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Background: Medication titration has been used in home blood
pressure (BP) control, with the expectation of enabling patients with
hypertension to better manage their BP.

Objective: The study goal was to estimate the effects of medication
titration intervention in lowering the systolic blood pressure and
diastolic blood pressure of patients with hypertension.

Methods: The meta-analysis included randomized controlled trials on
adults diagnosed with hypertension and BP≧130/80mmHg, having a
medication-titration intervention, and using a home BP measurement. We
systematically searched PubMed, CINAHL, Ovid-Medline, and the Co-
chrane Library, for studies published from 1997 to 2017. The quality of the
studies was evaluated by the Modified Jadad scale. Statistical heterogeneity
among the trials was evaluated using Q statistics and I2. Publication bias
was assessed with the funnel plot and Rosenthal’s fail-safe N.

Results: The meta-analysis included 4 studies randomizing 1335
participants. Medication-titration intervention significantly assisted
hypertensive patients to improve BP control; systolic blood pressure
was reduced by 6.86 mmHg [95% confidence interval (CI), 4.80-8.93,
P< 0.0001] and diastolic blood pressure by 3.03 mmHg (95% CI,

2.07-3.99, P< 0.0001), did not significantly affect EQ-5D scores
(mean difference, 0.02; 95% CI, −0.01 to 0.04, P= 0.13).

Conclusions: Our findings suggest home medication titration of
antihypertensive medication for hypertensive patients significantly
improved home BP control. However, the strategy did not enhance
quality of life in patients with hypertension.
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Hypertension affects ~40% of the adult population world-
wide and is one of the leading causes of disease-related

death and disability.1,2 In the United States, 1 in every 3 adults
has hypertension;3 in Canada, ~1 in 4 adults is affected.4 In
Taiwan, hypertension has been one of the top 10 causes of death
for more than 10 years. In 2015, the death rate from hyper-
tension was 23.6 per 10,000 people, compared to 8.3 per 10,000
people in 2005, indicating a significant increase in death due to
hypertension in the past 10 years.5 It is estimated that the per-
centage of the global population suffering from hypertension
will increase to 29.2% in 2025.6 Effective control of blood
pressure (BP) can lower the incident rate of cerebrovascular
accidents by 35%–40%, myocardial infarctions by 20%–25%,
and heart failures by 50%.7

Uncontrolled BP not only causes target organ damage,4

but also influences patients’ quality of life (QoL).8,9 Home BP
monitoring can be used to assess the treatment responses in
patients with hypertension.10 The findings of a meta-analysis
showed that home BP monitoring combined with other strat-
egies resulted in more effective and lasting impact on home BP
control, and medication titration is one of these strategies.11

Medication titration is a novel strategy, which allows
patients or medical professionals to adjust their medicine
(additional, maintain, or decrease dose) depending on a medication
titration plan.12 This strategy has been widely used to assist patients
with asthma,13 diabetes,14 and those receiving long-term anti-
coagulant treatment to self-manage and adhere to their treatments.15

In recent years, medication titration has been used for BP control,
with the expectation of enabling patients with hypertension to better
manage their BP at home. The medication titration plan for hy-
pertensive patients involves setting target BP, self-monitoring BP,
and constructing a medication titration schedule.16 Each medication
titration step is conducted based on the average home BP meas-
urement readings.17 Several randomized controlled trials (RCTs)
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identified that medication titration strategy through a step-by-step
approach can remind patients about their BP readings and target
goals.16,18–20 The strategy filled the gap of patient’s insufficiency of
the BP readings and target, which is one of the main causes of poor
BP control.21 However, some studies has significantly decreased in
systolic blood pressure (SBP) and diastolic blood pressure (DBP)
between groups;16,19 some studies conversely.18,20

No meta-analysis has been conducted that examines the
effects of medication titration on BP control. Therefore, the
purpose of this systematic review and meta-analysis was to
investigate the overall effectiveness of a medication titration
strategy on lowering the SBP and DBP of patients with hy-
pertension.

METHODS
This analysis followed the guidelines of the Preferred

Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA).22

Search Strategy
We searched PubMed, CINAHL, Ovid-Medline, and the

Cochrane Library, for studies published from 1997 to 2017. The
keywords used were “blood pressure,” “hypertension,” “self-
titration,” “medication-titration,” and “home-titration.” We also
used Medical Subject Headings to identify the terminology of
keywords.

Study Selection
Studies for review were included if they met the following

criteria: (1) RCT; (2) subjects were adult patients with an existing
diagnosis of hypertension by a physician, and BP≧130/80mmHg;
(3) a medication-titration intervention was provided to the inter-
vention group; (4) use of a home BP measurement; (5) written in
English or Chinese; and (6) presented adequate data to calculate the
effect size (eg, sample size, mean, SD, 95% confidence interval,
and P-value).

Quality Assessment
The methodological quality of included studies was

independently evaluated by 2 reviewers (C.W.K. and T.Y.C.)
using the Modified Jadad scale.23 The scale includes 8 items: (1)
Was the study designed as randomized? (2) Was the method of
randomization appropriate? (3) Was the study designed as blind?
(4) Was the method of blinding appropriate? (5) Was there a
description of withdrawals and drop outs? (6) Was there a clear
description of the inclusion and exclusion criteria? (7) Was the
method used to assess adverse effects described? (8) Was the
method of statistical analysis described? The questions are
evaluated as yes (1-point) or no (0-point) for a maximum total
score of 8. Scores higher than 4 points reflect favorable quality.
Any disagreements between the 2 reviewers regarding the
quality evaluation were resolved by discussion.

Data Extraction
C.W.K. and T.Y.C. independently reviewed full-text

articles and extracted the data, which included authors, pub-
lication year, title of study, sample size of intervention and
control groups, participants’ age, gender and body mass in-
dex, percentage of current smokers, comorbidity, baseline and

post antihypertensive medicine dose, baseline and post-
intervention SBP and DBP, follow-up times and intervention
context, and the scores of the State-Trait Anxiety Inventory
(STAI-6) and the EuroQol 5 dimensions questionnaire (EQ-
5D). The 2 reviewers discussed any inconsistency in the data
they extracted to achieve consensus.

Data Analysis and Synthesis
This meta-analysis was conducted using Comprehensive

Meta-Analysis version 2.0 software. The BP data were reported
as the mean and SD in each original study. When necessary, we
estimated SD from the 95% confidence intervals provided.
Statistical heterogeneity among the trials was evaluated using Q
statistics and I2. If I2>75%, high heterogeneity was indicated.24

On the basis of the findings of the heterogeneity analysis, we
used a random-effects or fixed-effects model to pool data and
estimate the overall effect.25 A fixed-effects model is based on
the assumption that the sole source of variation in observed
outcomes is that occurring within the study; that is, the effect
expected from each study is the same. A random-effects model
assume that each of the included trials may estimate a different
treatment effect. Therefore, need to be taken into account the
variance within trials and the variance between trials.

Potential publication bias was assessed with a funnel
plot and Rosenthal’s fail-safe N. An asymmetrical funnel plot
indicates publication bias.26 The Rosenthal’s method esti-
mates the number of unpublished studies with a zero-effect
size that would be needed to reduce the overall effect size to
cause it become nonsignificant. If only a few studies are
needed to negate the effect, publication bias should be con-
sidered. Conversely, if a large number of studies are needed
to negate the effect, there is less reason for the consideration
of publication bias.27

RESULTS

Characteristics of Included Trials
A PRISMA flow diagram (Fig. 1) illustrates the study

selection process of clinical trials for the meta-analysis, based on
the inclusion and exclusion criteria. In total, 50 titles and abstracts
were identified through database screening, and 5 studies were
found through hand searches. A total of 33 studies were removed
due to duplication. Of the remaining 22 studies retrieved, we
excluded 4 studies with a non-RCT design,17,28–30 4 due to study
protocols, which were not present in the BP readings,31–34 1 study
providing titration intervention for both arms,35 1 study recruiting
patients with BP <130/80mmHg,36 1 study presenting an un-
clear titration plan,37 1 study reporting mean arterial pressure,15

and 6 commentary articles.38–43 Finally, we recruited 4 RCTs
for meta-analysis (Table 1).16,18–20 These 4 studies included
1335 participants with hypertension; 670 and 665 patients
were randomly assigned to the intervention and control groups,
respectively. In the intervention group the pooled mean SBP at
baseline was 149.72 (SD=12.99)mmHg and DBP was 83.20
(SD=8.61)mmHg. In the control group the pooled mean SBP at
baseline was 149.45 (SD=13.67)mmHg and DBP was 82.83
(SD=9.83)mmHg.

We evaluated methodological quality of these 4 studies by
using the 8-item Modified Jadad scale (eTable 1, Supplemental
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Digital Content 1, http://links.lww.com/MLR/B700). The Jadad
scores for these 4 studies were >4 points, which indicated
favorable quality.23 Two studies evaluated received a score of
8.16,19 One study scored 5 points because it did not describe the
double blinding, and did not report adverse effects.18 One study
scored 6 points because it did not use the double-blind design.20

Effect on BP Control
We used a random-effects model for examining the

effects of medication titration on SBP control because of the
heterogeneity among trials (χ2= 5.39, P= 0.15; I2= 44.29%).
The pooled mean effect size of SBP was estimated as 6.86
[95% confidence interval (CI), 4.80-8.93; P< 0.0001], a
statistically significant difference between the intervention
and control groups (Fig. 2). The results indicated that medication
titration strategy significantly assisted hypertension patients to
improve their SBP control.

Because no heterogeneity among trials in DBP was de-
tected (χ2= 1.24, P= 0.74; I2= 0%), we used a fixed-effects
model to examine the effect of self-titration of medication on
DBP control. The pooled mean effect size of DBP was esti-
mated as 3.03 (95% CI, 2.07-3.99; P< 0.0001), a statistically
significant difference between the intervention and control
groups (Fig. 3), indicating medication titration strategy also
significantly improved DBP control in hypertensive patients.

Effect on QoL
To examine the effect of medication titration strategy

on improving QoL in patients with hypertension, we con-
ducted a subgroup analysis of 2 RCTs that used the EQ-5D to
evaluate QoL.16,19 We used the random-effects model to
determine the effect of medication titration strategy on QoL
because homogeneity was detected among trials (χ2= 10.20,
P= 0.001; I2= 90.19%). The pooled mean difference of
EQ-5D scores was estimated as 0.02 (95% CI, −0.01 to 0.04;
P= 0.13) (Fig. 4), indicating no difference in improvement of
QoL between hypertensive patients receiving or not receiving
a medication-titration strategy.

Publication Bias
The funnel plot of the 4 RCTs detected no severe

publication bias (eFigure 1, Supplemental Digital Content 1,
http://links.lww.com/MLR/B700). The results of Rosenthal’s
fail-safe N analysis showed that 91 studies with zero-effect
would be needed to be published to render the mean effect
size of SBP as nonsignificant. Visual inspection of the funnel
plot for DBP also showed no severe publication bias and the
findings of Rosenthal’s fail-safe N indicated that 34 studies
with zero-effect would be needed to render the mean effect
size of DBP as nonsignificant (eFigure 2, Supplemental Digital
Content 1, http://links.lww.com/MLR/B700). These findings
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FIGURE 1. PRISMA flow diagram for the selection process of clinical trials for meta-analysis, showing inclusion and exclusion
criteria, selection, and inclusion process. RCT indicates randomized controlled trial.
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TABLE 1. Characteristics of Participants and Interventions for Included Studies

Demographics of Participants

Intervention Group
Baseline BP, mmHg

(mean±SD)

Control Group
Baseline BP, mmHg

(mean±SD)

Reference,
Country

No. of
Participants
(n= I/C)

Age (y)
(Mean±SD)

Male
(%)

High-
risk

Groups Intervention SBP DBP SBP DBP
Time

Followed
QoL

Measure

McManus
et al,16

United
Kingdom

276/276 69.5± 9.5 59.6 Stroke,
Stage 3
CKD,
and
DM

Self-measured BP, recorded readings with color-coded
instructions, combined with medication self-titration by
family physicians; additional medication self-titration and
lifestyle education using internet-based HBPM with
telephone backup

143.5± 12.8 80.2± 9.7 144.2± 13.9 79.9± 9.4 Baseline,
6 mo, 12

mo

EQ-5D

Margolius
et al,18

United
States

110/94 60.4± 12.1 36.8 DM Self-measured BP and recorded readings by calendar
logbook, combined medication home titration by health
coaching; additional medication changes, lifestyle
education and health coaching support with phone call
weekly

160.3± 16.3 85.1± 13.1 158.2± 14.0 89.9± 10.8 Baseline,
6 mo

McManus
et al,19

United
Kingdom

234/246 66.4± 8.8 47 Stroke,
Stage 3
CKD,
and
DM Af

Self-measured BP and recorded readings, combined with
adjustment of medication by family physicians; additional
medication self-titration and lifestyle education with web-
based HBPM

152.1± 11.9 85.5± 8.5 151.8± 11.9 84.5± 9.6 Baseline,
6 mo, 12

mo

EQ-5D

Tobe et al,20

Canada
50/49 55.7± 12.2 19 DM Self-measured BP and recorded readings, combined with

drugs titrated by home care nurse; additional healthy
lifestyle and drug adherences classes

149.7± 10.5 87.1± 8.4 150.5± 19.1 77.4± 11.3 Baseline,
3 mo,
6 mo,
9 mo,
12 mo

Af indicates atrial fibrillation; BP, blood pressure; C, control group; CKD, chronic kidney disease; DBP, diastolic blood pressure; DM, diabetes; EQ-5D, EuroQol 5 dimensions questionnaire; HBPM, home blood pressure
monitoring; I, intervention group; SBP, systolic blood pressure; STAI-6, State-Trait Anxiety Inventory; QoL, quality of life; STAI-6.
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suggest that publication bias was unlikely to interfere with the
explanation of the main results of this meta-analysis.

DISCUSSION
This meta-analysis contributes to knowledge about us-

ing a titration strategy for antihypertensive medication to
improve home BP control in patients with hypertension. This
the first meta-analysis to evaluate the effects of medication
titration for home BP control. This meta-analysis provides
evidence that using medication titration can significantly re-
duce SBP and DBP, but does not significantly improve QoL
scores. These findings suggest that medication titration is
beneficial for BP control in patients with hypertension; ad-
ditionally, 3 studies reported no harmful events.16,19,20

The hypertensive patients in the 4 included studies were
guided by a medication titration plan to control their home BP. The
medication titration plan was comprised of setting home BP goals
with medical professionals, measuring and monitoring home BP,
and titrating antihypertensive medications according to their aver-
age home BP, either by the patient themselves16,19 or health care
professionals.18,20 Both patients and medical professionals eval-
uated home BP readings and shared the decision-making for how
to titrate the antihypertensive medications. The TASMINH2 trial
compared with the control group, the intervention group had sig-
nificantly more decreases in SBP by 3.7mmHg (95% CI, 0.8-6.6)
and DBP by 1.3mmHg (95% CI, 0.3-2.6).19 The TASMIN-SR
trial recruited high-risk patients compared with the control group,
the intervention groups had significant differences in SBP 8.8mm
Hg (95% CI, 4.9-12.7) and DBP 3.1mmHg (95% CI, 0.7-5.5) at
12 months, respectively.

The patients who received the medication titration plan have
to self-measure and report BP every day. The strategy of self-
monitor BP increased reliability of BP values, absence of white-
coat and masked hypertension, and a more accurate reflection of
cardiovascular prognosis compared with BP readings completed at
the clinic.33 Furthermore, a meta-analysis examining the effect of
self-monitored BP at home on BP control reported that patients
with self-monitoring BP at home had a significant decrease in both
SBP and DBP at 6 months, compared with the patients without
self-monitoring BP (weighted mean difference, 3.9 and 2.4mm
Hg, respectively). The authors suggested that home-based BP
monitoring with co-intervention (eg, providing educational mate-
rials, tele-counseling, phone monitoring, or medication manage-
ment with decision support) may achieve long-term efficacy on
BP control.11 According to a previous qualitative study, the
medication titration process can alert participants as to whether
they are, or are not, on the right track.28 The researchers found
when patients not only measured their own BP, but also under-
stood the implications of the BP readings. Therefore, patients may
engage in their disease management.16–20 The strategy of medi-
cation titration enhances patient motivation to take more respon-
sibility to maintain better BP control.28 The medication titration
strategy may also effectively influence patients’ behavior.44

In addition, all of the presented studies provided lifestyle
modification education for the patients.16,18–20 The guidelines in
American Heart Association for management of hypertension has
identified lifestyle modification as a key to prevention and control
of hypertension.45 Previous study suggested that the clinical
professionals may provide the education through the internet
for hypertension patients to modify their lifestyle and prevent

Study name Statistics for each study Difference in means and 95% CI

Difference
in means

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

McManus et al. (2014)

Margolius et al. (2012)

McManus et al. (2010)

Tobe et al. (2006)

8.900

4.600

5.900

7.000

6.862

1.095

2.147

1.037

3.354

1.053

1.199

4.609

1.075

11.250

1.110

6.753

0.392

3.868

0.426

4.797

11.047

8.808

7.932

13.574

8.926

8.127

2.143

5.691

2.087

6.514

0.000

0.032

0.000

0.037

0.000Random

-10.00 -5.00 0.00 5.00 10.00
Favours A Favours B

Heterogeneity : χ2 = 5.385, df=3, p = 0.15 ; I2 = 44.29% 

Model

FIGURE 2. Forest plot of random-effects model for studies examining the effects of medication titration on systolic blood pressure
between intervention and nonintervention groups: mean differences between groups. CI indicates confidence intervals.

FIGURE 3. Forest plot of fixed-effects model on studies looking at the effect of self-titration of medication on diastolic blood
pressure between intervention and nonintervention groups: mean differences between groups. CI indicates confidence intervals.
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long-term risk of cardiovascular diseases.46 The 4 studies also
used internet-based system16,19 or telephone calls18,20 to follow-
up patient safety and adherence.

There are some limitations to this meta-analysis. First, we
found few recent RCTs which used medication titration for
control of hypertension. Although we contacted many authors and
conducted hand searches from the reference lists of all the col-
lected articles, we were only able to include 4 RCTs, which fit the
inclusion criteria and had adequate quality for this meta-analysis.
Second, this meta-analysis showed no significant improvement in
scores for QoL, which is most likely due to the small sample size
resulting in low statistical power. One meta-analysis study in-
dicated that patients with hypertension had a lower QoL for both
physical and mental components (mean difference, −2.43; 95%
CI, −4.77 to −0.08 and mean difference, −1.68; 95% CI, −2.14 to
−1.23, respectively) compared with normotensive.47 Issues asso-
ciated with how to improve QoL in patients with hypertension are
important and, as such, require further investigation. Last, not all
of the included studies had baseline data for anxiety status and
medication dosages in hypertension patients, therefore, we cannot
present subgroup analysis.

CONCLUSIONS
The results of this systematic review and meta-analysis

provide evidence that medication titration could assist hy-
pertension patients in controlling their SBP and DBP; how-
ever, there were no significant findings on QoL score.
Medication titration is a novel home BP control strategy. We
recommend that the health professionals be designated to
assist hypertensive patients with managing their home BP
through the use of medication titration in clinical practice.
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