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Abstract

Objective: Whether lowering glycosylated haemoglobin (HbA1c) level below 7.0 % improves macro-vascular out-
comes 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 infarc-
tion, 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 HbAT1c level above 7.0 % (OR 0.93, 95 % C| 0.88-0.98; I =33 %),
however, the patients can benefit from reduction incidence of non-fatal myocardial infarction only when the follow-
up HbATc 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 % Cl
1.06-1.40), the application of thiazolidinediones (OR 1.39, 95 % Cl 1.14-1.69) also increased the risk of heart failure,
while the gliptins shows neutral effects to heart failure (OR 1.14, 95 % Cl 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 short-
ened by approximately 6-7 years [1]. Coronary artery
disease accounts for 75 % of deaths in patients with dia-
betes mellitus [2—4]. Glycosylated haemoglobin (HbAlc)
level, the most commonly used indicator of blood glucose
level, is closely associated with cardiovascular events and
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death [5]. A 1 % point increase in HbAlc level in diabetic
patients generates an 18 % increased risk of cardiovascu-
lar events and a 12—14 % increase in mortality [5].
Although many factors were involved in diabetic
complications such as age, gender, systolic blood pres-
sure, 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 inten-
sive therapy group [9]. Despite inconsistent results of
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previous studies, a meta-analysis consisting of five ran-
domized 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 mortal-
ity rate [11]. The American Diabetes Association recom-
mends lowering the HbAlc level below approximately
7.0 % to reduce microvascular complications in many
non-pregnant adults [12]. However, reducing HbAlc
levels to below 7.0 % reduces macro-vascular complica-
tions 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 HbAlc levels of
less than 7.0 %, and these individuals were found to be
at high risk of adverse outcomes [13]. Because determin-
ing a target HbAlc value is just a preliminary expecta-
tion, the final results of same target glycemic control vary
widely due to the complexity of clinical practice. The cur-
rent meta-analysis assessed the effects of relatively tight
glucose control resulting in a follow-up HbAlc 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 “cardi-
ovascular’, “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
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titles, abstracts, or full texts. We also examined the refer-
ence 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 con-
trolled clinical trials that compared cardiovascular risk
of intensive lowering of glucose to a standard treatment
regimen in type 2 diabetes mellitus and (2) trials per-
formed 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 inclu-
sion criteria were included in this study (Fig. 1).
Seventeen trials were excluded for the following rea-
sons: The DQDPS investigated patients with impaired
glucose tolerance, and Leiter’s study reported out-
comes, such as glucose level and weight, but did not
assess cardiovascular outcomes [14, 15]. The ADOPT
study mainly evaluated the effectiveness of rosigli-
tazone 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 glu-
cose tolerance, and type 2 diabetes without separating
them [17-19]. In the NAVIGATOR trial, pre-diabetes
mellitus patients were treated with two drugs: valsar-
tan and/or nateglinide [20]. The Steno-2 study, Kuma-
moto 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

Abstracts identified through multiple databases
including, Medline, Cochrane Central (n=6146)

Records excluded on the basis of title and abstract
(n=6106)

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

23 articles from 15 trials included in meta-analysis

Fig. 1 Study flow chart

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)
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LOOK-AHEAD study investigated controlling glu-
cose 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 System-
atic Reviews of Interventions [31]. The extracted data
included baseline demographic characteristics, such as
age, diabetic duration, population, BMI, and HbAlc level
(shown in Table 1 in "Appendix"), as well as outcomes,
including non-fatal myocardial infarction, major car-
diovascular 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.

Statistical analysis

Data from the 15 trials included in this meta-analysis
were stratified according to whether patients had follow-
up HbAlc levels of <7.0 or >7.0 %. Odds ratios and 95 %
Cls were calculated from dichotomous frequency data
allocated from each trial. The I? statistic was used to
quantify statistical heterogeneity between trials [32]. All
analyses were performed with a fixed-effects model when
I> <50 % and a randomized-effect model when I*> 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 char-
acteristics 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 dia-
betes patients, while the participants in the other stud-
ies 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 myo-
cardial infarction (mean age = 68 years). Ten studies
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enrolled diabetic patients with a history of macrovas-
cular 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/m?” The
baseline HbAlc level was 7.8 %, and the final HbA1C
levels in the intensive glucose control and conven-
tional groups were 7.1 and 7.6 %, respectively. The
main interventions for the relatively tight glucose con-
trol 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; I> = 4 %; Fig. 2) and the inci-
dence of major cardiovascular events by 7 % (OR 0.93,
95 % CI 0.89-0.97; I> = 9 %; Fig. 3). Furthermore, major
cardiovascular events were decreased by 7 % (OR 0.93,
95 % CI 0.88-0.98; I* = 33 %) when the follow-up HbA1lc
level was higher than 7.0 %, however, only when the fol-
low-up HbAlc level was lower than 7.0 %, the benefit of
relatively tight glucose control in regards to the preven-
tion of non-fatal myocardial infarction was gained (OR
0.85, 95 % CI 0.74-0.96; I* = 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
HbA1lc level above 7.0 % showed an increased incidence
of heart failure of 22 % (OR 1.22, 95 % CI 1.06-1.40;
I> = 57 %), while the subgroup with a follow-up HbAlc
level below 7.0 % showed no increase in the incidence of
heart failure (OR 1.03, 95 % CI 0.86-1.23; I* = 38 %).

Regardless of whether the follow-up HbAlc level was
below or above 7.0 %, no differences between the rela-
tively tight glucose control and conventional groups were
found for all-cause mortality (OR 0.97, 95 % CI 0.90—
1.04; I? = 20 %; Fig. 5), non-fatal stroke (OR 0.92, 95 % CI
0.84-1.02; I> = 9 %; Fig. 6) or cardiovascular death (OR
1.00, 95 % CI 0.90-1.11; I? = 48 %; Fig. 7).

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 dis-
ease, follow-up period, BMI, age and diabetic duration
were performed. Among these variables, the correlation



Wang et al. Cardiovasc Diabetol (2015) 14:124

Page 4 of 15

Intervention Standard 0Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
1.2.2HbA1c <7
ACCORD 186 5128 235 5123 11.4% 0.78 [0.64,0.95] 2008
ADVANCE 153 5571 156 5569 7.6% 0.98(0.78,1.23] 2008 B
VADT 64 892 78 899 3.6% 0.81[0.58,1.15] 2009 - 1
ADDITION 29 1678 32 1377 1.7% 0.74[0.44,1.23] 2012 _
Subtotal (95% CI) 13269 12968 24.4%  0.85[0.74,0.96] <>
Total events 432 501
Heterogeneity: Chi*= 254, df=3 (P=0.47), F=0%
Test for overall effect: Z= 2.50 (P = 0.01)
1.2.3 HbA1c =7
UKPDS34 24 342 40 411 1.7% 0.70[0.41,1.19] 1998 —
UKPDS33 197 2729 101 1138 6.7% 0.80[0.62,1.03] 1998 — =
PROactive 119 2605 144 2633 6.9% 0.83[0.64,1.06] 2005 I
RECORD 53 2220 42 2227 21% 1.27[0.85,1.92] 2008 ]
HEART2D 21 557 27 558  1.3% 0.77[0.43,1.38] 2009 —
BARIZD 118 1183 138 1185 6.2% 0.84 [0.65,1.09] 2009 -
SAVOR-TIMIS3 265 8280 278 8212 136% 0.94[0.80,1.12] 2013 =
EXAMINE 187 2701 173 2679 8.1% 1.08[0.87,1.33] 2013 o
DIGAMI1 129 306 123 314 35% 1.13[0.82,1.56] 2014 N EE
AleCardio 212 3616 239 3610 11.3% 0.88[0.73,1.06] 2015 A i
TECOS 285 7257 294 7266 14.2% 0.97[0.82,1.14] 2015 e
Subtotal (95% CI) 31796 30233 75.6% 0.93[0.87, 1.00] L 4
Total events 1610 1599
Heterogeneity: Chi*=10.47, df=10(P = 0.40); F=5%
Test for overall effect: Z=1.94 (P = 0.05)
Total (95% CI) 45065 43201 100.0%  0.91[0.85,0.97] L 2
Total events 2042 2100
Heterogeneity: Chi*= 14.54, df=14 (P = 0.41); F= 4% 0:5 057 p 1=5 2
Test for overall effect: Z= 2.91 (P = 0.004) intervéntion Standérd
Test for subaroun differences: Chi*=1.55.df=1{(P=021). F=35.4%

Fig. 2 Risk of non-fatal myocardial infarction stratified by HbA1c level of 7.0 %

between non-fatal myocardial infarction and relatively
tight glucose control was stronger in patients with a
BMI higher than 30 kg/m? (OR 0.89, 95 % CI 0.82-0.96;
I = 1.4 %; Table 2 in "Appendix"). In addition to a fol-
low-up HbA1lc level above 7 %, the application of thia-
zolidinediones (TZDs) (OR 1.39, 95 % CI 1.14-1.69,
12 = 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, I*> = 41.9; Table 3 in "Appendix").

Furthermore, with each 1 % decrease in HbAlc 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
HbA1lc change of HbAlc below 7 % subgroup was 1.3 %,
and in the HbAlc above 7 % subgroup was 0.3 %, with
each 1 % increase in HbAlc change associated with mar-
ginal 7 % decrease in non-fatal myocardial infarction (OR
0.93, 95 % CI 0.82—-1.05; Fig. 10), limited association were

found between HbAlc change and major cardiovascular
events (OR 1.02, 95 % CI1 0.93-1.13; Fig. 11).

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 cardiovas-
cular events without increasing all-cause mortality. Inter-
estingly, when the follow-up HbAlc 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 HbAlc level was below
7.0 %. Each 1 % decrease in HbAlc level are associated
with a marginal 2 % increase in major cardiovascular
events, and each marginal 7 % decrease in non-fatal myo-
cardial infarction are at a cost of 1 % increase in HbAlc
change. In spite of the HbAlc level, the increased risk of
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Intervention Standard Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI

1.4.2HbA1c <7

ADVANCE 557 5571 590 5569 13.0% 0.94 [0.83,1.06) 2008 I

ACCORD 352 5128 371 5123 85% 0.94[0.81,1.10] 2008 )

VADT 130 892 143 899  3.0% 0.90(0.70,1.17) 2008 R

ADDITION 77 1678 731377 1.9% 0.86[0.62,1.19] 2012 —

Subtotal (95% CI) 13269 12968 26.3%  0.93[0.85, 1.01] &

Total events 1116 1177

Heterogeneity: Chi*= 0.33, df= 3 (P =0.95), F=0%

Test for overall effect: Z=1.65 (P=0.10)

1.4.3HbA1c =7

UKPDS33 585 2729 268 1138 7.3% 0.89[0.75,1.04] 1998 i i

UKPDS34 55 342 107 411 2.0% 0.54[0.38,0.78) 1998

PROactive 257 2605 313 2633 6.9% 0.81[0.68,0.97) 2005 e

BARIZ2D 261 1183 288 1185 55% 0.88[0.73,1.07) 2009 — |

HEART2D 48 557 57 558 1.3% 0.83[0.55,1.24] 2009 —

RECORD 159 2220 171 2227 39% 0.93[0.74,1.16]) 2008 T

EXAMINE 305 2701 316 2679 6.9% 095[0.81,1.13] 2013 S

SAVOR-TIMIS3 613 8280 609 8212 13.9% 1.00[0.89,1.12] 2013 .

DIGAMI1 189 306 201 314 1.9% 0.91 [0.66,1.26) 2014 —

AleCardio 344 3616 360 3610 8.0% 0.95[0.81,1.11] 2015 S

TECOS 745 7257 746 7266 16.4% 1.00[0.90,1.11] 2015 5

Subtotal (95% CI) 31796 30233 73.7%  0.93[0.88,0.98] L 2

Total events 3561 3436

Heterogeneity: Chi*=14.98, df=10 (P =0.13); F=33%

Test for overall effect: Z= 2.74 (P = 0.006)

Total (95% ClI) 45065 43201 100.0%  0.93[0.89,0.97] 2

Total events 4677 4613

Heterogeneity: Chi*= 15.32, df = 14 (P = 0.36); F= 9% 045 o’r p 145 2

Test for overall effect: Z= 3.20 (P = 0.001) ’ Inteﬁention Standard

Test for subaroun differences: Chi*= 0.00.df=1 (P=089). F=0%

Fig. 3 Risk of major cardiovascular events stratified by HbA1c level of 7.0 %

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 cardiovas-
cular benefits especially non-fatal myocardial infarction
[11]. And about half of the patients who were receiving
hypoglycemic therapy had a HbAlc level of less than
7.0 % in the recent investigation [13]. Our study elabo-
rate the effects of glycemic control on cardiovascular out-
comes from the results of glycemic control which is the
follow-up of HbAlc, and our study found that the inci-
dence of major cardiovascular events, including non-fatal
stroke, non-fatal myocardial infarction and cardiovascu-
lar death were not decreased in the patients of HbAlc
controlled below 7 % compared to the group of HbAlc
above 7 %, though the incidence of non-fatal myocar-
dial infarction was reduced when the HbAlc level were

controlled below 7 %. Based on the above findings, we
inferred that strict glycaemic control targeting a follow-
up HbA1lc 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 redun-
dant weight gain and severe hypoglycaemia, which both
increased the risk of acute diabetic complications and
likely offset the reduced incidence of myocardial infarc-
tion 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 HbAlc level change. In our clinical practice, the ulti-
mate 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].
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Intervention Standard Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% Cl Year M-H. Random, 95% CI
1.7.1HbA1c <7
ACCORD 152 5128 124 5123  9.0% 1.23[0.97,1.57] 2008 I
ADVANCE 220 5571 231 5569 105% 0.85(0.79,1.15] 2008 ===
VADT 76 892 82 899 6.8% 0.93([0.67,1.29] 2008
Subtotal (95% Cl) 11591 11591  26.2% 1.03 [0.86, 1.23] -
Total events 448 437
Heterogeneity: Tau®= 0.01; Chi*= 3.22, df= 2 (P = 0.20); F= 38%
Test for overall effect: Z=0.34 (P=0.73)
1.7.3HbA1c =7
UKPDS33 80 2729 36 1138  5.4% 0.92[0.62,1.38] 1998 - =
UKPDS34 11 342 17 411 2.0% 0.77[0.36,1.67] 1998
PROactive 281 2605 198 2633 10.4% 1.49[1.23,1.80] 2005 =%
RECORD 61 2220 29 2227 47% 2.14[1.37,3.35] 2008 R —
BARIZD 248 1183 218 1185 101% 1.18[0.96, 1.44] 2009 =t
HEART2D 13 557 4 558  1.0% 3.31[1.07,10.21] 2008 >
SAVOR-TIMIS3 289 8280 228 8212 109% 1.27[1.06,1.51] 2013 —_
EXAMINE 106 2701 89 2679 7.7% 1.19[0.89,1.58] 2013 - =
DIGAMI1 20 306 25 314 29% 0.81[0.44,1.49] 2014 —
TECOS 228 7257 229 7266 10.6% 1.00[0.83,1.20] 2015 =t
AleCardio 122 3616 100 3610 8.2% 1.23[0.94,1.60] 2015 T
Subtotal (95% Cl) 31796 30233 73.8% 1.22[1.06, 1.40] <>
Total events 1459 1173
Heterogeneity: Tau®= 0.03; Chi*= 23.08, df=10 (P=0.01); F=57%
Test for overall effect: Z= 2.79 (P = 0.005)
Total (95% Cl) 43387 41824 100.0% 1.17 [1.04, 1.31] <&
Total events 1907 1610
I:ete;ogeneiwl: T?fu’=20.0§; ;:shg: 300531), df=13 (P = 0.004); F= 58% 0=5 0=? 155 2

est for overall effect: Z= 2. =0.01 : s )
Test for subaroup differences: Chi*= 207 df=1(P=015.F=517% IiEVARDG: SiAndard

Fig. 4 Risk of heart failure stratified by HbA1c level of 7.0 %

Taken together, a follow-up HbAlc level of 7.0 % is the
critical control point for intensive therapy; our study sug-
gests that controlling HbAlc below 7.0 % could not maxi-
mize the cardiovascular benefits, and the disadvantages
outweigh the advantages.

Although there was some heterogeneity across the
included studies, the results of this meta-analysis indi-
cate that glucose control increases the risk of heart fail-
ure, and the subgroup with a follow-up HbAlc above
7.0 % have a greater risk of heart failure. Previous studies
have demonstrated that every percentage point increase
in HbAlc level results in a 15 % increase in the risk of
congestive heart failure [44]. Advanced glycation end-
products, oxidative stress and altered myocardial metab-
olism 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 strate-
gies of intensive therapy are closely associated with heart
failure, especially among patients taking PPAR agonists.
PPAR agonists cause fluid retention and diastolic dys-
function in susceptible patients and result in haemody-
namic 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 develop-
ing 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
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Intervention Standard Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H.Random, 95% CI M-H. Random, 95% CI

1.1.2HbA1c <7

ADDITION 104 1678 92 1377  4.4% 0.92[0.69,1.23) —

ADVANCE 498 5571 533 5569 12.2% 0.93[0.82,1.05) -7

VADT 102 892 95 899  43% 1.09[0.81,1.47) — e

ACCORD 257 5128 203 5123 82% 1.28 [1.06, 1.54) —

Subtotal (95% Cl) 13269 12968 29.1% 1.05[0.88, 1.25] i

Total events 961 923

Heterogeneity: Tau®*= 0.02; Chi*=8.31, df= 3 (P=0.04);, F=64%

Test for overall effect. Z=0.50 (P =0.62)

1.1.3HbA1Cc =7

UKPDS34 50 342 89 41 2.8% 0.62[0.42,091)

DIGAMI1 271 306 285 314 16% 0.79([0.47,1.32)

RECORD 136 2220 157 2227 6.0% 0.86 [0.68, 1.09] L

EXAMINE 153 2701 173 2679 6.5% 0.87 [0.69, 1.09) -

UKPDS33 489 2729 213 1138  87% 0.95(0.79,1.13) il

PROactive 177 2605 186 2633 7.0% 0.96[0.77,1.19) =t

BARIZD 156 1183 160 1185 6.0% 0.97[0.77,1.23) S

HEART2D 51 557 51 558 2.5% 1.00 [0.67,1.51)

TECOS 547 7257 537 7266 12.6% 1.02[0.90,1.16) -

AleCardio 148 3616 138 3610 6.0% 1.07 [0.85, 1.36) S

SAVOR-TIMI5S3 420 8280 378 8212 11.1% 1.11 [0.96, 1.28) T

Subtotal (95% Cl) 31796 30233 70.9% 0.97 [0.90, 1.04] <&

Total events 2598 2367

Heterogeneity: Tau®*= 0.00; Chi*=12.51, df=10 (P = 0.25); F= 20%

Test for overall effect: Z=0.82 (P=0.41)

Total (95% Cl) 45065 43201 100.0% 0.99[0.92, 1.05] &

Total events 3559 3290

Heterogeneity: Tau= 0.01; Chi*= 21.32, df= 14 (P = 0.09); F= 34% 0=5 o*? 3 1=5 2

Test for overall effect: Z=0.43 (P = 0.67) ’ lntérvention Standard.

Test for subaroun differences: Chi*= 059 df=1 (P=044) F=0%

Fig. 5 Risk of all-cause mortality stratified by HbA1c level of 7.0 %

glycaemic control, characteristics of the study popula-
tions, 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 hetero-
geneity, which effectively avoided the inaccurate results
that can be generated by studies with small sample
sizes. Additionally, ADDITION did not record infor-
mation 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 HbAlc level and HbAlc
change were used in this study, but the marginal value
of the results suggested mean HbAlc level may not be
a sensitive predictor for cardiovascular complication of

diabetes mellitus. Other HbAlc index such as HbAlc
variability especially intra-individual mean (HbAlc-
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, inflamma-
tory biomarkers like C-reactive protein (CRP), mono-
cyte 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 HbAlc tar-
gets which could be a better solution for diabetes with
cardiovascular complications [58]. Other interven-
tions such as lifestyle change, intensive blood pressure
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Test for overall effect: Z=1.66 (P=0.10)
Test for subaroun differences: Chi*=0.79. df=1 (P=037. F=0%

Fig. 6 Risk of stroke stratified by HbAlc level of 7.0 %

Intervention Standard Odds Ratio Odds Ratio
Study or Subgroup __ Events  Total Events Total Weight M-H. Random, 95% Cl Year M-H, Random, 95% Cl
1.3.2HbA1c <7
ADVANCE 238 5571 246 5569 20.3% 0.97[0.80,1.16) 2008 —
ACCORD 67 5128 61 5123 6.9% 1.10[0.77,1.56] 2008 N
VADT 28 892 36 899  35% 0.78[0.47,1.28) 2009
ADDITION 22 1678 19 1377 23% 0.95[0.51,1.76) 2012 I
Subtotal (95% Cl) 13269 12968 33.0% 0.97 [0.83, 1.12] <&
Total events 355 362
Heterogeneity: Tau®*= 0.00; Chi*=1.24, df=3 (P=0.74), F= 0%
Test for overall effect: Z=0.41 (P = 0.68)
1.3.3HbA1c =7
UKPDS33 114 2729 44 1138 B6.7% 1.08[0.76, 1.55] 1998 I
UKPDS34 6 342 16 411 1.0% 0.44[017,1.14) 1998
PROactive 86 2605 107 2633 96% 0.81 [0.60, 1.08] 2005 S i
HEART2D 6 557 8 558 0.8% 0.75([0.26,2.17) 2009
BARI2D 27 1183 36 1185 3.4% 0.75[0.45,1.24] 2009 I
RECORD 46 2220 58 2227 56% 0.79[0.53,1.17) 2009
SAVOR-TIMIS3 157 8280 141 8212 14.2% 1.11[0.88,1.39] 2013 =
EXAMINE 29 2701 32 2679 3.4% 0.90([0.54,1.49] 2013 G
DIGAMI1 15 306 34 314 23% 0.42[0.23,0.80) 2014
TECOS 147 7257 159 7266 14.5% 0.92([0.74,1.16) 2015 =p=
AleCardio 49 3616 50 3610 5.4% 0.98 [0.66, 1.45) 2015 G
Subtotal (95% Cl) 31796 30233 67.0% 0.88[0.77, 1.01] L 4
Total events 682 685
Heterogeneity: Tau*=0.01; Chi*=13.64, df=10(P=0.19); F=27%
Test for overall effect: Z=1.76 (P = 0.08)
Total (95% CI) 45065 43201 100.0% 0.92[0.84, 1.02] |
Total events 1037 1047

i 2_ - Chif= o - cR= t t + }

Heterogeneity: Tau®*= 0.00; Chi*=15.37, df=14 (P=0.35); F= 9% 02 05 ] 3 :

Intervention Standard

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 HbAlc level
below 7.0 % does not appear to maximize the cardiovas-
cular 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.
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Intervention Standard Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H. Random, 95% Cl Year M-H. Random, 95% Cl
1.6.2 HbA1c <7
ACCORD 135 5128 94 5123 8.0% 1.45[1.11,1.89] 2008
ADVANCE 253 5571 289 5569 11.5% 0.87[0.73,1.03] 2008 ==
VADT 40 892 33 899  38% 1.23[0.77,1.97] 2009
ADDITION 26 1678 22 1377 28% 0.97[0.55,1.72] 2012 -]
Subtotal (95% Cl) 13269 12968 26.1% 1.10[0.81, 1.50] -
Total events 454 438
Heterogeneity: Tau®*= 0.06; Chi*=10.55,df=3 (P=0.01); F=72%
Test for overall effect: Z=0.63 (P=0.53)
1.6.3HbA1c =7
UKPDS33 207 2729 90 1138 8.3% 0.96([0.74,1.24] 1998 R
UKPDS34 25 342 51 411 3.4% 0.56 [0.34,0.92] 1998 - £ -
PROactive 127 2605 136 2633 86% 0.94([0.73,1.21] 2005 i [
HEART2D 21 557 22 558  2.5% 0.95[0.52,1.76] 2009 = o
RECORD 60 2220 71 2227 5.8% 0.84 [0.60,1.20] 2009 =1
EXAMINE 89 270 111 2679  7.5% 0.79[0.59,1.05] 2013 i
SAYOR-TIMIS3 263 8280 260 8212 11.5% 1.00[0.84,1.19] 2013 . T
DIGAMI1 226 306 209 314 59% 1.42[1.00,2.01] 2014 T
TECOS 380 7257 366 7266 12.6% 1.04[0.90,1.21] 2015 N
AleCardio 112 3616 98 3610 7.8% 1.15[0.87,1.51] 2015 v
Subtotal (95% Cl) 30613 29048 73.9% 0.98 [0.88, 1.09] <
Total events 1510 1414
Heterogeneity: Tau®*=0.01; Chi*=14.30,df=3 (P=0.11); F=37%
Test for overall effect: Z= 0.45 (P = 0.66)
Total (95% ClI) 43882 42016 100.0% 1.00[0.90, 1.11] <
Total events 1964 1852 ) ) ) )
Heterogeneity: Tau®= 0.02; Chi*= 25.05, df=13 (P = 0.02); F= 48% 075 077 175 ﬁ

Test for overall effect: Z= 0.01 (P = 0.99)
Test for subaroun differences: Chi*= 055 df=1 (P=0.46). F=0%
Fig. 7 Risk of cardiovascular death stratified by HbATc of 7.0 %
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Fig. 10 Odds ratio of myocardial infarction in relation to HbA1c
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Fig. 11 Odds ratio of major cardiovascular events in relation to

Page 10 of 15

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.

Author details

! Department of Endocrinology, Affiliated ZhongDa Hospital of Southeast
University, No. 87 DingJiaQiao Road, Nanjing 210009, People’s Republic

of China. > Department of Endocrinology, Sichuan Academy of Medical Sci-
ence and Sichuan Provincial People’s Hospital, East District, No. 32, Section 2,
1st Ring Road (West), Chengdu 610072, Sichuan, People’s Republic of China.
3 Department of Intensive Care Unit, Sichuan Academy of Medical Science
and Sichuan Provincial People’s Hospital, No. 32, Section 2, 1st Ring Road
(West), Chengdu 610072, Sichuan, People’s Republic of China.

Acknowledgements

This work was partially supported by the National Natural Science Foundation
of China (No. 81370921, Wang SH; No. 81070638, Wang SH), the Social Devel-
opment Project of JiangSu Province (No. SBE201170735, Wang SH).

Compliance with ethical guidelines

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

Appendix
See Tables 1, 2, and 3.



Page 11 of 15

Wang et al. Cardiovasc Diabetol (2015) 14:124

10108}
ASHAD
19410 3Uo
a5e3sIp 1589] 1€ U0
Je|naseA uonez 510108} 95e3sIp
-olpJed -lwopuel YSUAD  JendseA
paysl| SOV 210j2q 10} |euonippe 01w
-ge1sd 104 paz! 06-Gl  Ysuielo 10 AAD 10 Jejnd a5e3sIp
yum  -jeudsoy UIYUM  JUSAS AD NQZL 95e3sIp pays!| -SPAOIDBUWI  JBJNDSBA NQzZL NQZL
S9190RIP  YUM $219g [N 9INJB SOV YUM  Jo AIolsly  paidalep Jeay I\l @128 -geisa  Jo Aiolsly -0ldew  pasoubelp  pasoubelp
¢ adAL -elpzadAl  pue wdel WNdZL YIM NQeL us915s  pue NdcL Aleras WAzl Jeye WdCL Yyim NalL ‘Wdcl ywm NdTL WIEN AmaN - uonendod
$9190eIp pasou pasou  sa1aqelp
OCFY6 LLF98 FSFSOL 8CFCL 8TFE0OL pausads [8F 0L 8YFL SLFSLL  [TLF6 0l 9F8 9 F 8 -beip AimaN -Belp AjmaN 4o uoneing
susned
191 9ces ovel 08¢es z6v'9L GS0€ 89¢¢ VAad 61 SLLL Lszol orlL'LL 8eCS Y0/LL /98¢ JO JoqUINN
eL
uaALp
JUDAD
‘pajj0) Ly
-Uod  Pa||0JIUod pa]|0J3U0d
ogaoeld  ogade|d -ogaoe|d [euy ubisep ubisep ubisep
‘PuIq ‘Pulq [9Ce] puliq ‘pullq dnosb |euo1dey 1Poq [9gel  [elO1OR) pa]103U0>
3|gnop 3|gnop -usdo  -3ignop  -s|gnop  -|3||esed 7Aqz  |2qe| uado -painu uado x¢ [eul  -ogadeld [age| uadQ [9ge| usdo
‘pazIWO 'pazZIWIO 'POZIWO  ‘PIZIWO  ‘PIZIWO  ‘PIZILIOP  ‘PIZILO ‘pazIWo -od  ‘paziwo  ‘pazIlo  pazIlop ‘pazIWO ‘pazIWO 'pazIWO ubisap
-puey -puey -puey -puey -puey -UeI-I2ISN|D -puey -puey ‘|age| uado -puey -puey -Uel eLoIde -puey -puey -puey Apnis
AN
pue ‘spue|
SENEN
S9Ul ;S9N Sl SoU1 spewuaQ 559U ,S9LIUN0D RETIVplen} gSOUIUNOD  (S2LIUNOD
-unod>ge 9z Uls[el Ysipamsul -Unod gy -UNod 9¢ ursadi -unod 9 uj Seul vsn ul JARS! vsn ul ocul 6L ul pue|bug pue|bug
UI'SaUs €/9  -Idsoy 0z, S|eudsoy g1 Ul S91s 868 UI'SaIS 88/ -DRId HEE  SISIUSD i SISIUSD HOE  SISIUSD (07 SISIUSD GO|  SISIUSD // $I9IUSD GlZ SI9IUSD | ZEUISISIUSD GLUISISIUSD €7 UONEDOT
leak
sLoc §10c ¥10¢ €10¢ €10¢ L10C 600¢ 600¢ 600¢ 600¢ 800¢ 800¢ §00¢ 8661 8661 uonedlqnd
AVETVTR=ENS
Bullamol 191p
-9500n|6 eain|Au auole 1BIp  yum Adjjod
euon  Adessyy Adesayy -0J|ns pue |011U0D Adelayl  SA UILIOY |euon
-USAUOD  $919QeIp  S9190EIP 510128} UluIof19wW 9s00N|6  S919GRIP 19U YUMm -USAUOD
Adesayy SA|OJJUOD  [ensn o)} |ensn o} ysuadn Adesayy Jo uon plepuels [ensn o1 Aojod  sa urnsul
Bunsixa 01 Ajlep JlwaedAl6  ogeded  ogade|d -Inwjo  uoisiaoud  -euIqUIOD |0Juod Adelayr  sA (sbnup ogaoe(d |0Jjuod>  Jo einjAu
ogoaoe(d ogaoe(d paseq saun saundib luswieall  ulnsul SA Joauoz  asodn|b  ABarens  piepuels  1aylo snid 10 du0z asoonib  -oydins e
Jjoundy  Jobr gt -ujnsul - -dijboly -eXeS  DAISUSIUI  UOReZIIS  -Bl|DISOI  plepuels |eseq SA  sA Adelsyy  apizedl|b) -ey|boid -poojq yum Adjjod
-beys ppy  Jezel|baly  PayIsualu| JO UORIPPY JO UOIIPPY  SA QUIINOY -U3S UIINSU| JO UORIPPY JO SAISUSIU|  [BIPUBI  AISUIU|  SAISUIU| JO UOIIPPY  SAISUSIUI  SAISUSIUJUONUAIDIU|
€SIWIL
SOD3L olpie)dly  LINYOIA INIWVYXA  -4OAVS NOILIddy  dcidvd  adod3d 1AVA QZidvaH Qy0ddVY 3IDNVAQVY dAhdeQOdd veSAdAN  €€SAdiIN ety

s|el} paphn|dul o sdisiia)deieyd aujjaseg | ajqeL



Page 12 of 15

Wang et al. Cardiovasc Diabetol (2015) 14:124

dnoib uonUBAIRIUL UL [9A3] D LYGH PUE [9A3] DLYGH duljaseq Aq pajendjed

Yoogpuey aueiy>0) 03 buipiodde azis 3jdwes Aq ejep pauiquio)

)oogpuey aueiyd0?) 0} Buipiodde Y| WO PAJRWIISD IDM n|eA S dY] 4

$91B1S PaUN ‘Duiesyn ‘AaNIN] ‘Uemie] ‘USPAMS ‘uleds ‘ea10y YINosS ‘ed1yy YInos ‘eryenols ‘@1odebuls ‘eissny ‘eluewoy ‘pue|od ‘puejesaz maN ‘AemIoN ‘spueiayiaN

‘e1skejei ‘e1nze] ‘eluenyy ‘Ajey ‘|seis ‘eipul ‘Arebuny ‘buoy BuoH ‘urelnig 3ealo ‘Auewnssn ‘dueld ‘puejuld ‘e1u03s3 dlignday Yodz) ‘elquiojod ‘euly> 3|1y ‘epeue) ‘|izeig ‘elebing ‘wnibjag ‘elfelsny ‘eunusbly |
Sae1S pauuN ‘wopbury payun

‘puejiey] ‘uspams ‘uleds ‘eissny ‘elueWIOY ‘pue|Od ‘pPuB|EIZ MBI ‘SPUBIBYIDN BY ‘0JIXN ‘elsAejey ‘ea10y ‘Aley| ‘puelal] ‘eipu| ‘Aiebuny ‘Auewisn ‘@duelq D1gnday ysez) ‘euly) ‘epeue) ‘|izesg ‘eljelysny ‘eunnuabiy y

VSN pue sajeliwy gesy
panun ‘aulesyn ‘pue|iey ‘uemie] ‘USPaMS ‘uleds ‘edLIJY YINOS ‘BINBAO|S ‘BIGISS ‘BISSNY ‘elUBWIOY ‘0d1Y 01N ‘[eBn1iod ‘pue|od ‘saulddi|iyd ‘niad ‘puejesaz maN ‘0dIxal\ ‘elsAe|e|y ‘eluenyli ‘elInje ‘lemny ‘ealoyl ‘ueder
‘A1) ‘|oeus| ‘e1pu] ‘K1ebuny ‘Buoy BuoH ‘ejewsieno ‘939319 ‘uleilig 1ea ‘AuewiIaD ‘@dueld ‘puejuly 1dAB] “rewuaq D1gnday Yaez) ‘eneol) ‘eiquio]od 9|1y ‘epeue) ‘elebing ‘|izeig ‘wnibjag ‘eljensny ‘eunusbiy g

VSN pue N ‘puejieyl
‘uemie] ‘UsPaMS ‘uleds ‘edLyy YINos ‘UoieIdpa4 URISSNY ‘PUB|Od ‘NIdd ‘SpuelIayIaN ‘0dIxa| ‘Alel| ‘|aeis| ‘elpu] ‘A1ebuny ‘Buoy buoH ‘Auewusn ‘adueiq d1gnday yoaz) ‘eury? ‘a1yD ‘epeue) ‘|izeig ‘eljesisny ‘eunyuabiy f

eusny pue d1jgnday ysaz) ay) ‘0dIxal ‘|izelg ‘epeued 'y

MN pue ‘sutenin
‘UPaAMS ‘uleds ‘e BAO|S ‘BISSNY ‘BIUBWIOY ‘PUB|Od ‘PUBleaZ MBN ‘SPUBIaYIDN ‘eluenyi ‘elnje ‘Ajey ‘Alebuny ‘939310 ‘Auewlan) ‘9duei4 ‘puejuld ‘eluols3 “slewuaq d1gnday ysaz) ‘elzeol) ‘eebing ‘wnibjag ‘eljessny p

N pue ‘Aaxin] ‘uieds @1y YINOS ‘BIUSAOCIS ‘BINBAO|S ‘UOIIRI9PaS URISSNY ‘BIUBWIOY ‘PUB|O ‘UoueqaT ‘eS| ‘elpu] ‘Aiebuny ‘Auewan d1jqnday yoaz) ‘eneos) ‘epeue)
MN pue ‘epjeaols ‘eissny ‘puejod ‘ssurdd

d ‘puejeaz maN ‘spueliayioN ‘elsAeely ‘eruenyu ‘Ajey| ‘puepal) ‘eipu ‘Kiebuny ‘Auewsan ‘odueld ‘euois3 1nday Yszd ‘eulyd ‘epeued ‘euisny 4
YN PUB PUBISZUMS ‘USPIMS ‘BIXEAOIS ‘PUB|Od ‘ABMION ‘SpuBlIayIaN ‘eluenyi] ‘eiale] ‘Ajel] ‘Aiebuny ‘Auewisn ‘sdueld D1inday Ysz) ‘pue|uld ‘ejuols3 “Jewusq ‘wnibjag ‘euisny ,

uiqojboway paye|AsodA|6 O yqH ‘xapul ssew Apoq jg ‘snyj|dw sa1aqelp g 9dAy wagzi
payidads as1mIay1o sssjun ‘(ebuel aj11ienbisiul) ueipaw 4o ‘qs F ueaw se pajuasaid ale eyeq

2 LVAH
0 80 YAl €0 €0 70 /0 0 Sl 90 6l 0l 60 [ 1’0 urebueyd
dnoib
|euon
S/ L] 9/ 08 6/ S60F/.9 VIFSL 8L «L'LF¥8 L0F8L [LO0FSL V9IF L 9/ 88 «¥lF6L -UsAUOD
dnoib
(WA €0, 61FEL Yava [/ S60F99 CLF0L S/ x90F69 L0FLL 90FV9 660FS9 07/ €8  «§'l F 0 /ZuUonusni=lU]
(% 001)
aul|aseq
L0F €L (LLFG8L 61F08 L'LF08 ¥LFO08 9LF0L 9LFLL /[0F6/L 0CFV6 SLFE8 'L F€8 ILFS. VIF6L ISLFCL SLF 12 edVaH
LSFCOE L1F98C €V FLLCOLLFL8C 9SF I'LE 9GF91lE 09F/L1lE (LY FGLE yFL1E 8V F L6C 9F Ce SF8¢C SF I 6vFL1lE CSFGLC ANE\QV,SE

08F 099 OLF 19 ¥6+5/9 19 GS8FS9 89F09 6F 9 8F 85 6F09 [6F19 LF 9 9F 99 8F 79 ,98F €S «(09-8Y) S aby
(s189K)
dn mo||o4
€ SRIM 0L 7'E syruow g| x4 €S €S S'S 9s 9¢ S€ 0s 6'C L0l L0l sbesany
€SINIL
SOD3L olpieddly  LIAVOIA ININVXI  -HOAVS NOILIAAY  dcidvd  ddod3d 1AvVA 4ZldvIH QdoddVY 3IDNVAQY dAdeQOdd vesaAddn  €€sAdin leuL

panunuod | sjqey



Wang et al. Cardiovasc Diabetol (2015) 14:124

Page 13 of 15

Table 2 The pooled odds ratio of myocardial infarction stratified by BMI

Myocardial infarction

Intervention Conventional 0Odds ratio (95 %Cl) 12 (%)
Overall 2042/45,065 2100/43,192 0.91(0.85,0.97) 39
BMI
<30 kg/m? (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) 14
Table 3 The pooled odds ratio of heart failure stratified by different glucose lowering strategies
Heart failure
Intervention Conventional Odds ratio (95 %Cl) 12 (%)
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) 419
Prandial vs basal strategy (HEART2D) 13/557 4/558 3.31(1.07,10.21)
Received: 15 June 2015 Accepted: 9 September 2015 9. Gerstein HC, Miller ME, Byington RP, Goff DC Jr, Bigger JT, Buse JB, Cush-

Published online: 22 September 2015
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