
RESEARCH ARTICLE

Effects of intensive blood pressure lowering

on mortality and cardiovascular and renal

outcomes in type 2 diabetic patients: A meta-

analysis

Jing Wang1,2☯, Yalei Chen3☯, Weihao Xu4☯, Nianfang Lu3, Jian CaoID
4*, Shengyuan Yu1,2*

1 Department of Neurology of The First Medical Center, Chinese PLA General Hospital, Beijing, China,

2 School of Medicine, Nankai University, Tianjin, China, 3 Department of Critical Care Medicine, Beijing

Electric Power Hospital, Beijing, China, 4 Geriatric Cardiology Department of The Second Medical Center &

National Clinical Research Center for Geriatric Diseases, Chinese PLA General Hospital, Beijing, China

☯ These authors contributed equally to this work.

* caojian301@hotmail.com (JC); 1124187485@qq.com (SY)

Abstract

Background

Previous studies have demonstrated that intensive blood pressure (BP) lowering treatment

reduces the risk of all-cause mortality and provides greater vascular protection for patients

with hypertension. Whether intensive BP lowering treatment is associated with such benefits

in patients with type 2 diabetes mellitus remain unknown. We aimed to clarify these benefits

by method of meta-analysis.

Methods

The PubMed, EMBASE, Science Citation Index and Cochrane Library databases were

searched to identify randomized controlled trials (RCT) that fulfilled study inclusion criteria.

Two investigators independently extracted and summarized the relevant data of the

included trials. Random-effects model was applied to calculate the estimates of all effect

measures.

Results

We included 16 RCTs and our meta-analysis showed that intensive BP lowering treatment

vs less intensive BP lowering treatment resulted in significant reductions in the all-cause

mortality risk [relative risk (RR), 0.82; 95% CI, 0.70–0.96], major CV events (RR, 0.82; 95%

CI, 0.73–0.92, MI (RR, 0.86; 95% CI, 0.77–0.96), stroke (RR, 0.72; 95% CI, 0.60–0.88, CV

death (RR, 0.73; 95% CI, 0.58–0.92) and albuminuria progression (RR, 0.91 95% CI, 0.84–

0.98). However, intensive BP lowering treatment had no clear effect on non-CV death (RR,

0.97; 95% CI, 0.79–1.20), heart failure (HF) (RR, 0.88; 95% CI, 0.71–1.08) or end-stage kid-

ney disease (ESKD) (RR, 1.00; 95% CI, 0.75–1.33). Subgroup analysis showed that the

reduction in all cause-mortality was consistent across most patient groups, and intensive BP
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lowering treatment had a clear benefit even in patients with systolic blood pressure lower

than 140 mm Hg. However, the benefit differed in patients with different CV risk (�10%: RR,

0.77, 95%CI, 0.64–0.91; <10%: RR, 1.04, 95%CI, 0.84–1.29; Phetero = 0.028).

Conclusions

Our data indicate that intensive BP lowering treatment provides greater benefits than less

intensive treatment among patients with type 2 diabetes mellitus. Further studies are

required to more clearly evaluate the benefits and harms of BP targets below those currently

recommended with intensive BP lowering treatment.

Introduction

Diabetes mellitus (DM) is a global public health problem. DM is estimated to affect 116 million

Chinese people, according to a recent epidemiological survey[1], and is estimated to affect 400

million individuals worldwide by the year of 2030[2]. People with DM are at high risk of car-

diovascular (CV) events, such as stroke and myocardial infarction (MI), and all-cause mortal-

ity at any level of blood pressure (BP)[3–5].

Current guidelines regarding the BP target in diabetic patients are inconsistent. The 2013

European Society of Hypertension/European Society of Cardiology (ESH/ESC) Task Force

stopped recommending the lowering of BP to<130/80 mm Hg in patients with diabetes, and

recommended a goal of<140/90 mm Hg, in contrast to the 2007 ESH/ESC guideline[6,7]. The

Eighth Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of

High Blood Pressure (JNC 8) has recommended a treatment goal of<140/90 mm Hg for dia-

betes patients aged�18 years[8]. However, the latest 2018 Canadian hypertension guideline

and 2017 American College of Cardiology/American Heart Association (ACC/AHA) guideline

have both recommended that adults with DM be treated to attain <130/80 mm Hg[9, 10].

Several randomized controlled trials (RCTs) have evaluated the effects of intensive BP low-

ering treatment on DM patients, with some studies showed lower risk of all-cause mortality

and greater vascular protection from intensive treatment, while others indicated no benefit

[11–26]. Previous systematic reviews have explored the effects of intensive BP lowering treat-

ment and the optimal achieved BP level in diabetes patients[27–31], but these reviews focused

on fewer clinical outcomes (major CV events, MI and stroke)[27, 28] and included many

RCTs that aimed only to investigate the drug effects or compare the effects of two or more

drugs rather than to explore the effects of intensive BP lowering treatment or the optimal BP

level in diabetes patients[29–31]. Therefore, our objective was to conduct a new systematic

review and meta-analysis that only included RCTs aimed at evaluating the effects of intensive

BP lowering treatment to investigate whether more intensive BP control compared with less

intensive BP control was associated with a reduced mortality risk and better CV and renal out-

comes in diabetic patients.

Methods

Data sources and searches

This study was performed according to the recommendation of the Preferred Reporting Items

for Systematic Reviews and Meta-analysis (PRISMA) guidelines (checklist is shown in S1

Table) [32]. The literature search was performed in May 2018. We systematically searched the

Intensive blood pressure lowering for type 2 diabetic patients
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PubMed, EMBASE, Science Citation Index and Cochrane Library databases from January 1,

1950, to May 1, 2018. The references of the identified publications, previous systematic reviews

and guidelines in the discipline were also manually searched for additional studies. No lan-

guage restrictions were applied. Studies were restricted to RCTs, clinical trials or controlled

clinical trials. The detailed literature search strategies are provided in S1 Appendix.

Study selection

We included RCTs comparing different BP lowering treatment arms (more intensive vs. less

intensive BP control or active BP lowering treatment vs. placebo treatment) in type 2 diabetic

patients who were older than 18 years. RCTs with a DM subgroup could also be included. If

no relevant data for the DM subgroup were provided in the literature, we emailed the trial

investigators and requested the data of the DM subgroup. The follow-up period of the included

RCTs was at least 12 months. We excluded strictly comparative trials, evaluating one agent

against another, as well as trials with combined interventions.

Data extraction and quality assessment

Two investigators (JW and YLC) independently extracted and summarized the relevant data

of the included trials. The following information was extracted from each included study: the

first author’s name (trial abbreviation), publication year, study design, inclusion criteria and

patient population in each trial, proportion of female participants, mean age of the study popu-

lation, median follow-up time in years, estimated CV risk after 10 years, medications used by

the different groups, baseline BP level, BP targets in the different groups, achieved BP level in

the intensive group, achieved BP level in the less intensive group and difference in BP reduc-

tion. Any disagreements regarding the extracted data were first discussed by the two investiga-

tors (JW and WHX). If a consensus was not reached, the discrepancies were resolved by a

third investigator (JC). The methodological quality of the included trials was evaluated with

the Cochrane risk of bias tool[33].

The primary outcome was all-cause mortality. Other outcomes of interest included CV out-

comes and renal outcomes. CV outcomes included major CV events, CV death, non-CV

death, MI, stroke, and heart failure (HF). Renal outcomes included end stage kidney disease

(ESKD) and albuminuria progression.

Statistical analysis

For studies that provided the relative risk (RR) and 95% confidential interval (CI) for study

outcomes, we extracted these data directly. For studies that did not provide the RRs and 95%

CIs, we calculated these data before pooling or extracted the relevant data from a previous

meta-analysis[29–31]. The chi-square test and I-squared (I2) statistic were used to explore het-

erogeneity among the included studies[34]. Random-effects model was applied to calculate the

estimates of all effect measures. Subgroup analysis was performed according to the study type

(2 defined BP arms vs. an active group vs. placebo), whether hypertension was present in the

diabetic patients, the mean age of the study population, CV risk (calculated as the incidence

rate of CV death in the group receiving less intensive treatment or in the placebo control

group; the observed CV death rate was extrapolated to a period of 10 years to fit the usual

expression of CV risk)[35], baseline systolic BP (SBP), achieved SBP in the intensive or active

group, and the SBP difference. Univariate meta-regression was performed to explore potential

sources of heterogeneity. Sensitivity analysis was also performed to verify the robustness of the

overall results. Potential publication bias was assessed by visual inspection of the funnel plot

for all outcomes separately. In addition, Egger’s regression test[36] and Begg’s test[37] were
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used to statistically assess publication bias. A two-sided P value<0.05 was regarded as statisti-

cally significant. All analyses were performed using Stata release 12 (Stata Corp, College Sta-

tion, TX, USA).

Results

Literature search

A total of 31,347 articles were identified through literature searches. After removing duplicated

articles, 5574 remained for further screening. Two investigators (WHX and JW) carefully read

the titles and abstracts of the remaining articles and excluded another 5391 articles. Next, 183

articles were screened in a full-text review, and an additional 167 were excluded. The remain-

ing 16 articles corresponded to 16 RCTs which satisfied the inclusion criteria. The flowchart of

trial identification is shown in Fig 1.

Study characteristics and quality assessment

Overall, 16 RCTs corresponding to 24,444 type 2 diabetic participants fulfilled the inclusion

criteria. The clinical characteristics of the included trials are summarized in Table 1 and

Table 2. Ten trials were designed to compare intensive BP control to less intensive BP control,

and 6 trials were designed to compare active treatment to placebo treatment. Of the 16

included trials, 2 trials had all with hypertension and all with DM, 2 trials had some hyperten-

sive and some normotensive and all with DM, 2 trials had all normotensive and all with DM, 8

trials had all with hypertension and some with DM, and 2 trials had some hypertensive and

some normotensive and some with DM. The mean baseline BP of the included patients was

158.3/88.0 mm Hg before treatment. After randomization and treatment, the mean achieved

BP in the intensive BP lowering treatment arm was 136.6/76.7 mm Hg, and the mean achieved

BP in the less intensive BP lowering treatment arm was 144.9/81.1 mm Hg. The achieved dif-

ference in the mean SBP ranged from 3.4 to 16.1 mm Hg at the end of the trial. The risk of bias

of the included trials was assessed with Cochrane Collaboration’s tool and is summarized in S1

and S2 Figs.

Effects of intensive BP lowering on all-cause mortality

Data on the effect of intensive BP control on all-cause mortality were available from 14 trials.

Overall, the RR for all-cause mortality among patients in the intensive BP lowering group was

0.82 (95% CI, 0.70–0.96; P = 0.011) compared with the less intensive BP lowering group; due

to evidence of moderate heterogeneity (I2 = 39.8%, P for heterogeneity = 0.062; Fig 2A), the

random-effects model was used. A sensitivity analysis was performed by excluding one trial

each time and recalculating the pooled RR for the remaining trials, and none of the individual

trials had an evident influence on the pooled effect size (Fig 2B). This analysis verified the

robustness of the result. A visual inspection of the funnel plot revealed no evidence of publica-

tion bias (Fig 2C). Begg’s (P = 0.511) and Egger’s regression tests (P = 0.444) also indicated no

publication bias in this meta-analysis.

Effects of intensive BP lowering on CV outcomes

Data regarding the effects of intensive BP lowering on major CV events were available from 9

trials. Overall, intensive BP lowering was associated with a significantly lower risk of major CV

events (RR, 0.82, 95% CI, 0.73–0.92, P = 0.001; I2 = 29.4%) (Fig 3A). Twelve trials reported the

MI outcome, and intensive BP lowering was associated with a 14% (RR, 0.86, 95% CI, 0.77–

0.96, P = 0.01; I2 = 0.0%) (Fig 3B) reduction in the MI risk compared with less intensive BP

Intensive blood pressure lowering for type 2 diabetic patients
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lowering. Stroke was reported in 14 trials, and intensive BP lowering reduced the risk of stroke

by 24% (RR, 0.72, 95% CI, 0.60–0.88, P = 0.001; I2 = 36.2%) (Fig 3C). Ten trials reported the

CV death outcome. Compared with less intensive BP lowering, intensive BP lowering signifi-

cantly reduced the risk of CV death (RR, 0.73, 95% CI, 0.58–0.92, P = 0.008; I2 = 50.9%) (Fig

4A). Nine trials reported the non-CV death outcome, and the risk of non-CV death was not

reduced by intensive BP lowering (RR, 0.97, 95% CI, 0.79–1.20, P = 0.809; I2 = 28.0%) (Fig 4B).

HF was reported in 8 trials, with no reduction in this outcome in patients allocated to the

intensive BP lowering group compared with the less intensive BP lowering group (RR, 0.88,

95% CI, 0.71–1.08, P = 0.217; I2 = 0.0%) (Fig 4C).

Fig 1. Flowchart of trial identification for meta-analysis.

https://doi.org/10.1371/journal.pone.0215362.g001
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Table 1. Baseline clinical characteristics of trials included in the meta-analysis.

Author/Year Design/

Country of origin

Inclusion

Criteria

Patient

No.(n)

Female

(%)

Mean

Age

(years)

Follow-

up

(years)

Cardiovascular

Risk (%)

HDFP Group

(HDFP) 1979

Randomized

multicenter;

USA

Age 30–69 with DBP>90 mm Hg 10940

DM:772

46.0 50.8 5 12.5

Amery et al

(EWPHE) 1985

Randomized

multicenter;

USA

Age�60 years with SBP 160–239 mm Hg and DBP

90–119 mm Hg

840

DM:111

69.8 72 4.6 26.6

Curb et al

(SHEP) 1996

Randomized

multicenter;

USA

Age�60 years with isolated systolic hypertension

(SBP 160–220 mm Hg and DBP < 90 mm Hg)

4736

DM: 583

49.6 70.1 4.5 17.8

UKPD Study Group

(UKPDS) 1998

Randomized

multicenter;

UK

Newly diagnosed type 2

diabetes with

hypertension

1148 44.5 56 8.4 17.7

Hansson et al

(HOT) 1998

Randomized

multicenter;

Sweden, Italy,

Canada,

USA, France and

Germany

Hypertension with DBP

100–115 mm Hg

18790

DM:1501

47 61.5 3.8 11.1

Tuomilehto et al

(Syst-Eur) 1999

Randomized

multicenter;

western and eastern

Europe

Age�60 years with isolated systolic hypertension

(SBP 160–219 mm Hg and DBP < 95 mm Hg)

4695

DM:492

66.8 70.2 2 33.3

Wang et al

(Syst-China) 2000

Randomized

multicenter;

China

Age�60 years with isolated systolic hypertension

(SBP 160–219 mm Hg and DBP < 95 mm Hg)

2394

DM:98

35.6 66.5 3 47.0

Estacio et al

(ABCD-H) 2000

Randomized

multicenter;

USA

Type 2 diabetes with DBP�90 mm Hg 470 32.6 57.9 5 10.7

Schrier et al

(ABCD-N) 2002

Randomized

multicenter;

USA

Type 2 diabetes with

normotension(DBP 80–89

mm Hg)

480 45.5 59.1 5.3 7.4

Berthet et al

(PROGRESS) 2004

Randomized

multicenter;

Asia, Australia and

Europe

Patients with history of stroke or TIA in previous 5

years

6150

DM:761

28 64 3.9 23.7

Estacio et al

(ABCD-2V) 2006

Randomized single-

center,

USA

Type 2 diabetic patients, 40 to 81 years of age, with

SBP<140 mm Hg, DBP between 80 and

90 mm Hg

129 32.6 56.1 2 NA

ADVANCE

Collaborative Group

(ADVANCE) 2007

Randomized

multicenter;

Australia, Asia,

Europe and North

America

Type 2 diabetes at the age of 30 years or older, were 55

years of age or older at study entry and had evidence

of elevated risk of cardiovascular disease

11140 42.5 65.8 4.3 10.7

JATOS Study Group

(JATOS) 2008

Randomized

multicenter;

Japan

Age between 65 and 85 years with SBP >160 mm Hg 4418

DM:521

61.1 73.6 2 1.6

Ogihara et al

(VALISH) 2010

Randomized

multicenter;

Japan

Age between 70 and 85 years with isolated systolic

hypertension (SBP >160 mm Hg and DBP < 90 mm

Hg)

3260

DM:399

62.5 76.1 2.9 2.8

Accord Study Group

(ACCORD) 2010

Randomized

multicenter;

USA, Canada

Type 2 diabetic patients with 40 years older and

cardiovascular disease or 55 years older with risk for

cardiovascular disease

4733 47.7 62.2 4.7 5.2

(Continued)
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Effects of intensive BP lowering on renal outcomes

Six trials reported the ESKD outcome, and the pooled result showed no clear benefit for inten-

sive BP lowering on the risk of ESKD compared with less intensive BP lowering (RR, 1.00, 95%

CI, 0.75–1.33, P = 0.994; I2 = 0.0%) (Fig 5A). Five trials reported data about albuminuria pro-

gression and showed that intensive BP lowering reduced the risk of albuminuria progression

by 9% (RR, 0.91, 95% CI, 0.84–0.98, P = 0.011; I2 = 0.0%) (Fig 5B).

Subgroup analysis and meta-regression

The observed effects of intensive BP lowering treatment did not differ among most trial sub-

groups defined according to a broad range of baseline characteristics (P for heterogeneity

P>0.05), including the type of treatment in the comparison arm (less intensive BP target or

placebo), whether hypertension was present, mean age (<65 vs�65 years), baseline SBP of the

entire cohort (<140 mm Hg vs 140–160 mm Hg vs>160 mm Hg), achieved SBP in the inten-

sive BP lowering group (SBP<130 mm Hg vs SBP 130–140 mm Hg vs SBP�140 mm Hg) and

SBP difference (<6 mm Hg vs�6 mm Hg) (Fig 6). In particular, there was no clear evidence

that the benefits of intensive BP lowering varied by the mean baseline SBP of the trial partici-

pants or the mean achieved SBP in the intensive BP lowering group. However, in the subgroup

stratified by CV risk, the result showed that in the trials that included patients with CV risks

�10%, the RR of death in the intensive vs less intensive BP lowering arms was 0.77. The trials

that included patients with CV risks<10% had an RR of 1.05. Formal testing for heterogeneity

resulted in a P value of 0.028. Univariate meta-regression of intensive BP lowering on all-cause

mortality according to the baseline characteristics also showed no evidence of heterogeneity

(S2 Table).

Discussion

This meta-analysis, which included 24,444 diabetic patients, demonstrates clear overall bene-

fits for intensive BP lowering treatment. The risk of all-cause mortality was reduced by 18%,

and the risks of most CV outcomes, including major CV events, MI, stroke and CV death, and

albuminuria progression were also significantly reduced. However, there was no evidence to

suggest that intensive BP lowering treatment reduced or increased the risk of non-CV death,

HF or ESKD. The beneficial effect for all-cause mortality was consistent across most patient

subgroups. Additionally, a significant benefit was achieved for those with baseline SBPs lower

than 140 mm Hg and from further lowering the SBP to lower than 130 mm Hg. We also

observed a possibility of a mortality benefit in trials that included patients with CV risks higher

than 10% (P = 0.028).

Table 1. (Continued)

Author/Year Design/

Country of origin

Inclusion

Criteria

Patient

No.(n)

Female

(%)

Mean

Age

(years)

Follow-

up

(years)

Cardiovascular

Risk (%)

SPS3 Investigators

(SPS3) 2013

Randomized

multicenter;

North America

Age�40 years with normotension or hypertension

had lacunar stroke

3020

DM:

1106

37 63 3.7 9.9

DM, diabetes mellitus; NA, not available; In the ABCD-2V study there was no death in the control group and CV risk cannot be calculated with the system of Prof.

Zanchetti

https://doi.org/10.1371/journal.pone.0215362.t001
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Table 2. Trial interventions and their effects.

Author/Year Antihypertensive

Regimens

Baseline

BP(mm

Hg)

BP target

in Intensive Group (mm

Hg)

BP target in

Less Intensive

Group (mm

Hg)

Achieved BP

in Intensive

Group (mm

Hg)

Achieved BP

in Less

Intensive

Group (mm

Hg)

Difference in

BP Reduction

(mm Hg)

HDFP Group

(HDFP) 1979

SC: step 1 to step 5 with diuretic

(chlorthalidone, triamterene or

spironolactone), antiadrenergic drug

(reserpine, methyldopa or guanethidine

sulfate),vasodilator (hydralazine) or

other

antihypertensive drugs as needed

RC: referred care

158.8/

101.5

DBP <90 mm Hg for

patients with DBP� 100

mm Hg or 10 mm Hg

reduction for DBP 90–99

mm Hg

NR 131.5/86 141.5/92 -10/-6

Amery et al

(EWPHE) 1985

Active group:

Hydrochlorothiazide+triamterene

and methyldopa as needed

Placebo group:

matching placebo

186.8/

101.2

NR NR 149.5/86.4 165.6/91.7 -16.1/-5.3

Curb et al

(SHEP) 1996

Active group:

Chlorthalidone with a step-up to atenolol

or reserpine if needed

Placebo group:

Placebo and any active antihypertensive

drugs prescribed by private physician

170.2/75.8 SBP <160 mm Hg for

those initial SBP�180

mm Hg;

SBP reduction� 20 mm

Hg for those initial SBP

160–179 mm Hg

NR 146.0/68.5 155.8/70.7 -9.8/-2.2

UKPD Study

Group

(UKPDS) 1998

Tight group:

Captopril and atenolol and other agents

if needed

Less tight group:

Avoiding ACEI and β blocker and other

agents if needed

159.3/94.0 BP<150/85 BP<180/105 144/82 154/87 -10/-5

Hansson et al

(HOT) 1998

Intensive group:

felodipine, ACEI, β blocker and diuretic

if needed

Less intensive group: same as intensive

group but to achieve a higher target

174.1/

105.3

DBP<80 DBP<85 or 90 143.7/81 147.1/83.9 -3.4/-2.9

Tuomilehto et al

(Syst-Eur) 1999

Active group:

nitrendipine and combined with or

replaced by enalapril,

hydrochlorothiazide, or both drugs

Placebo group:

matching placebo

175.3/84.5 Reduce the

systolic blood pressure

by at least 20 mm Hg

and to

less than 150 mm Hg

NR 153.2/77.7 161.8/81.6 -8.6/-3.9

Wang et al

(Syst-China) 2000

Active group:

nitrendipine and with possible addition

of captopril, hydrochlorothiazide, or

both drugs

Placebo group:

matching placebo

172.5/93 Reduce the SBP by at

least 20 mm Hg and to

less than 150 mm Hg

NR 150.1/86.3 156.1/91 -6.0/-4.7

Estacio et al

(ABCD-H) 2000

Intensive group:

nisoldipine or enalapril

Moderate group:

same as intensive group but to achieve a

higher target

155/98 DBP<75 DBP 80–89 132/78 138/86 -6/-8

Schrier et al

(ABCD-N) 2002

Intensive group:

nisoldipine or enalapril

Moderate group:

Placebo and required antihypertensive

drugs if needed

136.4/84.4 DBP reduction

10 mm Hg

from baseline

DBP 80–89 128/75 137/81 -9/-6

(Continued)
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Our study results are consistent with those of previous meta-analyses. In a meta-analysis of

8322 diabetic patients, Reboldi et al reported that tighter BP control could reduce the risk of

stroke, but not the risk of MI, by 39%[28]. However, the meta-analysis by Reboldi et al

included only five trials that aimed to evaluate the effects of more-tight BP control compared

to less-tight BP control. In another meta-analysis aimed to assess the efficacy and safety of

intensive BP lowering strategies among the general population, Xie et al. reported that com-

pared to standard regimens, intensive BP lowering strategies reduced the risk of major CV

events by 17% in diabetic patients[27]. The two meta-analyses assessed relatively fewer

Table 2. (Continued)

Author/Year Antihypertensive

Regimens

Baseline

BP(mm

Hg)

BP target

in Intensive Group (mm

Hg)

BP target in

Less Intensive

Group (mm

Hg)

Achieved BP

in Intensive

Group (mm

Hg)

Achieved BP

in Less

Intensive

Group (mm

Hg)

Difference in

BP Reduction

(mm Hg)

Berthet et al

(PROGRESS) 2004

Active group:

perindopril, indapamide

Placebo group:

matching placebo

149.5/84.5 NR NR 136.6/74.8 146.1/79.4 -9.5/-4.6

Estacio et al

(ABCD-2V) 2006

Intensive group:

Valsartan, metoprolol and

hydrochlorothiazide

Moderate group:

matching placebo and valsartan if

needed

126/84 DBP <75 DBP 80–90 118/75 124/80 -6/-5

ADVANCE

Collaborative

Group

(ADVANCE) 2007

Active group:

perindopril and indapamide

Placebo group:

matching placebo

145/81 NR NR 134.7/74.8 140.3/77 -5.6/-2.2

JATOS Study

Group

(JATOS) 2008

Strict group:

efonidipine

Mild group:

same as strict group but to achieve a

higher target

172.3/87.3 SBP<140 SBP 140–160 135.9/74.8 141.5/75.7 -5.6/-0.9

Ogihara et al

(VALISH) 2010

Strict group:

valsartan and other antihypertensive

drugs if needed

Moderate group:

same as strict group but to achieve a

higher target

168.0/80.7 SBP <140 SBP �140 to

<150

136.6/74.8 140.3/75.7 -3.7/-0.9

Accord Study

Group

(ACCORD) 2010

Intensive group:

ACEI, thiazide, β blocker, CCB,

reserpine or α blocker to achieve target

Standard group:

same as intensive group but to achieve a

higher target

139.2/76.0 SBP<120 SBP<140 119.3/64.4 133.5/70.5 -14.2/-6.1

SPS3 Investigators

(SPS3) 2013

Lower target group:

any drugs from major classes of

antihypertensive medication to achieve

settled target

Higher target group:

any drugs from major classes of

antihypertensive medication to achieve

settled target

144/77 SBP<130 SBP 130–149 125.8/69 136.8/74 -11.0/-5.0

NR, not report

https://doi.org/10.1371/journal.pone.0215362.t002
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outcomes (major CV events, stroke and MI) that may show benefits from intensive BP lower-

ing treatment. Our meta-analysis evaluated the effects of intensive BP lowering treatment on

not only CV outcomes but also all-cause mortality and renal outcomes. We referred to a

Fig 2. (A) Forest plot showing the effects of intensive versus less intensive blood pressure lowering treatment on all-cause mortality; (B) Plot of sensitivity

analysis by excluding one study each time and the pooling estimate for the rest of the studies; (C) Funnel plot of publication bias test.

https://doi.org/10.1371/journal.pone.0215362.g002
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Fig 3. Effects of intensive blood pressure lowering on risk of cardiovascular outcomes (A) Major cardiovascular

events; (B) Myocardial infarction; (C) Stroke.

https://doi.org/10.1371/journal.pone.0215362.g003
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Fig 4. Effects of intensive blood pressure lowering on risk of cardiovascular outcomes (A) Cardiovascular death; (B) Non-cardiovascular

death; (C) Heart failure.

https://doi.org/10.1371/journal.pone.0215362.g004
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previous meta-analysis and used all-cause mortality as our primary outcome because this

parameter balanced the competing risk of multiple clinical outcomes and because all-cause mor-

tality was a “hard” outcome that was assessed similarly across studies[38]. As a whole, the results

of our study and prior meta-analyses add to the body of evidence that diabetic patients may ben-

efit more from intensive BP lowering treatment than less intensive BP lowering treatment.

The subgroup analysis of our study should be specifically noted. We observed that the dia-

betic patients with lower CV risk (<10%) showed no additional benefit, whereas the patients

with higher CV risk (�10%) showed an additional benefit (a 23% reduction in the risk of all-

cause mortality) from intensive BP lowering treatment compared to less intensive BP lowering

treatment. This finding was supported by a recent meta-analysis performed by Zanchetti et al.
[39]. In this meta-analysis of 68 RCTs, the author reported that a 10/5 mm Hg SBP/diastolic

BP (DBP) reduction reduced the incidence of major CV events by 0 (95% CI, -4 to 4), 9 (95%

CI, 0 to 17), and 14 (95% CI, 5 to 26) events per 1000 patients treated for 5 years in the low-

moderate (<5%), high (5%-10%) and very high CV risk (10%-20%) groups, respectively[39].

Recently, the SBP Intervention Trial (SPRINT) reported that intensive BP control (targeting

an SBP of less than 120 mm Hg) compared with less intensive BP control (targeting an SBP of

less than 140 mm Hg) could significantly reduce the risk of fatal and nonfatal major CV events

and death from any cause among patients at high risk for CV events but without diabetes[40].

Our preliminary finding indicates that diabetic patients with higher CV risks may benefit

Fig 5. Effects of intensive blood pressure lowering on risk of renal outcomes (A) End stage kidney disease; (B) Albuminuria progression.

https://doi.org/10.1371/journal.pone.0215362.g005

Intensive blood pressure lowering for type 2 diabetic patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0215362 April 12, 2019 13 / 19

https://doi.org/10.1371/journal.pone.0215362.g005
https://doi.org/10.1371/journal.pone.0215362


more from intensive BP lowering treatment. These data will need to be reevaluated by further

RCTs designed to assess the different effects of intensive BP lowering treatment on diabetic

patients with different CV risks.

Currently, the optimal BP target for diabetic patients is under discussion. The latest Cana-

dian and ACC/AHA guidelines both recommend that adult diabetic patients be treated to

Fig 6. Effect of intensive blood pressure lowering on the risk of all-cause mortality in subgroups of trials.

https://doi.org/10.1371/journal.pone.0215362.g006
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achieve <130/80 mm Hg[9, 10]. The subgroup analysis of our study showed that the beneficial

effect for all-cause mortality was consistent in the patient subgroup stratified by the achieved

SBP in the intensive BP lowering arms (<130 mm Hg vs 130–140 mm Hg vs�140 mm Hg)

(P = 0.073 for heterogeneity). A previous meta-analysis performed by Brunström et al. showed

that the anti-hypertensive treatment reduced the risk of stroke (a 35% reduction) but was not

associated with a significant increase in all-cause and CV mortality, MI or HF if the SBP was

lower or less than 130 mm Hg[30]. Our results and Brunström‘s results may provide some evi-

dence for the adherence to the current recommendation of an achieved goal of<130/80 mm

Hg for diabetic patients from the Canadian and ACC/AHA guidelines. However, the patients

from most of the RCTs included in our or Brunström‘s subgroup analysis that were stratified

to the achieved BP level (SBP< or >130 mm Hg) had a mean baseline BP level lower than 140

mm Hg or slightly higher than 140 mm Hg before treatment. These data may prevent the

results of the subgroup analysis from being suitable for generalization to diabetic patients with

high baseline BP levels (e.g., higher than 160 mm Hg). Thus, additional RCTs are needed to

further assess the beneficial and harmful effects among diabetic patients with higher baseline

BP levels who reach an achieved goal of<130/80 mm Hg.

This study had several strengths. First, we not only aimed to include more RCTs but also

restricted our inclusion criteria to only include RCTs designed to evaluate the effects of inten-

sive or active BP lowering treatment. Thus, our meta-analysis could provide more accurate evi-

dence on the effects of intensive BP lowering treatment for diabetic patients. Second, we

assessed mortality, which had obvious clinical importance and was similarly ascertained across

studies and thus largely free of bias, as a hard clinical outcome. Third, we evaluated the effects

of intensive BP lowering treatment on CV and renal outcomes. Therefore, we have provided a

more comprehensive understanding of the overall effects of intensive BP lowering treatment

among diabetic patients. Fourth, we used the CV risk to stratify the included RCTs. We found

that diabetic patients with higher CV risk could benefit more from intensive BP lowering treat-

ment than from less intensive BP lowering treatment. This finding is especially noteworthy.

Fifth, we used rigorous methods, including sensitivity analysis, subgroup analysis and meta-

regression, to assess the robustness of the study results.

Our study also had some limitations. First, despite considerable effort to contact the investi-

gators of some of the trials, some investigators did not respond to us. Therefore, some trials

were excluded due to a lack of data for the diabetic patients. Second, between-study variability,

due to different patient characteristics and trial designs between the included studies, remained.

The types of BP target (SBP or DBP) and specific target values varied across the included trials.

Third, our study included fewer trials (16 trials) than the previous meta-analysis because of our

strict inclusion criteria, and thus, the number of trials used to perform certain subgroup analy-

ses was small (3 trials for the baseline BP level<140 mm Hg and 3 trials for the achieved BP

level<130 mm Hg). This limitation should be considered when referring to our subgroup

results. The number of included studies also limited the power for further exploration with mul-

tivariable meta-regression or multilevel subgroup analyses. Fourth, the lack of individual patient

data, which would have allowed a sophisticated and more reliable assessment that accounted for

patient characteristics or an analysis of BP levels within trials, was another limitation of our

meta-analysis. Fifth, few studies included in our meta-analysis selectively reported adverse

events, and the available data were too disparate to allow a formal meta-analysis.

Conclusions

In conclusion, this systematic review and meta-analysis provides clear evidence of the benefits

of intensive BP lowering treatment for type 2 diabetic patients. The results also provide some
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supporting evidence for the latest BP guideline of lowering BP to a goal of<130/80 mm Hg.

More well-designed RCTs are needed to further evaluate the benefits or harms of a goal of

<130/80 mm Hg with intensive BP lowering treatment.

Supporting information

S1 Appendix. Search strategies. Same search strategies were used in literature search in

PubMed and Cochrane Library, EMBASE and Science Citation Index. Here, we provided the

search strategies in PubMed and EMBASE.

(DOCX)

S1 Fig. Summary for risk of bias of included trials. The green symbols represent low risk of

bias, the yellow symbols represent unclear risk of bias, and the red symbols represent high risk

of bias. The figure was generated using Review Manager Version 5.2.

(JPG)

S2 Fig. Risk of bias graph of included trials. Each methodological quality item is presented as

percentages across all included studies. The figure was generated using Review Manager Ver-

sion 5.2.

(JPG)

S1 Table. PRISMA checklist 2009.

(DOC)

S2 Table. Univariate meta-regression of intensive blood pressure lowering on all-cause

mortality.

(DOCX)

Acknowledgments

We are thankful to Jianwen Chen for his help of picture processing.

Author Contributions

Conceptualization: Jing Wang.

Data curation: Yalei Chen.

Formal analysis: Weihao Xu.

Investigation: Weihao Xu.

Methodology: Nianfang Lu.

Project administration: Jing Wang.

Resources: Yalei Chen.

Software: Weihao Xu.

Supervision: Jian Cao.

Validation: Yalei Chen.

Visualization: Shengyuan Yu.

Writing – original draft: Jing Wang.

Writing – review & editing: Jian Cao, Shengyuan Yu.

Intensive blood pressure lowering for type 2 diabetic patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0215362 April 12, 2019 16 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215362.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215362.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215362.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215362.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215362.s005
https://doi.org/10.1371/journal.pone.0215362


References
1. Xu Y, Wang L, He J, Bi Y, Li M, Wang T, et al. Prevalence and control of diabetes in Chinese adults.

Jama. 2013; 310(9):948–59. https://doi.org/10.1001/jama.2013.168118 PMID: 24002281

2. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates for the year 2000

and projections for 2030. Diabetes care. 2004; 27(5):1047–53. PMID: 15111519

3. Woodward M, Zhang X, Barzi F, Pan W, Ueshima H, Rodgers A, et al. The effects of diabetes on the

risks of major cardiovascular diseases and death in the Asia-Pacific region. Diabetes care. 2003; 26

(2):360–6. PMID: 12547863

4. Stamler J, Vaccaro O, Neaton JD, Wentworth D. Diabetes, other risk factors, and 12-yr cardiovascular

mortality for men screened in the Multiple Risk Factor Intervention Trial. Diabetes care. 1993; 16

(2):434–44. PMID: 8432214

5. Assmann G, Cullen P, Schulte H. Simple scoring scheme for calculating the risk of acute coronary

events based on the 10-year follow-up of the prospective cardiovascular Munster (PROCAM) study. Cir-

culation. 2002; 105(3):310–5. PMID: 11804985

6. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M, et al. 2013 ESH/ESC Guidelines for

the management of arterial hypertension: the Task Force for the management of arterial hypertension of

the European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). J Hyper-

tens. 2013; 31(7):1281–357. https://doi.org/10.1097/01.hjh.0000431740.32696.cc PMID: 23817082

7. Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G, et al. 2007 Guidelines for the

Management of Arterial Hypertension: The Task Force for the Management of Arterial Hypertension of

the European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). J

Hypertens. 2007; 25(6):1105–87. https://doi.org/10.1097/HJH.0b013e3281fc975a PMID: 17563527

8. James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C, Handler J, et al. 2014 evi-

dence-based guideline for the management of high blood pressure in adults: report from the panel

members appointed to the Eighth Joint National Committee (JNC 8). Jama. 2014; 311(5):507–20.

https://doi.org/10.1001/jama.2013.284427 PMID: 24352797

9. Nerenberg KA, Zarnke KB, Leung AA, Dasgupta K, Butalia S, McBrien K, et al. Hypertension Canada’s

2018 Guidelines for Diagnosis, Risk Assessment, Prevention, and Treatment of Hypertension in Adults

and Children. The Canadian journal of cardiology. 2018; 34(5):506–25. https://doi.org/10.1016/j.cjca.

2018.02.022 PMID: 29731013

10. Whelton PK, Carey RM, Aronow WS, Casey DE, Jr., Collins KJ, Dennison Himmelfarb C, et al. 2017

ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detec-

tion, Evaluation, and Management of High Blood Pressure in Adults: A Report of the American College

of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J Am Coll Car-

diol. 2018; 71(19):e127–e248. https://doi.org/10.1016/j.jacc.2017.11.006 PMID: 29146535

11. Wright RA, Judson FN. Five-year findings of the hypertension detection and follow-up program. I.

Reduction in mortality of persons with high blood pressure, including mild hypertension. Hypertension

Detection and Follow-up Program Cooperative Group. 1979. Jama. 1997; 277(2):157–66. PMID:

8990344

12. Amery A, Birkenhager W, Brixko P, Bulpitt C, Clement D, Deruyttere M, et al. Mortality and morbidity

results from the European Working Party on High Blood Pressure in the Elderly trial. Lancet. 1985; 1

(8442):1349–54. PMID: 2861311

13. Curb JD, Pressel SL, Cutler JA, Savage PJ, Applegate WB, Black H, et al. Effect of diuretic-based anti-

hypertensive treatment on cardiovascular disease risk in older diabetic patients with isolated systolic

hypertension. Systolic Hypertension in the Elderly Program Cooperative Research Group. Jama. 1996;

276(23):1886–92. PMID: 8968014

14. UK Prospective Diabetes Study Group. Tight blood pressure control and risk of macrovascular and

microvascular complications in type 2 diabetes: UKPDS 38. UK Prospective Diabetes Study Group.

Bmj. 1998; 317(7160):703–13.

15. Hansson L, Zanchetti A, Carruthers SG, Dahlof B, Elmfeldt D, Julius S, et al. Effects of intensive blood-

pressure lowering and low-dose aspirin in patients with hypertension: principal results of the Hyperten-

sion Optimal Treatment (HOT) randomised trial. HOT Study Group. Lancet. 1998; 351(9118):1755–62.

PMID: 9635947

16. Tuomilehto J, Rastenyte D, Birkenhager WH, Thijs L, Antikainen R, Bulpitt CJ, et al. Effects of calcium-

channel blockade in older patients with diabetes and systolic hypertension. Systolic Hypertension in

Europe Trial Investigators. The New England journal of medicine. 1999; 340(9):677–84. https://doi.org/

10.1056/NEJM199903043400902 PMID: 10053176

17. Wang JG, Staessen JA, Gong L, Liu L. Chinese trial on isolated systolic hypertension in the elderly. Sys-

tolic Hypertension in China (Syst-China) Collaborative Group. Arch Intern Med. 2000; 160(2):211–20.

PMID: 10647760

Intensive blood pressure lowering for type 2 diabetic patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0215362 April 12, 2019 17 / 19

https://doi.org/10.1001/jama.2013.168118
http://www.ncbi.nlm.nih.gov/pubmed/24002281
http://www.ncbi.nlm.nih.gov/pubmed/15111519
http://www.ncbi.nlm.nih.gov/pubmed/12547863
http://www.ncbi.nlm.nih.gov/pubmed/8432214
http://www.ncbi.nlm.nih.gov/pubmed/11804985
https://doi.org/10.1097/01.hjh.0000431740.32696.cc
http://www.ncbi.nlm.nih.gov/pubmed/23817082
https://doi.org/10.1097/HJH.0b013e3281fc975a
http://www.ncbi.nlm.nih.gov/pubmed/17563527
https://doi.org/10.1001/jama.2013.284427
http://www.ncbi.nlm.nih.gov/pubmed/24352797
https://doi.org/10.1016/j.cjca.2018.02.022
https://doi.org/10.1016/j.cjca.2018.02.022
http://www.ncbi.nlm.nih.gov/pubmed/29731013
https://doi.org/10.1016/j.jacc.2017.11.006
http://www.ncbi.nlm.nih.gov/pubmed/29146535
http://www.ncbi.nlm.nih.gov/pubmed/8990344
http://www.ncbi.nlm.nih.gov/pubmed/2861311
http://www.ncbi.nlm.nih.gov/pubmed/8968014
http://www.ncbi.nlm.nih.gov/pubmed/9635947
https://doi.org/10.1056/NEJM199903043400902
https://doi.org/10.1056/NEJM199903043400902
http://www.ncbi.nlm.nih.gov/pubmed/10053176
http://www.ncbi.nlm.nih.gov/pubmed/10647760
https://doi.org/10.1371/journal.pone.0215362


18. Estacio RO, Jeffers BW, Gifford N, Schrier RW. Effect of blood pressure control on diabetic microvascu-

lar complications in patients with hypertension and type 2 diabetes. Diabetes care. 2000; 23 Suppl 2:

B54–64.

19. Schrier RW, Estacio RO, Esler A, Mehler P. Effects of aggressive blood pressure control in normoten-

sive type 2 diabetic patients on albuminuria, retinopathy and strokes. Kidney Int. 2002; 61(3):1086–97.

https://doi.org/10.1046/j.1523-1755.2002.00213.x PMID: 11849464

20. Berthet K, Neal BC, Chalmers JP, MacMahon SW, Bousser MG, Colman SA, et al. Reductions in the

risks of recurrent stroke in patients with and without diabetes: the PROGRESS Trial. Blood pressure.

2004; 13(1):7–13. PMID: 15083634

21. Estacio RO, Coll JR, Tran ZV, Schrier RW. Effect of intensive blood pressure control with valsartan on

urinary albumin excretion in normotensive patients with type 2 diabetes. American journal of hyperten-

sion. 2006; 19(12):1241–8. https://doi.org/10.1016/j.amjhyper.2006.05.011 PMID: 17161769

22. Patel A, MacMahon S, Chalmers J, Neal B, Woodward M, Billot L, et al. Effects of a fixed combination of

perindopril and indapamide on macrovascular and microvascular outcomes in patients with type 2 dia-

betes mellitus (the ADVANCE trial): a randomised controlled trial. Lancet. 2007; 370(9590):829–40.

https://doi.org/10.1016/S0140-6736(07)61303-8 PMID: 17765963

23. JATOS Study Group. Principal results of the Japanese trial to assess optimal systolic blood pressure in

elderly hypertensive patients (JATOS). Hypertension research: official journal of the Japanese Society

of Hypertension. 2008; 31(12):2115–27.

24. Ogihara T, Saruta T, Rakugi H, Matsuoka H, Shimamoto K, Shimada K, et al. Target blood pressure for

treatment of isolated systolic hypertension in the elderly: valsartan in elderly isolated systolic hyperten-

sion study. Hypertension. 2010; 56(2):196–202. https://doi.org/10.1161/HYPERTENSIONAHA.109.

146035 PMID: 20530299

25. Cushman WC, Evans GW, Byington RP, Goff DC Jr., Grimm RH Jr., Cutler JA, et al. Effects of intensive

blood-pressure control in type 2 diabetes mellitus. The New England journal of medicine. 2010; 362

(17):1575–85. https://doi.org/10.1056/NEJMoa1001286 PMID: 20228401

26. Benavente OR, Coffey CS, Conwit R, Hart RG, McClure LA, Pearce LA, et al. Blood-pressure targets in

patients with recent lacunar stroke: the SPS3 randomised trial. Lancet. 2013; 382(9891):507–15.

https://doi.org/10.1016/S0140-6736(13)60852-1 PMID: 23726159

27. Xie X, Atkins E, Lv J, Bennett A, Neal B, Ninomiya T, et al. Effects of intensive blood pressure lowering

on cardiovascular and renal outcomes: updated systematic review and meta-analysis. Lancet. 2016;

387(10017):435–43. https://doi.org/10.1016/S0140-6736(15)00805-3 PMID: 26559744

28. Reboldi G, Gentile G, Angeli F, Ambrosio G, Mancia G, Verdecchia P. Effects of intensive blood pres-

sure reduction on myocardial infarction and stroke in diabetes: a meta-analysis in 73,913 patients. J

Hypertens. 2011; 29(7):1253–69. https://doi.org/10.1097/HJH.0b013e3283469976 PMID: 21505352

29. Thomopoulos C, Parati G, Zanchetti A. Effects of blood-pressure-lowering treatment on outcome inci-

dence in hypertension: 10—Should blood pressure management differ in hypertensive patients with

and without diabetes mellitus? Overview and meta-analyses of randomized trials. J Hypertens. 2017;

35(5):922–44. https://doi.org/10.1097/HJH.0000000000001276 PMID: 28141660

30. Brunstrom M, Carlberg B. Effect of antihypertensive treatment at different blood pressure levels in

patients with diabetes mellitus: systematic review and meta-analyses. Bmj. 2016; 352:i717. https://doi.

org/10.1136/bmj.i717 PMID: 26920333

31. Emdin CA, Rahimi K, Neal B, Callender T, Perkovic V, Patel A. Blood pressure lowering in type 2 diabe-

tes: a systematic review and meta-analysis. Jama. 2015; 313(6):603–15. https://doi.org/10.1001/jama.

2014.18574 PMID: 25668264

32. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for

systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic reviews.

2015; 4:1. https://doi.org/10.1186/2046-4053-4-1 PMID: 25554246

33. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The Cochrane Collabora-

tion’s tool for assessing risk of bias in randomised trials. Bmj. 2011; 343:d5928. https://doi.org/10.1136/

bmj.d5928 PMID: 22008217

34. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. Bmj.

2003; 327(7414):557–60. https://doi.org/10.1136/bmj.327.7414.557 PMID: 12958120

35. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016 European Guidelines

on cardiovascular disease prevention in clinical practice: the Sixth Joint Task Force of the European

Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice

(constituted by representatives of 10 societies and by invited experts): developed with the special contri-

bution of the European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart

J. 2016; 37:2315–2381. https://doi.org/10.1093/eurheartj/ehw106 PMID: 27222591

Intensive blood pressure lowering for type 2 diabetic patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0215362 April 12, 2019 18 / 19

https://doi.org/10.1046/j.1523-1755.2002.00213.x
http://www.ncbi.nlm.nih.gov/pubmed/11849464
http://www.ncbi.nlm.nih.gov/pubmed/15083634
https://doi.org/10.1016/j.amjhyper.2006.05.011
http://www.ncbi.nlm.nih.gov/pubmed/17161769
https://doi.org/10.1016/S0140-6736(07)61303-8
http://www.ncbi.nlm.nih.gov/pubmed/17765963
https://doi.org/10.1161/HYPERTENSIONAHA.109.146035
https://doi.org/10.1161/HYPERTENSIONAHA.109.146035
http://www.ncbi.nlm.nih.gov/pubmed/20530299
https://doi.org/10.1056/NEJMoa1001286
http://www.ncbi.nlm.nih.gov/pubmed/20228401
https://doi.org/10.1016/S0140-6736(13)60852-1
http://www.ncbi.nlm.nih.gov/pubmed/23726159
https://doi.org/10.1016/S0140-6736(15)00805-3
http://www.ncbi.nlm.nih.gov/pubmed/26559744
https://doi.org/10.1097/HJH.0b013e3283469976
http://www.ncbi.nlm.nih.gov/pubmed/21505352
https://doi.org/10.1097/HJH.0000000000001276
http://www.ncbi.nlm.nih.gov/pubmed/28141660
https://doi.org/10.1136/bmj.i717
https://doi.org/10.1136/bmj.i717
http://www.ncbi.nlm.nih.gov/pubmed/26920333
https://doi.org/10.1001/jama.2014.18574
https://doi.org/10.1001/jama.2014.18574
http://www.ncbi.nlm.nih.gov/pubmed/25668264
https://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
https://doi.org/10.1093/eurheartj/ehw106
http://www.ncbi.nlm.nih.gov/pubmed/27222591
https://doi.org/10.1371/journal.pone.0215362


36. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical

test. Bmj. 1997; 315(7109):629–34. PMID: 9310563

37. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for publication bias. Bio-

metrics. 1994; 50(4):1088–101. PMID: 7786990

38. Malhotra R, Nguyen HA, Benavente O, Mete M, Howard BV, Mant J, et al. Association Between More

Intensive vs Less Intensive Blood Pressure Lowering and Risk of Mortality in Chronic Kidney Disease

Stages 3 to 5: A Systematic Review and Meta-analysis. JAMA internal medicine. 2017; 177(10):1498–

505. https://doi.org/10.1001/jamainternmed.2017.4377 PMID: 28873137

39. Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure lowering on outcome incidence in

hypertension: 3. Effects in patients at different levels of cardiovascular risk—overview and meta-analy-

ses of randomized trials. J Hypertens. 2014; 32(12):2305–14. https://doi.org/10.1097/HJH.

0000000000000380 PMID: 25259548

40. Wright JT Jr., Williamson JD, Whelton PK, Snyder JK, Sink KM, Rocco MV, et al. A Randomized Trial of

Intensive versus Standard Blood-Pressure Control. The New England journal of medicine. 2015; 373

(22):2103–16. https://doi.org/10.1056/NEJMoa1511939 PMID: 26551272

Intensive blood pressure lowering for type 2 diabetic patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0215362 April 12, 2019 19 / 19

http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://www.ncbi.nlm.nih.gov/pubmed/7786990
https://doi.org/10.1001/jamainternmed.2017.4377
http://www.ncbi.nlm.nih.gov/pubmed/28873137
https://doi.org/10.1097/HJH.0000000000000380
https://doi.org/10.1097/HJH.0000000000000380
http://www.ncbi.nlm.nih.gov/pubmed/25259548
https://doi.org/10.1056/NEJMoa1511939
http://www.ncbi.nlm.nih.gov/pubmed/26551272
https://doi.org/10.1371/journal.pone.0215362

