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Abstract Background and aims: Randomized clinical trials (RCTs) aimed at the assessment of
the efficacy of lowering blood glucose in the prevention of diabetic complications have always
failed to detect a significant effect on cardiovascular events, Aim of this meta-analysis is the
assessment of the effects of improvement of glycemic control on the incidence of cardiovas
cular diseases in patients with type 2 diabetes.
Methods: The RCTs were included in this meta-analysis if: a) the between-group difference in
mean HbA1c during the trial was at least 0.5%, b) they had a planned duration of treatment of
at least 3 years, c) if they had a cardiovascular endpoint. Data for analysis were extracted
independently by two observers and potential contrasts were resolved by a senior investigator.
Results: Five studies (17,267 and 15,362 patients in the intensive and conventional therapy
groups, respectively) were included. Intensive treatment, which reduced mean HbA1c by
0.9% on average, was associated with a significant reduction of incident cardiovascular events
and myocardial infarction (ORO.89 [0.83-0.95) and 0.86 [0.78-0.93), respectively), but not of
stroke or cardiovascular mortality (OR 0.93 [0.81-1.07] and 0.98 [0.77-1.23), respectively). In
meta-regression analysis, a higher BMI duration of diabetes, and incidence of severe hypogly
caemia were associated with greater risk for cardiovascular death in intensive treatment
groups.
Conclusion: Intensified hypoglycaemic treatment in type 2 diabetic patients leads to a signifi
cant reduction of the incidence of myocardial infarction, while it does not affect the incidence
of stroke and cardiovascular mortality. Hypoglycemia induced by intensified treatment could
be associated with increased cardiovascular mortality.
© 2009 Elsevier B.V. All rights reserved .
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GLycemic control and cardiovascuLar risk

Introduction

Type 1 and type 2 diabetes are associated with
increased cardiovascular risk [1]. Furthermore, among
diabetic patients, those with higher bLood gLucose and
gLycated hemoglobin (HbA1c) show a greater incidence
of major cardiovascuLar events [2]. In type 1 diabetes,
follow-up data from a Large randomized clinicaL trial
suggest that the improvement of metaboLic control,
obtained through intensive insulin treatment, can
prevent cardiovascuLar disease in the long term [3];
similar resuLts have been obtained in the long-term
follow-up of the UK Prospective Diabetes Study
(UKPDS), performed in type 2 diabetic patients [4].
ConverseLy, in type 2 diabetes, triaLs aimed at the
assessment of the efficacy of Lowering bLood glucose in
the prevention of micro- and macrovascuLar complica
tions have aLways failed to detect a significant effect
on cardiovascular events [5-7]; the onLy partial
exception is represented by the PROspective piogLitA
zone ClinicaL TriaL In macroVascuLar Events (PROACTIVE)
[8], which showed a significant reduction of the inci
dence of some cardiovascuLar diseases, although it
failed to reach the principaL composite endpoint (death
or major nonfataL cardiovascuLar events) for which it
had been designed.

The negative resuLts of those triaLs could have been
determined by an insufficient sampLe size. In fact, the
extent of risk reduction induced by Lowering of HbA1c, as
estimated by epidemioLogical studies [2], appears to be
rather small; therefore, even large-scale triaLs could have
had an insufficient statistical power to detect the effects of
treatments. It shouLd be considered that two of the Largest
trials [5,7] were designed for a composite endpoint which
included microvascuLar compLications, and were therefore
undersized for cardiovascular diseases as a separate
endpoint; furthermore, another large triaL [6], which was
specifically designed for cardiovascuLar outcomes, had to
be prematureLy terminated because of an unexpected,
significant difference in mortality between groups. The
combination of the results of those triaLs couLd yieLd some
reLevant further information, which cannot be obtained by
individual triaLs due to their insufficient statistical power.

Aim of this meta-analysis is the assessment of the
effects of improvement of glycemic controL on the inci
dence of cardiovascuLar diseases in patients with type 2
diabetes.

Methods

The study was performed according to the recommenda
tions of the QUOROM statement [9].

Data sources

An extensive search of MedLine, EMBASE, and the Cochrane
library (any date up to December 1st, 2008, restricted to
randomized clinicaL triaLs, pUblished in EngLish) was per
formed for aLL triaLs containing in any fieLd the words
"diabetes" and "stroke" or "myocardiaL infarction" or
"heart failure".
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Study selection

The meta-analysis was performed on randomized clinical
trials assessing the effects of improved metaboLic control
on cardiovascular outcomes in type 2 diabetic patients.
TriaLs were included in the anaLysis if they satisfied the
following criteria:

(1) Randomized clinical trials enroLLing patients with type 2
diabetes; if other populations were enrolled in the
same stUdy, the trial was included only if separate
outcome results for patients with type 2 diabetes were
reported;

(2) Data on HbA1c available for aLI treatment groups;
(3) Between'group difference in mean HbA1c during the

trial of at least 0.5%;
(4) PLanned duration of treatment of at Least 3 years;
(5) Similar therapy for concurrent cardiovascular risk

factors (hypertension, hyperLipidemia, etc.) in alL
treatment groups;

(6) Cardiovascular events as the principaL triaL endpoint, or
included in a principal composite endpoint.

Data extraction

Data were retrieved from the paper reporting the main
results of each triaL; missing information was searched for
in other publications on the same triaL, or, when unavail
able, on abstracts of communications at Congresses or
dedicated websites.

Data for analysis were extracted independently by two
observers (E.M., M.M.) and potentiaL contrasts were
resoLved by a senior investigator (N.M.).

The foLLOWing events were taken into consideration:

(1) death from any cause;
(2) cardiovascuLar death (determined by any cardiac

cause, cerebrovascuLar disease, or peripheral artery
disease);

(3) fataL or nonfataL acute myocardial infarction (MI);
(4) fatal or nonfatal stroke;
(5) cardiovascular events (defined as either fatal or

nonfatal MI, stroke, or peripheraL artery disease);
(6) fatal and nonfataL chronic heart failure (CHF).

Furthermore, body mass index (BMI) at the end of the
study was retrieved, together with the proportion of
patients experiencing at Least one severe hypoglycemic
episode (i.e., requiring hospitaLization or assistance from
a third person), and the proportion of patients treated with
insuLin, thiazoLidinediones, and insulin secretagogues, at
the end of the study. BaseLine HbA1c and BMI, as well as
age, duration of diabetes, and proportion of patients with
known cardiovascuLar disease at enroLment were consid
ered as putative moderators of the effect of intensified
glucose controL on incidence of cardiovascular events.

Data synthesis and analysis

For each trial, the number of events expected in the inter
vention group was calculated on the basis of the observed
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rates observed in control groups and of the known epidemi
ologic relationship between HbA1 c and cardiovascular risk
[2]. Considering that the mean difference in HbA1c between
groups was 0.9%, expected reduction in the incidence of
events with intensive therapy was assumed as 16%, 12%, and
15%, for cardiovascular disease, myocardial infarction, and
stroke, respectively. Furthermore, a power calculation was
performed in order to assess the statistical power to detect
(atp < 0.05) a significant reduction of cardiovascular events,
as predictable by epidemiological studies [2].

Heterogeneity was assessed by using /2 statistics. If no
heterogeneity was detected, we applied both a random
effects and a fixed-effects model. We report the results of
the random-effects models [10] because the validity of
tests of heterogeneity can be limited with a small number
of component studies. To estimate possible publication bias
caused by the tendency of published studies to be positive,
we used funnel plots, the Begg adjusted rank correlation
test [11], and the Egger regression approach [12]. However,
because these tests have low statistical power when the
number of trials is small [13], undetected bias may still be
present.

Weighted mean differences in body mass index at
endpoint, and Mantel-Henzel Odds Ratio (MH-OR) with 95%
confidence interval for all categorical endpoints, were
calculated using a random effect model. A meta-regression
was performed to assess the effectofputat1ve moderators on
variations of cardiovascular morbidity and mortality induced
by intensified glucose control. Moderators considered
included mean age, duration of diabetes, BMI, and HbAlc,
and proportion of subjects with known cardiovascular
disease, at enrolment; proportion of patients treated with
different hypoglycemic drugs at endpoint; severe hypogly
cemia during the trial (absolute difference in annual rate of
first episode of severe hypoglycemia between intensive and
control group, calculated on the basis of the number of
subjects with at least one episode, assuming the incidence of
severe hypoglycemia as constant throughout the study). All
those analyses were performed using Comprehensive Meta
Analysis version 2.2.046 (NJ, USA).

Results

The Begg adjusted rank correlation test (Kendall tau, 0.20;
p = 0.31) and the Egger regression approach (intercept,
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0.406 [CI, -3.689 to 4.501]) suggested no major publication
bias.

The process of retrieval of clinical trials is summarized
in AppendiX. Some large·scale trials were excluded, as
they did not meet all inclusion criteria: HbA1c values were
not reported in The University Group Diabetes Program
(UGDP) [14], and between-group difference in mean HbA1c
during follow-up did not reach the pre-defined 0.5%
threshold in ADOPT (A Diabetes Outcome Progression Trial)
[15], Rosiglitazone Evaluated for Cardiac Outcomes and
Regulation of Glycaemia in Diabetes (RECORD) [16] and
Diabetes Mellitus, Insulin Glucose Infusion in Acute
Myocardial Infarction (DIGAMI)-2 [17]; the Kumamoto study
[18], which was centered on microvascular events, did not
have a cardiovascular endpoint, while in the DIGAMI trial
[19], although the duration of follow-up was longer than
three years, the actual period of intensive treatment
defined by the study protocol lasted for only 12 months.
Therefore, only five trials were included in the meta
analysis (Table 1). For the UKPDS, data from the main
analysis [7J were combined with those separately
described for metformin [20], as part of the same
randomization; some of the results were retrieved from
other publications (21]. Some of the results of PROACTIVE,
which were not described in the original publication [8],
were retrieved from a SUbsequent paper on the same trial
[22]. The study quality, as represented by randomization
procedures, allocation, appropriate description of drop
outs, and intention-to·treat analysis, was satisfactory for
all those stUdies; three out of four trials were open-label
[5-7], while another one was designed as a double-blind
study [8].

Retrieved studies included 17,267 and 15,362 patients
(92,955 and 71,595 patient x years) in the intensive and
conventional therapy groups, respectively, with a weighted
mean age of 60.9 years. Weighted mean HbA1c, duration of
diabetes, and BMI at enrolment were 7.5%, 6.4 years, and
29.3 kg/m2

, respectively. The weighted mean difference in
HbA1c between intensive and conventional therapy during
the trial was -0.9% whereas mean HbA1c at endpoint in the
intensive therapy groups was 7.0%. Therapeutic strategies
used to improve metabolic control in intensified treatment
groups varied across trials; in the UKPDS, different mono
therapies (sulphonylureas, metformin and inSUlin) were
compared with a nonpharmacological treatment, but

Table 1 Principal characteristics of the studies included in the meta-analysis.

Study (Ref.) Trial # Patients, Age Duration Patients BMI BMI Weight HbAlc HbAlc
Duration int./conv. (ys) of DM with IHD baseline endpoint differences' baseline % endpoint
(ys) (ys) (%) (kg/m2

) (kg/m2
) (kg) int./conv. (%) int./conv.

int./conv.

ACCORD [6] 3.5 5128/5123 62 10.0 34.8 32.2 33.4/32.3 3.5/0.5 8.3 6.4/7.5
ADVANCE [5] 5.0 5571/5569 66 8.0 32.3 28.0 28.0/28.0 -0.1/-1.0 7.5 6.5/7.3
PROACTIVE [8] 2.9 2605/2633 62 8.0 100.0 30.8 NR 3.6/-0.4 7.8 7.017.6
UKPDS 33 + 11.1 3071/1138 54 0.0 0.0 27.5 30.0/27.7 8.0/4.0 6.2 8.1/8.8

34 [7,20]
VADT [31] 6.3 892/899 60 11.5 40.0 31.3 33.8/32.3 5.212.5 9.4 6.9/8.4

Ys: years; Int.: intensified hypoglycemic treatment group; Conv.: conventional group; OM: diabetes mellitus; IHO: ischemic heart disease
(previously known); NR: not reported.
• Difference between endpoint and baseline.
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a large majority of patients received combinations of more
than one drug during the trial, either in the intensified and
in control groups. In the PROACTIVE trial, pioglitazone or
placebo was added to pre-existing hypoglycaemic therapy
(usually with more than one drug). In ACCORD, ADVANCE,
and VADT, different therapeutic algorithms were used, all
leading to combined treatment with two or more drugs in
most cases, with a relevant proportion of subjects in
intensified therapy groups receiving insulin therapy.

The number of events observed in the studies included in
the meta-analysis is reported in Table 2. The calculated
power to detect a significant (p < 0.05) reduction of inci
dence of cardiovascular events, in comparison with the
rates actually observed in control groups, was 0.81, 0.62,
0.23, 0.74, and 0.97, for ACCORD, ADVANCE, PROACTIVE,
UKPDS, and VADT, respectively.

Intensive therapy was associated with a significant
reduction of the incidence of cardiovascular events and
myocardial infarction, while no significant effect of
improved metabolic control was detected on the incidence
of stroke or heart failure, and in all-cause and cardiovas
cular mortality (Fig. 1).

Intensified treatment for type 2 diabetes was associ
ated with a significant weight gain and increased hypo
glycemic risk. In the four trials which reported BMI at
endpoint [5-8,20], intensive therapy produced an
increase of BMI by 1.2 [0.3-2.2] kg/m2 (p = 0.015). The
number of patients experiencing at least one episode of
hypoglycemia was reported in three trials [5,6,15]. In the
UKPDS, only the annual rate of severe hypoglycemia was
reported [7,20]; the total number of subjects experiencing
severe hypoglycemia was estimated on the basis of the
recurrency rates in different groups of treatment reported
for the first six years of the trial in another publication
[23], i.e. 24% for insulin, 2% for sulphonylureas, none for
other treatments. The PROACTIVE trial reported only the
number of subjects requiring medical assistance for
hypoglycemia [8]. The proportion of severe hypoglycemia
requiring medical assistance in the ACCORD trial, which
reported the incidence of both overall severe hypogly
cemia and severe hypoglycemia requiring medical assis
tance was applied to provide an estimation of the
cumulative incidence of severe hypoglycemia in the
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PROACTIVE trial. Combining the results of all the five
trials, the risk of severe hypoglycemia in intensified
treatment arm was significantly increased (MH-OR 3.01
[1.47-4.60]; p < 0.001). Similar results were obtained
when excluding either PROACTIVE, UKPDS, or both (data
not shown).

The effect of moderators on between-group differences
in incidence of cardiovascular disease and cardiovascular
mortality is reported in Table 3. The proportion of patients
receiving insulin or insulin seeretagogues could not be
retrieved for the UKPDS. A higher BMI and a longer duration of
diabetes at enrolment were associated with a negative
effect of intensified glucose control on cardiovascular
mortality (Fig. 2). Furthermore, a significant correlation was
found between the risk of severe hypoglycemia and that of
cardiovascular death associated with intensive treatment of
diabetes (Fig. 2). Conversely, none of the factors considered
appeared to moderate the effect of intensified treatment on
the overall incidence of cardiovascular events.

Discussion

This meta-analysis shows that the improvement of meta
bolic control, obtained through the intensification of
hypoglycemic therapy, reduces the incidence of cardio
vascular disease in patients with type 2 diabetes. This
result does not appear to be moderated by endpoint HbA1c
in intensified treatment group, suggesting that improve
ment of metabolic control could be beneficial across a wide
range of HbA1c values. This result is consistent with
epidemiological data, showing an association of HbA1c with
cardiovascular risk in type 1 and type 2 diabetic patients
[2], and with results of long-term follow-ups of randomized
clinical trials in type 1 [3] and type 2 [4] diabetic patients.
The reduction of cardiovascular risk obtained through the
improvement of metabolic control is smaller than that
expected on the basis of epidemiological studies [2]; in
fact, some studies fail to detect a significant benefit
despite a sufficient statistical power [6,15]. Apparently, the
reduction of HbA1c produces the expected improvement on
the risk of myocardial infarction, but not of stroke.

The lack of any protective effect of intensified hypo
glycemic treatment with respect to heart failure, despite

Table 2 Principal outcomes and adverse effects of the studies included in the meta-analysis.

Study (Ref.) # Patients, All-cause Cardiovascular Cardiovascular Myocardial Stroke, Chronic Severe
int./conv. mortality, mortality, events, infarction, int.lconv. heart failure, hypoglyc.,

int.lconv. int.lconv. int./conv. int./conv. int./conv. int./conv.

ACCORD [6] 5128/5123 257/203 135/94 352/371 205/248 76/72 152/124 830/261
ADVANCE [5] 5571/5569 498/553 2531289 557/590 310/337 238/246 220/231 150/81
PROACTIVE [8] 2605/2633 177/186 127/136 257/313 206/245 92/119 209/153 29/16"
UKPDS 33 3071/1138 547/213 291/131 621/261 426/188 160/55 91/36 301/13b

+ 34 [7,20]
VADT [31] 892/899 95/102 38/29 235/264 64/78 28/36 76/82 187/90

Int.: intensified hypoglycemic treatment grouPi Conv.: conventional group; DM: diabetes mellitus; IHD: ischemic heart dIsease (previ
ously known); Hypoglyc.: hypoglycemia.

• Estimate, based on reported cases needing medical assistance, assuming a ratio between overall severe hypoglycemia and severe
hypoglycemia requiring medical assistance as that of ACCORD [6].

b Estimate, based on reported yearly incidence, assuming a recurrency rate of severe hypoglycemia as that reported for moderatel
severe hypoglycemia in Ref. [23].
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A Cardiovascular events B Myocardial Infarction

S1udy name Statl_tlci for each Itudy Odd. ratio lind 95°1. CI Study nam_ StatistIcs tor .och ItUdy Odd. ratio and 95% CI

Odda ......, Upper Odd, ....., Upper
rallo limN limit Z-Value p.valU8 ro.o IImJl limIt l-V_luG p-Value

ACCORD 0,944 0,611 1,098 .0,7413 0,455

~
ACCORD 0,819 0,677 0.989 -2,074 0,038

~
ADVANCE 0,937 O.BJQ 1,059 -1.035 0,a01 ADVANCE 0.915 0,760 ',072 ·1,096 0.272

PROACTIVE 0~11 0,681 0,966 -2~" 0,019 PROACTIVE 0.837 0,690 1,016 -1.B00 0.072
UKPDS 33+34 0.952 0,723 ')lO3 -1,920 OP55 UKPDS 33+34 0,614 0,675 0,981 -2,159 0,031

VADT 0,660 0.700 lP5B ·1,425 0,'54 VAOT 0,814 0.577 1,146 .1,174 0,240

OVERAll 0,893 0,632 0,957 ·3,182 O)lO1 OVERAll 0,!l49 0,778 0,926 -3,616 0,000

0,' 0,'
Favours Intarv. Favour. ConY, Favour. Int.rv. Flvours eorlY.

C Stroke D Chronic Heart Failure
SlUdy name Stall,IICI for each Itudy Odd, fatlo and 95-1. CI Study name Stiid.'-th:::. tor tuu;h study Oddl!l ratio and 95% Cl

Odd• ......, Upper Odds <-, Upper
rallo IOn" limit Z-Value p-Val"" ratio II'" limit Z-Value p-Value

ACCORD 1,055 0,763 1,460 0.325 0,745

~
ACCORD 1,131 0,968 1,566 '~96 0,090

;fADVANCE 0,966 O,B05 1,159 -0,316 0,707 ADVANCE 0,950 0,787 1,147 -ll,533 0,594

PROACTIVE 0,n3 0,588 1,021 ·1,814 0,070 PROACTIVE 1,414 1,139 1,755 3,143 0,002
UKPDS33+-34 1,082 0,790 1,482 0,493 0,622 UKPDS 33+34 0.935 0,632 1,363 -ll~31 0,136
VADT O,n7 0,470 1~!l4 -0,9!l4 0,325 VADT 0.926 0,669 1~61 -ll,448 0,654
OVERAll 0,941 0,832 1,063 -0977 0,326 OVERALL 1,096 0,913 1,316 0,961 0,327

0,' 0,'

Favoura Intarv. Favours Conv. Flvour. Inlarv, FIVOU'" COny.

E All-cause mortality F Cardiovascular mortality

Study nama StaUallca tor each atudy Odd5 rallo and 95'l4 CI Study name Stalllltln for each Itudy Odd, rallo and 95% Cl

Odd5 <-, Upper Odd5 <-, Upper
ratio 1rrI. limit Z-Value p-Value ratIo limit Ilmil Z-Valulll p-V.lull

ACCORD 1,279 1.059 1,544 2,560 0,010

f
ACCORD 1,447 1,108 1.B66 2,718 O)lO7

{JADVANCE 0,890 0.784 1.011 -1,768 0,074 ADVANCE 0.869 0,731 1,033 ·1,588 0,112

PROACTIVE 0,959 0,775 1,187 -0~B4 0,701 PROACTIVE 0,941 0,734 '~06 -0,480 0,631

UKPOS 33+34 0,941 0,700 1,121 -0,878 0,498 UKPDS 33+34 O,BOS 0,647 1,001 ·1,950 0,051

VADT 1,093 0,813 1,469 0,587 0,557 VADT 1,335 0,816 2,184 1,150 0,250

OVERAll 1.011 0,881 1,161 0,159 0,874 OVERAll ',012 0,815 1,251 0,110 0,912

0,' 0,'

Favourli Int.rv. Favours Cony. F.VOUrii Intarv. Favour. Cony.

Figure 1 Effects of intensified hypoglycemic therapy on cardiovascular events (panel A), myocardial infarction (panel B), stroke
(panel C), chronic heart failure (panel 0), all-cause mortality (panel E) cardiovascular mortality (panel G). The size of the data
markers represents the relative weight of the trial according to patient-years. Int.: intensified hypoglycemic treatment group;
Conv.: conventional group.

the reduction in the incidence of myocardial infarction,
which is a leading cause of ventricular dysfunction in dia
betic patients, could appear surprising. However, it should
be considered that some hypoglycemic treatments, such as
thiazolidinediones [24] and, to a lesser extent. insulin [25],
determine fluid retention and they can'therefore aggravate
the clinical expressions of heart failure in patients with left
ventricular dysfunction. In fact, in one of the trials
included, PROACTIVE [8]. in which pioglitazone was used in
the intensive treatment arm, a significant increase of the
incidence of heart failure was observed. which is consistent
with the results of other, shorter-term trials with thiazoli
dinediones [26,27]. In another trial, ACCORD [6], a nonsig
nificant trend toward increased risk for heart failure was
observed in patients in the intensive therapy group, who
received in most cases, together with other drugs, insulin
and/or thiazolidinediones. Conversely, no detrimental
effect of improvement of blood glucose on the incidence of
heart failure was observed in other trials inCluded in the
meta-analysis [5,7].

Based on the results of observational studies [2], the
reduction of HbA1c by 0.9%, as obtained on average in the
five trials included in the analysis, should be expected to

reduce cardiovascular mortality by approximately 12%.
However, no such improvement was observed. This disap
pointing result is largely due to the effect of the ACCORD
trial [6], which reported an unexpected increase of
mortality in the intensive therapy group. The reasons for
the discrepancy between ACCORD [6] and the other avail
able trials are difficult to ascertain. HbA1c levels reached
by intensively treated patients in ACCORD [6] are consid
erably lower than those of UKPDS [7] and PROACTIVE [8],
but they are similar to those of ADVANCE [5], which was not
associated with any increase in all-cause or cause-specific
mortality. Other possible determinants of excess mortality
in ACCORD [6] could include the relatively higher BMI of
patients enrolled, in comparison with the other studies,
and the very aggressive therapeutic approach in the
intensified treatment group, leading to a remarkable risk of
hypoglycemia and a relevant weight gain [6].

The present meta-analysis confirms that intensification
of glucose-lowering treatment in type 2 diabetic patients is
associated with weight gain and increased hypoglycemic
risk, as already observed in individual trials [5-8,15,20].
The absolute risk of hypoglycemia in intensive treatment
group is very different across trials, being highest in
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Table 3 Moderators for the effect of intensified treatment on cardiovascular morbidity and mortality.

Moderator Q Intercept Slope p

Cardiovascular events
Age (years) 0.95 -0.632 [-1,673; +0.409] +0.008 [-0.008; +0.025] 0.33
Duration of diabetes (years) 0,28 -0.153 [-0,310; +0.003] +0.005 [-0.014; +0.024] 0.60
Patients with IHD (%) 2.68 +1.389 [-0.412;+3.191] -0.225 [-0.494; +0.044] 0.10
HbA1c at baseline (%) 1.20 +0.742 [-0.800; +2.283] -0.112 [-0.314; +0.089] 0.28
BMI at baseline (kg/m2

) 0.06 -0.071 [-1.159; +1.017] -0.001 [-0.038; +0.035] 0,94
Weight variations (Kg) 1.05 -0,071 [-0,179; 0.036] -0.012 [-0,037; 0.011] 0,31
Endpoint HbA1c 2.73 +1.350 [-0.451;+3.151] -0.218 [-0.487; +0.050] 0.11

intensive group (%)
Severe hypoglycemiaa 0,33 -0.136 [-0,233; -0.038] +1.769 [-4.238; +7.776] 0.56
Insulin-treated (%}b 1.99 -0.164 [-0.277; -0.052] +0,005 [-0.002; +0,011] 0.16
Insulin secretagogue (%)b 1.26 -0.172 [-0.313; -0.032] +0,003 [-0.003; +0,010] 0.26
Thiazolidinedione-treated (%)b 0.62 -0,092 [-0.183; -0.002] -0.001 [-0,003; +0.001] 0.43

Cardiovascular mortality
Age (years) 0,44 -0.535 [-1,963; +0.894] +0.008 [-0.015; +0.031] 0.51
Duration of diabetes (years) 5.52 -0.274 [-0.488; -0.059] +0.034 [-0.006; +0,063] 0.02
Patients with IHD (%) 0.66 -0.103 [-0.266; +0.061] +0.001 [-0,002; +0,005] 0.42
HbA1c at baseline (%) 0.03 +:0.229 [-2.792; +5.068] -0,037 [-0.437; +0.362] 0.09
BMI at baseline (kg/m2

) 10.80 -2,940 [-4,666; -1.241] -0.099 [-0.040; +0.158] 0.001
Weight variations (Kg) 0,027 -0.033 [-0,188; 0.121] -0.002 [-0.037; 0.031] 0.87
Endpoint HbA1c 2,53 +2.160 [-0.557; 4.878] -0.328 [-0.733; +0.076] 0.11

intensive group (%)
Severe hypoglycemiaa 10.73 -0,199 [-0,339; -0.061] +16.955 [+6,811; +27.099] 0.56
Insulin-treated (%)b 1.10 -0,057 [-0,220; +0.107] +0.005 [-0.005; +0.015] 0.29
Insulin secretagogue (%)b 2,20 +0.139 [-0.081; -0.359] -0.007 [-0.016; +0.002] 0.14
Thiazolidinedione-treated (%)b 1.42 -0.101 [-0,237; +0.034] -0.002 [-0.001; +0.006] 0.23

Linear regression models. IHD: ischemic heart disease,
a Absolute increase of yearly rate of ftrst episode in intensified treatment group (cases/patient x years).
b At endpoint, with the exclusion of UKPDS.

ACCORD [6], In fact, a direct correlation can be observed
between the increase incidence of severe hypoglycemia
and that of cardiovascular mortality. It can be speculated
that adrenergic activation induced by low glucose has
a negative impact of the prognosis of pre-existing ischemic
heart disease, Furthermore, intensified treatment is asso
ciated with a more negative impact on cardiovascular
mortality in trials enrolling patients with a higher degree of
obesity and a longer duration of diabetes, These results
suggest that severe hypoglycemia resulting from intensified
treatment could have a detrimental effect on the prognosis
of major cardiovascular events, eventually producing an
increase of cardiovascular mortality despite a reduction of
morbidity, as observed in ACCORD [6]. This result is
consistent with the negative prognostic effect of hypogly
cemia in patients with myocardial ischemia, reported by
epidemiological studies [28]. The negative impact of
intensified treatment could be more evident in obese
patients and in those with long-standing diabetes, sug
gesting that frailty of patients should be a criterion to
consider when establishing therapeutic targets for glucose
control. It should also be considered that renal failure,
which is a known risk factor for hypoglycemia [29]. is also
associated with increased cardiovascular morbidity and
mortality [30], possibly affecting the results of the present

meta-regression. Unfortunately, the summary data used for
meta-analysis do not allow a statistical adjustment of the
effects of hypoglycemic risk on cardiovascular mortality for
concurrent renal failure.

Another possible reason for heterogeneity of results on
cardiovascular mortality could be represented by differ
ences in cardiovascular risk profile in patients enrolled in
individual studies. In particular, a more aggressive thera
peutic approach produced a substantial reduction of blood
pressure and cholesterol levels in the most recent trials
[5,6,31] in comparison with older studies [7,20]. The
possibility that other risk factors moderate the effect of
tight glucose control on cardiovascular mortality should be
considered, and explored through further studies, or
through sub-group analysis of patient-level data of avail
able trials.

It should be also recognized that indiVidual drugs could
have different, and even divergent, effects on cardiovas
cular risk. In particular, due to the results obtained on
a small sample of overweight patients [20], metformin has
been associated with reduced cardiovaSCUlar morbidity and
mortality independently from its hypoglycemic action,
while some doubts have been raised on the cardiac safety
of insulin [17], thiazolidinediones [32,33], and some insulin
secretagogues [34,35]; some evidences also suggest that
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Figure 2 Correlation of baseline body mass index (A), duration of diabetes (6), and increased incidence of severe hypoglycemia
(C), with the effect of intensified glucose control on cardiovascular mortality.

specific combinations of drugs, such as that of sulphony
lureas and metformin, could affect negatively cardiovas
cular risk [20,36]. It is also possible that pioglitazone has
beneficial effects on some cardiovascular outcomes inde
pendent of its effects on blood glucose [27]. while there is
no evidence of detrimental effects on cardiovascular
disease for DPP-4 inhibitors and GLP-1 receptor agonists,
even if the duration of trials performed on these new
agents is insufficient to draw any definitive conclusion on

their long-term cardiovascular safety [37,38]. The results of
meta-regression analysis do not support the hypothesis of
specific (and glucose-independent) effects of insulin,
insulin secretagogues, or thiazolidinediones, on cardiovas
cular morbidity or mortality.

Some limitations of the present paper should be
acknowledged. The range of endpoint HbA1c across trials
is very Wide. It is possible that the relationship between
HbA1c and incidence of cardiovascular disease is not
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linear, although epidemioLogicaL studies do not support
such hypothesis [2]. It has been suggested that meta
regression anaLysis should be performed onLy when the
number of available trials is greater than 10. This
threshold is conventional, and it does not take into
account the size of the triaLs included in the meta
regression. The results of the meta-regression should be
considered with great caution, and interpreted as
hypotheses for further research, rather than as definitive
evidence to be applied in clinicaL practice. However, we
feel that the possibiLity of a detrimentaL effect of severe
hypogLycemia on cardiovascuLar mortality, which ;s bio
logically pLausible [28], should be taken into account; in
our opinion, this point deserves further research. The
analysis on the effect of severe hypoglycaemia was based
on the assumption that the proportion of severe events
among all hypoglycaemic episodes in PROACTIVE was
similar to that observed in ACCORD, which cannot be
demonstrated; ACCORD was chosen as a comparator
because it had the highest proportion of thiazolidine
diones-treated patients, although the proportion of
patients receiving sulphonylureas or insulin was somewhat
higher in ACCORD.

In patients with type 2 diabetes, a hypoglycemic treat
ment aimed at reducing HbA1c levels is effective in pre
venting the onset and progression of microvascular
complications, such as retinopathy [7] and nephropathy
[5,7]. Available results from randomized clinical trials show
that the intensification of hypoglycemic treatment,
although accompanied by weight gain and by an increased
risk of hypoglycemia, is also capable of reducing the inci
dence of myocardial infarction, while it does not seem to
modify the risk of stroke and cardiovascular mortality; this
benefit should aLways be considered in cost-effectiveness
analyses of treatments for type 2 diabetes. At the same
time, the increased incidence of severe hypoglycemia
associated with intensified glucose-lowering treatment
could eventually lead to an increase of cardiovascular
mortality, particularly in obese patients and in those with
longer duration of diabetes.
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