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Abstract
Objective
Whether lowering glycosylated haemoglobin (HbA1c) level below 7.0 % improves macro-vascular outcomes in diabetes remains unclear. Here, we aimed to assess the effect of relatively tight glucose control resulting in a follow-up HbA1c level of less or more than 7.0 % on cardiovascular outcomes in diabetic patients.

Research design and methods
We systematically searched Medline, Web of science and Cochrane Library for prospective randomized controlled trials published between Jan 1, 1996 and July 1, 2015 that recorded cardiovascular outcome trials of glucose-lowering drugs or strategies in patients with type 2 diabetes mellitus.

Results
Data from 15 studies involving 88,266 diabetic patients with 4142 events of non-fatal myocardial infarction, 6997 of major cardiovascular events, 3517 of heart failure, 6849 of all-cause mortality, 2084 of non-fatal stroke, 3816 of cardiovascular death were included. A 7 % reduction of major cardiovascular events was observed only when relatively tight glucose control resulted in a follow-up HbA1c level above 7.0 % (OR 0.93, 95 % CI 0.88–0.98; I2 = 33 %), however, the patients can benefit from reduction incidence of non-fatal myocardial infarction only when the follow-up HbA1c value below 7.0 % (OR 0.85, 95 % CI 0.74–0.96). Apart from the HbA1c value above 7.0 % (OR 1.22, 95 % CI 1.06–1.40), the application of thiazolidinediones (OR 1.39, 95 % CI 1.14–1.69) also increased the risk of heart failure, while the gliptins shows neutral effects to heart failure (OR 1.14, 95 % CI 0.97–1.34).

Conclusions
Relatively tight glucose control has some cardiovascular benefits. HbA1c below 7.0 % as the goal to maximize the cardiovascular benefits remains suspended.
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Background
Diabetes is a chronic disease, and its rapid emergence worldwide has led to its classification as an epidemic. The life expectancy of an individual who is diagnosed with type 2 diabetes at 40 years of age is estimated to be shortened by approximately 6–7 years [1]. Coronary artery disease accounts for 75 % of deaths in patients with diabetes mellitus [2–4]. Glycosylated haemoglobin (HbA1c) level, the most commonly used indicator of blood glucose level, is closely associated with cardiovascular events and death [5]. A 1 % point increase in HbA1c level in diabetic patients generates an 18 % increased risk of cardiovascular events and a 12–14 % increase in mortality [5].
Although many factors were involved in diabetic complications such as age, gender, systolic blood pressure, and so on [6], intensive glucose control has been shown to reduce microvascular complications, such as retinopathy and nephropathy by UKPDS study [7], the degree to which it can reduce cardiovascular outcomes have been equivocal [8–10]. In ACCORD trial, a target HbA1c level of below 6.0 % assigned to a group subjected to intensive therapy, and the trial was terminated early, after a median of 3.5 years, because of a higher observed mortality rate among participants assigned to the intensive therapy group [9]. Despite inconsistent results of previous studies, a meta-analysis consisting of five randomized controlled clinical studies, UKPDS, PROactive, ADVANCE, VADT and ACCORD, showed that intensive glycaemic control reduced the odds ratio of non-fatal myocardial infarction by 17 % without increasing mortality rate [11]. The American Diabetes Association recommends lowering the HbA1c level below approximately 7.0 % to reduce microvascular complications in many non-pregnant adults [12]. However, reducing HbA1c levels to below 7.0 % reduces macro-vascular complications and mortality is still unclear. An investigation of diabetes mellitus by the Veterans Health Administration reported that half of the included 205,857 patients who received insulin and/or sulfonylureas had HbA1c levels of less than 7.0 %, and these individuals were found to be at high risk of adverse outcomes [13]. Because determining a target HbA1c value is just a preliminary expectation, the final results of same target glycemic control vary widely due to the complexity of clinical practice. The current meta-analysis assessed the effects of relatively tight glucose control resulting in a follow-up HbA1c level of below 7.0 % on a variety of cardiovascular outcomes.

Methods
Literature search strategy
We searched Medline, Web of Science and Cochrane Library for reports published in English between Jan 1, 1996 and July 1, 2015 using the following search terms: “diabetes mellitus” in combination with the terms “cardiovascular”, “macrovascular”, “complication”, and “glucose control”. We restricted the search to “Human species” and “randomized controlled trials”. A total of 6146 reports were further screened for inclusion by reviewing their titles, abstracts, or full texts. We also examined the reference lists of the identified articles previous meta-analyses to supplement the electronic search.

Study selection
Two independent researchers accessed the articles based on the following inclusion criteria: (1) randomized controlled clinical trials that compared cardiovascular risk of intensive lowering of glucose to a standard treatment regimen in type 2 diabetes mellitus and (2) trials performed on 1000 or more individuals with a minimum mean follow-up period of 1 year. Any disagreements were resolved by a third party or by consulting with experts. Twenty-three articles from 15 trials that met the inclusion criteria were included in this study (Fig. 1).[image: A12933_2015_285_Fig1_HTML.gif]
Fig. 1Study flow chart




                        
Seventeen trials were excluded for the following reasons: The DQDPS investigated patients with impaired glucose tolerance, and Leiter’s study reported outcomes, such as glucose level and weight, but did not assess cardiovascular outcomes [14, 15]. The ADOPT study mainly evaluated the effectiveness of rosiglitazone on indicators of glucose metabolism and did not assess cardiovascular outcomes [16]. The ORIGN, DREAM and UGDP trials assessed outcomes in patients with impaired fasting glucose, impaired glucose tolerance, and type 2 diabetes without separating them [17–19]. In the NAVIGATOR trial, pre-diabetes mellitus patients were treated with two drugs: valsartan and/or nateglinide [20]. The Steno-2 study, Kumamoto Study and Veterans Affairs study included a total of 160, 100 and 153 diabetic patients respectively, and none of those studies could provide sufficient evidence regarding the effects of glucose control [21–23]. The LOOK-AHEAD study investigated controlling glucose level with intensive lifestyle changes but did not record drug usage [24]. The other 6 studies that were excluded were still ongoing at the time of this meta-analysis and did not have sufficient data for inclusion [25–30].

Data extraction
Three authors (PW, RH and SL) independently extracted information using standard data extraction forms as described in the Cochrane Handbook of Systematic Reviews of Interventions [31]. The extracted data included baseline demographic characteristics, such as age, diabetic duration, population, BMI, and HbA1c level (shown in Table 1 in "Appendix"), as well as outcomes, including non-fatal myocardial infarction, major cardiovascular events (cardiovascular death, non-fatal MI, and non-fatal stroke), all-cause mortality, cardiovascular death, non-fatal stroke, and heart failure. Disagreements were resolved by discussion with Professor SW.Table 1Baseline characteristics of included trials


	Trial
	UKPDS33
	UKPDS34
	PROactive
	ADVANCE
	ACCORD
	HEART2D
	VADT
	RECORD
	BARI2D
	ADDITION
	SAVOR-TIMI53
	EXAMINE
	DIGAMI1
	AleCardio
	TECOS

	Intervention
	Intensive policy with a sulphonylura or insulin vs conventional policy with diet
	intensive blood-glucose control policy with metformin vs diet alone
	Addition of pioglitazone or placebo to usual diabetes therapy
	Intensive (glicazide plus other drugs) vs standard glucose control
	Intensive therapy vs standard therapy
	Prandial vs basal strategy
	Intensive or standard glucose control
	Addition of rosiglitazone or combination of metformin and sulfonylurea
	Insulin sensitization vs insulin provision therapy
	Routine vs intensive treatment of multiple risk factors
	Addition of Saxagliptin vs placebo to usual diabetes therapy
	Addition of Alogliptin vs placebo to usual diabetes therapy
	Intensified insulin-based glycaemic control vs conventional glucose-lowering treatment
	Aleglitazar 150 μg or placebo daily
	Add sitagliptin or placebo to existing therapy

	Publication year
	1998
	1998
	2005
	2008
	2008
	2009
	2009
	2009
	2009
	2011
	2013
	2013
	2014
	2015
	2015

	Location
	23 centers in England
	15 centers in England
	321 centers in 19 countriesa
                                          
	215 centers in 20 countriesb
                                          
	77 centers in USA
	105 centers in 17 countriesc
                                          
	20 centers in USA
	364 centers in 25 countriesd
                                          
	49 centers in 6 countriese
                                          
	334 practices in Denmark, Netherlands, and UK
	788 sites in 26 countriesf
                                          
	898 sites in 48 countriesg
                                          
	19 hospitals in Swedish
	720 hospitals in 26 countriesh
                                          
	673 sites in 38 countriesi
                                          

	Study design
	Randomized, Open label
	Randomized, Open label
	Randomized, Placebo-controlled
	Factoria randomized trial
	Randomized, 2 × 2 factorial design
	Randomized, open label
	Open label, permuted-block design
	Randomized, open label
	Randomized, 2by2 factorial design
	Cluster-randomized, parallel-group trial
	Randomized, double-blind, placebo-controlled
	Randomized, double-blind
	Randomized, open-label
	Randomized, double blind, placebo controlled trial
	Randomized, double blind, placebo controlled, event driven trial

	Number of patients
	3867
	1704
	5238
	11,140
	10,251
	1115
	1791
	4447
	2368
	3055
	16,492
	5380
	1240
	7226
	14,671

	Duration of diabetes
	Newly diagnosed
	Newly diagnosed
	8 ± 6
	8 ± 6†
                                          
	10
	9 ± 7.2†
                                          
	11.5 ± 7.5†
                                          
	7 ± 4.8†
                                          
	10.4 ± 8.7
	Screened diabetes
	10.3 ± 2.8†
                                          
	7.2 ± 2.8†
                                          
	10.5 ± 5.4†
                                          
	8.6 ± 7.7
	9.4 ± 2.6*

	Population
	Newly diagnosed T2DM
	Newly diagnosed T2DM
	T2DM with macrovascular disease
	T2DM, history of macrovascular or microvascular disease or at least one other CV risk factor
	T2DM with established CVD or additional CV risk factors
	T2DM after acute MI
	T2DM
	T2DM
	T2DM and heart disease
	Screen detected T2DM
	T2DM with history of CV event or at risk for
	T2DM with ACS within 15–90 before randomization
	T2DM and acute MI
	Type 2 diabetes with hospitalized for ACS
	Type 2 diabetes with established cardiovascular disease

	Average follow up (years)
	10.1
	10.7
	2.9
	5.0
	3.5
	2.6
	5.6
	5.5
	5.3
	5.3
	2.1
	18 months
	3.4
	104 weeks
	3

	Age
	54 (48–60)*
	53 ± 8.6†
                                          
	62 ± 8
	66 ± 6
	62 ± 7
	61 ± 9.7
	60 ± 9
	58 ± 8
	62 ± 9
	60 ± 6.8
	65 ± 8.5
	61
	67.5 ± 9.4
	61 ± 10
	66.0 ± 8.0

	BMI (kg/m2)
	27.5 ± 5.2
	31.7 ± 4.9†
                                          
	31 ± 5
	28 ± 5
	32 ± 6
	29.1 ± 4.8†
                                          
	31 ± 4
	31.5 ± 4.7†
                                          
	31.7 ± 6.0
	31.6 ± 5.6
	31.1 ± 5.6
	28.7 ± 11.6
	27.1 ± 4.3
	28.6 ± 1.7
	30.2 ± 5.7

	HbA1c at baseline (100 %)
	7.1 ± 1.5
	7.2 ± 1.5†
	7.9 ± 1.4
	7.5 ± 1.6
	8.3 ± 1.1
	8.3 ± 1.5
	9.4 ± 2.0
	7.9 ± 0.7
	7.7 ± 1.6
	7.0 ± 1.6
	8.0 ± 1.4
	8.0 ± 1.1
	8.0 ± 1.9
	7.8 ± 1.7†
                                          
	7.3 ± 0.7

	Intervention group
	7.0 ± 1.5*
	8.3
	7.0
	6.5 ± 0.99
	6.4 ± 0.6
	7.7 ± 0.1
	6.9 ± 0.6*
	7.5
	7.0 ± 1.2
	6.6 ± 0.95
	7.7
	7.7
	7.3 ± 1.9
	7.03
	7.1

	Conventional group
	7.9 ± 1.4*
	8.8
	7.6
	7.2 ± 1.4
	7.5 ± 0.7
	7.8 ± 0.1
	8.4 ± 1.1*
	7.8
	7.5 ± 1.4
	6.7 ± 0.95
	7.9
	8.0
	7.6
	7.77
	7.5

	Change in HbA1c‡
                                          
	0.1
	−1.1
	0.9
	1.0
	1.9
	0.6
	1.5
	0.4
	0.7
	0.4
	0.3
	0.3
	0.7
	0.8
	0.2


Data are presented as mean ± SD, or median (interquartile range), unless otherwise specified

                                    T2DM type 2 diabetes mellitus, BMI body mass index, HbA1c glycosylated hemoglobin

                                    aAustria, Belgium, Denmark, Estonia, Finland, Czeh Repulic, France, Germany, Hungary, Italy, Latvia, Lithuania, Netherlands, Norway, Poland, Siovakia, Sweden, Switzerland and UK

                                    bAustria, Canada, China, Czeh Repulic, Estonia, France, Germany, Hungary, India, Ireland, Italy, Lithuania, Malaysia, Netherlands, New Zealand, Philippines, Poland, Russia, Slovakia, and UK

                                    cCanada, Croatia, Czech Republic, Germany, Hungary, India, Israel, Lebanon, Poland, Romania, Russian Federation, Slovakia, Slovenia, South Africa, Spain, Turkey, and UK

                                    dAustralia, Belgium, Bulgaria, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Italy, Latvia, Lithuania, Netherlands, New Zealand, Poland, Romania, Russia, Slovakia, Spain, Sweden, Ukraine, and UK

                                    eA, Canada, Brazil, Mexico, the Czech Republic and Austria

                                    fArgentina, Australia, Brazil, Canada, Chile, China, Czech Republic, France, Germany, Hong Kong, Hungary, India, Israel, Italy, Mexico, Netherlands, Peru, Poland, Russian Federation, South Africa, Spain, Sweden, Taiwan, Thailand, UK and USA

                                    gArgentina, Australia, Belgium, Brazil, Bulgaria, Canada, Chile, Colombia, Croatia, Czech Republic, Denmark, Egypt, Finland, France, Germany, Great Britain, Greece, Guatemala, Hong Kong, Hungary, India, Israel, Italy, Japan, Korea, Kuwait, Latvia, Lithuania, Malaysia, Mexico, New Zealand, Peru, Philippines, Poland, Portugal, Puerto Rico, Romania, Russia, Serbia, Slovakia, South Africa, Spain, Sweden, Taiwan, Thailand, Ukraine, United Arab Emirates and USA

                                    hArgentina, Australia, Brazil, Canada, China, Czech Republic, France, Germany, Hungary, India, Ireland, Italy, Korea, Malaysia, Mexico, The Netherlands, New Zealand, Poland, Romania, Russia, Spain, Sweden, Thailand, United Kingdom, United States

                                    iArgentina, Australia, Belgium, Bulgaria, Brazil, Canada, Chile, China, Colombia, Czech Republic, Estonia, Finland, France, Germany, Great Britain, Hong Kong, Hungary, India, Israel, Italy, Lithuania, Latvia, Malaysia, Netherlands, Norway, New Zealand, Poland, Romania, Russia, Singapore, Slovakia, South Africa, South Korea, Spain, Sweden, Taiwan, Turkey, Ukraine, United States
* The SD value were estimated from IQR according to Cochrane handbook

                                    †Combined data by sample size according to Cochrane handbook

                                    ‡Calculated by baseline HbA1c level and HbA1c level in intervention group



                        

Statistical analysis
Data from the 15 trials included in this meta-analysis were stratified according to whether patients had follow-up HbA1c levels of <7.0 or ≥7.0 %. Odds ratios and 95 % CIs were calculated from dichotomous frequency data allocated from each trial. The I2 statistic was used to quantify statistical heterogeneity between trials [32]. All analyses were performed with a fixed-effects model when I2 <50 % and a randomized-effect model when I2≥ 50 % using Review Manager 5.0. The probability of publication bias was assessed by funnel plots and the Egger test [33]. Meta-regression analyses were used to identify the risk factors of heart failure between trials with Stata version 11.0 software. All p values are two-sided; p <0.05 was considered statistically significant.


Results
A total of 88,266 patients were included in this meta-analysis: 45065 were randomized to relatively tight glucose control group, and 43210 were randomized to conventional therapy. The general baseline characteristics of the participants are shown in Table 1 in "Appendix". The mean participant age was 63 years. Among the included studies, UKPDS33, UKPDS34 and ADDITION enrolled newly diagnosed or screened diabetes patients, while the participants in the other studies had a mean diabetic duration of 8 years. The mean follow-up period ranged from 18 months to 10 years. The follow-up period of DIGAMI1 ranged from 0 to 21.8 years to observe the effect of glucose control on mortality in older patients who experienced myocardial infarction (mean age = 68 years). Ten studies enrolled diabetic patients with a history of macrovascular disease [9, 10, 34–41], and HEART2D, EXAMIN, and DIGAMI1 only enrolled patients who had recently experienced adverse coronary events. Most patients were overweight, with a mean BMI of 30 kg/m2. The baseline HbA1c level was 7.8 %, and the final HbA1C levels in the intensive glucose control and conventional groups were 7.1 and 7.6 %, respectively. The main interventions for the relatively tight glucose control group and the conventional group are shown in Table 1 in "Appendix".
Outcomes of relatively tight glucose control stratified by follow-up HbA1c level
Overall, relatively tight glucose control decreased the incidence of non-fatal myocardial infarction by 9 % (OR 0.91, 95 % CI 0.85–0.97; I2 = 4 %; Fig. 2) and the incidence of major cardiovascular events by 7 % (OR 0.93, 95 % CI 0.89–0.97; I2 = 9 %; Fig. 3). Furthermore, major cardiovascular events were decreased by 7 % (OR 0.93, 95 % CI 0.88–0.98; I2 = 33 %) when the follow-up HbA1c level was higher than 7.0 %, however, only when the follow-up HbA1c level was lower than 7.0 %, the benefit of relatively tight glucose control in regards to the prevention of non-fatal myocardial infarction was gained (OR 0.85, 95 % CI 0.74–0.96; I2 = 0 %).[image: A12933_2015_285_Fig2_HTML.gif]
Fig. 2Risk of non-fatal myocardial infarction stratified by HbA1c level of 7.0 %




                           [image: A12933_2015_285_Fig3_HTML.gif]
Fig. 3Risk of major cardiovascular events stratified by HbA1c level of 7.0 %




                        
There was also a 17 % increase in the incidence of heart failure (OR 1.17, 95 % CI 1.04–1.31; I2 = 58 %; Fig. 4) in the relatively tight glucose control group compared to conventional group. The subgroup with a follow-up HbA1c level above 7.0 % showed an increased incidence of heart failure of 22 % (OR 1.22, 95 % CI 1.06–1.40; I2 = 57 %), while the subgroup with a follow-up HbA1c level below 7.0 % showed no increase in the incidence of heart failure (OR 1.03, 95 % CI 0.86–1.23; I2 = 38 %).[image: A12933_2015_285_Fig4_HTML.gif]
Fig. 4Risk of heart failure stratified by HbA1c level of 7.0 %




                        
Regardless of whether the follow-up HbA1c level was below or above 7.0 %, no differences between the relatively tight glucose control and conventional groups were found for all-cause mortality (OR 0.97, 95 % CI 0.90–1.04; I2 = 20 %; Fig. 5), non-fatal stroke (OR 0.92, 95 % CI 0.84–1.02; I2 = 9 %; Fig. 6) or cardiovascular death (OR 1.00, 95 % CI 0.90–1.11; I2 = 48 %; Fig. 7).[image: A12933_2015_285_Fig5_HTML.gif]
Fig. 5Risk of all-cause mortality stratified by HbA1c level of 7.0 %
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Fig. 6Risk of stroke stratified by HbA1c level of 7.0 %
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Fig. 7Risk of cardiovascular death stratified by HbA1c of 7.0 %




                        
The funnel plot and Egger test results showed no underlying publication bias.

Meta-regression analysis and stratification according to relevant factors
In an attempt to determine other sources of surplus nuances among the trials, meta-regression analyses of the glucose-lowering strategies for the relatively tight glucose control group, history of cardiovascular disease, follow-up period, BMI, age and diabetic duration were performed. Among these variables, the correlation between non-fatal myocardial infarction and relatively tight glucose control was stronger in patients with a BMI higher than 30 kg/m2 (OR 0.89, 95 % CI 0.82–0.96; I2 = 1.4 %; Table 2 in "Appendix"). In addition to a follow-up HbA1c level above 7 %, the application of thiazolidinediones (TZDs) (OR 1.39, 95 % CI 1.14–1.69, I2 = 59.2 %) increased the risk of heart failure, while the dipeptidyl peptidase inhibitors (gliptins) shows neutral effects to heart failure (OR 1.14, 95 % CI 0.97–1.34, I2 = 41.9; Table 3 in "Appendix").Table 2The pooled odds ratio of myocardial infarction stratified by BMI


	 	Myocardial infarction

	Intervention
	Conventional
	Odds ratio (95 %CI)
	I2 (%)

	Overall
	2042/45,065
	2100/43,192
	0.91 (0.85, 0.97)
	3.9

	BMI

	 <30 kg/m2 (UKPDS33, ADVANCE, HEART2D, EXAMINE, DIGAMI1, AleCardio)
	899/15,480
	819/13,859
	0.95 (0.85, 1.05)
	10.1

	 ≥30 kg/m2
                                          
	1143/29,585
	1281/29,333
	0.89 (0.82, 0.96)
	1.4




                           Table 3The pooled odds ratio of heart failure stratified by different glucose lowering strategies


	 	Heart failure

	Intervention
	Conventional
	Odds ratio (95 %CI)
	I2 (%)

	Overall
	1907/43,387
	1610/41,824
	1.17 (1.04, 1.31)
	57.8

	Glucose-lowering strategies

	 Intensive control (ACCORD, ADVANCE, VADT, DIGAMI1, UKPDS34,33)
	559/14,968
	515/13,454
	1.00 (0.88, 1.13)
	0.0

	 Thiazolidinediones (PROactive, RECORD, BARI2D, AleCardio)
	712/9624
	545/9655
	1.39 (1.14, 1.69)
	59.2

	 Dipeptidyl peptidase inhibitors (SAVOR-TIMI53, EXAMINE, TECOS)
	623/18,238
	546/18,157
	1.14 (0.97, 1.34)
	41.9

	 Prandial vs basal strategy (HEART2D)
	13/557
	4/558
	3.31 (1.07, 10.21)
	 



                        
Furthermore, with each 1 % decrease in HbA1c level between trials associated with a marginal 2 % increase in major cardiovascular events (OR 0.98, 95 % CI 0.82–1.05; Fig. 8), without decrease in non-fatal myocardial infarction (OR 1.12, 95 % CI 0.96–1.31; Fig. 9).The mean HbA1c change of HbA1c below 7 % subgroup was 1.3 %, and in the HbA1c above 7 % subgroup was 0.3 %, with each 1 % increase in HbA1c change associated with marginal 7 % decrease in non-fatal myocardial infarction (OR 0.93, 95 % CI 0.82–1.05; Fig. 10), limited association were found between HbA1c change and major cardiovascular events (OR 1.02, 95 % CI 0.93–1.13; Fig. 11). [image: A12933_2015_285_Fig8_HTML.gif]
Fig. 8Odds ratio of major cardiovascular events in relation to follow-up HbA1c level
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Fig. 9Odds ratio of myocardial infarction in relation to follow-up HbA1c level
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Fig. 10Odds ratio of myocardial infarction in relation to HbA1c change
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Fig. 11Odds ratio of major cardiovascular events in relation to HbA1c change




                        


Discussion
The results of the current meta-analysis were consistent with previous studies and showed that relatively tight glucose control in type 2 diabetes mellitus patients has cardiovascular benefits, namely reducing the incidences of non-fatal myocardial infarction and major cardiovascular events without increasing all-cause mortality. Interestingly, when the follow-up HbA1c level was above 7.0 %, the incidence of major cardiovascular events was obviously decreased, but the benefits in regard to the prevention of non-fatal myocardial infarction only can be obtained when the follow-up HbA1c level was below 7.0 %. Each 1 % decrease in HbA1c level are associated with a marginal 2 % increase in major cardiovascular events, and each marginal 7 % decrease in non-fatal myocardial infarction are at a cost of 1 % increase in HbA1c change. In spite of the HbA1c level, the increased risk of heart failure was closely associated with the application of thiazolidinediones, not gliptins.
Though the ACCORD [9] trial was stopped because of the high incidence of cardiovascular outcomes, but the latter ADVANCE [10] trial and meta-analysis suggested tight glucose control can lead to an obvious cardiovascular benefits especially non-fatal myocardial infarction [11]. And about half of the patients who were receiving hypoglycemic therapy had a HbA1c level of less than 7.0 % in the recent investigation [13]. Our study elaborate the effects of glycemic control on cardiovascular outcomes from the results of glycemic control which is the follow-up of HbA1c, and our study found that the incidence of major cardiovascular events, including non-fatal stroke, non-fatal myocardial infarction and cardiovascular death were not decreased in the patients of HbA1c controlled below 7 % compared to the group of HbA1c above 7 %, though the incidence of non-fatal myocardial infarction was reduced when the HbA1c level were controlled below 7 %. Based on the above findings, we inferred that strict glycaemic control targeting a follow-up HbA1c level below 7.0 % may increase the risk of non-fatal stroke and cardiovascular death; however, a separate analysis in the current study displayed no increased risk of non-fatal stroke or cardiovascular death. To obtain better blood glucose control, additional glucose lowering drugs must inevitably be used, thus, leading to redundant weight gain and severe hypoglycaemia, which both increased the risk of acute diabetic complications and likely offset the reduced incidence of myocardial infarction that follows intensive therapy [42]. Additionally, our analysis also showed that to obtain non-fatal myocardial infarction benefits by glucose control are at a great cost of the HbA1c level change. In our clinical practice, the ultimate goal of strict glycaemic control is to reduce diabetic complications and the incidence of fatal events and to increase the patient survival rate, not just once or twice reduced incidence of nonfatal myocardial infarction [43]. Taken together, a follow-up HbA1c level of 7.0 % is the critical control point for intensive therapy; our study suggests that controlling HbA1c below 7.0 % could not maximize the cardiovascular benefits, and the disadvantages outweigh the advantages.
Although there was some heterogeneity across the included studies, the results of this meta-analysis indicate that glucose control increases the risk of heart failure, and the subgroup with a follow-up HbA1c above 7.0 % have a greater risk of heart failure. Previous studies have demonstrated that every percentage point increase in HbA1c level results in a 15 % increase in the risk of congestive heart failure [44]. Advanced glycation end-products, oxidative stress and altered myocardial metabolism are probably involved in systolic and diastolic dysfunction and eventually cause heart failure, especially among diabetic patients with a history of heart disease [45–48]. Additionally, hyperglycaemia induces insulin secretion, which can increase the preload of the heart and decrease cardiac output [49]. Furthermore, elevated levels of glucose and insulin in the blood can activate the sympathetic nervous system, which has been implicated in the development of heart failure [50]. In addition, our meta-regression analysis further showed that the strategies of intensive therapy are closely associated with heart failure, especially among patients taking PPAR agonists. PPAR agonists cause fluid retention and diastolic dysfunction in susceptible patients and result in haemodynamic consequences that can cause heart failure [51]. It is worth pointing out that not the same with the recent meta-analysis which showed that gliptins induce heart failure in diabetic patients and patients at risk of developing T2DM [52], our study shows the effects of gliptins on heart failure is neutral.
This study had the inherent limitations of any meta-analysis that results from the use of published data, including the absence of standardization in study design, duration of follow-up, strategy of intensive glycaemic control, characteristics of the study populations, and end-point definitions. Another limitation was the search strategies used, which could have generated publication bias, leading to a misinterpretation of the results. Fortunately, the trials included in this analysis were mostly large-scale clinical trials with low heterogeneity, which effectively avoided the inaccurate results that can be generated by studies with small sample sizes. Additionally, ADDITION did not record information related to heart failure, so our analysis of that variable was based on incomplete data. Another point need to be considered is the choice of the indicator of glucose control. The mean HbA1c level and HbA1c change were used in this study, but the marginal value of the results suggested mean HbA1c level may not be a sensitive predictor for cardiovascular complication of diabetes mellitus. Other HbA1c index such as HbA1c variability especially intra-individual mean (HbA1c-MEAN) or haemoglobin glycation index which showed a better association with cardiovascular risk in diabetes may be a better index of glucose control [53, 54]. Other factors such as blood pressure, blood lipid, inflammatory biomarkers like C-reactive protein (CRP), monocyte chemotactic protein-1 (MCP1) and asymmetric dimethyl arginine (ADMA) could also be involved in the development of diabetic complications and affect the interpretation of outcomes [55–57]. At the same time, recommendations regarding type 2 diabetic patients’ treatments have focused on personalizing HbA1c targets which could be a better solution for diabetes with cardiovascular complications [58]. Other interventions such as lifestyle change, intensive blood pressure or blood lipid control should be considered in diabetes mellitus [24, 59].

Conclusion
This meta-analysis indicates that intensive glycaemic control has cardiovascular benefits and does not increase all-cause mortality. However, lowering the HbA1c level below 7.0 % does not appear to maximize the cardiovascular benefits, although the risk of non-fatal myocardial infarction was reduced. Further research is still necessary to explore the different treatment regimens of diabetes mellitus.

Authors’ contributions
PW contributed to the data collection, manuscript selection, extraction, analyses, and drafted the manuscript. RH and SL contributed substantially the data extraction and interpretation of results. WX, HS and JS contributed to the manuscript organization and reviewed and edited the manuscript. RC double-checked the extracted data and reviewed the manuscript. SW is the guarantor of this work and had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. All authors read and approved the final manuscript.
Acknowledgements
This work was partially supported by the National Natural Science Foundation of China (No. 81370921, Wang SH; No. 81070638, Wang SH), the Social Development Project of JiangSu Province (No. SBE201170735, Wang SH).

Compliance with ethical guidelines

                           Competing interests The authors declare that they have no competing interests.



                           Open AccessThis 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.

Appendix
See Tables 1, 2, and 3.


References
1.
Seshasai SR, Kaptoge S, Thompson A, Di Angelantonio E, Gao P, Sarwar N, Whincup PH, Mukamal KJ, Gillum RF, Holme I, et al. Diabetes mellitus, fasting glucose, and risk of cause-specific death. N Engl J Med. 2011;364(9):829–41.CrossRefPubMed

2.
Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats TG, Holmes DR Jr, Jaffe AS, Jneid H, Kelly RF, Kontos MC, et al. 2014 AHA/ACC guideline for the management of patients with non-ST-elevation acute coronary syndromes: executive summary: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation. 2014;130(25):2354–94.CrossRefPubMed

3.
Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats TG, Holmes DR Jr, Jaffe AS, Jneid H, Kelly RF, Kontos MC, et al. 2014 AHA/ACC Guideline for the Management of Patients with Non-ST-Elevation Acute Coronary Syndromes: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2014;64(24):e139–228.CrossRefPubMed

4.
Franklin K, Goldberg RJ, Spencer F, Klein W, Budaj A, Brieger D, Marre M, Steg PG, Gowda N, Gore JM. Implications of diabetes in patients with acute coronary syndromes. The global registry of acute coronary events. Arch Intern Med. 2004;164(13):1457–63.CrossRefPubMed

5.
Selvin E, Marinopoulos S, Berkenblit G, Rami T, Brancati FL, Powe NR, Golden SH. Meta-analysis: glycosylated hemoglobin and cardiovascular disease in diabetes mellitus. Ann Intern Med. 2004;141(6):421–31.CrossRefPubMed

6.
Wilke T, Mueller S, Groth A, Fuchs A, Seitz L, Kienhofer J, Maywald U, Lundershausen R, Wehling M. Treatment-dependent and treatment-independent risk factors associated with the risk of diabetes-related events: a retrospective analysis based on 229,042 patients with type 2 diabetes mellitus. Cardiovasc Diabetol. 2015;14:14.PubMedCentralCrossRefPubMed

7.
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. 1998; 352(9131):837–53.

8.
Effect of intensive blood-glucose control with metformin on complications in overweight patients with type 2 diabetes (UKPDS 34). Lancet. 1998; 352(9131):854–65.

9.
Gerstein HC, Miller ME, Byington RP, Goff DC Jr, Bigger JT, Buse JB, Cushman WC, Genuth S, Ismail-Beigi F, Grimm RH Jr, et al. Effects of intensive glucose lowering in type 2 diabetes. N Engl J Med. 2008;358(24):2545–59.CrossRefPubMed

10.
Patel A, MacMahon S, Chalmers J, Neal B, Billot L, Woodward M, Marre M, Cooper M, Glasziou P, Grobbee D, et al. Intensive blood glucose control and vascular outcomes in patients with type 2 diabetes. N Engl J Med. 2008;358(24):2560–72.CrossRefPubMed

11.
Ray KK, Seshasai SR, Wijesuriya S, Sivakumaran R, Nethercott S, Preiss D, Erqou S, Sattar N. Effect of intensive control of glucose on cardiovascular outcomes and death in patients with diabetes mellitus: a meta-analysis of randomised controlled trials. Lancet. 2009;373(9677):1765–72.CrossRefPubMed

12.
American Diabetes Association. Standards of medical care in diabetes—2014. Diabetes Care. 2014; 37(Suppl 1):S14–80. doi:10.​2337/​dc14-S014.CrossRef

13.
Tseng CL, Soroka O, Maney M, Aron DC, Pogach LM. Assessing potential glycemic overtreatment in persons at hypoglycemic risk. JAMA Intern Med. 2014;174(2):259–68.CrossRefPubMed

14.
Li G, Zhang P, Wang J, An Y, Gong Q, Gregg EW, Yang W, Zhang B, Shuai Y, Hong J, et al. Cardiovascular mortality, all-cause mortality, and diabetes incidence after lifestyle intervention for people with impaired glucose tolerance in the Da Qing diabetes prevention study: a 23-year follow-up study. Lancet Diabetes Endocrinol. 2014;2(6):474–80.CrossRefPubMed

15.
Leiter LA, Cefalu WT, de Bruin TW, Gause-Nilsson I, Sugg J, Parikh SJ. Dapagliflozin added to usual care in individuals with type 2 diabetes mellitus with preexisting cardiovascular disease: a 24-week, multicenter, randomized, double-blind, placebo-controlled study with a 28-week extension. J Am Geriatr Soc. 2014;62(7):1252–62.CrossRefPubMed

16.
Kahn SE, Haffner SM, Heise MA, Herman WH, Holman RR, Jones NP, Kravitz BG, Lachin JM, O’Neill MC, Zinman B, et al. Glycemic durability of rosiglitazone, metformin, or glyburide monotherapy. N Engl J Med. 2006;355(23):2427–43.CrossRefPubMed

17.
Investigators OT, Gerstein HC, Bosch J, Dagenais GR, Diaz R, Jung H, Maggioni AP, Pogue J, Probstfield J, Ramachandran A, et al. Basal insulin and cardiovascular and other outcomes in dysglycemia. N Engl J Med. 2012;367(4):319–28.CrossRef

18.
Gerstein HC, Yusuf S, Bosch J, Pogue J, Sheridan P, Dinccag N, Hanefeld M, Hoogwerf B, Laakso M, Mohan V, et al. Effect of rosiglitazone on the frequency of diabetes in patients with impaired glucose tolerance or impaired fasting glucose: a randomised controlled trial. Lancet. 2006;368(9541):1096–105.CrossRefPubMed

19.
The University Group Diabetes Program. A study of the effects of hypoglycemic agents on vascular complications in patients with adult-onset diabetes. V. Evaluation of pheniformin therapy. Diabetes. 1975;24(Suppl 1):65–184.

20.
Scheen AJ. NAVIGATOR: A trial of prevention of cardiovascular complications and type 2 diabetes with valsartan and/or nateglinide. Rev Med Liege. 2010;65(4):217–23.PubMed

21.
Gaede P, Lund-Andersen H, Parving HH, Pedersen O. Effect of a multifactorial intervention on mortality in type 2 diabetes. N Engl J Med. 2008;358(6):580–91.CrossRefPubMed

22.
Shichiri M, Kishikawa H, Ohkubo Y, Wake N. Long-term results of the Kumamoto Study on optimal diabetes control in type 2 diabetic patients. Diabetes Care. 2000;23(Suppl 2):B21–9.PubMed

23.
Abraira C, Colwell J, Nuttall F, Sawin CT, Henderson W, Comstock JP, Emanuele NV, Levin SR, Pacold I, Lee HS. Cardiovascular events and correlates in the veterans affairs diabetes feasibility trial. Veterans affairs cooperative study on glycemic control and complications in type II diabetes. Arch Intern Med. 1997;157(2):181–8.CrossRefPubMed

24.
Look ARG, Wing RR, Bolin P, Brancati FL, Bray GA, Clark JM, Coday M, Crow RS, Curtis JM, Egan CM, et al. Cardiovascular effects of intensive lifestyle intervention in type 2 diabetes. N Engl J Med. 2013;369(2):145–54.CrossRef

25.
Vaccaro O, Masulli M, Bonora E, Del Prato S, Giorda CB, Maggioni AP, Mocarelli P, Nicolucci A, Rivellese AA, Squatrito S, et al. Addition of either pioglitazone or a sulfonylurea in type 2 diabetic patients inadequately controlled with metformin alone: impact on cardiovascular events. A randomized controlled trial. Nutr Metab Cardiovasc Dis NMCD. 2012;22(11):997–1006.CrossRefPubMed

26.
Neal B, Perkovic V, de Zeeuw D, Mahaffey KW, Fulcher G, Stein P, Desai M, Shaw W, Jiang J, Vercruysse F et al. Rationale, design, and baseline characteristics of the Canagliflozin Cardiovascular Assessment Study (CANVAS)—a randomized placebo-controlled trial. Am Heart J. 2013; 166(2):217–23.e11. doi:10.​1016/​j.​ahj.​2013.​05.​007.

27.
Bentley-Lewis R, Aguilar D, Riddle MC, Claggett B, Diaz R, Dickstein K, Gerstein HC, Johnston P, Kober LV, Lawson F et al. Rationale, design, and baseline characteristics in evaluation of LIXisenatide in acute coronary syndrome, a long-term cardiovascular end point trial of lixisenatide versus placebo. Am Heart J. 2015; 169(5):631–38.e7. doi:10.​1016/​j.​ahj.​2015.​02.​002.

28.
Zinman B, Inzucchi SE, Lachin JM, Wanner C, Ferrari R, Fitchett D, Bluhmki E, Hantel S, Kempthorne-Rawson J, Newman J, et al. Rationale, design, and baseline characteristics of a randomized, placebo-controlled cardiovascular outcome trial of empagliflozin (EMPA-REG OUTCOME). Cardiovasc Diabetol. 2014;13:102.PubMedCentralCrossRefPubMed

29.
Marso SP, Poulter NR, Nissen SE, Nauck MA, Zinman B, Daniels GH, Pocock S, Steinberg WM, Bergenstal RM, Mann JF et al. Design of the liraglutide effect and action in diabetes: evaluation of cardiovascular outcome results (LEADER) trial. Am Heart J. 2013; 166(5):823–30.e5. doi:10.​1016/​j.​ahj.​2013.​07.​012.

30.
Marx N, Rosenstock J, Kahn SE, Zinman B, Kastelein JJ, Lachin JM, Espeland MA, Bluhmki E, Mattheus M, Ryckaert B, et al. Design and baseline characteristics of the CARdiovascular Outcome Trial of LINAgliptin Versus Glimepiride in Type 2 Diabetes (CAROLINA(R)). Diabetes Vasc Dis Res. 2015;12(3):164–74.CrossRef

31.
Julian Higgins SG. Cochrane handbook for systematic reviews of interventions version 5.1.0; 2008.

32.
Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ (Clin Res Ed). 2003;327(7414):557–60.CrossRef

33.
Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ (Clin Res Ed). 1997;315(7109):629–34.CrossRef

34.
Raz I, Wilson PW, Strojek K, Kowalska I, Bozikov V, Gitt AK, Jermendy G, Campaigne BN, Kerr L, Milicevic Z, et al. Effects of prandial versus fasting glycemia on cardiovascular outcomes in type 2 diabetes: the HEART2D trial. Diabetes Care. 2009;32(3):381–6.PubMedCentralCrossRefPubMed

35.
Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, Hirshberg B, Ohman P, Frederich R, Wiviott SD, Hoffman EB, et al. Saxagliptin and cardiovascular outcomes in patients with type 2 diabetes mellitus. N Engl J Med. 2013;369(14):1317–26.CrossRefPubMed

36.
White WB, Cannon CP, Heller SR, Nissen SE, Bergenstal RM, Bakris GL, Perez AT, Fleck PR, Mehta CR, Kupfer S, et al. Alogliptin after acute coronary syndrome in patients with type 2 diabetes. N Engl J Med. 2013;369(14):1327–35.CrossRefPubMed

37.
Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi-Benedetti M, Moules IK, Skene AM, Tan MH, Lefebvre PJ, Murray GD, et al. 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. 2005;366(9493):1279–89.CrossRefPubMed

38.
Group BDS, Frye RL, August P, Brooks MM, Hardison RM, Kelsey SF, MacGregor JM, Orchard TJ, Chaitman BR, Genuth SM, et al. A randomized trial of therapies for type 2 diabetes and coronary artery disease. N Engl J Med. 2009;360(24):2503–15.CrossRef

39.
Malmberg K, Ryden L, Wedel H, Birkeland K, Bootsma A, Dickstein K, Efendic S, Fisher M, Hamsten A, Herlitz J, et al. Intense metabolic control by means of insulin in patients with diabetes mellitus and acute myocardial infarction (DIGAMI 2): effects on mortality and morbidity. Eur Heart J. 2005;26(7):650–61.CrossRefPubMed

40.
Green JB, Bethel MA, Armstrong PW, Buse JB, Engel SS, Garg J, Josse R, Kaufman KD, Koglin J, Korn S, et al. Effect of Sitagliptin on Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2015;373(3):232–42.CrossRefPubMed

41.
Lincoff AM, Tardif JC, Schwartz GG, Nicholls SJ, Ryden L, Neal B, Malmberg K, Wedel H, Buse JB, Henry RR, et al. Effect of aleglitazar on cardiovascular outcomes after acute coronary syndrome in patients with type 2 diabetes mellitus: the AleCardio randomized clinical trial. JAMA. 2014;311(15):1515–25.CrossRefPubMed

42.
Cryer PE, Davis SN, Shamoon H. Hypoglycemia in diabetes. Diabetes Care. 2003;26(6):1902–12.CrossRefPubMed

43.
Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, Abraham J, Adair T, Aggarwal R, Ahn SY, et al. Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet. 2012;380(9859):2095–128.CrossRefPubMed

44.
Erqou S, Lee CT, Suffoletto M, Echouffo-Tcheugui JB, de Boer RA, van Melle JP, Adler AI. Association between glycated haemoglobin and the risk of congestive heart failure in diabetes mellitus: systematic review and meta-analysis. Eur J Heart Fail. 2013;15(2):185–93.CrossRefPubMed

45.
Brownlee M. The pathobiology of diabetic complications: a unifying mechanism. Diabetes. 2005;54(6):1615–25.CrossRefPubMed

46.
Ingelsson E, Sundstrom J, Arnlov J, Zethelius B, Lind L. Insulin resistance and risk of congestive heart failure. JAMA. 2005;294(3):334–41.CrossRefPubMed

47.
Avendano GF, Agarwal RK, Bashey RI, Lyons MM, Soni BJ, Jyothirmayi GN, Regan TJ. Effects of glucose intolerance on myocardial function and collagen-linked glycation. Diabetes. 1999;48(7):1443–7.CrossRefPubMed

48.
Asbun J, Villarreal FJ. The pathogenesis of myocardial fibrosis in the setting of diabetic cardiomyopathy. J Am Coll Cardiol. 2006;47(4):693–700.CrossRefPubMed

49.
Holmang A, Yoshida N, Jennische E, Waldenstrom A, Bjorntorp P. The effects of hyperinsulinaemia on myocardial mass, blood pressure regulation and central haemodynamics in rats. Eur J Clin Invest. 1996;26(11):973–8.CrossRefPubMed

50.
Anderson EA, Hoffman RP, Balon TW, Sinkey CA, Mark AL. Hyperinsulinemia produces both sympathetic neural activation and vasodilation in normal humans. J Clin Investig. 1991;87(6):2246–52.PubMedCentralCrossRefPubMed

51.
Tang WH, Maroo A. PPARgamma agonists: safety issues in heart failure. Diabetes Obes Metab. 2007;9(4):447–54.CrossRefPubMed

52.
Udell JA, Cavender MA, Bhatt DL, Chatterjee S, Farkouh ME, Scirica BM. Glucose-lowering drugs or strategies and cardiovascular outcomes in patients with or at risk for type 2 diabetes: a meta-analysis of randomised controlled trials. Lancet Diabetes Endocrinol. 2015;3(5):356–66.CrossRefPubMed

53.
Penno G, Solini A, Zoppini G, Orsi E, Fondelli C, Zerbini G, Morano S, Cavalot F, Lamacchia O, Trevisan R, et al. Hemoglobin A1c variability as an independent correlate of cardiovascular disease in patients with type 2 diabetes: a cross-sectional analysis of the renal insufficiency and cardiovascular events (RIACE) Italian multicenter study. Cardiovasc Diabetol. 2013;12:98.PubMedCentralCrossRefPubMed

54.
Hempe JM, Liu S, Myers L, McCarter RJ, Buse JB, Fonseca V. The hemoglobin glycation index identifies subpopulations with harms or benefits from intensive treatment in the ACCORD trial. Diabetes Care. 2015;38(6):1067–74.CrossRefPubMed

55.
Margolis KL, O’Connor PJ, Morgan TM, Buse JB, Cohen RM, Cushman WC, Cutler JA, Evans GW, Gerstein HC, Grimm RH Jr, et al. Outcomes of combined cardiovascular risk factor management strategies in type 2 diabetes: the ACCORD randomized trial. Diabetes Care. 2014;37(6):1721–8.PubMedCentralCrossRefPubMed

56.
Vinagre I, Sanchez-Quesada JL, Sanchez-Hernandez J, Santos D, Ordonez-Llanos J, De Leiva A, Perez A. Inflammatory biomarkers in type 2 diabetic patients: effect of glycemic control and impact of LDL subfraction phenotype. Cardiovasc Diabetol. 2014;13:34.PubMedCentralCrossRefPubMed

57.
Hsu CP, Hsu PF, Chung MY, Lin SJ, Lu TM. Asymmetric dimethylarginine and long-term adverse cardiovascular events in patients with type 2 diabetes: relation with the glycemic control. Cardiovasc Diabetol. 2014;13:156.PubMedCentralCrossRefPubMed

58.
Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, Peters AL, Tsapas A, Wender R, Matthews DR. Management of hyperglycaemia in type 2 diabetes, 2015: a patient-centred approach. Update to a position statement of the American Diabetes Association and the European Association for the Study of Diabetes. Diabetologia. 2015;58(3):429–42.CrossRefPubMed

59.
Tripolt NJ, Narath SH, Eder M, Pieber TR, Wascher TC, Sourij H. Multiple risk factor intervention reduces carotid atherosclerosis in patients with type 2 diabetes. Cardiovasc Diabetol. 2014;13:95.PubMedCentralCrossRefPubMed




OEBPS/A12933_2015_285_Fig10_HTML.gif
v

z o -
UORAJEA (RIPIEI0K 0] ORI $PPO B0

v

Change in HbATC





OEBPS/sidebar.gif





OEBPS/A12933_2015_285_Fig9_HTML.gif
o5

HbAlc

z I z- v
LOROKRJUI [EIPIE20AW [EJEJ-UOU J0) O) SPPO B0





OEBPS/contact.gif





OEBPS/A12933_2015_285_Fig1_HTML.gif
Abstracts identified through multiple ~ databases
including, Medline, Cochrane Central (n=6146)

N

Records excluded on the basis of itle and abstract
(1=6106)

Full-text articles retrieved and accessed for inclusion
(0=40)

N

23 articles from 15 trials included in meta-analysis

Publication excluded from the meta-analysis (n=17)
No sufficient’suitable data to include (n=3)
Ongoing studies (n=6)

Sample size less than 170 (n=3)

Only in IGT (n=1)

IGT, IFG, T2DM were not separated (n=3)
Lifestyle intervention without drugs (n=1)






OEBPS/A12933_2015_285_Fig11_HTML.gif
z 0 z- - -
$1UOAD JEINOSEAOIDIED Jofew JO) Ol $pPO 607

Change in HbATC





OEBPS/A12933_2015_285_Fig6_HTML.gif
WRervemion  Siancerd

1 T
HbAtC<7
ADVANCE 238 s571 246 5569 203%
ACCORD 67 5128 61 5123 69%
VADT 28 892 3 899 35%
ADDITION 2 1678 19 1377 23%
Subtotal (95°% CI) 13269 12068 33.0%
Total events 362
Heterogeneity. Tau"= 0.00; 24,0=3 (P =074, F= 0%
Testfor overall eflect Z= 0.41 (P = 0.66)
133HDATC =T
UKPDS33 M4 2728 44 138 67%
UKPDS34 6 342 16 411 10%
PROaclve 8 2605 107 2633 9.6%
HEART2D 6 557 8 558 08%
BARI2D 27 1183 3% 1185 34%
RECORD 46 2220 58 2227 56%
SAVOR-TIMIS3 157 8280 141 8212 142%
EXAMINE 29 2701 32 2679 34%
DIGAMI 15 306 34 314 23%
TECOS 147 7257 150 7266 145%
AleCardio 49 3616 S0 3610 54%
Subtotal (95°% C1) 3179 30233 67.0%
Total evernts 685

Heterogeneity. Tau" 354,
Testfor overall effect Z=1.76 (P = 0.08)

=10(P=019;F=27%

Total (95% CI) 45065 43201 100.0%
Total events 1037 1047

Heterogeneiy: Tau?= 0.00; Chi*= 15.37, df= 14 (P = 0.35); F= 9%
Testfor overall effect Z= 1,66 (P= 0.10)
Test for subaroup differances: Chiz= 0 70, df

P=037N F

o

097 0.
110[0.77,156]
078[047,128)
0.95(051,1.76]
0.97(0.83,1.12]

1.08(0.76,155]
044[017,1.14]
081060,1.08]
0750.26,217]
0750.45,1.24]
079[053,117]
1.11088,139)
090[054,1.49)
042[023,080]
092(0.74,1.16]
0.98[0.66, 1.45]
0.88[0.77,101]

0.92(0:84,1.02]

116 2008

2008
2009
2012

1908
1998
2005
2009
2009
2009
2013
013
2014
2015
2015

Oads FRato

05
Intervention  Standard






OEBPS/A12933_2015_285_Fig3_HTML.gif
intervenition  Standard QOads Ratio

udy or Subgrol Total Events _Total_Weight_M.H, Fixed, 95% C1_Year
1.4.2HbAtc <7

ADVANCE 557 5571 50 5569 130%  094(083,1.06) 2008 -T
ACCORD 32 5128 371 5123 85%  0.94[081,110] 2008 -
vapT 130 892 143 898 30% 090[070,117] 2009 S
ADDITION 71678 73 1377 19% 086062119 2012 —_—
Subtotal (95% C1) 13269 12968 26.3%  0.93[0.85,1.01] >
Totalevents 177

Heterogeneity. Chi 0.95),F= 0%

Testfor overalleffect 2 10

14.3HpATC =7

UKPDS33 585 272 268 1138 73%  089[075,104] 1998 —
UKPDS34 55 342 107 411 20% 054[038,078 1998

PROactve 257 2605 313 2633 69%  0.81[066,097] 2005 =—
BARIZD 261 1183 288 1185 55%  088[073,1.07] 2009 =1
HEART2D 48 557 57 558 13%  083[055124) 2009 —_—T
RECORD 159 2220 71 2227 39% 0.93[074,1.16] 2009 —
EXAMINE 305 2701 316 2678 69%  095[081,113 2013 —
SAVORTIMIS3 613 8200 603 8212 139%  100[089,112 2013 -T-
DIGAMIT 189 306 201 314 19%  0.91[066126 2014 e
AeCardio 344 3616 360 3610 80% 095[081,111] 2015 —t
TECOS 745 7257 746 7266 164%  1.00[0.90,111] 2015 -+
‘Subtotal (95% CI) 3179 30233 73.7%  0.93[0.88,0.98] *
Total events 361

Helerogeneity Chi= 14.98, df 33%

Testfor overall effect Z= 2.74

Total (95% CI) 45065 43201 1000%  0.93[0.89,0.97] *
Totaleverts 4677 1613

Heterogeneity. Chi
Testfor overall effect Z= 3.20
Test for subaroun differences: Chil

15.32,0f= 14 (P= 0.36); = 9%
001)
00 df=1

05 07

15
Intervention Standard

ag) P= 0%





OEBPS/A12933_2015_285_Fig2_HTML.gif
interverition  Standard

wdy or Subaror Total
12.2HbAtc <7

ACCORD 186 5128 235 5123
ADVANCE 153 8571 156 5569
VADT 64 892 78 899
ADDITION 29 1678 32 1377
Subtotal (95% C1) 13269 12968
Total events 432 501
Heterogeneity. Chi*= 254, df= 3 (P = 0.47); = 0%
Testfor overall effect Z= 250 (P = 0.01)

12.3HA1c =T

UKPDS34 24 2 40 4n
UKPDS33 197 2729 101 1138
PROctve 19 2605 144 2633
RECORD 53 2220 42 2227
HEART2D 2 557 27 558
BARIZD 118 1183 138 1185
SAVOR-TIMIS3 265 8280 278 8212
EXAMINE 187 2701 173 2679
DIGAMI 120306 123 314
AleCardio 212 3616 239 3610
TECOS 285 7257 294 7266
Subtotal (95% C1) 3179 30233
Total events 1610

Heterogensity: Chi*= 10.47, of 5%
Testfor overall effect Z= 1.94

Total (95% CI) 45065 43201
Total events 2042 2100

Heterogeneity. Chi*= 1454, df= 14 (P = 0.41); F= 4%
Testfor overall effect Z= 291 (P = 0.004)
Testfor subaroun differences: Chit= 1 66 df= 1

Total W

11.4%
76%
36%
17%

24.4%

17%
87%
6.9%
21%
13%
52%

136%
81%
35%

1.3%

142%

756%

100.0%

QOads Ratio
Fixed,

0.78(064,095]
098(0.78,1.23]
081(058,1.15]
0.74[0.44,1.23]
0.85[0.74,0.96]

070[0.41,1.19)
080[062,103)
083064, 1.06)
127(085,1.92)
077(043,138)
084[065,1.09)
094[080,112)
1.08(087,133]
1130.82,1.56)
088[0.73,1.06)
097[082,1.14)
0.93(0.87,1.00]

0.91(0.85,0.97)

21y =25 4%

Year

2008
2008
2009
2012

1998
1998
2005
2009
200
2009
2013
2013
2014
2015
2015

Oads Ratio
95% Cl

0!“

. QHIHMIH‘

05 07 15
Intervention Standard






OEBPS/A12933_2015_285_Fig8_HTML.gif
o5

z o z- v
N9SEACIPIES JOlew JO} OneJ $pPo 607






OEBPS/A12933_2015_285_Fig5_HTML.gif
WRervenion  Standard Odds Ratio Odds Ratio

_Study or Subgroup _ Events _ Total Events Total Weight M-H,Random, 95%Cl M-H, Random, 95% CI
11.2HbAC <7

ADDITION 104 1678 92 1377 44% 0.92(069,1.23) —
ADVANCE 498 5571 533 5569 122% 0.93(0.82,1.05) -

vADT 102 892 95 899 43% 1.09(0.81,1.47) ——
ACCORD 257 5128 203 5123 82% 1.28(1.06,1.54]

Total events 961 923

Heterogeneity. Tau = 0.02; Chi*= 8.31, df= 3 (P = 0.04); F= 64%
Testfor overall efect 7= 0.50 (P = 0.62)

Subtotal (95% CI) 13269 12968 20.1% 1.05[0.88, 1.25] e
11.3HbAIC =T

UKPDS34 50 342 83 411 28% 0620042091

DIGAMIT 271 306 285 314 16%  079[047,137] ——
RECORD 136 2220 157 2227 60%  086[068,1.09] —T
EXAMINE 153 2701 173 2679 65%  087(069,1.09] —T
UKPDS33 480 2720 213 1138 87% 095079113 -
PROactive 1772605 186 2633 70%  0.96(0.77,119] —i—
BARI2D 15 1183 160 1185 60%  097(077,123 —T
HEARTZD 51 557 51 558 25%  1.00(067,151] —]
TECOS 547 7257 537 7266 126%  102[090,1.16] - -
AeCartio 148 316 138 3810 60%  107(085,136] 1T
SAVOR-TIMIS3 420 8280 378 8212 114% 1110096128 I
Subtotal (95% CI) 3179 30233 709%  0.97(0.90,1.04] <

Total events 2508 2367

Heterogeneity. Tau*= 0.00; Chi
Testfor overall effect Z=0.82

Total (95% Cl) 45065 43201 1000%  0.99[0.92,1.05]
Total events 3559 3200
Heterogeneity. Tau= 0.01; Chi*= 21,32, df= 14 (P = 0.09) I

07 5
Testfor overall efect Z= 0.43 (P = 0.67) i
Test for subaroup differences: Chi*= 0,59 Intervention Standard

1251, df=10 (P = 0.28); F= 20%
41)






OEBPS/A12933_2015_285_Fig4_HTML.gif
_Study o Subaroup _Even

170 HbATC <7
ACCORD

ADVANCE

VADT

Subtotal (95°% C1)
Total events
Heterogeneity: Tau*=

Testfor overall eflect Z= 0.34 (P = 0.73)

173 HbATC T
UKPDS33
UKPDS34
PROaclve
RECORD

BARIZD
HEART2D
SAVOR-TIMIS3
EXAMINE

DIGAMI

TECOS

AleCardio
Subtotal (95°% C1)
Total evernts
Heterogeneity: Tau'

Testfor overall effect Z= 2.79 (P = 0.005)

Total (95% CI)
Total evernts

1907

1610

Heterogeneity:Tau"= 0.02; Chi*= 30.81, df= 13 (P = 0.004); F= 58%

Testfor overall effect Z= 2.56 (P = 0.01)
Test for subaroun differences: Chi2:

207 df

P=015) F

.

eTeREOR  Senewra Ouis e O e
Total_Events _Total Weight_M.H, Random, 95%Cl_Year 1.4, Random, 95% C1
152 5128 126 5123 90% 1230097157 2008 —
20 571 231 8569 105%  085(079,115) 2008 —
76 8@ 82 899 68%  0.93[067.129 2000 —
11591 1501 26.2% 1.03[0.86,1.23] >
7
322,0=2(P= 020, = 38%
8 2729 3 1138 54%  092(062,138 1998 —1
1132 17 41 20%  077(0.36,167) 1998 —
281 2605 198 2633 104%  1.49(1.23,180) 2005 —
61 2220 29 2227 47%  214[137,335 2000 —
28 1183 218 1185 101%  118(096,144 2000 —
13557 4 558 10%  3310107,1021] 2009 S S—
289 8280 228 8212 109%  127(106,151) 2013 —
106 2701 89 2670 77% 119089158 2013 T
20 306 25 314 20%  081[044149 2014 —
28 7257 220 7268 106%  100(083,120) 2015 -
122 316 100 3610 82% 1230094160 2015 T
3179 30233 738% 1.22[1.06, 1.40] >
"
=10(P=001;P=57%
43387 41824 100.0% 147104, 131] g

05 07 15 2
Intervention  Standard






OEBPS/A12933_2015_285_Fig7_HTML.gif
162 HbAtC <7
ACCORD

ADVANCE

VADT

ADDITION

Subtotal (95°% CI)
Total events
Heterogeneity: Tau"=

163 HDATC =T
UKPDS33
UKPDS34
PROaclve
HEART2D
RECORD

EXAMINE
SAVOR-TIMIS3
DIGAMI

TECOS

AleCardio

Subtotal (95°% C1)
Total evernts
Heterogeneity. Tau"

Total (95% CI)
Total evernts

WRervemion

135
253
a0
2

454

06; Chi*=10.55, df =
Testfor overall eflect Z= 0.63 (P = 0.53)

207
25
127

1964

T

5128
5571
892
1678
13269

2729
342
2605
557
2220
2701
8280
306
7257
3616
30613

43882

430,
Testfor overall effect Z= 0.45 (P = 0.66)

Siancerd

9 5123
289 5569
33 89
2 1377

12068
438

®=

%0 1138
51 411
136 2633
2 58
o227
11 2679
260 8212
200 314
366 7266
98 3610
20048

1414

o1

=9(P=011);

80%
115%
38%
28%
26.1%

83%
3.4%
86%
25%
58%
75%

115%
5.9%

126%
7.8%

73.9%

42016 100.0%

1852

2%

7%

Heterogeneity: Tau"= 0.02; Chi*= 25.05, df=13 (P = 0.02); F= 48%

Testfor overall eflect Z= 0.01 (P = 0.99)
Test for subaroun differences: Chi2:

065 df

(P =046) I

o

Utds Ratio
%1

1.451.11,1.89)
087(073,1.03]
123(077,197]
097[055,1.72]
110[081,150)

096074,12¢]
056[0.34,092]
094073,1.21]
095(052,1.76]
084060,1.20)
079[059,1.05]
1.00[084,119)
142(1.00,201]
1.04[0.90,1.21)
1.15[087,151]
0.98[0.88, 1.09]

1001090, 1.11)

2008
2008
2009
2012

1998
1998
2005
2008
2009
2013
013
2014
015
015

-

Ouds Rato
om9sRCl

Ly

5 07 15 2
Intervention  Standard






