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Abstract

inclusion in the meta-analysis.

additional evidence for cardiovascular protection.

Background: Several clinical trials have studied the effects of glucagon-like peptide-1 receptor agonists (GLP-1RAs)
on glycometabolism and cardiovascular risk factors since they were identified. Because of their cardiovascular
benefits and efficacy in lowering glucose, GLP-1RAs are becoming increasingly important in clinical therapy for
patients with or without pathoglycaemia. The aim of this study was to assess the effect of the GLP-1RA liraglutide
on blood pressure based on randomised controlled trials (RCTs).

Methods: We searched PubMed for RCTs published from 2009 to 2018 comparing the effect of liraglutide on
blood pressure with that of placebo in individuals with or without pathoglycaemia. RCTs in humans that
included data describing blood pressure changes from baseline to the end of the trial were selected for

Results: A total of 18 RCTs that enrolled 7616 individuals in the liraglutide group and 6046 individuals in the
control group were included in this meta-analysis. Compared with placebo, liraglutide reduced systolic blood
pressure (SBP) by 3.18 mmHg (95% Cl -4.32, — 2.05), P < 0.00001, but had no significant effect on diastolic blood
pressure (DBP). Subgroup analysis showed that the degree of reduction in SBP was associated with the dose of
liraglutide but that significance disappeared when the intervention lasted over 1 year. Liraglutide 3.0 mg/d
significantly reduced DBP by 1.46 mmHg (95% Cl -2.61, 0.32), P=0.01, but liraglutide 1.8 mg/d slightly increased
DBP by 0.47 mmHg (95% Cl 0.11, 0.83), P =0.01, compared with placebo.

Conclusions: This meta-analysis demonstrated that liraglutide significantly reduced SBP in individuals with or without
pathoglycaemia compared with placebo, but the difference was no longer significant when the intervention lasted
over 1 year. Moreover, the effect of liraglutide on blood pressure is associated with the dose. This finding may provide
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Background

Diabetes, a chronic and progressive metabolic disorder,
is becoming a public health issue with a high preva-
lence and serious complications. The IDF (International
Diabetes Federation) has estimated that there will be
59,200,000 patients suffering from diabetes in 2035 [1].
Long-term hyperglycaemia leads to macrovascular and
microvascular complications, which places a heavy
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burden on the health care system [2]. Diabetes, espe-
cially type 2 diabetes, is associated with overweight/
obesity, hypertension and dyslipidaemia. As a result,
the American Diabetes Association (ADA) has recom-
mended providing the components of diabetes care
with the cardiovascular risk factors included [3]. Many
large clinical studies have confirmed that blood pres-
sure is one of the cardiovascular risk factors associated
with diabetes, and strict blood pressure control could
improve the cardiovascular prognosis of diabetic
patients [4—7]. According to the ADVANCE study, a
reduction of 5.6mmHg in SBP could significantly

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12902-018-0332-5&domain=pdf
http://orcid.org/0000-0003-2954-6245
http://orcid.org/0000-0002-3347-0688
http://orcid.org/0000-0001-5884-7579
mailto:duanjunting123@sina.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Zhao et al. BMC Endocrine Disorders (2019) 19:4

reduce the relative risk of death from cardiovascular
disease by 18% [8].

GLP-1 is an endogenous incretin secreted by the in-
testines after eating and can promote the secretion of
insulin, inhibit the secretion of glucagon, delay gastric
emptying, and maintain the stability of blood glucose.
Based on this activity, GLP-1RAs, which decrease glu-
cose, the risk of hypoglycaemia and weight, have been
developed and used in the treatment of type 2 diabetes
patients. GLP-1RAs have been shown to have either
superior or noninferior efficacy compared with other
hypoglycaemic agents, such as metformin, thiazolidine-
diones (TZDs), insulin, sulfonylureas, and dipeptidyl
peptidase-4 (DPP-4) inhibitors [9-16]. In addition,
some studies confirmed that GLP-1RAs could signifi-
cantly reduce weight, improve insulin sensitivity [17—
22], and protect the function of B-cells [23, 24].

In recent years, an increasing number of studies have
suggested that GLP-1RAs might produce further bene-
fits with regard to cardiovascular factors [25, 26]. Ini-
tially, Viswanathan et al. found that adding exenatide
treatment to existing insulin therapy in patients with
type 2 diabetes could significantly reduce blood pres-
sure by 9.2 mmHg from baseline and that the reduc-
tion in blood pressure was independent of weight loss
[27]. Since then, several research teams have con-
ducted clinical studies investigating the efficacy of
GLP-1RAs on blood pressure and other cardiovascular
risk factors with different conclusions. Most studies
concluded that GLP-1RAs could significantly reduce
SBP and had a tendency to reduce DBP. Rosso et al.
found that SBP significantly decreased by 14.7 mmHg
and that DBP significantly decreased by 9 mmHg after
12 months of treatment with liraglutide, while fasting
blood glucose, HbA1C, weight, waist circumference,
and lipid levels also decreased significantly [28]. A
study in nondiabetic obese adults found that SBP de-
creased by 5.7 mmHg (1.2 mg/day), 5.6 mmHg (1.8 mg/
day), 8.8 mmHg (2.4 mg/day), and 6.9 mmHg (3.0 mg/
day) compared with baseline after a 20-week treatment
with liraglutide and that DBP decreased by 1.2 mmHg,
1.8 mmHg, 1.4 mmHg and 2.9 mmHg, respectively
[29]. The LEADER trial found that SBP decreased by
1.2 mmHg and that DBP increased by 0.6 mmHg in the
liraglutide group after an intervention of 3.5 years [30,
31]. A study in diabetic patients on peritoneal dialysis
found that SBP decreased by 20-30 mmHg after a
12-month treatment with liraglutide, which might be
associated with instability of the patients’ volume load
[32]. Therefore, exploring the influence of GLP-1RAs
on blood pressure in a large population by collecting
the data from all relevant trials is necessary.

Liraglutide is one of the long-acting GLP-1RAs mar-
keted in Europe in 2009 and has better efficacy with
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regard to cardiovascular benefits and hyperglycaemia
reduction [11, 33, 34]. This meta-analysis aimed to in-
vestigate the effect of liraglutide on blood pressure in
individuals with abnormal glucose metabolism or
metabolic syndrome by searching randomised con-
trolled trials (RCTs).

Methods

The main objective of this meta-analysis was to assess
the influence of liraglutide on blood pressure compared
with that of placebo. Outcome measurements included
SBP and DBP. We followed the methods specified in the
Cochrane Handbook for Reviews on Interventions [35].

Search strategy

Eligible trials were identified by electronic and manual
searches. Electronic searches were conducted by search-
ing PubMed for articles dating from 2009 to 2018 using
the terms “liraglutide” and “blood pressure”. Manual
searches were performed by reading the title, abstract
and full text of relevant articles.

Study selection

After searching for candidate articles, further identifi-
cation of these articles was based on the inclusion and
exclusion criteria described below. The process was
performed independently by two investigators.

The inclusion criteria were as follows: (a) published
studies in humans; (b) randomised, placebo, parallel
controlled trials; (c) outcome measurements included
blood pressure.

The exclusion criteria were as follows: (a) partici-
pants suffered from severe liver or renal insufficiency
and required replacement therapy; (b) cross-over con-
trol trials; or (c) using diuretics or drinking too much
water, which might impact volume load.

Data extraction

The main data were extracted from each study after a
full-text reading of each RCT included in the
meta-analysis and included the following: (a) general
information, such as the first author, title, year of publi-
cation, and sample size; (b) baseline characteristics of
participants, such as age and duration of diabetes; (c)
intervention measures, the duration of intervention and
background therapy; and (d) changes in SBP and DBP
from baseline to endpoint with the format of the mean
(standard deviation).

Quality assessment

The quality assessment of these RCTs included in the
meta-analysis was performed according to the Cochrane
Collaboration’s risk of bias assessment tools, which
included six parts: selection bias (random sequence



Zhao et al. BMC Endocrine Disorders (2019) 19:4

generation and allocation concealment), performance bias
(blinding of participants and personnel), detection bias
(blinding of outcome assessment), attrition bias (incom-
plete outcome data), reporting bias (selective reporting)
and other bias [35].

Data analysis

Statistical analysis was conducted by Review Manager
(RevMan version 5.3). We assessed the heterogeneity
among RCTs by using the Cochrane Q test and I* stat-
istic. I* values of less than 25%, 25-50%, 50—~75% and
more than 75% represent no heterogeneity, mild het-
erogeneity, moderate heterogeneity and considerable
heterogeneity, respectively. We concentrated on the
changes in SBP and DBP from baseline to endpoint
with the format of the mean (standard deviation). If the
article did not provide a calculated standard deviation,
we imputed it via sample size, standard error, 95% con-
fidence interval and p value. The results of the
meta-analysis were expressed as the weighted mean dif-
ference with 95% confidence intervals. To increase the
efficacy of the results, even if the heterogeneity was low
or there was no heterogeneity, a random-effects model
was selected.

Compliance with ethics guidelines

This article is based on previously conducted studies
and does not contain any studies with human partici-
pants or animals performed by any of the authors.

Results

Literature searches and study inclusion

By searching PubMed, a total of 226 articles were
screened. After excluding the articles that did not meet
our inclusion criteria, 18 RCTs were included in the
data analysis. All the included studies were rando-
mised, double-blind, placebo, and parallel controlled
trials. The study flow diagram is shown in Fig. 1. The
characteristics of the RCTs included in the meta-ana-
lysis are shown in Table 1 and Table 2. Liraglutide was
given at 0.6 mg once daily in 2 trials [36, 37]. As lira-
glutide at 0.6 mg/d is rarely used in clinical practice,
we removed these data from the comparison of liraglu-
tide with placebo.

Quality assessment

We conducted a quality assessment of the 18 RCTs in-
cluded in the meta-analysis according to the Cochrane
Collaboration’s risk of bias assessment tools. The char-
acteristics at baseline of all 18 RCTs showed no signifi-
cant difference between the liraglutide group and the
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Fig. 1 Study flow diagram

placebo group. Four RCTs did not provide clear infor-
mation on random sequence generation and allocation
concealment [38—41]. One RCT did not give the num-
ber of people who were lost to follow-up or withdrew and
the reason [40]. All 18 RCTs were performed and assessed
by blinding researchers and participants [29, 31, 36-51].
The risk of bias is shown in Fig. 2 and Fig. 3.

SBP

There were 7616 individuals in the liraglutide group
and 6046 individuals in the placebo group included in
the data analysis. Nine trials reported that liraglutide
reduced SBP significantly compared with placebo [29,
31, 41-44, 46, 48, 49]. Eight trials did not show a sig-
nificant difference in the reduction in SBP between lira-
glutide and placebo [36-40, 45, 47, 51], and 1 trial
reported that liraglutide could slightly increase SBP
without a clear significant difference [50]. The random-
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Table 2 Baseline Characteristics of trials included in the meta-analysis [29, 31, 36-51]

Study Age (years) Duration of diabetes BMI (kg/m?) Hypertension (n,%) SBP (mmHg) DBP (mmHg)

(years)

A Ahmann 2015 1:59.3(9.2) 1:12.1(7.1) 1:32.3(5.6) Unavailable Unavailable Unavailable
P:57.5(11.1) P12.1(68) P322(57)

A Astrup 2009 1:47.2(9.7)" NA 1:348(26)" Unavailable 1127(13.1)" 1:79.7(9.1)"
455(109) 35002.6)° 123(13.0)° 779(7.9)
450(11.1)° 35002.8)° 126(13.9)° 786(8.2)°
459(10.7)° 348028 124(113)" 778(83)
P:459(103) P:34.9(2.8) P:124(11.1) P.76.8(8.5)

A Astrup 2012 1:47.2(9.7)" NA 1:34.8(26)" Unavailable 1127(13.1)" 1:79.7(9.1)"
455(109) 350026)F 123(13.0)F 779(79)F
450(11.1)° 35002.8)° 126(13.9)° 786(8.2)°
459(107)° 34802.8) 124(11.3)° 77.8(83)
P:459(103) P:34.9(2.8) P:124(11.1) P.76.8(8.5)

A Blackman 2016 1486 (99) NA 1:389(6:4) 1:7541.7% 1125.8(11.5) 181.2(7.6)
P:484(9.5) P:39.4(7.4) P77,43% P:127.1(123) P:82.2(898)

Christian 2015 1:39.5(2.7) 118.33(2.0) 1:24.17(0.64) Unavailable 1129.4(2.5) 1;75.5(1.7)
P:36.1(16) P:19.56(1.6) P:22.75(041) P:127.3(2.2) P:72.5(1.4)

Dejgaard 2016 147(13) 120(12) 1:303(3.5) Unavailable 1131(15) 182(9)
P:49(12) P:25(12) P29.8(3.1) P:130(16) P81(8)

LEAD-1 1157.7(9) 16.7(4.0,10.7)*" 129.8(5.1)" 1:155,68%" 1133015)" Unavailable
556(10) 6.5(3.7,105)*F 300(5.1)F 163,69.7%" 13206)*

P:54.7(10) P6.5(4.5,106)* P30.3(54) P:74,64.9% P:131(15.3)

LEAD-2 1:57.0(9) 1;7.0(5)" 131.1(4.8)" Unavailable 1132014)" 180(10)"
57.009) 80(5)* 309(4.6)" 131014y 798)*
P:56.0(9) P:8.0(6) P31.6(4.4) P:135(16) P:81(9)

LEAD-4 1:55.0(10)" 1:9.0(6)" 133.26.4)" Unavailable 1:129(14.8)" 1;75.8(9.0)"
550(11)* 9.0(6)" 335(5.1)F 126(14.2)F 75.2(84)F
P:55.0(10) P9.0(6) P:33.9(5.2) P:128(14.5) P:76.2(9.2)

LEAD-5 1157.6(9.5) 19.2(5.8) 1:304(5.3) Unavailable 1135(15.0) 1:80.8(9.1)
P:57.5(9.6) P94(6.2) P:31.3(50) P:133(14.0) P:80.4(9.3)

LEADERS trial 164.2(7.2) 112.8(8.0) 1:32.5(6.3) Unavailable 11359(17.8) 177.2(103)
P:644(7.2) P:12.9(8.1) P:32.5(63) P:135.9(17.7) P:77.0(10.1)

Mark M. Smits 2016 1:62.8(6.9) Unavailable 1:32.0(30.9-35.9)* Unavailable 1:136.6(17.0) 1:77.0(5.4)
P:62.8(6.9) P:30.8(289-31.5)* P:137.6(14.9) P:76.4(6.8)

MDI liraglutide trial 1:63.7(8.2) 117.3(7.6) 1:33.7(4.3) Unavailable 1137.9(16.8) 73.5(12.7)
P:63.5(7.7) P17.0(8.1) P:33.5(4.0) P:133.7(13.7) P.74.9(8.5)

Nandy 2014 1:57.7(9) 1:5.3(4.1) 1:32.7(4.5) Unavailable Unavailable Unavailable
P:60.3(73) P:84(4.6) P316(4.2)

P. Mensberg MSc 2016 1:56.5(9) 1:6(5.2) 1:32.5(3.7) Unavailable 1:1364(11.0) 1:84.1(7.0)
P:55.6(12) P37(33) P324(52) P:136.2(89) P:82.1(7.0)

Robert 2015 1:34(9) NA 1:36.15(3.84) 0,0% 1130(15) 1:76(11)
P:34(9) P:35.74(4.55) P:133(17) P:78(10)

S Frossing 2018 1:299(6.1) NA 1:333(5.1) 0,0% 1123(9) 179(8)
P:29.9(6.1) P:33.3(4.6) P:124(9) P:80(7)

Sun H. Kim 2013 1:58.0(7) NA 131.9(2.7) 0,0% 1127(10) 1;76(9)
P:58.0(8) P31.9(35) P:119(14) P.75(8)

(Abbreviations: BMI Body mass index, SBP Systolic blood pressure, DBP Diastolic blood pressure, NA Not applicable, / Intervention group, P Placebo group, age and
the duration of diabetes were expressed as mean(SD) unless otherwise noted, * median (25th and 75th percentile); t liraglutide 1.2 mg/d, # liraglutide 1.8 mg/d, §

liraglutide 2.4 mg/d, b liraglutide 3.0 mg/d))
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effects model showed that liraglutide significantly
reduced SBP compared with placebo. The mean differ-
ence was 3.18 mmHg (-4.32 to —-2.05, I> =55%, P<
0.00001) (Fig. 4). The I? values suggested moderate het-
erogeneity, which might be related to the demographic
characteristics, background therapy, dose of liraglutide
and duration of intervention in each study.

We conducted subgroup analysis defined by the dose
of liraglutide. Liraglutide significantly reduced SBP by
223 mmHg (-391 to -0.54, 12=33%, P <0.00001),
2.88 mmHg (-4.13 to -1.62, > =51%, P<0.00001),
5.01 mmHg (- 7.58 to — 245, I* =0%, P=0.0001), and
3.67 mmHg (- 5.35 to —1.99, I =0%, P<0.0001) com-
pared with placebo in the liraglutide 1.2 mg/d stratifica-
tion, 1.8 mg/d stratification, 2.4 mg/d stratification and
3.0 mg/d stratification, respectively (Fig. 5).

In addition, we conducted subgroup analysis defined
by the duration of intervention. Subgroup analysis did
not show a significant difference in reduction in SBP be-
tween the liraglutide group with a more than 1-year dur-
ation of intervention and the placebo group. The mean
difference was -1.78 mmHg (-3.69 to 0.14, P=0.07,
1>-47%). Compared with the placebo group, the liraglu-
tide group with a less than 1-year duration of interven-
tion showed a significant reduction in SBP of 3.44
mmHg (- 4.63 to - 2.25, P <0.00001, I* = 37%) (Fig. 6).

DBP

Fourteen trials reported changes in DBP from baseline to
endpoint [29, 31, 38-45, 48-51]. We performed a
random-effects meta-analysis with 5952 individuals assigned
to liraglutide and 5482 individuals assigned to placebo. No
significant difference was found in the reduction in DBP

between liraglutide and placebo. The mean difference was -
0.05 mmHg (- 0.67 to 0.57, P = 0.87, I* = 19%) (Fig. 7).

We conducted subgroup analysis defined by the
dose of liraglutide. Liraglutide 3.0 mg/d significantly
reduced DBP by 1.46 mmHg (- 2.61 to - 0.32, I* = 0%,
P =0.01) compared with placebo. However, liraglutide
1.8 mg/d slightly increased DBP by 0.47 mmHg (0.11
to 0.83, I” = 0%, P = 0.01) (Fig. 8). In addition, we con-
ducted subgroup analysis defined by the duration of
intervention, which showed that liraglutide did not
significantly reduce DBP compared with placebo,
whether the duration of intervention was more than
or less than 1 year (Fig. 9).

Discussion

Explanation for findings

As liraglutide 0.6 mg/d subcutaneous injection was
well tolerated and rarely used in clinical practice, we
eliminated the data on liraglutide 0.6 mg/d. The
random-effects model showed a significant difference
in reduction in SBP between liraglutide and placebo by
- 3.18 mmHg but no significant difference in reduction
in DBP. Subgroup analysis showed that the degree of
reduction in SBP was associated with the dose of lira-
glutide and the duration of intervention. The larger
the dose of liraglutide was, the greater the reduction
in SBP. However, the degree of reduction in SBP de-
clined when the dose of liraglutide was 3.0 mg/d.
Subgroup meta-analysis showed that short-term
intervention with liraglutide (less than 1year) could
reduce SBP significantly compared with placebo but
that the difference in reduction would disappear
when the intervention lasted over 1year. The
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mechanism underlying this phenomenon was not
clear. However, there were only 2 trials with a more
than 1-year duration of intervention, so the results
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might be related to the adherence to the medication,
or compliance of the participants. In addition, there
were limited trials in the liraglutide 2.4 mg/d stratifi-
cation and the liraglutide 3.0 mg/d stratification.
Thus, additional long-term and large-dosage clinical
trials are needed to probe the further efficacy of lira-
glutide on blood pressure.

Assessment of quality of included studies

This meta-analysis included 18 RCTs. All of the in-
cluded trials were randomised, double-blind, placebo-
controlled, parallel trials. To improve the grade of evi-
dence, we excluded cross-over controlled trials from
comparisons between liraglutide and placebo. After
quality assessment, the bias risk of the included trials
was relatively low.

The GLP-1RA liraglutide, as a new method of anti-
diabetic therapy, has been shown by a considerable
number of trials to demonstrate efficacy in lowering
fasting blood glucose, postprandial blood glucose, and
weight. Increasing numbers of clinical studies have
shown its cardiovascular benefits, providing further
evidence for clinical use of liraglutide beyond antihy-
perglycaemia [8-14, 17-20, 27, 28]. In recent years,
some researchers performed meta-analyses to com-
pare liraglutide and other antihyperglycaemic agents,
such as sulfonylureas, insulin, TZDs, DPP-4 inhibitors
and other GLP-1RAs, demonstrating different effects
in lowering HbA1C/fasting plasma glucose/postpran-
dial plasma glucose, adverse events, and improvement
in insulin resistance, weight loss and the risk of
hypoglycaemia [25, 26, 34, 52-57]. However, the influence
of liraglutide on blood pressure was still uncertain.

Hypertension is highly correlated with diabetes but
remains underrecognised and undertreated in the dia-
betic and the general population. The UK prospective
diabetes study found that strict blood pressure control
in patients with hypertension and type 2 diabetes sub-
stantially reduced the risk of death and complications
due to diabetes [58]. In the active-treatment arm of the
ADVANCE study, a decrease in blood pressure of 5.6/
2.2mmHg in high-risk patients with T2DM reduced
the rate of renal adverse events by 21% [59]. Our
meta-analysis showed that SBP was reduced by ap-
proximately 5 mmHg, which may be a cardioprotective
benefit. A study based on healthy adults found that
plasma levels of fasting GLP-1 are significantly and
positively related to the blood pressure indices
assessed [60]. The increase in GLP-1 levels could be a
compensatory response to individual BP elevations.
The possible mechanisms by which GLP-1 reduces BP
are vasodilatory properties [61] and improvement of
endothelial function [62, 63]. In addition, there is some
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g
liraglutide placebo Mean Difference Mean Difference
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AAstrup 2012 -5.03 14 368 -16 14 88  B67%  -3.43[6.55-031] =
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Nandy 2014 -46 96 16 -48 973 14 22% 0.20[-6.74,7.14] — i
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Test for overall effect: Z=5.49 (P < 0.00001) liraglutide placebo

Fig. 4 The forest plot of the comparison between the effects of liraglutide and placebo on SBP (random-effects model)

Liraglutide Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% CI IV, Random. 95% CI
2.1.1 Liraglutide 1.2mg/d

AAstrup 2008 -5.7 11.59 85 -4 1071 79 4.0% -1.70[-6.11,1.71) bl

Ahstrup 2012 -42 1132 61 -18 1132 62 32% -2.40[-6.40,1.60) T
Christian 2015 -23 78 18 09 78 18  2.3% -3.20-8.30,1.90] =

LEAD-1 -26 127 228 -23 124 114 50% -0.30[-3.11,2.51] b
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LEAD-4 -6.7 141 178 11 152 177 46%  -5.60[-8.65,-2.55) b

Subtotal (95% ClI) 811 572 241%  -2.23[-3.91,-0.54] L

Heterogeneity: Tau®=1.45, Chi*=7.48, df=5 (P=0.19), F= 33%
Testfor overall effect: Z=2.59 (P = 0.010)

2.1.2 Liraglutide 1.8mg/d

AAhmann 2015 -5.78 1315 225 -0.76 1315 225 57%  -5.02[-7.45,-2.59 =
AAstrup 2009 -56 11.01 74 -4 1071 79 39% -1.60 [-5.05, 1.85] I
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Dejgaard 2016 -6 1531 50 -1.8 1531 50  1.7% -4.20[10.20,1.80) ==
LEAD-1 -28 131 234 -23 124 114 50% -0.50[-3.33,2.33) 5
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Heterogeneity: Tau®= 2.49; Chi*= 30.56, df=15 (P =0.01); F=51%
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Fig. 5 The forest plot of SBP in subgroup analysis defined by the dose of liraglutide (random-effects model)
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Christian 2015 -23 781 18 09 7.81 18 1.7% -3.20[-8.30,1.90] I
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Fig. 6 The forest plot of SBP in subgroup analysis defined by the duration of intervention (random-effects model)
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p
Liraglutide Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% CI

2.2.1 Lliraglutide 1.2mg/d

AAstrup 2009 1.2 742 85 -1.1 692 79 54%
AAstrup 2012 -1.67 539 27 -023 539 32 37%
Christian 2015 13 7.8 18 -05 781 18 1.2%
Subtotal (95% CI) 130 129 10.3%

Heterogeneity: Tau®*= 0.00; Chi*= 0.56, df= 2 (P = 0.76), F= 0%
Testfor overall effect: Z= 0.77 (P = 0.44)

2.2.2 Liraglutide 1.8mg/d

AAhmann 2015 -119 858 225 -052 858 2256 9.0%
A Astrup 2009 -1.8 7.08 74 11 692 79 53%
AAstrup 2012 -1.2 552 30 -02 552 32 37%
Dejgaard 2016 -0.54 883 50 -04 883 50 2.4%
LEADERS trial -1.45 986 4668 -205 9.86 4672 27.5%
Mark M.Smits 2016 -0.7 523 19 -02 5623 17 25%
MDI liraglutide trial 0.71 10.34 63 0.22 1067 59 21%
Nandy 2014 3 g 16 -2 786 14 09%
P.Mensherg MSc 2016 -05 45 17 -23 55 16 2.5%
Robert 2015 -3 774 21 1 19.22 21 0.4%
S Frossing 2018 -11 585 48 -1.07 585 24 34%
Sun H.Kim 2013 -1.9 576 24 -33 746 27 2.2%
Subtotal (95% ClI) 5255 5236 62.0%
Heterogeneity: Tau®= 0.00; Chi*= 9.34, df=11 (P = 0.59); F= 0%

Test for overall effect: Z= 2.53 (P = 0.01)

2.2.3 Liraglutide 2.4mg/d

A Astrup 2009 -1.4 664 73 11 692 79  56%
AAstrup 2012 -1.5 563 31 -02 583 32 36%
Subtotal (95% ClI) 104 1 9.2%
Heterogeneity: Tau®= 0.00; Chi*=0.31, df=1 (P = 0.58); F= 0%

Test for overall effect: Z= 0.78 (P = 0.44)

2.2.4 Liraglutide 3.0mg/d

A Astrup 2009 -29 751 82 11 692 79 53%
AAstrup 2012 -2.8 5.4 24 -02 5.4 32 34%
ABlackman 2016 -1.4 723 178 -04 723 179 97%
Subtotal (95% ClI) 284 290 18.5%

Heterogeneity: Tau®= 0.00; Chi*=1.06, df= 2 (P = 0.59); F= 0%
Test for overall effect: Z= 2.52 (P = 0.01)

Total (95% CI) 5773 5766 100.0%
Heterogeneity: Tau®= 0.26; Chi*= 23.59, df=19 (P = 0.21); F=19%

Testfor overall effect: Z= 0.99 (P = 0.32)

Testfor subaroun differences: Chi®=12.31. df= 3 (P = 0.006). F= 75.6%

Fig. 8 The forest plot of DBP in subgroup analysis defined by the dose of liraglutide (random- effects model)
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evidence that GLP-1RAs mediate sodium excretion
and diuresis in order to lower blood pressure [64—66].

Intensive control of glucose levels and blood pressure is
currently the mainstay of both prevention and treatment
of diabetic nephropathy. The LEADER trial showed that
liraglutide-induced benefits on renal outcome could be
due to improvements in renal risk factors, such as renal
haemodynamics [67]. GLP-1RAs may induce renoprotec-
tion by inhibiting renal tubular sodium reabsorption,
facilitating water excretion [64—66] and decreasing glom-
erular pressure. A pooled analysis of four studies showed
that DPP-4 inhibitors led to a significant reduction in al-
buminuria in patients with type 2 diabetes [68].

All trials found that liraglutide significantly reduced
body weight compared with placebo [29, 31, 36-51].
The reduction in SBP partly contributes to the reduc-
tion in body weight. However, on the basis of the SBP
and weight profiles over time, the reduction in SBP
may not be fully explained by the reduction in body
weight [37]. Based on the time course of SBP and
weight reductions, the reduction in SBP occurred be-
fore substantial weight loss [47]. A meta-analysis
showed that significant reductions in SBP were ob-
served as early as 2 weeks after initiation of liraglutide
treatment and could be observed before any significant
weight loss occurred [68].

Strengths and limitations

The aim of this meta-analysis was to discuss the influ-
ence of liraglutide on blood pressure in individuals
with or without abnormal glucose metabolism by
searching high-quality RCTs to provide reliable evi-
dence for clinical practice. However, some limitations
should be noted. First, Robert SA et al. did not provide
the number of people who were lost to follow-up or
withdrew and the reasons these participants were lost
follow-up or withdrew. Four RCTs did not give a clear
method of random sequence and allocation conceal-
ment [38—41]. These factors increased the bias risk of
the studies included. Second, because of the limitation
of sample size in stratifications treated with liraglutide
2.4 mg/d and 3.0 mg/d, the subgroup analysis might be
inaccurate. Third, there was a lack of clinical trials on
the efficacy of liraglutide on blood pressure in patients
with and without hypertension.

Conclusions

In this meta-analysis, 18 RCTs were included to ex-
plore the effect of liraglutide on blood pressure. The
results showed that compared with placebo, liraglu-
tide significantly reduced SBP. At doses of liraglutide
up to 3.0 mg/d, the reduction in DBP was significant.
At present, liraglutide is widely recognised to have a
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Fig. 9 The forest plot of DBP in subgroup analysis defined by the duration of intervention (random-effects model)

beneficial effect on glucose reduction, weight loss and
protection of B-cells. With the efficacy on blood pres-
sure, the application of liraglutide in clinical practice
may be broadened in the future. More clinical trials
are needed to investigate the further effect of liraglu-
tide on blood pressure.
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