
randomization method or the allocation concealment used
was unclear in other studies [23, 25, 29, 30], although most
of them just stated that the patients were randomly assigned
to either study arm. Since the patients must have measured
their home BP and physicians mostly titrate anti-
hypertensive therapy based on the home BP values, it is
impossible to blind the patients or clinicians to the alloca-
tion, potentially causing a high-performance bias. The
detailed evaluations for risk of bias including attrition bias
are indicated in Supplementary Table 1 (see online
supplement).

The present meta-analysis included one study based on
patients with essential hypertension but having a history of
stroke or transient ischemic attack [26]. Since other studies
included hypertensive patients, which are common in a
general clinical practice, the risk of indirectness was not
serious from this point of view. However, taking the seven
studies [26-32] using telemonitoring systems into account,
the risk of indirectness was finally considered to be
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Author, year
Broege 2001 4 »-4.00 [-20.20, 12.20] -2.00 [-12.00, 8.00]
Fuchs 2012 _— -5.40 [-9.82, -0.98] E——— -4.60 [7.51, -1.69]
Godwin 2010 —— -0.30 [-4.23, 3.63] — -1.20 [-3.37, 0.97]
Hanley 2015 4 6.40 [-17.17, 4.37) -3.20 [-10.49, 4.09]
Madsen 2008 _— -2.30 [-6.97, 2.37] —_— -0.80 [-3.72, 2.12]
McKinstry 2013 e -3.80 [-7.17, -0.43] — -2.60 [-5.48, 0.28]
Neumann 2011 ¢ -7.20 [-15.26, 0.86] -2.00 [-7.95, 3.95]
Parati 2009 —_— -1.60 [-5.85, 2.65] — -0.70 [-3.48, 2.08]
Rinfret 2009 — -4.80 [-7.57, -2.03] B -2.10 [-5.15, 0.95]
Rogers 2001 — -4.80 [-9.43, -0.17] e — -4.10 [-7.20, -1.00]
Staessen 2004 —&—— 4.90[2.41, 7.39] —— 2.90[1.52, 4.28]
Verberk 2007 T 1.80 [-1.48, 5.08] S 1.40 [-0.87, 3.67]
Total <@ 1.18 [-2.32, -0.03] ? -0.18 [-0.95, 0.60]
| | | | | |
L 3 6 : 7=2.01, P=0.04 1 + 5 c 7=0.45, P=0.66

Difference in ambulatory systolic BP change
between intervention and control groups
(95% confidence interval)

Home BP based
treatment better

Clinic BP based
treatment better

Heterogeneity
P=75%, x?=44.43, df=11 (P<0.0001)
Fig. 1 Home BP-based treatment versus usual care for ambulatory BP
changes in 12 studies. The difference in ambulatory BP changes
between interventions (home BP-based treatment) and control (usual
care) groups. The ambulatory BP change was calculated as ambulatory

Author, year

Difference in ambulatory diastolic BP change
between intervention and control groups
(95% confidence interval)

Home BP based
treatment better

Clinic BP based
treatment better

Heterogeneity
P=74%, x?=42.50, df=11 (P<0.0001)

BP at follow-up examination—that is at baseline. The difference in
ambulatory BP was calculated as ambulatory BP change in the inter-
vention group—ambulatory BP change in the control group

Fig. 2 Home BP-based
treatment versus usual care for Fuchs 2012 E—
ambulatory BP changes in nine Godwin 2010 — —
studies using a different BP goal Hanley 2015 4 .
for each treatment arm. The Madsen 2008 - | P
analyms .method is the same as MoKinstry 2013 |
that in Fig. 1. We excluded three )
studies [23, 33, 34] employing Neumann 2011 €
the same target BP for both Parati 2009 - 1 - T
home and office readings Rinfret 2009 —a— B —
Rogers 2001 _— e
-3.64 [-5.04, -2.23 -2.16 [-3.18, -1.14
Total <o z=5.o[7, P<0.0001] <& z=4.1[4, P<0.0001]
} } } } t }
-10 5 0 5 -10 5 0 5

Difference in ambulatory systolic BP change
between intervention and control groups
(95% confidence interval)

Clinic BP based

Difference in ambulatory diastolic BP change
between intervention and control groups
(95% confidence interval)

Clinic BP based

Home BP based
treatment better

Heterogeneity

P=0%, x2=6.51, df=8 (P=0.59)

“serious” since telemonitoring systems have not become
widespread.

High heterogeneity was observed in the analysis based
on all 12 studies. Since only three studies employing the
same target BP strongly affected it, the inconsistency of
the present results was taken as “serious”. The risk of
imprecision was “not serious” because of the large num-
ber of patients (total n =2953). A “serious” publication
bias was likely to be present since the funnel plot showed
an asymmetry due to the small sample sizes of the

Home BP based

treatment better treatment better treatment better

Heterogeneity
P=0%, x?=7.01, df=8 (P=0.54)

individual studies (see online supplement, Supplementary
Figure 6).

Discussion

Antihypertensive treatment according to home BP was
associated with a greater reduction in ambulatory BP when
compared with office BP-based treatment in the present

meta-analysis (Fig. 1). However, we observed a high
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heterogeneity, which could be caused by the three studies
[23, 33, 34] employing the same target BP for both home
and office readings. These three studies were conducted
before the difference between home BP and office BP was
widely recognized [23, 33, 34]. In two of these studies, the
same reference values seemed to be used because doing so
enabled the physician at the coordinating center who
adjusted the treatment to remain blinded during treatment
decisions [33, 34]. The incidence of cardiovascular disease
by office BP corresponded to that of a 5 mmHg lower value
of home BP in a previous meta-analysis [7]. As recom-
mended by most of the current guidelines [12, 35, 36]
other than the ACC/AHA guidelines, a target home BP set
at 5 mmHg lower than that for the office BP is considered to
be reasonable. This threshold can also be useful for
ambulatory BP reduction based on the present results.

We could not perform a meta-analysis of cardiovas-
cular outcomes since there were no appropriate rando-
mized controlled trials. Therefore, no direct effects of
home BP-based treatment on the prevention of cardio-
vascular disease could be assessed in the present study.
However, from the results of the BP change outcome, it is
clear that home BP-based treatment can be more useful to
control BP than conventional treatment. Our outcome
measure was based on ambulatory BP, which is a stron-
ger predictor of cardiovascular disease and a more
accurate index for assessing hypotensive effects than
office BP [8, 12, 19, 37, 38]. Since an elevated ambula-
tory BP is a robust risk factor for cardiovascular disease
[12, 37], we concluded that home BP-based treatment can
strongly contribute to the prevention of cardiovascular
disease. In the sensitivity analysis after excluding the
studies using a different BP goal for each treatment arm
(Fig. 2), the home BP-based treatment was found to
contribute to a mean ambulatory systolic/diastolic BP
reduction of 3.64/2.16 mmHg when compared with the
office BP-based treatment. Based on the cardiovascular
risk estimation by a previous meta-analysis based on 24-h
ambulatory BP [37], these reductions in ambulatory
systolic/diastolic BP would be expected to reduce car-
diovascular disease risk by 16.6%/16.2%, respectively. In
the present study, when the included studies were
restricted to those based on 24-h ambulatory BP data, a
very similar difference in BP change between groups was
observed (Supplementary Figure 6). Furthermore, the
Hypertension Objective Treatment Based on Measure-
ment by Electrical Devices of BP (HOMED-BP) study
demonstrated that home BP more strongly predicted
cardiovascular risk than office BP in Japanese hyperten-
sive patients [4, 39]. Home BP measurements allow us to
evaluate the patients’ BP, the antihypertensive effects,
and seasonable and day-to-day BP variation during
treatment in the long term. Home BP measurements are

SPRINGER NATURE

also considered useful for improving patients’ adherence
[12]. Most hypertension management guidelines already
recommend home BP measurements per se [12, 35, 36,
40]. Consequently, home BP-based treatment is a rea-
sonable approach to prevent cardiovascular disease.
Since home BP devices have been widespread among the
Japanese [12], general practitioners in such a country
may adopt home BP-based treatment easily. However,
targeting the goal recommended by the JSH guideline
would be necessary to achieve appropriate BP control
and subsequent reduction of cardiovascular risk. Of the
excluded three studies [23, 33, 34] employing the same
target BP for both home and office readings, one study
seems to have been conducted before the target BP based
on home BP measurement was established [23].

After conduction of the present meta-analysis, McManus
et al. [41] reported new results from Telemonitoring and/or
Self-monitoring in Hypertension 4 (TASMINH4) trial. The
TASMINH4 trial assessed the efficacy of home BP-based
treatment, with or without telemonitoring, compared with
usual care in United Kingdom hypertensive patients.
Although the primary outcome was office BP measured by
an automated device, home BP was targeted at 5 mmHg
lower than office BP in the intervention arm [41]. When
compared with usual care, the home BP-based treatment
without or with telemonitoring was associated with a mean
3.5 or 4.7 mmHg larger reduction in systolic BP, respec-
tively [41]. Their findings support our results.

The methods of BP measurement and ascertainment of
events were not identical among cohorts. Similarly, sub-
stantial differences in participant characteristics among
cohorts were observed, which may affect our findings.
The cumulative cardiovascular death risk in individuals up
to 84 years old clearly increased across BP categories. Since
the present study includes only Japanese populations, there
is no race-ethnic heterogeneity. Therefore, the influence of
the differences between cohorts may be limited.

We found several high risks of bias. Most studies had
very high performance bias because of their study design.
Physicians adjusted treatments according to patients’ home
BP and therefore needed to know the treatment allocation.
However, a physician’s approach is essential for home BP-
based treatment. The high-performance bias in the present
study would not be expected to affect our conclusion.

Conclusion

Home BP-based treatment is strongly recommended from
the present results. However, the home BP target level
needs to be that recommended by the JSH guideline. An
appropriate method for home BP measurement is also
necessary.
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