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Abstract

Background: The efficacy of treatments that lower glucose in reducing the risk of incident stroke remains unclear. We
therefore did a systematic review and meta-analysis to evaluate the efficacy of intensive control of glucose in the prevention
of stroke.

Methodology/Principal Findings: We systematically searched Medline, EmBase, and the Cochrane Library for trials
published between 1950 and June, 2012. We included randomized controlled trials that reported on the effects of intensive
control of glucose on incident stroke compared with standard care. Summary estimates of relative risk (RR) reductions were
calculated with a random effects model, and the analysis was further stratified by factors that could affect the treatment
effects. Of 649 identified studies, we included nine relevant trials, which provided data for 59197 patients and 2037 events
of stroke. Overall, intensive control of glucose as compared to standard care had no effect on incident stroke (RR, 0.96;
95%CI 0.88–1.06; P = 0.445). In the stratified analyses, a beneficial effect was seen in those trials when body mass index (BMI)
more than 30 (RR, 0.86; 95%CI: 0.75–0.99; P = 0.041). No other significant differences were detected between the effect of
intensive control of glucose and standard care when based on other subset factors.

Conclusions/Significance: Our study indicated intensive control of glucose can effectively reduce the risk of incident stroke
when patients with BMI more than 30.

Citation: Zhang C, Zhou Y-H, Xu C-L, Chi F-L, Ju H-N (2013) Efficacy of Intensive Control of Glucose in Stroke Prevention: A Meta-Analysis of Data from 59197
Participants in 9 Randomized Controlled Trials. PLoS ONE 8(1): e54465. doi:10.1371/journal.pone.0054465

Editor: German Malaga, Universidad Peruana Cayetano Heredia, Peru

Received October 29, 2012; Accepted December 11, 2012; Published January 23, 2013

Copyright: � 2013 Zhang et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: The authors have no support or funding to report.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: yuhao860407@yahoo.com.cn

Introduction

Cardiovascular disease is the leading cause of premature

morbidity and mortality in the developed world, and it has

emerged as one of the leading causes in developing countries such

as China [1,2]. Previous meta-analysis [3] have already provided

a clear evidence of the role that glucose have in the causation of

vascular disease, which indicated that raised concentrations of

glucose in blood have been suggested to be a modifiable,

independent risk factor for coronary heart disease and myocardial

infarction. However, the efficacy of treatments that lower glucose

concentration in reducing the risk of incident stroke has not been

confirmed by randomized controlled trials and meta-analysis.

There are several possible reasons for the inconsistent findings

between the recent randomized controlled trials and earlier

observational studies. Firstly, individual trials might have been

underpowered to show clinical benefit, especially if event rates

were lower than were expected because of improved control of risk

factors; Secondly, the relationship between glucose levels and

incident stroke was described initially by observational studies,

which may overestimate the effect of this relationship. Finally,

duration of treatment was shorter than was needed to show

a clinical benefit, or differences in glucose control between patients

group were to small to show any benefit.

For a better understanding of the efficacy of glucose control on

incident stroke, data from recent trials need to be re-evaluated and

combined with data in former literature. Therefore, we carried out

a systematic review and meta-analysis of pooled data from

randomized controlled trials focusing on incident stroke as the

disease endpoint in relation to lower glucose.

Methods

Data Sources, Search Strategy, and Selection Criteria
Randomized controlled trials of patients either to an intersive

control of glucose versus a standard regimen (placebo, standard

care, or glucose control of reduced intensity) in English-language

were eligible for inclusion in our meta-analysis. Relevant trials

were identified with the following procedure:

N Electronic searches: we searched Medline, EmBase, and the

Cochrane Library for trials published between 1950 and June,
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2012, with terms related to glucose and stroke (‘‘stroke’’,

‘‘glucose’’, ‘‘diabetes mellitus’’, ‘‘human’’, ‘‘English’’, and

‘‘randomized controlled trials’’). All reference lists from reports

on non-randomized controlled trials were searched manually

for additional eligible studies.

N Other sources: we contacted authors to obtain any possible

additional published or unpublished data and we searched

http://www.ClinicalTrials.gov for information on registered

randomized controlled to identify trials that were registered as

completed but not yet published.

The literature search, data extraction, and quality assessment

were undertaken independently by two authors (CZ and CLX)

with a standardized approach, and any disagreement between

these two authors was settled by a third author (YHZ) until

a consensus was reached. We restricted our study to randomized

controlled trials, which are less likely to be subject to confounding

biases than are observational studies. Study were eligible for

inclusion if: (1). The study was a randomized controlled trials; (2).

The number of events for stroke that occurred during the study

more than ten incident cases; (3). The trials assessing the effects of

intensive control of glucose compared with standard care; (4). The

duration of follow-up was at least 12 months. This review was

conducted and reported according to the PRISMA (Preferred

Reporting Items for Systematic Reviews and Meta-Analysis)

Statement issued in 2009 (Table S1) [4].

Data Collection and Quality Assessment
Two reviewer (FLC and HNJ) gathered information in

duplicate using a standardized format from all relevant studies,

and the third author (YHZ) adjudicated any discrepancies.

Recorded data variables were as follows: first author or study

group, publication year, number of patients, percentage male,

mean age, body mass index (BMI), total cholesterol, glycosylated

hemoglobin, patients current disease, intervention regimes, type of

control, duration of follow-up, and number of incident stroke for

each treatment group. We also measured the quality of the trials

included in this study with the Jadad score [5] based on

randomization, concealment of treatment allocation, blinding,

completeness of follow-up, and use of intention-to-treat analysis.

Figure 1. Flow diagram of the literature search and trials selection process.
doi:10.1371/journal.pone.0054465.g001
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Statistical Analysis
We assessed the overall effect of intensive control of glucose on

the risk of incident stroke based on all the data from the nine trials.

Individual trials relative risk (RRs) and 95% confidence intervals

(CIs) were calculated from event numbers extracted from each

trial before data pooling. Both fixed-effected and random-effects

model were used to evaluate the pooled RR for intensive glucose

control compared with standard therapy. Although both models

yielded similar findings, results from the random-effects models are

presented here, which assumed that the true underlying effect

varies among included trials. Furthermore, many investigators

consider the random-effects model to be a more natural choice

than the fixed-effects model in medical decision-making contexts

[6,7]. The percentage of variability across trials attributable to

heterogeneity beyond chance was estimated with the I2 statistic

[8,9]. We explored potential heterogeneity in estimates of

treatment effect with univariate meta-regression (for baseline

characteristic of patients, such as baseline BMI, baseline

glycosylated hemoglobin, and duration of follow-up). After this,

a subgroup analysis was carried out based on publication year,

number of patients, percentage male, mean age, BMI, total

cholesterol, glycosylated hemoglobin, current disease, duration of

follow-up, and Jadad score. We also did a sensitivity analysis by

removing each individual trial from the meta-analysis. Egger test

[10] was used to check for potential publication bias. All reported

P values were two-sided and P values of less than 0.05 were

regarded as significant for all included studies. Statistical analyses

were carried out using software STATA (version 10.0).

Results

We identified 649 articles from our initial electronic search, of

which 623 were excluded during an initial review (title and

abstract), we retrieved the full text for the remained 26 articles,

and 9 [11–19] randomized controlled trials met the inclusion

criteria (Figure 1 and Figure S1 [4]), which consisted of data of

59197 individual patients. Most other studies identified by our

search did not provided relevant information, were not original

investigators, or were duplicates of reports already identified.

Table 1 summarized the characteristics of included studies and the

important baseline information of the included patients. The trials

included in this study compared intensive control of glucose with

standard care. The trials had a sample size that ranged from 620

to 12537 patients, the mean age of the study patients ranged

between 53.3 and 67.5 years, the mean BMI of the study patients

ranged from 27.0 to 32.2 kg/m2, the mean total cholesterol of the

study patients ranged between 178.2 and 210.0 mg/dL (four trials

did not provided this information), the glycosylated hemoglobin of

the study patients ranged from 5.8% to 9.4%, and the duration of

follow-up ranged between 1 and 10.0 years. We restricted the

inclusion criteria to randomized controlled trials with the number

of events for stroke more than ten incident cases and a minimum

of 12 months follow-up. Although the included trials scarcely

reported on the key indicators of trial quality, the quality of the

trials was also assessed according to the pre-fixed criteria using the

Jadad score [5]. Overall, one trial [12] scored 5, five scored 4

[13,14,16,17,19], two scored 3 [15,18], and the remaining one

trial [11] scored 2.

Data for the effect of intensive control of glucose on the risk of

incident stroke was available from all included trials, we noted that

intensive control of glucose showed a 4% reduction in incident

stroke, and with no evidence showed that intensive control of

glucose protected against stroke risk (RR, 0.96; 95%CI: 0.88–1.06;

P= 0.445, Figure 2). Although there was some evidence of

heterogeneity across the trials included, a sensitivity analysis

indicated that the results were not affected by sequential exclusion

of any particular trial from all pooled analysis (data not shown).

Heterogeneity testing for analysis showed that P value are larger

than 0.10, and we easy concluded that heterogeneity is not

significant in the overall analysis, which suggesting that most

variation was attributable to chance alone (Figure 2). In an

exploratory attempt to identify other sources of the residual slight

difference between trials, we undertook meta-regression analyses

of baseline BMI, baseline glycosylated hemoglobin, and duration

Figure 2. Effect of intensive control of glucose on risk of stroke.
doi:10.1371/journal.pone.0054465.g002
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Figure 3. Meta-regression of (A: P=0.242) baseline BMI, (B: P=0.454) baseline glycosylated hemoglobin, and (C: P=0.196) duration
of follow-up for incident stroke.
doi:10.1371/journal.pone.0054465.g003
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of follow-up (Figure 3). However, these variables did not seem to

be important factors contributed to the association between

intensive control of glucose and the risk of incident stroke.

Subgroup analyses were done for incident stroke, when we

stratified the trials by baseline BMI, the RR for trials in BMI more

than 30 was 0.86 (95%CI: 0.75–0.99; P = 0.041, Table 2), that for

trials in BMI less than 30 was 1.04 (95%CI: 0.93–1.16; P = 0.497,

Table 2). However, no other significant differences were identified

between the effect of intensive control of glucose and standard

care, based on additional subset factors (Table 2). Additionally, we

used Egger test [10] to check for potential publication bias, which

showed no evidence of publication bias for the outcomes of stroke

(P value for Egger test, 0.301).

Discussion

Recently, evidence from large-scale randomized controlled trials

[12,17] has shown that intensive control of glucose is not

significantly more effective than standard care in reducing the

rate of stroke. This large quantitative review, including more than

59197 individuals with a broad range of baseline characteristics,

suggested that with intensive control of glucose were at slightly

reduced risk of incident stroke compared with those assigned

standard care, however, this differences was not associated with

a clinically and statistically significant. Additionally, our meta-

analysis provides coherent evidence that intensive control of

glucose can significantly reduce the risk of incident stroke when

patients BMI more than 30. Although previous trials and meta-

analysis [3] reported that the overall effect and stratified effect of

intensive control of glucose on incident stroke was not significant.

The relation between lower glucose level and the risk of stroke

was described initially by observational studies, which may

overestimate the effect of this relationship. Previous meta-analysis

of epidemiologic studies [20] suggested that reduced glucose level

could lower the risk of coronary heart disease, ischaemic stroke,

haemorrhagic stroke, and unclassified stroke. However, although

KK Ray et al [3] concluded that intensive control of glucose

significantly reduced coronary heart disease, and non-fatal

myocardial infarction, it also concluded that intensive control of

glucose did not significantly contribute to incident stroke. We

Table 2. Subgroup analyses of stroke.

Group
Relative Risks (RRs)
and 95%CI P value

Heterogeneity
(%) P value for heterogeneity

Publication year

After 2005 0.96 (0.87–1.05) 0.358 5.0 0.389

Before 2005 0.89 (0.40–1.97) 0.775 43.8 0.182

Number of patients

$5000 0.98 (0.90–1.08) 0.749 0 0.498

,5000 0.86 (0.65–1.15) 0.316 35.0 0.202

Percentage male (%)

$60 0.99 (0.87–1.11) 0.817 8.1 0.365

,60 0.92 (0.78–1.09) 0.333 26.3 0.257

Mean age (year)

$62 1.01 (0.91–1.11) 0.922 0 0.598

,62 0.87 (0.72–1.06) 0.171 23.9 0.268

BMI (kg/m2)

$30 0.86 (0.75–0.99) 0.041 0 0.626

,30 1.04 (0.93–1.16) 0.497 0 0.604

Total cholesterol (mg/dL)

$185 0.99 (0.86–1.14) 0.898 14.5 0.279

,185 1.03 (0.84–1.26) 0.769 0 0.461

Glycosylated hemoglobin (%)

$8.0 0.92 (0.68–1.24) 0.576 11.6 0.323

,8.0 0.96 (0.87–1.07) 0.499 19.9 0.283

Current disease

Typle 2 DM 0.95 (0.83–1.08) 0.414 14.4 0.322

DM or cardiovascular risk factors 0.97 (0.82–1.15) 0.727 22.5 0.275

Duration of follow-up (year)

$5 0.98 (0.89–1.09) 0.735 6.0 0.378

,5 0.89 (0.69–1.15) 0.377 21.5 0.280

Jadad score

4 or 5 0.93 (0.83–1.04) 0.217 12.8 0.333

,4 1.04 (0.89–1.21) 0.648 0 0.397

doi:10.1371/journal.pone.0054465.t002
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therefore carried out a comprehensive systematic review and

meta-analysis based on randomized controlled trials to explain the

possible effect of intensive control of glucose on incident stroke.

Results from previous meta-analysis [21–23] already demon-

strated that lipids, blood pressure, homocysteine had a clear effect

on the risk of incident stroke. The relation between glucose level

and cardiovascular outcomes also already illustrated [3]. However,

these results do not prove that intensive control of glucose could

reduce the risk of incident stroke, although this possibility already

be considered. In addition, the results of our meta-analysis suggest

that intensive control of glucose does not effect on the incidence of

stroke. The potential explanation for this absence of difference

could be that the association between glucose level and incident

stroke may be reduced or balanced by the residual confounding

factors, such as lipid level, blood pressure, and homocysteine level.

Subgroup analysis revealed that the risk of stroke were

significantly reduced by intensive control of glucose compared

with standard care when individuals with BMI more than 30. One

potential reason for this could be that obesity patients always with

other therapy or altered dietary because of high lipid level, or

blood pressure [24], these variables also contributed an important

role on the risk of incident stroke. Another potential explanation is

that the association between lower glucose and incident stroke is

due to glucose concentration always enhance blood viscosity,

which could increase the risk of vascular complications.

Glycosylated hemoglobin may play an important role in the risk

of stroke [25–28], although our study concluded that intensive

control of glucose does not effect on stroke based on different

glycosylated hemoglobin level, the extent of glycosylated hemo-

globin lowering was unclear owing to the lack of data, we were

unable to explore the association between the levels of glycosylated

hemoglobin and incident stroke.

Diabetes mellitus is a metabolic disease that is diagnosed on the

basis of sustained hyperglycemia. People with diabetes mellitus are

at elevanted risk for incident stroke [29]. Previous meta-analysis

based on epidemiologic studies [30] indicated the incidence of

stroke is directly associated with the degree of hyperglycemia.

However, our study also supported that intensive control of

glucose had no effect on incident stroke in patients with diabetes

mellitus (RR, 0.95; 95%CI: 0.83–1.08; P= 0.414). The reason for

this could be that observational studies may overestimate the size

of the effect.

In this meta-analysis, benefits was mainly detected in the

prevention of incident stroke when patients with BMI more than

30. However, no other significant differences were detected

between intensive control of glucose and standard care. Previous

meta-analysis [3] has illustrated that the risk of stroke is not

significantly reduced using intensive control of glucose compared

with standard care. This conclusion was similar to our current

meta-analysis. In our study, subgroup analysis indicated that

intensive control of glucose contributed a causal relationship with

the risk of stroke when patients BMI more than 30. The results of

this meta-analysis are promising because the outcomes favor the

use of intensive control of glucose interventions in obesity patients

(BMI.30).

The limitations of our study are as follows: (1). The extent of

glycosylated hemoglobin lowering was unclear, which restricted us

to explore any correlation between glycosylated hemoglobin and

incident stroke. (2). The association between different type of

stroke and intensive control of glucose was not evaluated, because

individual trials could not providing these data. (3). Our study was

that the result is based on published data, where individual

patients data and original data were not available, which limit the

capacity to fully explore effects in stratified analysis.

For future trials, the type of stroke should be recorded and

reported normatively, and it should be evaluated in any future

trial. Furthermore, the extent of glycosylated hemoglobin lowering

also be reported normatively. Finally, the role of intervention

duration and dosage should be should be taken into consideration

before evaluating clinical outcomes.

Supporting Information

Figure S1 PRISMA Flowchart.

(DOC)

Table S1 PRISMA Checklist.

(DOC)

Author Contributions

Conceived and designed the experiments: YHZ. Performed the experi-

ments: CZ YHZ. Analyzed the data: YHZ CLX. Contributed reagents/

materials/analysis tools: YHZ. Wrote the paper: CZ YHZ FLC HNJ.

References

1. Williams GR, Jiang JG, Matchar DB, Samsa GP (1999) Incidence and

occurrence of total (first-ever and recurrent) stroke. Stroke 30: 2523–8.

2. Yusuf S, Reddy S, Ounpuu S, Anand S (2001) Global burden of cardiovascular

diseases, I: general considerations, the epidemiologic transition, risk factors, and

impact of urbanization. Circulation 104: 2746–2753.

3. Ray KK, Seshasai SRK, Wijesuriya S, Sivakumaran R, Nethercott S, et al.

(2009) Effect of intensive control of glucose on cardiovascular outcomes and

death in patients with diabetes mellitus: a meta-analysis of randomised

controlled trials. Lancet 373: 1765–72.

4. Moher D, Liberati A, Tetzlaff J, Altman DG, Grp P (2009) Preferred Reporting

Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. Plos

Medicine 6.

5. Jadad AR, Moore RA, Carroll D(1996) Assessing the quality of reports of

randomized clinical trials: is blinding necessary? Control Clin Trials 17: 1–12.

6. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin

Trials 7: 177–88.

7. Ades AE, Lu G, Higgins JP (2005) The interpretation of random-effects

metaanalysis in decision models. Med Decis Making 25: 646–54.

8. Deeks JJ, Higgins JPT, Altman DG (2008) Analyzing data and undertaking

meta-analyses. In: Higgins J, Green S, eds. Cochrane Handbook for Systematic

Reviews of Interventions 5.0.1. Oxford, UK: The Cochrane Collaboration: chap

9.

9. Higgins JPT, Thompson SG, Deeks JJ, Altman DG (2003) Measuring

inconsistency in meta-analyses. BMJ 327: 557–60.

10. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis

detected by a simple, graphical test. BMJ 315: 629–34.

11. Malmberg K, Ryden L, Hamsten A, Herlitz J, Waldenstrom A, et al.(1996)

Effects of insulin treatment on cause-specific one-year mortality and morbidity in

diabetic patients with acute myocardial infarction. Eur Heart J 17: 1337–1344.

12. The NAVIGATOR Study Group (2010) Effect of Nateglinide on the Incidence

of Diabetes and Cardiovascular Events.N Engl J Med 362: 1463–76.

13. the VADT Investigators (2009) Glucose Control and Vascular Complications in

Veterans with Type 2 Diabetes.N.Engl J Med 360: 129–39.

14. The Action to Control Cardiovascular Risk in Diabetes Study Group (2008)

Effects of Intensive Glucose Lowering in Type 2 Diabetes. N Engl J Med 358:

2545–59.

15. The ADVANCE Collaborative Group (2008) Intensive Blood Glucose Control

and Vascular Outcomes in Patients with Type 2 Diabetes. N Engl J Med 358:

2560–72.

16. the PROactive investigators (2005) Secondary prevention of macrovascular

events in patients with type 2 diabetes in the PROactive Study (PROspective

pioglitAzone Clinical Trial In macroVascular Events): a randomised controlled

trial. Lancet 366: 1279–89.

17. The ORIGIN Trial Investigators (2012) Basal Insulin and Cardiovascular and

Other Outcomes in Dysglycemia. N Engl J Med 367(4): 319–28.

18. UK Prospective Diabetes Study (UKPDS) Group (1998) Intensive blood-glucose

control with sulphonylureas or insulin compared with conventional treatment

and risk of complications in patients with type 2 diabetes (UKPDS 33). Lancet

352: 837–53.

Intensive Control of Glucose in Stroke Prevention

PLOS ONE | www.plosone.org 7 January 2013 | Volume 8 | Issue 1 | e54465



19. The RECORD Study Team (2009) Rosiglitazone evaluated for cardiovascular

outcomes in oral agent combination therapy for type 2 diabetes (RECORD):

a multicentre, randomised, open-label trial. Lancet 373: 2125–35.

20. Emerging Risk Factors Collaboration (2010) Diabetes mellitus, fasting blood

glucose concentration, and risk of vascular disease: a collaborative meta-analysis

of 102 prospective studies. Lancet 375(9733): 2215–22.

21. Wang X, Qin X, Demirtas H, Li J, Mao G, et al. (2007) Efficacy of folic acid

supplementation in stroke prevention: a meta-analysis. Lancet 369: 1876–82.

22. Webb AJ, Fischer U, Mehta Z, Rothwell PM (2010) Effects of antihypertensive-

drug class on interindividual variation in blood pressure and risk of stroke:

a systematic review and meta-analysis.Lancet 375: 906–15.

23. Cholesterol Treatment Trialists (CTT) Collaborators (2012) The effects of

lowering LDL cholesterol with statin therapy in people at low risk of vascular

disease: meta-analysis of individual data from 27 randomised trials. Lancet 380:

581–90.

24. UK Prospective Diabetes Study (UKPDS) Group (1998) Effect of intensive

blood-glucose control with metformin on complications in overweight patients

with type 2 diabetes (UKPDS 34). Lancet 352: 854–65.

25. (DCCT/EDIC) Study Research Group (2005) Intensive Diabetes Treatment

and Cardiovascular Disease in Patients with Type 1 Diabetes. N Engl J Med
353: 2643–53.

26. Wilcox R, Bousser MG, Betteridge DJ (2007) Effects of Pioglitazone in Patients

With Type 2 Diabetes With or Without Previous Stroke: Results From
PROactive (PROspective pioglitAzone Clinical Trial In macroVasculalr Events

04). Stroke 38: 865–873.
27. The GIST Trialists Collaboration (2007) Glucose-potassium-insulin infusions in

the management of post-stroke hyperglycaemia: the UK Glucose Insulin in

Stroke Trial (GIST-UK). Lancet Neurol 6: 397–406.
28. The Diabetes Prevention Program Research Group (2005) Impact of Intensive

Lifestyle and Metformin Therapy on Cardiovascular Disease Risk Factors in the
Diabetes Prevention Program. Diabetes Care 28: 888–894.

29. Goff DC Jr, Gerstein HC, Ginsberg HN, Cushman WC, Margolis KL, et al.
(2007) Prevention of cardiovascular disease in persons with type 2 diabetes

mellitus: current knowledge and rationale for the Action to Control

Cardiovascular Risk in Diabetes (ACCORD) trial. Am J Cardiol 99:4i–20i.
30. Selvin E, Marinopoulos S, Berkenblit G, Rami T, Brancati FL, et al. Meta-

analysis: glycosylated hemoglobin and cardiovascular disease in diabetes
mellitus. Ann Intern Med 2004;141: 421–31.

Intensive Control of Glucose in Stroke Prevention

PLOS ONE | www.plosone.org 8 January 2013 | Volume 8 | Issue 1 | e54465


