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Summary

Background

Cochrane reviews with meta-analyses and trial sequential analyses of randomised clinical
trials provide guidance for clinical practice and health-care decision making. High quality
systematic reviews can facilitate implementation of evidence-based medical interventions
into clinical practice. Patients with type 2 diabetes mellitus have a high number of
complications and increased mortality. Therefore, interventions based on evidence are
highly warranted. Furthermore, the prevalence of type 2 diabetes mellitus is increasing so
effective interventions without undue harms are requested by the society to reduce the

suffering and costs.

Objectives

To assess the benefits or harms of targeting intensive glycaemic control versus targeting
conventional glycaemic control; of sulphonylurea monotherapy versus other antidiabetic
monotherapy or placebo; and of metformin plus insulin versus insulin alone in patients with

type 2 diabetes mellitus.

Methods

We performed three systematic reviews of all relevant randomised clinical trials. To
quantify the estimated effect of various interventions, we performed meta-analyses using
The Cochrane Collaboration risk of bias tools and trial sequential analysis to adjust the risk
of random errors for sparse data and repetitive testing. All reviews were based on
published protocols. Included trials were identified through The Cochrane Library,
MEDLINE, EMBASE, Science Citation Index Expanded, Latin American Caribbean Health
Sciences Literature (LILACS), and Cumulative Index to Nursing & Allied Health Literature
(CINAHL). In addition, we handsearched abstracts of major diabetes conferences as well
as checked the reference lists of the included trials and identified (systematic) reviews,
meta-analyses, and health technology assessment reports. We searched the US Food and
Drug Administration website for unpublished trials. Two authors independently screened
the retrieved titles and abstracts for inclusion. Authors of the included trials were asked if



they knew of any additional relevant trials. Data extraction and the assessment of risk of

bias were conducted by two authors independently of each other.

Results

The three systematic reviews included a total of 116 trials with 51,385 participants. Only
one of the trials could be considered low risk of bias regarding all bias domains. Only 17 of
the trials were classified as lower risk of bias considering only generation of the allocation
sequence, allocation concealment, and blinding. The reporting of patient-important

outcomes was in general sparse.

We included 20 trials with 16,106 participants randomised to targeting intensive glycaemic
control versus 13,880 participants randomised to targeting conventional glycaemic control.
In a random-effects model, targeting intensive glycaemic control versus targeting
conventional glycaemic control did not significantly affect all-cause mortality (relative risk
(RR) 1.01, 95% confidence interval (Cl) 0.90 to 1.13), cardiovascular mortality (RR 1.06,
95% CI 0.90 to 1.26), or non-fatal myocardial infarction (RR 0.86, 95% CI 0.76 to 1.00). In
a random-effects model, targeting intensive glycaemic control reduced the risk of
amputation (RR 0.64, 95% CI 0.43 to 0.95; P = 0.03), the composite outcome of
microvascular disease (RR 0.89, 95% CI 0.83 to 0.95; P = 0.0006), retinopathy (RR 0.79,
95% CI 0.68 to 0.92; P = 0.002), retinal photocoagulation (RR 0.77, 95% CI 0.61 to 0.97; P
= 0.03), and nephropathy (RR 0.78, 95% CI1 0.61 to 0.99; P = 0.04). Targeting intensive
glycaemic control increased the risk of severe hypoglycaemia (RR 2.05, 95% CI 1.39 to
3.02; P = 0.0003). Trial sequential analysis for all-cause mortality suggested that a 10% or
greater relative risk reduction could be rejected at this point. Trial sequential analysis
showed that only a part of the required information size to establish evidence for a 10%
relative risk increase or reduction was accrued so far for the following outcomes:
cardiovascular mortality, non-fatal myocardial infarction, amputation, retinopathy, and
retinal photocoagulation. Trial sequential analyses disregarding the risk of bias showed
that firm evidence for a 10% relative risk reduction in favour of intensive glycaemic control
was established for the composite microvascular outcome. Trial sequential analysis
disregarding the risk of bias showed conclusive evidence for a relative risk increase of

30% for severe hypoglycaemia in favour of conventional glycaemic control.



We included 72 randomised clinical trials with 9589 participants randomised to a
sulphonylurea versus 12,805 randomised to the control group of any other antidiabetic
monotherapy, placebo, or no intervention. First-generation sulphonylurea versus placebo
showed statistical significance for cardiovascular mortality in favour of placebo (RR 2.63,
95% Cl1 1.32 to 5.22; P = 0.006). The remaining comparisons of sulphonylurea
monotherapy versus other antidiabetic monotherapies or no intervention could either not
be performed due to lack of data, or showed no significance for all-cause mortality,
cardiovascular mortality, or non-fatal myocardial infarction. The risk of macrovascular
complications was changed in favour of second-generation sulphonylurea compared with
metformin (RR 0.67, 95% CI 0.48 to 0.93; P = 0.02). However, trial sequential analysis
showed that only a minor fraction of the required information size to detect or reject a 10%
relative risk reduction was accrued so far. The risk of severe hypoglycaemia was elevated
with second-generation sulphonylurea compared with metformin (RR 5.64, 95% CI 1.22 to
26.00; P = 0.03) and the thiazolidinediones (RR 6.11, 95% CI 1.57 to 23.79; P = 0.009).
However, trial sequential analysis showed that only a minor fraction of the required

information sizes was accrued so far.

We included 26 randomised clinical trials with 2286 participants randomised to metformin
plus insulin versus insulin alone, of which 23 trials with 2117 participants could provide
data in this systematic review. Metformin plus insulin versus insulin alone did not
significantly affect all-cause mortality (RR 1.30, 95% CI 0.57 to 2.99), cardiovascular
mortality (RR 1.70, 95% CI 0.35 to 8.30), or severe hypoglycaemia (RR 2.43, 95% CI1 0.54
to 10.85). The reporting of macrovascular and microvascular complications was infrequent,
and all the outcomes assessed could either not be meta-analysed due to lack of data or

showed non-significant effect estimates.

Conclusions

Firm evidence for a 10% relative risk reduction for the composite microvascular outcome
with intensive glycaemic control was the only benefit of the investigated and most
commonly used glucose-lowering interventions in patients with type 2 diabetes mellitus.

Almost all of the trials had methodological limitations leading to systematic error (bias)



risks, small number of participants and outcomes leading to random error (play of chance)
risks, and short trial duration. Many of the patient-important outcomes were poorly
reported in most of the trials. There is an urgent need for randomised clinical trials with low
risk of bias and low risk of random errors to justify the use of some of the most prescribed

glucose-lowering interventions.



Epidemiology of type 2 diabetes mellitus (Paper I)

The number of people with type 2 diabetes mellitus (T2DM) is increasing due to population
growth, aging, and sedentary life style. Worldwide, the number of patients with T2DM was
estimated to be 177 millions in 2000 and is foreseen to rise to 366 millions in 2030."
Patients with T2DM may have moderately elevated levels of blood glucose for a long time
without any symptoms, and therefore remain undiagnosed for years.? Immediate
consequences of marked hyperglycaemia are thirst, weight loss, and polyuria.>
Epidemiological studies have shown increased macrovascular complications,
microvascular complications, and mortality in patients with T2DM.*7 In addition,
epidemiological studies in patients with T2DM have indicated an association between the
level of glycaemic control and the risk of mortality, macrovascular, and microvascular

complications.® "

The improvement in life expectancy and decrease in cardiovascular mortality in the non-
diabetic population during the last few decades, is also seen among patients with T2DM."*
'* The incidences of both macrovascular and microvascular complications in patients with
T2DM are also declining.15'17 Despite these optimistic trends, the risks of macrovascular
and microvascular complications, as well as death are still highly elevated compared to the
non-diabetic population.’?'¥'>"" The antidiabetic drugs applied to reduce blood glucose
might influence the cardiovascular risks (Paper I).18 There are no epidemiological studies
implying that any antidiabetic drugs influence the risk of developing microvascular

complications.

Recommendations for treatment of type 2 diabetes mellitus
A number of medical organisations have developed guidelines or recommendations for the

treatment of patients with T2DM, e.g., the American Association of Clinical
Endocrinologists/American College of Endocrinology (AACE/ACE)," Texas Diabetes
Council,”® Canadian Diabetes Association (CDA),?" International Diabetes Federation
(IDF),?2 UK National Institute for Health and Clinical Excellence (NICE),?® and American
Diabetes Association (ADA) and European Association for the Study of Diabetes
(EASD).*



The most widely used is the ADA/EASD position statement, which was published for the
first time in 2006.2° While being one of the series from ADA,? it was the first position
issued under the EASD. The ADA/EASD position statements from 2006 and 2009 stated
that specific glycaemic goals can substantially reduce morbidity and that the treatment of
hyperglycaemia had top priority.?>?” The ADA/EASD position statements have advocated
for a glycosylated haemoglobin A1c (HbA1c) target around 7% since their first
publication.?4%52%2" The newest ADA/EASD position statement 2012 states that the
glycaemic management in T2DM has become very complex and controversial.?*
Therefore, individualisation of the glycaemic goal is emphasised.?* Both the ADA/EASD
position statement and the International Diabetes Federation and the Canadian Diabetes
Association guidelines suggest lowering HbA1c to < 7% in most patients.?"*2* The most
recent glycaemic goal set by the AACE/ACE is an HbA1c level of 6.5%." The current
guideline with the lowest glycaemic target is the Texas Diabetes Council, which suggest
an HbA1c level around 6%.%° All the current T2DM guidelines recommend individualised

glycaemic targets depending on the characteristic of the patients.'®?*

The ADA/EASD position statements recommend the initial interventions in T2DM to be
lifestyle changes with or without metformin.?*2%" All the ADA/EASD position statements
agree that if metformin cannot be used, another oral agent could be started as first-line,
e.g., a sulphonylurea.?*#?” The newest ADA/EASD position statement recommends
metformin as first-line glucose-lowering drug over sulphonylurea.?* The arguments in
favour of metformin being lower influence on body weight, lower costs, lesser risk of
hypoglycaemia, and the possibility that cardiovascular events are reduced.?* If glycaemic
control cannot be achieved or maintained with metformin monotherapy another oral

antidiabetic agent is recommended to be added, e.g., a sulphonylurea.?*%5%’

Due to the progressive nature of T2DM most patients will eventually after years of disease
duration be prescribed insulin.?®?° The ADA/EASD position statements recommends
metformin to be continued when insulin is initiated, due to less weight gain with
combination therapy.?*?>%" However, this recommendation is based on one randomised

clinical trial with 43 participants followed for 24 weeks.*®® The newest International Diabetes
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Federation guideline recommends the use of insulin in combination with metformin based
on data from a Cochrane reivew.?*®' However, this review did only include a small part of
the available trials and no data on mortality, macrovascular, and microvascular outcomes

were reported.???'

Epidemiology of treatment of type 2 diabetes mellitus

The effect of glucose-lowering interventions in patients with T2DM is monitored through
measurements of HbA1c, which is a measurement of long-term glycaemic control, i.e.,
how well the blood glucose levels have been controlled during the previous 2 to 3 months.?
To determine whether glycaemic control was improving in patients with diabetes, three
phases of the National Health and Nutrition Examination Survey (NHANES), conducted
between 1999 and 2004 were reviewed for trends in HbA1c.*? Data showed that mean
HbA1c for the entire NHANES population cohort declined from 7.82% in 1999 to 7.18% in
2004. During the same time period the number of patients with HbA1c < 7% increased
from 37% to 56%.%* The proportion of patients with HbA1c > 9% was reduced from 21% to
12%.%2 However, it is possible that earlier detection of diabetes during the years could bias
the results towards lower mean HbA1c.*? Furthermore, no separate estimates for

glycaemic control for type 1 or type 2 diabetes mellitus were made.*?

Several epidemiological studies confirm that the prescription of metformin is increasing,
and that metformin currently is the most prescribed agent for glycaemic control.**-*® While
the prescription of metformin as monotherapy has increased, the prescription of
sulphonylurea monotherapy has declined.?**3¢ Metformin surpassed sulphonylureas as
the leading glucose-lowering drug in 2004.%%3® From 2000 to 2009, the prescription of
sulphonylurea as first-line antidiabetic intervention for patients with T2DM in Denmark has
declined from 61% to 10%.%° While the prescription of sulphonylurea monotherapy
declines, the prescription of newer and more expensive antidiabetic interventions
increases.?®>°3" The sulphonylureas are often prescribed in combination with metformin,
when monotherapy with metformin fails.>*3° Insulin prescribed as monotherapy is declining
in patients with T2DM.**3%3 On the other hand, there is an increase of the use of insulin

combined with metformin. 333538
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Based on guidelines it is obvious that confusion exists about intensification of glycaemic
control as well as the evidence for applying widespread antidiabetic interventions. In order
to try to clarify the current evidence for the antidiabetic interventions prescribed, we
performed three systematic reviews. One addressing the issue of intensive glycaemic

control, and two addressing the choice of antidiabetic drugs.>**

Targeting intensive glycaemic control versus targeting
conventional glycaemic control in patients with type 2 diabetes
mellitus (Paper Il and Ill)

In this systematic review, we included 20 trials with 16,106 participants randomised to
targeting intensive glycaemic control versus 13,880 participants randomised to targeting
conventional glycaemic control. The trials were included irrespective of the setting in which
intensive glycaemic control was applied, the glycaemic target in the intensive glycaemic
control arm, and the glucose-lowering drug(s) prescribed to reach the glycaemic target.
The definition of intensive and conventional glycaemic control varied among the included
trials. The definitions of the target of intensive glycaemic control were for most of the trials
expressed as HbA1c from less than 6.0% to 7.5%. The definitions of conventional
glycaemic control varied, but were mostly expressed as an HbA1c from 7% to 9%. The
intervention could be applied in three different settings: usual care setting (n = 14 trials);
intensive glycaemic control as a part of acute intervention (n = 3 trials); and intensive
glycaemic control as a part of multimodal intervention (n = 3 trials). The outcomes were

meta-analysed for all trials together and for each setting separately.

One trial was judged as low risk of bias on all bias domains. Eight of the trials were judged
as lower risk of bias considering only sequence generation, allocation concealment, and
blinding. Combination of data showed no significant effect of intensive versus conventional
glycaemic control on all-cause mortality (relative risk (RR) 1.01, 95% confidence interval
(Cl) 0.90 to 1.13; 29,731 participants, 18 trials) or cardiovascular mortality (RR 0.90, 95%
Cl1 0.90 to 1.26; 29,731 participants, 18 trials). Trial sequential analysis suggested that a

relative risk reduction of 10% or greater could be rejected for all-cause mortality (Figure 1).
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Figure 1 Trial sequential analysis of all-cause mortality (intensive glycaemic control applied in any setting).
Heterogeneity-adjusted required information size of 51,766 participants calculated based on the proportion of
mortality of 8.8% in the conventional glucose control group, relative risk reduction of 10%, a = 5%, 3 = 20%,
and I = 40%. The actual accrued number of participants was 29,212, only 56% of the required information
size. Solid blue cumulative Z curve does not cross the dashed red trial sequential monitoring boundaries for
benefit or harm, but boundaries for futility (red inner wedge boundaries) are crossed. Horizontal green lines

illustrate traditional level of statistical significance (P = 0.05).

Targeting intensive glycaemic control did not reveal any significant differences in the effect
estimates of the composite macrovascular outcome (RR 0.92, 95% CI 0.80 to 1.05; 28,509
participants, 10 trials), non-fatal stroke (RR 0.96, 95% CI 0.80 to 1.16; 28,760 participants,
11 trials), cardiac revascularization (RR 0.84, 95% CI 0.67 to 1.05; 2289 participants, 5

trials), and peripheral revascularization (RR 0.92, 95%CI 0.81 to 1.06; 13,477 participants,
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7 trials). For all trials meta-analysed together, the risk of non-fatal myocardial infarction

was not significantly reduced in the random-effects model (RR 0.86, 95% CI 0.76 to 1.00;
29,174 participants, 12 trials) but in the fixed-effect model (RR 0.86, 95% CI 0.78 to 0.96;
P = 0.006; 29,714 participants, 12 trials). For the trials exclusively dealing with glycaemic

control in usual care setting, the risk of non-fatal myocardial infarction was significantly
reduced in both the fixed-effect and in the random-effects model (RR 0.85, 95% CI 0.76 to
0.95; P = 0.004; 28,111 participants, 8 trials). This finding was, however, not confirmed in

the trial sequential analysis (Figure 2).
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Figure 2 Trial sequential analysis for non-fatal myocardial infarction (trials exclusively dealing with

glycaemic control in usual care setting). Heterogeneity-adjusted required information size of 63,446

participants calculated based on the proportion of non-fatal myocardial infarction of 4.5% in the conventional

glucose control group, a relative risk reduction of 10%, a = 5%, B = 20%, and I>= 0%. The actual accrued

number of participants was 27,958, only 44% of the required information size. The solid blue cumulative Z

curve does not cross the dashed red trial sequential monitoring boundaries for benefit or harm.
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Targeting intensive glycaemic control reduced the risk of amputation (RR 0.64, 95% CI
0.43 to 0.95; P = 0.03; 6960 participants, 8 trials), the composite microvascular outcome
(RR 0.89, 95% C1 0.83 to 0.95; P = 0.0006; 25,760 participants, 4 trials), retinopathy (RR
0.79, 95% CI1 0.68 to 0.92; P = 0.002; 10,230 participants, 8 trials), retinal
photocoagulation (RR 0.77, 95% CI 0.61 to 0.97; P = 0.03; 11,142 participants, 7 trials),
and nephropathy (RR 0.78, 95% CI 0.61 to 0.99; P = 0.04; 27,929 participants, 9 trials).
However, in a fixed-effect model, nephropathy did not show statistical significance (RR
0.97, 95% CI1 0.93 to 1.00). For the trials exclusively dealing with glycaemic control in
usual care setting, statistical significance was not present for nephropathy (RR 0.83, 95%
Cl1 0.64 to 1.06; 27,769 participants, 8 trials). Trial sequential analysis disregarding the risk
of bias showed only firm evidence for a 10% relative risk reduction of the composite
microvascular outcome from all trials in favour of targeting intensive glycaemic control. The
remaining effect estimates showing significance in the cumulative meta-analyses were not

confirmed in the trial sequential analyses.

The risks of both mild (RR 1.50, 95% CI 1.31 to 1.72; P < 0.00001; 18,923 participants, 11
trials) and severe hypoglycaemia (RR 2.05, 95% CI 1.39 to 3.02; P = 0.0003; 28,127
participants, 12 trials) were increased with targeting intensive glycaemic control but
substantial heterogeneity was present. The definition of severe hypoglycaemia varied
among the included trials. Trial sequential analysis disregarding the risk of bias showed
that firm evidence was reached for a 30% relative risk increase in severe hypoglycaemia
when targeting intensive glycaemic control (Figure 3).
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Figure 3 Trial sequential analysis for severe hypoglycaemia (trials exclusively dealing with glycaemic control
in usual care setting). Heterogeneity-adjusted required information size of 36,937 participants calculated
based on the proportion of severe hypoglycaemia of 2.9% in the conventional glucose control group, a
relative risk reduction of 30%, a = 5%, B = 20%, and I>= 73%. The solid blue cumulative Z curve crosses the
trial sequential boundary for harm, indicating that sufficient evidence has been reached for a 30% increase in

relative risk with targeted intensive glycaemic control.

In summary, when targeting intensive glycaemic control combined for all settings of
patients with T2DM, the risk of composite microvascular complications is significantly
reduced, but the risk of severe hypoglycemia is significantly increased. For the remaining
outcomes the effect estimates were non-significant, or the significance could not be
confirmed in the trial sequential analysis (i.e., trial sequential analysis could not rule out a
type | error). For the trials exclusively dealing with glycaemic control in the usual care
setting, the only outcome showing significance that could be confirmed in the trial
sequential analysis was severe hypoglycaemia. For the remaining outcomes meta-

analysed in the usual care setting, there was either no significance of the effect estimate,
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or the significance could not be confirmed in the trial sequential analysis. Furthermore,
only one of the trials had low risk of bias. Accordingly, systematic errors (bias) and random

errors (play of chance) cannot be excluded as an explanation for the positive findings.

Sulphonylurea monotherapy for patients with type 2 diabetes

mellitus (Paper IV and V)

In this systematic review we included 72 randomised clinical trials with 9589 participants
randomised to a sulphonylurea versus 12,805 randomised to the control group of any
other antidiabetic monotherapy, placebo, or no intervention. Each generation (first, second
or third) of sulphonylurea was included in the analyses. First-generation sulphonylureas
were prescribed in 10 trials, second-generation sulphonylureas in 55 trials, and third-
generation sulphonylureas in 9 trials. The duration of the intervention varied from 24
weeks to 10.7 years. None of the included trials were judged as low risk of bias on all bias
domains. Seven trials were judged as lower risk of bias only considering sequence
generation, allocation concealment, and blinding. The reporting of patient-important

outcomes was sparse.

First-generation sulphonylureas versus placebo or insulin did not show statistical
significance for all-cause mortality (versus placebo: relative risk (RR) 1.46, 95%
confidence interval (Cl) 0.87 to 2.45; 553 participants, 2 trials; versus insulin: RR 1.18,
95% C1 0.88 to 1.59; 1944 participants, 2 trials). First-generation sulphonylurea versus
placebo showed statistical significance for cardiovascular mortality in favour of placebo
(RR 2.63, 95% Cl1 1.32 to 5.22; P = 0.006; 553 participants, 2 trials). First-generation
sulphonylureas versus insulin did not show statistical significance for cardiovascular
mortality (RR 1.36, 95% CI 0.68 to 2.71; 1944 participants, 2 trials). We could not meta-
analyse comparisons of first-generation sulphonylureas with any comparator regarding

macrovascular and microvascular disease or hypoglycaemia due to lack of data.

Second-generation sulphonylureas versus metformin (RR 0.98, 95% CI 0.61 to 1.58; 3528
participants, 6 trials), thiazolidinediones (RR 0.92, 95% CI 0.60 to 1.41; 4955 participants,
7 trials), insulin (RR 0.96, 95% CI 0.79 to 1.18; 1642 participants, 4 trials), meglitinide (RR
1.44,95% CI 0.47 to 4.42; 2038 participants, 7 trials), or incretin-based interventions (RR
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1.39, 95% CI 0.52 to 3.68; 1503 participants, 2 trials) showed no statistical significant
effects regarding all-cause mortality.

Second-generation sulphonylureas versus metformin (RR 1.47, 95% CI 0.54 to 4.01; 3528
participants, 6 trials), thiazolidinediones (RR 1.30, 95% CI 0.55 to 3.07; 4955 participants,
7 trials), insulin (RR 0.96, 95% CI 0.73 to 1.28; 1642 participants, 4 trials), or meglitinide
(RR 0.86, 95% CI1 0.24 to 3.04; 2038 participants, 4 trials) showed no statistical significant
effects regarding cardiovascular mortality. Second-generation sulphonylureas versus
metformin and thiazolidinediones showed statistically significance in favour of the
comparators for severe hypoglycaemia (versus metformin: RR 5.64, 95% CI 1.22 to 26.00;
P = 0.03; 3637 participants, 4 trials; versus thiazolidinediones: RR 6.11, 95% CI 1.57 to
23.79, P = 0.009; 5851 participants, 7 trials). Second-generation sulphonylureas versus
meglitinides showed no statistical significance for the risk of severe hypoglycaemia (RR
2.87,95% CI1 0.91 to 8.99).

Third-generation sulphonylureas could not be included in any meta-analyses of all-cause
mortality, cardiovascular mortality, macro- or microvascular complications, or severe

hypoglycaemia due to lack of data.

Metformin and insulin versus insulin alone for type 2 diabetes

mellitus (Paper VI)

We included 26 randomised clinical trials with 2286 participants, of which 23 trials with
2117 participants could provide data in this systematic review. The total daily dose of
metformin in the intervention groups varied between 1000 mg and 2550 mg. Insulin
regimens differed among the trials, and also varied among the intervention groups within
some trials. None of the trials were judged as low risk of bias on all bias domains. Only two
trials had lower risk of bias considering only sequence generation, allocation concealment,
and blinding. Very few trials provided data on patient-important outcomes.

Metformin and insulin versus insulin alone did not significantly affect all-cause mortality

(relative risk (RR) 1.30, 95% confidence interval (Cl) 0.57 to 2.99; 1627 participants, 16
trials) or cardiovascular mortality (RR 1.70, 95% CI 0.35 to 8.30; 1498 participants, 15
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trials). In a fixed-effect model, but not in a random-effects model, severe hypoglycaemia
was significantly more frequent with metformin and insulin than with insulin alone (RR
2.83, 95% Cl 1.17 to 6.86; P = 0.02; 1303 participants, 11 trials). This leaves the

interpretation of the intervention effect open.

Discussion

Summary of main results
Our systematic reviews investigated the benefits and harms of recommended and

widespread used glucose-lowering interventions in patients with T2DM.3%** We included
data from 116 trials with a total of 51,385 participants. Our systematic reviews are more
comprehensive than previous meta-analyses addressing the same interventions.?'3"4447
Besides including macrovascular outcomes, we have included microvascular outcomes,
which also are of major importance for patients with T2DM.*** Our key findings, in each
of the systematic reviews, are that there is lack of statistical significant difference between
the interventions we investigated versus control interventions regarding all-cause mortality
or cardiovascular mortality. However, the trials and meta-analyses of the investigated
interventions are under-powered to draw firm conclusions on patient-important outcomes.
The application of trial sequential analyses in our systematic reviews showed that several
large new trials are required before firm evidence for a benefit or harm of any of the
interventions on the primary outcomes may be established.**** Other important findings
are that targeting intensive glycaemic control may reduce the risk of non-fatal myocardial
infarction, amputation of a lower extremity, as well as microvascular complications.
However, a firm conclusion will have to await further trials for some of these outcomes. It is
important to notice that conventional glycaemic control is not synonymous with no
glycaemic control, but just less strict control. Due to lack of reporting, we were only able to
meta-analyse a few macrovascular as well as microvascular outcomes in our other
reviews.>**! Besides non-fatal macrovascular complications for the comparison second-
generation sulphonylureas versus metformin, there was no significance of the
comparisons for macrovascular outcomes for the review of sulphonylurea monotherapy
versus other glucose-lowering interventions or no intervention, and the review of insulin

combined with metformin versus insulin alone.***' Risk of severe hypoglycaemia was
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increased with intensive glycaemic control.**** For the review comparing sulphonylurea
monotherapy with other antidiabetic monotherapies, the risk of severe hypoglycaemia was
significantly increased in favour of metformin and the thiazolidinediones compared with
second-generation sulphonylurea.***® For the comparison of insulin plus metformin versus
insulin alone on severe hypoglycaemia, significance was not present in the random-effects

model, but only in the fixed-effect model.*’

Overall completeness and applicability of the evidence
We conducted an extensive search for trials, included publications in all languages, and

had no restriction on the outcomes reported in the trials.>*** We have included trials with
large ranges for duration of T2DM, duration of the interventions, age, and different risks of
cardiovascular disease. Even the interventions were applied in different ways within the
same comparison. The participants of the included trials represented a very diverse
sampling of the population with T2DM. The results of our review should therefore be
interpreted with caution. Nevertheless, the heterogeneity in this review might indeed reflect
the well-known heterogeneity in clinical practice. Recently, a Cochrane systematic review
has observed that clinical outcomes in patients that participate in randomised trials are

comparable to similar patients outside trials.*®

The diagnosis of T2DM varied among trials, and some trials used a definition of T2DM,
which may have included participants with impaired glucose tolerance.**%*° Some of the
trials only included participants with newly diagnosed T2DM, whereas others included
patients with a longer duration of T2DM. Moreover, the cardiovascular risk profile differed
because of differences in inclusion criteria, for example inclusion of participants with acute
cardiovascular events, microvascular disease, or at high risk of cardiovascular disease.
However, it should be kept in mind that participants with existing co-morbidities, especially
renal or hepatic disease, were excluded from many of the included trials. Detailed
information about the participants was presented in most trials. Many of the trials were
conducted in Europe or Northern America.

Based on the included systematic reviews, it unfortunately has to be concluded that it is

not possible to estimate the ‘optimal’ glycaemic intervention strategy, estimate the ‘optimal’
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monotherapy, and finally it remains uncertain if insulin should be prescribed with metformin

or not.3%*3

Quality of the evidence
The risk of bias was high in most of the trials in our systematic reviews.***¥°'*®* Among the

116 trials included in our reviews, only one trial was classified as having low risk of bias
according to all bias domains (generation of the allocation sequence, allocation
concealment, blinding of investigators and participants, blinding of outcome assessors,
incomplete outcome data, selective outcome reporting, and other bias). We were therefore
unable to make subgroup analyses comparing the trials with low risk of bias compared to
trials with high risk of bias. Instead, we performed the subgroup analyses comparing trials
with lower risk of bias (considering only adequate sequence generation, allocation
concealment, and blinding) to trials with high risk of bias (see below). Therefore, we have
been comparing trials that all had high risk of bias according to all bias domains. This
could explain the lack of statistical difference for these subgroup analyses. Without a

group of trials with low risk of bias it is hard to come close to the ‘truth’.

Among the 116 trials, only 17 (14.7%) were classified as having lower risk of bias
according to randomisation, allocation concealment, and blinding. Especially, the reporting
of generation of the randomisation sequence and the allocation concealment were lacking.
Generation of the randomisation sequence and allocation concealment were classified
unclear in 66% and 69% of the trials, respectively. Because of the design of the trials,
comparing intensive glycaemic control with conventional glycaemic control, it was not
feasible to require blinding of investigators and participants. We therefore defined blinding
of outcome assessors as adequate blinding. The two trials included in two systematic
reviews, The United Kingdom Prospective Diabetes Study (UKPDS) and The University
Group Diabetes Programme (UGDP), were therefore classified as lower risk of bias trials
in the review of glycaemic control and unclear risk of bias trials in the review of

sulphonylurea monotherapy.>%40443
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A relatively large proportion of the trials received funding from the pharmaceutical industry.
A Cochrane review has found that trials sponsored by the pharmaceutical industry lead to

more favourable conclusions.®*

The inability to use individual patient data to assess whether certain characteristics (e.g.,
history of cardiovascular events, duration of disease at baseline) affect the degree of
cardiovascular risk might reduce the clinical translation of the results. We explored
heterogeneity by sensitivity analyses, subgroup analyses, and in one review with meta-

regression.

Our results are based on trials with few data. Many of the included trials were not designed
or powered to detect our predefined outcomes, which might have resulted in insufficient
data from these trials. Besides, if certain primary outcomes had been prespecified in the
individual trials, the outcome might be more systematically and uniformly collected in the
trials. In addition, it might be that some of the included outcomes were included from trials
with too short duration to influence the outcomes, e.g., macrovascular and microvascular
complications. We were able to assess some of the predefined outcomes in all but six of
the included trials.

We tried in all cases to ask for supplementary information from the authors. However,

outcome reporting bias could influence the results of our meta-analyses.

Potential biases in the review process
Selective publication of the findings of trials with positive results and time-lag bias may

lead to overestimation of intervention effects and false-positive conclusions about
intervention effects.>*® Despite an extensive search of major diabetes conference
abstracts, the US Food and Drug Administration homepage, and correspondence with
authors of the included trials and relevant pharmaceutical companies, we only retrieved
two unpublished trials.*® However, several authors kindly provided additional data, so
unpublished information were obtained on 30 trials (26%). Even though we made a big

effort, we might not have succeeded in retrieving all existing unpublished data on the
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topics. Such unpublished, unretrieved data are more likely to draw intervention effects
towards the neutral.

Lack of reporting of the trial methods of the included trials in our systematic reviews were
common.**** The methodological quality of the randomised clinical trials included in a
systematic review can have a substantial influence on the effect estimate of the
intervention, which may alter the validity of the conclusions of a systematic review.>
Randomised clinical trials with inadequate bias control tend to exaggerate beneficial
intervention effects.”*#°%°" We have tried to clarify the systematic errors in all the
included trials. All authors were contacted for clarification if one of the bias domains was
not adequately reported. Despite this, more than half of the trials were judged as unclear

risk of bias for generation of the randomisation sequence and allocation concealment.

Most of our trials had surrogate variables as primary outcomes, especially the changes in
HbA1c and fasting blood glucose levels from baseline. However, as these are non-
validated surrogate variables, they might fail to serve as valid predictor of intervention
effects on important health outcomes.® Clinical trials evaluating a surrogate variable
require fewer participants to adequately power the trial and a much shorter duration.>%2
Most of the included trials had a glycaemic variable as the primary outcome, which make
the power to assess patient-important outcomes from the same population low.®? Besides,
our primary outcomes, all-cause mortality and cardiovascular mortality, are relatively
infrequent, this means that a relatively large sample size might be needed to detect any
relevant intervention effects.®>®® Clinical researchers should realise that intervention
effects on a non-validated surrogate outcomes is not sufficient to predict an effect on the
clinical outcome. To validate a surrogate outcome necessitates an intervention effect on
both the surrogate outcome and the patient-important outcome — and that the effect on the

surrogate predicts the effect on the patient-important outcome.

In order to limit the risk of random errors due to sparse data and repetitive testing in
cumulative meta-analysis, we performed trial sequential analyses to estimate the required
information size (meta-analytic ‘'sample size’) to detect an a priori anticipated 10% relative

risk reduction or increase for our primary outcomes.>*** For the meta-analysis of all-cause
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mortality comparing targeting intensive with conventional glycaemic control for the trials in
usual care setting, 60% of the heterogeneity-adjusted required information size was
accrued. The proportion of participants achieved before firm evidence could be established
for the primary outcomes were even lower for the remaining meta-analyses.*** Besides,
we performed trial sequential analyses for the meta-analyses of binary and continuous
outcomes showing significance in the random-effects and fixed-effect models.>**?
However, the lack of confirmation of the prespecified relative risk reductions in the trial
sequential analyses do not necessary reflect that no clinical significant differences are

present. We just seem to need more data to prove this.

Agreements and disagreements with other studies and reviews
Cardiovascular disease is the major cause of death in T2DM and it is therefore of central

importance to understand the effect of a glycaemic target as well as the glucose-lowering
interventions on cardiovascular outcomes.*®'® Three recent randomised clinical trials in
patients with T2DM were not able to detect (or reject) the possibility of reduced mortality or
cardiovascular disease with intensive compared with conventional glycaemic control.6%64¢°
The controversies have made management of hyperglycaemia in T2DM to one of the most
debated fields in medicine. Most guidelines recommend HbA1c target between 6.5% and
7%, but also emphasise the need for individualised assessment.'%?*?* The strategy used
to search and collect the existing evidence for the ADA/EASD position statement is not
described, and there is no grading of the evidence.?* Our systematic review investigating
the effect of intensive glycaemic control versus conventional glycaemic control could not
be designed to investigate which glycaemic level that might be ideal due to lack of
individual patient data.**** However, we only included five relatively small trials involving
543 participants with the glycaemic target of HbA1c at 7% versus another less stringent

glycaemic target.®®"® However, only three of these trials®®°%%°

exclusively assessed the
effects of glycaemic control and only one of these trials had a duration of more than one
year.® Besides, most of the included trials had sparse data on the number of participants
achieving the glycaemic target at the end of follow-up, and, when reported, the proportion
of participants achieving the glycaemic target was relatively low.**** The reason for the
ADA/EASD position statement to recommend an HbA1c about 7% seems to be based on

an ‘expert opinion’ rather than the existing evidence.?* The argument for not making
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evidence based approach to the ADA/EASD position statement is based on the number of

available antidiabetic interventions and possible combinations being too large.?*"’

Guidelines or similar treatment recommendations from international medical societies,
especially the ADA/EASD position statement, are important because they not only
influence the clinical practice, but also the design of clinical trials by suggesting/defining
‘the gold standard’. If such standards are not optimal seen from the patients’ perspectives,

both clinicians and trialists may be misled.

Results from randomised clinical trials and epidemiological studies show a reduced risk of
cardiovascular disease when hypertension is treated and cholesterol levels are lowered.”*
" The beneficial effects of lowering blood pressure targets in patients with T2DM are best
shown for stroke.”® Despite this, the proportion of patients with T2DM who achieve HbA1c
levels below 7% are higher than the proportion achieving the recommended targets for
blood pressure and cholesterols.”*®" As no evidence is established for the benefits of
intensive glycaemic control, and harms seems imminent, concerns arise, if too much

emphasis is placed on controlling hyperglycaemia in patients with T2DM.*%43

At the time of diagnosis or when lifestyle interventions fail to achieve a certain glycaemic
target, antidiabetic drugs are initiated.?* The use of sulphonylureas was implemented in
the treatment of T2DM in the 1950s.3? Treatment recommendations from medical societies
do not recommend sulphonylurea as the first-line antidiabetic drug.’®?"%* A relatively small
trial of obese participants have made a huge influence on the recommendations, and
limited the use of sulphonylurea as monotherapy.?%3°2¢4° The sulphonylureas are now
largely prescribed as a part of a combination regime.35 In our Cochrane review including all
trials of sulphonylurea monotherapy versus any other comparator, no firm evidence was
found for any benefit or harm of sulphonylurea prescribed as first-line therapy when
compared with any other antidiabetic intervention or placebo.* Unfortunately, the UKPDS
34 publication did not report patient-important outcomes for the participants randomised to
sulphonylurea.?¥%4 Most of the patient-important outcomes for the comparison of
sulphonylurea and metformin in the current review were therefore reported from the 'A

Diabetes Outcome Progression Trial' (ADOPT) trial, which showed fewer macrovascular
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complications with sulphonylurea monotherapy compared with metformin or rosiglitazone

monotherapy.***%8 On the other hand, the risk of severe hypoglycaemia might be

reduced with metformin or thiazolidinedione monotherapy.3%*° Our review of sulphonylurea

monotherapy found astonishing lack of reporting of patient-important outcomes for all

comparisons including the newer, and more expensive antidiabetic interventions.

29;35;39

The current diabetes guidelines recommend combination of insulin and metformin rather

than insulin alone.?*?* The recommendations might be a major reason why more clinicians

continue to use metformin when insulin is initiated.***>*® However, our meta-analysis of

metformin plus insulin versus insulin alone did only find significance in favour of metformin

plus insulin for surrogate variables including weight, insulin dose, and HbA1c, but not for

patient-important outcomes.

41,84

Table 1. Summary of existing Cochrane reviews of glucose-lowering interventions for

patients with type 2 diabetes mellitus.

Title

No of trials
(participants)

Effect on
mortality

Effect on
macrovascular
complications

Effect on
microvascular
complications

Dietary advice for 18 (1467) Not possible to Not possible to Not possible to
treatment of type 2 assess. assess. assess.
diabetes mellitus in

adults®

Exercise for type 2 | 14 (377) Not possible to Not possible to Not possible to
diabetes mellitus® assess. assess. assess.
Long-term non- 22 (4659) Not possible to Not possible to Not possible to
pharmacological assess. assess. assess.

weight loss

interventions for

adults with type 2

diabetes mellitus®

Metformin 29 (5259) Obese participants | Obese patients Obese patients
monotherapy for allocated to allocated to allocated to
type 2 diabetes intensive blood intensive blood intensive blood
mellitus** glucose control glucose control glucose control

with metformin
showed a greater
benefit than
chlorpropamide,
glibenclamide, or
insulin for all-cause
mortality (P = 0.03)
and conventional
treatment for
diabetes-related
death (P =0.03) or
all-cause mortality

with metformin
showed a greater
benefit than
chlorpropamide,
glibenclamide, or
insulin for any
diabetes-related
outcomes (P =
0.009) or
conventional
treatment for any
diabetes-related

with metformin
showed a greater
benefit than
chlorpropamide,
glibenclamide, or
insulin for any
diabetes-related
outcomes (P =
0.009) and
conventional
treatment for any
diabetes-related
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(P =0.01).

outcomes (P =

outcomes (P =

Based on data 0.004), and 0.004).
from one trial. myocardial
infarction (P =
0.02).
Alpha-glucosidase | 41 (8130) No statistical No statistical No statistical
inhibitors for type 2 significant significant significant
diabetes mellitus® difference. Few difference. Few difference. Few
data. data. data.
Dipeptidyl 25 (12864) Not possible to Not possible to Not possible to
peptidase-4 (DPP- assess. assess. assess.
4) inhibitors for
type 2 diabetes
mellitus®®
Meglitinide 15 (3781) Not possible to Not possible to Not possible to
analogues for type assess. assess. assess.
2 diabetes
mellitus*
Pioglitazone for 22 (6200 Not possible to Not possible to Not possible to

type 2 diabetes
mellitus®’

randomised to
pioglitazone)

assess. One trial
provided data.

assess. One trial
provided data.

assess.

Rosiglitazone for
type 2 diabetes
mellitus*

18 (3888
randomised to
rosiglitazone)

Not possible to
assess. One ftrial
contributed with
data.

Not possible to
assess. One trial
contributed with
data, indicated
increased

cardiovascular risk.

Not possible to
assess.

Long-acting insulin | 8 (4193) Not possible to Not possible to Not possible to
analogues versus assess. assess. assess.

NPH insulin

(human isophane

insulin) for type 2

diabetes mellitus®

Insulin detemir 4 (2250) Not possible to Not possible to Not possible to
versus insulin assess. assess. assess.
glargine for type 2

diabetes mellitus®

Insulin 20 (1811) Not possible to Not possible to Not possible to

monotherapy
versus
combinations of
insulin with oral
hypoglycaemic
agents in patients
with type 2
diabetes mellitus®’

assess.

assess.

assess.

The lack of evidence in our systematic reviews and meta-analyses is the common

standard for the glucose-lowering interventions applied for patients with T2DM. Summary

of existing Cochrane reviews of antidiabetic interventions for patients with T2DM shows

that the antidiabetic interventions have little if any supporting evidence (Table 1).

31;44;85-94
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Randomised clinical trials are essential to clarify the benefits and harms of medical
interventions. To collect and combine results from randomised clinical trials, it is required
that the reporting is adequate. From 2005 the International Committee of Medical Journal
Editors required that clinical trials should be indexed in a clinical trial registry to be

qualified for publication in a journal.®®

However, the quality of trial protocols varies, but
hopefully new international Standard Protocol Items: Recommendations for Interventional
Trials (SPIRIT) recommendations will heighten the standard of the trial protocols.®
Besides lack of adequate trial protocols, adequate reporting of the randomised clinical
trials is also a challenge. Preferably, trials should focus on patient-important outcomes or
at least report them adequately. The CONSORT (CONsolidated Standards of Reporting
Trials) Statement was first published in 1996, with the latest updated version in 2010.%7:%
Despite improvement in the reporting of several important aspects of trial methods since

the introduction of the CONSORT statement, poor reporting is still a problem.%%1%

Combining the data from randomised clinical trials may help clinicians in making
guidelines.'®"1% This demands a transparent and reproducible procedure for collecting
and combining existing evidence. Therefore, the reporting of systematic reviews should
follow the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses)
statement.'® When guidelines are developed based on systematic reviews and meta-
analyses, it is important to keep in mind that the best available evidence might not be

synonymous with sufficient evidence.

Conclusions
Overall, the evidence for making recommendations for any intervention in relation to

lowering glucose in patients with T2DM is vague. Even the benefit and harm trade-off of
the corner stone in antidiabetic intervention, the lowering of the blood glucose, is
questionable. The same is the case for the antidiabetic interventions prescribed to reduce
blood glucose. The scientific evidence behind the currently used T2DM glucose-lowering
agents is sparse. More large scale randomised clinical trials with low risk of bias applying

transparent and uniform reporting are urgently required.
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Dansk resumé
Baggrund

Eftersom praevalensen af type 2 diabetes mellitus (T2DM) er stigende, er det af stor
samfundsmaessig interesse at at reducere omkostningerne til behandling af diabetes og de
hermed associerede sendiabetiske komplikationer. Aktuelle ph.d.-afhandling undersagte
evidensen for brugen af udbredte anti-diabetiske interventioner ved hjeelp af Cochrane
litteraturbedgmmelser (engelsk: systematic reviews) med meta-analyser og

forsggssekventielle analyser (engelsk: trial sequential analysis).

Formal

At vurdere fordele og ulemper ved: 1) intensiv versus koventionel glykeemisk kontrol hos
patienter med T2DM; 2) sulfonylurea monoterapi versus anden antidiabetisk monoterapi
intervention eller placebo hos patienter med T2DM; 3) metformin plus insulin versus insulin

alene hos patienter med T2DM.

Metode

Vi gennemfgrte meta-analyserne i henhold til Cochrane samarbejdets anbefalinger samt
forsggssekventiel analyse. Inkluderede studier blev fundet ved sagning i The Cochrane
Llibrary, MEDLINE, EMBASE, Science Citation Index Expanded, Latin American
Caribbean Health Sciences Literature (LILACS) og Cumulative Index to Nursing & Allied
Health Literature (CINAHL). Derudover sagte vi konferencerapporter fra stgrre diabetiske
kongresser og tiekkede referencerne fra de inkluderede forsag samt relevante
systematiske litteraturoversigter, meta-analyser og publikationer fra medicinsk
teknologivurdering. To forfattere screenede sggeresultaterne for om de indfriede

inklusionskriterierne samt ekstraherede data.

Resultater
Tre systematiske oversigtsartikler inkluderede i alt 116 randomiserede kliniske forsgg med
51 385 patienter. Kun ét forsgg havde lav risiko for bias (systematisk risiko for

overestimering af gavn). Kun 17 af forsggene blev klassificeret som havende lavere bias
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risiko vedrgrende randomiseringssekvens, allokering og blinding end de gvrige forsag.
Rapporteringen af patient-vigtige effektmal var sparsom.

Malrettet intensiv glykaemisk kontrol sammenlignet med konventionel glykeemisk kontrol
a&ndrede ikke signifikant pa risikoen for dgd uanset arsag eller kardiovaskulaer ded.
Risikoen for ikke-fatalt myokardieinfarkt var statistisk signifikant reduceret i fixed-effect
modellen. Malrettet intensiv glykeemisk kontrol reducerede risikoen for amputation,
mikrovaskuleere komplikationer som samlet effektmal, retinopati, retinal fotokoagulation og
nefropati. Forsggssekventielle analyser viste tilstraekkelig evidens for en 10% relativ
risikoreduktion var opnaet for mikrovaskulaere komplikationer som samlet effektmal.
Malrettet intensiv glykaemisk kontrol @gede risikoen for alvorlig hypoglykaemi.
Forsggssekventiel analyse viste tilstraekkelig evidens for en relativ risikoforagelse pa 30%

for alvorlig hypoglykaemi ved intensiv glykeemisk kontrol.

Forste-generation sulfonylurea versus placebo viste statistisk signifikans for
kardiovaskuleer dgd i placebos faver. Ingen af de gvrige sammenligninger mellem
sulfonylurea monoterapi og anden antidiabetisk monoterapi eller placebo pavirkede dad
uanset arsag, kardiovaskuleer dgd eller ikke fatalt-myokardieinfarkt signifikant. Risikoen for
makrovaskulaere komplikationer var i anden-generation sulfonylureas favgr sammenlignet
med metformin. Risikoen for alvorlig hypoglykaemi var signifikant gget ved sammenligning
af anden-generations sulfonylurea versus metformin og thiazolidinedioner.
Forsagssekventiel analyse viste at der ikke var opnaet tilstreekkelig evidens for de patient-
vigtige effektmal med statistisk signifikans i de traditionelle meta-analyser.

Metformin plus insulin versus insulin alene pavirkede ikke statistisk signifikant dgd uanset
arsag eller kardiovaskuleer dgd. Rapporteringen af makrovaskulzere og mikrovaskuleere
komplikationer var sparsom, kun fa kunne meta-analyseres, og ingen viste signifikante
effektestimater. Risikoen for alvorlig hypoglykaemi var gget i fixed-effect modellen ved

metformin og insulin kombineret versus insulin monoterapi.
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Konklusioner

Baseret pa tilgaengelige data fandt vi ikke sikker evidens for klinisk anvendelse af de
undersggte interventioner til behandling af patienter med T2DM. En stor del af forsggene
var af lav metodologisk kvalitet, inkluderede fa patienter og havde kort forsggsvarighed.
De patient-vigtige effektmal var sparsomt rapporteret i de fleste forsgg. Der er et
presserende behov for flere store randomiserede forsag af hgj metodologisk kvalitet for at

evaluere anvendelsen af de undersggte interventioner.
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Abstract

This article is a narrative review of the current evidence of the effects on cardiovascular disease (CVD)
of oral hypoglycaemic agents that increase insulin sensitivity in patients with type 2 diabetes (T2D).
In overweight T2D patients, metformin has been demonstrated to reduce CVD risk, and this beneficial
effect may be conserved with the combination of metformin and insulin treatment. However, the effect
of glitazones on CVD is uncertain. There is conflicting evidence from large randomized trials to support
a protective effect against CVD of lowering blood glucose per se but a systematic review with meta-
analysis is lacking. It may be reasonable to aim for an intervention targeting multiple CVD risk factors
such as dyslipidaemia, hypertension and albuminuria in T2D patients.
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Introduction

The prevalence of type 2 diabetes (T2D) is increasing
worldwide (1). Insulin resistance in peripheral tissues
and inadequate compensatory insulin secretion are
essential elements in the pathogenesis of T2D. Impaired
insulin secretion is caused by decreased B-cell mass and
the dysfunction of existing B-cells. Genetic abnormal-
ities and intrauterine influences may also contribute to
the disease process. Aspects of body composition (e.g.
obesity) and lifestyle (e.g. high calorie intake and/or
reduced physical activity) seem to be important for the
degree of insulin resistance and thus probably for the
development and progression of T2D. Insulin resistance
in combination with relatively impaired insulin
secretion leads to hyperglycaemia and compensatory
hyperinsulinaemia (2, 3).

As T2D is a progressive disease, the glucose-lowering
intervention strategy must be adjusted over time to
achieve and maintain good glycaemic control (4).
Patients with T2D should be recommended lifestyle
interventions. This might be supplemented by oral
hypoglycaemic agents, mainly metformin (which
increases insulin sensitivity) and/or insulin secretago-
gues (sulphonylureas, SUs or glitinides, which stimulate
insulin secretion). Glitazones (which increase insulin
sensitivity) and acarbose (which reduces gut glucose
uptake) are less frequently recommended. If the
combination of lifestyle interventions and oral hypogly-
caemic agents do not achieve the glycaemic targets,
insulin injections may be added, for example according

© 2009 European Society of Endocrinology

to a consensus algorithm for the initiation and
adjustment of therapy (4). Promising new glucose-
lowering interventions indirectly stimulate insulin
secretion by inhibiting the breakdown of the incretin
hormone GLP1 or by increasing the incretin hormone
levels by s.c. injection of a GLP1 analogue (5). The most
appropriate use of incretin-based therapy in the
treatment of T2D has not yet been identified (4).

The ultimate goal of T2D treatment is to reduce
mortality and the risk of microvascular and macro-
vascular complications. The latter (mainly athero-
sclerosis) are the most frequent cause of increased
mortality among T2D patients (6). Several studies
suggest a causal association between insulin resistance
and atherosclerosis (7-9). This is of clinical interest,
since many patients with T2D take oral hypoglycaemic
agents that affect insulin sensitivity.

The purpose of the present paper is to give a brief
overview of studies focusing on the association between
cardiovascular disease (CVD) and oral glucose-lowering
interventions with insulin sensitizing agents.

Method

A literature search of the MEDLINE/PubMed database
(from 2000 until December 2008) was conducted using
the following terms: type 2 diabetes mellitus; athero-
sclerosis; endothelium; metformin; thiazolidinediones;
peroxisome proliferator-activated receptor (PPARY);
cardiovascular disease; and mortality.
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The importance of insulin resistance
and/or hyperinsulinaemia in the
development of atherosclerosis

Atheroslerosis is characterized by the presence of
atherosclerotic plaques in the arterial wall. These
contain cholesterol-filled macrophages and smooth
muscle cells and might be complicated by rupture or
thrombosis, resulting in clinical symptoms (10).
Endothelial dysfunction (e.g. increased expression of
endothelial adhesion molecules, inhibition of activity of
nitrogen oxide (NO) and affected vasopermeability or
vasomotility), transport of cholesterol into the arterial
wall, oxidation of cholesterol, proliferation of smooth
muscle cells and inflammation are all essential elements
in the atherosclerotic process (10).

Studies have indicated a connection between
hyperinsulinaemia and activation of both atherogenic
and anti-atherogenic pathways (7-9). Insulin resist-
ance in the arterial wall might lead to inhibition of
phosphatidylinositol 3-kinase activity, which has anti-
atherogenic effects (Fig. 1). At the same time, a
compensatory increase in insulin levels might
stimulate possible atherogenic signalling pathways,
including the MAP kinase pathway (Fig. 1).
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Figure 1 The effect of insulin on the vascular cells in type 2 diabetes.
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Studies conducted on cell cultures and rodents have
shown that insulin resistance and hyperinsulinaemia
reduce NO activity and stimulate the migration and
proliferation of smooth muscle cells, the expression of
cellular adhesion molecules, inflammatory markers,
oxidation of low-density lipoprotein (LDL) cholesterol
and coagulation (7-9, 11). In addition, insulin per se
seems to have the capacity to both increase and
decrease vascular tonus (12).

Metformin

Metformin reduces blood glucose levels by inhibiting
hepatic glucose production and reducing insulin
resistance. The plasma insulin levels are unchanged or
reduced (13). Several trials indicate that metformin has
anti-atherogenic effects (e.g. reduced levels of blood
cholesterol, inflammatory markers, vascular adhesion
molecules and coagulation parameters as well as
reduced endothelial dysfunction; 13-16; Table 1).

In a substudy of the United Kingdom Prospective
Diabetes Study (UKPDS), 753 overweight patients with
T2D were randomized to conventional (diet) treatment
or intensive glycaemic control with metformin or
SU/insulin for an average of 10 years (13). Metformin
resulted in lower insulin levels and improved glycaemic
control compared with conventional (diet) treatment.
Compared with the conventional treated group, patients
allocated to metformin treatment had a significant 32%
risk reduction for any diabetes-related outcome
measure, as well as significant risk reductions of 39,
42 and 36% for myocardial infarction, diabetes-related
death and all-cause mortality respectively. Metformin
significantly reduced the incidence of CVD compared
with treatment with SU/insulin independent of the
achieved level of HbAlc (13). A recent 10-year follow-
up study of patients who participated in the UKPDS
reported continued benefit of metformin therapy (17).
Metformin treatment did not reduce the number of
patients with microvascular outcome meaures. There
are no reported data comparing CVD risk in the
metformin and SU groups alone (17, 18). The benefits
of metformin are supported by a systematic review with
a meta-analysis (19).

In the ‘A Diabetes Outcome Progression Trial’
(ADOPT), 4360 newly diagnosed T2D patients were
allocated to interventions for 4 years with rosiglitazone
(a glitazone), glyburide (SU) or metformin. Although
ADOPT was not statistically powerful enough to detect
substantive differences in CVD risk, surprisingly, there
were fewer CVD events in the glyburide group than in
the rosiglitazone and metformin groups. There was no
significant difference in the CVD risk between the
metformin and rosiglitazone groups. In the glyburide
group, however, more participants dropped out and the
follow-up period was shorter (3.3 years) than in the
other two groups (both 4 years) (20).
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Table 1 Hypoglycaemic agents effect on biomarkers

Hypoglycaemic
agent

Biomarkers reflecting
cardiovascular risk

Metformin Reduce endothelial dysfunction
Reduce blood cholesterol

Reduce inflammatory markers
Reduce vascular adhesion molecules

Reduce coagulation parameters

Glitazones Reduce endothelial dysfunction
Reduce inflammatory markers
Reduce coagulation parameters
Increase HDL cholesterol

Increase LDL cholesterol

Increase LDL cholesterol particle size

Reduce smooth muscle cell proliferation

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

In the DIGAMI-2 trial, 1181 patients with T2D were
followed for 2 years after a myocardial infarction. There
were no differences in CVD mortality between the
intervention groups with insulin, SU or metformin. The
risk of a new myocardial infarction increased signi-
ficantly with insulin therapy, whereas metformin
therapy had a protective effect (21).

In the UKPDS, non-obese patients with T2D were
treated with insulin or SU, but the UKPDS (and other
prospective studies) did not report data for CVD risk
separately in this group of patients. Hence, in non-obese
patients with T2D, there is a lack of evidence that
metformin or other oral hypoglycaemic agents affect
CVD risk. Recent short-term trials have demonstrated a
similar effect of metformin and the insulin secretagogue,
repaglinide, on HbA1c in non-obese patients with T2D.
Metformin treatment reduced surrogate biomarkers
reflecting CVD risk (i.e. reductions in body weight,
insulin and cholesterol levels, markers of inflammation
and endothelial dysfunction; 22—-24; Table 1).

In a mixed population of obese and non-obese
patients with T2D, the UKPDS surprisingly reported a
significant 96% increase in mortality with the com-
bined intervention of metformin and SU compared with
intervention with SU alone (13). The authors explained
these differences by the observation that patients
allocated to the combined intervention group were on
average about 5 years older, had higher blood glucose
levels and a shorter duration of follow-up than the
UKPDS population overall.

Observational studies have yielded conflicting results
of combined intervention with metformin and insulin
secretagogues with respect to the risk of CVD (25, 26).
A recently published meta-analysis indicates an
increased frequency of CVD by combined intervention
with metformin and insulin secretagogues compared
with diet or monotherapy (27).

The recently published ‘Hyperinsulinemia: the Out-
come of its Metabolic Effects’ (HOME) trial, randomly
allocated 390 patients with T2D to either placebo
or metformin in addition to ongoing insulin therapy.
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The participants were included regardless of body mass
index (BMI). The patients randomized to metformin in
combination with insulin were slightly older, had more
CVD and were less often smokers than the patients
randomized to placebo; other baseline characteristics
were comparable (28). The primary outcome was an
aggregate of microvascular disease, CVD and mortality.
Secondary outcomes were CVD (fatal and non-fatal) and
microvascular disease separately. The follow-up period
was 4.3 years. At the end of the trial there was no
significant decrease for the risk of the primary outcome.
However, metformin treatment significantly reduced the
risk of secondary CVD outcomes (e.g. myocardial
infarction, stroke, peripheral arterial reconstruction)
by 39% (P=0.02). The reduction observed in the
secondary microvascular outcome was non-significant
(P=0.43). The combination of insulin and metformin
reduced insulin requirements and improved glycaemic
control compared with combination of insulin and
placebo. The changes in body weight partly explained
the difference in CVD, whereas the changes in glycaemic
control and insulin levels did not. The occurence of
hypoglycaemic events was comparable between both
groups (29).

Glitazones

Glitazones work by binding to the PPARYy, which
increases insulin sensitivity (4). Several studies have
shown that glitazones improve CVD risk biomarkers
(i.e. lowering of blood pressure, triglycerides, inflam-
matory markers and coagulation parameters; increase
in HDL cholesterol; improved endothelial function and
inhibition of smooth muscle cell proliferation) (30-33).
A potential pro-atherogenic effect by treatment with
glitazones is an increase in LDL cholesterol (31)
(Table 1). However, glitazones also increase the size of
LDL particles, which theoretically makes the LDL
particles less atherogenic. This effect is more pro-
nounced in pioglitazone than rosiglitazone (34).
Although both glitazones activate the same receptor,
the observed differences with respect to their effects on
the lipid profile may be due to the activation/inhibition
of different genes (35).

A randomized trial in patients with T2D reported a
reduced progression of carotid artery intimal thickness
measured by ultrasound for treatment with pioglitazone
compared with an insulin secretagogue (36).

The Prospective Pioglitazone Clinical Trial In Macro-
vascular Events (PRO-active) trial randomized 5238
patients with T2D and known CVD to add-on placebo or
pioglitazone (31). The primary outcome measure (a
composite of CVD events) was insignificantly reduced
with pioglitazone intervention, whereas the secondary
CVD outcome measure (death, non-fatal myocardial
infarction and stroke) was significantly reduced (31).
Pre-specified subgroup analyses from PROactive
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reported a potential cardiovascular protective effect of
pioglitazone in patients with T2D and previous stroke or
myocardial infarction. Post hoc subgroup analyses
reported similar results in patients with T2D but without
known peripheral arterial disease (37).

Meta-analyses have revealed a significant increase in
CVD risk with rosiglitazone treatment, whereas piogli-
tazone has possible cardiovascular protective effects
(38, 39). This safety-jeopardizing signal of rosiglitazone
has prompted the publishing of preliminary data from
the Rosiglitazone Evaluated for Cardiac Outcomes and
Regulation of glycaemia in Diabetes (RECORD) trial.
This trial examines the effect of rosiglitazone in
combination with either metformin or insulin secreta-
gogues in ~4500 patients with T2D free of known
CVD. Preliminary data after 3.75 years follow-up
indicate that rosiglitazone treatment results in a non-
significant increase in CVD risk. However, the few CVD
events mean that these analyses have low statistical
power. The complete data are due to become available
in 2009 (40).

In addition, both pioglitazone and rosiglitazone
treatment have been associated with an increased risk
of congestive heart failure (31, 37, 38, 40, 41).

Anti-diabetic treatment in general and
CVD risk

The Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trial included 10 251 T2D patients with
HbAlc>7.5% and known CVD or risk factors for CVD.
The trial tested the hypothesis that intensive control of
glycaemic levels, blood pressure and the lipid profile
reduce the incidence of CVD and death compared with
the standard treatment (42). At baseline, approxi-
mately one-third of the participants used insulin and a
similar proportion had known CVD. The participants
were randomly allocated to intensive glycaemic
control, targeting a HbAlc level of <6.0%, or
standard glycaemic control, targeting a HbAlc level
of 7.0-7.9%. Combinations of all available types of
anti-diabetic drugs were used to achieve the glycaemic
targets. The median HbAlc level at baseline was 8.1%.
After a median follow-up of 3.5 years the HbA1lc level
in the group allocated to intensive glycaemic control
was 6.4% compared with 7.5% in the conventionally
treated group. During the trial, 92% and 58% of the
patients received glitazones in the intensive and in
the conventional treatment groups respectively (both
groups used almost exclusively rosiglitazone). About
90% of patients in both groups received metformin.
Between the intensively versus the conventionally
treated groups, the difference in the composite primary
outcome measure of non-fatal CVD and CVD death
did not reach statistical significance. However, a
significantly lower frequency of non-fatal myocardial
infarction was observed in the intensively treated
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group. Data on microvascular outcome measures
have not yet been published. The glycaemic interven-
tion arm of the trial was stopped in February 2008
because of a higher mortality rate (total and/or CVD
death) in the group allocated to intensive glycaemic
control compared with conventional control (257 vs
203 deaths in the intensive and conventional groups
respectively). Preliminary analyses have not identified
any specific cause for the higher mortality. In particular,
no conclusive evidence has been found to suggest that
certain oral hypoglycaemic agents or combinations
thereof were responsible for the increased risk of
death. Pre-specified subgroup analyses showed signi-
ficant heterogeneity in the primary outcome according
to known CVD or baseline HbAlc. Thus, a reduced
incidence of the primary outcome was observed among
participants allocated to the intensive glycaemic control
with a level of HbA1c<8.0% or no known CVD before
randomization. By contrast, in the groups with known
CVD or baseline HbAlc of >8.0%, the effect between
interventions on the primary outcome was neutral. For
total mortality, no significant heterogeneity was
observed between the intervention groups with respect
to known CVD or baseline HbAlc (42).

The Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified Release Controlled
Evaluation (ADVANCE) trial randomly allocated 11 140
patients with T2D and known CVD or high CVD risk to
intensive or conventional glycaemic control groups
(43). Unlike the ACCORD and the Veterans Affairs
Diabetes trial (VADT — see below), at inclusion, the
ADVANCE trial did not specify a requirement for the
level of HbAlc and patients were almost exclusively
insulin-naive (1-2% used insulin at baseline). Similar to
the ACCORD trial, approximately one-third of the
patients had known CVD. Patients in the intensive
intervention group were all treated with gliclazide (SU),
in addition to any marketed anti-diabetic agent, to
achieve a target level of HbAlc of 6.5% or less. In the
conventionally treated group, the HbAlc target was
defined by local treatment guidelines. From a median
baseline HbAlc of 7.2%, after a median follow-up of 5
years, the intensive group achieved a median HbA1c of
6.4% compared with 7.0% in the conventional group.
During the ADVANCE trial, only about 10-15% and
70% of the patients received intervention with glita-
zones and metformin respectively; the proportion of
patients treated with glitazones taking rosiglitazone
was not reported. This was in contrast to the ACCORD
trial in which a much higher proportion of patients in
the intensive glycaemic group received the glitazone
intervention. The ADVANCE trial reported, in contrast
to the ACCORD trial, with intensive compared with
conventional glycaemic control, a significant reduc-
tion in the composite primary outcome measure of
microvascular and macrovascular (non-fatal CVD and
CVD death) events. Also, in contrast to the ACCORD
trial, the ADVANCE trial reported no differences in CVD
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or mortality with intensive compared with conventional
glycaemic control. The significant difference in the
primary outcome measure in the ADVANCE trial was
primarily caused by a reduction of microvascular events
(nephropathy).

The VADT trial randomly allocated 1791 patients
with T2D to intensive intervention versus conventional
intervention (44). At inclusion, patients were required
to have a level of HbAlc of >7.5% and, at baseline,
about half of the patients used insulin and 40% had
known CVD. The median baseline level of HbAlc was
9.4%. In the intensive intervention group, the target
level of HbAlc was <6.0% (similar to the ACCORD
trial) and, in the conventionally treated group, a
separation of 1.5% in HbAlc compared with the
intensive intervention group was aimed for. About
60-70% of the patients in the two groups received
rosiglitazone; the number of metformin-treated patients
was not reported (44). After a median follow-up of 5.6
years, the intensive intervention group achieved a level
of HbAlc of 6.9% compared with 8.5% in the
conventional group. There was no significant difference
in the primary outcome measure (a composite of CVD
events) between the intensive and conventional glycae-
mic control groups. Also, there was no evidence of
increased mortality in the intensive intervention group
and preliminary data indicate that intervention with
rosiglitazone was not associated with higher mortality
(44). However, somewhat similar to the ADVANCE trial,
with intensive versus conventional glycaemic control,
VADT reported significantly reduced progression of
albuminuria (i.e. microvascular disease). The ADVANCE
trial showed an apparently lower risk of severe
hypoglycaemia than did the ACCORD and VADT trials
(about 3% and 15-20% of patients had >1 severe
hypoglycaemic episode respectively, in the ADVANCE
trial and the ACCORD and VADT trials; 45).

Discussion

Studies conducted on cell cultures and animals indicate
a possible relationship between insulin resistance,
compensatory hyperinsulinaemia and the development
of atherosclerosis (Fig. 1). It is unclear whether a similar
mechanism exists in humans. Several studies report
possible anti-atherogenic effects of oral hypoglycaemic
agents that increase peripheral insulin sensitivity and
thereby reduce the insulin requirement (7-9, 11-17,
22-24, 30, 32, 33; Table 1). If these effects are of
clinical significance, intervention with oral hypoglycae-
mic agents that increase insulin sensitivity might be an
attractive choice. A review of all oral hypoglycaemic
agents indicates that those agents that increase insulin
sensitivity are also associated with reduced CVD
(metformin and glitazones; 41) — in contrast to other
oral anti-diabetic agents (46).
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Metformin has become the treatment of first choice,
as it reduced CVD risk among overweight patients with
T2D in the UKPDS (13; Table 2). Data from this study
have also strongly indicated that insulin secretagogues
and insulin treatment do not lead to increased CVD risk.
A potential inhibition of potassium channels in the
heart during SU treatment, in addition to the suspicion
of a relatively pro-atherogenic effect of hyperinsulinae-
mia, previously gave rise to concern about increased
CVD risk of treatment with insulin or insulin secreta-
gogues (47). However, the possibility that the higher
glycaemic level in the conventional (diet) treatment
group increased CVD risk cannot be excluded. In turn,
this might have been equalized (but not eliminated) as
a result of higher (supra-physiological) plasma insulin
levels and/or inhibition of potassium channels by
treatment with insulin and/or insulin secretagogues.
Thus, it is theoretically possible that the ‘protective’
effects of metformin against CVD as primarily observed
in the UKPDS were caused by the lowering of blood
glucose without a concomitant increase in plasma
insulin levels.

In passing, it must be emphasized that there is no
evidence to support the hypothesis that insulin and/or
insulin secretagogues themselves increase the risk of
CVD. Moreover, these treatments have a significant role
in reducing the risk of microvascular complications in
patients with T2D. The recently published 10-year
follow-up from the UKPDS trial suggests that treatment
with SU/insulin reduces the CVD risk and, also the risk
of microvascular complications. Hence, metformin and
SU/insulin may be equally effective as the treatment of
first choice in patients with T2D (17, 18). Finally, the
potassium channels in the heart are less affected by the
newer insulin secretagogues than by those of earlier
generations.

Table 2 Summary of oral hypoglycaemic agents

Oral hypoglycaemic agents

Metformin
May be the intervention of first choice in both normal and
overweight patients with type 2 diabetes
Probably has a protective action against macrovascular disease

Glitazones
Is used in addition to other anti-diabetics when monotherapy
or combination therapy fails
The effect on macrovascular disease is not clear and the
interventions are suspected of inducing heart failure and
osteoporotic fractures

Metformin/sulfonylurea combination therapy
Is used when monotherapy fails
The effect on macrovascular disease is not clarified

Metformin/insulin combination therapy
May be used to reduce insulin dose, weight gain and probably
to protect against macrovascular disease
Recent data support a protective effect against
macrovascular disease, but more data are needed
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The positive reports from the UKPDS of the effect
of metformin in lowering CVD risk were supported by a
meta-analysis, and in a follow-up analysis from the
DIGAMI-2 trial as well as by the recent HOME trial (19,
21, 29). The reporting of lower CVD risk by glyburide
intervention in the ADOPT trial was surprising, but is
partly supported by the 10-year follow-up from the
UKPDS. However, the data related to CVD risk in the
ADOPT trial should be interpreted cautiously because of
their lack of statistical power to demonstrate CVD
differences and disparities in drop-out and duration of
follow-up between the groups (20).

Whether a potential beneficial effect of metformin is
present in all patients with T2D regardless of BMI cannot
be concluded from the UKPDS. Several previous
treatment guidelines have recommended insulin secre-
tagogues as a first-line intervention in non-obese T2D
patients, similarly to the UKPDS design (48). Despite the
lack of trials with cardiovascular clinical outcome
measures in non-obese patients with T2D, metformin
is recommended by two international diabetes associ-
ations as a drug of first choice for most patients with
T2D regardless of their BMI (4). In non-obese patients
with T2D, trials of shorter duration have indicated that
metformin and insulin secretagogues have equal
glucose-lowering potentials, although metformin
showed potential beneficial effects on a number of
CVD risk biomarkers (22-24). Nevertheless, there is
still a need for trials and systematic reviews using
clinically relevant outcomes before a well-documented
first-line oral hypoglycaemic agent for non-obese
patients with T2D can be established. Metformin and
insulin secretagogues may, with appropriate caution,
be equal first-choice candidates for interventions in
these patients.

It cannot be concluded from the literature whether
combination therapy with metformin and SU has
harmful effects, as indicated by the UKPDS (13, 25-27).
At present, the international guidelines recommend
combination therapy when monotherapy fails (4).

The HOME trial suggested that the potential beneficial
effect of metformin on CVD was maintained when used
in combination with insulin in patients with T2D (29).
The HOME trial indicated that this effect of metformin
therapy might at least partly have resulted from the
effect of metformin to lower body weight. Although the
HOME study did not clearly indicate so, the insulin
sparing effect of metformin therapy might also have
influenced the occurrence of CVD in that study.
However, the primary composite micro- and macro-
vascular end point of the HOME trial was not influenced
by adjunct metformin therapy (29).

There is a need for better documentation of the
potential protective effect of metformin on CVD in
patients with T2D, and the results from the rather small
UKPDS and HOME trials need to be confirmed in new
trials. There is also still a need for larger trials to clarify
whether the potential protective effects of metformin on
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CVD are maintained in combination with insulin.
Moreover, the effect of metformin therapy on micro-
vascular disease remains uncertain.

It is still debated whether glitazones have atherogenic
or anti-atherogenic effects. Trials have indicated a
possible anti-atherogenic effect of pioglitazone (31,
38). The meta-analysis by Nissen et al. raised concerns
about whether rosiglitazone had pro-atherogenic pro-
perties (39), but has since been criticized. Several
methodological weaknesses have been highlighted, in
particular the failure to state a hypothesis, exclusion
of trials with zero events, analysing the number of
events instead of time to events, the statistical model
(using a fixed-effects model instead of the more plausible
random-effects model, which would have shown that
rosiglitazone had a non-significant effect on CVD). The
US Food and Drug Administration concluded that
the results were of concern, but did not consider the
evidence sufficient to justify withdrawal of rosiglitazone
from the market (46, 49). Preliminary data from the
RECORD trial could neither confirm nor discount an
increased risk of CVD during glitazone treatment (40).
However, glitazones are relatively expensive, increase
body weight, cholesterol levels and the frequency of
osteoporotic fractures. This calls for caution in the use
of glitazones until their effects are clarified, with respect
not only to the lowering of blood glucose levels, but
also to the reduction of macrovascular disease and/or
mortality (4).

A major problem in relation to the choice of anti-
diabetic intervention is that it remains unclear whether
there is a direct causal relationship between lowering
blood glucose and the risk of developing CVD — as
highlighted by the ACCORD, ADVANCE and VADT trials
(42—44). In patients with type 1 diabetes, the
Epidemiology of Diabetes Interventions and Compli-
cations (EDIC) study reported a reduced CVD risk as a
result of lowering blood glucose (50). The post hoc
analysis of the UKPDS trial also suggested such a
relationship in patients with T2D (51). As emphasized
by the authors of the ACCORD trial, it is not possible to
separate the impact of individual events occurring after
randomization (including achieved blood glucose levels,
the reduction in blood glucose, administration of
hypoglycaemic agents, etc.) on clinical outcomes
(the same applies to ADVANCE and VADT; 42-44).
Accordingly, the cause of the higher mortality rate in
the intensive group of the ACCORD trial cannot be
clarified and exploratory analyses have not been able
to identify any specific oral hypoglycaemic agents as
being potentially more harmful than others. Details of
these exploratory analyses still await publication (42).
In relation to the main concern of the present paper,
however, it is remarkable that almost all the patients
(92%) in the intensively treated group of the ACCORD
trial, compared with only somewhat more than half
(58%) in the conventionally treated group, received
intervention with glitazones. Hence, the unequal
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(by comparison with the conventional group) and small
proportion of patients who did not receive intervention
with glitazones in the group allocated intensive
glycaemic control probably meant that there was
insufficient statistical power to enable any potential
harmful effect of the glitazone intervention to be
demonstrated. By contrast, the proportion of patients
taking metformin during the trial was similar in the two
groups (~90%), which strongly suggests that the use of
metformin did not explain the higher mortality in the
intensive intervention group.

As outlined, the observed differences in mortality in
the ACCORD compared with the ADVANCE and VADT
studies cannot readily be explained. As a consequence
of the ACCORD trial, targeting a level of HbAlc of
6.0% or less by using anti-diabetic polypharmacia may
not be recommendable in patients with a high risk of
CVD and poor glycaemic control. On the other hand, in
high-risk CVD patients, the ADVANCE trial indicates
a reduction in microvascular complications without
an increase in CVD risk with the treatment goal being
a HbAlc level of 6.5% or lower. Also, the ADVANCE
trial, using the target of HbAlc of 6.5% or less in the
intensively treated group, showed an apparently lower
risk of severe hypoglycaemia compared with the
ACCORD or VADT trials, both of which set a target
of HbAlc of 6.0 or less in the intensive intervention
groups.

Results from clinical trials using cholesterol-lowering
therapy with simvastatin indicate an improved prog-
nosis in patients with T2D (52, 53). Anti-hypertensive
treatment has also been shown to be of major
importance in the prevention of cardiovascular events
in patients with T2D (54). The Steno-2 trial reported
reduced mortality when using aggressive interventions
targeting multiple CVD risk factors in patients with T2D
with high-risk of CVD (55).

In conclusion, despite much research, it has still not
been clarified which anti-diabetic interventions prevent
CVD to the greatest extent in patients with T2D. Oral
hypoglycaemic agents, which increase insulin sensi-
tivity (metformin and glitazones), may have a
beneficial effect on CVD risk in patients with T2D,
but conclusive documentation is still unavailable, and
updated systematic reviews with meta-analyses are
warranted. There is uncertainty regarding the
relationship between glitazones, CVD and also osteo-
porosis. Primarily based on the results from the
UKPDS, metformin is recommended as the initial
treatment in overweight and obese patients with
T2D. In non-obese patients with T2D both metformin
and insulin secretagogues may be the intervention of
first choice. Anti-diabetic treatment should be intensi-
fied using combination therapy and insulin with the
aim of achieving the HbAlc targets, but systematic
reviews with meta-analyses may yield valuable know-
ledge about the preferred HbAlc level and drug
combinations that will be of value in designing future
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intervention strategies. Elevated blood pressure and
lipid levels should be aggressively treated indepen-
dently of the anti-diabetic treatment.
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ABSTRACT
Background

Patients with type 2 diabetes mellitus (T2D) exhibit an increased risk of cardiovascular disease and mortality compared to the back-
ground population. Observational studies report a relationship between reduced blood glucose and reduced risk of both micro- and
macrovascular complications in patients with T2D.

Objectives
To assess the effects of targeting intensive versus conventional glycaemic control in T2D patients.
Search methods

Trials were obtained from searches of CENTRAL (The Cochrane Library), MEDLINE, EMBASE, Science Citation Index Expanded,
LILACS, and CINAHL (until December 2010).

Selection criteria
We included randomised clinical trials that prespecified different targets of glycaemic control in adults with T2D.
Data collection and analysis

Two authors independently assessed the risk of bias and extracted data. Dichotomous outcomes were assessed by risk ratios (RR) and

95% confidence intervals (CI).
Main results

Twenty trials randomised 16,106 T2D participants to intensive control and 13,880 T2D participants to conventional glycaemic control.
The mean age of the participants was 62.1 years. The duration of the intervention ranged from three days to 12.5 years. The number
of participants in the included trials ranged from 20 to 11,140. There was no significant difference between targeting intensive and
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conventional glycaemic control for all-cause mortality (RR 1.01, 95% CI 0.90 to 1.13; 29,731 participants, 18 trials) or cardiovascular
mortality (RR 1.06, 95% CI 0.90 to 1.26; 29,731 participants, 18 trials). Trial sequential analysis (TSA) showed that a 10% RR
reduction could be refuted for all-cause mortality. Targeting intensive glycaemic control did not show a significant effect on the risk of
non-fatal myocardial infarction in the random-effects model but decreased the risk in the fixed-effect model (RR 0.86, 95% CI 0.78 to
0.96; P = 0.006; 29,174 participants, 12 trials). Targeting intensive glycaemic control reduced the risk of amputation (RR 0.64, 95%
CI 0.43 to 0.95; P = 0.03; 6960 participants, 8 trials), the composite risk of microvascular disease (RR 0.89, 95% CI 0.83 to 0.95; P
=0.0006; 25,760 participants, 4 trials), retinopathy (RR 0.79, 95% CI 0.68 to 0.92; P = 0.002; 10,230 participants, 8 trials), retinal
photocoagulation (RR 0.77, 95% CI 0.61 to 0.97; P = 0.03; 11,142 participants, 7 trials), and nephropathy (RR 0.78, 95% CI 0.61 to
0.99; P = 0.04; 27,929 participants, 9 trials). The risks of both mild and severe hypoglycaemia were increased with targeting intensive
glycaemic control but substantial heterogeneity was present. The definition of severe hypoglycaemia varied among the included trials;
severe hypoglycaemia was reported in 12 trials that included 28,127 participants. TSA showed that firm evidence was reached for a
30% RR increase in severe hypoglycaemic when targeting intensive glycaemic control. Subgroup analysis of trials exclusively dealing
with glycaemic control in usual care settings showed a significant effect in favour of targeting intensive glycaemic control for non-fatal
myocardial infarction. However, TSA showed more trials are needed before firm evidence is established.

Authors’ conclusions

The included trials did not show significant differences for all-cause mortality and cardiovascular mortality when targeting intensive
glycaemic control compared with conventional glycaemic control. Targeting intensive glycaemic control reduced the risk of microvascular
complications while increasing the risk of hypoglycaemia. Furthermore, intensive glycaemic control might reduce the risk of non-fatal
myocardial infarction in trials exclusively dealing with glycaemic control in usual care settings.

PLAIN LANGUAGE SUMMARY
Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus

Patients with type 2 diabetes mellitus (T2D) have an elevated mortality and morbidity compared to the general population. T2D
is characterised by several metabolic defects that include impaired insulin secretion and action causing chronic hyperglycaemia (high
glucose levels in the blood). Chronic hyperglycaemia is strongly associated with increased risk of kidney, eye, and nerve complications
(microvascular complications) as well as increased risk of stroke, heart disease, and amputations (macrovascular complications). Although
epidemiological studies indicate that reducing blood glucose in patients with T2D reduces their risk of death and morbidity, it has
not been possible to unequivocally confirm this finding in large-scale randomised controlled trials (RCT). It is still not clear whether
targeting more intensive glycaemic control is better than targeting conventional glycaemic control for reducing mortality or heart
disease.

We identified 20 RCTs. A total of 16,106 T2D patients randomised to intensive glycaemic control and 13,880 T2D patients randomised
to conventional glycaemic control were included in the analyses. The trials were primarily conducted in Europe and Northern America.
The mean duration of the intervention period varied from three days to 12.5 years. The mean age of the participants of the included
trials was 62.1 years.

We could not find any significant reduction in either death from any cause or death from heart disease when targeting intensive glycaemic
control compared with conventional control. Intensive glycaemic control, however, reduced the risk of amputation of a lower extremity
and of microvascular complications while increasing the risk of hypoglycaemia. Targeting intensive glycaemic control did not appear
to change the risk of macrovascular complications as a composite outcome (an outcome consisting of several items with importance
to macrovascular complications), non-fatal stroke, cardiac revascularization (a procedure to reconstruct damaged heart blood vessels),
and peripheral revascularization. In trials exclusively dealing with glycaemic control in the usual care setting, a significant reduction in
non-fatal myocardial infarction, in favour of targeting intensive glycaemic control, was shown. However, more trials are needed before
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Intensive glycaemic control compared to conventional glycaemic control for type 2 diabetes mellitus

Patient or population: patients with type 2 diabetes mellitus
Settings:

Intervention: Intensive glycaemic control

Comparison: conventional glycaemic control

Outcomes lllustrative comparative risks* (95% Cl) Relative effect No of Participants Quality of the evidence
(95% ClI) (studies) (GRADE)

Assumed risk Corresponding risk

conventional glycaemic Intensive glycaemic

Comments

control control
All-cause mortality 88 per 1000 89 per 1000 RR 1.01 29731 SEP0O
Follow-up: median 23.1 (7910 99) (0.9t0 1.13) (18 studies) moderate!
months
Cardiovascular mortal- 45 per 1000 48 per 1000 RR 1.06 29731 ODBO
ity (40 to 57) (0.910 1.26) (18 studies) moderate?
Follow-up: median 23.1
months
Non-fatal myocardial in- 48 per 1000 42 per 1000 RR 0.87 29174 DOBO
farction (36 to 48) (0.76 t0 1.00) (12 studies) moderate?
Follow-up: median 51
months
Non-fatal stroke 29 per 1000 28 per 1000 RR 0.96 28760 SEP0O
Follow-up: median 3.5 (23 to 34) (0.8t0 1.16) (11 studies) moderate*

years


http://www.thecochranelibrary.com/view/0/SummaryFindings.html
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Amputation of lower ex- 20 per 1000 13 per 1000 RR 0.64 6960 P00
tremity (9to 19) (0.43 t0 0.95) (8 studies) low®
Follow-up: median 7.8

years

End-stage renal disease 16 per 1000 14 per 1000 RR 0.87 28075 SIELe)
Follow-up: median 10.0 (110 17) (0.71 to 1.06) (7 studies) moderate®
years

Severe hypoglycaemia 30 per 1000 61 per 1000 RR 2.05 28127 CODD
Follow-up: median 2.9 (4210 91) (1.39 10 3.02) (12 studies) high”

years

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the

assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

! Trial sequential analyses showed that more data are needed.
2 Trial sequential analysis showed that more data are needed.
3 Trial sequential analysis showed that more data are needed.
4 A relatively few number of non-fatal strokes was provided.

> Only a few number of amputations are reported. Most of the events reported are from UKPDS.

¢ Only a few number of events reported.

7 Heterogeneity was considerable. The definition of severe hypoglycaemia differed between trials. Besides, the reporting of severe
hypoglycaemia is very prone to bias because of non-blinded participants. The potential bias is unlikely to change the result.



BACKGROUND

Description of the condition

The prevalence of type 2 diabetes mellitus (T2D) is increasing
world-wide (King 1998). Insulin resistance in peripheral tissues
and inadequate compensatory insulin secretion are essential ele-
ments in the pathogenesis of T2D. Reduced insulin secretion is
caused by a decrease in the B-cell mass, dysfunction of existing
B-cells, or both. A consequence of this is chronic hyperglycaemia
(elevated levels of plasma glucose) with disturbances of carbohy-
drate, fat, and protein metabolism (LeRoith 2002).

Chronic hyperglycaemia is strongly associated with microvascular
(for example nephropathy, retinopathy, and neuropathy) as well as
macrovascular complications (for example ischaemic heart disease,
stroke, and ischaemia of the lower extremities). The mortality
rate is increased among patients with T2D compared to the non-
diabetic population. The main cause of the increased mortality
is macrovascular disease (Almdal 2004; de Marco 1999; Stamler
1993).

For a detailed overview of diabetes mellitus, please see *additional
information’ in the information on the Metabolic and Endocrine
Disorders Group in The Cochrane Library (see’About’,’Cochrane
Review Groups’). For an explanation of methodological terms see
the main glossary in The Cochrane Library.

Description of the intervention

Since the discovery of insulin for the treatment of diabetes mel-
litus, the primary immediate goal in the treatment of diabetes
mellitus has been to normalise or near normalise blood glucose
(Bliss 2005). T2D is a progressive disease with S-cell function de-
teriorating over time (UKPDS-33 1998). Therefore, the glucose-
lowering treatment must be intensified over that time in order
to achieve near normal glycaemia. All T2D patients are initially
advised to follow ’lifestyle’ interventions including weight loss
and increased physical activity (AACE/ACE Consensus Statement
2009; Nathan 2009). However, in order to maintain optimal gly-
caemic control over time the large majority of T2D patients will
require additional glucose-lowering pharmacological therapy. The
most commonly used first-line glucose-lowering medications are
oral glucose-lowering drugs, primarily metformin (which increases
insulin sensitivity). Insulin secretagogues (sulphonylureas, glin-
ides, or incretin-based therapies) that stimulate insulin secretion
are also recommended and used among first-line therapy options
(AACE/ACE Consensus Statement 2009; Nathan 2009). In ad-
dition to lowering blood-glucose, sulphonylureas or glinides of-
ten increase the risk of hypoglycaemia and promote weight gain
whereas metformin or incretin-based therapies appear to have ei-
ther neutral or beneficial effects (for example weight loss) when
given as monotherapy (AACE/ACE Consensus Statement 2009;
Nathan 2009).

If lifestyle changes and maximum tolerated doses of oral glucose-
lowering drugs that are given as monotherapy fail to achieve the
glycaemic goal, other glucose-lowering drugs may be added. In the
case of suboptimal glycaemic control using oral glucose-lowering
drugs, insulin treatment can be initiated. In contrast to other glu-
cose-lowering medications, there is theoretically no upper limit to
the dose of insulin, above which further glucose-lowering will be
absent. Hence insulin can be used at all stages of the disease.

At present, the evidence forming the basis for the recommenda-
tions set out in the current guidelines for treating T2D mostly
consists of the documented ability of the various interventions to
reduce blood glucose, as well as data on adverse effects such as
weight gain or hypoglycaemia. Only a few clinical trials have re-
ported patient-relevant clinical outcomes, and the effects of the
anti-diabetic interventions are therefore not well established and
to some extent even contradictory. For example, there has been
great concern about the cardiovascular risk profile of rosiglitazone.
The concerns resulted in a recent withdrawal of all rosiglitazone-
containing anti-diabetic medicines by the European Medicines
Agency (EMA 2010). The US Food and Drug Administration
(FDA) also re-evaluated the use of rosiglitazone but decided to
keep rosiglitazone on the market and place more restrictions on its
manufacturer (Cohen 2010). Otherwise, there is no compelling
evidence demonstrating clear beneficial or harmful effects on mor-
tality or diabetic complications of other currently available glu-
cose-lowering drugs (Nathan 2009).

The question of whether lowering or intending to lower blood
glucose per se in patients with T2D is beneficial with respect to
several patient-relevant outcomes, for example mortality and car-
diovascular disease, remains unanswered. In patients with type 1
diabetes mellitus, a beneficial effect of intensive glycaemic con-
trol on cardiovascular disease and mortality has been suggested
(DCCT/EDIC 2005). In persons with T2D, observational stud-
ies suggest that hyperglycaemia is associated with an increased risk
of cardiovascular disease and mortality (UKPDS-35 2000), and
a 10-year follow-up from the UK Prospective Diabetes Study’
(UKPDS) suggested long-term beneficial effects of intensive glu-
cose control on cardiovascular disease and mortality (UKPDS-80
2008). However, in patients with T2D, three recent randomised
clinical trials have not been able to detect (or reject) reduced car-
diovascular morbidity or mortality as a result of intensive gly-
caemic control when compared with conventional glycaemic con-
trol (ACCORD 2008; ADVANCE 2008; VADT 2009). In fact,
the ’Action to Control Cardiovascular Risk in Diabetes (AC-
CORD) trial showed increased mortality in the group allocated
intensive glycaemic control compared with the conventional gly-
caemic control group. Such an adverse effect was not observed in
the ’Action in Diabetes and Vascular Disease: Preterax and Di-
amicron Modified Release Controlled Evaluation’” (ADVANCE)
trial or the "Veterans Affairs Diabetes Trial’ (VADT) despite very
similar achieved levels of glycaemic control, about 6.5% to 7.0%,
in all three trials. The cause of the increased mortality in the AC-
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CORD trial has not been clarified but factors such as baseline
glycaemic level, neuropathy, and aspirin use were shown to signif-
icantly influence the effect on mortality when targeting intensive
glycaemic control. In contrast, factors such as diabetes duration,
age, hypoglycaemia, pre-existing cardiovascular disease, and drug
interactions have been suggested but they have not been shown to
be of importance (Calles-Escandon 2010).

The trials used different glycaemic targets and glucose-lowering
strategies to achieve these targets. Hence, the definition of inten-
sive and conventional glycaemic control varied between trials. The
ACCORD trial and VADT used a target glycosylated haemoglo-
bin Alc (HbA1lc) for intensive glycaemic control of below 6.0%,
compared to a target of below 6.5% in the ADVANCE trial. The
definition of conventional glycaemic control was expressed as a
target HbAlc of 7% to 8% in all except the ADVANCE trial,
which refereed to local guidelines (Table 1). The results from these
trials have created a debate about the optimal choice of glycaemic
target. At present (February 2011), the American Diabetes Asso-
ciation (ADA) recommends an HbA1c level of less than 7.0% as
the standard glycaemic treatment goal, whereas the International
Diabetes Federation (IDF) recommends an HbAlc level of less
than 6.5% (ADA 2010; IDF 2005; Nathan 2009).

In relation to prevention of microvascular complications in T2D
patients, maintenance of tight blood glucose control was identified
to exhibit a beneficial effect on diabetes-related microvascular com-
plications in both randomised clinical trials and in observational
studies (ADVANCE 2008; Ohkubo 1995; UKPDS-33 1998;
UKPDS-35 2000). However, among the trials there are inconsis-
tencies with respect to which type of microvascular complications
that are prevented by intensive glycaemic control. For example, in
the UKPDS trial the reduction in microvascular events was pri-
marily due to the observed reduction in retinopathy, whereas in
the ADVANCE trial it was due to a reduction in nephropathy and
in the Kumamoto trial it was both.

Some trials investigate the effects of intensive glycaemic control
combined with intensive control of other risk factors by using a so-
called multimodal approach. These trials have, for example, inves-
tigated concomitant allocation to intensive treatments for blood
pressure, lipids, and blood glucose in the same treatment arm. In
such trials, therefore, it is not possible to estimate the effects of
each treatment component (see for example, Steno-2 2008). Other
trials applied a so-called factorial design by investigating the effect
of targeting several cardiovascular risk factors within each treat-
ment arm in the same trial. With the applied stratification in those
studies the influence of each risk factor could be estimated (for
example, ACCORD 2008). The investigators of the ACCORD
trial recently published the results from the blood pressure-control
arm and the lipid-control arm. The blood pressure trial randomly
assigned participants from the ACCORD trial to targeted inten-
sive blood pressure control (systolic pressure less than 120 mm
Hg) versus conventional blood pressure control (systolic pressure
less than 140 mm Hg). Intensive blood pressure control did not

however reduce the risk of the composite macrovascular outcome
(non-fatal myocardial infarction, non-fatal stroke, or cardiovas-
cular death) compared with conventional blood pressure control.
The lipid arm of the ACCORD trial investigated the effect of
simvastatin in combination with fenofibrate treatment compared
with simvastatin monotherapy. The conclusion of this treatment
arm was that the lipid treatment did not influence the risk of car-
diovascular events (ACCORD 2008).

Hence, as primarily suggested by the ACCORD trial, uncertainty
remains about the putative beneficial effect of reducing blood glu-
cose compared with the potential risks in T2D patients. In partic-
ular, there have been major concerns regarding the extent to which
intensive glycaemic control may increase the risk of cardiovascular
disease and mortality, which has not yet been clarified. Although
there is general agreement that intensive glycaemic control reduces
the risk of microvascular disease, there are inconsistencies among
trials with respect to which types of microvascular disease are re-
duced. Also, guidelines differ with respect to the recommended
optimal glycaemic level for patients with T2D.

Adverse effects of the intervention

The incidence of adverse effects appears to increase when more
aggressive metabolic targets for glycosylated haemoglobin Alc
(HbAlc) are applied (especially with the addition of insulin)
(ACCORD 2008; ADVANCE 2008; UKPDS-33 1998). Further-
more, experimental and observational studies have suggested that
hyperinsulinaemia, for example caused by supraphysiologic doses
of exogenous insulin, may lead to increased atherosclerosis (Muis
2005). However, a larger number of glucose-lowering drugs, or
larger doses of these drugs, are usually required to achieve more
intensive glucose targets. This makes the distinction between the
beneficial and harmful effects of the anti-diabetic drugs and of
lowering glucose difficult.

The most common adverse reaction to glucose-lowering treatment
is hypoglycaemia. The symptoms of mild episodes of hypogly-
caemia are often well tolerated by patients, such as hunger, palpi-
tations, tremor, and sweating. Mild hypoglycaemia often precedes
severe hypoglycaemia, which can result in more serious symptoms
such as confusion, coma, or even death (ADA Workgroup on
Hypoglycemia 2005). A recent publication of the ACCORD trial
found a link between symptomatic severe hypoglycaemia and in-
creased risk of death (Bonds 2010); the ADVANCE trial did not
find any relationship between repeated episodes of severe hypo-
glycaemia and death (Zoungas 2010). In addition, a cohort study
has suggested an association between a history of severe hypogly-
caemia and the risk of dementia among older patients with T2D
(Whitmer 2009). Moreover, the different classes of anti-diabetic
interventions have specific adverse reactions, for example gastro-
intestinal disturbances with metformin (Saenz 2005); weight gain,
oedema, bone fractures, and heart failure with glitazones (Richter
2006; Richter 2007). Weight gain and injection site reactions are
among the common adverse effects of insulin (Horvath 2007).
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There has also been some concern about a potential increased risk
of cancer in patients treated with insulin glargine compared with
treatment with other types of insulin. Two recent cohort stud-
ies showed an increased risk of cancer-related death and all-cause
mortality, whereas two other cohort studies could not find such a
relationship (Currie 2009; Hemkens 2009; Jonasson 2009; SDRN
2009). The hypothesis that intensive glycaemic control could in-
crease the risk of cancer compared with conventional glycaemic
control in patients with T2D was not supported in a recent meta-
analysis (Johnson 2011). However, in order to analyse whether in-
tensive glycaemic control affects the risk of cancer in an unbiased
way, a review should not exclude patients with type 1 diabetes
mellitus. That is why this outcome has been excluded from this
review.

Why it is important to do this review

It is still unknown if intensive glycaemic control is superior to con-
ventional glycaemic control for reducing mortality and cardiovas-
cular disease in patients with T2D. The dramatic increase in the
number of T2D patients places serious demands on healthcare ser-
vices. Cardiovascular disease is the main cause of the higher mor-
tality in T2D patients. It is therefore relevant to clarify whether
intervention regimens that target reduced blood glucose actually
improve important patient outcomes such as mortality and car-
diovascular disease. A previous meta-analysis, in 2006, suggested
that improvement of glycaemic control may reduce macrovascular
disease in T2D patients primarily due to a reduction in stroke and
peripheral vascular events (Stettler 2006). Since the latter review,
large-scale trials have been conducted comparing intensive versus
conventional glycaemic control (that is ACCORD, ADVANCE,
and VADT). Two recent meta-analyses among others based on
the three recent trials have found that intensive glycaemic con-
trol in T2D patients led to a significant reduction in the inci-
dence of myocardial infarction, whereas the incidence of stroke
and cardiovascular mortality were not affected (Mannucci 2009;
Ray 2009). These meta-analyses exclusively included trials that
were published in English, with cardiovascular events as the pri-
mary outcome and with glycaemic control measured as HbAlc
(Mannucci 2009; Ray 2009). Mannucci et al performed a meta-
analysis of data from non-fatal and fatal myocardial infarction to-
gether, whereas Ray et al reported non-fatal myocardial infarction
separately. Importantly, these meta-analyses included trials based
on the achieved (that is, follow-up) rather than the target (that is,
randomly allocated) differences in glycaemic control. Thus, trials
without predefined differences in the targets of glycaemic con-
trol were included. For example, head-to-head anti-diabetic drug
comparisons with a similar target of HbAlc of below 6.5% in
both intervention groups were included, such as the PROspective
pioglitAzone Clinical Trial In macroVascular Events’ (PROactive)
trial of add-on pioglitazone versus placebo (PROactive 2005). This
chosen strategy of selection is potentially problematic since, in a

clinical trial, the target and the achieved glycaemic levels represent
different variables. The achieved glycaemic levels and the clinical
outcomes are net results (that is, outcomes) of effects operating at
baseline and during follow-up but they do not necessarily impact
on each other. In contrast, the different glycaemic targets, as part
of the randomised treatment regimen, by potentially causing dif-
ferent changes to be made during the trial in the glucose-lowering
treatments in each treatment arm impact on the outcomes whether
as clinical outcomes or as achieved glycaemic levels. Thus, trial
participants will always have an achieved glycaemic level but they
will only have a target level if this has been predefined. This target
level may either be similar or different between the treatment arms.
In other words, in a clinical trial it is probably not possible to ran-
domise participants to an achieved glycaemic level; for example,
in daily life it is unlikely that all participants can be kept to a given
blood glucose concentration. Hence, to some extent, achieved gly-
caemic levels represent observational data and preclude inferences
about causality with respect to their influence on other outcomes.
In contrast, target levels, as part of the randomised treatment strat-
egy, can support inferences about causality. Therefore, to most op-
timally address the clinical effect of aiming for intensive glycaemic
control, which probably is the relevant question to address for the
treatment guidelines as well as for the clinician, it is necessary to
meta-analyse trials primarily based upon predefined differences in
glycaemic targets.

Two other recent meta-analyses, by Kelly et al (Kelly 2009) and
Turnbull et al (Turnbull 2009), included only randomised clinical
trials with predefined differences in glycaemic target and with car-
diovascular disease as the primary outcome. Moreover, both meta-
analyses set a lower limit for the number of included patients in the
included randomised clinical trials and the meta-analysis by Turn-
bull and colleagues did not include the intensively treated group,
with metformin therapy, from the UKPDS. Further, none of the
reviews until now have explored the required information size (the
cumulative meta-analysis sample size) to detect or reject specific,
clinically relevant intervention effects (Higgins 2010; Wetterslev
2008; Wetterslev 2009).

In summary, there are still uncertainties concerning the optimal
therapy for T2D, for example the HbAlc target level. The risk
of reducing blood glucose in T2D patients may be influenced by
different factors, for example diabetes duration, age, and previ-
ously cardiovascular disease. Therefore, the balance of benefits and
harms of tight glycaemic control are still unknown and need to
be explored. The present systematic review focuses on one of the
most important and, as yet, unsolved issues among the clinical
questions, that is the clinical effect of targeting intensive glycaemic
control per se in T2D patients. In contrast, in this review the effect
of achieved glycaemic levels or of specific glycaemic targets is of
no interest.
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OBJECTIVES

To assess the effects of targeted intensive glycaemic control com-
pared with targeted conventional glycaemic control in patients

with T2D.

METHODS

Criteria for considering studies for this review

Types of studies

All randomised clinical trials of any design comparing targeted
intensive glycaemic control with targeted conventional glycaemic
control in patients with T2D. Published and unpublished trials in
all languages were included.

Types of participants

Adults aged 18 years and above with T2D were included. The
diagnosis of T2D should have been established at randomisation
into the trial using standard criteria (for example, ADA 1997;
ADA 1999; ADA 2003; ADA 2008; NDDG 1979; WHO 1980;
WHO 1985; WHO 1998). Ideally, diagnostic criteria should have
been described. If necessary, the authors’ definition of T2D was
used.

Types of interventions

All included trials should have, prior to patient allocation, prede-
fined in the protocol the different glycaemic targets for intensive
and conventional glycaemic control. Intensive treatment regimens
are usually directed towards an average glycaemic target with a gly-
cosylated haemoglobin Alc (HbAlc) level of, for example, 7.0%
(measured according to the 'Diabetes Control and Complications
Trial’ (DCCT) standard) or less compared with a conventional
treatment regimen, irrespective of which glucose-lowering inter-
ventions are used to obtain the intervention targets. Trials using
HbAIc equivalents (for example, total glycosylated haemoglobin)
to compare predefined intensive versus conventional glycaemic
treatment were included as well. Furthermore, if no HbAlc (or
equivalent) target levels were predefined, trials targeting metabolic
control as measured by fasting blood or plasma glucose (usually di-
rected towards 8 mmol/L or less) or postprandial blood or plasma
glucose (usually directed towards 11 mmol/L or less) also fulfilled
the criteria for inclusion. Trials with a prespecified glycaemic target
in the intensive group only were also included. However, as out-
lined, studies with different target levels in fasting or postprandial
blood or plasma glucose but with similar HbAlc (or equivalent)
target levels between interventions, or no specified target levels,
did not fulfil the criterion for inclusion.

Types of outcome measures

Primary outcomes

o All-cause mortality
e Cardiovascular mortality (death from myocardial
infarction, stroke, and peripheral vascular disease)

Secondary outcomes

e Macrovascular complications (non-fatal myocardial
infarction, non-fatal ischaemic stroke, non-fatal haemorraghic
stroke, amputation of lower extremity, and cardiac or peripheral
revascularization).

e Microvascular complications (manifestation and
progression of nephropathy, end-stage renal disease,
manifestation and progression of retinopathy, and retinal
photocoagulation).

e Adverse events (number of patients with any untoward
medical occurrence not necessarily having a causal relationship
with the treatment). We reported adverse events that lead to
treatment discontinuation separately. We defined serious adverse
events according to the International Conference on
Harmonisation (ICH) Guidelines as any event that leads to
death, that was life-threatening, required in-patient
hospitalisation or prolongation of existing hospitalisation,
resulted in persistent or significant disability, and any important
medical event which may have had jeopardised the patient or
required intervention to prevent it (ICH 1997). All other adverse
events were considered to be non-serious.

e Congestive heart failure.

e Hypoglycaemia, definitions may be heterogeneous between
trials. Hypoglycemia was defined as mild (controlled by patient),
moderate (daily activities interrupted but self-managed), or
severe (requiring assistance).

e Health-related quality of life measured with validated
instruments.

o Cost(s) of treatment.

Macrovascular and microvascular outcomes were both assessed as

a composite outcome and as each outcome separately.

Timing of outcome measurement

All outcome measures were assessed independently of the timing
of the outcome measurements. The trials were divided according
to their intervention periods into short (less than two years) and
long (equal or greater than two years) duration.

Covariates, effect modifiers and confounders

Trials assessing multimodal treatment together with intensive gly-
caemic control were included in the analyses. It was planned that
if the results of the interaction analyses between the interventions
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with respect to the clinical outcomes were not available in the pub-
lications from these trials, the authors of the trials would be con-
tacted to provide this information. These data would have been
taken into account in the interpretation of the results of the meta-
analyses. Furthermore, it was planned that the presence of any such
significant interactions would be subjected to sensitivity analysis
(see ’Sensitivity analysis’). None of the trials assessing multimodal
treatment were designed to assess the interactions between the in-

terventions used.

Search methods for identification of studies

Electronic searches

The following sources were searched to identify relevant trials:

o The Cochrane Library (Issue 4, 2010);

e MEDLINE (8 December 2010);

o EMBASE (8 December 2010);

e Science Citation Index Expanded (8 December 2010);

e Latin American Caribbean Health Sciences Literature
(LILACS) (8 December 2010);

e Cumulative Index to Nursing & Allied Health Literature
(CINAHL) (8 December 2010).

We intended to search 'The Chinese Biomedical Literature
Database’, but we did not get any response to our request from
the Chinese Cochrane Centre.
The overall search strategy combined searches for T2D and for
intensive versus conventional glycaemic control with searches for
randomised controlled trials. The search strategies are listed in full
in Appendix 1.
We searched for ongoing trials using the following databases:

e Current Controlled Trials (www.controlled-trials.com/)
(assessed January 2011);

e ClinicalTrials.gov (www.clinicaltrials.gov/) (assessed
January 2011);

e Centre Watch Clinical Trials Listing Service
(www.centerwatch.com/) (assessed January 2011);

e International Clinical Trials Registry Platform Search Portal
(www.who.int/trialsearch/) (assessed January 2011).

Searching other resources

In addition, we handsearched abstracts from major diabetes con-
ferences (American Diabetes Association (ADA), European Asso-
ciation for the Study of Diabetes (EASD)). We contacted relevant
pharmaceutical companies and the US Food and Drug Adminis-
tration (FDA) for unpublished clinical trial data relevant to the
review. We tried to identify additional trials by searching the ref-
erence lists of included trials and (systematic) reviews, meta-anal-
yses, and health technology assessment reports.

Data extractions of all relevant non-English articles were obtained.

Additional key words of relevance were not identified during any
of the electronic or other searches. It was not necessary to add
additional key words.

Data collection and analysis

Selection of studies

Publications were excluded and full-text articles not retrieved if
two of the authors (BH and AV, CG, CH, SL, TA) could determine
with certainty from the titles and abstracts identified in the initial
search that the trial was: performed in patients with type 1 diabetes
mellitus, was not a randomised clinical trial, or did not compare
targeted intensive glycaemic control versus targeted conventional
glycaemic control. If we could not exclude a publication with
certainty on the basis of the title, abstract, or both, the full text
of the article was obtained. In cases of differences in opinion, JW
was consulted.

Full-text articles were also retrieved if the study clearly fulfilled
the inclusion criteria: (i) compared targeted intensive glycaemic
control with targeted conventional glycaemic control; (ii) included
patients with T2D; and (iii) was a randomised clinical trial. Inter-
rater agreement for study selection was measured using the kappa
statistic (Cohen 1960).

In some cases it was not possible to resolve disagreements without
additional information and the authors of the articles were con-
tacted.

A flow diagram of the number of studies identified and excluded at
each stage was prepared in accordance with the "Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses’ (PRISMA)
statement (Liberati 2009).

Data extraction and management

Two authors (BH and CH or TA) independently extracted infor-
mation on each trial using standard data extraction forms. The
forms included data concerning trial design, participants, inter-
ventions, and outcomes as detailed in the selection criteria de-
scribed above. For details see: ’Characteristics of included studies’,
’Glycaemic control in trials’ (Table 1), ’Overview of study popu-
lations’ (Table 2), ’Interventions in trials’ (Appendix 2), ’Cardio-
vascular risk factors and body mass index at the end of follow-
up’ (Appendix 3), 'Definition of mortality and cardiovascular out-
comes in study or as reported’ (Appendix 4), 'Definition of mi-
crovascular outcomes in study or as reported’ (Appendix 5), and
"Definition of hypoglycaemia in study or as reported’ (Appendix
6). Any relevant, missing information was sought from the original
author(s) of the article. Differences between authors were resolved
by discussion and involvement of a third author.
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Assessment of risk of bias in included studies

Methodological quality was defined as the confidence that the de-
sign and the report of the randomised clinical trial restricted bias
in the comparison of the intervention (Moher 1998). According
to empirical evidence, the methodological quality of the trials was
based on sequence generation; allocation concealment; blinding
(participants, personnel, and outcome assessors); incomplete out-
come data; selective outcome reporting; and other sources of bias
(Gluud 2006; Higgins 2008; Kjaergard 2001; Moher 1998; Schulz
1995; Wood 2008).

Two authors (BH and CH or TA) independently assessed the risk
of bias in each trial by means of the Cochrane Collaboration’s
risk of bias tool. Any differences in opinion were resolved through
discussion with JW. The identified trials published in Russian and
Chinese were judged for risk of bias by the data extractor, who
also evaluated the trials.

Risk of bias components were classified as follows.

Sequence generation

e Low risk of bias, if the allocation sequence was generated by
a computer, a random number table, or similar.

e Uncertain risk of bias, if the trial was described as
randomised but the method used for the allocation sequence
generation was not described.

e High risk of bias, if a system involving dates, names, or
admittance number was used for the allocation of patients
(quasi-randomised). Such trials were not found, but would have
been excluded.

Allocation concealment

e Low risk of bias, if the allocation of participants involved a
central independent unit; on-site locked computer; or
consecutively numbered, sealed envelopes.

e Uncertain risk of bias, if the trial was described as
randomised but the method used to conceal the allocation was
not described.

e High risk of bias, if the allocation sequence was known to
the investigators who assigned participants or if the study was
quasi-randomised. Such trials were not found but would have
been excluded.

Blinding
It was not possible to blind the healthcare provider and the pa-
tients in the treatment groups. Blinding was therefore considered
adequate if the outcome assessors were blinded, although we were
aware of the fact that such trials may be subject to bias.

o Low risk of bias, if the outcome assessors were blinded and
the method of blinding was described.

e Uncertain risk of bias, if the outcome assessors were blinded
and the method of blinding was not described.

e High risk of bias, if the outcome assessors were not blinded.

Incomplete data outcomes

e Low risk of bias, if any post randomisation drop-outs or
withdrawals, if they occurred, were clearly described and the
reasons for these drop-outs were described.

e Uncertain risk of bias, if it was not clear whether there were
any drop-outs or withdrawals or if the reasons for these drop-
outs were not clear.

e High risk of bias, if the reasons for missing data were likely
to be related to the outcomes: (1) ’as-treated’ analysis were
performed; (2) potentially inappropriate application of simple
imputation; (3) potential for patients with missing outcomes to
induce clinically relevant bias in effect estimate or effect size.

Selective outcome reporting

e Low risk of bias, if all the predefined (primary and
secondary) outcomes mentioned in the trial” s protocol or in the
design article were reported and the reporting had been done in
the prespecified way.

e Uncertain risk of bias, if there was insufficient information
to assess whether a risk of selective outcome reporting was
present.

e High risk of bias, if not all the prespecified outcomes were
reported, if the primary outcomes were changed, or if some of
the important outcomes were incompletely reported.

Sponsor bias

o Low risk of bias, if the trial was unfunded or was not
funded by an instrument, equipment, or drug manufacturer.

e Uncertain risk of bias, if the source of funding was not clear.

e High risk of bias, if the trial was funded by an instrument,
equipment, or drug manufacturer.

Academic bias

e Low risk of bias, if the author of the trial had not
conducted previous trials addressing the same interventions.

e Uncertain risk of bias, if it was not clear if the author had
conducted previous trials addressing the same interventions.

e High risk of bias, if the author of the trial had conducted

previous trials addressing the same interventions.

Besides investigating each bias domain, we also evaluated the over-
all risk of bias. When sequence generation, allocation conceal-
ment, and blinding criteria were judged to be adequate, the trial
was classified as a low risk of bias trial.

We planned to explore the influence of individual risk of bias
criteria in subgroup analyses.
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Measures of treatment effect

Dichotomous data

Data on dichotomous outcomes were statistically summarised as
relative risks (RR) with 95% confidence intervals (CI). The risk
difference (RD) and number needed to treat (NNT) were also

calculated.

Continuous data

Continuous outcomes were summarised as difference in means
(MD) with 95% CI, and an overall MD was calculated in the
meta-analysis. For studies addressing the same outcome but us-
ing different outcome measures (for example different scales mea-
suring quality of life) standardised mean differences (SMD) were

used.

Time-to-event data

Most trials recruit their participants over a defined recruitment
period and are followed up undil a fixed date, beyond the end of
recruitment. Therefore, the last recruited participants will be ob-
served for a shorter period than those recruited first and will there-
fore be less likely to experience an event. Time-to-event outcomes
(for example time until death) were planned to be expressed as
hazard ratios (HR) with 95% CI. The natural logarithm (In) of
the HR and its standard error (SE) were calculated. We preferred
the univariate HR, when available.

Dealing with missing data

Missing data were sought by contacting the trial authors. The im-
pact of any missing data was discussed. Evaluations of randomised
patients in intention-to-treat and available case analyses were per-
formed.

When using meta-analysis for combining results from several stud-
ies with binary outcomes (that is, event or no event) adverse effects
may be rare but serious and hence important (Sutton 2002). Most
meta-analytic software does not include trials with zero events in
both arms (intervention versus control) when calculating relative
risk (RR). Exempting these trials from the calculation of RR and
CI may lead to the overestimation of a treatment effect. In case of
trials with zero events in both arms, we applied a sensitivity anal-
ysis by empirical continuity corrections to these trials as proposed
by Sweeting et al (Keus 2009; Sweeting 2004).

Intention-to-treat analysis is recommended in order to minimise
bias in the analysis of the efficacy of randomised clinical trials.
It estimates pragmatically the benefit of a change in treatment
policy rather than the potential benefit in patients who receive
the treatment exactly as planned (Hollis 1999). Full application
of intention to treat is possible when complete outcome data are
available for all randomised participants. Despite the fact that

about half of all published reports of randomised clinical trials
state that intention-to-treat analysis is used, handling of deviations
from randomised allocation varies widely and many trials have
missing data on the primary outcome variable (Hollis 1999). The
methods used to deal with deviations from randomised allocation
are generally inadequate, potentially leading to bias (Hollis 1999).
Performing an intention-to-treat analysis in a systematic review is
not straightforward in practice since review authors must decide
how to handle missing outcome data in the contributing trials (
Gamble 2005). No consensus exists about how missing data should
be handled in intention-to-treat analysis, and different approaches
may be appropriate in different situations (Higgins 2008; Hollis
1999).

In the case of missing data, we planned to apply "complete-case
analysis’ for primary and secondary outcomes, which simply ex-
cludes all participants with the missing outcome from the analy-
sis, as well as "worst-best’” and "best-worst’ scenario analyses. We
applied *complete-case analysis’, and *worst-best’ and ’best-worst’
scenario analyses for the primary outcomes and for non-fatal my-
ocardial infarction only.

Dealing with duplicate publications

When more than one publication of an original trial was identified,
we assessed those articles together to maximise data collection.
In the case of substantial disagreements between older and newer

articles the authors were contacted.

Assessment of heterogeneity

A priori, the authors evaluated the clinical diversity of the included
trials. Heterogeneity was identified by visual inspection of the
forest plots and by using a standard Chi? test, with a significance
level of o = 0.1. Heterogeneity was specifically examined with
the 12 statistic. Values of 12 between 0% to 40% were graded as:
heterogeneity might not be important. An I? statistic between
30% to 60% was graded as representing moderate heterogeneity, 2
between 50% to 90% was graded as substantial heterogeneity, and
12 between 75% to 100% was graded as considerable heterogeneity
(Higgins 2008). When heterogeneity was found, we attempted to
determine potential reasons for it by examining individual trial
characteristics and the subgroup characteristics for the main body
of evidence.

Clinical heterogeneity was assessed by comparing the trials with
regard to different clinical variables: patient characteristics, dura-
tion of disease, glycaemic target, other targeted metabolic vari-
ables, and outcome. When significant clinical, methodological,
or statistical heterogeneity was found, we surveyed the individual
trials to determine potential reasons for it.

We used both a random-effects model (DerSimonian 1986) and
a fixed-effect model (DeMets 1987). In the case of discrepancy
between the two models, we reported both results. We originally
planned to report only the fixed-effect model however, due to
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substantial heterogeneity between the included trials, we decided
to report primarily the random-effects model.

Between-trial heterogeneity was explored by meta-regression, de-
pending on the available data. Therefore meta-regression was per-
formed to explore a possible association between the intervention
effects estimated in the trials and the following covariates that were
selected in the protocol: average fasting blood glucose at baseline,
average HbAlc at baseline, average duration of diabetes at base-
line, and duration of intervention. Meta-regression was performed
using the software Comprehensive Meta Analysis. The statistical
method for the meta-regressions was a random-effects meta-re-
gression analysis based on unrestricted maximum likelihood. All
log risk ratios were based on Mantel-Haenszel analyses.

Assessment of reporting biases

Funnel plots were drawn to provide visual assessment as to whether
treatment effects were associated with trial size. There are a num-
ber of reasons for the asymmetry of a funnel plot (for example,
methodological design of trials and publication bias) (Higgins
2008).

Data synthesis

The median reported in the included trials was assumed to ap-
proximate to the arithmetic mean. Data were summarised sta-
tistically if they were: available, of sufficient quality, and suffi-
ciently similar (clinical heterogeneity). Statistical analyses were
performed according to the statistical guidelines referenced in
the Cochrane Handbook for Systematic Reviews of Interventions

(Higgins 2008).

Trial sequential analysis

Trial sequential analysis is a methodology that combines an in-
formation size calculation (cumulated sample size to detect or re-
ject a certain relative intervention effect) for meta-analysis with
the threshold of statistical significance. It is a tool for quantify-
ing the statistical reliability of data in a cumulative meta-analysis,
adjusting significant values and confidence intervals for repetitive
and early testing on accumulating data. Trial sequential analysis
was conducted on the primary and the secondary outcomes (Brok
2008; Brok 2009; Pogue 1997; Pogue 1998; Thorlund 2009;
Wetterslev 2008). Meta-analysis may result in type I errors due to
systematic errors (bias) or random errors due to repeated or early
significance testing when updating meta-analysis with new trials
(Brok 2008; Brok 2009; Higgins 2010; Wetterslev 2008).

In a single trial, interim analysis increases the risk of type I errors.
To avoid type I errors, group sequential monitoring boundaries
are applied to decide whether a trial could be terminated early
because of a sufficiently small P value, that is the cumulative Z-
curve crosses the monitoring boundaries (Lan 1983). Sequential
monitoring boundaries can be applied to meta-analysis as well,

called trial sequential monitoring boundaries (Higgins 2010). In
trial sequential analysis, the addition of each trial in a cumulative
meta-analysis is regarded as an interim meta-analysis and helps to
clarify whether additional trials are needed (Wetterslev 2008).
The idea in trial sequential analysis is that if the cumulative Z-
curve crosses the boundary, a sufficient level of evidence is reached
and no further trials are needed. If the Z-curve does not cross the
boundary, then there is insufficient evidence to reach a conclu-
sion. To construct the trial sequential monitoring boundaries, the
required information size is needed and is calculated as the least
number of participants needed in a well-powered single trial (Brok
2008; Brok 2009; Pogue 1997; Pogue 1998; Wetterslev 2008).
We applied trial sequential analysis since it decreases the risk of
type I error due to sparse data and potential multiple updating in a
cumulative meta-analysis, and it provides us with important infor-
mation in order to estimate the level of evidence of the experimen-
tal intervention. Additionally, trial sequential analysis provides us
with important information regarding the need for additional tri-
als and the required information size.

We applied trial sequential monitoring boundaries according to
an information size suggested by the estimated intervention effect
and an information size based on an a priori effect corresponding
toa numbers needed to treat (NNT) or harm (NNH) of 50 to 100.
This may include a 10% to 30% relative risk reduction (RRR)
for benefit or harm using an overall type one error level of 5% (&
= 0.05) and a type two error level of 20% (£ = 0.20 or power =
80%).

We conducted trial sequential analysis on the primary outcomes.
Moreover, it was applied to all secondary outcomes that showed
significant effect estimates in both the random-effects and fixed-
effect model.

Subgroup analysis and investigation of heterogeneity

Subgroup analyses were planned if one of the primary outcome
measures demonstrated statistically significant differences between
intervention groups. In any other case, subgroup analyses were
planned as a hypothesis generating exercise. The following sub-
group analyses were planned:

o anti-diabetic intervention used to achieve glycaemic target
(drug classes compared to each other, the use of monotherapy
compared to combination therapy);

e glycosylated haemoglobin Alc (HbAlc) level less than
7.0% compared to HbAlc equal or greater than 7.0%;

o defined target in terms of HbAlc compared to non-HbAlc
target;

e cardiovascular disease at baseline;

e peripheral revascularization and retinal photocoagulation
(because the interventions depend on the local clinical practice);
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e age less than 65 years compared to age equal to or greater
than 65 years.

All outcomes were analysed in the subgroups according to the type
of intervention applied: trials exclusively dealing with glycaemic
control in the usual care setting, glycaemic control as a part of
an acute intervention, and multimodal intervention in a usual
care setting. Trials exclusively dealing with glycaemic control in
usual care were defined as those trials with random allocation to
targeting intensive versus conventional glycaemic control without
parallel (non-factorial) allocation to concomitant control of other
risk factors than blood glucose, such as blood pressure or lipids.
Factorial allocation to other regimens than glucose-lowering treat-
ment, such as blood pressure or lipid-lowering treatment, was al-
lowed in this group. Acute intervention should not be part of the
treatment protocol. Multimodal intervention in usual care settings
was defined as those trials with parallel (non-factorial) random
allocation to concomitant control of other risk factors than blood
glucose, such as blood pressure or lipids, where acute intervention
should not be part of the protocol. Acute intervention was defined
as those trials where intensive versus conventional glycaemic con-
trol was initiated as part of an acute intervention during hospital
admission for other reasons than control of diabetes, for exam-
ple in participants with acute myocardial infarction. There was
no requirement for the duration of the intervention in the acute
intervention group, that is longer-term trials with follow-up over
several years could be included. These three subgroups, according
to the type of intervention, were mutually exclusive.

The following subgroup analyses were performed for the primary
outcomes and non-fatal myocardial infarction.

e Comparing trials with low risk of bias regarding sequence
generation, allocation concealment, and blinding to trials with
high risk of bias regarding sequence generation, allocation
concealment, and blinding.

e Comparing trials with long study duration (> 2 years) to
the trials with short study duration (< 2 years).

e Comparing the trials using the filters: diagnostic criteria,
language of publication, source of funding (industry versus
other).

Tests of interaction were planned to determine the effect of a
subgroup on the intervention effect.

Heterogeneity examined by meta-regression

Meta-regression was conducted for the following covariates:
e average duration of diabetes at baseline;
e average fasting blood glucose at baseline;
e average HbAlc at baseline;
e average duration of the intervention.

Sensitivity analysis
We performed sensitivity analyses in order to explore the influence
of the following factors on effect size:

e repeating the analysis excluding the trials with longest
duration or the largest trial to establish how much they
influenced the results;

e repeating the analysis including trials with zero events in
the treatment groups with the trial sequential analysis program,
applying an empirical continuity correction of 0.01 for zero
events (Sweeting 2004);

e repeating the analysis excluding only those trials assessing
multimodal treatment with documented statistical interactions
between the interventions on the clinical outcomes;

e repeating the analysis excluding trials assessing acute effects
of glycaemic control (less than 48 hours);

e repeating the analysis excluding unpublished trials.

The sensitivity analysis “Repeating the analysis excluding only
those trials assessing multimodal treatment with documented sta-
tistical interactions between the interventions on the clinical out-
comes” was not possible as none of the trials assessing multimodal
treatment were designed to assess the interactions of the interven-
tions used.

The sensitivity analysis including trials with zero events in the
treatment groups with the trial sequential analysis program apply-
ing an empirical continuity correction was performed (Sweeting
2004).

The robustness of the results was tested by repeating the analysis
using different measures of effects size (relative risk, odds ratio,
etc.) and different statistical models (fixed-model and random-
effects models).

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies; Characteristics of ongoing studies.

Results of the search

The initial search of the databases identified 10,043 records, of
which 89 full papers were examined further. The other studies
were excluded on the basis of their titles and abstracts because
they clearly did not meet the inclusion criteria (Figure 1). After
screening the full text of the selected papers, 20 randomised trials
described in 62 publications met the inclusion criteria. Eighteen
trials were published in English, one in Russian (REMBO 2008),
and one in Chinese (Yang 2007).

Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus (Review) 13
Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Figure 1. Study flow diagram.
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Abstracts from the American Diabetes Association (ADA) and Eu-
ropean Association for the Study of Diabetes (EASD) conferences
did not provide information on additional trials. The same was the
case for making contact with relevant pharmaceutical companies
and the US Food and Drug Administration (FDA). One relevant
health-technology assessment report was found (AHRQ 2007).
Eleven meta-analyses comparing intensive glycaemic control ver-
sus conventional glycaemic control in T2D patients were also re-
trieved (Kelly 2009; Ma 2009; Mannucci 2009; Marso 2010; Ray
2009; Selvin 2004; Stettler 2006; Turnbull 2009; Wang 2009;
Wu 2010; Zhang 2010). Neither the health-technology assess-
ment report nor the meta-analyses provided references to any addi-
tional trials. All authors of the included trials were sent a reference
list and a request for information on additional trials, if possible.
One publication was provided by an author (Genell Knatterud).
Screening references of the University Group Diabetes Program
(UGDP) provided the design article for this trial, which was not
retrieved from the search (UGDDP 1975). The ACCORD provided
a comprehensive trial protocol, which they referred to in one of
the included trials (ACCORD 2008). Through Internet searches
for additional information on the included trials, the ADVANCE
trial provided information on a web page, from which information
about the sub studies were obtained.

Inter-rater agreement between the two trial selectors was 84%,
using the kappa statistic.

Searching websites for ongoing trials showed 10 trials with po-

tential relevance (ADDITION 2001; ADVANCE-ON; CABG

USCDP; Chen 2009; DARE; GLUCOSURGI; HFDM;
LIMBISCH; REMIT Pilot Trial; VADT-ES 2008). The trials will

be included when updating the review.

Missing data

We contacted all corresponding authors of the included trials for
further details. Extraction schemes were sent to all the authors
so that they could provide additional data or comment on the
retrieved data. Bagg, Bonds, Ryden, Hage, Kishawa, Stefanidis,
Service, Gaede and Petersen, and Abraira provided us with further
information (ACCORD 2008; Bagg 2001; DIGAMI 2 2005;
IDA 2009; Kumamoto 2000; Melidonis 2000; Service 1983;
Stefanidis 2003; Steno-2 2008; VA CSDM 1995; VADT 2009).
Our request might not have reached all authors because of changes
of contact information since the publication of the trial. Internet
searches were made on these authors in order to find updated
contact information. Additional information about the UKPDS
(UKPDS 1998) was obtained from other meta-analyses (Kelly
2009; Ray 2009; Turnbull 2009).

Dealing with duplicate publications

Several of the included trials consisted of more than one publica-
tion. In one of the included trials a discrepancy between two pub-
lications describing the same participants was observed (Becker
2003). We were unfortunately not able to obtain contact infor-
mation on the first authors of the duplicate articles. The article in
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the Netherlands Journal of Medicine (2003) described the details
of the study population reported on in Diabetes Care 1998. We
corresponded with two of the other authors who unfortunately
were not able to clarify the discrepancy between the publications
(see ’Characteristics of included studies’).

The UKPDS consists of several publications and we were in doubt
about the overlap between the conventional treatment groups in
UKPDS 33 and UKPDS 34 (UKPDS 1998). An author of both
articles (Rury Holman) confirmed a complete overlap between
the participants in the conventional treatment groups in UKPDS
33 and UKPDS 34. The intensively treated group receiving met-
formin in the UKPDS 34 was not a part of the intensively treated
group in the UKPDS 33. Thus, where possible, all intensively
treated patients from UKPDS were included whether allocated to
insulin, sulphonylurea, or metformin; as were the conventional
group from UKPDS 33. Data on the composite macrovascular
outcome in UKPDS were obtained from the meta-analysis by
Turnbull et al in which follow-up was truncated to five years and
only data from UKPDS 33 were reported (Turnbull 2009). It was
only possible to retrieve the reported number of retinopathies and
nephropathies from UKPDS 33, and not from UKPDS 34. All
other outcomes from UKPDS 33 and UKPDS 34 were reported
after 10 years of follow-up.

Included studies

We included data from 20 trials. All were randomised clinical trials
assessing the effect of intensive glycaemic control versus conven-
tional glycaemic control in patients with T2D. A total of 29,986
participants were included, of which 16,106 were randomised to
intensive glycaemic control and 13,880 were randomised to con-
ventional glycaemic control (Table 2). For full details please see
the table ’Characteristics of included studies’.

Trial designs

All 20 included trials were randomised clinical trials of which
three had a factorial design (ACCORD 2008; ADVANCE 2008;
UKPDS 1998). None of the included trials had a cross-over de-
sign. The ACCORD and UKPDS used a partly factorial design
since only a proportion of the patients were also randomised to
other treatment arms besides the glucose control arm: blood pres-
sure control, ACCORD (46% of participants) and UKPDS (27%
of participants); and lipid-lowering, ACCORD (54% of partic-
ipants) (ACCORD 2008; UKPDS 1998). In contrast, the AD-
VANCE trial randomised all patients to a glucose control arm as
well as a blood pressure control arm (ADVANCE 2008). The tests
for interaction between the allocation in the glucose trial and that
in the blood pressure or lipid trials on the primary outcome in the
ACCORD trial did not reach statistical significance (P = 0.08 for
blood pressure, and P = 0.36 for lipids) (ACCORD 2008). In the
ADVANCE trial, again no significant interaction was observed

on the primary outcomes with allocation to the glucose and the
blood pressure trials (P > 0.50) (ADVANCE 2008). Interaction
tests for allocation to glucose control and blood pressure control
have not been reported from the UKPDS (UKPDS 1998). Thus,
in the ACCORD and ADVANCE trials the effects on the primary
outcome of either of the randomised interventions should be in-
dependent of each other. There are no statistical data to support
this conclusion from UKPDS.

As part of the glucose control arms, the ADVANCE and UKPDS
included concomitant randomisation to specific glucose-lower-
ing drugs in the intensively treated groups. Besides the target of
glycosylated haemoglobin Alc (HbAlc) below 6.5% in the AD-
VANCE trial and 7.0% in the REMBO (Rational Effective Mul-
ticomponent Therapy in the Struggle Against DiaBetes Melli-
tus in Patients With COngestve Heart Failure) trial, all partici-
pants in the intensively treated group received modified release
gliclazide (ADVANCE 2008; REMBO 2008). In the UKPDS,
besides the target of fasting plasma glucose below 6.0 mmol/L,
all intensively treated patients received dietary advice and they
were randomly allocated to receive either insulin, sulphonylurea
or metformin, whereas all conventionally treated patients, besides
the target of fasting plasma glucose below 15 mmol/L and who
were without symptoms of hyperglycaemia, only received dietary
advice (UKPDS 1998). In three trials the participants were ran-
domised into intensive multimodal treatment of various risk fac-
tors, including differences in glycaemic treatment target values
(Guo 2008; Steno-2 2008; Yang 2007). Two trials had more than
two intervention groups. We only extracted data from two inter-
vention groups in these trials (DIGAMI 2 2005; UGDP 1975).
In both trials we extracted the data from the most intensive treat-
ment group and from the conventional treatment group. The 'Di-
abetes and Insulin-Glucose Infusion in Acute Myocardial Infarc-
tion’ (DIGAMI) 2 trial had three intervention groups. We have
used the data for group 1 as targeting intensive glycaemic control
and group 3 as targeting conventional glycaemic control. All other
concomitant interventions were identical for the groups (DIGAMI
22005). The "University Group Diabetes Program’ (UGDP) ran-
domised the participants to five different therapeutic regimens:
insulin variable, insulin standard, tolbutamide, phenformin, or
placebo. We chose to report the insulin variable (IVAR) group
as the intensive group and insulin standard (ISTD) group as the
conventional group (UGDP 1975).

The included trials were mainly conducted in Northern America
and Europe. The number of study centres ranged from 1 to 215.
Three trials were multinational (ACCORD 2008; ADVANCE
2008; DIGAMI 2 2005).

The mean duration of the intervention period varied from three
days (Stefanidis 2003) to 12.5 years (UGDP 1975). Three of the
included trials reported a longer follow-up period than the inter-
vention period (ACCORD 2008; Steno-2 2008; UKPDS 1998).
For the Steno-2 trial, we have reported the outcomes to the longest
follow-up time because the follow-up was complete for all par-
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ticipants (Steno-2 2008). We did not include the results of the
longest follow-up for the UKPDS because a relatively small pro-
portion of the randomised participants were included in the fol-
low-up analyses (UKPDS-80 2008). The microvascular compli-
cations reported from the ACCORD trial were from the longest
follow-up, that is 1.5 years after termination of the glucose arm of
the trial (ACCORD 2008). The Kumamoto trial had planned an
intervention duration of six years (Kumamoto 2000). Only two of
the included 110 participants changed their glycaemic interven-
tion regimen after the predefined intervention period and the trial
continued through the initiative of the participants. Because only
two participants changed therapy, we reported all data except for
mild hypoglycaemia (data not available) after 10 years of follow-
up (Kumamoto 2000).

Trial participants

Four trials did not describe how the T2D diagnosis was established
(ADVANCE 2008; Jaber 1996; Lu 2010; REMBO 2008). In the
UGDP trial, T2D diagnosis was based on the sum of four glucose
values from a glucose tolerance test. As a result of this definition,
participants with impaired glucose tolerance were included in the
trial (UGDP 1975). According to the diagnostic criteria of T2D
established in 1989 by ADA and the World Health Organization
(WHO), three participants in each of the intervention groups in-
cluded in our analysis would have been diagnosed as having normal
glucose levels. Thirty-one participants in the conventional treat-
ment and 28 participants in the intensive treatment group fulfilled
the criteria for impaired glucose tolerance. The main criterion for
diagnosis in the UKPDS was based on two fasting glucose values
(UKPDS 1998). This definition of T2D was less stringent than
the WHO criteria (WHO 1985). All participants in the UGDP
and UKPDS had a dietary run-in period of four weeks and three
months, respectively. In the UGDD, participants who developed
symptomatic hyperglycaemic were excluded. In the UKPDS, the
participants with fasting blood glucose of 6.1 to 15.0 mmol/L af-
ter three months on a diet were randomised to UKPDS 33 and
UKPDS 34. In the VADT trial, 127 participants failed to reach
the diagnostic C-peptide level (VADT 2009).

The mean age of the participants of the included trials was 62.1
years (varying from 49.1 years to 68.2 years) (DIGAMI 2 2005;
Guo 2008).

The duration of T2D at entry into the trials ranged between newly
diagnosed to a mean disease duration of 15 years (Stefanidis 2003).
Established T2D diagnosis within one year before entry into the
trial was an inclusion criterion in four trials (Guo 2008; UGDP
1975; UKPDS 1998; Yang 2007). The risk profile with respect to
cardiovascular disease among the trial participants was very differ-
ent at entry in the included trials. Five trials had as an inclusion
criterion for ongoing cardiovascular disease (DIGAMI 2 2005;
IDA 2009; Melidonis 2000; REMBO 2008; Stefanidis 2003).
In the REMBO trial all participants had congestive heart failure

(REMBO 2008). Three trials had as a part of the inclusion crite-
ria high risk of cardiovascular disease (besides T2D) (ACCORD
2008; ADVANCE 2008; Steno-2 2008). The Steno-2 and Lu et al
trials were the only included trials that had microalbuminuriaasan
inclusion criterion (Lu 2010; Steno-2 2008). The Kumamoto trial
stratified the participants into two groups: a primary prevention
population and a secondary intervention population. All partici-
pants in the primary prevention population had no microvascular
disease at baseline whereas all in the secondary intervention pop-
ulation had either microalbuminuria or retinopathy (Kumamoto
2000).

Most exclusion criteria consisted of liver disease, kidney disease,

or other severe concurrent illness.

Characteristics of interventions

The anti-diabetic interventions used in the trials often included
add-on regimens consisting of several oral anti-diabetic interven-
tions. If these regimens could not reach the glycaemic target, then
insulin was initiated. The usual add-up regimen was identical in
the intensive and conventional intervention groups of the trials,
except in three trials where participants targeting intensive glucose
control were given gliclazide (ADVANCE 2008; REMBO 2008)
or a sulphonylurea (glibenclamide, chlorpropamide, or glipizide),
metformin, or insulin (UKPDS 1998). Gliclazide was discontin-
ued in the participants randomised to conventional glycaemic tar-
get in the ADVANCE trial (ADVANCE 2008). The combination
of oral anti-diabetic interventions and insulin was allowed in most
trials. Two trials only allowed insulin monotherapy in both the
intensive intervention group and the conventional intervention
group (Kumamoto 2000; UGDP 1975). One trial allowed com-
bination therapy in the conventional group but only insulin in
the intensive treatment group (Melidonis 2000). One trial allowed
combination therapy in the intensive intervention group, but not
in the conventional intervention group (VA CSDM 1995). One
trial did not specify in detail what the next treatment step would be
in the intensive treatment group if the maximum dose of sulpho-
nylurea could not keep the glycaemic target (Jaber 1996). Trials
which had acute cardiovascular disease as an inclusion criterion
had a treatment algorithm for insulin infusion for the intensive
intervention group, starting at hospital admission (DIGAMI 2
2005; Melidonis 2000; Stefanidis 2003).

The median dose of insulin used in the intensive intervention
group was 0.6 (range 0.4 to 1.0) units of insulin/day/kg body
weight (ADVANCE 2008; Bagg 2001; Kumamoto 2000; Steno-2
2008; VA CSDM 1995; VADT 2009). The median dose of insulin
in the conventional intervention group was 0.5 (range 0.4 to 0.8)
units of insulin/day/kg body weight (see Interventions in trials’,
Appendix 2).

The treatment targets for glycaemic control varied between trials
in both the intensive treatment groups and the conventional treat-

ment group. The ACCORD and VADT had the lowest HbAlc
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target level in the intensive intervention groups (both less than
6%) (ACCORD 2008; VADT 2009). Some of the trials did not
predefine the glycaemic target in values of HbAlc but employed
fasting glucose concentration as the treatment target (Becker 2003;
DIGAMI 2 2005; Guo 2008; Jaber 1996; Lu 2010; UGDP 1975;
UKPDS 1998). Two trials only defined targets for blood glucose,
without further specification of when the blood glucose was taken
(Melidonis 2000; Stefanidis 2003). One trial reported glycaemic
control by glycosylated haemoglobin (Jaber 1996). Many trials did
not specify the target value for conventional glycaemic control.
The Steno-2 trial intensified the glycaemic target in the conven-
tional intervention group for the last two years of the intervention
period. This change made the glycaemic target the same for the
intensive and the conventional treatment group (Steno-2 2008).

Outcome measures of included trials

For details see Summary of findings for the main comparison,
Table 1, Appendix 2; Appendix 3, Appendix 4, Appendix 5,
Appendix 6 and Appendix 7.

All-cause mortality or cardiovascular mortality were a predefined
outcome or a part of the predefined composite outcome in eight
trials (ACCORD 2008; ADVANCE 2008; DIGAMI 2 2005;
Steno-2 2008; UGDP 1975; UKPDS 1998; VA CSDM 1995;
VADT 2009). The Kumamoto trial did not predefine mortality
as an outcome in the planned intervention period of six years but
assessed mortality as an outcome after 10 years (Kumamoto 2000).
Complications related to T2D, either microvascular or macrovas-
cular, were a predefined outcome in nine trials (ACCORD 2008;
ADVANCE 2008; DIGAMI 2 2005; Kumamoto 2000; Steno-2
2008; UGDP 1975; UKPDS 1998; VA CSDM 1995; VADT
2009).

Moderate hypoglycaemia was mostly reported together with mild
hypoglycaemia, but two trials reported moderate hypoglycaemia

separately (Melidonis 2000; Stefanidis 2003).

Patient satisfaction, general well-being or quality of life were as-
sessed in six trials (Becker 2003; Jaber 1996; REMBO 2008;
Steno-2 2008; UKPDS 1998; VA CSDM 1995). Other trials had
quality of life defined as an outcome but the results are not yet
available (ACCORD 2008; ADVANCE 2008; VADT 2009).
Some of the included trials (n = 11) did not predefine any of
the outcomes we predefined as primary or secondary outcomes
but assessed non-validated surrogate outcomes. It was possible
to extract data on some of our predefined outcomes in most of
these trials (Bagg 2001; Becker 2003; Guo 2008; IDA 2009; Jaber
1996; Lu 2010; Melidonis 2000; REMBO 2008; Service 1983;
Stefanidis 2003; Yang 2007).

Excluded studies

Reasons for exclusion of studies are given in ’Characteristics of
excluded studies’. Thirty-one studies were excluded after further
evaluation. In two cases, we contacted the authors of the articles
to identify whether there were predefined differences in glycaemic
target (Chan 2009; Olivarius 2001). Main reasons for exclusion
were: the trial was not randomised (n = 11), participants were not
patients with T2D or we could not separate data on those patients
with T2D (n = 4), or no predefined differences in the glycaemic
treatment target existed (n = 106).

Risk of bias in included studies

The risk of bias assessment of the included trials was performed
using previously described criteria (please see section, ’Assessment
of risk of bias in included studies’). For details of the judgements
made for the individual trials, please see 'Risk of bias in included
studies’, Figure 2, and Figure 3. When a risk of bias domain could
not be judged as low risk of bias, the authors were asked for addi-
tional information.
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Figure 2. Methodological quality graph: review authors’ judgements about each methodological quality
item presented as percentages across all included studies.
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Figure 3. Methodological quality summary: review authors’ judgements about each methodological quality

item for each included study.
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Sequence generation

The generation of the allocation sequence was adequately de-
scribed in 12 trials (ACCORD 2008; ADVANCE 2008; DIGAMI
2 2005; Guo 2008; IDA 2009; Melidonis 2000; Service 1983;
Stefanidis 2003; Steno-2 2008; UGDP 1975; UKPDS 1998;
VADT 2009). The remaining trials were described as randomised
but the method for sequence generation was not described (Bagg
2001; Becker 2003; Jaber 1996; Kumamoto 2000; Lu 2010;
REMBO 2008; VA CSDM 1995; Yang 2007).

Allocation

The method used to conceal allocation was adequately described in
nine trials (ACCORD 2008; ADVANCE 2008; DIGAMI 2 2005;
Guo 2008; IDA 2009; Steno-2 2008; UGDP 1975; UKPDS
1998; VADT 2009). The method for allocation concealment was
judged as unclear in 11 trials (Bagg 2001; Becker 2003; Jaber 1996;
Kumamoto 2000; Lu 2010; Melidonis 2000; REMBO 2008;
Service 1983; Stefanidis 2003; VA CSDM 1995; Yang 2007).

Blinding

The method of blinding was adequately described in 13 trials
(ACCORD 2008; ADVANCE 2008; Bagg 2001; DIGAMI 2
2005; IDA 2009; Melidonis 2000; Service 1983; Stefanidis 2003;
Steno-2 2008; UGDP 1975; UKPDS 1998; VA CSDM 1995;
VADT 2009). The method of blinding was unclear in seven trials
(Becker 2003; Guo 2008; Jaber 1996; Kumamoto 2000; Lu 2010;
REMBO 2008; Yang 2007).

Incomplete outcome data

Incomplete data were addressed adequately in the included trials
except for four trials (ACCORD 2008; Becker 2003; Lu 2010;
Yang 2007).

Selective reporting

The Kumamoto trial was continued through the initiative of the
participants and more outcomes were therefore assessed than pre-
defined in the primary article (Kumamoto 2000). For eleven of
the included trials the risk of selective outcome reporting bias was
judged as unclear (Becker 2003; DIGAMI 2 2005; Guo 2008;
IDA 2009; Jaber 1996; Kumamoto 2000; Lu 2010; Melidonis
2000; REMBO 2008; Service 1983; Yang 2007). For the other
trials the risk of selective outcome reporting bias was judged as
low.

Other potential sources of bias

Most trials received funding from a private health insurance com-
pany or the medical industry to conduct the trial.

We divided the trials into those with a low risk of bias and a high
risk of bias based on the assessment of sequence generation, allo-
cation concealment, and blinding. The three bias domains were
all assessed as low risk of bias in eight trials (ACCORD 2008;
ADVANCE 2008; DIGAMI 2 2005; IDA 2009; Steno-2 2008;
UGDP 1975; UKPDS 1998; VADT 2009).

Effects of interventions

See: Summary of findings for the main comparison Intensive
glycaemic control compared to conventional glycaemic control for
type 2 diabetes mellitus

Primary outcomes

All-cause mortality

Several trials predefined death from any cause as the primary or
secondary outcome (see section ’Description of studies’). Eighteen
trials provided information on all-cause mortality and could be
included in the analyses. The included trials reported 2809 deaths
in 29,731 participants (Analysis 1.1). Meta-analyses with both the
fixed-effect model and random-effects model showed no signifi-
cant effect of intensive glycaemic control (random RR 1.01, 95%
CI0.90 to 1.13;29,731 participants, 18 trials) (Analysis 1.1). Het-
erogeneity was moderate (I> = 40%, P = 0.08). One trial reported
three deaths after the randomisation (Becker 2003), however the
report did not describe to which intervention group the partici-
pants were randomised to or the cause of death. It was therefore
not possible to use data on death from this trial.

Inspection of the funnel plot did not indicate bias (Analysis 1.1).
Repeating the analyses with the trials having an HbAlc target of
7% in the intensive intervention group did not change the results
to significant values (random RR 0.69, 95% CI 0.27 to 1.74;
I? = 0%) (Bagg 2001; Guo 2008; Kumamoto 2000; REMBO
2008; Yang 2007). Three of these trials were conducted in Asia
and contributed only 17 events in 543 participants.

Because there was no statistically significant difference in the effect
estimates between the intervention groups, and modest hetero-
geneity, the predefined subgroup analyses were not performed (see
section ’Subgroup analysis and investigation of heterogeneity’).
The subgroup analyses stratifying the trials according to risk of
bias, study duration, diagnostic criteria, or funding source did not
reveal any significant differences in effect estimates in the risk of all-
cause mortality (Analysis 1.2; Analysis 1.3; Analysis 1.4; Analysis
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1.5). A test of interaction showed no significance between the
subgroups. Because of lack of data, we were not able to conduct
subgroup analyses on the trials published in languages other than
English.

In stratifying for diagnostic criteria we chose to stratify according
to whether the diagnostic criteria for T2D were described or not
(Analysis 1.4).

Subgroup analyses stratifying the included trials according to the
intervention (trials exclusively dealing with glycaemic control in
usual care setting, glycaemic control as a part of acute interven-
tion, or multimodal intervention in usual care setting) were per-
formed. The trials exclusively dealing with glycaemic control in
the usual care setting showed no significant effect of the inter-
vention (random RR 1.02, 95% CI 0.91 to 1.13; 28,359 partici-
pants, 12 trials) (Analysis 1.6). Heterogeneity was moderate (I? =
30%, P = 0.18). Trials applying intensive glycaemic control as an
acute intervention showed a non-significant tendency to favour
conventional glycaemic control (random RR 1.21, 95% CI 0.92
to 1.60; 903 participants, 3 trials) (Analysis 1.6). Heterogeneity
was absent (I? = 0%, P = 0.99). One hundred and seventy of the
174 reported deaths were from the DIGAMI 2 trial. A test of in-
teraction between the subgroups did not show any significance.
Separate analyses of multimodal intervention in the usual care set-
ting could not be performed as only the Steno 2 trial provided
data.

We also performed a meta-analysis of trials with available hazard
ratios (HR) for all-cause mortality. Neither the fixed-effect model
nor the random-effects model showed significant differences be-
tween the interventions (random HR 0.96, 95% CI 0.74 to 1.23;
5 trials) (Analysis 1.7). However, there was considerable inter-trial
heterogeneity (I2= 82%, P = 0.0002). All trials included in the
analyses, except the ACCORD trial, provided an unadjusted HR
(ACCORD 2008). The HR available from the ACCORD trial
was adjusted for the following variables: assignment to the blood
pressure trial or the lipid trial, assignment to the intensive blood
pressure intervention in the blood pressure trial, assignment to
receive fibrate in the lipid trial, the seven clinical centre networks,
and a previous cardiovascular event. Excluding the ACCORD trial
did not influence the heterogeneity and did not change the effect

estimate to give significant values. When excluding the Steno-2
trial, which assessed a multimodal intervention in the usual care
setting, heterogeneity decreased (IZ = 50%, P = 0.0002). The ef-
fect estimate remained non-significant (random RR 1.07, 95% CI
0.90 to 1.26).

Available case analysis did not result in any significant changes of
effect estimates (random RR 1.01, 95% CI 0.90 to 1.14; 29,382
participants, 18 trials) (Analysis 1.8). Analysing the missing data as
the best-case scenario (assuming that participants with unknown
vital status receiving intensive glycaemic control were alive and
that all participants receiving the conventional intervention with
unknown vital status were dead) or worst-case scenario (assum-
ing that participants with unknown vital status receiving intensive
glycaemic control were dead and all participants with unknown
vital status receiving conventional intervention were alive) did not
reveal any statistical significance in effect estimates applying the
random-effects model (best-case scenario: random RR 0.90, 95%
CI 0.81 to 1.00; 29,731, 18 trials (Analysis 1.9); worst-case sce-
nario: random RR 1.15, 95% CI 0.93 to 1.42; 29,731, 18 trials
(Analysis 1.10)). The fixed-effect model for a best-case scenario
showed a significant effect estimate favouring targeting intensive
glycaemic control (fixed RR 0.90, 95% CI 0.84 t0 0.96; P = 0.003;
29,731 participants, 18 trials) (Analysis 1.9). The worst-case sce-
nario showed a significant effect in favour of conventional gly-
caemic control when applying the fixed-effect model (fixed RR
1.14,95% CI 1.06 to 1.22; P = 0.0002; 29,731, 18 trials) (Analysis
1.10).

Trial sequential analysis with data from all included trials showed
that only 29,212 patients of the required heterogeneity-adjusted
information size of 51,766 were accrued and no firm evidence for
benefit or harm was reached (Figure 4). The cumulative Z-curve
crossed the futility boundaries suggesting that a 10% or greater
relative risk reduction could be rejected at this point. Continuity
correction of zero-event trials did not change the result. Applying
trial sequential analysis on all-cause mortality from trials exclu-
sively dealing with glycaemic control in usual care settings showed
that no evidence of benefit or harm could be established on all-
cause mortality as only 28,149 participants (60%) of the 46,677

required were accrued so far.
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Figure 4. Trial sequential analysis of the random-effects meta-analysis of the effect of intensive glycaemic
control versus conventional glycaemic control on all-cause mortality. The trial sequential analysis is performed
with a type | error risk of 5% (two-sided), a power of 80%, an assumed control proportion of death of 8.8%, and

an anticipated relative risk reduction (RRR) of 10%. The heterogeneity-adjusted required information size to
detect or reject a RRR of 10% with a between trial heterogeneity of 40% is estimated to 51,766 participants.
The actually accrued number of participants is 29,212, which is only 56% of the required information size. The
blue cumulative z-curve does not cross the red trial sequential monitoring boundaries for benefit or harm.

However, the boundaries for futility (the red inner wedge boundaries) are crossed. Accordingly, the red
conventional boundaries (horizontal line at z=1.96 and z=-1.96) for harm or benefit are not crossed. Therefore,
there is no evidence to support that intensive glycaemic control influences mortality and it is likely that a 10%

RRR of mortality can be rejected with the chosen error risks.
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Meta-regression for all the trials did not detect a statistically sig-
nificant association between disease duration, fasting blood glu-
cose at baseline, HbA1c at baseline and mortality. However, the
duration of intervention may have some impact as the univariate
meta-regression showed a trend towards a negative association be-
tween duration of the intervention and the risk ratio of all-cause
mortality (P = 0.09) (Figure 5). This suggests that the RR may
decrease (beneficial intervention effect increase or harmful effect
decrease) when the duration of the intervention is increased. Meta-
regression for the trials exclusively dealing with glycaemic control
in usual care settings showed a positive correlation between fast-
ing blood glucose as well as HbAlc at baseline and the risk ratio
for all-cause mortality, suggesting that RR may increase when the
fasting blood glucose as well as HbAlc at baseline increase.

Figure 5. Meta-regression: Y-axis: Risk ratio for all-cause mortality; X-axis: Duration of intervention
(months). The meta-regression shows a tendency to a negative correlation for the risk ratio for all-cause
mortality and duration of the intervention. Slope: -0.00226; P = 0.08737.
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. . Appendix 4). A total of 18 trials provided information on cardio-
Cardiovascular mortality vascular mortality and were included in the analyses. A total of
Several trials predefined cardiovascular mortality as the primary 1482 cardiovascular deaths in 29,731 participants were included

or secondary outcome (see section ’Description of studies’ and  in the meta-analysis (Analysis 1.11).

Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus (Review) 23
Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Neither the random-effects model nor the fixed-effect model
showed a significant difference in effect estimates between inten-
sive glycaemic control and conventional glycaemic control (ran-
dom RR 1.06, 95% CI 0.90 to 1.26; I? = 37%, P = 0.09; 29,731
participants, 18 trials) (Analysis 1.11).

The funnel plot showed slight asymmetry (Analysis 1.11).

By excluding the ACCORD and VADT trials, heterogeneity fell
to 10% (P = 0.35). The ACCORD and VADT trials were the two
trials with the lowest HbAlc target values in the intensive inter-
vention groups. The effect estimate did not change to significant
values (random RR 0.98, 95% CI 0.85 to 1.13).

When excluding the largest trial, the ADVANCE trial contributing
11,140 participants, there was a significant benefit of targeting
conventional glycaemic control (random RR 1.18, 95% CI 1.03
to 1.34; P = 0.01; IZ = 0%).

Subgroup analyses stratifying the trials according to risk of bias,
study duration, and funding source did not reveal any significant
differences in effect estimates for cardiovascular mortality (Analysis
1.12; Analysis 1.13; Analysis 1.15). Trials describing the diagnostic
criteria for T2D changed the effect estimate to significant values
in favour of conventional control (random RR 1.17, 95% CI 1.02
to 1.35; P = 0.02) (Analysis 1.14). The test of interaction between
the subgroups stratifying the trials according to diagnostic criteria
showed significance (P = 0.03). No significance was shown with
the test of interaction for the remaining subgroups.

Because of lack of data, we were not able to conduct subgroup
analyses on the trials not published in English.

A meta-analysis of the 12 trials investigating the effect of inten-
sive glycaemic control in trials exclusively dealing with glycaemic
control in usual care settings showed no significant difference in
effect estimates (random RR 1.11, 95% CI 0.92 to 1.35; 28,359
participants, 12 trials) (Analysis 1.16). Heterogeneity was mod-
erate (I2 = 46%, P = 0.08). Analysing trials assessing glycaemic
control as a part of an acute intervention showed no significance
in the effect estimate (random RR 1.06, 95% CI 0.78 to 1.44;
903 participants, 3 trials) (Analysis 1.16). One hundred and forty
of the 144 deaths were reported in the DIGAMI 2 trial (DIGAMI
2 2005). The test of interaction showed no significance between
the trials exclusively dealing with glycaemic control in usual care
settings and the trials assessing glycaemic control as part of an
acute intervention. In trials assessing multimodal intervention in
usual care settings only the Steno-2 trial provided data, so meta-
analysis could not be performed.

The random-effects model showed no significant difference in
benefit targeting intensive glycaemic control using hazard ratios
(HR) (random RR 0.88, 95% CI 0.56 to 1.38; 4 trials) (Analysis
1.17). Inter-trial heterogeneity was substantial (I? = 86%, P =
0.0001). Meta-analysis of the data using a fixed-effect estimate
showed significant benefit of intensive glycaemic control (fixed
RR 0.87, 95% CI 0.76 to 0.99; P = 0.03). All trials included in
the analyses, except the ACCORD, provided an unadjusted HR

(ACCORD 2008). Excluding the Steno-2 trial from the analy-
sis reduced heterogeneity to 64% and neither the random-effects
model nor the fixed-effect model effect model showed significant
effect estimates (random RR 1.09, 95% CI 0.78 to 1.53).
Available case analyses did not result in any significant differences
between the effect estimates (Analysis 1.18). When analysing the
missing data as a best-case scenario (random RR 0.87, 95% CI 0.74
to 1.01; 29,731 participants, 18 trials) (Analysis 1.19) or worst-
case scenario (random RR 1.15, 95% CI 0.93 to 1.42; 29,731 par-
ticipants, 18 trials) (Analysis 1.20) in the random-effects model,
no significant effect estimates were shown. When applying the
fixed-effect model to the best-case analysis, significant benefit of
intensive glycaemic control was shown (fixed RR 0.86, 95% CI
0.78 to 0.95; 29,731 participants, 18 trials) (Analysis 1.19). The
worst-case scenario showed a significant effect estimate favouring
conventional glycaemic control (fixed RR 1.32, 95% CI 1.20 to
1.45; 29,731 participants, 18 trials) (Analysis 1.20).

Trial sequential analysis for all included trials showed a lack of
firm evidence for a benefit of targeting intensive glycaemic control
for the reduction of cardiovascular mortality. Merely 29,212 of
100,707 required patients are randomised at this point. That is,
only 29% of the required heterogeneity-adjusted information size
to detect or reject a 10% relative risk increase (RRI) were actually
accrued in randomised trials so far. For trials reporting cardiovas-
cular mortality and exclusively dealing with glycaemic control in
usual care settings barely 22% of required information size is ac-
crued so far.

Meta-regressions for all trials and for the subgroup of trials exclu-
sively dealing with glycaemic control in usual care settings could
not detect any statistical significant association between duration
of disease at baseline, fasting blood glucose at baseline, HbAlc at
baseline, or duration of the intervention and cardiovascular mor-

tality.

Secondary outcomes

Macrovascular complications

We predefined a composite outcome of macrovascular complica-
tions as a secondary outcome (non-fatal myocardial infarction,
non-fatal ischaemic stroke, non-fatal haemorraghic stroke, am-
putation of lower extremity, and cardiac or peripheral revascu-
larization). The definition of macrovascular disease as a com-
posite outcome was clearly predefined in six trials (ACCORD
2008; ADVANCE 2008; DIGAMI 2 2005; Steno-2 2008; VA
CSDM 1995; VADT 2009). The definition varied between trials
(Appendix 4). The ACCORD and ADVANCE trials, which con-
tributed most events, included non-fatal myocardial infarction,
non-fatal stroke, and death from cardiovascular causes (ACCORD
2008; ADVANCE 2008). The UKPDS assessed diabetes-related

complications as a composite outcome, which included both
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macrovascular and microvascular complications (UKPDS 1998).
The UKPDS only reported a composite outcome of macrovascular
disease for the metformin group compared with the other groups;
it did not report this outcome for the other intensive groups com-
pared with the conventional group (UKPDS 1998). The compos-
ite macrovascular outcome (myocardial infarction, sudden death,
angina, stroke, peripheral disease) reported in the UKPDS 34
showed a 30% risk reduction with metformin therapy compared
with conventional therapy (P = 0.02). Unfortunately the num-
ber of participants was not reported. The number of participants
with the composite macrovascular complications for UKPDS was
therefore taken from the meta-analysis in Turnbull et al (Turnbull
2009). Three trials did not predefine assessment of a composite
macrovascular outcome but it was possible to extract useable data
(Bagg 2001; Becker 2003; Kumamoto 2000). The IDA 2009 trial
reported a total of 17 participants who received a new percutaneous
coronary intervention, coronary bypass surgery, or had symptoms
of angina (IDA 2009). From the publication it could not be con-
cluded which group the participants belonged to. The number of
patients with cardiovascular disease from Becker et al was calcu-
lated as the number of patients with a history of cardiovascular
disease at baseline minus the number of patients with cardiovascu-
lar disease at follow-up (Becker 2003). Many of the included trials
reported a composite macrovascular outcome together with death
due to cardiovascular disease or all-cause mortality (ACCORD
2008; ADVANCE 2008; DIGAMI 2 2005; Steno-2 2008).
Meta-analysis of data from 10 trials did not reveal any significant
difference in the effect of intensive versus conventional interven-
tion on the composite macrovascular outcome (random RR 0.92,
95% CI 0.80 to 1.05; 28,509 participants, 10 trials) (Analysis
1.21). Heterogeneity was substantial (I = 61%, P = 0.006).
Subgroup analysis stratifying the trials according to the interven-
tion could only be performed for trials exclusively dealing with
glycaemic control in usual care settings. Neither the random-ef-
fects model nor the fixed-effect model revealed significant effect
estimates (random RR 0.93, 95% CI 0.85 to 1.01; I? = 18%, P
=0.09; 27,569 participants, 8 trials) (Analysis 1.22). The analysis
could not be performed for trials assessing glycaemic control as a
part of an acute intervention and trials assessing multimodal in-
tervention in usual care settings due to lack of data.

Non-fatal myocardial infarction

A total of 1384 non-fatal myocardial infarctions were recorded
in 29,174 participants (Analysis 1.23). There was no significant
effect of intensive glycaemic control in the random-effects model
(random RR 0.86, 95% CI 0.76 to 1.00; 29,174 participants,
12 trials). However, the fixed-effect model showed a significant
relative risk reduction when targeting intensive glycaemic control
compared with conventional glycaemic control (fixed RR 0.86,
95% CI 0.78 to 0.96 (P = 0.006); RD -0.01, 95% CI -0.01 to
0.00; 29,174 participants, 12 trials) (Analysis 1.23). Heterogeneity

might not be important (I* = 28%, P = 0.19).

The funnel plot did not raise any suspicion of bias (Analysis 1.23).
The details on how the diagnosis of myocardial infarction was es-
tablished varied between trials. Eight trials provided detailed in-
formation on how they defined myocardial infarction (ACCORD
2008; DIGAMI 2 2005; Melidonis 2000; Steno-2 2008; UGDP
1975; UKPDS 1998; VA CSDM 1995; VADT 2009) (Appendix
4). Combining the data from these trials, the effect estimate was
still only significant in favour of intensive glycaemic control in
the fixed-effect model (random RR 0.84, 95% CI 0.71 to 1.00;
fixed RR 0.83, 95% CI 0.74 to 0.94 (P= 0.002)). Heterogene-
ity was moderate but not statistically significant (I> = 36%, P =
0.14). Six trials had non-fatal myocardial infarction as part of the
primary outcome (ACCORD 2008; ADVANCE 2008; Steno-2
2008; UGDP 1975; UKPDS 1998; VADT 2009). In a meta-
analysis of the six trials both the random-effects model and the
fixed-effect model revealed significant effect estimates (random
RR 0.83, 95% CI 0.72 to 0.96 (P = 0.01); fixed RR 0.84, 95%
CI 0.75 to 0.93 (P = 0.001)). Heterogeneity was moderate (12 =
31%, P = 0.20).

In the ACCORD trial almostall participants in the intensive group
and more than half in the conventional group received rosigli-
tazone. Excluding the ACCORD trial from the analysis, neither
the random-effects nor the fixed-effect model showed significant
benefit of targeting intensive glycaemic control (random RR 0.89,
95% CI 0.75 to 1.06). In the ADVANCE trial more participants
in the intensive intervention arm, compared with the conventional
intervention arm, also received rosiglitazone. Sensitivity analysis
excluding both the ACCORD and the ADVANCE trials showed
no significant intervention effect (random RR 0.86, 95% CI 0.69
t0 1.08).

Three trials had admission to hospital with acute myocardial in-
farction or unstable angina as an inclusion criterion (DIGAMI 2
2005; Melidonis 2000; Stefanidis 2003). Because all participants
had an acute myocardial infarction, we used the number of re-
infarctions when meta-analysing these trials. By excluding these
trials from the analysis the benefit of targeting intensive glycaemic
control was also present in the random-effects model (fixed RR
0.84, 95% CI 0.75 to0 0.93 (P = 0.006); RD -0.01 95% CI -0.01
to 0.00). Heterogeneiry fell (I = 18%, P = 0.30). All the par-
ticipants with hospital admission at entry and targeting intensive
glycaemic control had their blood glucose initially lowered with
insulin (DIGAMI 2 2005; Melidonis 2000; Stefanidis 2003).
Subgroup analyses stratifying the trials according to risk of bias,
study duration, diagnostic criteria, or funding source did not re-
veal any significant differences in the effect estimates of non-fatal
myocardial infarction applying random-effects model to the data
(trials with long study duration: random RR 0.87, 95% CI 0.74
to 1.02 (Analysis 1.24); low-risk of bias trials: random RR 0.87,
95% CI 0.74 to 1.03 (Analysis 1.25); industry-funded: random
RR 0.86, 95% CI 0.72 to 1.02 (Analysis 1.26)). The fixed-effect

model showed significant effect estimates favouring intensive gly-
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caemic control in trials with long study duration (fixed RR 0.86,
95% CI 0.78 to 0.96; P = 0.007; 29,008 participants, 9 trials)
(Analysis 1.24); low risk of bias (fixed RR 0.87, 95% CI 0.78 to
0.96; P = 0.007; 28,745 participants, 7 trials) (Analysis 1.25); and
industry-funding (fixed RR 0.86, 95% CI 0.77 to 0.96; P = 0.006,
28,594 participants, 8 trials) (Analysis 1.26). The trials describing
how the diagnosis of T2D was performed showed a significant
effect estimate favouring intensive glycaemic control (random RR
0.84, 95% CI 0.72 to 0.99; P = 0.002; 18,034 participants, 11
trials) (Analysis 1.27). The test of interaction showed no signifi-
cance between the subgroup analyses.

Subgroup analyses stratifying the trials according to intervention
were performed. The trials exclusively dealing with glycaemic con-
trol in usual care settings showed significant benefit of targeting
intensive glycaemic control (random RR 0.85, 95% CI 0.76 to
0.95; P = 0.004; 28,111 participants, 8 trials) (Analysis 1.28).
Heterogeneity was absent (I7 = 0%, P = 0.70). When excluding
the ACCORD trial from the analysis, the significance of the effect
estimate disappeared (random RR 0.88, 95% CI 0.77 to 1.01; I?
= 0%, P = 0.71). Three trials were analysed in the subgroup of gly-
caemic control as a part of acute intervention. The effect estimate
did not reveal any significant effect estimate (random RR 1.26,
95% CI 0.88 to 1.80; 903 participants, 3 trials) (Analysis 1.28).
Heterogeneity was absent (IZ = 0%, P = 0.74). The test of interac-
tion between the trials exclusively dealing with glycaemic control
in usual care settings and the subgroup of trials assessing glycaemic
control as part of an acute intervention showed significance (P =
0.04). The only trial providing data on non-fatal myocardial in-
farction with multimodal intervention in usual care settings was
the Steno-2 trial so subgroup analysis was not performed.
Available case analyses showed significant benefit of intensive gly-
caemic control (fixed RR 0.86, 95% CI 0.78 to 0.96; P = 0.005;
27,332 participants, 12 trials) (Analysis 1.29) but the effect dis-
appeared when applying the random-effects model (random RR
0.87,95% CI 0.75 to 1.00). Analysing the missing data as a best-
case scenario or worst-case scenario showed significance of the ef-
fect estimates (worst-case scenario: random RR 1.77, 95% CI 1.33
t0 2.36; P < 0.0001; 29,174 participants, 12 trials (Analysis 1.30);
best-case scenario: random RR 0.44, 95% CI 0.32 to 0.61; P <
0.00001 (Analysis 1.31)).

Trial sequential analysis showed a lack of firm evidence for ben-
efit of targeting intensive glycaemic control for the reduction of
non-fatal myocardial infarction. Only 29,021 patients (35%) have
been accrued so far of the required heterogeneity-adjusted infor-
mation size of 82,366 to detect a 10% relative risk reduction (RRR)
of non-fatal myocardial infarction. Further, not even the futility
boundaries were crossed, suggesting lack of evidence to reject a
10% RRR. Applying glycaemic control in trials exclusively dealing
with glycaemic control in usual care settings were also not able to
confirm a 10% RRR.

Neither the meta-regressions of all trials nor trials exclusively deal-
ing with glycaemic control in usual care settings were able to detect

a statistically significant association between duration of disease,
fasting blood glucose at baseline, HbAlc at baseline, or duration
of intervention and the risk of non-fatal myocardial infarction.

Non-fatal stroke

No significant difference was found for the risk of non-fatal stroke
between the intervention groups (random RR 0.96, 95% CI 0.80
to 1.16; 28,760 participants, 11 trials) (Analysis 1.32). Hetero-
geneity might not be important (I* = 20%, P = 0.26). Of the
837 non-fatal strokes, 423 were reported from the ADVANCE
trial (ADVANCE 2008). Originally we planned to report is-
chaemic and haemorrhagic stroke separately, but all trials except
one (Kumamoto 2000) defined and reported both aetiologies for
the non-fatal stroke composite. Five trials had non-fatal stroke as
a part of their primary outcome (ACCORD 2008; ADVANCE
2008; Steno-2 2008; UKPDS 1998; VADT 2009). When meta-
analysing these trials together, the effect estimate remained non-
significant (random RR 0.93, 95% CI 0.74 to 1.17). For a de-
scription of stroke see Appendix 4.

In a separate meta-analysis of the trials exclusively dealing with gly-
caemic control in usual care settings the effect estimate remained
non-significant (random RR 1.01, 95% CI 0.87 to 1.16; 27,697
participants, 7 trials) (Analysis 1.33). Heterogeneity was absent (I
2= 0%, P = 0.73). It was not possible to meta-analyse data from
trials assessing glycaemic control as a part of an acute intervention
or a multimodal intervention in usual care settings due to lack of
data.

Amputation of lower extremity

Meta-analysis showed a significantly reduced risk of amputation
of a lower extremity when targeting intensive glycaemic control
(random RR 0.64, 95% CI 0.44 t0 0.95; P = 0.03; RD -0.01, 95%
CI-0.01 to 0.00; 6960 participants, 8 trials) (Analysis 1.34). Het-
erogeneity was absent (I2 = 0%, P = 0.59). However, the number
of reported amputations was very low in both the intensive and
conventional intervention groups (53 and 51, respectively). The
UKPDS contributed almost half of the reported events (UKPDS
1998).

Four trials reported amputation of lower extremity without further
description (Kumamoto 2000; Melidonis 2000; Stefanidis 2003;
UGDP 1975). The Steno-2 and VA CSDM trials specified that
the number for amputation was due to ischaemia, and the VADT
specified amputation for ischaemic diabetic gangrene. UKPDS de-
fined amputation as major limb complications requiring amputa-
tion of a digit or any limb for any reason. It is therefore not clear if
the trials without further specification of amputation added minor
amputation (for example a digit) to the reported number, as the
UKPDS has done. Besides, the UKPDS included amputation for
any reason, which was not the case for the VADT and Steno-2
trials. Accordingly, an amputation due to infection may not have
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been reported as part of the outcome for the VADT and Steno-2,
but would be for UKPDS. The different definitions of amputation
of a lower extremity may explain the dominance of the UKPDS.
It was unfortunately not possible to get reliable data from the two
largest included trials (ACCORD 2008; ADVANCE 2008). Thus,
it is very likely that amputation of a lower extremity is grossly
under-reported.

Trial sequential analysis for all included trials showed that only 104
events, equalling 4.6% of the required sample size, have actually
been accrued so far to establish firm evidence.

Stratifying the trials according to intervention could only be done
for trials exclusively dealing with glycaemic control in usual care
settings, which did not reveal a significant effect estimate (random
RR 0.70, 95% CI 0.45 to 1.09; 6677 participants, 5 trials) (
Analysis 1.35). Heterogeneity was absent (I = 0%, P = 0.59).

Cardiac revascularization

The procedures used for cardiac revascularization were surgical
revascularizations (for example artery by-pass grafting). The revas-
cularization procedures in the DIGAMI 2 trial were primarily
done as acute thrombolysis and it was not possible to extract the
data regarding surgical revascularization (DIGAMI 2 2005). Ste-
fanidis et al reported separately the number of participants with
T2D and acute cardiovascular events undergoing invasive cardio-
vascular surgery (Stefanidis 2003). Melidonis et al, who also in-
cluded participants with acute cardiovascular eventsand T2D, did
not specify whether revascularization was surgical or medical; the
number is therefore not included in the analyses (Melidonis 2000).
The ADVANCE trial investigators reported coronary revascular-
ization procedures as a part of the total coronary events. It was not
possible to obtain the number of cardiac revascularizations as a
separate number (ADVANCE 2008). Four trials reported cardial
revascularization without further specifications (Kumamoto 2000;
Stefanidis 2003; VA CSDM 1995; VADT 2009). The Steno-2
trial defined cardiac revascularization as coronary bypass-grafting
(Steno-2 2008).

Of the 267 reported cardiac revascularization procedure, most
were reported from the VADT trial (234 procedures) (VADT

2009). The effect estimate of the RR was not significant (random
RR 0.84, 95% CI 0.67 to 1.05; 2289 participants, 5 trials) (
Analysis 1.36). The I? was 0% (P = 0.74).

When stratifying the trials according to the intervention, it was
only possible to investigate the subgroup consisting of trials exclu-
sively dealing with glycaemic control in usual care settings. The
effect estimate was not significant (random RR 0.85, 95% CI 0.67
to 1.07; 2054 participants, 3 trials) (Analysis 1.37). The I> was
0% (P = 0.67). There was a lack of data for trials with glycaemic
control as part of an acute intervention and multimodal treatment.

Peripheral revascularization

A meta-analysis for peripheral revascularization did not reveal any
significant differences in the effect of intensive versus conventional
intervention (random RR 0.92, 95% CI 0.81 to 1.06; 13,477 par-
ticipants, 7 trials) (Analysis 1.38). The ADVANCE contributed
the majority of events (709 out of 768) (ADVANCE 2008). Un-
fortunately, the definition of peripheral revascularization was not
described in the ADVANCE (ADVANCE 2008). We have there-
fore reported the peripheral vascular events without exactly know-
ing the definition used. It might be that amputation is reported
as part of this outcome. The decision on when to intervene with
peripheral revascularization might differ between both the trials
and the study centres within each trial. The 12 was 0% (P = 0.66).
When stratifying the trials according to the intervention, it was
only possible to meta-analyse the subgroup consisting of trials ex-
clusively dealing with glycaemic control in usual care settings. The
effect estimate was not significant (random RR 0.93, 95% CI 0.81
to 1.07; 13,194 participants, 4 trials) (Analysis 1.39). Heterogene-
ity was absent (I* = 0%, P = 0.83). Meta-analysis of trials with
glycaemic control as part of an acute intervention and multimodal
intervention in usual care settings could not be conducted due to

lack of data.

Microvascular complications

We predefined a composite outcome of microvascular complica-
tions as a secondary outcome (manifestation and progression of
nephropathy, manifestation and progression of retinopathy, and
retinal photocoagulation). It was possible to extract useable data
from four trials that had predefined a composite microvascular
outcome (ACCORD 2008; ADVANCE 2008; Steno-2 2008;
UKPDS 1998). The Kumamoto trial did not report a composite
microvascular outcome. On request, the authors gave us informa-
tion on the total number of microvascular events after 10 years of
follow-up (22 in the intensive group and 58 in the control group),
but not the number of patients.

The definitions of the reported composite outcome varied be-
tween the included trials. In the Steno-2 trial microalbuminuria
was an inclusion criterion. The reported composite outcome for
microvascular disease was progression in any microvascular out-
come during the follow-up period after 13.3 years (Steno-2 2008).
This definition included both severe and less severe microvascular
complications, for example onset of neuropathy and mild retinal
changes. Neither the ADVANCE, ACCORD nor the UKPDS
trials included neuropathy in their composite microvascular out-
comes. The ADVANCE, ACCORD, and UKPDS trials included
moderate to severe retinal events in their composite microvascu-
lar outcome (for example, development of proliferatives retinopa-
thy, retinal photocoagulation). The nephropathy component of
the composite microvascular outcome of the ADVANCE trial
included development of macroalbuminuria, whereas the AC-
CORD and the UKPDS trials reported renal failure (Appendix 5)
(ACCORD 2008).
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We found benefit of targeting intensive glycaemic control com-
pared with targeting conventional glycaemic control (random RR
0.89, 95% CI 0.83 to 0.95; P = 0.0006; 25,760 participants, 4
trials) (Analysis 1.40). The I2 was 17% (P = 0.31). The risk differ-
ence showed a non-significant result in the random-effects model.
The magnitude of effect showed a 2% absolute risk reduction in
the fixed-effect model (random RD -0.02, 95% CI -0.03 to -0.00;
fixed RD -0.01, 95% CI -0.02 to -0.01; P = 0.001).

Analysing the trials exclusively dealing with glycaemic control in
usual care settings showed significant effect estimates favouring
intensive glycaemic control (random RR 0.88, 95% CI 0.79 to
0.97; P = 0.01; 25,600 participants, 3 trials) (Analysis 1.41). The
I? was 45% (P = 0.16). The risk difference showed a 1% absolute
risk reduction, however the CI included zero (random RD -0.01,
95% CI-0.02 t0-0.00; P = 0.006). It was not possible to include in
the meta-analysis glycaemic control as a part of acute intervention
and multimodal intervention in usual care settings due to the lack
of data.

Trial sequential analysis for all trials showed firm evidence for a
10% relative risk reduction of the composite outcome of microvas-
cular complications in favour of targeting intensive glycaemic con-
trol. For the trials exclusively dealing with glycaemic control in
the usual care settings showed no firm evidence for a 10% relative
risk reduction.

Nephropathy

We predefined assessing the manifestation and progression of
nephropathy. The definition of nephropathy varied among trials
(see 'Definition of microvascular outcomes in study or as reported’,
Appendix 5 ). The ACCORD trial (ACCORD 2008) assessed
nephropathy in different ways (development of microalbuminuria,
development of macroalbuminuria, development of renal failure,
doubling of serum creatinine or a decrease of glomerular filtration
rate (GFR)). The outcome we have included in this analysis is the
predefined composite renal outcome, which did not include devel-
opment of microalbuminuria. The ADVANCE trial also reported
a composite nephropathy outcome, which was defined similarly
to the composite nephropathy outcome in the ACCORD trial
but did not include decrease in GFR (ADVANCE 2008). The
only trial including death due to renal disease under nephropa-
thy was the ADVANCE trial. The UGDP assessed kidney func-
tion in three different ways: serum creatinine > 1.5 mg/dL, urine
protein > 1gm/L, and urine protein 2+, which were all reported
separately (UGDP 1975). We chose to report on the participants
with urine protein > 1 gm/L. This definition might underestimate
the number of participants with nephropathy compared to the
other included trials, because of the high protein limit. The surro-
gate marker for nephropathy reported from the UKPDS trial was
a two-fold plasma creatinine increase after nine years of follow-
up (UKPDS 1998). The VA CSDM trial reported nephropathy

as an elevated albumin-creatinine ratio (> 0.30), which was de-

fined as overt nephropathy (VA CSDM 1995). The VADT divided
nephropathy into three components that were reported separately.
We chose to report on the number of participants with doubling
of creatinine levels (VADT 2009). Bagg et al reported the number
with nephropathy, defined as macroalbuminuria, based on a single
urine assessment at the end of follow-up (Bagg 2001).

The participants of the Kumamoto trial were stratified at inclusion
to a primary prevention population and a secondary prevention
population (Kumamoto 2000). The primary prevention popula-
tion only included participants without retinopathy and a urinary
albumin excretion less than 30 mg/24 hour. The secondary pre-
vention population had simple retinopathy and urinary albumin
excretion less than 300 mg/24 hour. The primary prevention pop-
ulation who developed nephropathy and the secondary interven-
tion population who progressed to nephropathy were reported to-
gether after 10 years of intervention. The number for nephropa-
thy therefore included onset of microalbuminuria in the primary
prevention population, which is not the case for the other trials
reporting nephropathy. A large proportion of the participants in
the Steno-2 trial progressed to nephropathy (defined as albumin
excretion > 300 mg/24 hour) after 13.3 years of follow-up, but it is
probable that all participants had microalbuminuria at inclusion
(Steno-2 2008).

Targeting intensive glycaemic control showed significant reduc-
tions in nephropathy (random RR 0.78, 95% CI 0.61 to 0.99;
P = 0.04; 27,929 participants, 9 trials) (Analysis 1.42). However,
the result became non-significant when applying the fixed-effect
model (fixed RR 0.97, 95% CI 0.93 to 1.00; 27,929, 9 trials)
(Analysis 1.42). Heterogeneity was considerable (I = 77%, P <
0.0001), which might be due to the different definitions and pop-
ulations in the included trials.

Most events came from the ACCORD trial, which did not show
any difference in the number of participants using the compos-
ite nephropathy outcome. The composite nephropathy outcome
from the ACCORD trial was the only one which included GFR.
When looking at each component of the composite nephropa-
thy outcome separately, all were reduced by intensive glycaemic
control but doubling of serum creatinine and decrease in GFR,
which contributed the most events. Additional information ob-
tained from a published letter by the authors reported that by far
most of the events were due to decreased GFR (Ismail-Beigi 2010).
Excluding the ACCORD trial from the analysis, the beneficial ef-
fect of intensive glycaemic control that had been non-significant
in the random-effects model (random RR 0.71, 95% CI 0.51 to
1.00) changed to a significant effect when applying the fixed-effect
model (fixed RR 0.79, 95% CI 0.69 to 0.90; P = 0.003). Both the
UKPDS and the UGDP included participants with relatively mild
metabolic disturbances and few cases of nephropathy compared
to the other trials reporting on nephropathy. When excluding the
UKPDS and the UGDP the effect estimate showed significant
values with the random-effects model (random RR 0.77, 95% CI
0.61 to 0.99; P = 0.04) but not the fixed-effect model (fixed RR
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0.97, 95% CI 0.94 to 1.00).

The trials exclusively dealing with glycaemic control in usual care
settings showed no significant effect estimates (random RR 0.83,
95% CI 0.64 to 1.06; 27,769 participants, 8 trials) (Analysis 1.43).
Heterogeneity was substantial (I7 = 75%, P = 0.0002). It was not
possible to analyse subgroups of trials with glycaemic control as
part of an acute intervention or multimodal intervention in usual

care settings due to lack of data.

End-stage renal disease

We pooled data on hard renal outcomes from six trials (ACCORD
2008; ADVANCE 2008; Kumamoto 2000; Steno-2 2008; UGDP
1975; UKPDS 1998; VADT 2009). The extractable data varied
but all reported a measure of severe renal failure (for example,
dialyses, death due to renal disease) (Appendix 5). As end-stage
renal disease was not a predefined outcome in the protocol, the
authors did not comment on the data. The results for the AD-
VANCE and ACCORD trials were a part of the reported outcome
for nephropathy (except for three deaths due to renal failure in the
ACCORD trial). Data extracted from Steno-2 and UGDP were
the number of participants initiating renal dialyses. The measure
from the VADT was exclusively the number of participants who
died because of renal failure. Pooling data from all six trials did
not show any significant effect estimate (random RR 0.87, 95%
CI 0.71 to 1.06; I*=0%, P = 0.45; 28,075 participants, 7 trials)
(Analysis 1.44).

Stratifying the trials after intervention, it was only possible to
carry out a meta-analysis of the trials exclusively dealing with gly-
caemic control in usual care settings. The effect estimate remained
non-significant (random RR 0.88, 95% CI 0.72 to 1.07; 1=0%;
27,915 participants, 6 trials) (Analysis 1.45).

Retinopathy

We collected data on the manifestation and progression of
retinopathy of the included trials (see 'Definition of microvas-
cular outcomes in study or as reported’, Appendix 5). The AC-
CORD and ADVANCE trials conducted a substudy investigat-
ing the manifestation and progression of retinopathy from the
Early Treatment of Diabetic Retinopathy Study (ETDRS) scale
(ACCORD 2008; ADVANCE 2008). Both the ACCORD and
ADVANCE trials also reported severe retinopathy based on pa-
tient history. To make the comparisons more similar to those in
the other included trials we reported retinopathy as defined in the
sub studies, using the surrogate marker ETDRS scale. The AC-
CORD Eye reported data from 2856 participants followed up for
four years (ACCORD 2008). The substudy of the ADVANCE
trial assessing retinopathy randomised 1602 participants.

The trials using the ETDRS to classify retinopathy reported ei-
ther a two-step or three-step increase as progression of retinopa-

thy. The primary outcome of the ACCORD Eye consisted of at

least three steps in the ETDRS, photocoagulation or vitrectomy.
The article on the ACCORD Eye did not report each component
of the composite primary outcome separately, only the composite
outcome. In an answer to a letter, the authors of the ACCORD
Eye reported each component separately and the number we re-
port is the number of participants with a three-step increase in
ETDRS (Rind 2010). The ADVANCE and Kumamoto trials re-
ported progression of retinopathy by a two-step increase in the
ETDRS (ADVANCE 2008; Kumamoto 2000). Besides report-
ing a two-step increase in the ETDRS, the ADVANCE trial also
reported the number of participants with a three-step increase.
Because a two-step increase was used in most trials to describe
progression of retinopathy we used this number. The number re-
ported for the primary prevention population in the Kumamoto
trial was the number of participants who developed retinopathy
(Kumamoto 2000). In the secondary intervention population, the
number reported was the number of participants who progressed
from simple retinopathy. For the UKPDS 1998, only data from
the participants in the UKPDS 33 were available (UKPDS 1998).
The UKPDS 34 reported a lower rate of progtession of retinopa-
thy with intensive glycaemic control using metformin after nine
years (P = 0.044) compared with conventional control. However,
the benefit of intensive glycaemic control with metformin disap-
peared after 12 years.

All but two trials reporting retinopathy used the ETDRS scale to
report new retinopathy and progression of retinopathy (Steno-2
2008; UGDP 1975). The UGDP graded fundus photographs
according to the Airlie House Classification but did not report
the increase in retinopathy from the scale. Instead, the UGDP
trial reported retinopathy as mild or severe retinal abnormalities.
We chose to report the data for mild retinal abnormalities because
these might be comparable to the ETDRS grading. The Steno-2
trial graded diabetic retinopathy according to another scale, the
EURODIAB (European Community-funded Concerted Action
Programme into the Epidemiology and Prevention of Diabetes)
six-grade scale (Steno-2 2008).

The risk of retinopathy was significantly reduced (random RR
0.79, 95% CI 0.68 to 0.92; P = 0.002; 10,230 participants, 8 tri-
als) (Analysis 1.46). Heterogeneity was substantial (I* = 53%, P =
0.04). The absolute risk reduction was 4% applying the random-
effects model (random RD -0.04, 95% CI -0.07 to -0.01; P =
0.01). Excluding the trials (Steno-2 and UGDP) not using the ET-
DRS to classify retinopathy still showed significant effect estimates
(random RR 0.77,95% CI 0.64 t0 0.92; P = 0.05). Analysing data
from trials using a two-step increase of the ETDRS as progression
of retinopathy also showed significant effect estimates (random
RR 0.80, 95% CI 0.65 to 0.98; P = 0.03). Heterogeneity was sub-
stantial (I = 61%, P = 0.04). Both the UKPDS and UGDP in-
cluded participants with mild glycaemic disturbances. Excluding
these trials, the effect estimate still showed significant values (ran-
dom RR 0.74, 95% CI 0.62 to 0.89; P = 0.002). Heterogeneity
was substantial (I = 56%, P = 0.05).
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Subgroup analysis stratifying the trials according to the interven-
tion was only possible for trials exclusively dealing with glycaemic
control in usual care settings. The effect estimate was significant
(random RR 0.80, 95% CI 0.67 t0 0.94; P = 0.008; 10,070 partic-
ipants, 7 trials) (Analysis 1.47). Heterogeneity was substantial (1
=59%, P = 0.02). The absolute risk reduction was at 3%, however
the CI included zero applying the random-effects model (random
RD -0.03, 95% CI -0.07, to -0.00 (P = 0.03); fixed RD -0.03,
95% CI -0.04 to -0.02 (P < 0.0001)). Exclusion of UGDP and
UKPDS indicated a more beneficial effect of intensive glycaemic
control (random RR 0.73, 95% CI 0.58 to 0.93; P = 0.01).

Trial sequential analysis showed that more trials are needed before
firm evidence is established based on the information from ran-
domised clinical trials.

Retinal photocoagulation

In the Kumamoto trial, all participants requiring photocoagu-
lation were from the secondary intervention group (Kumamoto
2000). The VADT reported separate data for new retinal photo-
coagulation and any retinal photocoagulation (VADT 2009). We
chose to group the measures together. The data from the AD-
VANCE trial are taken from the substudy (ADVANCE 2008).
The ACCORD trial reported the number for photocoagulation
and vitrectomy together in one publication; and the number of
participants with retinopathy graded on ETDRS, vitrectomy and
retinal photocoagulation in the report of the ACCORD Eye sub-
study (ACCORD 2008). However, the authors provided separate
data on retinal photocoagulation from the participants in the AC-
CORD Eye substudy in an answer to a letter (Rind 2010). The
UKPDS trial contributed most of the reported events (346 out of
751 events).

Targeting intensive glycaemic control showed significant reduc-
tions in retinal photocoagulation (random RR 0.77, 95% CI 0.61
to 0.97; P = 0.03; 11,142 participants, 7 trials) (Analysis 1.48).
Heterogeneity was moderate (I2 = 43%, P = 0.10). The risk dif-
ference in the random-effects model included zero (random RD -
0.01, 95% CI -0.03 to 0.00; P = 0.15) but not in the fixed-effect
model (fixed RD -0.02, 95% CI -0.03 to -0.01; P = 0.003).
Stratifying the trials after the intervention showed no significant
effect estimate when applying the random-effects model but a sig-
nificant effect applying the fixed-effect model to trials exclusively
dealing with glycaemic control in usual care settings (random RR
0.82, 95% CI 0.65 to 1.03; fixed RR 0.82, 95% CI 0.71 to 0.95;
P = 0.008; 10,982 participants, 6 trials) (Analysis 1.49). Hetero-
geneity was present (IZ = 38%, P = 0.15).

Trial sequential analysis showed that more trials are needed before
firm evidence is established for a 10% or more relative risk reduc-
tion based on the information from all randomised clinical trials
together, as well as the trials exclusively dealing with glycaemic
control in usual care settings.

Adverse events

We divided the reporting of adverse events into the following
types: serious adverse events, non-serious adverse events, drop-
outs due to adverse events (Analysis 1.50), and hypoglycaemia
(Analysis 1.55). The reporting of serious adverse events was very
heterogeneous. The funnel plot showed asymmetry for serious
adverse events (Analysis 1.50).

One trial reported non-serious adverse events as adverse effects of
angiotensin-converting enzyme (ACE)-inhibitor and simvastatin
treatment (Steno-2 2008). The low reporting of non-serious ad-
verse events is probably because the intervention in the included
trials consisted of commonly used anti-diabetic drugs (see *Ad-
verse events, Appendix 8). Originally, we planned to perform a
meta-analysis for non-serious adverse events but this had to be
abandoned because we were only able to include one trial.

Some trials reported cardiovascular complications to T2D as se-
rious adverse events whereas other trials had complications to
T2D as an outcome and did not report them as serious adverse
events. The reported measure of serious adverse events for the AD-
VANCE was hospitalisation in more than 24 hours for any cause
(ADVANCE 2008). The data for serious adverse events for the
UGDP were hospitalisations for cardiovascular disease (UGDP
1975). Four trials had as an inclusion criterion admission to hospi-
tal for coronary heart disease, and all participants were hospitalised
as part of the inclusion criteria (DIGAMI 2 2005; IDA 2009;
Melidonis 2000; Stefanidis 2003). For these trials we reported se-
rious adverse events other than the ‘'mandatory’ hospitalisation.
The reported number of serious adverse events in "Data and analy-
ses’ included hospitalisation (Analysis 1.50). In the’Adverse events’
appendix (Appendix 8) hospitalisation was reported separately.
The risk of serious adverse events was significantly higher when
targeting conventional glycaemic control applying the fixed-effect
model (fixed RR 1.06, 95% CI 1.02 to 1.11; P = 0.003; RD 0.01,
95% CI 0.00 to 0.02; 24,069 participants, 10 trials) (Analysis
1.50). When applying the random-effects model the effect disap-
peared (random RR 1.05, 95% CI 0.98 to 1.13). The heterogene-
ity between trials was moderate (I? = 44%, P = 0.06). The num-
ber of serious adverse events was primarily driven by the reported
number from the ADVANCE trial (4882 out of 5503).

Serious adverse events were stratified according to intervention.
The random-effects model showed no significant effect estimate in
trials exclusively dealing with glycaemic control in usual care set-
tings, but a significant effect when applying the fixed-effect model
(random RR 1.05, 95% CI 0.97 to 1.14; fixed RR 1.06, 95% CI
1.02 to 1.11; P = 0.003; 23,786 participants, 7 trials) (Analysis
1.51). Heterogeneity was substantial (I = 61%, P= 0.02). Two
trials assessing glycaemic control as part of an acute intervention in
patients with T2D contributed data (Melidonis 2000; Stefanidis
2003). Both trials were relatively small and only reported a few
events. There was no significant effect estimate (random RR 0.95,
95% CI 0.41 to 2.18; 123 participants, 2 trials) (Analysis 1.51).

The test of interaction between trials exclusively dealing with gly-
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caemic control in usual care settings and trials assessing glycaemic
control as part of an acute intervention showed no significance.
It was not possible to analyse data on multimodal intervention in
usual care settings separately.

No significant difference in effect estimates was evident for drop-
outs due to adverse events (random RR 1.67, 95% CI 0.86 to 3.26;
12,676 participants, 9 trials) (Analysis 1.50). Drop-outs due to
adverse events showed no significant difference targeting intensive
glycaemic control versus targeting conventional glycaemic control
in trials exclusively dealing with glycaemic control in usual care
settings (random RR 1.67, 95% CI 0.86 to 3.26; I? = 0%; 12,393
participants, 6 trials) (Analysis 1.52).

Congestive heart failure

Congestive heart failure has been associated with some anti-di-
abetic drugs (glitazones or high-dose insulin treatment). In the
REMBO trial all participants had heart failure at inclusion, and
the reported measure was therefore progression to non-compen-
sated heart failure (REMBO 2008). There was no significant dif-
ference between the interventions (random RR 0.99, 95% CI 0.88
to 1.12; 27,792 participants, 9 trials) (Analysis 1.53).

Trials dealing exclusively with glycaemic control in usual care set-
tings did not show any significant difference in the effect estimate
for congestive heart failure (random RR 1.01, 95% CI 0.87 to
1.17; 27,587 participants, 6 trials) (Analysis 1.54). Two trials as-
sessing intensive glycaemic control in glycaemic control as part
of an acute intervention provided useable data, however the re-
ported number was low (random RR 0.74, 95% CI 0.26 to 2.13;
123 participants, 2 trials) (Analysis 1.54). The test of interaction
showed no significance between the subgroups. Because of lack
of data we could not analyse congestive heart failure in the trials
assessing multimodal intervention in usual care settings.

Hypoglycaemia

We predefined reporting hypoglycaemia as mild (controlled by
patient), moderate (daily activities interrupted but self-managed),
or severe (requiring assistance).

The definition of mild hypoglycaemia varied between trials
(Appendix 6). The ACCORD trial did not systematically col-
lect the number of mild hypoglycaemic episodes but the inten-
sive treatment group participants did have more mild episodes of
hypoglycaemia compared with the conventional treatment group
(correspondence, Bonds, ACCORD 2008). The participants in
the ACCORD trial reported the number of blood sugar levels
< 3.9 mmol/L based on a finger stick measure before each visit.
The trialists did not report on whether these episodes of hypo-
glycaemia were mild or severe. The DIGAMI 2 trial reported hy-
poglycaemia with or without symptoms. We have reported the
data on hypoglycaemia with symptoms. The number was only re-

ported for the initial 24 hours. The DIGAMI 2 trial did not report

nor define severity of observed hypoglycaemia (DIGAMI 2 2005).
The definition of a hypoglycaemic blood glucose level was < 3
mmol/L. The number of mild hypoglycaemic episodes reported
for the UGDP was estimated from participants who changed their
prescription one or more times during the follow-up because of
reported (suspect or definite) hypoglycaemic episodes. Hypogly-
caemia was not graded in the UGDP (UGDP 1975). The number
of hypoglycaemic episodes in Stefanidis et el was only reported for
the participants who completed the trial (Stefanidis 2003).

The risk of mild hypoglycaemia was significantly higher for par-
ticipants randomised to targeted intensive glycaemic control (ran-
dom RR 1.50, 95% CI 1.31 to 1.72; P < 0.00001; 18,923 partic-
ipants, 11 trials) (Analysis 1.55). Heterogeneity was considerable
(I? = 87%, P < 0.00001).

Analysing the trials exclusively dealing with glycaemic control in
usual care settings for mild hypoglycaemia a significant effect esti-
mate was shown in favour of conventional glycaemic control (ran-
dom RR 1.57, 95% CI 1.35 to 1.82; P < 0.00001; 17,860 par-
ticipants, 7 trials) (Analysis 1.56). Heterogeneity was considerable
(I = 91%, P < 0.00001). Trials with intensive glycaemic con-
trol as part of an acute interventions showed no significant effect
estimate with the random-effects model but a significant effect
estimate favouring intensive glycaemic control in the fixed-effect
model (random RR 2.13, 95% CI 0.83 to 5.50; fixed RR 1.81,
95% CI 1.03 to 3.17; P = 0.04; 903 participants, 3 trials) (Analysis
1.56). Heterogeneity was substantial (I? = 54%, P = 0.11). The
test of interaction showed no significance. Due to lack of data, we
could not perform separate analysis of trials assessing multimodal
intervention in usual care settings.

Only two trials provided separate data on moderate hypoglycaemia
(Melidonis 2000; Stefanidis 2003). The number of reported mod-
erate hypoglycaemic episodes was only five in total, all from one
trial (Melidonis 2000). Due to a lack of data, we included the
moderate hypoglycaemic events in the reporting of mild hypo-
glycaemic events as this was how the rest of the included trials
reported on this outcome.

Severe hypoglycaemia was significantly more frequent when tar-
geting intensive glycaemic control both applying the fixed-effect
and random-effects models (random RR 2.05, 95% CI 1.39 to
3.02 (P = 0.0003); fixed RR 2.74, 95% CI 2.46 to 3.07 (P <
0.00001); random RD 0.02, 95% CI-0.01 to 0.06; fixed RD 0.05,
95% CI 0.05 to 0.06; P < 0.00001; 28,127 participants, 12 trials)
(Analysis 1.55). Heterogeneity was considerable (I* = 79%, P <
0.00001). The ACCORD trial reported the number of hypogly-
caemic events in two ways: requiring any assistance, and requiring
medical assistance. We have reported the number requiring any
assistance as this definition agreed best with the definition used
in the other included trials (ACCORD 2008). Six trials, besides
the ACCORD trial, described the assistance of a third person in
their definition of serious hypoglycaemia (ADVANCE 2008; Bagg
2001; Kumamoto 2000; Steno-2 2008; UKPDS 1998; VA CSDM
1995). The VADT trial reported severe hypoglycaemia as a serious
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adverse event hypoglycaemia, that is life threatening, hospitalisa-
tion, disability, death or medical assistance (VADT 2009). Four
trials reported severe hypoglycaemia but did not specify it further
(IDA 2009; Jaber 19965 Melidonis 2000; Stefanidis 2003). Sep-
arate analysis of the trials providing a specific definition of severe
hypoglycaemia did not alter the significance of the effect estimate
(random RR 2.00, 95% CI 1.34 t0 2.98; P = 0.006). Heterogene-
ity was still considerable (I = 82%, P < 0.0001).

Inspection of the funnel plot for severe hypoglycaemia showed
asymmetry, suggesting presence of bias not favouring the effect of
intensive glycaemic control (Analysis 1.55).

Meta-regression with data from all included trials showed a posi-
tive correlation between the relative risk ratio for severe hypogly-
caemia and the duration of disease at baseline, suggesting a higher
RR (higher relative risk increase) for a higher average duration of
disease. The risk of severe hypoglycaemia was not dependent on
fasting blood glucose at baseline or HbAlc at baseline. A negative
correlation between the relative risk ratio for severe hypoglycaemia

and duration of the intervention was found suggesting a lower
RR (less relative risk increase) with longer duration intervention.
Meta-regression for the trials exclusively dealing with glycaemic
control in usual care settings could only include information from
five trials. The meta-regression showed significant correlation for
all the covariates explored. A significant positive correlation was
found between disease duration at baseline, HBAlc at baseline,
and fasting blood glucose at baseline; whereas a negative correla-
tion was shown for duration of intervention.

When applying trial sequential analysis to severe hypoglycaemia
for all trials and for the trials exclusively dealing with glycaemic
control in usual care settings a relative risk increase of 30% (num-
ber needed to harm = 50) was assumed to construct the trial se-
quential monitoring boundary. The cumulative Z-curve crossed
the trial sequential monitoring boundary, indicating that there is
firm evidence for a 30% increase in severe hypoglycaemia with
intensive glycaemic control (Figure 6).

Figure 6. Trial sequential analysis for severe hypoglycaemia for all included trials. Boundary is crossed
showing firm evidence is reached for a 30% relative risk increase when targeting intensive glycaemic control.
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The subgroup analysis of severe hypoglycaemia for the trials exclu-
sively dealing with glycaemic control in usual care settings showed
a significant effect estimate (random RR 1.71, 95% CI 1.71 to
3.34; P < 0.00001; 27,844 participants, 9 trials) (Analysis 1.57).
Heterogeneity was substantial (I = 73%, P < 0.00001). Separate
analysis of the trials providing a specific definition of severe hypo-
glycaemia did not change the effect estimate (random RR 1.71,
95% CI 1.71 to 3.34; P < 0.00001). It was not possible to conduct
subgroup analyses for the trials with glycaemic control as part of
an acute intervention and multimodal intervention in usual care
settings.

Health-related quality of life and assessment of well-being

Six trials reported health-related quality of life or well-being
(Becker 2003; Jaber 1996; REMBO 2008; Steno-2 2008; UKPDS
1998; VA CSDM 1995) (Appendix 7). The UKPDS assessed
health-related quality of life using a specific questionnaire consist-
ing of the following domains: mood disturbances, cognitive mis-
takes, symptoms, and work satisfaction; besides using an EQ-5D
questionnaire. The anti-diabetic intervention did not significantly
affect quality of life but the presence of complications related to
T2D reduced quality of life (UKPDS 1998). The Steno-2 trial
reported health-related quality of life as quality-adjusted life ex-
pectancy (Steno-2 2008). The VA CSDM trial assessed health-re-
lated quality of life by using a 20-item questionnaire (VA CSDM
1995).

The publication from van der Does et al assessed well-being by a
composite questionnaire based on three validated questionnaires
besides assessing well-being on Likert scales (Becker 2003). The
results were not reported for intensive versus conventional gly-
caemic control but according to the decrease in HbAlc. Jaber et
al assessed health-related quality of life using a form derived from
Short Form-36 (Jaber 1996). The results were not reported for
each intervention group, but the conclusion was that improved
glycaemic control did not improve quality of life. The REMBO
trial assessed quality of life from the Minnesota heart failure ques-
tionnaire. Health-related quality of life was unchanged for the
two intervention groups after 12 months of follow-up (REMBO
2008).

It was unfortunately not possible to perform a meta-analysis on the
data from the different scales using standardised mean differences
(SMDs).

The ACCORD, ADVANCE, and VADT all had health-re-
lated quality of life as a predefined outcome (ACCORD 2008;
ADVANCE 2008; VADT 2009). The results of these analyses are

not yet available.

Costs of interventions

Costs of interventions were assessed in only three trials (
Kumamoto 2000; Steno-2 2008; UKPDS 1998). All of the trials

analysed the cost, as cost-effectiveness analyses with 3% annual

discounting rate, except for the UKPDS which had a 3.5% dis-
count rate. The Kumamoto trial provided data on the costs of
10 years of intervention and treatment of complications per par-
ticipant. The UKPDS reported the data for the UKPDS 33 and
UKPDS 34 separately; as for all other outcomes we combined
the data for the intensive intervention groups in UKPDS 33 and
UKPDS 34. The costs for the UKPDS were expressed as cost
per participant during the trial period of 10 years. There was an
incremental cost of intensive blood glucose control with insulin
and sulphonylurea compared with conventional glycaemic con-
trol. The costs of intensive blood glucose control with metformin
were lower compared with conventional blood glucose control.
The Kumamoto trial classified the costs into two classes: costs
of treatment, and costs of the complications. Costs of treatment
were significant higher for patients in the intensive intervention
group compared to the conventional treatment group. The costs
of complications were higher in the conventional group. When
combining the costs of treatment and complications the costs were
reduced in the intensive treatment group during a 10-year inter-
vention period. When discounting the costs at 3% the difference
was still present but statistically insignificant (Kumamoto 2000).
The Steno-2 trial found that lifetime direct medical costs were
higher for the intensive treatment group compared to the conven-
tional treatment group because of increased pharmacy and con-
sultations when targeting intensive control. When including the
lifetime expenses for treating the complications in the two inter-
vention groups, intensive treatment was less expensive than con-
ventional treatment even though the patients lived longer in the
intensive treatment group (Steno-2 2008). It was not possible to
add suitable data from the Steno-2 trial to the meta-analysis as
the data were expressed as lifetime costs and quality-adjusted life
years. In a meta-analysis of the results from the Kumamoto trial
and UKPDS, there was no significant difference (MD 543.85,
95% CI -985.46 to 2073.16; 4319 participants, 2 trials) (Analysis
1.58).

The UKPDS and Steno-2 trials also expressed the costs as quality-
adjusted life years, a measure of both increases in life expectancy
and quality of life. The Steno-2 trial showed lower costs per quality
adjusted life year when targeting intensive control compared with
conventional control. UKPDS also found a reduced cost per qual-
ity adjusted life year for the participants randomised to intensive
glycaemic control with metformin compared with conventional
glycaemic treatment. However, there was an incremental cost per
quality adjusted life-year gained for intensive blood glucose con-
trol with insulin and sulphonylurea compared with conventional
glycaemic control.

The ACCORD, ADVANCE, and VADT trials all included cost-
analysis as a predefined outcome (ACCORD 2008; ADVANCE
2008; VADT 2009). The results are not published yet.
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DISCUSSION

Summary of main results

This Cochrane review is the first systematic review that includes
all randomised trials assessing targeted intensive glycaemic con-
trol versus conventional glycaemic control in patients with type
2 diabetes mellitus (T2D). We included data from 20 trials with
a total of 29,986 participants. Thereby our systematic review be-
comes far more comprehensive than previous meta-analyses ad-
dressing the same interventions, which included 27,049 partici-
pants and restricted the analyses to mortality and macrovascular
events (Turnbull 2009). We also included microvascular compli-
cations, which like other diabetic complications can be disabling
for patients.

Our key findings are that there is no significant difference between
the interventions regarding all-cause mortality or cardiovascular
mortality (see Summary of findings for the main comparison).
Other important findings are that targeting intensive glycaemic
control may reduce the risk of non-fatal myocardial infarction,
amputation of a lower extremity, microvascular complications as a
composite outcome, nephropathy, retinopathy, and retinal photo-
coagulation. However, a firm conclusion will have to await further
trials for some of these outcomes. Targeting intensive glycaemic
control increased the risk of serious adverse events as well as mild
and severe hypoglycaemia.

Subgroup analyses stratifying the trials according to how the inter-
vention was applied showed no difference for all-cause mortality
or cardiovascular mortality, for trials exclusively dealing with gly-
caemic control in usual care settings and for glycaemic control as
part of an acute intervention. Targeting intensive glycaemic con-
trol in trials exclusively dealing with glycaemic control in usual
care settings may reduce the risk of non-fatal myocardial infarc-
tion, whereas this was not shown for intensive glycaemic control
as part of an acute intervention in patients with T2D. The risk of
the composite microvascular complications, retinopathy, as well
as retinal photocoagulation might also be reduced when target-
ing intensive glycaemic control in trials exclusively dealing with
glycaemic control in usual care settings but with increased risk of
serious adverse events, mild and severe hypoglycaemia.

Our primary outcomes were all-cause mortality and cardiovascular
mortality. Neither a random-effects nor fixed-effect model showed
any significant effect on all-cause mortality or cardiovascular mor-
tality when analysing all trials together or when analysing the trials
exclusively dealing with glycaemic control in usual care settings
and as part of an acute intervention. Separate analysis of intensive
glycaemic control as a part of a multimodal treatment regime could
not be performed due to lack of data. Stratifying the trials accord-
ing to risk of bias, study duration, diagnostic criteria, or funding
source did not give rise to significant effect estimates for all-cause
mortality. A test of interaction between any of the subgroups did
not reveal any significance. The same was the case for cardiovascu-
lar mortality, however stratifying the trials after diagnostic criteria

showed a significant effect estimate for cardiovascular mortality
in favour of conventional glycaemic control. A test of interaction
between the subgroups when stratifying the trials according to the
diagnostic criteria for T2D showed significance (P = 0.03). How-
ever, it should be noted that stratifying trials according to diagnos-
tic criteria excluded the ADVANCE trial since this trial did not
specify its criteria for the diagnosis of T2D. The ADVANCE trial
was the largest trial included in the present meta-analysis (11,140
participants) with about one third of the total information size and
did not find any evidence of increased cardiovascular mortality
when targeting intensive versus conventional control (ADVANCE
2008). Thus, excluding the ADVANCE trial might substantially
increase the weight of other studies in the analysis. For example,
the ACCORD trial had about the same sample size as the AD-
VANCE trial, but, unlike the ADVANCE trial, its findings sug-
gested an increased risk of cardiovascular death with targeted in-
tensive versus conventional glycaemic control (ACCORD 2008).
Meta-analysis of all available hazard ratio data for the primary out-
comes did not show any significant effect estimates. Available case
analysis showed no significant effect estimates for all-cause mor-
tality or cardiovascular mortality. Worst-case scenarios showed a
significant effect favouring conventional glycaemic control when
applying a fixed-effect model for all-cause and cardiovascular mor-
tality. However, significant effect estimates favouring intensive gly-
caemic control were also shown for the best-case scenarios for all-
cause mortality and cardiovascular mortality. This implies that
missing outcome data in trials could influence the effect estimates
for targeting intensive versus conventional glycaemic control on
all-cause and cardiovascular mortality, although the assumption
reveals unrealistic effect estimates. However, the direction of such
influence is uncertain.

Trial sequential analysis suggested a 10% relative risk reduction
could be rejected for all-cause mortality. For cardiovascular mor-
tality trial sequential analysis suggested that more trials are needed
before firm evidence is established. Meta-regression for all trials
was not able to show any statistically significant association be-
tween duration of disease, fasting blood glucose, or glycosylated
haemoglobin Alc (HbAlc) at baseline and all-cause mortality.
Meta-regression of all trials showed a trend toward a negative asso-
ciation between the duration of the intervention and the risk ratio
for all-cause mortality, which indicates that increased duration of
the intervention is associated with a tendency to increase the rel-
ative risk reduction of death with targeting intensive versus con-
ventional glycaemic control. Meta-regressions for the subgroup of
trials exclusively dealing with glycaemic control in usual care set-
tings showed a positive correlation between fasting blood glucose
and HbAlc at baseline and the risk ratio for all-cause mortality.
Thus, for trials exclusively dealing with glycaemic control in usual
care settings, patients with poorer glycaemic control at baseline
(higher fasting blood glucose or HbAlc) might benefit less from
targeting intensive versus conventional glycaemic control in terms
of all-cause mortality than do patients with better glycaemic con-

Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus (Review) 34
Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



trol at baseline. Neither meta-regression of all trials nor the sub-
group analysis of trials exclusively dealing with glycaemic control
in usual care settings showed any significant influence on cardio-
vascular mortality for the explored variables.

We found no significant influence of the intervention on macrovas-
cular disease assessed as a composite outcome. Separate analysis of
trials exclusively dealing with glycaemic control in usual care set-
tings did not show significant effect estimate. Subgroup analyses
for trials assessing the effect of targeting intensive glycaemic con-
trol as part of an acute intervention or multimodal intervention
in usual care settings could not be performed. The reporting of a
composite macrovascular outcome varied between trials.
Non-fatal myocardial infarction was reported in 12 trials, of which
eight gave a detailed description of how the diagnosis was estab-
lished. Meta-analysis of all 12 trials only revealed significant ef-
fect estimates using the fixed-effect model. When analysing non-
fatal myocardial infarction in trials exclusively dealing with gly-
caemic control in usual care settings, significant effect estimates
were present in both the random-effects and fixed-effect model.
The trials assessing the effect of targeting intensive glycaemic con-
trol as part of an acute intervention all reported non-fatal myocar-
dial infarction as re-infarction. There was no significant effect esti-
mate for the trials assessing targeted intensive glycaemic control as
part of an acute intervention. The test of interaction between the
trials assessing the effect of targeting intensive glycaemic control
as a part of acute intervention and the trials assessing the effect of
targeting intensive glycaemic control as a part of acute interven-
tion showed significance (P = 0.04). Due to lack of data, subgroup
analysis of trials with multimodal intervention in usual care set-
tings could not be performed. Meta-analysis of the trials with non-
fatal myocardial infarction as a primary outcome showed a sig-
nificant effect in both the random-effects and fixed-effect model.
Subgroup analysis showed significant effect estimates favouring
intensive glycaemic control when applying the fixed-effect model
for trials with long study duration, low risk of bias, and industry
funding. A test of interaction of the subgroups showed no signif-
icance. Available case analysis showed a significant effect estimate
favouring intensive glycaemic control when applying the fixed-
effect model. A best-case scenario showed significant effect esti-
mates applying both the random-effects and fixed-effect models
that favoured intensive glycaemic control. A worst-case scenario
favoured conventional glycaemic control. Trial sequential analy-
sis, however, showed that more trials are needed before there is
firm evidence for a benefit of intensive glycaemic control, or lack
of effect. Meta-regressions for all trials and the trials exclusively
dealing with glycaemic control in usual care settings showed no
significant association between the risk ratio of non-fatal myocar-
dial infarction and the explored variables.

Originally we planned to report stroke according to the aetiol-
ogy, but unfortunately this was not possible because of the re-
porting in the included trials. Stratifying the trials according to
the intervention was only possible for the trials exclusively deal-

ing with glycaemic control in usual care settings, which did not
show any significance of the effect estimate. The reported non-
fatal strokes were primarily from the ADVANCE trial. The result
remained non-significant when analysing only the trials with pre-
defined non-fatal stroke as a primary outcome.

A significant effect estimate in favour of targeting intensive gly-
caemic control was evident for amputation of a lower extremity.
Stratifying the trials according to the intervention could only be
done for those trials exclusively dealing with glycaemic control
in usual care settings, which did not show a significant effect es-
timate. The meta-analysis of amputation of a lower extremity is
extremely prone to bias. Besides differences in the definitions used
for this outcome, the indication for amputation might vary within
the different sites of a single trial. The data on amputation were
primarily reported by UKPDS. Trial sequential analysis showed
that only a minor proportion of the required sample size has been
accrued so far.

Cardiac revascularization was not influenced by the intense of
conventional intervention. Subgroup analyses could only be done
for trials exclusively dealing with glycaemic control in usual care
settings and did not show any significant effect of the intervention;
most of the reported data were from the VADT trial.

Targeting intensive glycaemic control did not reveal any signifi-
cant influence on need for peripheral revascularization. Subgroup
analyses of the trials according to how intensive glycaemic con-
trol was applied was only possible for the trials exclusively dealing
with glycaemic control in usual care settings, which did not show
a significant effect estimate. The indication for revascularization
procedures might vary within the sites in a single trial and among
trials. The ADVANCE trial contributed the most events, which
were reported as peripheral vascular events.

The relative risk of microvascular complications as a composite
outcome was reduced when targeting intensive glycaemic control.
Subgroup analyses stratifying the trials according to the interven-
tion could only be done for trials exclusively dealing with gly-
caemic control in usual care settings, which also showed a signifi-
cant effect estimate in favour of targeting intensive glycaemic con-
trol. Definitions of the composite microvascular outcome varied
between trials. The composite microvascular outcome from the
Steno-2 trial included both severe and non-severe microvascular
events; whereas the ACCORD, ADVANCE, and UKPDS trials
reported more severe microvascular events. Trial sequential analy-
sis suggested that firm evidence was reached for a 10% relative risk
reduction when targeting intensive glycaemic control in all trials,
but not in the trials exclusively dealing with glycaemic control in
the usual care setting.

Meta-analysis of all trials reporting retinopathy showed that the
risk of retinopathy was significantly reduced. Subgroup analysis
of trials exclusively dealing with glycaemic control in usual care
settings also showed a significant effect estimate. We reported
retinopathy graded using a scale, which was the Early Treatment
of Diabetic Retinopathy Study scale for most of the trials. By ex-
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cluding the UGDP and the UKPDS trials, which included only
participants with short duration diabetes, from the analysis of tri-
als exclusively dealing with glycaemic control in usual care settings
the effect estimate revealed a larger risk reduction. Heterogeneity
was substantial. Trial sequential analysis showed that more trials
are needed before firm evidence for a 10% relative risk reduction
is established from randomised clinical trials.

A meta-analysis of all trials using both the random-effects and
fixed-effect models showed significant benefit of targeting inten-
sive glycaemic control for retinal photocoagulation. Analysing the
trials exclusively dealing with glycaemic control in usual care set-
tings resulted in a significant effect estimate favouring targeting
intensive glycaemic control only when applying the fixed-effect
model. The indication for retinal photocoagulation may vary be-
tween sites in a single clinical trial as well as between the sites of
the different included trials. Most of the retinal photocoagulation
was reported by a single trial (UKPDS). Trial sequential analysis
suggested that more trials are needed before firm evidence of a
10% relative risk reduction is reached.

A significant effect estimate was shown for nephropathy for all
trials in a random-effects model but not in the fixed-effect model.
Subgroup analysis stratifying the trials according to the interven-
tion was only possible for the trials exclusively dealing with gly-
caemic control in usual care settings, which was not significant.
The reported nephropathy events were primarily from the AC-
CORD trial, because of an increase in glomerular filtration rate
(GFR) that was observed in more than half of the participants. The
definition of nephropathy varied between trials, from surrogate
markers (for example, developing microalbuminuria) to hard clin-
ical outcomes (for example, renal transplantation). Heterogeneity
was considerable.

The effect estimate for end-stage renal disease showed no signifi-
cance. Stratifying trials according to the intervention was only pos-
sible for trials exclusively dealing with glycaemic control in usual
care settings, with no significant difference in effect. Some trials
reported end-stage renal disease and death due to renal disease as
part of the nephropathy outcome. Some trials provided separate
data on end-stage renal disease and nephropathy. The extractable
data for end-stage renal disease varied.

The risk of serious adverse events was significantly increased when
applying the fixed-effect model to all the included trials, but not
when applying the random-effects model. This was also the case
analysing the trials exclusively dealing with glycaemic control in
usual care settings. No significant effect was shown for glycaemic
control as part of an acute intervention. The test of interaction
between trials exclusively dealing with glycaemic control in usual
care settings and the trials assessing glycaemic control as part of
an acute intervention showed no significance. Meta-analysis of a
multimodal intervention in usual care settings was not possible
due to lack of data. Adverse event reporting varied between trials,
and some trials reported cardiovascular complications as a serious
adverse event whereas other did not. More than half of the serious

adverse events were from the ADVANCE trial.

Neither the data for congestive heart failure nor drop-outs due to
adverse events were driven by a single trial. No significant effect
estimates were evident for drop-outs due to adverse events or to
congestive heart failure.

The risk of mild hypoglycaemia was increased when targeting
intensive glycaemic control, assessing all trials together. Separate
analyses for trials exclusively dealing with glycaemic control in
usual care settings showed increased risk of mild hypoglycaemia
when targeting intensive glycaemic control. Trials with glycaemic
control as a part of acute intervention did not show a significant
increase in mild hypoglycaemia. The test of interaction between
trials exclusively dealing with glycaemic control in usual care set-
tings and the trials assessing glycaemic control as a part of acute
intervention showed no significance. It was not possible to anal-
yse trials with multimodal intervention in usual care settings sep-
arately due to lack of data. Definitions of mild hypoglycaemia
varied among trials. The lack of blinding of the participants and
the investigators might influence the reporting of mild hypogly-
caemia. Heterogeneity was considerable, so the results should be
interpreted extremely cautiously.

Severe hypoglycaemia was significantly more frequent when assess-
ing all trials together, as well as when assessing the trials exclusively
dealing with glycaemic control in usual care settings. Analysis of
glycaemic control as part of an acute intervention and multimodal
intervention in usual care settings could not be performed due
to lack of data. A definition of severe hypoglycaemia was given
for most trials providing data on this outcome. The definitions
often included assistance from another person, without further
specification. The grade of assistance from another person may
vary from handling a juice to giving glucagon injections. The de-
sign of the included trials made it impossible to blind the partic-
ipants, which in turn may bias the reporting of severe hypogly-
caemia. Heterogeneity was considerable, which may reflect dif-
ferences in both the included trials and the definition of severe
hypoglycaemia. Trial sequential analysis suggested a 30% relative
risk increase when targeting intensive glycaemic control. Meta-
regression for all trials and the subgroup of trials exclusively deal-
ing with glycaemic control in usual care settings showed a positive
correlation between the relative risk of severe hypoglycaemia and
the duration of disease, indicating that the relative risk of severe
hypoglycaemia with targeted intensive glycaemic control versus
conventional glycaemic control increases with longer disease du-
ration. A negative correlation between the relative risk of severe
hypoglycaemia and the duration of the intervention was found
for all trials and for the subgroup of trials exclusively dealing with
glycaemic control in usual care settings, indicating a lower rela-
tive risk of severe hypoglycaemia with increased duration of the
intervention for targeting intensive glycaemic control versus con-
ventional glycaemic control. Meta-regression for all trials showed
no influence of HbAlc or fasting blood glucose level at baseline
on the risk of severe hypoglycaemia, whereas a positive correlation
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was found for the subgroup of trials exclusively dealing with gly-
caemic control in usual care settings. Heterogeneity between trials
was considerable and the results should be interpreted extremely
cautiously.

We assessed health-related quality of life and well-being. It was
not possible to pool the data. Three larger trials (ACCORD 2008;
ADVANCE 2008; VADT 2009) had quality of life as a predefined
outcome but the results are not yet published.

Cost data from two trials were pooled (Kumamoto 2000; UKPDS
1998). Based on these data we could not conclude whether target-
ing intensive glycaemic control is economical efficient. The results
might be specific to the countries in which the trials were under-
taken (Japan, United Kingdom) because of differences between
the public health systems.

Overall completeness and applicability of
evidence

We conducted an extensive search for trials, included publications
in all languages, and had no restriction on the outcomes reported
in the trials. We have included trials with large ranges for dura-
tion of T2D, duration of the interventions, age, different groups
according to risk of cardiovascular disease, and finally different
assessments of glycaemic control. Our primary objective was to
assess all-cause as well as cardiovascular mortality.

The participants of the included trials represented a very diverse
sampling of the population with T2D. The results of our review
should therefore be interpreted with caution. The diagnosis of
T2D varied between trials, and some trials used a definition of
T2D which may have included participants with impaired glu-
cose tolerance. Some of the trials only included participants with
newly diagnosed T2D, whereas others included patients with a
longer duration of T2D. Moreover, the cardiovascular risk profile
may have differed significantly because of differences in inclusion
criteria, for example inclusion of participants with acute cardio-
vascular events, microvascular disease, or at high risk of cardiovas-
cular disease. However, it should be kept in mind that participants
with existing co-morbidities, especially renal or hepatic disease,
were excluded from many of the included trials. Detailed infor-
mation about the participants was presented in most trials. Many
of the trials were conducted in Europe or Northern America. Age,
body mass index (BMI), glycaemic control, and diabetes duration
of participants were in keeping with what might be expected in
clinical practice. Even though we have included a large range of
patients with T2D, and due to potential selection bias for instance
more healthy and motivated patients in a clinical trial, it is difficult
to say how typical the participants in each clinical trial may be
compared with the wider population with T2D. Nevertheless, the
heterogeneity in this review might indeed reflect the well-known
heterogeneity in clinical practice.

The glycaemic targets in the intensive and the conventional treat-
ment groups, as well as the anti-diabetic interventions used to

achieve the targets, differed among the trials. Based on the included
trials, it is neither possible to estimate the *optimal’ glycaemic in-
tervention target nor the optimal treatment regimen necessary to
receive that target. These were not part of our objectives. Thus,
our review cannot provide evidence of superiority or inferiority of
specific glucose-lowering regimens or of specific glycaemic targets.

Quality of the evidence

Among the 20 trials included in this analysis, only eight trials were
classified as having low risk of bias. Stratifying the trials according
to risk of bias did not influence the effect estimates on our primary
outcomes. We were able to assess some of the predefined outcomes
in all but one of the included trials. All of the larger included tri-
als described randomisation, allocation, and blinding adequately.
Because of the design of the trials, comparing intensive glycaemic
control with conventional glycaemic control, it was not feasible
to require double blinding of investigators and participants. This
might have influenced the reporting from both the participants
and the investigators. Reporting of hypoglycaemia in particular
might have been prone to reporting bias. We defined blinding of
outcome assessors as adequate blinding.

Certain potential limitations of this review warrant special consid-
eration, one being that we were dealing with a very heterogeneous
group of trials. The heterogeneity might to some extent be due to
the differences in baseline characteristics of the participants of the
included trials (for example age, diabetes duration). This meta-
analysis is limited by an inability to use individual patient data to
assess whether certain characteristics (for example, history of car-
diovascular events, degree of HbA1c reduction, duration of disease
at baseline) affect the degree of cardiovascular risk. We explored
heterogeneity by sensitivity analyses, subgroup analyses, and meta-
regression. Diagnostic criteria and definitions of outcomes differed
among the trials and were not always well-defined. The anti-di-
abetic intervention also varied among trials. Moreover, the out-
comes we assessed were diabetic complications, both macro- and
microvascular, which might have different aetiologies. The effects
of intensive glycaemic control were assessed in patients with newly
diagnosed T2D, participants with T2D and microvascular dis-
ease, participants with elevated risk for cardiovascular disease, and
participants with T2D combined with an acute coronary event.
The variable risk of developing the outcomes we assessed might
have influenced the results. We have tried to take the differences
between trials into account by performing sensitivity analyses and
subgroup analyses. Many of the included trials were not designed
or powered to detect our predefined outcomes, which might have
resulted in insufficient data from these trials. Besides, when pre-
specifying a certain primary outcome, the outcome might be more
systematically and uniformly collected in the trial. We tried in
all cases to ask for supplementary information from the authors.
However, outcome reporting bias could influence the results of
our meta-analysis. Adverse events outcome reporting in particular
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was lacking and varied among trials.

Reporting outcomes that were not predefined in the trials gives
rise to other concerns beside reporting bias. Both macrovascular
and microvascular complications usually evolve over a long time
period. It might therefore be that some of the included trials re-
ported on outcomes where the duration of the trials was too short
to influence the outcome (for example, retinopathy reported from
the VA CSDM).

We have not evaluated the glucose-lowering drugs that were used
to achieve the glycaemic target. In the included trials a wide
range of glucose-lowering drugs were often used to achieve the
glycaemic goal. The treatment protocols for the prescription of
glucose-lowering drugs were not identical for the intensive gly-
caemic group and the conventional glycaemic group in all trials,
for example, gliclazide prescribed for all participants in the in-
tensive treatment group in the ADVANCE and the REMBO tri-
als (ADVANCE 2008; REMBO 2008). Besides predefined differ-
ences in the anti-diabetic treatment, other differences might ap-
pear. In the ACCORD and the ADVANCE trials a greater propor-
tion of the participants randomised to intensive glycaemic con-
trol received rosiglitazone compared with the conventional ther-
apy group (ACCORD 2008; ADVANCE 2008). We have not
taken such differences in anti-diabetic treatments between the in-
tervention groups into account despite the fact that some anti-di-
abetic interventions are suspected of causing some of our reported
outcomes. Therefore, the most suitable way to assess the objective
of this review would be if all the included trials only used one
glucose-lowering drug in both intervention arms to achieve gly-
caemic target. This was done to some extent in the DCCT study in
patients with type 1 diabetes mellitus (DCCT/EDIC 2005) and
in the Kumamoto trial in patients with T2D (Kumamoto 2000).
However, not only did the glycaemic target differ between the in-
tervention groups in these trials but so did the insulin regimen (for
example number of daily injections) thus limiting the conclusions
that can be drawn about the effect of the glycaemic target per se.
A trial design that only used insulin would, however, probably not
be applicable to current clinical practice for patients with T2D as
a large range of glucose-lowering drugs are currently being used.
A relatively large proportion of the trials received funding from
the pharmaceutical industry. When stratifying all-cause and car-
diovascular mortality by source of funding, this did not cause any
significant changes in the effect estimates.

To assess whether differences in targeted or achieved glycaemic
control caused differences in the investigated outcomes, the re-
spective groups would have to be similar for every known and
unknown risk factor that influences the outcome. For the glu-
cose target this should be true at baseline, and for the achieved
glycaemic control other confounders during follow-up should be
controlled for. We included only randomised trials to best protect
against differences in baseline variables (and, in fact, also during
follow-up) that may influence the outcomes differently between
intervention groups. Potential blinding of participants and inves-

tigators would also confer some protection against confounding
during follow-up. Unfortunately, however, such blinding is prob-
ably not possible when investigating glucose targets. On the con-
trary, there are probably few, if any, possible ways of protecting
against confounding influences during follow-up for the effect of
the achieved glycaemic control to influence other outcomes, for
example, mortality or cardiovascular risk. Short of blinded trials,
we therefore believe that our approach of identifying randomised
trials with different predefined glycaemic targets between the in-
tervention groups was the best way to assess the question of pos-
sible causality between glucose control and clinical outcomes. For
our review, some trials assessed multimodal intervention in usual
care settings, of blood pressure and cholesterol control together
with intensive glycaemic control. To take these differences into
account, we planned to conduct separate analysis of these trials.
The method for assessing glucose control varied between the in-
cluded trials. Some trials defined the target glucose values using
blood glucose. However, the levels of blood glucose only provide
a’snapshot’ of the overall degree of glycaemic control. Most of the
included trials expressed glycaemic control and the glycaemic goal
in levels of HbAlc, which are determined by the blood glucose
levels over several weeks. In spite of differences in the timeline for
blood glucose and HbAlc determinations, we chose to include
trials irrespective of the way glycaemic control was assessed.

Potential biases in the review process

Despite an extensive search of major diabetes conference abstracts
and correspondence with authors of the included trials and relevant
medical companies, we did not retrieve any additional trials.
Some of the included trials are of a relatively small size, which in-
creases the risk of providing a more unrealistic estimate of the in-
tervention effects due to bias (systematic errors) and chance (ran-
dom errors). We have tried to clarify systematic errors. All authors
were contacted for clarification if one of the bias domains was
not adequately reported. We divided the analyses for the primary
outcomes into high risk of bias trials and low risk of bias trials to
reveal any influence of bias on the effect estimates of our primary
outcomes. To reduce the risk of random errors we have conducted
trial sequential analysis on the primary outcomes and all secondary
outcomes which showed significant effect estimates applying both
the random-effects and fixed-effect models.

Heterogeneity among trials was partly caused by differences in in-
cluded participants among trials, intervention targets, and anti-
diabetic agents used. For each outcome we made efforts to explain
the cause of the heterogeneity. Moreover, we conducted all anal-
yses using both the random-effects model and fixed-effect model.
Due to large heterogeneity, we by default reported the outcomes
using the random-effects model, and the fixed-effect model if the
results differed. The fixed-effect model assumes that the true in-
tervention effect is the same in every randomised trial, that is, the
effect is fixed across trials. On the contrary, the random-effects
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model allows for the effects being estimated to differ across trials.
When the heterogeneity increases, the estimated intervention ef-
fect may differ between the random-effects model and the fixed-
effect model, and the confidence interval increases in the random-
effects model. When there is no heterogeneity (I = 0%), the two
models tend to give the same result. By adopting the random-
effects model we were therefore able to pool a broader population
of studies than by only relying on the results of the fixed-effect
model. On the other hand, the random-effects model reduces the
weight of the large trials, which might be more representative of a

true intervention effect.

Agreements and disagreements with other
studies or reviews

The oldest trial we retrieved, the UGDP, did not reveal any benefit
of intensive glycaemic control compared with conventional gly-
caemic control (UGDP 1975). The participants in both groups
were exclusively treated with insulin. At the time the UGDP was
designed, there was no single definition of T2D that had general
acceptance. However, the participants of the UGDP were more
likely to be diagnosed with impaired glucose tolerance than dia-
betes, according to modern diagnostic criteria. The UKPDS trial
was initiated 10 to 15 years later, in 1977 (UKPDS 1998). By
using the fasting plasma glucose criterion of 6.0 mmol/L, about
85% of all UKPDS patients would have fulfilled the 1985 WHO
criteria for diabetes (fasting plasma glucose above 7.8 mmol/L).
The findings of the UKPDS were more positive with respect to the
effect of intensive versus conventional glucose control on compli-
cations of diabetes than the findings of the UGDP. Observational
data from the UKPDS trial showed a 14% risk reduction of my-
ocardial infarction for each 1% decrease in HbAlc (UKPDS-35
2000). A longer follow-up period, after the completion of the ran-
domised UKPDS trial, revealed a reduction in both all-cause mor-
tality and myocardial infarction for all participants receiving regi-
mens targeting intensive glycaemic control during the intervention
period. This was observed despite differences between the groups
in their use of glucose-lowering therapies, as well as in stopping
the intensive glycaemic control intervention (UKPDS-80 2008).
The participants in both the UGDP and UKPDS represented
patients with T2D with relatively mild abnormalities in glucose
metabolism. The data from the UGDP have not been included in
other meta-analyses of intensive versus conventional glucose con-
trol because of the diagnostic criteria for T2D in the trial (Kelly
2009; Ma 2009; Mannucci 2009; Marso 2010; Ray 2009; Stettler
2006; Turnbull 2009; Wang 2009; Wu 2010; Zhang 2010). Ex-
cluding UGDP from the analyses did not influence our results.

The Steno-2 trial reported a benefit of targeting multiple cardio-
vascular risk factors, including glycaemia in patients with T2D and
microalbuminuria (Steno-2 2008). The intensive glucose regimen
was combined with aggressively targeting other well-known risk
factors of cardiovascular disease. Unfortunately, this trial was not

designed to assess the influence of each component of the treat-
ment regimen. It remains uncertain how much of the improve-
ment was caused by intensive glucose control as an isolated target.
In addition, the included participants represented a heterogeneous
and relatively selected population. A longer follow-up period of
the Steno-2 population indicated a possible benefit of intensive
intervention for multiple risk factors, including glycaemic con-
trol, after the end of the intervention period. Like the long-term
follow-up of the UKPDS, the differences in HbAlc disappeared.
The observational post-trial data from both the Steno-2 and the
UKPDS trials indicate a long-term benefit of eatly targeted in-
tensive glycaemic control that may or may not be supported in
future randomised trials. However, because of incomplete follow-
up for some participants in the UKPDS post-trial analysis, and
the observational design of the post-trial period, the data should
be interpreted cautiously (UKPDS-80 2008).

Randomised clinical trials have shown that lipid- and blood pres-
sure lowering treatments reduce the prevalence of cardiovascular
disease and mortality in patients with T2D (Collins 2003; Haffner
1999; Patel 2007). We could not perform separate analyses of tri-
als assessing multimodal intervention in usual care settings for all-
cause mortality and cardiovascular mortality because we only had
data from the Steno-2 trial (Steno-2 2008). The benefit in the in-
tensive intervention group that was reported in the Steno-2 trial is
probably caused by the aggressive approach to blood pressure con-
trol, aspirin use, and lipid lowering rather than the glycaemic con-
trol (Steno-2 2008). Moreover, the glycaemic targets were identi-
cal in the two interventions groups for the last two years of the
intervention period.

The DIGAMI 2 trial was conducted exclusively in participants
with T2D and acute coronary events (DIGAMI 2 2005). The
trial was designed to answer the question of whether an inten-
sive glucose-insulin regimen followed by intensive insulin therapy
reduced mortality and cardiovascular morbidity compared with
insulin-glucose infusion followed by conventional treatment, or
conventional treatment alone. The first DIGAMI trial indicated
lower mortality when applying intensive glycaemic control after a
myocardial infarction in patients with diabetes (DIGAMI 1996).
The DIGAMI 2 was an attempt to replicate and extend the find-
ings of the first DIGAMI trial. In the DIGAMI 2 trial, the level of
blood glucose ended up being identical in all treatment groups and
the trial had to be stopped early due to slow patient recruitment.
Other trials of smaller scale and shorter follow-up periods were
not sufficiently powered to answer the question (Melidonis 2000;
Stefanidis 2003). Subgroup analyses did not show any benefit of
intensive glycaemic control for the primary outcomes in the trials
with glycaemic control as a part of acute intervention.

Recently, two large trials were conducted to answer the question
whether intensive glycaemic control is superior to conventional
glycaemic control (ADVANCE 2008; ACCORD 2008). Worries
arose as the results from the ACCORD trial in 2008 showed in-
creased all-cause mortality and cardiovascular mortality with in-
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tensive glycaemic intervention compared with conventional gly-
caemic intervention. The increased mortality caused early termi-
nation of the ACCORD trial. Explanations for this finding have
been sought by the authors of the ACCORD trial but no firm evi-
dence was found. Post-hoc analyses of the ACCORD trial suggest
that elevated levels of baseline HbA1c (above 8.5%) influence the
risk of mortality with intensive glycaemic control compared with
conventional glycaemic control (Calles-Escandon 2010). Meta-
regression of our data on trials exclusively dealing with glycaemic
control in usual care settings showed a positive correlation between
HbAlc and fasting blood glucose at baseline and the risk ratio
of all-cause mortality. However, we did not find any association
between baseline HbAlc and all-cause mortality using the data
from all included trials. On the other hand, the ACCORD trial
showed a reduction in the risk of non-fatal myocardial infarction
when targeting intensive glycaemic control. It might be that the
myocardial infarctions in the ACCORD trial were for some rea-
son more severe and caused death. The question remains why the
ACCORD trial reported increased deaths but reduced risk of non-
fatal myocardial infarction. However, this reflects a very important
clinical problem that may be difficult to solve. Recently, data from
the follow-up period, after termination of the intensive glycaemic
intervention arm, have been published. It was shown that the in-
creased risk of mortality and reduced risk of non-fatal myocardial
infarction have persisted (ACCORD 2011). These data will be
included in further updates. The ADVANCE trial did not find
any increased mortality in the treatment arm targeting intensive
glycaemic control. The reasons for the differences in the mortal-
ity results for these trials have been debated. Several differences
exist between the population of the ACCORD trial and the AD-
VANCE trial (a slightly longer duration of T2D and more patients
on insulin at baseline in the ACCORD trial), which indicate that
the participants of the ACCORD might have a more progressive
T2D. Besides, there was a difference in the anti-diabetic drugs
prescribed to reach the glycaemic target. A larger proportion of
the participants were prescribed glitazones in the ACCORD trial;
in the ADVANCE trial all participants in the intensive treatment
group received gliclazide.

The different interventions applied to achieve glycaemic control
in the different trials may influence mortality, and it has specifi-
cally been debated whether the glitazones increase the risk of my-
ocardial infarction (Nissen 2010; Singh 2007). We conducted a
sensitivity analysis on non-fatal myocardial infarctions by exclud-
ing the trials (ACCORD 2008; ADVANCE 2008) using more
glitazones in the intensive intervention group, which changed the
statistically significant effect estimate in favour of targeting inten-
sive glycaemic control into not being significant, applying both
the random-effects and fixed-effect models. As mentioned previ-
ously, it was not an objective of this review to assess the effect of
the different anti-diabetic interventions used, and it might well
be that some of the reported effects of intensive glycaemic con-
trol are due to the differences in the anti-diabetic interventions

used and not to differences in the glycaemic target (for example
metformin in the UKPDS, gliclazide in the ADVANCE trial).
To ensure comparability between the interventions with different
glycaemic targets, the number of anti-diabetic drug combinations
should be limited and the treatment algorithm should be identical
for both anti-diabetic interventions as well as for cardiovascular
risk factors.

Epidemiological analyses of the data from the ACCORD trial
observed that severe hypoglycaemia was associated with increased
risk of death irrespective of the intervention group (Bonds 2010).
However, experience of severe hypoglycaemia did not explain the
increased risk of mortality in the intensive intervention group.
Our results for mortality and macrovascular outcomes in the
present and more comprehensive meta-analysis are in accordance
with the results of recent meta-analyses (Kelly 2009; Ma 2009;
Mannucci 2009; Marso 2010; Ray 2009; Turnbull 2009; Wang
2009; Wu 2010; Zhang 2010).

Glycaemic control is a fundamental part of managing T2D. To-
day, HbAlc is commonly used in daily clinical practice to assess
average glycaemia over several months. A recently published ret-
rospective cohort study with data from the ’General Practice Re-
search Database’ somewhat unexpected showed in 48,000 patients
with T2D that both low and high mean values of HbAlc were
associated with increased all-cause mortality and macrovascular
events (Currie 2010); and that the HbAIc value with the lowest
hazard ratio for all-cause mortality was HbAlc 7.5%. The specific
reasons for death were not reported. Notably, a recent large-scale
cohort study in non-diabetic people demonstrated an association
between lower levels of HbA1cand increased mortality (a J-shaped
curve), that is with levels of HbA1c usually not considered to have
a risk (Selvin 2010). Hence, any potential causal or non-causal
relationship between lower levels of HbAlc and mortality might
not necessarily be specific to the diabetic state, its treatments, or
other associated conditions (for example hypoglycaemia).

The beneficial effect of targeting intensive glycaemic control on
the composite microvascular outcome in our review may be in ac-
cordance with results from both randomised clinical trials and ob-
servational studies (ADVANCE 2008; Ohkubo 1995; UKPDS-33
1998; UKPDS-35 2000). Observational data from the UKPDS
showed a 37% risk reduction of microvascular complications for
each 1% decrease in HbA1c (UKPDS-35 2000). The ADVANCE
trial found a 14% relative risk reduction of major microvascular
events when targeting intensive glycaemic control (ADVANCE
2008). The UKPDS 33 showed a 25% risk reduction in mi-
crovascular outcomes when targeting intensive glycaemic control
(UKPDS-33 1998). We found an 11% relative risk reduction ap-
plying both the random-effects model and the fixed-effect model
for the composite microvascular outcome, and a 1% to 2% ab-
solute risk reduction in favour of intensive glycaemic control for
all included trials. For the trials exclusively dealing with glycaemic
control in usual care setting a relative risk reduction of 11% to
12% was found, and a 1% absolute risk reduction in favour of
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targeting intensive glycaemic control. However, the confidence in-
terval for the absolute risk reduction included zero.

The Kumamoto trial showed a pronounced reduction in the in-
cidence of nephropathy in both the primary prevention cohort
(11.5% versus 43.5%) as well as in the secondary intervention co-
hort (16% versus 40%) when targeting intensive glycaemic con-
trol (Kumamoto 2000). The ADVANCE trial showed a 21% rel-
ative risk reduction in nephropathy when targeting intensive gly-
caemic control, whereas this could not be shown in ACCORD
(ACCORD 2008; ADVANCE 2008). We found a 22% relative
risk reduction for nephropathy for all included trials in favour to
intensive glycaemic control when the random-effects model was
applied, but no significant benefit with the fixed-effect model.
However, we found no significant effect in the meta-analysis of the
group of trials exclusively dealing with glycaemic control in usual
care settings. The risk of end-stage renal disease did not signifi-
cantly differ between the two intervention groups of the included
trials.

We found a 21% relative risk reduction in retinopathy in favour
of intensive glycaemic control in a meta-analysis of all included
trials. The absolute risk reduction was 4%. The subgroup of trials
exclusively dealing with glycaemic control in usual care settings
also showed a 20% relative risk reduction, and a 3% absolute risk
reduction. The UKPDS 33 showed a 29% relative risk reduction
for retinal photocoagulation when targeting intensive glycaemic
control (UKPDS-33 1998). Retinal photocoagulation showed a
23% relative risk reduction in favour of intensive glycaemic con-
trol in our meta-analysis. The absolute risk reduction was 2% in
the fixed-effect model. However, the confidence interval for the
random-effects model included zero. The group of trials exclu-
sively dealing with glycaemic control in usual care settings only
showed a 18% relative risk reduction and was only significant in
the fixed-effect model.

We report both microvascular disease with surrogate markers (for
example retinopathy initiation and progression expressed on a
scale) and hard clinical outcomes (for example end-stage renal
disease). Microvascular data from the ACCORD trial and the
UKPDS indicate that the beneficial effects of intensive glycaemic
glucose control on microvascular disease takes more than five years
to emerge, and the benefits on microvascular disease achieved
by intensive glycaemic control are less pronounced for patients
with advanced T2D (ACCORD) compared with patients with
new onset 12D (UKPDS) (ACCORD 2008; UKPDS 1998).
On the other hand, the meta-analysis for retinopathy indicated
that patients with more advanced stages of T2D (ACCORD,
VADT) mightbenefit more from intensive glycaemic control com-
pared with newly diagnosed patients with T2D (UKPDS, UGDP)
(ACCORD 2008; UGDP 1975; UKPDS 1998; VADT 2009).
Most of the recent meta-analyses have not included microvascular
disease as an outcome (Kelly 2009; Mannucci 2009; Marso 2010;
Ray 2009; Turnbull 2009; Wu 2010; Zhang 2010). However, Ma
et al analysed the included trials according to the HbAlc target in

the intensive intervention group and included microvascular dis-
ease including nephropathy, retinopathy, and neuropathy. For the
trials with a HbAlc target less than 7% Ma et al found no signifi-
cant reduction in the risk of microvascular disease with strict gly-
caemic control. For trials with a HbA1 targetlevel of 7% to 7.9% in
the intensive intervention group a significant reduction was found
for nephropathy and retinopathy in favour of intensive glycaemic
control (Ma 2009). Wang et al, which included trials without pre-
defined differences in glycaemic target (for example, "Prospective
Pioglitazone Clinical Trial in Macrovascular Events’ (PROactive)
and ’ Rosiglitazone Evaluated for Cardiac Outcomes and Regula-
tion of Glycaemia in Diabetes (RECORD)), and showed a 26%
reduction in the odds for microvascular events when targeting in-
tensive glycaemic control (Wang 2009).

We identified both mild and severe hypoglycaemia as an adverse
effect strongly associated with intensive glucose control, which is
in accordance with established knowledge and other meta-analyses
(Kelly 2009; Ma 2009; Mannucci 2009; Ray 2009; Turnbull
2009; Zhang 2010). We did not have access to in-trial data at
the patient level, and therefore we could not investigate whether
there was any correlation between severe hypoglycaemic events
and the risk of sudden unexpected death. For the same reason, we
were not able to investigate the effect of pre-existing cardiovascular
disease on the outcomes. Meta-regression for all trials and the
subgroup of trials exclusively dealing with glycaemic control in
usual care showed a positive correlation between disease duration
and the risk ratio for severe hypoglycaemia. An explanation for
the increased risk of severe hypoglycaemia with time might be
that the glucagon response to hypoglycaemia decreases with the
longer duration of diabetes alongside the reduction in endogenous
insulin secretion (Cryer 2008). On the other hand, we also found a
negative correlation between the risk ratio of severe hypoglycaemia
and the duration of the intervention, which could imply that the
patients and clinicians become more familiar with the treatment
over time, for example, with the prevention of adverse events.
When targeting intensive glycaemic control, quality of life might
be reduced as a consequence of the increased number of finger
pricks, insulin injections as well as an increased risk of hypogly-
caemia. In the present meta-analysis we were not able to pool the
quality of life data and we cannot therefore draw firm conclusions
about this. The possible reduced quality of life with intensive gly-
caemic control, as described above, contrasts with its potential to
reduce the risk of microvascular complications as a composite out-
come, as suggested from our present meta-analysis. It also con-
trasts with the observed beneficial effects of other interventions,
for example antihypertensive treatment or lipid-lowering therapy,
which influence other patient relevant outcomes such as mortal-
ity and cardiovascular disease. That is, the quality of life is also
likely to be influenced by the presence of complications (UKPDS
1998). Results of large-scale randomised clinical trials addressing
this are not published yet and might help to reveal the influence
of intensive glycaemic control on the quality of life.
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The American Diabetes Association published in January 2010 a
guideline recommending an HbAlc goal of less than 7% to re-
duce microvascular complications (ADA 2010). Treatment tar-
gets of HbAlc at 7% have only been used in five of the relatively
small included trials involving 543 participants (Bagg 2001; Guo
2008; Kumamoto 2000; REMBO 2008; Yang 2007). However,
only three of these exclusively assessed the effects of glycaemic
control. One of these trials had a duration of more than one year
(Kumamoto 2000). Besides, most of the included trials had sparse
data on the number of participants achieving the glycaemic tar-
get at the end of follow-up and, when reported, the proportion
of participants achieving the glycaemic target was relatively low.
The American Diabetes Association, however, recommends less
stringent goals in patients with a history of severe hypoglycaemia

(ADA 2010).

AUTHORS’ CONCLUSIONS

Implications for practice

There is insufficient evidence to demonstrate whether targeting
intensive glycaemic control influences all-cause or cardiovascular
mortality. Intensive glycaemic control may reduce the occurrence
of some patient important outcomes such as non-fatal myocardial
infarction, lower extremity amputation, and microvascular disease
as a composite outcome. Targeting intensive glycaemic control
compared with conventional glycaemic control increases the risk
of severe adverse events including both mild and severe hypogly-
caemia. Although we were not able to pool quality of life data, it is
conceivable that targeting intensive compared with conventional
glycaemic control may negatively affect quality of life for patients
aiming to cope with sometimes very complex and time consuming
treatment modalities and combinations. The glycosylated haemo-
globin Alc (HbAlc) target level must therefore be evaluated in-
dividually for different patients with type 2 diabetes mellitus and
should take both the potential benefits and harms into account.

Implications for research

For safety purposes, and with the aim of identifying the general
optimal glycaemic target, it would be preferable to have more ran-
domised clinical trials assessing cardiovascular disease and mortal-
ity in patients with type 2 diabetes mellitus, for example in younger
patients with type 2 diabetes mellitus without complications and
older patients with complications. Considering the combined evi-
dence on the influence of intensive glycaemic control on mortality,
a 10% relative risk reduction or more of all-cause mortality seems
unlikely, and therefore very large randomised clinical trials with
the ability to detect or reject less than a 10% relative risk reduction
are warranted. We suggest that more uniform treatment regimens
should be used in the interventions arms. We also suggest a more
uniform and rigorous reporting of outcomes in upcoming trials
to ease the comparisons between different glycaemic intervention
targets. Future trials ought to be reported according to the CON-
SORT (CONsolidated Standards of Reporting Trials) statement.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies /[ordered by study ID]

ACCORD 2008
Methods 2x2 factorial randomised clinical trial.
Participants SEX:

Intensive: Female: 1985; male: 3143
Conventional: Female: 1967; male: 3156
AGE (mean years (SD)):
Intensive: 62.2 (6.8)
Conventional: 62.2 (6.8)
DURATION OF DISEASE (mean years (SD)):
Intensive (median): 10 years
Conventional (median): 10 years
GLYCAEMIC CONTROL (mean HbAlc (standardized level, %) (SD)):
Intensive: 8.3 (1.1)
Conventional: 8.3 (1.1)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 9.7 (3.1)
Conventional: 9.8 (3.1)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 32.2 (5.5)
Conventional: 32.2 (5.5)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: 1826
Conventional: 1783
INCLUSION CRITERIA:
1. Type 2 diabetes mellitus defined according to the 1997 ADA criteria for > 3 months;
2. HbAlc level (obtained < 3 months before anticipated date of randomisation) of
a. 7.5%-11%: (i) If on insulin < 1 U/kg and on 0 or 1 oral anti-diabetic agent or (ii) If
not on insulin, and on 0, 1, or 2 oral anti-diabetic agents;
b. 7.5%-9%: (i) If on insulin < 1 U/kg and on 2 oral anti-diabetic agents, (ii) If on
insulin > 1 U/kg and 0 oral anti-diabetic agents, or (iii) If not on insulin and on 3 oral
anti-diabetic agents;
3. Stable diabetes therapy for > 3 months;
4. Age at randomisation;
a. 40-79 years (inclusive) for anyone with a history of clinical cardiovascular disease, or
b. 55-79 years (inclusive) for anyone without a history of clinical cardiovascular disease
(the age eligibility was modified on the basis of the results of the vanguard phase, so
some participants were aged > 80 years at randomisation)
5. At high risk for cardiovascular disease events, defined as
a. Presence of clinical cardiovascular disease (prior myocardial infarction, stroke, arterial
revascularization, angina with ischaemic changes on electrocardiogram at rest, changes
on a graded exercise test, or positive cardiac imaging test results);
b. If no clinical cardiovascular disease, evidence in the past 2 years suggesting high
likelihood of cardiovascular disease (1 risk factor: microalbuminuria, ankle-brachial index
< 0.9, left ventricular hypertrophy by electrocardiogram or echocardiography, or > 50%
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ACCORD 2008

(Continued)

stenosis of a coronary, carotid, or lower extremity artery), or
c. Presence of > 2 of the following factors that increase cardiovascular disease risk: LDL-
cholesterol > 130 mg/dL (1 mg/dL = 0.02586 mmol/L) treated with lipid-lowering
medication or untreated, low HDL-cholesterol (< 40 mg/dL for men and < 50 mg/
dL for women), systolic blood-pressure > 140 mmHg or diastolic blood pressure > 95
mmHg treated with blood pressure-lowering medication or untreated, current cigarette
smoking, or BMI > 32 kg/mz;
6. In addition, all participants must be eligible for either the blood pressure trial or the
lipid trial
EXCLUSION CRITERIA:
1. History of hypoglycaemic coma/seizure within last 12 months;
2. Hypoglycaemia requiring third party assistance in last 3 months with concomitant
glucose < 60 mg/dL (3.3 mmol/L);
3. History consistent with type 1 diabetes mellitus;
4. Unwilling to do frequent capillary blood glucose self-monitoring or unwilling to inject
insulin several times a day;
5. BMI > 45 kg/mz;
6. Serum creatinine > 1.5 mg/dL (132.6y mol/L) obtained within the previous 2 months;
7. Transaminase > 2 times upper limit of normal or active liver disease;
8. Any ongoing medical therapy with known adverse interactions with the glycaemic
interventions (e.g., corticosteroids, protease inhibitors);
9. Cardiovascular event or procedure (as defined for study entry) or hospitalisation for
unstable angina within last 3 months;
10. Current symptomatic heart failure, history of NYHA class III or IV congestive heart
failure at any time, or ejection fraction (by any method) < 25%;
11. A medical condition likely to limit survival to less than 3 years or a malignancy other
than non-melanoma skin cancer within the last 2 years;
12. Any factors likely to limit adherence to interventions;
13. Failure to obtain informed consent from participant;
14. Currently participating in another clinical trial;
15. Living in the same household as an already randomised ACCORD participant;
16. Any organ transplant;
17. Weight loss > 10% in last 6 months;
18. Pregnancy, currently trying to become pregnant, or of child-bearing potential and
not practicing birth control;
19. Participants with recurrent requirements for phlebotomy or transfusion of red blood
cells
DIAGNOSTIC CRITERIA:
Type 2 diabetes mellitus defined according to the 1997 ADA criteria:

e Fasting plasma glucose > 126 mg/dL (> 7.0 mmol/L), or

e Symptoms of hyperglycaemia with casual plasma glucose > 200 mg/dL (>11.1
mmol/L), or

e 2 hour plasma glucose > 200 mg/dL (> 11.1 mmol/L) after a 75 gram oral glucose
load.

Interventions

NUMBER OF STUDY CENTRES: 77

COUNTRY/ LOCATION: USA and Canada

SETTING: Outpatient

INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
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(Continued)

TARGET:

HbAlc < 6 %.

(fasting self monitored blood glucose < 5.6 mmol/L (100 mg/dL) or 2 hours blood
glucose < 7.8 mmol/L (140 mg/dL) were also “action required threshold”)
ANTIDIABETIC INTERVENTIONS:

The treatment algorithm depends on how many antidiabetic drugs the patient enters the
trial with. Therapeutic regimens were individualised on the basis of group assignment
and the response to therapy. When the glycaemic target was not achieved with 3 oral
anti-diabetic drugs, insulin therapy was initiated. The following anti-diabetic drugs
were available: biguanides, insulin secretagogues, thiazolidinediones, alpha-glucosidase
inhibitors and insulins (for detailed description, please see study protocol p 62-63). Diet
and lifestyle advice

CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):

TARGET:

HbAlc 7%-7.9%.

(fasting self monitored blood glucose > 5.0 mmol/L (90 mg/dL) was also “action required
threshold”)

ANTIDIABETIC INTERVENTIONS:

The therapeutic regimes were individualised. See above. Diet and lifestyle advice
CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: About 5800 participants were randomised in the lipid component
of the ACCORD trial. Eligible participants were randomised to fenofibrate or placebo;
all participants were treated with simvastatin. The participants, who were not enrolled
in the lipid portion of the ACCORD were treated by their usual physician.

About 4200 participants were randomised to the blood pressure part of the ACCORD,
where many classes of antihypertensives and combinations may be used (protocol p 70)
. The participants who were not in the blood pressure trial were treated by their usual
physician.

ACE-inhibitors were prescribed to all participants with previously cardiovascular disease
or one cardiovascular risk factor (besides type 2 diabetes mellitus)

CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
All participants were advised to take aspirin daily.

Lipid-lowering: For the participants not randomised to the lipid-lowering part of the
ACCORD the recommended LDL-cholesterol goals were based on the National Choles-
terol Education Program (NCEP) 2001 guidelines (initiation of pharmacologic treat-
ment: LDL-cholesterol > 130 mg/dL, treatment goal: < 100 mg/dL (2.59 mmol/L)).
The same LDL goal was stated for both arms in the lipid-lowering part of the trial.
Blood pressure: In the blood pressure part of the trial the treatment goal in the intense
group was: systolic blood pressure < 120 mmHg. In the less intense treatment arm of
the blood pressure trial, the treatment target was a systolic blood pressure < 140 mmHg.
For participants not in the blood pressure part of ACCORD, were treated by their
usual physician. For participants not in the blood pressure trial the recommended blood
pressure goal was 140/85 mmHg

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication): Composite of non-fatal my-
ocardial infarction, non-fatal stroke, and cardiovascular death
SECONDARY OUTCOMES (as stated in the publication):

e An expanded macrovascular outcome, specifically the combination of the primary
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endpoint plus any revascularization plus hospitalisation for congestive heart failure;

e total mortality;

e cardiovascular mortality;

e major coronary heart disease event, specifically fatal events, non-fatal myocardial
infarction, and unstable angina;

e total stroke, specifically fatal strokes and non-fatal strokes;

e congestive heart failure death or hospitalisation for congestive heart failure;

e health-related quality of life;

e cost-effectiveness;

e the main microvascular outcome of the ACCORD trial is the primary outcome of
the ACCORD Eye Substudy, namely: “the combined outcome of progression of
diabetic retinopathy of at least 3 stages on the Early Treatment of Diabetic Retinopathy
Study scale, photocoagulation, or vitrectomy for diabetic retinopathy”;

e second composite microvascular endpoint will be examined in the entire
ACCORD population: fatal or non-fatal renal failure, or retinal photocoagulation, or
vitrectomy for diabetic retinopathy.

ADDITIONAL OUTCOMES:

e All cardiovascular revascularization procedures;

o unstable angina;

e total cancer mortality.

MEASUREMENT OF GLYCAEMIC CONTROL (HbA1c): NR.

Study details

DURATION OF INTERVENTION: Mean of 3.5 years (median 3.4 years).
DURATION OF FOLLOW-UP: Median of 5.0 years.

TITRATION PERIOD: When metformin was initiated, it was titrated to maximum
dose over 4 weeks

RUN-IN PERIOD: Potential participants will be asked to monitor capillary blood sugars
2 to 4 weeks pre-randomisation

STUDY TERMINATED BEFORE REGULAR END: Yes.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: Companies provided study medications, equipment, or
supplies: Abbott Laboratories, Amylin Pharmaceutical, AstraZeneca, Bayer HealthCare,
Closer Healthcare, GlaxoSmithKline, King Pharmaceuticals, Merck, Novartis, Novo
Nordisk, Omron Healthcare, Sanofi-Aventis, and Schering-Plough
NON-COMMERCIAL FUNDING:

National Heart, Lung, and Blood Institute; by other components of the National Insti-
tutes of Health, including the National Institute of Diabetes and Digestive and Kidney
Diseases, the National Institute on Aging, and the National Eye Institute; by the Centers
for Disease Control and Prevention; and by General Clinical Research Centers

Stated aim for study

“The overall goal of the Action to Control Cardiovascular Risk in Diabetes (ACCORD)
trial is to address this challenge by testing three complementary medical treatment strate-
gies for type 2 diabetes to enhance the options for reducing the still very high rate of
major CVD morbidity and mortality in this disease.”

Notes Values for fasting blood glucose are calculated from mg/dL to mmol/L by dividing with
18
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Risk: of bias

Bias Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk

bias)

Quote: “An internet-based, web browser ran-
domization procedure will be employed in AC-
CORD. Clinical Sites access the study web
site and initiate the interactive randomization
page. Entry into this area is password protected
and encrypted.”

Allocation concealment (selection bias) Low risk

Quote: “An internet-based, web browser ran-
domization procedure will be employed in AC-
CORD. Clinical Sites access the study web
site and initiate the interactive randomization
page. Entry into this area is password protected
and encrypted.”

Blinding (performance bias and detection Low risk
bias)

All outcomes

Quote: “...classify the occurrence of clinical
events in a masked fashion and to monitor
event ascertainment/classification quality con-
trol.”

Incomplete outcome data (attrition bias) ~ Unclear risk
All outcomes

In the Appendix it is described; a total of 37
patients refused the approach they were ran-
domised to, 50 were lost to follow-up and 688
discontinued intervention (a total of 775 par-
ticipants). In the main publication it is de-
scribed that 162 participants withdrew con-
sent. It is unclear whether the 162 participants
are calculated together with the other number
reported in the Appendix

Selective reporting (reporting bias) Low risk

Some of the predefined outcomes are still not

published, as the analysis might not be finish
yet

Free from academic bias (assessed from pri- Low risk
mary author)?

No academic bias.

Free from sponsor bias? High risk

Companies provided study med-
ications, equipment or supplies: Abbott Labo-
ratories, Amylin Pharmaceutical, AstraZeneca,
Bayer HealthCare, Closer Healthcare, Glax-
oSmithKline, King Pharmaceuticals, Merck,
Novartis, Novo Nordisk, Omron Healthcare,
Sanofi-Aventis, and Schering-Plough
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Trials according to risk of bias

Low risk Adequate sequence generation, allocation con-
cealment, and blinding

ADVANCE 2008

Methods

Factorial randomised clinical trial.

Participants

SEX:

Intensive: Female: 2376; male: 3195

Conventional: Female: 2357; male: 3212

AGE (mean years (SD)):

Intensive: 66 (6)

Conventional: 66 (6)

DURATION OF DISEASE (mean years (SD)):
Intensive: 7.9 (6.3)

Conventional: 8.0 (6.4)

GLYCAEMIC CONTROL (mean HbA1c (standardized level, %) (SD)):
Intensive: 7.5 (1.7)

Conventional: 7.5 (1.6)

FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 8.5 (2.8)

Conventional: 8.5 (2.8)

BODY MASS INDEX (mean kg/m? (SD)):

Intensive: 28 (5)

Conventional: 28 (5)

NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: 1794

Conventional: 1796

INCLUSION CRITERIA:

® 55 years or older at entry;

o clevated risk of vascular disease (high risk for vascular disease was defined by a
diagnosis of type 2 diabetes mellitus made 10 or more years earlier; or age 65 years or
older at entry; or a history of any of the following: major macrovascular disease
(including myocardial infarction, stroke, hospitalisation for transient ischaemic attack
or unstable angina, or revascularization procedure)), major microvascular disease
(including macroalbuminuria, proliferative retinopathy or retinal photocoagulation, or
macular oedema), or another major risk factor for vascular disease (current cigarette
smoking, total cholesterol > 6.0 mmol/L, HDL-cholesterol < 1.0 mmol/L or
microalbuminuria);

e diagnosis of type 2 diabetes mellitus first made at age 30 years or older.
EXCLUSION CRITERIA:

e Definite indication for, or contraindication to any of the study treatments;

e adefinite indication for long-term insulin therapy at the time of study entry.

DIAGNOSTIC CRITERIA: NR.

Interventions

NUMBER OF STUDY CENTRES: 215.
COUNTRY/ LOCATION: 20 countries from Asia, Australia, Europe, and North Amer-

1ca
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ADVANCE 2008 (Continued)
SETTING: Outpatient.
INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
TARGET: HbAlc < 6.5%.
ANTIDIABETIC INTERVENTIONS:
All participants were given gliclazide (modified release, 30 to 120 mg daily) and were
required to discontinue any other sulphonylurea.
On the basis of the HbAlc at each visit, this protocol initially advised increasing the
dose of gliclazide (modified release), with the sequential addition or increase in dose of
metformin, glitazones, acarbose, or insulin (advising the initial use of basal insulin, with
the addition of short-acting insulin at meals)
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):
TARGET: Strategy of standard glucose control with HbAlc target levels defined on the
basis of local guidelines.
ANTIDIABETIC INTERVENTIONS:
Participants using gliclazide (modified release) when they entered the study were required
to substitute this drug with another sulphonylurea, if continued therapy was required
CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: Participants were also assigned to placebo or preterax (a combination
of perindopril and indapamide)
CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: No prespecified target level of blood pressure.

Outcomes PRIMARY OUTCOME(S) (as stated in the publication):

The primary endpoint was a composite of:

e Major macrovascular complications; non-fatal stroke, non-fatal acute coronary
syndrome, and death from any cardiovascular cause;

e major microvascular complications; new or worsening nephropathy (defined as
development of macroalbuminuria, doubling of serum creatinine to > 200 pmol/L,
the need for dialysis, transplantation or death from renal disease) or microvascular eye
disease (defined as the need for retinal photocoagulation therapy, development of
proliferative retinopathy, macular oedema, or diabetes-related blindness)
SECONDARY OUTCOMES (as stated in the publication):

e Death from any cause;

e death from cardiovascular causes;

e major coronary events (death due to coronary heart disease (including sudden
death) or non-fatal myocardial infarction); total coronary events (major coronary
events, silent myocardial infarction, coronary revascularization, or hospital admission
for unstable angina);

e major cerebrovascular events (death due to cerebrovascular disease or non-fatal
stroke);

e total cerebrovascular events (major cerebrovascular events, transient ischaemic
attack, or subarachnoid haemorrhage);

e heart failure (death due to heart failure, hospitalisation for heart failure, or
worsening NYHA class);

e peripheral vascular events;

e new or worsening nephropathy;

e new or worsening retinopathy;
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e development of microalbuminuria;

e visual deterioration;

e new or worsening neuropathy;

e decline in cognitive function (reduction in the Mini-Mental State Examination
score by at least 3 points, as compared with the baseline score);

e dementia (satisfying the criteria in the Diagnostic and Statistical Manual of
Mental Disorders, 4th Edition);

e cost-effectiveness;

e health-related quality of life;

e hospitalisation for 24 hours or more;

e hypoglycaemia.
ADDITIONAL OUTCOMES:

e Identifying genotypic predictors of vascular complications (specifically heart
attack, stroke and nephropathy; substudy);

e heart function (substudy);

e retinopathy (ADVANCE Retinal Measurements, AdRem)
MEASUREMENT OF GLYCAEMIC CONTROL (HbAlc):
Laboratories participating in ADVANCE underwent a standardization process using the
Wales External Quality Assurance Scheme (WEQAS).
Target values for all samples were assigned for Diabetes Control and Complications
Trial (DCCT) and the International Federation of Clinical Chemistry (IFCC) reference
methods

Study details

DURATION OF INTERVENTION: 5 years.

DURATION OF FOLLOW-UP: Median duration 5 years.

TITRATION PERIOD: None described, but titration is assumed to have been done
when initiating some of the oral anti-diabetic drugs (e.g., metformin).

RUN-IN PERIOD: Potentially eligible participants entered a 6-week run-in period,
during which they continued their usual methods of glucose control and received a fixed
combination of perindopril and indapamide

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: Supported by grants from Servier (the major financial
sponsor). Servier manufactures gliclazide (modified release) and the fixed combination
of perindopril and indapamide

NON-COMMERCIAL FUNDING: The National Health and Medical Research
Council of Australia

Stated aim for study

“The aim of ADVANCE is to see if treatment to lower blood pressure and control glucose
levels more tightly than usual reduces the risk of all complications in adults with type 2
diabetes”

Notes The participants will be followed after the intervention period in an ongoing follow-up
study (timeframe 2014)
Risk of bias
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Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Quote: “A central, computer-based randomisation

bias) service will assign patients to treatments stratified
by the study centre, history of CVD or microvas-
cular disease and background use of perindopril at
baseline.”

Allocation concealment (selection bias) Low risk Quote: “A central, computer-based randomisation
service will assign patients to treatments stratified
by the study centre, history of CVD or microvas-
cular disease and background use of perindopril at
baseline.”

Blinding (performance bias and detection Low risk Quote: “An independent End Point Adjudication

bias) Committee, unaware of the group assignments, re-

All outcomes viewed source documentation for all suspected pri-
mary end points and deaths.”

Incomplete outcome data (attrition bias) ~ Low risk Only 7 (intensive) and 10 (conventional) were lost

All outcomes to follow-up

Selective reporting (reporting bias) Low risk Some of the predefined outcomes are still not pub-
lished, as the analysis might not be finish yet

Free from academic bias (assessed from pri- Low risk No academic bias.

mary author)?

Free from sponsor bias? High risk Servier.

Trials according to risk of bias Low risk Adequate sequence generation, allocation conceal-

ment, and blinding

Bagg 2001
Methods Randomised clinical trial.
Participants SEX:

Intensive: Female: 12; male: 9

Conventional: Female: 12; male: 10

AGE (mean years (SD)):

Intensive: 57.2 (7.4)

Conventional: 54.5 (9.2)

DURATION OF DISEASE (mean years (SD)):
Intensive: 7.9 (4.5)

Conventional: 5.9 (3.2)

GLYCAEMIC CONTROL (mean HbA1c (standardized level, %) (SD)):

Intensive: 10.8 (0.2)
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(Continued)

Conventional: 10.5 (0.2)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 13.7 (0.6)
Conventional: 13.2 (0.6)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 31.9 (1.1)
Conventional: 29.4 (1.1)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: 2
Conventional: 2
INCLUSION CRITERIA:
e Type 2 diabetes mellitus of < 15 years duration
e HbAlc > 8.9%.
EXCLUSION CRITERIA:
Age > 75 or < 40 years;
body mass index (BMI) > 40 kg/m?;
current diastolic blood pressure > 100 mmHg;
creatinine > 0.16 mmol/L;

any severe concurrent illness;

o left ventricular failure, myocardial infarction, or unstable angina in the 6 months
prior to enrolment;

e recent (< 6 weeks) commencement of vasoactive cardiac medications.
DIAGNOSTIC CRITERIA:

e Age at diagnosis > 35 years;

e 1no episodes of ketoacidosis in the past;

e insulin independence for more than 12 months or fasting plasma C-peptide > 0.
21 pmol/L if duration of disease less than 12 months.

Interventions

NUMBER OF STUDY CENTRES: 1.

COUNTRY/ LOCATION: New Zealand.

SETTING: Outpatient.

INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTION USED)

TARGET: HbAlc < 7%.

Medication adjusted to following targets: Before meal capillary glucose: 4-7 mmol/L, 2
hour after meal < 10 mmol/L.

ANTIDIABETIC INTERVENTIONS:

Initially oral hypoglycaemic agents before commencing insulin.

In patients treated with diet only at baseline the initial primary therapy with oral hypo-
glycaemic drug was determined by the BMI:

(1) BMI < 32 kg/m?: A sulphonylurea was chosen as the initial therapy. BMI > 32 kg/
m?: metformin was chosen as initial therapy.

(2) Once the initial oral hypoglycaemic drug had reached the maximum tolerated dose
(glipizide 10 mg twice a day or metformin 1 g three times a day), the secondary drug
was added and increased to the maximum tolerated dose.

(3) Bedtime intermediate-acting insulin was started at 2 U/kg and increased to twice a
day if glycaemic targets were not met. Premixed or short-acting insulin could be instituted
if necessary to meet glycaemic targets. Patients taking insulin were continued on one oral
hypoglycaemic agent, defined by the BMI as in (1).

Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus (Review) 62
Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Bagg 2001  (Continued)

Dietary and nursing advice at least one time during the intervention period
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):

TARGET: Avoid symptomatic hyperglycaemia and fortnightly fasting capillary glucose
tests of > 17 mmol/L.

ANTIDIABETIC INTERVENTIONS:

Similar stepped care as intensive group if they were persistent hyperglycaemic.

Patients received dietary and nursing advice in at least one occasion if this had not been
provided in the 12 month before enrolment in the study

CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: NR.

CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
NR.

Outcomes PRIMARY OUTCOME(S) (as stated in the publication): Change in flow mediated
dilatation of the brachial artery
SECONDARY OUTCOMES (as stated in the publication): The effects of improved
metabolic control on blood pressure, weight, lipids, haemorrheology, and body compo-
sition
ADDITIONAL OUTCOMES: None.
MEASUREMENT OF GLYCAEMIC CONTROL (HbAlc): HbAlc was measured
by a commercial ion exchange assay adapted in the Variant2 high-performance liquid
chromatography analyser BioRad, Hercules, CA, USA

Study details DURATION OF INTERVENTION: 20 weeks.

DURATION OF FOLLOW-UP: 20 weeks.

TITRATION PERIOD: We assume metformin was titrated, when initiated
RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: None.

NON-COMMERCIAL FUNDING: The AMP Society of New Zealand, Health Re-
search Council of New Zealand, Auckland Medical Research Foundation and University
of Auckland Staff Research Fund.

Stated aim for study

“The aims of this study were to elucidate the factors that contribute to endothelial
activation and fibrinolytic abnormalities in patients with poorly controlled type 2 diabetes
and to determine whether improved glycaemic control reduces endothelial activation.”
“To examine the effects of improved glycaemic control over 20 weeks on the type and
distribution of weight change in patients with type 2 diabetes who at baseline have poor

glycaemic control.”

Notes
Risk of bias
Bias Authors’ judgement Support for judgement
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Random sequence generation (selection

bias)

Unclear risk

Quote: “Patients were randomised on the basis of gender,
age and smoking status to either a usual control ( = 22) or
improved control (7 = 21).”

The author recalls the trial as randomised by computer gen-
erated sequence, but is not able to confirm this

Allocation concealment (selection bias)

Unclear risk

No description.

Blinding (performance bias and detection Low risk Quote: “Two observers were blinded to the intervention and

bias) the sequence in which the images were acquired performed

All outcomes all measurements in duplicate.”

Incomplete outcome data (attrition bias) ~ Low risk Quote: “Four patients in IC were withdrawn after random-

All outcomes ization: one suffered a brainstem cerebrovascular accident
after 2 weeks, one developed unstable angina after 6 weeks
and two other patients developed nonvascular illness requir-
ing hospitalization.”

Selective reporting (reporting bias) Low risk All predefined primary and secondary outcomes were as-
sessed.

Free from academic bias (assessed from pri- Low risk No academic bias.

mary author)?

Free from sponsor bias? Low risk No industry funding.

Trials according to risk of bias

Unclear risk

Unclear sequence generation and allocation concealment,

adequate blinding
Becker 2003
Methods Randomised clinical trial.
Participants SEX:

Intensive: Female: 50; male: 56

Conventional: Female: 60; male: 48

AGE (mean years (SD)):

Intensive: 63.3 (8.4)

Conventional: 63.3 (8.3)

DURATION OF DISEASE (mean years (SD)):
Intensive (median): 3.4

Conventional (median): 3.2

GLYCAEMIC CONTROL (mean HbA1c (standardized level, %) (SD)):

Intensive: NR

Conventional: NR

FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 9.4 (2.8)

Conventional: 9.7 (3.3)
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BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 28.0 (4.8)
Conventional: 29.1 (4.3)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: 21
Conventional: 23
INCLUSION CRITERIA:
e Type 2 diabetes mellitus;
o age between 40 and 75 years;
e Caucasian ethnicity.
EXCLUSION CRITERIA:
o No established diagnosis of diabetes according to WHO criteria in the absence of
glucose-lowering medication;
e carcinoma;
e other comorbidity preventing three monthly visits to the study centre or seriously
impairing well-being;
e language problems;
e psychological problems.
DIAGNOSTIC CRITERIA: WHO criteria.

Interventions NUMBER OF STUDY CENTRES: 1.
COUNTRY/ LOCATION: Netherlands.
SETTING: Outpatient and general practitioners.
INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
TARGET: Fasting capillary blood glucose < 6.5 mmol/L.
ANTIDIABETIC INTERVENTIONS:
Regimen: Oral anti-diabetic agents in increasing doses up to their usual maximum before
other anti-diabetic agents were added
In patients with a BMI > 27 kg/ m?, metformin was the first step. If the assigned target
values for glycaemic control were not reached either glibenclamide, gliclazide, or glipizide
was added
In patients with a BMI < 27 kg/m?, sulphonylurea was the first step. If the assigned
target values were not reached on tablets alone, bedtime intermediate-acting insulin was
added (and metformin, if any, discontinued). If target values were not reached with this
combination therapy, sulphonylurea was discontinued and twice-daily injections of a
mixture of short- and intermediate-acting insulin was initiated
If glycaemic control remained poor, multiple insulin injection therapy was considered
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):
TARGET: Fasting capillary blood glucose < 8.5 mmol/L.

ANTIDIABETIC INTERVENTIONS:

Same treatment algorithm as for intensive glycaemic control.

CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: NR.

CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: NR.
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Outcomes

PRIMARY OUTCOMEC(S) (as stated in the publication): Changes in lipidaemia, blood
pressure, proinsulin, insulinaemia, plasma fibrinogen, plasma von Willenbrand factor,
and the urinary albumin-creatinine ratio

SECONDARY OUTCOMES (as stated in the publication): None.

ADDITIONAL OUTCOMES: Assessment of general well-being.

MEASUREMENT OF GLYCAEMIC CONTROL (HbA1c): HbAlc was determined
in EDTA plasma by ion exchange high-performance liquid chromatography (reference
range: 4.3 to 6.1%; Modular Diabetes Monitoring System, BioRad, the Netherlands)

Study details

DURATION OF INTERVENTION: Mean of 22 months.

DURATION OF FOLLOW-UP: Mean of 22 months.

TITRATION PERIOD: We assume metformin was titrated, when initiated
RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.
PUBLICATION STATUS: Peer-reviewed journal.
COMMERCIAL FUNDING: Univé Health Insurance.
NON-COMMERCIAL FUNDING: None.

Stated aim for study

“...the association between on the one hand changes in glycaemic control and on the
other hand within-subject changes of both classic cardiovascular risk factors and less
conventional cardiovascular risk indicators that are typically associated with type 2 di-
abetes (proinsulin, insulin, fibrinogen, von Willebrand factor and the urinary albumin
creatinine ratio).”

Notes

There is discrepancy in the number of participants between the two publications. In
the article published in the Netherlands Journal of Medicine 372 participants were
invited of which 232 gave informed consent. The data presented in the article from
Netherlands Journal of Medicine included 214 patients with type 2 diabetes mellitus. The
recruitment period was from June 1992 until December 1993. In the article published
in Diabetes Care, 296 patients with type 2 diabetes mellitus were potentially eligible, of
which 229 gave informed consent and 199 patients were randomised. The recruitment
period was June 1992 to February 1994. We corresponded with two of the authors, who
unfortunately were not able to clarify the discrepancy between the publications. We used
baseline data from the publication from the Netherlands Journal of Medicine because
the baseline characteristics of the participants were reported according to the groups
the participants were randomised to. The publication from the Diabetes Care reported
baseline characteristics according to the (percentage) achieved decrease in HbAlc

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Quote: “After the baseline assessment, patients were ran-
domly assigned to...”

Allocation concealment (selection bias)

Unclear risk Not described.
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Blinding (performance bias and detection Unclear risk Not described.

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Unclear risk The number of participants in the two articles of the trial,

All outcomes

does not harmonise

Selective reporting (reporting bias) Unclear risk No trial protocol or design article available.

Free from academic bias (assessed from pri- Low risk No academic bias.

mary author)?

Free from sponsor bias? Low risk Univé Health Insurance.

Trials according to risk of bias Unclear risk Unclear sequence generation, allocation concealment, and

blinding

DIGAMI 2 2005

Methods Randomised clinical trial.

Participants SEX:

Intensive: Female: 156; male: 318

Conventional: Female: 97; male: 209

AGE (mean years (SD)):

Intensive: 68.1 (11.4)

Conventional: 68.4 (11.2)

DURATION OF DISEASE (mean years (SD)):

Intensive: 7.9 (8.2)

Conventional: 8.3 (8.3)

GLYCAEMIC CONTROL (mean HbAlc (standardized level, %) (SD)):
Intensive: 7.2 (1.7)

Conventional: 7.3 (1.7)

FASTING BLOOD GLUCOSE (mean mmol/L (SD)):

Intensive: 12.8 (4.5)

Conventional: 12.9 (4.6)

BODY MASS INDEX (mean kg/m? (SD)):

Intensive: 28.3 (4.9)

Conventional: 28.4 (4.4)

NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: 474

Conventional: 306

INCLUSION CRITERIA:

e Patients with established type 2 diabetes mellitus or an admission blood glucose >

11.0 mmol/L, admitted to participating coronary care units;

e suspect acute myocardial infarction due to symptoms (chest pain > 15 min during

the preceding 24 hour) and/or recent electrocardiogram signs (new Q-waves and/or
ST-segment deviations in two or more leads).
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(Continued)

EXCLUSION CRITERIA:

e Inability to cope with insulin treatment or to receive information on the study;

e residence outside the hospital catchment area;

e participation in other studies, or previous participation in DIGAMI 2.
DIAGNOSTIC CRITERIA:
Known type 2 diabetes mellitus was based on case history, record based information
on diabetes and that the patient had been prescribed diabetes related therapy (lifestyle
oriented and/or glucose-lowering drugs). Those with glucose > 11 mmol/L were accepted
as having diabetes based on this elevated glucose level and subsequently higher than
normal glucose values

Interventions

NUMBER OF STUDY CENTRES: 44

COUNTRY/ LOCATION: Sweden, Finland, Norway, Denmark, The Netherlands, and
the UK

SETTING: Hospital (coronary care units).

INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):

TARGET: Fasting blood glucose level of 5 to 7 mmol/L and a non-fasting level of < 10
mmol/L.

ANTIDIABETIC INTERVENTIONS:

A 24 hour insulin-glucose infusion (for further details see Malmberg 1995) followed
by a subcutaneous insulin-based long-term glucose control. Insulin was given as short-
acting insulin before meals and intermediate long-acting insulin in the evening
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):

TARGET: No predefined target values, standard care.

ANTIDIABETIC INTERVENTIONS: Routine metabolic management according to
local practice

CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: Patients without contraindications were prescribed aspirin, throm-
bolytic agents, beta-blockers, lipid-lowering drugs, ACE- inhibitors, and revasculariza-
tion procedures when appropriate

CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
NR.

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication): To compare total mortality
between treatment groups 1 and 2 during the time of follow-up

SECONDARY OUTCOMES (as stated in the publication): To compare the total mor-
tality between groups 2 and 3

ADDITIONAL OUTCOMES: To compare morbidity, such as non-fatal reinfarction,
congestive heart failure, and stroke, among the three groups

MEASUREMENT OF GLYCAEMIC CONTROL (HbAlc): HbAlc was analysed by
high-performance liquid chromatography in a core laboratory (Department of Labora-
tory Medicine, Malmo Hospital, Sweden) on capillary blood applied on filter paper with
an upper normal limit of 5.3%

Study details

DURATION OF INTERVENTION:
The median study duration was 2.1 years (IQR 1.03-3.00 years).
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RUN-IN PERIOD: None.

TITRATION PERIOD: None.
DURATION OF FOLLOW-UP: 2.1 years.
STUDY TERMINATED BEFORE REGULAR END: No.

Publication details LANGUAGE OF PUBLICATION: English.
PUBLICATION STATUS: Peer-reviewed journal.
COMMERCIAL FUNDING: Aventis Sweden and Novo Nordic Denmark, and AFA

Insurance Denmark

NON-COMMERCIAL FUNDING: The Swedish Heart-Lung Foundation.

Stated aim for study “In DIGAMI 2, three treatment strategies were compared: group 1, acute insulin-glucose

infusion followed by insulin-based long-term glucose control; group 2, insulin-glucose

infusion followed by standard glucose control; and group 3, routine metabolic manage-

ment according to local practice.”

Notes There are three intervention groups in the DIGAMI 2 trial. We have chosen to report

two of the groups in our analyses: the one with the most intensive treatment strategy

(group 1) and the group with standard care (group 3)

Risk: of bias

Bias Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk

bias)

Quote: “The computer-based randomization was cen-
tralized to the study coordinating office open 24 h/day
(Karolinska Hospital, Stockholm, Sweden). An attempt
for balanced randomization was performed directly after a
patient had been evaluated for inclusion, given informed
consent, and after baseline variables had been collected.
Telecommunicated information about baseline variables
were transferred into the computer and the subsequent ran-
domization was based on an algorithm including important
prognostic markers in the first DIGAMI trial....”

Allocation concealment (selection bias) Low risk

Quote: “The computer-based randomization was cen-
tralized to the study coordinating office open 24 h/day
(Karolinska Hospital, Stockholm, Sweden). An attempt
for balanced randomization was performed directly after a
patient had been evaluated for inclusion, given informed
consent, and after baseline variables had been collected.
Telecommunicated information about baseline variables
were transferred into the computer and the subsequent ran-
domization was based on an algorithm including important

prognostic markers in the first DIGAMI trial....”

Blinding (performance bias and detection Low risk
bias)

All outcomes

Quote: “An independent committee comprising three ex-
perienced cardiologists adjudicated all events blindly and
could, as indicated, ask for any type of information felt
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needed to ensure a correct classification of the events and

the reasons for mortality.”

Incomplete outcome data (attrition bias) ~ Low risk No patients were lost to follow-up.

All outcomes

Selective reporting (reporting bias) Unclear risk No trial protocol or design article available.

Free from academic bias (assessed from pri- High risk DIGAMI 1996.

mary author)?

Free from sponsor bias? High risk Aventis, Sweden, and Novo Nordic, Denmark.

Trials according to risk of bias Low risk Adequate sequence generation, allocation concealment, and
blinding

Guo 2008

Methods Randomised clinical trial.

Participants SEX:

Both groups: Female: 92; male: 128

Intensive: Female: NR; male: NR

Conventional: Female: NR ;male: NR

AGE (mean years (SD)):

Intensive: 49.3 (8.8)

Conventional: 48.3 (8.7)

DURATION OF DISEASE (mean years (SD)):

Both groups: All participants had duration less than 1 year.

GLYCAEMIC CONTROL (mean HbA1c (standardized level, %) (SD)):

Intensive: 7.1 (1.9)

Conventional: 7.7 (2.5)

FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 8.2 (2.6)

Conventional: 9.0 (2.5)

BODY MASS INDEX (mean kg/m? (SD)):

Intensive: 25.7 (3.1)

Conventional: 25.3 (4.1)

NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:

Intensive: NR

Conventional: NR

INCLUSION CRITERIA:
e Duration of type 2 diabetes mellitus less than 1 year;
o age 30-70 years;

e informed consent for the participation and regular monthly visit at diabetic clinic.

EXCLUSION CRITERIA:
e Other types of diabetes;

o liver disease;
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coronary heart disease;

cerebral or peripheral vascular disease;

renal disease except diabetic renal disease;
e carotis intima-media thickness < 1.3 mm at baseline.

DIAGNOSTIC CRITERIA: WHO 1999.

Interventions

NUMBER OF STUDY CENTRES: 1.
COUNTRY/ LOCATION: China.
SETTING: Outpatient.
INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
TARGET: Fasting plasma glucose 4.0 to 7.0 mmol/L, HbAlc < 7%.
ANTIDIABETIC INTERVENTIONS:
The hypoglycaemic agents included:
e Glipizide (max 15 mg daily);
e metformin (max 2250 mg daily);
o o-Glucosidase inhibitors (max of 150 mg daily);
o bedtime intermediate-acting insulin was added if HbAlc concentrations > 7%
after maximum oral hypoglycaemic treatment was reached.
Advice on diet and physical exercise.
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):
TARGET: No treatment goal.
ANTIDIABETIC INTERVENTIONS:
Routine outpatient service, dosage of their medications were adjusted if needed
General health and diabetes-related advice.
CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
INTENSIVE:
e Hypertension; Captopril and/or extended release Nifedipine were used.
e Simvastatin was used for hypercholesterolaemia.
o Delayed-release aspirin was given as a secondary prevention.
CONVENTIONAL:
Standard care, not specified.
CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
Intensive intervention group:
Systolic blood pressure (mmHg): < 130;
Diastolic blood pressure (mmHg): < 80;
Total cholesterol (mmol/L): < 4.5;
LDL-cholesterol (mmol/L): < 3.0;
HDL-cholesterol (mmol/L): > 1.1;
Triglycerides (mmol/L): < 1.5.

Conventional intervention group: Standard care, not specified

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication): Progression of carotis intima-
media thickness

SECONDARY OUTCOMES (as stated in the publication): None found
ADDITIONAL OUTCOMES: Body weight, BMI, blood pressure, urine albumin ex-
cretion rate ((g/min)

MEASUREMENT OF GLYCAEMIC CONTROL (HbA1c): HbAlc was determined
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by means of high-performance liquid chromatography

Study details

DURATION OF INTERVENTION: 6 months.

DURATION OF FOLLOW-UP: 6 months.

TITRATION PERIOD: When metformin was initiated we assume it was titrated
RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.
PUBLICATION STATUS: Peer-reviewed journal.
COMMERCIAL FUNDING: NR.
NON-COMMERCIAL FUNDING: NR.

Stated aim for study

“We sought to determine whether a 6-month intensive multitherapy program resulted
in better goal attainment than usual care and its effect on the development of cIMT
among patients with newly diagnosed type 2 diabetes mellitus.

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Quote: “All patients in this study were randomly assigned

bias) by computer program to receive intensive multitherapy or
to serve as controls in a proportion of 3:1.”

Allocation concealment (selection bias) Low risk Quote: “All patients in this study were randomly assigned

by computer program to receive intensive multitherapy or
Y & y
to serve as controls in a proportion of 3:1.”

Blinding (performance bias and detection
bias)

All outcomes

Not described.

Unclear risk

Incomplete outcome data (attrition bias)
All outcomes

Low risk No patients were lost to follow-up.

Selective reporting (reporting bias)

Unclear risk No trial protocol or design article available.

Free from academic bias (assessed from pri-
mary author)?

Low risk No academic bias.

Free from sponsor bias?

Unclear risk No funding described.

Trials according to risk of bias

Unclear risk Adequate sequence generation and allocation concealment,

unclear blinding
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Methods Randomised clinical trial.

Participants SEX:
Intensive: Female: 10; male: 29
Conventional: Female: 10; male: 33
AGE (mean years (SD)):
Intensive (median): 66 (9.6)
Conventional (median): 62 (6.7)
DURATION OF DISEASE (mean years (SD)):
Intensive: 6.4 (5.8)
Conventional: 6.5 (7.4)
GLYCAEMIC CONTROL (mean HbAlc (standardized level, %) (SD)):
Intensive: 6.5 (1.4)
Conventional: 6.5 (1.3)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive (median): 7.0 (1.9)
Conventional (median): 7.3 (1.6)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: NR
Conventional: NR
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: 51
Conventional: 51
INCLUSION CRITERIA: Type 2 diabetes mellitus, and accepted for percutaneous
coronary intervention as treatment for coronary artery disease
EXCLUSION CRITERIA:
e Acute myocardial infarction within 48 hours before the intervention;
e inability to participate for physical or psychological reasons;
e residency outside the hospital catchment areas.
DIAGNOSTIC CRITERIA:
All patients had previously known diabetes accepted as type 2 if the patient was > 35
years of age at onset of disease and without any demand of insulin during at least two
years thereafter

Interventions NUMBER OF STUDY CENTRES: 2.
COUNTRY/ LOCATION: Sweden.
SETTING: Hospital and outpatient.
INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
TARGET: HbAlc < 6.5%, fasting blood glucose 5-7 mmol/L and blood glucose before
meals < 10 mmol/L.
ANTIDIABETIC INTERVENTIONS:
Elective patients: Attempts were made to optimise glycaemic control during three weeks
preceding the percutaneous coronary intervention.
Acute patients: Patients, in whom revascularization was deemed necessary within few
days, were immediately brought to the best possible glucose control by means of a
glucose-insulin infusion aiming at a blood glucose level of 4-9 mmol/L. The infusion
continued for at least 12 hours after the percutaneous coronary intervention. Thereafter
the treatment was identical for elective and acute patients.
Both elective and acute patients: Treatment with fast-acting meal insulin three times
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daily and long-acting insulin at bedtime.

This treatment was initiated by bed-time insulin with the dose adjusted to obtain fasting
blood glucose of 5-7 mmol/L. If blood glucose still exceeded 10 mmol/L insulin human
or insulin lispro was added before meals

CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):

TARGET: Standard treatment.

ANTIDIABETIC INTERVENTIONS: Continuation of ongoing antidiabetic treat-
ment, or changes assessed by physician

CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: All participants received optimal medical care and use of aspirin,
statins, beta-blocker, and antihypertensive treatment were recommended
CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
NR

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication): If improved glucose control,
achieved by insulin, reduces the rate of restenosis after percutaneous coronary interven-
tion in patients with type 2 diabetes mellitus

SECONDARY OUTCOMES (as stated in the publication): None.

ADDITIONAL OUTCOMES: None.

MEASUREMENT OF GLYCAEMIC CONTROL (HbA1lc): HbAlc was analysed by
high-performance liquid chromatography in a core laboratory on capillary blood with
an upper normal limit of 5.3%

Study details

DURATION OF INTERVENTION: 6 months and 3 weeks (attempts were made to
optimise glycaemic control during three weeks preceding the percutaneous coronary
intervention in the intensive intervention group).

DURATION OF FOLLOW-UP: 6 months and 3 weeks.

TITRATION PERIOD: None.

RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: Yes.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: AFA insurance.

NON-COMMERCIAL FUNDING: The Swedish Heart Lung foundation.

Stated aim for study

“The primary objective was to test the hypothesis that improved glucose control, achieved
by adding or optimising insulin treatment, will reduce the rate of restenosis after PCI in
patients with type 2 diabetes.”

Notes The baseline characteristics (except for previous cardiovascular disease) are only reported
for 82 patients (intensive: 39, standard: 43), who completed follow-up
The SD for age, average duration of diabetes, glycaemic control and fasting blood glucose
is calculated from IQR
Risk of bias
Bias Authors’ judgement Support for judgement
Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus (Review) 74

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



IDA 2009 (Continued)

Random sequence generation (selection Low risk Central computer-generated. Quote: “...subsequently ran-

bias) domised to an intensified insulin-based glucose control (I-
group) or to continue ongoing glucose-lowering treatment
(C-group). “

Allocation concealment (selection bias) Low risk Central computer-generated. Quote: “...subsequently ran-
domised to an intensified insulin-based glucose control (I-
group) or to continue ongoing glucose-lowering treatment
(C-group). “

inding (performance bias and detection Low ris uote: “...by two blinded interventionists.”

Blinding (perfc b dd L k by blinded

bias)

All outcomes

ncomplete outcome data (attrition bias OW ris uote: “The planne was not performed in three pa-
1 pl d b L k The pl d PCI perfi d in three p

All outcomes

tients and six withdrew their original consent to participa-
tion in the study. The final study group, in which restenosis
could be assessed, consisted of 82 patients (I-group = 39;
C-group = 43).”

Quote: “Six patients did not undergo the angiogram due to
unwillingness and five for medical reasons including cancer,
salmonella and Addison’s disease.”

Selective reporting (reporting bias)

Unclear risk

No trial protocol or design article available.

Free from academic bias (assessed from pri- Low risk No academic bias.
mary author)?
Free from sponsor bias? High risk AFA Insurance
Trials according to risk of bias Low risk Adequate sequence generation, allocation concealment, and
blinding
Jaber 1996
Methods Randomised clinical trial.
Participants SEX:

Intensive: Female: 12; male: 5

Conventional: Female: 15; male: 7

AGE (mean years (SD)):

Intensive: 59 (12)

Conventional: 65 (12)

DURATION OF DISEASE (mean years (SD)):

Intensive: 6.8 (6.5)

Conventional: 6.2 (4.8)

GLYCAEMIC CONTROL (mean HbAlc (standardized level, %) (SD)):
Intensive: 11.5 (2.9)
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Conventional: 12.2 (3.5)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 11.1 (4.0)
Conventional: 12.7 (4.7)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 34 (7)
Conventional: 33 (7)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: NR
Conventional: NR
INCLUSION CRITERIA: Not specified. Only description in text: “Urban African-
American patients with NIDDM currently attending a university affiliated general in-
ternal medicine outpatient clinic were considered for inclusion.”
EXCLUSION CRITERIA:
e Insulin-dependent diabetes mellitus;
e renal dysfunction (serum creatinine > 133 pmol/L);
e hepatic disorder (concentration of serum aminotransferases 3 times above normal)
e significant cardiac complications within the last 6 months;
e mental incompetence;
e history of non-compliance with regular clinical visits within the last 2 years.
DIAGNOSTIC CRITERIA: NR.
Interventions NUMBER OF STUDY CENTRES: 1.
COUNTRY/ LOCATION: USA.
SETTING: Outpatient.
INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
TARGET: Regimens were adjusted or titrated to achieve fasting blood glucose < 6.6
mmol/L and 2 hour post-prandial glucose concentrations of < 10 mmol/L or to reach
maximum daily doses of the sulphonylurea.
ANTIDIABETIC INTERVENTIONS:
Advice about diabetes and lifestyle.
Sulphonylurea.
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):
TARGET: Not defined.
ANTIDIABETIC INTERVENTIONS: Standard care.
CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: NR.
CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
NR
Outcomes PRIMARY OUTCOME(S) (as stated in the publication): Fasting plasma glucose and
glycated haemoglobin concentrations
SECONDARY OUTCOMES (as stated in the publication): Blood pressure, serum cre-
atinine, creatinine clearance, microalbumin to creatinine ratio, total cholesterol, triglyc-
erides, high-density lipoprotein, and low-density lipoprotein concentrations
ADDITIONAL OUTCOMES:
e DPatient compliance;
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e hypo- and hyperglycaemic episodes;

e quality of life.
MEASUREMENT OF GLYCAEMIC CONTROL (HbAlc): Described as glycated
haemoglobin, unknown whether it is HbAlc. Glycated haemoglobin concentrations
were determined with the Isolab Glyc-Affin test kit (Isolab, Akron, OH). The normal
range was 4.0% to 8.0% (mean: 6% SD: 1%)

Study details

DURATION OF INTERVENTION: 4 months.
DURATION OF FOLLOW-UP: 4 months.

TITRATION PERIOD: None.

RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: Upjohn.

NON-COMMERCIAL FUNDING: Diabetes Research and Education Foundation

Stated aim for study

“To assess the effectiveness of a pharmaceutical care model on the management of non-
insulin-dependent diabetes mellitus (NIDDM) in urban African-American patients.”

Notes The baseline characteristics are from the participants, who completed the trial

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk Quote: “A randomized, parallel fashion...”

bias)

Allocation concealment (selection bias) Unclear risk Quote: “A randomized, parallel fashion...”

Blinding (performance bias and detection Unclear risk No description.

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk Quote: “Six patients in the intervention group dropped

All outcomes

out or were discharged from the study. Of those, 4 found
it difficult to comply with the frequency of the visits, 1
discharged by the study investigators because of unstable
angina within the first 2 weeks of the study, and 1 was lost
to follow up.”

Selective reporting (reporting bias) Unclear risk No trial protocol or design article available.
Free from academic bias (assessed from pri- Low risk No academic bias.
mary author)?
Free from sponsor bias? High risk Grant from Upjohn.
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Trials according to risk of bias

Unclear risk Unclear sequence generation, allocation concealment, and

blinding

Kumamoto 2000

Methods Randomised clinical trial.
Participants SEX:
Intensive: Female: 27; male: 28
Conventional: Female: 29; male: 26
AGE (mean years (SD)):
Intensive: 48.2 (11)
Conventional: 50.9 (14)
DURATION OF DISEASE (mean years (SD)):
Intensive: 8.6 (5.4)
Conventional: 8.5 (5.2)
GLYCAEMIC CONTROL (mean HbA1c (standardized level, %) (SD)):
Intensive: 9.4 (1.6)
Conventional: 8.9 (1.4)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 9.4 (1.8)
Conventional: 9.0 (1.9)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 20.5 (2.1)
Conventional: 20.4 (2.6)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: 0
Conventional: 0
INCLUSION CRITERIA:
e No retinopathy or simple retinopathy determined by clinical funduscopic
evaluation;
e urinary albumin excretion < 300 mg/24 hour and serum creatinine level < 1.5
mg/dL;
e absence of diabetic somatic or autonomic neuropathy severe enough to require
treatment;
e < 70 years of age;
e otherwise healthy (no other findings such as hypertension, hypercholesterolaemia,
severe diabetic complications, or other severe medical conditions).
EXCLUSION CRITERIA: None described.
DIAGNOSTIC CRITERIA: All of the patients were diagnosed as being affected with
type 2 diabetes mellitus by their characteristics of no history of ketoacidosis, negative
islet cell antibody, and daily urinary C-peptide excretion more than 20 pg
Interventions NUMBER OF STUDY CENTRES: 1.
COUNTRY/ LOCATION: Japan.
SETTING: Outpatient.
INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
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TARGET:

e fasting blood glucose concentration (< 140 mg/dL);

e 2 hour postprandial blood glucose concentration < 200 mg/dL;

e HbAlc <7.0%;

e mean amplitude of glycaemic excursions < 100 mg/dL.
ANTIDIABETIC INTERVENTIONS:
The group was administered insulin 3 or more times daily (rapid-acting insulin at each
meal and intermediate-acting insulin at bedtime). The dosage was adjusted according to
the self-monitored results of blood glucose. Adjustment doses of insulin were usually 2-
4 U at each point.
Diet and exercise advice.
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):
TARGET: Glycaemic control as close to the fasting blood glucose concentration of <
140 mg/dL without symptoms of hyperglycaemia or hypoglycaemia.
ANTIDIABETIC INTERVENTIONS:
The group was administered 1 or 2 daily injections of intermediate-acting insulin.
Diet and exercise advice.
CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: NR
CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
All attending physicians were asked to achieve good treatment of cardiovascular risk
factors. No prespecified target values

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication):

Primary prevention: The development of diabetic microangiopathy in patients with type
2 diabetes mellitus with no retinopathy and urinary albumin excretion < 30 mg/24 hour.
Secondary prevention: The progression of microangiopathy in patients with type 2
diabetes mellitus with simple retinopathy and urinary albumin excretion < 300 mg/24
hour

SECONDARY OUTCOMES (as stated in the publication): Macrovascular complica-
tions

ADDITIONAL OUTCOMES: Cost-effectiveness, diabetes-related death
MEASUREMENT OF GLYCAEMIC CONTROL (HbA1c): HbAlc value was assayed
using high performance liquid chromatography (normal range: 4.8 to 6.4%)

Study details

DURATION OF INTERVENTION: 10 years.
DURATION OF FOLLOW-UP: 10 years.

TITRATION PERIOD: None.

RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: The publication of one of the articles was made possible
by an unrestricted educational grant from Aventis Pharma

NON-COMMERCIAL FUNDING: Diabetes Mellitus Research Grants, the Ministry
of Health and Welfare, Japan
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Stated aim for study

“The Kumamoto study was a randomized clinical trial, designed to compare intensive
insulin therapy, using the multiple insulin injection therapy with the conventional insulin
injection therapy, to evaluate their effects on the development and the progression of
the microvascular complications in NIDDM patients in both the primary-prevention
cohort and the secondary-intervention cohort.”

Notes

Fasting blood glucose is read from figure and converted from mg/dL to mmol/L by
dividing with 18

All patients were stratified to a primary-prevention cohort (patients with no retinopathy
and urinary albumin excretion < 30 mg/24 hour) and a secondary-intervention cohort
(patients were required to have simple retinopathy and urinary albumin excretion < 300
mg/24 hour)

After 6 years, the selection of insulin treatment regimens were left to the patients. Only
two patients in the conventional insulin injection treatment group selected multiple
insulin injection therapy, all other patients in both the conventional insulin injection
treatment group and multiple insulin injection treatment group wanted to adhere to the
same treatment regimens. Therefore, the follow-up study was initiated by the patients

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Not described.

Allocation concealment (selection bias)

Unclear risk Not described. Quote: “One hundred and ten patients were
divided into 2 cohorts - the primary-prevention cohort (n
= 55) and the secondary-intervention cohort (n = 55).”

Blinding (performance bias and detection Unclear risk Method not described.

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk Quote: “After 10 years, 97 patients remained in the study,

All outcomes

nine patients died (three in the MIT group and six in the
CIT group) and four patients moved to other cities (two in

each of the MIT and CIT groups).”

Selective reporting (reporting bias)

Unclear risk The prolongation of the intervention period (8 and 10 years
of follow-up) was initiated by the patients and the outcomes
not predefined in previous publication

Free from academic bias (assessed from pri- Low risk No academic bias.
mary author)?
Free from sponsor bias? High risk The publication of one of the articles was made possible by

an unrestricted educational grant from Aventis Pharma
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Trials according to risk of bias

Unclear risk Unclear sequence generation, allocation concealment, and

blinding

Lu 2010

Methods

Randomised controlled clinical trial.

Participants

SEX:

Intensive: Female: 7; male: 14

Conventional: Female: 6; male: 14

AGE (mean years (SD)):

Intensive: 57.5 (11.0)

Conventional: 61.5 (10.4)

DURATION OF DISEASE (mean years (SD)):

Intensive: 8.0 (4.0)

Conventional: 8.3 (4.7)

GLYCAEMIC CONTROL (mean HbA1c (standardized level, %) (SD)):

Intensive: 8.8 (4.4)

Conventional: 9.1 (2.6)

FASTING BLOOD GLUCOSE (mean mmol/L (SD)):

Intensive: 9.2 (4.3)

Conventional: 9.4 (3.8)

BODY MASS INDEX (mean kg/m? (SD)):

Intensive: 24.5 (3.6)

Conventional: 24.2 (4.2)

NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:

Intensive: NR.

Conventional: NR.

INCLUSION CRITERIA:
e Type 2 diabetes mellitus for at least two years;
e treated with hypoglycaemic agents and/or diet;
e microalbuminuria.

EXCLUSION CRITERIA:

Glumerular nephritis

nephritic syndrome;

urinary tract infections:

chronic diarrhoea;

heart failure;

tuberculosis;

recent medication of nephrotoxic drugs

severe diabetic complications;

e severe diseases of other systems.

DIAGNOSTIC CRITERIA: NR.

Interventions

NUMBER OF STUDY CENTRES: 1.

COUNTRY/ LOCATION: China.

SETTING: Outpatient.

INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTION USED)
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:TARGET: Fasting blood glucose < 6.1 mmol/L, postprandial 2 hour glucose < 7.8
mmol/L.

ANTIDIABETIC INTERVENTIONS: Diet and hypoglycaemic agents.
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):

TARGET: Fasting blood glucose < 7.0 mmol/L, postprandial 2 hour glucose < 10.0
mmol/L.

ANTIDIABETIC INTERVENTIONS: Diet and hypoglycaemic agents.
CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: Prohibited drugs: ACE-inhibitors, angiotensin receptor blockers,
antiplatelet drugs, anticoagulants, vasodilators and antihyperlipidaemic drugs
CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS:

Systolic blood pressure (mmHg): < 130;

diastolic blood pressure (mmHg): < 80.

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication): Changes of microalbuminuria
SECONDARY OUTCOMES (as stated in the publication): Levels of serum lipids and
coagulation indices

ADDITIONAL OUTCOMES: None.

MEASUREMENT OF GLYCAEMIC CONTROL (HbAlc): NR.

Study details

DURATION OF INTERVENTION: 12 weeks.
DURATION OF FOLLOW-UP: 12 weeks.

TITRATION PERIOD: None described.

RUN-IN PERIOD: None described.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: None.

NON-COMMERCIAL FUNDING: Shaanxi Provincial Science and Technology Plan

projects

Stated aim for study

“This clinical trial was designed to investigate the therapeutic effect of intensive glycemic
control on type 2 diabetes patients with early DN”

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk Quote: “A total of 41 patients were divided into

bias)

two groups randomly...”

Allocation concealment (selection bias)

Unclear risk Quote: “... 21 of them were allocated in intensive
glycemic control group (Group A) and the other
20 patients were enrolled into regular glycemic
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control group (Group B).”

Blinding (performance bias and detection Unclear risk Not described.

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Unclear risk Not described if there was any drop-outs.

All outcomes

Selective reporting (reporting bias) Unclear risk No trial protocol or design article available.
Free from academic bias (assessed from pri- Low risk No academic bias.

mary author)?

Free from sponsor bias? Low risk No industry funding.

Trials according to risk of bias Unclear risk Unclear sequence generation, allocation conceal-

ment, and blinding

Melidonis 2000

Methods

Randomised clinical trial.

Participants

SEX:
Intensive: Female: 11; male: 13
Conventional: Female: 8; male: 16
AGE (mean years (SD)):
Intensive: 66.6 (6.7)
Conventional: 66.5 (9.6)
DURATION OF DISEASE (mean years (SD)):
Intensive: 10.5 (4.4)
Conventional: 12.4 (range: 3-38)
GLYCAEMIC CONTROL (mean HbAIc (standardized level) (SD)):
Intensive: 7.6 (0.6)
Conventional: 7.9 (0.8)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 13.2 (3.6)
Conventional: 13.9 (3.9)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 26.3 (4.0)
Conventional: 27.4 (5.0)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: 24
Conventional: 24
INCLUSION CRITERIA:
e Acute coronary event (unstable angina or acute myocardial infarction) within the
preceding 24 hours;
e type 2 diabetes mellitus.
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EXCLUSION CRITERIA:
e Inability or refusal to give informed consent for the methods of the study;
e patients with type 1 and insulin-treated patients with type 2 diabetes mellitus.

DIAGNOSTIC CRITERIA: WHO 1985.

Interventions

NUMBER OF STUDY CENTRES: 1.

COUNTRY/ LOCATION: Greece.

SETTING: Hospital (coronary care unit).

INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):

TARGET: Blood glucose between 8.3 to 11.0 mmol/L in the first 48 hours after an acute
coronary event, thereafter normoglycaemia.

ANTIDIABETIC INTERVENTIONS:

Patients received insulin by infusion for at least 48 hours according to a predefined
protocol (please see publication for further details). Subcutaneous insulin treatment four
times daily was started immediately after insulin infusion cessation until the end of
hospitalisation to maintain normoglycaemia (three doses of soluble insulin administered
subcutaneously before meals, plus a dose of intermediate-acting insulin in the evening)
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):

TARGET: No specified target.

ANTIDIABETIC INTERVENTIONS: Not specified.

CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: All patients were treated with the optimal anti-anginal therapy for
their ischaemic event. Thrombolytic treatment was administered when there were no
contraindications in patients with onset of symptoms within 10 hours (streptokinase (1.
5 X 10-6 U over 60 min))

CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
NR

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication):

Fibrinolytic profile/function (parameters: Fibrinogen tissue plasminogen activator (t-
PA), plasminogen activator inhibitor- 1 (PAI-1))

SECONDARY OUTCOMES (as stated in the publication): None.

ADDITIONAL OUTCOMES: None.

MEASUREMENT OF GLYCAEMIC CONTROL (HbAlc): HbA1C was determined
by high performance liquid chromatography

Study details

DURATION OF INTERVENTION:

BOTH GROUPS: 6 days.

DURATION OF FOLLOW-UP:

BOTH GROUPS: 6 days.

TITRATION PERIOD: None.

RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: None.

NON-COMMERCIAL FUNDING: Funded by the department in which the trial was
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conducted

Stated aim for study

“In our study, we tested the hypothesis that intensive insulin treatment during an evolving
acute coronary event (UA or AMI) improves the fibrinolytic function in diabetic patients.

»

Notes The number reported for fasting blood glucose is the mean daily plasma glucose (deter-
mined by at least four pre meal glucose values)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk The randomisation was made by using a table of random

bias) number

Allocation concealment (selection bias) Unclear risk Not described.

Blinding (performance bias and detection Unclear risk Quote: “All samples were analyzed blinded to the clinical

bias)

All outcomes

data.” Blinding of clinical outcomes not described

Incomplete outcome data (attrition bias) ~ Low risk Description of all participants at the end of follow-up.

All outcomes

Selective reporting (reporting bias) Unclear risk No trial protocol or design article available.

Free from academic bias (assessed from pri- Low risk No academic bias.

mary author)?

Free from sponsor bias? Low risk No industry funding.

Trials according to risk of bias Unclear risk Adequate sequence generation. Unclear allocation conceal-

ment, and blinding

REMBO 2008

Methods

Randomised clinical trial.

Participants

SEX:

Intensive: Female: 10; male: 31

Conventional: Female: 14; male: 26

AGE (mean years (SD)):

Intensive (median): 64 (11.9)

Conventional (median): 64 (7.4)

DURATION OF DISEASE (mean years (SD)):
Intensive (median): 5.0 (7.4)

Conventional (median): 6.0 (8.5)
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GLYCAEMIC CONTROL (mean HbA1c (standardized level) (SD)):
Intensive (median): 7.1 (1.2)
Conventional (median): 7.2 (1.4)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive (median): 6.5 (1.3)
Conventional (median): 6.6 (1.9)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 31.6 (5.0)
Conventional: 30.1 (4.4)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: 41
Conventional: 40
INCLUSION CRITERIA:
o Age 18 to 80 years;
o NYHA classification II-I1I;
e stable chronic heart insufficiency with unchanged medications at least two weeks
before entry to trial;
e left ventricular ejection fraction < 45%;
e type 2 diabetes mellitus.
EXCLUSION CRITERIA:
Myocardial infarction (< 3 months before the randomisation);
unstable angina pectoris;
congenital coronary artery disease;
acquired myocardial infarction with substantial haemodynamic stenosis;
hypertrophic or restrictive cardiomyopathy;

chronic pulmonary heart disease;

e arterial hypertension with systolic pressure > 180 mmHg and diastolic pressure
>110 mmHg despite antihypertensive treatment;

e acute inflammatory disease;

e kidney insufficiency (plasma creatinine > 160 micromol/L);

e active liver disease (alanine aminotransferase and aspartate aminotransferase levels
> 3 times normal level);

e clectrolyte disruptions;

e decompensated chronic heart insufficiency.

DIAGNOSTIC CRITERIA: NR.

Interventions

NUMBER OF STUDY CENTRES: 1.

COUNTRY/ LOCATION: Russia.

SETTING: Outpatient.

INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):

TARGET:

HbAlc < 7% in participants receiving sulphonylurea;

HbAlc < 6.5% in participants receiving insulin.

ANTIDIABETIC INTERVENTIONS:

All participants received gliclazide, extended release. As a second step, metformin was
added. If these two agents did not fulfil the glycaemic target, insulin was initiated
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):
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TARGET: Not specified, standard care.

ANTIDIABETIC INTERVENTIONS: Not specified, standard care.
CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: All participants were receiving optimal treatment for chronic heart
failure (e.g., ACE-inhibitors, diuretics)

CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
NR.

Outcomes PRIMARY OUTCOME(S) (as stated in the publication): Progression of heart insuffi-
ciency
SECONDARY OUTCOMES (as stated in the publication): NR.
ADDITIONAL OUTCOMES: Biochemical variables and quality of life
MEASUREMENT OF GLYCAEMIC CONTROL (HbA1c): A1C is measured by tur-
bidometric immuno inhibition

Study details DURATION OF INTERVENTION: 12 months.

DURATION OF FOLLOW-UP: 12 months.

TITRATION PERIOD: We assume metformin was titrated, when initiated
RUN-IN PERIOD: 2 weeks.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: Russian.
PUBLICATION STATUS: Peer-reviewed journal.
COMMERCIAL FUNDING: NR.
NON-COMMERCIAL FUNDING: NR.

Stated aim for study

“..to evaluate the influence of strict glycaemic control on chronic heart disease in patients
with type 2 diabetes mellitus.” [Translated from Russia]

Notes All SD, except for the BMI, is calculated from IQR.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk Quote (from English abstract): “As a result of randomiza-

bias)

tion 2 groups were performed - active with achievement of
target levels of glycemia (n=41) and usual treatment (n=40)

»

Allocation concealment (selection bias) Unclear risk Not described.

Blinding (performance bias and detection Unclear risk Not described.

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk No patients lost to follow-up.

All outcomes
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Selective reporting (reporting bias) Unclear risk No trial protocol or design article available.

Free from academic bias (assessed from pri- Low risk No academic bias.

mary author)?

Free from sponsor bias? Unclear risk No funding sources described.

Trials according to risk of bias Unclear risk Unclear sequence generation, allocation concealment, and
blinding

Service 1983

Methods Randomised clinical trial.
Participants SEX:
Intensive: Female: 3; male: 5
Conventional: Female: 3; male: 7
AGE (mean years (SD)):
Intensive (median): 44
Conventional (median): 56
DURATION OF DISEASE (mean years (SD)):
Intensive (median): 0.1
Conventional (median): 0.8
GLYCAEMIC CONTROL (mean HbAlc (standardized level, %) (SD)):
Intensive (median): 11.4
Conventional (median): 11.4
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive (median): 9.9
Conventional (median): 7.7
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: NR
Conventional: NR
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: NR
Conventional: NR
INCLUSION CRITERIA: Recent onset (2 years or less) of insulin-requiring diabetes
EXCLUSION CRITERIA: None described.
DIAGNOSTIC CRITERIA: Participants were stratified as having type 1 or type 2
diabetes mellitus by basal and postprandial C-peptide values of less than 1 (type 1 diabetes
mellitus) and more than 1 (type 2 diabetes mellitus) ng/ml
Interventions NUMBER OF STUDY CENTRES: 1.

COUNTRY/ LOCATION: USA.
SETTING: Outpatient.
INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
TARGET: HbAlc to normal range and to maintain 80 minute postprandial plasma
glucose well below 150 mg/dL (8.3 mmol/L).
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ANTIDIABETIC INTERVENTIONS: Complex insulin treatment tailored to each
individual and all methods available at the time the trial started

CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):

TARGET: Eliminate symptoms, but not to a degree to reduce 80 minute postprandial
plasma glucose below 150 mg/dL.

ANTIDIABETIC INTERVENTIONS: A single daily injection of intermediate acting
insulin

CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: NR.

CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: NR.

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication): Neurological symptoms and
a neurological disability score

SECONDARY OUTCOMES (as stated in the publication): None.

ADDITIONAL OUTCOMES: None.

MEASUREMENT OF GLYCAEMIC CONTROL (HbAIc): Boronate affinity chro-
matography

Study details

DURATION OF INTERVENTION:

INTENSIVE: 1.5 years.

CONVENTIONAL: 2.0 years.

DURATION OF FOLLOW-UP:

INTENSIVE (median): 1.5 years.

CONVENTIONAL (median): 2.0 years.

TITRATION PERIOD: None.

RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: None.

NON-COMMERCIAL FUNDING: NINCDS, Heerick Funds and Borchard, Upton.

Stated aim for study

“A prospective, stratified, randomized 3-year clinical trial was conducted on the effect

»

of rigorous versus conventional glucose control on peripheral nerve function......

Notes The trial included both patients with type 1 diabetes mellitus and type 2 diabetes mellitus,
but the participants were stratified prior to randomisation.
Two patients with type 2 diabetes mellitus randomised to intensive glucose control
dropped out early in the trial. The baseline characteristics for these participants are not
reported. The baseline characteristics above are from the 18 participants with type 2
diabetes mellitus, who completed the trial
Risk of bias
Bias Authors’ judgement Support for judgement
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Random sequence generation (selection

bias)

Low risk Quote: “After stratification, each patient was randomly as-
signed by a table of random numbers to conventional glu-
cose control by continuation of the currently used insulin

treatment or to rigorous glucose control.”

Allocation concealment (selection bias)

Unclear risk Not described, but the trial was randomised (see above).

Blinding (performance bias and detection Low risk Quote: “...every 6 months, each patient was examined by
bias) the same neurologist (who was unaware of the patients treat-
All outcomes ment group)....”

Incomplete outcome data (attrition bias) ~ Low risk Seven patients were excluded from analysis; 2: Treatment

All outcomes

was no longer required; 1: Treatment was not followed; 4:
Early dropouts (< 6 months)

Selective reporting (reporting bias)

Unclear risk No trial protocol or design article available.

Free from academic bias (assessed from pri- Low risk No academic bias.
mary author)?
Free from sponsor bias? Low risk No industry funding.

Trials according to risk of bias

Unclear risk Adequate sequence generation and blinding. Unclear allo-

cation concealment

Stefanidis 2003

Methods Randomised clinical trial.
Participants SEX:
Intensive: Female: 14; male: 22
Conventional: Female: 18; male: 21
AGE (mean years (SD)):
Intensive: 66 (11)
Conventional: 68 (9)
DURATION OF DISEASE (mean years (SD)):
Intensive: 16 (7)
Conventional: 15 (9)
GLYCAEMIC CONTROL (mean HbAlc (standardized level, %) (SD)):
Intensive: 8.0 (1.0)
Conventional: 8.2 (1.2)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive (plasma glucose): 15.4 (5.2)
Conventional (plasma glucose): 14.8 (5.6)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 28 (3.1)
Conventional: 27.5 (3.2)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
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Intensive: 36
Conventional: 39
INCLUSION CRITERIA:
Patients with type 2 diabetes mellitus admitted to coronary care unit with non-ST
segment elevation acute coronary syndromes within the preceding 24 hours
EXCLUSION CRITERIA:

e Insulin-treated diabetes mellitus;

e pathologic Q waves on the baseline electrocardiogram;

e cvolution in persistent ST-segment elevation myocardial infarction;

e arrhythmias, and atrioventricular and intraventricular conduction disturbances
that might have influenced either the global cardiac contractility or Doppler time
intervals measurements;

e septal or free left ventricular end-diastolic wall thickness > 12 mm;

e Doppler evidence of more than a mild degree of left or right valvular regurgitation
Or Stenosis;

e use of inotropes;

e revascularization intervention during the study period.

DIAGNOSTIC CRITERIA:
Type 2 diabetes mellitus was defined based on patient history or when plasma glucose
levels were > 200 mg/dL at admission

Interventions NUMBER OF STUDY CENTRES: 1.
COUNTRY/ LOCATION: Greece.
SETTING: Hospital.
INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
TARGET: Near normal glycaemia defined as 6.6 to 8.2 mmol/L.
ANTIDIABETIC INTERVENTIONS: Soluble insulin by infusion, immediately after
the first echocardiographic examination and subsequent randomisation, for 72 hours,
according to a predefined protocol
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):
TARGET: No specific glucose target.
ANTIDIABETICINTERVENTIONS: Usual protocols, with oral hypoglycaemic drugs
or 2 daily doses of intermediate acting insulin. Supplementary small doses of short-acting
insulin were administered subcutaneously only if glucose levels were > 250 mg/dL
CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: All participants were treated with an optimal anti-anginal regimen
CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
No predefined targets

Outcomes PRIMARY OUTCOME(S) (as stated in the publication): Global myocardial perfor-
mance
SECONDARY OUTCOMES (as stated in the publication): None.
ADDITIONAL OUTCOMES: None.
MEASUREMENT OF GLYCAEMIC CONTROL (HbA1c): Not described.
Study details DURATION OF INTERVENTION: 72 hours.

DURATION OF FOLLOW-UP: 72 hours.
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TITRATION PERIOD: None.

RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: None.

NON-COMMERCIAL FUNDING: The trial was conducted as a part of a PhD-thesis

Stated aim for study

“In this context, this open-label, randomised study assessed the impact of insulin admin-

istration on global myocardial performance during acute coronary syndromes, using a
g 7 p g Y 97 g

new Doppler-derived index (DI) that combines elements of systolic and diastolic phase

periods of the cardiac cycle”

Notes Fasting blood glucose is converted from mg/dL to mmol/L by dividing with 18
Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Quote: “The patients were randomised to receive...”

bias)

The randomisation procedure was done by using a table of
random number

Allocation concealment (selection bias)

Unclear risk

Not described, but the trial was randomised (see above).

Blinding (performance bias and detection Low risk Quote: “Videotape recordings were analyzed by 1 investi-

bias) gator without knowledge of the clinical data, or whether

All outcomes the study was performed at admission or after 72 hours.”

Incomplete outcome data (attrition bias) ~ Low risk Quote: “Three patients from both groups were excluded

All outcomes from the analysis because there was objective evidence of
development of persistent ST-elevation myocardial infarc-
tion. Two patients from group A and 1 from group B under-
went percutaneous coronary intervention during the study
period for intractable ischemia and were also excluded from
the study.”

Selective reporting (reporting bias) Low risk The predefined primary outcome is reported.

Free from academic bias (assessed from pri- High risk The primary author has written another publication about

mary author)? the same intervention (Melidonis 2000).

Free from sponsor bias? Low risk No industry funding.

Trials according to risk of bias

Unclear risk

Adequate sequence generation and blinding. Unclear allo-
cation concealment
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Methods

Randomised clinical trial.

Participants

SEX:

Intensive: Female: 17; male: 63

Conventional: Female: 24; male: 56

AGE (mean years (SD)):

Intensive: 54.9 (7.2)

Conventional: 55.2 (7.2)

DURATION OF DISEASE (mean years (SD)):
Intensive (median): 5.5 (5.0)

Conventional (median): 6.0 (4.4)

GLYCAEMIC CONTROL (mean HbAlc (standardized level, %) (SD)):
Intensive: 8.4 (1.6)

Conventional: 8.8 (1.7)

FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 10.1 (3.1)

Conventional: 10.5 (3.0)

BODY MASS INDEX (mean kg/m? (SD)):

Intensive: 29.7 (3.8)

Conventional: 29.9 (4.9)

NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:

Intensive: 18
Conventional: 21
INCLUSION CRITERIA:

e Type 2 diabetes mellitus;

e urine albumin excretion rates of 30-300 mg in a 24 hour urine sample.
EXCLUSION CRITERIA:

o Age older than 65 or younger than 40;

e astimulated serum C-peptide concentration less than 600 pmol/L 6 min after
intravenous injection of 1 mg glucagon;

e pancreatic insufficiency or diabetes secondary to pancreatitis;

e alcohol abuse;

e non-diabetic kidney disease;

e malignancy;

e life-threatening disease with death probable within 4 years.
DIAGNOSTIC CRITERIA: WHO criteria (1985).

Interventions

NUMBER OF STUDY CENTRES: 1.
COUNTRY/ LOCATION: Denmark.
SETTING: Out-patient.

INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS

USED):
TARGET: HbAlc < 6.5%.
ANTIDIABETIC INTERVENTIONS:

o If patients were unable to maintain glycosylated haemoglobin values below 6.5%

by means of diet and increased physical activity alone after three months, an oral
hypoglycaemic agent was started:

e Overweight patients (BMI > 25) received metformin (maximum, 1 gm twice
daily);

e lean patients, or overweight patients who had contraindications to metformin

Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus (Review)
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(Continued)

therapy, received gliclazide (maximum, 160 mg twice daily).

e As the second step, metformin was added to the regimen of lean patients and
gliclazide to that of overweight patients if hyperglycaemia was not controlled.

o If the HbAlc exceeded 7.0% despite maximal doses of oral agents, the addition of
neutral protamine Hagedorn (NPH) insulin at bedtime was recommended. When
insulin was started, lean patients stopped metformin treatment and overweight patients
stopped gliclazide therapy unless it was the only oral hypoglycaemic agent given. The
insulin dose was adjusted on the basis of the morning fasting blood glucose
concentration. If the daily dose of insulin exceeded 80 U at bedtime or there was no
decrease in the HbAlc, patients were switched to regimens in which regular and NPH
insulin was given two to four times a day.

CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):

TARGET: HbAlc < 7.5% (1993-1999), HbAlc < 6.5% (2000-2001).
ANTIDIABETIC INTERVENTIONS: Treatment according to the 1988 recommen-
dations of the Danish Medical Association

CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
Intensive:

Treatment with ACE-inhibitor irrespective of blood pressure: Yes (1993-2001)

Aspirin therapy:

e For patients with known ischaemia: Yes (1993-2001).

e For patients with peripheral vascular disease: Yes (1993-2001).

e For patients without coronary heart disease or peripheral vascular disease: No
(1993-1999); yes (2000-2001).

Vitamin E and vitamin C.

Non-medical interventions: Exercise at least 30 min/day and invitation to smoking
cessation

Conventional:

Treatment with ACE-inhibitor irrespective of blood pressure: No (1993-1999); yes
(2000-2001)

Aspirin therapy:

e For patients with known ischaemia: Yes (1993-2001).

e For patients with peripheral vascular disease: No (1993-2001).

e For patients without coronary heart disease or peripheral vascular disease: No
(1993-1999); no (2000-2001).

CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
Intensive:

Systolic blood pressure (mmHg): < 140 (1993-1999); < 130 (2000-2001)
Diastolic blood pressure (mmHg): < 85 (1993-1999); < 80 (2000-2001)
Total cholesterol (mmol/L): < 4.9 (1993-1999); < 4.5 (2000-2001)
Triglycerides (mmol/L): < 1.7 (1993-1999); < 1.7 (2000-2001)
Conventional:

Systolic blood pressure (mmHg): < 160 (1993-1999); < 135 (2000-2001)
Diastolic blood pressure (mmHg): < 95 (1993-1999); < 85 (2000-2001)
Total cholesterol (mmol/L): < 6.5 (1993-1999); < 4.9 (2000-2001)
Triglycerides (mmol/L): < 2.2 (1993-1999); < 2.0 (2000-2001)

Outcomes PRIMARY OUTCOME(S) (as stated in the publication):
The study protocol specified two major analyses, a microvascular analysis in which the
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development of diabetic nephropathy after four years of intervention was the primary
outcome and a macrovascular analysis after eight years of intervention
The primary macrovascular outcome was a composite of:
e Death from cardiovascular causes;
non-fatal myocardial infarction;
coronary-artery bypass grafting;
percutaneous coronary intervention;
non-fatal stroke;

amputation as a result of ischaemia;

e vascular surgery for peripheral atherosclerotic artery disease.
In follow-up trial: The time to death from any cause.
SECONDARY OUTCOMES (as stated in the publication):
Four years of intervention: The incidence or progression of diabetic retinopathy and
neuropathy.
Eight years of intervention: The incidence of diabetic nephropathy or the development
or progression of diabetic retinopathy or neuropathy.
Follow-up trial: Death from cardiovascular causes and a composite of cardiovascular dis-
ease events that included death from cardiovascular causes, non-fatal stroke, non-fatal
myocardial infarction, coronary-artery bypass grafting, percutaneous coronary interven-
tion or revascularization for peripheral atherosclerotic arterial disease, and amputation
as a result of ischaemia
ADDITIONAL OUTCOMES:
Four years of intervention: Macrovascular events and death were tertiary outcomes
MEASUREMENT OF GLYCAEMIC CONTROL (HbAlc): Ion-exchange high-per-
formance liquid chromatography (Bio-Rad VARIANT, California, USA) and the non-
diabetic reference range was 4.1 to 6.4%

Study details

DURATION OF INTERVENTION: 7.8 years.
DURATION OF FOLLOW-UP: 13.3 years.
TITRATION PERIOD: None.

RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: Novo Nordisk A/S.

NON-COMMERCIAL FUNDING: The Danish Health Research Council.

Stated aim for study

“Our randomised trial was designed to find out whether intensive multifactorial in-
tervention that includes changes in behaviour and pharmacological therapy, slows the
initiation and progression of microvascular complications in microalbuminuric patients
with type 2 diabetes compared with a standard multifactorial treatment.”

Notes The SD for duration of diabetes is calculated from IQR.
The number used for previously cardiovascular disease is the number of ischaemia on
resting or stress electrocardiogram
Risk of bias
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Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Sequence was computer generated.
bias)
Allocation concealment (selection bias) Low risk Allocation was performed with the use of sealed opaque
envelopes
Blinding (performance bias and detection Low risk Quote: “All events were defined a priori and evaluated by
bias) an Endpoint Committee unaware of patient treatment al-
All outcomes location”
Incomplete outcome data (attrition bias) ~ Low risk Description of all participants at the end of follow-up.
All outcomes
Selective reporting (reporting bias) Low risk All predefined outcomes were assessed.
Free from academic bias (assessed from pri- Low risk No academic bias.
mary author)?
Free from sponsor bias? High risk Supported by grants from Novo Nordisk A/S.
Trials according to risk of bias Low risk Adequate sequence generation, allocation concealment, and
blinding
UGDP 1975
Methods Randomised clinical trial
Participants SEX:
Intensive: Female: 158; male: 46
Conventional: Female: 153; male: 57
AGE (mean years (SD)):
Only available for all treatments group: 52.7 (11.2)
Intensive: NR.
Conventional: NR.
DURATION OF DISEASE (mean years (SD)):
Both groups: All patients were diagnosed with type 2 diabetes within 12 months prior
to enrolment in the study
GLYCAEMIC CONTROL (mean HbAlc (standardized level, %) (SD)):
Both group: Not able to measure HbAlc at study time.
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 7.8
Conventional: 7.9
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: NR
Conventional: NR
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
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Intensive: 7
Conventional: 16
INCLUSION CRITERIA:

e Maturity onset diabetes diagnosed within 12 months prior to enrolment in the
study (the time of diagnosis was determined by the date of the first glucose tolerance
test or by the time which hypoglycaemic treatment had been first initiated);

o free of life-endangering diseases and a minimal life expectancy of five years at
entry into the study in the clinician’ s judgement;

e a diagnostic glucose tolerance test in which the sum of the four individual blood
glucose values was > 500 mg/100 mL;

o free of ketoacidosis and other major diabetic symptoms on diet alone during a
four-week observation period immediately preceding entry into the study;

e patient willing and able to participate in the study.

EXCLUSION CRITERIA:
A prior history of ketoacidosis.
DIAGNOSTIC CRITERIA:
The results of the glucose tolerance test provided the primary basis for the diagnosis of
diabetes for patients admitted to the study. A sum of four glucose values from glucose
tolerance test had to be equal or greater than 500 mg/100 mL

Interventions NUMBER OF STUDY CENTRES: 12.
COUNTRY/ LOCATION: USA.
SETTING: Outpatient.
INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
TARGET: Maintain blood glucose in normal range.
Normal defined as: fasting blood glucose level below 110 mg/100 mL and a level of less
than 210 mg/100 mL one hour after ingestion of 50 gm of glucose and one and one-
half hours after the morning insulin injection.
ANTIDIABETIC INTERVENTIONS:
The insulin variable treatment group: In the event that both above limits were exceeded
atascheduled test, the insulin dose was to be raised by at least two units. The investigators
were to decrease the insulin dosage when it appeared necessary in order to prevent
hypoglycaemic episodes.
A minimum of five units per day was stipulated in the low end of the dosage scale.
Diet.
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):
TARGET: Minimize the likelihood of hypoglycaemic reactions without reducing the
insulin dose to pharmacologically inactive amounts.
ANTIDIABETIC INTERVENTIONS:
The insulin standard treatment group: The only scheduled modifications in the number
of units of insulin prescribed for patients in the insulin standard group that were permitted
after initiation of treatment were those which resulted from a change of the patient” s
weight which in turn led to changes in the patient” s body surface and corresponding
dosage category:
Units of insulin/body surface in square meters:
(10 U/ under 1.5);
(12 U/ 1.5-1.69);
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(14 U/ 1.7-1.89);

(16U/ 1.9 and over).

Diet.

CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
Both groups: NR.

CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
NR

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication):

o Evaluation of the efficacy of various hypoglycaemic treatments in the prevention
of vascular complications in patients with mild diabetes;

e study of the natural history of a group of patients with maturity onset, non
insulin dependent diabetes;

e development of methods applicable to cooperative clinical trials.
SECONDARY OUTCOMES (as stated in the publication): None described
ADDITIONAL OUTCOMES: None described.

MEASUREMENT OF GLYCAEMIC CONTROL (HbA1c): NR.

Study details

DURATION OF INTERVENTION: mean 12 years (range 10-14.5 years).
DURATION OF FOLLOW-UP: 12 years.

TITRATION PERIOD: None.

RUN-IN PERIOD: Four weeks on diet.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: None.

NON-COMMERCIAL FUNDING: The National Institute of Arthritis, Metabolism,
and Digestive Diseases of the Public Health Service

Stated aim for study

“The University Group Diabetes Program is a long-term prospective clinical trial de-
signed to evaluate the effects of various hypoglycemic agents on vascular complications
in patients with asymptomatic adult-onset diabetes.”

Notes Patients were randomised to five different therapeutic regimes: Insulin variable, insulin
standard, tolbutamide, phenformin, and placebo. We have chosen the IVAR (Insulin
Variable) group as an intensive group and ISTD (Insulin Standard) as the conventional
group
At the time the study was conducted HbAlc was not used to measure glycaemic control
Fasting blood glucose calculated from mg/dL to mmol/L by dividing with 18
Sixty-nine of the patients enrolled did not meet the diagnostic criterion of the glucose
tolerance test (17 in insulin standard, 13 in insulin variable)
The age is only reported for all treatments group, i.e., 1027 participants, whereof only
414 participants are of relevance for this review
Previous cardiovascular disease is reported as a history of angina pectoris

Risk of bias

Bias Authors’ judgement Support for judgement
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Random sequence generation (selection Low risk Quote: “Patients enrolled in the UGDP were randomly as-
bias) signed to one of the five treatment groups.”
Quote: “Separate allocation schedules were used for each
of the participating Clinical Centers. These schedules were
prepared using a table of random numbers and were de-
signed to insure a specified number of patients in each of
the treatment groups in a given clinic at periodic intervals
throughout the course of the recruitment.”
Allocation concealment (selection bias) Low risk Quote: “All assignments were made by the UGDP coordi-
nating centre.”
Blinding (performance bias and detection Low risk Quote: “...blind evaluation long-term observation of pa-
bias) tients, and central collection, editing, and monitoring of the
All outcomes observed data.”
Incomplete outcome data (attrition bias) ~ Low risk Quote: “Patients who indicated that they were no longer
All outcomes willing or able to participate in the UGDP or who had
missed four consecutive quarterly examinations were classi-
fied as dropouts. A patient classified as dropout remained
classified in this way until he/she returned to the clinic for
follow-up examination or until the date of death.”
Quote: “.....the percentage of patients classified as dropouts
was 15.0 for PLBO, 18.0 for ISTD and 18.0 for IVAR.”
Selective reporting (reporting bias) Low risk All predefined primary and secondary outcomes were re-
ported.
Free from academic bias (assessed from pri- Low risk No academic bias.
mary author)?
Free from sponsor bias? Low risk No industry funding.
Trials according to risk of bias Low risk Adequate sequence generation, allocation concealment, and
blinding
UKPDS 1998
Methods Randomised clinical trial.
Participants SEX:
Intensive: Female: 1260; male: 1811
Conventional: Female: 433; male: 705
AGE (mean years (SD)):
Intensive: 53.2 (8.6)
Conventional: 53.4 (8.6)
DURATION OF DISEASE (mean years (SD)):
Intensive: All participants were newly diagnosed with type 2 diabetes mellitus.
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Conventional: All participants were newly diagnosed with type 2 diabetes mellitus
GLYCAEMIC CONTROL (mean HbA1c (standardized level, %) (SD)):
Intensive: 7.1 (1.5)
Conventional: 7.1 (1.4)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive (median): 8.1 (1.9)
Conventional (median): 8.0 (2.0)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 27.5 (5.1)
Conventional: 27.8 (5.5)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Both groups: 77
INCLUSION CRITERIA:
Newly-diagnosed patients with type 2 diabetes mellitus aged 25-65 years inclusive and
had fasting plasma glucose greater than 6 mmol/L on two mornings, 1-3 weeks apart,
were eligible for the study
Every participant randomised in the UKPDS-33 1998 or UKPDS-34 1998 had a fasting
plasma glucose of 6.1 to 15.0 mmol/L after three months diet (body weight > 120% of
ideal body weight for the entry in the UKPDS-34 1998).
EXCLUSION CRITERIA:
e Ketonuria more than 3 mmol/L;
e serum creatinine greater than 175
4 mol/L;
myocardial infarction in the previous year;
current angina or heart failure;
more than one major vascular event;
retinopathy requiring laser treatment;
malignant hypertension;

uncorrected endocrine disorder;

occupation that precluded insulin therapy (e.g., driver of heavy goods vehicle);

e severe concurrent illness that would limit life or require extensive systemic
treatment;

e inadequate understanding;

o unwillingness to enter the study.
DIAGNOSTIC CRITERIA:
Main criterion for type 2 diabetes mellitus was fasting plasma glucose > 6 mmol/L on
two mornings 1-3 weeks apart

Interventions

NUMBER OF STUDY CENTRES: 23.

COUNTRY/ LOCATION: United Kingdom.

SETTING: Outpatient.

INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):

TARGET:

Fasting plasma glucose less than 6 mmol/L and, in insulin-treated patients; pre-meal
glucose concentrations of 4 to 7 mmol/L.

ANTIDIABETIC INTERVENTIONS:

One of the following sulphonylureas: chlorpropamide 100-500 mg, glibenclamide 2.5-
20 mg or glipizide 2.5-40 mg.
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Metformin up to 2550 mg, distributed on two doses a day.

Patients assigned insulin started on once daily ultralente insulin or isophane insulin.
If the daily dose was more than 14 U or pre-meal or bed-time home blood glucose
measurements were more than 7 mmol/L, a short-acting insulin, usually soluble (regular)
insulin was added (basal/bolus regimen)

All participants had to continue their assigned treatment as long as possible. Additional
therapies for participants assigned to sulphonylurea/metformin were metformin/gliben-
clamide, and if hyperglycaemia recurred then initiating of insulin

The protocol was amended to allow the early addition of metformin when fasting plasma
glucose was greater than 6 mmol/L on maximum doses of sulphonylurea in symptomless
patients in the intensive group. Patients were changed to insulin therapy if marked
hyperglycaemia recurred.

In the last eight centres recruited in 1988, patients allocated to sulphonylurea had insulin
added early, rather than metformin, when fasting plasma glucose was greater than 6
mmol/L on maximum doses of sulphonylurea

Dietary advice.

CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):

TARGET: To maintain fasting plasma glucose below 15 mmol/L without symptoms of
hyperglycaemia.

ANTIDIABETIC INTERVENTIONS:

If marked hyperglycaemia or symptoms occurred, patients were secondarily randomised
to treatment with sulphonylurea or insulin therapy (UKPDS-34 1998, also metformin).
If marked hyperglycaemia recurred in participants secondarily allocated sulphonylurea,
metformin was added. In those secondarily allocated metformin, glibenclamide was
added. Patients with marked hyperglycaemia or symptoms on both agents were changed
to insulin. Throughout, the aim of fasting plasma glucose below 15 mmol/L without
symptoms was maintained

Dietary advice.

CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS:

Regular aspirin therapy was only advised, if there was a specific indication such as a
recent myocardial infarction.

Blood pressure lowering and lipid-lowering - se below.

CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS:

Lipid-lowering treatment was initiated if total cholesterol were greater than 8.5 mmol/
L or triglyceride were greater than 4.0 mmol/L, if dietary advice not could reduce these
values satisfactorily

The Hypertension in Diabetes Study randomly allocated patients with blood pressure
> 160/90 mmHg to tight control aiming for < 150/85 mmHg with either an ACE-
inhibitor or a beta-blocker or to less tight control aiming for < 200/105 mmHg. In all
1148 patients were also included in the Hypertension Diabetes Study

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication):
Time to the first occurrence of:

o Any diabetes-related endpoint (sudden death, death from hyperglycaemia or
hypoglycaemia, fatal or non-fatal myocardial infarction, angina, heart failure, stroke,
renal failure, amputation [of at least one digit], vitreous haemorrhage, retinal
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photocoagulation, blindness in one eye, or cataract extraction);

e diabetes-related death (death from myocardial infarction, stroke, peripheral
vascular disease, renal disease, hyperglycaemia or hypoglycaemia, and sudden death);

e all-cause mortality.
These aggregates were used to assess the difference between conventional and intensive
treatment
SECONDARY OUTCOMES (as stated in the publication): Single clinical outcomes
ADDITIONAL OUTCOMES: Surrogate clinical outcomes.
MEASUREMENT OF GLYCAEMIC CONTROL (HbA1c):
High-performance liquid chromatography (normal range is 4.5 to 6.2%)

Study details

DURATION OF INTERVENTION: Median of 10.0 years (IQR 7.7-12.4). For the
participants taking part in the UKPDS 34, the median was 10.7 years.

DURATION OF FOLLOW-UP: The median follow-up for endpoint analyses was 10.
0 years (IQR 7.7-12.4). For UKPDS 34 the median follow-up was 10.7 years
TITRATION PERIOD: Metformin was titrated.

RUN-IN PERIOD: Patients with newly-diagnosed diabetes were initially treated with
diet for 3 months. Those who remained symptom-free but who had continuing fasting
hyperglycaemia, plasma glucose > 6.0 and < 15.0 mmol/L were randomly allocated to
active policy or to diet policy in the main randomisation (UKPDS 33 and UKPDS 34)
STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: Hoechst, Lilly, Novo-Nordisk and Lipha.
NON-COMMERCIAL FUNDING: The Oxford Medical School Research Fund, the
Charles Wolfson Charitable Trust, Clothworker’s Foundation and the Alan and Babette
Sainsbury Charitable Fund (grants for the pilot study). British Diabetic Association,
Medical Research Council, National Eye Institute and National Institute of Digestive,
Diabetes and Kidney Disease of the National Institutes of Health, USA, The Health
Promotion Research Trust

Stated aim for study

“We compared the effects of intensive blood-glucose control with either sulphonylurea
or insulin and conventional treatment on the risk of microvascular and macrovascular
complications in patients with type 2 diabetes in a randomised controlled trial.” (UKPDS
33 1998)

“This study investigated whether intensive glucose control with metformin has any

specific advantage or disadvantage.” (UKPDS 34 1998)

Notes

Rury Holman confirmed a total overlap between the conventional group in the UKPDS
33 and the UKPDS 34. As UKPDS 33 had a larger number of participants; age, duration
of disease, glycaemic control, fasting blood glucose, BMI, previously cardiovascular dis-
ease, duration of intervention, duration of follow-up are only taken from the participants
of the UKPDS 33. The two baseline characteristics in which the UKPDS 34 1998 are
particular different from the data noted above are HbAlc and BMI

The number of patients with previous cardiovascular disease is taken from the meta-
analyses by Turnbull et al. (Turnbull 2009).

The number of males and females is calculated as the number of patients randomised to
the UKPDS 33 1998, plus the number randomised to intensive control in UKPDS 34
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1998
Fasting glycaemic control: SD is calculated from IQR.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Quote: “Randomisation of patients was computer gener-

bias) ated...”

Allocation concealment (selection bias) Low risk Quote: “...allocations in sealed opaque envelopes, with a
check maintained on numerical sequence, dates of opening
and results.”

Blinding (performance bias and detection Low risk Quote: “Members of the UKPDS end-point committee,

bias) who were unaware of assignments to study groups, adjudi-

All outcomes cated outcomes exactly as they had during the original trial.
Quote from UKPDS 80 (UKPDS-80 2008).

Incomplete outcome data (attrition bias) ~ Low risk Quote: “At the end of the trial, the vital status of 76 (2.

All outcomes 0%) patients who had emigrated was not known; 57 and 19
in intensive and conventional groups, respectively, which
reflects the 70/30 randomisation. A further 91 (2.4%) pa-
tients (65 in the intensive group) could not be contacted
in the last year of the study for assessment of clinical end-
points.”

Selective reporting (reporting bias) Low risk All predefined outcomes reported.

Free from academic bias (assessed from pri- Low risk No academic bias.

mary author)?

Free from sponsor bias? High risk Hoechst, Lilly, Novo-Nordisk and Lipha.

Trials according to risk of bias Low risk Adequate sequence generation, allocation concealment, and

blinding

VA CSDM 1995

Methods

Randomised clinical trial.

Participants

SEX:

Intensive: Female: 0; male: 75

Conventional: Female: 0; male: 78

AGE (mean years (SD)):
Intensive: 60.4 (6.4)
Conventional: 59.9 (6.7)

Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



VA CSDM 1995

(Continued)

DURATION OF DISEASE (mean years (SD)):
Intensive: 8.0 (3.6)
Conventional: 7.7 (4.3)
GLYCAEMIC CONTROL (mean HbA1c (standardized level, %) (SD)):
Intensive: 9.3 (0.2)
Conventional: 9.5 (0.2)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 11.4 (0.4)
Conventional: 12.4 (0.4)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 30.7 (4.4)
Conventional: 31.3 (5.5)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: 31
Conventional: 27
INCLUSION CRITERIA:

e Men;

e age from 40 to 69 years;

o clevated HbAlc values (> 3 SD above the normal mean (5.05% + 3 x 0.50 = > 6.
55%);

e insulin treatment or maximum dose of sulphonylurea.
EXCLUSION CRITERIA:

e Documented type 2 diabetes mellitus of > 15 years duration;

e history of more than one myocardial infarction or a myocardial infarction within
6 months before entry;

e angina pectoris class IIT or IV (Canadian Heart Association), refractory to medical
therapy;

e congestive heart failure class III or IV (NYHA), refractory to medical treatment,
or any patient currently in need of digitalis;

e transient cerebral ischaemic attacks first appearing within 1 year before entry;

e documented cerebrovascular attack in the last 6 months or cerebrovascular attacks
with more than minor functional impairment, preventing protocol adherence;

e malignancies or other life-threatening diseases, if likely to cause death within 7
years;

e autonomic neuropathy defined as orthostatic hypotension, gastroparesis, or
diabetic diarrhoea;

e symptomatic, documented pancreatic insufficiency, pancreatic diabetes, or other
documented malabsorptive disease;

e history of hypoglycaemic reactions with loss of consciousness or any clinical
condition with seizure disorders;

e history of ketoacidosis or other evidence of insulin dependency;

e current endocrine disease, except corrected hypothyroidism, or mild primary
hypogonadism not requiring medication;

e currently taking beta-blockers that cannot be discontinued or replaced by
cardioselective agents (i.e., metoprolol in doses < 100 mg/day);

e current participation in any other clinical trial;

e allergies or intolerance to sulphonylureas;

e albuminuria > 65 mg/ 3 hour (0.52 gm/24 hour) and/or albumin/creatinine > 0.
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33;

e serum creatinine > 1.6 mg/dL;

e ongoing diabetic gangrene or previous amputation from documented diabetic
gangrene;

e fasting C-peptide level < 0.21 pmol/mL;

e uncooperative or unreliable, including alcoholism, or unable to follow
instructions as decided by investigator;

e severe obesity (> 60% above ideal body weight);

e haemoglobinopathy, i.e., sickle-cell trait or haematological conditions interfering
with HbAlc monitoring;

o liver disease (transaminase > 3 times normal or serum bilirubin > 1.9 mg/dL);

e living alone, without regular access to a person who can assist or be called in
emergency;

e any underlying condition(s) that the physician feels may prevent adherence to
protocol therapy.
DIAGNOSTIC CRITERIA: Fasting plasma C-peptide > 0.21 pmol/L.

Interventions NUMBER OF STUDY CENTRES: 5.

COUNTRY/ LOCATION: USA.
SETTING: Outpatient.
INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
TARGET: Maintain mean HbAlc < 7.5%.
Treament is adjusted with home blood glucose monitoring aiming, at fasting blood
glucose of 4.48 to 6.44 mmol/L and other preprandial levels < 7.28 mmol/L.
ANTIDIABETIC INTERVENTIONS:
Participants moved to the next step if the HbAlc goal was not met:

e One injection of evening intermediate or long-acting insulin;

e continued evening insulin combined with daytime glipizide in step increments of
2.5-5.0 mg/week until HbAlc goal or maximum dose is reached;

e two injections of insulin alone, no glipizide;

e multiple daily insulin injections, no glipizide.
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):
TARGET: Avoiding excessive hyperglycaemia, or symptoms of excessive glycosuria, ke-
tonuria, or hypoglycaemia, consistent with conventional therapy provided patients with
type 2 diabetes mellitus in the medical community. (Alert HbAlc < 12.9%).
ANTIDIABETIC INTERVENTIONS: One injection of insulin. If treatment aims
cannot be met by diet, exercise, or insulin adjustments, including mixtures, a maximum
of two daily injections can be prescribed for patients in this group
CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: Hypertension, dyslipidaemia, smoking, and obesity were treated
similarly in all patients following the guidelines of the ADA
CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
Values from the guidelines of the ADA

Outcomes PRIMARY OUTCOME(S) (as stated in the publication): Statistically significant sepa-
ration of HbAlc between both groups (feasibility trial)
SECONDARY OUTCOMES (as stated in the publication):
Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus (Review) 105

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



VA CSDM 1995  (Continued)

e To assess the adequacy of accrual, patient acceptance of therapy arms, and ability
to measure the diabetic complications with precision and accuracy;

e to evaluate side effects arising from either arm of treatment;

e to assess differences between the two arms in subclinical predictors for morbidity
and mortality;

e to detect whether unintended differences occur between the two treatment groups
in the covariables/risk factors of hyperlipidaemia and hypertension and their treatment,
body weight, smoking, and exercise.

ADDITIONAL OUTCOMES:

Primary macrovascular endpoints: Non-fatal myocardial infarction, stroke, amputation,
and cardiovascular death.

Primary microvascular endpoints: Appearance and progression of retinopathy

Silent cardiac events, ventricular function, peripheral vascular disease, neuropathy, and
nephropathy

Quality of life.

MEASUREMENT OF GLYCAEMIC CONTROL (HbAlc): High-pressure liquid
chromatography

Study details

DURATION OF INTERVENTION: 27 months.
DURATION OF FOLLOW-UP: 27 months.

TITRATION PERIOD: Oral anti-diabetic drugs were titrated.
RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: Roerig/Pfizer Pharmaceuticals.
NON-COMMERCIAL FUNDING: Cooperative Studies Program of the Department
of Veterans Affairs Medical Research Service

Stated aim for study

“The relative risks and benefits of intensive therapy in NIDDM are not well defined.
Accordingly, we designed a feasibility study that compared standard therapy and inten-
sive therapy in a group of NIDDM men who required insulin due to sustained hyper-

glycaemia.”
Notes The Veteran Affairs Diabetes Feasibility Trial was conducted as a pilot study and was a
precursor for the subsequent VADT
Fasting blood glucose is calculated from mg/dL to mmol/L by dividing with 18
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk No description.
bias)
Allocation concealment (selection bias) Unclear risk Quote: “Patients were randomised into...”
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Blinding (performance bias and detection Low risk Quote: “An End-Points Committee of consultants exter-

bias) nal to the study and masked to treatment assignment used

All outcomes predetermined criteria to decide whether an event occurred
and to categorize it.”

Incomplete outcome data (attrition bias) ~ Low risk Quote: “The participation of three patients on intensive

All outcomes therapy was terminated at 14, 17, and 24 months for causes
apparently unrelated to diabetic treatment: one moved to
unknown address, one had septicaemia leading to irre-
versible coma, and one developed psychotic depression. A
fourth patient in the intensive group voluntarily withdrew
at the 7th month.”

Selective reporting (reporting bias) Low risk All predefined primary and secondary outcomes were re-
ported.

Free from academic bias (assessed from pri- Low risk No academic bias.

mary author)?

Free from sponsor bias? High risk Roerig/Pfizer Pharmaceuticals.

Trials according to risk of bias

Unclear risk

Unclear sequence generation and allocation concealment.

Adequate blinding
VADT 2009

Methods Randomised clinical trial.

Participants SEX:
Intensive: Female: 26; male: 866
Conventional: Female: 26; male: 873
AGE (mean years (SD)):
Intensive: 60.5 (9.0)
Conventional: 60.3 (9.0)
DURATION OF DISEASE (mean years (SD)):
Intensive: 11.5 (8.0)
Conventional: 11.5 (7.0)
GLYCAEMIC CONTROL (mean HbAlc (standardized level, %) (SD)):
Intensive: 9.4 (2.0)
Conventional: 9.4 (2.0)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive (median): 10.8 (4.0)
Conventional (median): 11.0 (3.7)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 31.3 (3.0)
Conventional: 31.2 (4.0)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: 355
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Conventional: 368
INCLUSION CRITERIA:

e Male and female veterans;

e > 41 years old;

e nonresponsive to a maximum dose of at least one oral agent and/or daily insulin
injections (Nonresponsiveness is defined as having centrally measured HbAlc level > 4
SD above the normal mean, that is, > 7.5%, or else local HbAlc > 8.3%).
EXCLUSION CRITERIA:

Angina pectoris class III or IV (Canadian Heart Association);

congestive heart failure class IIT or IV (NYHA);

stroke, myocardial infarction, invasive revascularization within the past 6 months;
ongoing diabetic gangrene;

severe obesity (BMI > 40 kg/m?);

haemoglobinopathy interfering with HbAlc monitoring;

serum creatinine > 1.6 mg/dL;

transaminase > 3 times the upper limit of normal or serum bilirubin > 1.9 mg/dL;
conditions likely to cause death within 7 years;

autonomic neuropathy (orthostatism, gastroparesis, or diabetic diarrhoea);
e type 1 diabetes or pancreatic insufficiency, pancreatic diabetes, or other
malabsorptive disease;
e recurrent seizures (within the past year) while on anti seizure medication;
hypopituitarism;
pregnancy, lactation, or planning a pregnancy;
active psychosis, alcoholism, or other substance abuse;

living alone, without access to a person who can assist in an emergency;

e conditions that may prevent adherence to protocol (unable to self-care or a severe
illness or treatment);

e current participation in another trial.

DIAGNOSTIC CRITERIA: Fasting plasma C-peptide > 0.21 pg per cc

Interventions NUMBER OF STUDY CENTRES: 20.

COUNTRY/ LOCATION: USA.
SETTING: Outpatient.
INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):
TARGET: HbAlc < 6%. A priority is to avoid hypoglycaemia, even if asymptomatic.
The goal for HbAlc level was an absolute reduction of 1.5 percentage points in the
intensive intervention group, as compared with conventional intervention group.
ANTIDIABETIC INTERVENTIONS:
For obese patients (BMI > 27 kg/mz) entering on oral agents alone, the following
algorithm was used:

1. Metformin starts at 500 mg and increases up to 2000 mg and rosiglitazone 4 mg
twice a day;

2. initiate insulin, or if on insulin, adjust to one evening injection of intermediate or
long-acting preparation targeted to normal fasting glucose (i.e., 80-115 mg/dL);

3. add morning insulin and may add alpha-glucosidase inhibitors;

4. multiple daily insulin injections with retention of oral agents (at least one oral
sensitizer);

5. any necessary combination.
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For lean patients entering on oral agents alone, Step 1 is different in that glimepiride (8
mg) is used in combination with rosiglitazone. Steps 2-5 are the same as for obese patients.
All patients entering on insulin proceed directly to Step 2. The treatment protocol may
be changed if new modalities become available during the intervention period
CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):
TARGET: Well-being, avoidance of deterioration of HbAlc, keeping levels at 8-9% and
preventing symptoms of glycosuria, hypoglycaemia, and ketonuria.
ANTIDIABETIC INTERVENTIONS: The treatment outline is not rigid
For obese patients (BMI > 27 kg/ m?) entering on oral agents alone, the pharmacological
steps are as follows:

e Metformin 500 mg and up to 1000 mg and rosiglitazone 4 mg;

e add intermediate or long-acting insulin, 1 U/9 Ib, for subjects not previously on
insulin;

e increase metformin to 1000 mg twice a day;

e increase rosiglitazone to 8 mg/day;

e increase insulin dose (may add alpha-glucosidase inhibitors);

e any necessary combination, including nateglinide or glimepiride.
For lean patients entering on oral agents alone, the steps are as follows:

o Glimepiride 2 mg and rosiglitazone 4 mg;

o add intermediate or long-acting insulin, 1 U/9 Ib;

e increase glimepiride to 8 mg daily before noon;

e increase rosiglitazone to 8 mg daily before noon;

e the two last intervention opportunities are the same as in obese patients.
Patients on insulin at entry proceed to Step 2. The treatment protocol may be changed
if new modalities become available
CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: Basic tenets in type 2 diabetes mellitus are instructed and enforced
in both treatment arms for education, diet, blood pressure, and lipid control
CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
Blood pressure < 130/80 mmHg;
LDL-cholesterol < 2.6 mmol/L;
HDL-cholesterol > 1.2 mmol/L for men and > 1.4 mmol/L for women;

Aspirin: 81-325 mg.

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication):

The time to the first occurrence of any of a composite of cardiovascular events
e Cardiovascular events were;

myocardial infarction;

stroke;

new or worsening congestive heart failure;

amputation for ischaemic diabetic gangrene;

e invasive intervention for coronary artery disease, peripheral vascular disease, or
cerebrovascular disease;

e inoperable coronary artery disease;

o cardiovascular death.
SECONDARY OUTCOMES (as stated in the publication):
The secondary objectives are to assess differences between treatment groups in other
cardiovascular outcomes:
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New or worsening angina;

new transient ischaemic attacks;

new intermittent claudicatio confirmed by Doppler;
new critical limb ischaemia;

total mortality;

nephropathy;

neuropathy.

ADDITIONAL OUTCOMES:

Adverse events (including hypoglycaemia);
quality of life;

cost analysis;

cognitive changes;

e dyslipidaemia and treatment for dyslipidaemia, hypertension and treatment for
hypertension, plasma fibrinogen, plasminogen-activating inhibitor I (PAI-I), weight,
and smoking,.

MEASUREMENT OF GLYCAEMIC CONTROL (HbA1c): Turbidometric immuno
inhibition assay (periodically calibrated by Washington University Core Laboratory for
Clinical Studies, a National Glycohemoglobin Standardization Program)

Study details

DURATION OF INTERVENTION: 5.6 years.

DURATION OF FOLLOW-UP: Median 5.6 years (up to 7.5 years).
TITRATION PERIOD: When metformin is initiated, the dose is titrated
RUN-IN PERIOD: None.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: English.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: GlaxoSmithKline, Novo Nordisk, Roche Diagnostics,
Sanofi-Aventis, Amylin, and Kos Pharmaceuticals

NON-COMMERCIAL FUNDING: The Veterans Affairs Cooperative Studies Pro-
gram, Department of Veterans Affairs Office of Research and Development, the Amer-
ican Diabetes Association, and the National Eye Institute

Stated aim for study

“The primary goal of the Veterans Affairs Diabetes Trial (VADT) was to compare the

effects of intensive and standard glucose control on cardiovascular events.”

Notes Cholesterol is converted from mg/dL to mmol/L by dividing by 39
SD deviation of fasting blood glucose is calculated from IQR. Value of fasting blood
glucose is converted from mg/dL to mmol/L by dividing with 18
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Quote: “Patients were randomly assigned with the use of
bias) a permuted-block design with a block size of six and strat-
ified according to study site, the previous occurrence of a
macrovascular event, and current insulin use. The random-
ization codes were generated by the study’s biostatistician
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at the Hines Cooperative Studies Program Coordinating
Center. Study sites did not have access to the codes.”

Allocation concealment (selection bias) Low risk

See above.

Blinding (performance bias and detection Low risk
bias)

All outcomes

Quote: “Primary and secondary CV endpoints (see Objec-
tives) are determined by the independent Endpoints Com-
mittee, masked to treatment assignment, by evaluation of
supporting documentation.”

Incomplete outcome data (attrition bias) ~ Low risk
All outcomes

Quote: “Main reasons for exclusion were that patients had
low glycated hemoglobin levels (34% of patients), were not
receiving a maximal dose of an oral antidiabetic medication
or insulin (16%), did not want to participate (12%), or had

»

a high serum creatinine level (8%)

Selective reporting (reporting bias) Low risk

Cerebrovascular disease and inoperable coronary artery dis-
ease are not listed as a part of the primary composite out-
come in the design article of the trial, but is reported in
the main publication of the results. These outcomes were,
however, a part of the operations manual for the trial, which
preceded the actual inception of the trial according to the

investigators

Free from academic bias (assessed from pri- Low risk

mary author)?

No academic bias.

Free from sponsor bias? High risk GlaxoSmithKline, Novo Nordisk, Roche Diagnostics,
Sanofi-Aventis, Amylin, and Kos Pharmaceuticals
Trials according to risk of bias Low risk Adequate sequence generation, allocation concealment, and
blinding
Yang 2007
Methods Randomised clinical trial.

Participants

SEX:

Intensive: Female: NR; Male: NR
Conventional: Female: NR; Male: NR

AGE (mean years (SD)):

Intensive: 50 (8)

Conventional: 53 (9).

DURATION OF DISEASE (mean years (SD)):
Intensive: 1

Conventional: 1

GLYCAEMIC CONTROL (mean HbA1c (standardized level) (SD)):
Intensive: 7.4 (1.7)
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Conventional: 6.9 (1.2)
FASTING BLOOD GLUCOSE (mean mmol/L (SD)):
Intensive: 7.2 (1.7)
Conventional: 7.33 (1.86)
BODY MASS INDEX (mean kg/m? (SD)):
Intensive: 26 (3.4)
Conventional: 25.6 (3.5)
NUMBER OF PATIENTS WITH PREVIOUS CARDIOVASCULAR DISEASE:
Intensive: NR
Conventional: NR
INCLUSION CRITERIA:
e 35-75 years old;
e diagnoses of type 2 diabetes mellitus within one year before entry to trial.
EXCLUSION CRITERIA:
Severe liver and renal dysfunction;
acute or chronic infectious diseases,

cancer;

people with endocrine disease and long-term hormone use;
e macrovascular lesions.

DIAGNOSTIC CRITERIA: WHO 1999.

Interventions

NUMBER OF STUDY CENTRES: 1

COUNTRY/ LOCATION: China.

SETTING: Outpatient.

INTENSIVE (GLYCAEMIC TARGET, ANTIDIABETIC INTERVENTIONS
USED):

TARGET: Fasting blood glucose < 7.0 mmol/L, 2 hour postprandial glucose < 10 mmol/
L, HbAlc < 7.0%

ANTIDIABETIC INTERVENTIONS: Mainly by multiple subcutaneous insulin in-
jections

CONVENTIONAL (GLYCAEMIC TARGET, ANTIDIABETIC INTERVEN-
TIONS USED):

TARGET: Not specified.

ANTIDIABETIC INTERVENTIONS: Routine outpatient treatment.
CONCOMITANT TREATMENT OF CARDIOVASCULAR RISK FACTORS:
BOTH GROUPS: Not specified.

CONCOMITANT TARGET VALUES OF CARDIOVASCULAR RISK FACTORS:
Intensive:

Total cholesterol (mmol/L): < 4.7

LDL-cholesterol (mmol/L): < 2.7

HDL-cholesterol (mmol/L): > 1.1

Triglycerides (mmol/L): < 1.7

Conventional:

Not specified, routine outpatient.

Outcomes

PRIMARY OUTCOME(S) (as stated in the publication): Carotis intima thickness
SECONDARY OUTCOMES (as stated in the publication): None.
ADDITIONAL OUTCOMES: None.

MEASUREMENT OF GLYCAEMIC CONTROL (HbAlc): NR.
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Yang 2007  (Continued)

Study details

DURATION OF INTERVENTION: 1 year.
DURATION OF FOLLOW-UP: 1 year.

TITRATION PERIOD: NR.

RUN-IN PERIOD: NR.

STUDY TERMINATED BEFORE REGULAR END: No.

Publication details

LANGUAGE OF PUBLICATION: Chinese.

PUBLICATION STATUS: Peer-reviewed journal.

COMMERCIAL FUNDING: None reported.

NON-COMMERCIAL FUNDING: Supported by the national program for Key Sci-

ence and Technology Projects

Stated aim for study

“To investigate whether long-term intensive glycemic and lipid control would ameliorate
the carotid intima medial thickness (IMT) in patients with type 2 diabetes mellitus
(T2DM).”

Notes

Risk: of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Quote: “89 patients who were willing to sign informed con-
sent were randomly allocated into intense group and con-

ventional group.”

Allocation concealment (selection bias)

Not described.

Unclear risk

Blinding (performance bias and detection
bias)

All outcomes

Unclear risk Not described.

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk No withdrawals or drop-outs reported.

Selective reporting (reporting bias)

Unclear risk No trial protocol or design article available.

Free from academic bias (assessed from pri- Low risk No academic bias.
mary author)?
Free from sponsor bias? Low risk Supported by the National Program for Key Science and

Technology Projects (2001BA702B01)

Trials according to risk of bias

Unclear risk Unclear sequence generation, allocation concealment, and

blinding
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Abbreviations: ACE: angiotensin-converting-enzyme, ACCORD: Action to Control Cardiovascular Risk in Diabetes Study, ADA:
American Diabetes Association, ADVANCE: Action in Diabetes and Vascular disease - PreterAx and DiamicroN MR Controlled
Evaluation, BMI: body mass index, DIGAMI: Diabetes and Insulin-Glucose Infusion in Acute Myocardial Infarction, DN: diabetic
nephropathy; EDTA: ethylenediaminetetraacetic acid, HbAlc: glycosylated haemoglobin Alc, HDL: High density lipoprotein,
IDA: Insulin Diabetes Angioplasty, IQR: interquartile range, LDL: low density lipoprotein, NR: not reported, NYHA: New York
Heart Association. REMBO: Rational Effective Multicomponent Therapy in the Struggle Against DiaBetes Mellitus in Patients
With COngestve Heart Failure, U: units, UGDP: University Group Diabetes Program, UKPDS: United Kingdom Prospective
Diabetes Study, VACSDM: Veterans Affairs Cooperative Study in Type 2 Diabetes Mellitus, VADT: Veterans Affairs Diabetes Trial,
WHO: World Health Organisation

Characteristics of excluded studies /[ordered by study ID]

Study

Reason for exclusion

ADOPT 2010

No predefined differences in glycaemic target.

Barbosa 1983

Not including participants with type 2 diabetes mellitus.

BARI 2D 2009 No predefined differences in glycaemic target.

Barnett 2008 Not a randomised controlled clinical trial.

Blaha 2009 Patients with type 2 diabetes mellitus are reported together with patients without diabetes
Brocco 2001 Not a randomised controlled clinical trial.

Chan 2009 No predefined differences in glycaemic target.

Clark 1985 Not a randomised controlled clinical trial.

Cleveringa 2010 No predefined differences in glycaemic target.

Corpus 2004 Not a randomised controlled clinical trial.

DIGAMI 1996

Patients with type 1 and type 2 diabetes mellitus reported together

Du 2009

No predefined differences in glycaemic target.

Eastman 1997

Not a randomised controlled clinical trial.

Eibl 2004

Not a randomised controlled clinical trial.

Evans 1982

Not a randomised controlled clinical trial.

Furnary 1999

Not a randomised controlled clinical trial.

Hanefeld 2010

No predefined differences in glycaemic target.
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HEART 2D 2009

Randomised into two groups targeting the same HbAlc with different strategies (basal versus prandial)

Johansen 2007 No predefined differences in glycaemic target.
Joss 2002 No predefined differences in glycaemic target.
Lazar 2004 Patients with type 1 and type 2 diabetes mellitus reported together

Leibowitz 2010

Not a randomised controlled clinical trial.

Menard 2005 No predefined differences in glycaemic target.
Olivarius 2001 No predefined differences in glycaemic target.
Piatc 2010 No predefined differences in glycaemic target.
PROactive 2005 No predefined differences in glycaemic target.

Retnakaran 2010

Not a randomised controlled clinical trial.

Ryan 2004

Not a randomised controlled clinical trial.

Shi 2010

No predefined differences in glycaemic target.

UKPDS-44 1999

No predefined differences in glycaemic target.

van Bruggen 2009

No predefined differences in glycaemic target.

ADOPT: a Diabetes Outcome Progression Trial, BARI 2D: The Bypass Angioplasty Revascularization Investigation 2 Diabetes,
DIGAMI: Diabetes Insulin-Glucose in Acute Myocardial Infarction, HEART 2D: Hyperglycemia and Its Effect After Acute My-
ocardial Infarction on Cardiovascular Outcomes in Patients With Type 2 Diabetes Mellitus, PROactive: PROspective pioglitAzone

Clinical Trial In macroVascular Events, UKPDS: United Kingdom Prospective Diabetes Study

Characteristics of ongoing studies [ordered by study ID]

ADDITION 2001

Trial name or title

ADDITION (Anglo-Danish-Dutch Study of Intensive Treatment In PeOple With screeN De-

tected Diabetes in Primary Care)

Methods Randomised clinical trial.
Participants Patients with type 2 diabetes mellitus.
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ADDITION 2001 (Continued)
Interventions Intensified multifactorial treatment of cardiovascular risk factors versus conventional treatment
of cardiovascular risk factors
Outcomes The primary outcome for the 5-year follow-up is a composite cardiovascular outcome (cardio-

vascular mortality, myocardial infarction, non-fatal stroke, revascularizations, and amputations)

Starting date January 2001.
Contact information tl@alm.au.dk
Estimated study completion data December 2009.

Notes

The ADDITION consist of a screening study and an intervention trial. Publication of primary
outcome will be published early 2011

ADVANCE-ON

Trial name or title

Action in Diabetes and Vascular Disease Preterax and Diamicron MR Controlled Evaluation Post

Trial Observational Study (ADVANCE-ON)

Methods Observational (post-randomisation).

Participants Patients with type 2 diabetes mellitus.

Interventions No intervention given. Only follow-up.

Outcomes Primaty outcomes: Major macrovascular events, death from any cause.

Secondary outcomes: Death from cardiovascular cause, major clinical microvascular events, ma-
jor microvascular and macrovascular events assessed composite, stroke, requirement for renal re-
placement therapy, death from renal disease, development of severe diabetes eye disease, major
hypoglycaemia, and myocardial infarction

Starting date

January 2010.

Contact information

hmonaghan@george.org.au

Estimated study completion data

December 2013.

Notes
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CABG USCDP

Trial name or title

United States Coronary Artery Bypass Surgery (CABG) Diabetes Project (USCDP) Pilot Study

Methods

Randomised clinical trial.

Participants

Patients with type 2 diabetes mellitus undergoing coronary by-pass surgery (CABG)

Interventions

Intervention: Extends the intensive glucose control beyond the third postoperative day to one
full year. Once discharged from the hospital following the CABG procedure, the intense glucose
control is done using subcutaneous insulin (a shot under the skin), oral medications, and by
measuring blood sugar levels frequently

Standard care: strict control of blood sugar (glucose) levels for 3 days after CABG. This is done
through frequent monitoring of blood sugar levels and by giving insulin continuously through a
needle into a vein (intravenously)

Outcomes

Primary outcome: The purpose of this study is to see how safe and effective strict glucose control
is when extended beyond 3 days and hospital discharge for one year.

Secondary outcome: Another purpose is to see how well patients can comply with the daily
management of intensive glucose control for one-year as well as the study follow-up schedule

Starting date

March 2009.

Contact information

eric.johnson@providence.org

Estimated study completion data

December 2012.

Notes

Chen 2009

Trial name or title

The Benefits of Intensive Glycemic Control in Elderly Patients With Type 2 Diabetes

Methods Randomised clinical trial.

Participants Elderly patients with type 2 diabetes mellitus.

Interventions Intensive glycaemic control versus conventional glycaemic control

Outcomes Primary outcomes: The primary study outcomes are a composite of macrovascular events and a

composite of microvascular events, considered both jointly and separately.

Secondary outcomes: Death from any cause, disability from any cause, total coronary events,
total cerebrovascular events, heart failure, peripheral vascular events, all cardiovascular events,
and hospitalisation for 24 hours or more

Starting date February 2009.
Contact information chenhs@vghtpe.gov.tw
Estimated study completion data  December 2010.
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Chen 2009 (Continued)

Notes

DARE

Trial name or title

DARE: Diabetes in cArdiac REhabilitation

Methods Randomised clinical trial.
Participants Patients with type 2 diabetes mellitus and recent myocardial infarction
Interventions Intensive treatment group: The patients will treated by insulin under a basal-bolus regimen with
strict glycaemic control;
conventional treatment group, in which the previous anti-diabetic treatment will be continued
Outcomes Primary outcomes: Improvement of peak VO2, peak workload, ventilatory threshold .

Secondary outcomes: Number of patients, in each group of treatment, having improved from at
least 20% their peak VO2, after cardiac rehabilitation. Influence of improvement of glycaemic
control on cardiac rehabilitation on exercise capacities

Starting date

July 2005.

Contact information

bruno.verges@chu-dijon.fr

Estimated study completion data

January 2012.

Notes

According to the completion data on ClinicalTrials.gov, then the trial should be completed.
However, the trial is currently recruiting participants. Contact has been taken

GLUCOSURG1

Trial name or title

GLUCOSURGTI (Resolution of Type 2 Diabetes Mellitus: Intensive vs. Conventional Glycaemic
Control After Obesity Surgery)

Methods Randomised clinical trial.

Participants Patients with Type 2 Diabetes Mellitus who have been approved for obesity surgery

Interventions Intensive glycaemic control (fasting capillary glucose levels between 5-7 mmol/L) versus conven-
tional glycaemic control (7-9 mmol/L)

Outcomes Primary outcomes: Percentage of patients with type 2 diabetes mellitus who achieve fasting blood

glucose of less than 5.6 mmol/L and/or HbAlc of less than 6%.
Secondary outcomes: Percentage of type 2 diabetes mellitus patients with a reduction in the doses/
number of diabetes medications used preoperatively, microvascular events

Starting date

December 2010.
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GLUCOSURG1 (Continued)

Contact information

a.miras@nhs.net

Estimated study completion data

December 2013.

Notes

HFDM

Trial name or title

HFDM (Optimized Glycemic Control in Heart Failure Patients With DM2: “Effect on Left

Ventricular Function and Skeletal Muscle”)

Methods Randomised clinical trial.

Participants Patients with type 2 diabetes mellitus and heart failure.

Interventions Intensive glycaemic control versus conventional glycaemic control
Outcomes Primary outcomes: Left ventricular function, muscle strength and mass.

Secondary outcomes: Hormonal and metabolic profile, 6-minutes hall walk test, exercise capacity
and peak oxygen consumption

Starting date

March 2010.

Contact information

roni.r.nielsen@gmail.com

Estimated study completion data

March 2012.

Notes

LIMBISCH

Trial name or title

LIMBISCH (Normalization of Fasting Glucose and the Incidence of Restenosis After Peripheral
Angioplasty)

Methods Randomised clinical trial.

Participants Patients with type 2 diabetes mellitus and limb ischaemia.

Interventions Insulin therapy incorporating the target of normal fasting glucose (< 5.5 mmol/L) and glycated
haemoglobin < 6.5% compared with standard care to achieve a glycated haemoglobin < 7.0% in
patients with type 2 diabetes mellitus and limb ischaemia

Outcomes Primary outcome: Reduction of restenosis after peripheral angioplasty.

Secondary outcome: Identification of new peripheral markers predictive of restenosis

Starting date

December 2008.
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LIMBISCH (Continued)

Contact information

piatti.piermarco@hsr.it

Estimated study completion data

June 2010.

Notes

REMIT Pilot Trial

Trial name or title

REMIT Pilot Trial (Remission Evaluation of Metabolic Interventions in Type 2 Diabetes)

Methods Randomised clinical trial.

Participants Patients with type 2 diabetes mellitus diagnosed by a physician within 3 years prior to enrolment
Interventions Intensive glycaemic control versus conventional glycaemic control

Outcomes Primary outcomes: Proportion of participants achieving normoglycaemia in the experimental

group 1 compared to the control group, proportion of participants achieving normoglycaemia in
the experimental group 2 compared to the control group.

Secondary outcomes: Proportion of participants with normal glucose tolerance, proportion of
participants with normal fasting plasma glucose, change in fasting plasma glucose from baseline,
HbA1C, change in weight from baseline, rate of symptomatic hypoglycaemic episodes, rate of
severe hypoglycaemic episodes

Starting date

September 2010.

Contact information

gerstein@mcmaster.ca

Estimated study completion data

August 2013.

Notes

VADT-FS 2008

Trial name or title

The VA Diabetes Trial Follow-up Study (VADT-FS).

Methods Observational follow-up study.

Participants Patients with type 2 diabetes mellitus.

Interventions No intervention given. Only follow-up of the participants from the VADT

Outcomes Primary outcome: Long-term effect of intensive glycaemic control in type 2 diabetes mellitus on
major cardiovascular complications.
Secondary outcomes: Long-term effects of intensive glycaemic control in type 2 diabetes mellitus
on: a) cardiovascular mortality, b) major microvascular complications, ¢) health-related quality
of life, and d) total mortality
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VADT-FS 2008 (Continued)

Starting date February 2008.

Contact information Tamara.Paine@va.gov

Estimated study completion data May 2017.

Notes This is an observational follow-up study of VADT (VADT 2009).

HbA1lc: glycosylated haemoglobin Alc
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DATA AND ANALYSES

Comparison 1. Intensive glycaemic control versus conventional glycaemic control

No. of No. of

studies participants Effect size

Outcome or subgroup title Statistical method

1 All-cause mortality 18 29731 Risk Ratio (M-H, Random, 95% CI) 1.01 [0.90, 1.13]
2 All-cause mortality; stratified 18 29731 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.93, 1.08]
after risk of bias
2.1 Low risk of bias 8 28847 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.94, 1.08]
2.2 High risk of bias 10 884 Risk Ratio (M-H, Fixed, 95% CI) 0.83 [0.42, 1.65]
3 All-cause mortality; stratified 18 29731 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.93, 1.08]
after study duration
3.1 Long duration (> 2.0 9 29008 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.93, 1.08]
years)
3.2 Short duration (< 2 years) 9 723 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.34, 2.96]
4 All-cause mortality; stratified 18 29731 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.93, 1.08]
after diagnostic criteria
4.1 Diagnostic criteria 14 18376 Risk Ratio (M-H, Fixed, 95% CI) 1.05 [0.96, 1.15]
described
4.2 Diagnostic criteria not 4 11355 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.83, 1.05]
described
5 All-cause mortality; stratified 18 29731 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.93, 1.08]
after source of funding
5.1 Industry-funded 13 29131 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.93, 1.08]
5.2 Non-industry-funded 5 600 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.74, 1.43]
6 All-cause mortality; stratified 18 29731 Risk Ratio (M-H, Random, 95% CI) 1.01 [0.90, 1.13]
after intervention
6.1 Exclusively dealing with 12 28359 Risk Ratio (M-H, Random, 95% CI) 1.02 [0.91, 1.13]
glycaemic control in usual care
setting
6.2 Glycaemic control as a 3 903 Risk Ratio (M-H, Random, 95% CI) 1.21 [0.92, 1.60]

part of acute intervention
6.3 Multimodal intervention 3 469

in usual care setting

Risk Ratio (M-H, Random, 95% CI) 0.6 [0.40, 0.90]

7 All-cause mortality; hazard ratio 5 Hazard Ratio (Random, 95% CI) 0.96 [0.74, 1.23]
8 All-cause mortality; available 18 29382 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.94, 1.08]
case
9 All-cause mortality; best-case 18 29731 Risk Ratio (M-H, Random, 95% CI) 0.90 [0.81, 1.00]
scenario
10 All-cause mortality; worst-case 18 29731 Risk Ratio (M-H, Random, 95% CI) 1.15 [0.93, 1.42]
scenario
11 Cardiovascular mortality 18 29731 Risk Ratio (M-H, Random, 95% CI) 1.06 [0.90, 1.26]
12 Cardiovascular mortality; 18 29731 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.95, 1.17]
stratified after risk of bias
12.1 Low risk of bias 7 28745 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.95, 1.17]
12.2 High risk of bias 11 986 Risk Ratio (M-H, Fixed, 95% CI) 0.89 [0.33, 2.42]
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13 Cardiovascular mortality;
stratified after study duration
13.1 Long duration (> 2 years)
13.2 Short duration (< 2
years)

14 Cardiovascular mortality;
stratified after diagnostic
criteria

14.1 Diagnostic criteria
described

14.2 Diagnostic criteria not
described

15 Cardiovascular mortality;
stratified after source of
funding

15.1 Industry funding
15.2 Non-industry funding

16 Cardiovascular mortality;

stratified after intervention

16.1 Exclusively dealing with
glycaemic control in usual care
setting

16.2 Glycaemic control as a
part of acute intervention

16.3 Multimodal intervention
in usual care setting

17 Cardiovascular mortality;
hazard ratio

18 Cardiovascular mortality;
available case

19 Cardiovascular mortality;
worst-case scenario

20 Cardiovascular mortality;
best-case scenario

21 Macrovascular complications

22 Macrovascular complications;
stratified after intervention

22.1 Exclusively dealing with
glycaemic control in usual care
setting

22.2 Glycaemic control as a
part of acute intervention

22.3 Multimodal intervention
in usual care setting

23 Non-fatal myocardial infarction

24 Non-fatal myocardial
infarction; stratified after study
duration

24.1 Long duration (< 2
years)

18

18

14

18

12

18

12

18

18

18

10
10

12
12

29731

29008
723

29731

18376

11355

29731

29050
681
29731

28359

903

469

29382

29731

29731

28509
28509

27569

780
160
29174

29174

29008

Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Hazard Ratio (Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

1.05 [0.95, 1.17]

1.05 [0.95, 1.17]
0.76 [0.18, 3.30]

1.06 [0.90, 1.26]

1.17 [1.02, 1.35]

0.87 [0.74, 1.03]

1.05 [0.95, 1.17]

1.06 [0.95, 1.17]
0.97 [0.63, 1.50]
1.06 [0.90, 1.26]

1.11 [0.92, 1.35]

1.06 [0.78, 1.44]

0.47 [0.23, 0.98]

0.88 [0.56, 1.38]

1.07 [0.91, 1.26]

1.32 [1.20, 1.45]

0.87 [0.74, 1.01]

0.92 [0.80, 1.05]
0.92 [0.80, 1.05]

0.93 [0.85, 1.01]

1.18 [0.96, 1.44]
0.52 [0.36, 0.75]
0.87 [0.76, 1.00]

0.87 [0.76, 1.00]

0.87 [0.74, 1.02]
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24.2 Short duration (> 2
years)

25 Non-fatal myocardial
infarction; stratified after risk
of bias

25.1 Low risk of bias
25.2 High risk of bias

26 Non-fatal myocardial
infarction; stratified after
source of funding

26.1 Industry-funded
26.2 Non-industry-funded

27 Non-fatal myocardial
infarction; stratified after
diagnostic criteria

27.1 Diagnostic criteria
described

28 Non-fatal myocardial
infarction; stratified after
intervention

28.1 Exclusively dealing with
glycaemic control in usual care
setting

28.2 Glycaemic control as a
part of acute intervention

28.3 Multimodal intervention
in usual care setting

29 Non-fatal myocardial
infarction; available case

30 Non-fatal myocardial
infarction; worst-case scenario

31 Non-fatal myocardial
infarction; best-case scenario

32 Non-fatal stroke

33 Non-fatal stroke; stratified after
intervention

33.1 Exclusively dealing with
glycaemic control in usual care
setting

33.2 Glycaemic control as a
part of acute intervention

33.3 Multimodal intervention
in usual care setting

34 Amputation of lower extremity

35 Amputation of lower extremity;
stratified after intervention

35.1 Exclusively dealing with
glycaemic control in usual care
setting

35.2 Glycaemic control as a

part of acute intervention

12

11

11

12

11
11

166

29174

28745
429
29174

28594
580
18034

18034

29174

28111

903

160

27332

29174

29174

28760
28757

27697

900

160

6960
6960

6677

123

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

0.81 [0.23, 2.78]

0.87 [0.76, 1.00]

0.87 [0.74, 1.03]
0.82 [0.34, 1.99]
0.87 [0.76, 1.00]

0.86 [0.72, 1.02]
0.97 [0.62, 1.51]
0.83 [0.74, 0.94]

0.83 [0.74, 0.94]

0.87 [0.76, 1.00]

0.85 [0.76, 0.95]

1.26 [0.88, 1.80]

0.38 [0.18, 0.81]

0.86 [0.78, 0.96]

2.12 [1.94, 2.31]

0.38 [0.34, 0.41]

0.96 [0.80, 1.16]
0.96 [0.80, 1.16]

1.01 [0.87, 1.16]

1.19 [0.62, 2.30]

0.33 [0.14, 0.80]

0.64 [0.43, 0.95]
0.64 [0.43, 0.95]

0.70 [0.45, 1.09]

0.0 [0.0, 0.0]
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35.3 Multimodal intervention
in usual care setting
36 Cardiac revascularization
37 Cardiac revascularization;
stratified after intervention
37.1 Exclusively dealing with
glycaemic control in usual care
setting
37.2 Glycaemic control as a
part of acute intervention
37.3 Multimodal intervention
in usual care setting
38 Peripheral revascularization
39 Peripheral revascularization;
stratified after intervention
39.1 Exclusively dealing with
glycaemic control in usual care
setting
39.2 Glycaemic control as a
part of acute intervention
39.3 Multimodal intervention
in usual care setting
40 Microvascular complications
41 Microvascular complications;
stratified after intervention
41.1 Exclusively dealing with
glycaemic control in usual care
setting
41.2 Glycaemic control as a
part of acute intervention
41.3 Multimodal intervention
in usual care setting
42 Nephropathy
43 Nephropathy; stratified after
intervention
43.1 Exclusively dealing with
glycaemic control in usual care
setting
43.2 Glycaemic control as a
part of acute intervention
43.3 Multimodal intervention
in usual care setting
44 End-stage renal disease
45 End-stage renal disease;
stratified after intervention
45.1 Exclusively dealing with
glycaemic control in usual care
setting
45.2 Glycaemic control as a

part of acute intervention

160

2289
2289

2054

75

160

13477
13477

13194

123

160

25760
25760

25600

160

27929
27929

27769

160

28075
28075

27915

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Odds Ratio (M-H, Random, 95% CI)

Odds Ratio (M-H, Random, 95% CI)

Odds Ratio (M-H, Random, 95% CI)

Odds Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

0.43 [0.17, 1.06]

0.84 [0.67, 1.05]
0.83 [0.67, 1.05]

0.85[0.67, 1.07]

2.17 [0.21, 22.89]

0.62 [0.27, 1.40]

0.92 [0.81, 1.06]
0.93 [0.81, 1.06]

0.93 [0.81, 1.07]

0.0 [0.0, 0.0]

0.6 [0.23, 1.57]

0.89 [0.83, 0.95]
0.85 [0.74, 0.97]

0.87 [0.77, 0.97]

0.0 [0.0, 0.0]

0.34 [0.12, 1.01]

0.78 [0.61, 0.99]
0.78 [0.61, 0.99]

0.83 [0.64, 1.006]

0.0 [0.0, 0.0]

0.54 [0.35, 0.85]

0.87 [0.71, 1.06]
0.87 [0.71, 1.06]

0.88 [0.72, 1.07]

0.0 [0.0, 0.0]
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45.3 Multimodal intervention
in usual care setting
46 Retinopathy
47 Retinopathy; stratified after
intervention
47.1 Exclusively dealing with
glycaemic control in usual care
setting
47.2 Glycaemic control as a
part of acute intervention
47.3 Multimodal intervention
in usual care setting
48 Retinal photocoagulation
49 Retinal photocoagulation;
stratified after intervention
49.1 Exclusively dealing with
glycaemic control in usual care
setting
49.2 Glycaemic control as a
part of acute intervention
49.3 Multimodal intervention
in usual care setting
50 Adverse events
50.1 Serious adverse events
50.2 Drop-outs due to adverse
events
51 Serious adverse events; stratified
after intervention
51.1 Exclusively dealing with
glycaemic control in usual care
setting
51.2 Glycaemic control as a
part of acute intervention
51.3 Multifactorial
intervention in usual care
setting
52 Drop-outs due to adverse
events; stratified after
intervention
52.1 Exclusively dealing with
glycaemic control in usual care
setting
52.2 Glycaemic control as a
part of acute intervention
52.3 Multimodal intervention
in usual care setting
53 Congestive heart failure
54 Congestive heart failure;
stratified after intervention

12
10

10

160

10230
10230

10070

160

11142
11142

10982

160
36745
24069
12676
24069

23786

123

160

12676

12393

123

160

27792
27710

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

0.17 [0.02, 1.35]

0.79 [0.68, 0.92]
0.79 [0.69, 0.92]

0.80 [0.67, 0.94]

0.0 [0.0, 0.0]

0.76 [0.58, 0.99]

0.77 [0.61, 0.97]
0.77 [0.61, 0.97]

0.82 [0.65, 1.03]

0.0 [0.0, 0.0]

0.52 [0.29, 0.91]
1.06 [0.98, 1.14]
1.05 [0.98, 1.13]
1.60 [0.89, 2.87]

1.05 [0.98, 1.13]

1.05 [0.97, 1.14]

0.95 [0.41, 2.18]

3.00 [0.12, 72.56]

1.60 [0.89, 2.87]

1.67 [0.86, 3.206]

1.35 [0.39, 4.65]
0.0 [0.0, 0.0]

0.99 [0.88, 1.12]
1.01 [0.89, 1.14]

Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus (Review)
Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

126



54.1 Exclusively dealing with
glycaemic control in usual care
setting

54.2 Glycaemic control as a
part of acute intervention

54.3 Multimodal intervention
in usual care setting

55 Hypoglycaemia
55.1 Mild hypoglycaemia
55.2 Severe hypoglycaemia
56 Mild hypoglycaemia; stratified
after intervention

56.1 Exclusively dealing with
glycaemic control in usual care
setting

56.2 Glycaemic control as a
part of acute intervention

56.3 Multimodal intervention
in usual care setting

57 Severe hypoglycaemia; stratified
after intervention

57.1 Exclusively dealing with
glycaemic control in usual care
setting

57.2 Glycaemic control as a
part of acute intervention

57.3 Multimodal intervention
in usual care setting

58 Cost of treatment

14
11
12
11

12

27587

123

47050
18923
28127
18923

17860

903

160

28127

27844

123

160

4319

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Mean Difference (IV, Random, 95% CI)

1.01 [0.87, 1.17]

0.74 [0.26, 2.13]
0.0 [0.0, 0.0]

1.76 [1.46, 2.13]
1.50 [1.31, 1.72]
2.05 [1.39, 3.02]
1.50 [1.31, 1.72]

1.57 [1.35, 1.82]

2.13 [0.83, 5.50]
1.14 [0.95, 1.37]
2.05 [1.39, 3.02]

2.39 [1.71, 3.34]

7.00 [0.38, 128.61]

0.71 [0.34, 1.51]

543.85 [-985.46,
2073.16]
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Analysis 1.1. Comparison | Intensive glycaemic control versus conventional glycaemic control, Outcome |

All-cause mortality.
Review: Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus
Comparison: | Intensive glycaemic control versus conventional glycaemic control

Outcome: | All-cause mortality

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
HRandom95% HRandom95%
n/N n/N Cl Cl
ACCORD 2008 257/5128 203/5123 - 126 [ 106, 1.51]
ADVANCE 2008 498/5571 533/5569 - 0931083, 1.05]
Bagg 2001 0/21 0/22 00[00,00]
DIGAMI 2 2005 1 11/474 59/306 ™ 1217092, 1.61]
Guo 2008 0/166 0/54 00[00,00]
IDA 2009 0/51 0/51 00[00,00]
Jaber 1996 0/23 0/22 00[00,00]
Kumamoto 2000 3/55 6/55 —— 050[0.13,1.90]
Melidonis 2000 1124 1124 I 1.00 [ 0.07, 15.08 ]
REMBO 2008 4/41 4/40 ] 098026, 3.64]
Service 1983 0/10 0/10 00[00,00]
Stefanidis 2003 1136 1139 —— 1.08 [ 0.07, 16.69 ]
Steno-2 2008 24/80 40/80 - 0.60 [ 040, 0.90 ]
UGDP 1975 52/204 52/210 + 103074, 144]
UKPDS 1998 539/3071 213/1138 " 0941081, 1.08]
VA CSDM 1995 5/75 5/78 1 1.04[031,345]
VADT 2009 102/892 95/899 T 1.08 083, 141]
Yang 2007 0/57 0/32 00[00,00]
Total (95% CI) 15979 13752 1.01 [ 0.90, 1.13 ]
Total events: 1597 (Intensive control), 1212 (Conventional control)
Heterogeneity: Tau? = 0.01; Chi? = 18.19, df = I (P = 0.08); I> =40%
Test for overall effect: Z = 0.10 (P = 0.92)
Test for subgroup differences: Not applicable
0.0l 0.1 | 10 100
Favours intensive Favours control
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Analysis 1.2. Comparison | Intensive glycaemic control versus conventional glycaemic control, Outcome 2

All-cause mortality; stratified after risk of bias.
Review: Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus
Comparison: | Intensive glycaemic control versus conventional glycaemic control

Outcome: 2 All-cause mortality; stratified after risk of bias

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI
| Low risk of bias
ACCORD 2008 257/5128 203/5123 - 126 [ 1.06, 1.51]
ADVANCE 2008 498/5571 533/5569 L 093083, 1.05]
DIGAMI 2 2005 I11/474 59/306 nl 1217092, 1.61]
IDA 2009 0/51 0/51 00[00,00]
Steno-2 2008 24/80 40/80 - 0.60 [ 040, 090 ]
UGDP 1975 52/204 52/210 T 1.03[0.74, 144 ]
UKPDS 1998 539/3071 213/1138 s 0941081, 1.08]
VADT 2009 102/892 95/899 b 1.08 083, 141 ]
Subtotal (95% CI) 15471 13376 1.01 [ 0.94, 1.08 ]
Total events: 1583 (Intensive control), | 195 (Conventional control)
Heterogeneity: Chi? = 17.15, df = 6 (P = 0.01); I> =65%
Test for overall effect: Z = 0.17 (P = 0.87)
2 High risk of bias
Bagg 2001 0/21 0/22 00[00,00]
Guo 2008 0/166 0/54 00[00,00]
Jaber 1996 0/23 0/22 00[00,00]
Kumamoto 2000 3/55 6/55 T 050[0.13,190]
Melidonis 2000 1124 1124 D 1,00 [0.07, 15.08 ]
REMBO 2008 4/41 4/40 - 0981026, 3.64]
Service 1983 0/10 0/10 00[00,00]
Stefanidis 2003 1/36 1/39 1.08 [0.07, 1669 ]
VA CSDM 1995 5/75 5/78 I 1.04[031,345]
Yang 2007 0/57 0/32 00[00,00]
Subtotal (95% CI) 508 376 - 0.83 [ 0.42, 1.65 ]
Total events: 14 (Intensive control), 17 (Conventional control)
Heterogeneity: Chi? = 0.80, df = 4 (P = 0.94); I> =0.0%
0.0l 0.1 | 10 100
Favours intensive Favours control
(Continued . . .)
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(... Continued)

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI
Test for overall effect: Z = 0.53 (P = 0.60)
Total (95% CI) 15979 13752 1.00 [ 0.93, 1.08 ]

Total events: 1597 (Intensive control), 1212 (Conventional control)
Heterogeneity: Chi2 = 18.19, df = || (P = 0.08); I> =40%

Test for overall effect: Z = 0.11 (P =0.92)

Test for subgroup differences: Chi2 = 0.29, df = | (P = 0.59), I> =0.0%

001 0.1

Favours intensive

| 10 100

Favours control

Analysis 1.3. Comparison | Intensive glycaemic control versus conventional glycaemic control, Outcome 3

All-cause mortality; stratified after study duration.

Review: Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus

Comparison: | Intensive glycaemic control versus conventional glycaemic control

Outcome: 3 All-cause mortality; stratified after study duration

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
n/N n/N M-H,Fixed,95% ClI M-H,Fixed,95% ClI
| Long duration (> 2.0 years)
ACCORD 2008 257/5128 203/5123 - 126 [ 1.06, 1.51]
ADVANCE 2008 498/5571 533/5569 u 093[083,1.05]
DIGAMI 2 2005 1117474 59/306 ™ 1211092, 1.61]
Kumamoto 2000 3/55 6/55 T 050[0.13,1.90]
Steno-2 2008 24/80 40/80 - 0.60 [ 040, 0.90 ]
UGDP 1975 52/204 52/210 T 1.03[0.74, 144 ]
UKPDS 1998 539/3071 213/1138 - 094 [081,1.08]
VA CSDM 1995 5/75 5/78 I 1.04[031,345]
VADT 2009 102/892 95/899 b 1.08 [0.83, 1.41]
Subtotal (95% CI) 15550 13458 1.00 [ 0.93, 1.08 ]
001 0.1 | 10 100
Favours intensive Favours control
(Continued . . .)
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(... Continued)

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI
Total events: 1591 (Intensive control), 1206 (Conventional control)
Heterogeneity: Chi2 = 18.19, df = 8 (P = 0.02); 1> =56%
Test for overall effect: Z = 0.11 (P =0.92)
2 Short duration (< 2 years)
Bagg 2001 0/21 0/22 00[00,00]
Guo 2008 0/166 0/54 00[00,00]
IDA 2009 0/51 0/51 00[00,00]
Jaber 1996 0/23 0/22 00[00,00]
Melidonis 2000 124 124 7 1.00 [ 0.07, 1508 ]
REMBO 2008 4/41 4/40 7 098026, 3.64]
Service 1983 0/10 0/10 00[00,00]
Stefanidis 2003 1136 139 I 1.08 [ 0.07, 16.69 ]
Yang 2007 0/57 0/32 00[00,00]
Subtotal (95% CI) 429 294 —— 1.00 [ 0.34, 2.96 ]

Total events: 6 (Intensive control), 6 (Conventional control)

Heterogeneity: Chi? = 0.00, df = 2 (P = 1.00); I> =0.0%

Test for overall effect: Z = 0.01 (P = 1.0)

Total (95% CI) 15979 13752
Total events: 1597 (Intensive control), 1212 (Conventional control)
Heterogeneity: Chi? = 18.19, df = || (P = 0.08); I> =40%

Test for overall effect: Z = 0.11 (P =0.92)

Test for subgroup differences: Chi? = 0.00, df = | (P = 0.99), I> =0.0%

1.00 [ 0.93, 1.08 ]

001 0.1

Favours intensive

| 10 100

Favours control
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Analysis 1.4. Comparison | Intensive glycaemic control versus conventional glycaemic control, Outcome 4

All-cause mortality; stratified after diagnostic criteria.
Review: Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus
Comparison: | Intensive glycaemic control versus conventional glycaemic control

Outcome: 4 All-cause mortality; stratified after diagnostic criteria

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% CI M-HFixed,95% ClI
| Diagnostic criteria described
ACCORD 2008 257/5128 203/5123 - 126 [ 1.06, 1.51]
Bagg 2001 0/21 0/22 00[00,00]
DIGAMI 2 2005 I'11/474 59/306 nl 1217092 1.61]
Guo 2008 0/166 0/54 00[00,00]
IDA 2009 0/51 0/51 00[00,00]
Kumamoto 2000 3/55 6/55 I 050[0.13,1.90]
Melidonis 2000 124 124 - 1 1,00 [0.07, 15.08 ]
Service 1983 0/10 0/10 00[00,00]
Stefanidis 2003 1136 139 I S 1.08 [ 0.07, 16.69 ]
Steno-2 2008 24/80 40/80 - 0.60 [ 040, 0.90 ]
UGDP 1975 52/204 52/210 T 103074, 1.44]
UKPDS 1998 539/3071 213/1138 . 094081, 1.08]
VA CSDM 1995 5175 578 I 1.04[031,345]
VADT 2009 102/892 95/899 b 1.08 083, 141 ]
Subtotal (95% CI) 10287 8089 1.05 [ 0.96, 1.15 ]
Total events: 1095 (Intensive control), 675 (Conventional control)
Heterogeneity: Chi? = 16,32, df = 9 (P = 0.06); I> =45%
Test for overall effect: Z = 1.09 (P = 0.28)
2 Diagnostic criteria not described
ADVANCE 2008 498/5571 533/5569 L 0937083, 1.05]
Jaber 1996 0/23 0/22 00[00,00]
REMBO 2008 4/41 4/40 -1 098026, 3.64]
Yang 2007 0/57 0/32 00[00,00]
Subtotal (95% CI) 5692 5663 ! 0.93 [ 0.83, 1.05 ]
Total events: 502 (Intensive control), 537 (Conventional control)
Heterogeneity: Chi? = 0.00, df = | (P = 0.95); I =0.0%

001 0.1 | 10 100

Favours intensive Favours control

(Continued . . .)
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Conventional
Study or subgroup Intensive control control
n/N n/N

Risk Ratio
M-H,Fixed,95% ClI

(... Continued)

Risk Ratio
M-H,Fixed,95% ClI

Test for overall effect: Z = 1.15 (P = 0.25)

Total (95% CI) 15979 13752
Total events: 1597 (Intensive control), 1212 (Conventional control)
Heterogeneity: Chi2 = 18.19, df = || (P = 0.08); I> =40%

Test for overall effect: Z = 0.11 (P =0.92)

Test for subgroup differences: Chi2 =249, df = | (P = 0.11), I> =60%

1.00 [ 0.93, 1.08 |

001 0.1 | 10 100

Favours intensive Favours control

Analysis 1.5. Comparison | Intensive glycaemic control versus conventional glycaemic control, Outcome 5
All-cause mortality; stratified after source of funding.

Review: Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus

Comparison: | Intensive glycaemic control versus conventional glycaemic control

Outcome: 5 All-cause mortality; stratified after source of funding

Conventional

Study or subgroup Intensive control control Risk Ratio Risk Ratio

n/N n/N M-HFixed,95% Cl M-H Fixed,95% ClI

| Industry-funded
ACCORD 2008 257/5128 203/5123 - 126 1.06, 1.51]
ADVANCE 2008 498/5571 533/5569 L 0931083, 1.05]
DIGAMI 2 2005 I11/474 59/306 ul 1211092, 1.61]
Guo 2008 0/166 0/54 00[00,00]
IDA 2009 0/51 0/51 00[00,00]
Jaber 1996 0/23 0/22 00[00,00]
Kumamoto 2000 3/55 6/55 I 050[0.13,1.90]
REMBO 2008 4/41 4/40 -1 098026, 3.64]
Steno-2 2008 24/80 40/80 ! 0.60 [ 040, 090 ]
UKPDS 1998 539/3071 213/1138 b 0941081, 1.08]
00l 0.1 | 10 100

Favours intensive

Favours control

(Continued . . .)
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(... Continued)

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI

VA CSDM 1995 5175 5/78 I 104 [031,345]
VADT 2009 102/892 95/899 b 1.08 083, 141 ]
Yang 2007 0/57 0/32 00[00,00]

Subtotal (95% CI) 15684 13447 1.00 [ 0.93, 1.08 ]

Total events: 1543 (Intensive control), | 158 (Conventional control)

Heterogeneity: Chi? = 18.15, df = 8 (P = 0.02); I> =56%

Test for overall effect: Z = 0.07 (P = 0.94)

2 Non-industry-funded
Bagg 2001 0/21 0/22 00[00,00]
Melidonis 2000 124 124 7 1.00 [ 0.07, 1508 ]
Service 1983 0/10 0/10 00[00,00]
Stefanidis 2003 136 139 1.08 [ 0.07, 16.69 ]
UGDP 1975 52/204 52/210 T 103074, 1.44]

Subtotal (95% CI) 295 305 * 1.03 [ 0.74, 1.43 ]

Total events: 54 (Intensive control), 54 (Conventional control)

Heterogeneity: Chi? = 0.00, df = 2 (P = 1.00); I> =0.0%

Test for overall effect: Z = 0.18 (P = 0.86)

Total (95% CI) 15979 13752 1.00 [ 0.93, 1.08 ]

Total events: 1597 (Intensive control), 1212 (Conventional control)

Heterogeneity: Chi? = 18.19, df = | | (P = 0.08); I> =40%

Test for overall effect: Z = 0.11 (P =0.92)

Test for subgroup differences: Chi? = 0.02, df = | (P = 0.88), I> =0.0%

001 0.1 | 10 100
Favours intensive Favours control
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Analysis 1.6. Comparison | Intensive glycaemic control versus conventional glycaemic control, Outcome 6
All-cause mortality; stratified after intervention.

Review: Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus
Comparison: | Intensive glycaemic control versus conventional glycaemic control

Outcome: 6 All-cause mortality; stratified after intervention

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
- M-
HRandom,95% HRandom 95%
n/N n/N Cl Cl
| Exclusively dealing with glycaemic control in usual care setting
ACCORD 2008 257/5128 203/5123 - 126 [ 1.06, 1.51]
ADVANCE 2008 498/5571 533/5569 . 0931083, 1.05]
Bagg 2001 0/21 0/22 00[00,00]
IDA 2009 0/51 0/51 00[00,00]
Jaber 1996 0/23 0/22 00[00,00]
Kumamoto 2000 3/55 6/55 T 050[0.13,1.90]
REMBO 2008 4/41 4/40 - 0981026, 3.64]
Service 1983 0/10 0/10 00[00,00]
UGDP 1975 52/204 52/210 + 1.03[0.74, 144 ]
UKPDS 1998 539/3071 213/1138 . 0941081, 1.08]
VA CSDM 1995 5175 578 I 1.04[031,345]
VADT 2009 102/892 95/899 b 1.08 083, 141 ]
Subtotal (95% CI) 15142 13217 1.02 [ 0.91, 1.13 ]
Total events: 1460 (Intensive control), |11l (Conventional control)
Heterogeneity: Tau? = 0.01; Chi? = 1007, df = 7 (P = 0.18); I> =30%
Test for overall effect: Z = 0.33 (P = 0.74)
2 Glycaemic control as a part of acute intervention
DIGAMI 2 2005 I11/474 59/306 nl 1217092, 1.61]
Melidonis 2000 124 124 — 1.00 [ 0.07, 1508 ]
Stefanidis 2003 136 139 1.08 [ 0.07, 16.69 ]
Subtotal (95% CI) 534 369 * 1.21 [ 0.92, 1.60 ]
Total events: |13 (Intensive control), 61 (Conventional control)
Heterogeneity: Tau? = 0.0; Chi? = 0.03, df = 2 (P = 0.99); I> =0.0%
Test for overall effect: Z = 1.35 (P = 0.18)
3 Multimodal intervention in usual care setting
Guo 2008 0/166 0/54 00[00,00]
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(... Continued)

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
HRandom,95% HRandom 95%
n/N n/N cl cl

Steno-2 2008 24/80 40/80 - 0.60 [ 040,090 ]

Yang 2007 0/57 0/32 00[00,00]
Subtotal (95% CI) 303 166 - 0.60 [ 0.40, 0.90 ]
Total events: 24 (Intensive control), 40 (Conventional control)
Heterogeneity: Tau? = 0.0; Chi? = 0.0, df = 0 (P = 1.00); I =0.0%
Test for overall effect: Z = 2.50 (P = 0.012)
Total (95% CI) 15979 13752 1.01 [ 0.90, 1.13 ]
Total events: 1597 (Intensive control), 1212 (Conventional control)
Heterogeneity: Tau? = 0.01; Chi> = 18.19, df = | | (P = 0.08); I> =40%
Test for overall effect: Z = 0.10 (P = 0.92)
Test for subgroup differences: Chi? = 8.16, df = 2 (P = 0.02), I> =75%
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Analysis 1.7. Comparison | Intensive glycaemic control versus conventional glycaemic control, Outcome 7
All-cause mortality; hazard ratio.

Review: Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus

Comparison:

Outcome: 7 All-cause mortality; hazard ratio

I Intensive glycaemic control versus conventional glycaemic control

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio
(SE) IVRandom,95% CI IV.Random,95% ClI
ACCORD 2008 0.1989 (0.1148) ol 215% 122097, 153]
ADVANCE 2008 -0.0726 (0.0587) " 245 9% 0931083, 1.04]
DIGAMI 2 2005 0.2311 (0.2041) - 15.8 % 126 [0.84, 1.88 ]
Steno-2 2008 -0.6162 (0.1454) = 19.5 % 054 [041,072]
VADT 2009 0.0677 (0.1556) * 18.8 % 107079, 145]
Total (95% CI) ¢ 100.0 % 0.96 [ 0.74, 1.23 ]
Heterogeneity: Tau? = 0.07; Chi? = 22.46, df = 4 (P = 0.00016); 1> =82%
Test for overall effect: Z = 035 (P = 0.72)
Test for subgroup differences: Not applicable
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Favours intensive Favours control
Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus (Review) 136

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.8. Comparison | Intensive glycaemic control versus conventional glycaemic control, Outcome 8
All-cause mortality; available case.

Review: Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus
Comparison: | Intensive glycaemic control versus conventional glycaemic control

Outcome: 8 All-cause mortality; available case

Conventional

Study or subgroup Intensive control control Risk Ratio Risk Ratio
n/N n/N M-H,Fixed,95% ClI M-H Fixed,95% CI
ACCORD 2008 257/5018 203/5021 i‘ 127 1.06,1.52]
ADVANCE 2008 498/5564 533/5559 0931083, 1.05]
Bagg 2001 0/17 0/22 00[00,00]
DIGAMI 2 2005 1 11/474 59/306 ™ 1217092, 1.61]
Guo 2008 0/166 0/54 00[00,00]
IDA 2009 0/51 0/51 00[00,00]
Jaber 1996 0/17 0/22 00[00,00]
Kumamoto 2000 3/53 6/51 I 048[0.13,1.82]
Melidonis 2000 1124 1124 N 1.00 [ 0.07, 1508 ]
REMBO 2008 4/41 4/40 -1 0981026, 3.64]
Service 1983 0/8 0/10 00[00,00]
Stefanidis 2003 1731 1135 N 1.13[0.07,1730]
Steno-2 2008 24/80 40/80 ™ 0.60 [ 040, 0.90 ]
UGDP 1975 52/191 52/206 T 1.08[0.78, 150 ]
UKPDS 1998 539/3014 213/1119 . 094108, 1.08]
VA CSDM 1995 5/75 5/78 -1 1.04[031,345]
VADT 2009 102/892 95/899 T 1.08 083, 141 ]
Yang 2007 0/57 0/32 00[00,00]
Total (95% CI) 15773 13609 1.01 [ 0.94, 1.08 ]
Total events: 1597 (Intensive control), 1212 (Conventional control)
Heterogeneity: Chi? = 1857, df = || (P = 0.07); > =41%
Test for overall effect: Z = 0.17 (P = 0.87)
Test for subgroup differences: Not applicable
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Analysis 1.9. Comparison | Intensive glycaemic control versus conventional glycaemic control, Outcome 9
All-cause mortality; best-case scenario.

Review: Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus
Comparison: | Intensive glycaemic control versus conventional glycaemic control

Outcome: 9 All-cause mortality; best-case scenario

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
HRandom95% HRandom95%
n/N n/N Cl Cl
ACCORD 2008 257/5128 305/5123 " 0.84[0.72,099]
ADVANCE 2008 498/5571 543/5569 " 0921082, 1.03]
Bagg 2001 0/21 0/22 00[00,00]
DIGAMI 2 2005 I11/474 59/306 ™ 1217092 1.61]
Guo 2008 0/166 0/54 00[00,00]
IDA 2009 0/51 0/51 00[00,00]
Jaber 1996 0/23 0/22 00[00,00]
Kumamoto 2000 3/55 10/55 ] 030009, 1.03]
Melidonis 2000 1124 1124 - 1 1.00 [0.07, 15.08 ]
REMBO 2008 4/41 4/40 -1 0981026, 3.64]
Service 1983 0/10 0/10 00[00,00]
Stefanidis 2003 1736 5/39 - 1 022[003, 1.77]
Steno-2 2008 24/80 40/80 - 0.60 [ 040, 0.90 ]
UGDP 1975 52/204 56/210 + 096069, 1.32]
UKPDS 1998 539/3071 232/1138 " 086075 099 ]
VA CSDM 1995 5/75 5/78 - 1.04[031,345]
VADT 2009 102/892 95/899 T 1.08 083, 141]
Yang 2007 0/57 0/32 00[00,00]
Total (95% CI) 15979 13752 ! 0.90 [ 0.81, 1.00 ]
Total events: 1597 (Intensive control), 1355 (Conventional control)
0.0l 0.1 | 10 100
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(... Continued)

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
M- M-
HRandom,95% HRandom,95%
n/N n/N Cl Cl
Heterogeneity: Tau? = 0.01; Chi? = 16.36,df = I (P =0.13); I> =33%
Test for overall effect: Z = 1.90 (P = 0.058)
Test for subgroup differences: Not applicable
00l 0.1 | 10 100
Favours intensive Favours control

Analysis 1.10. Comparison | Intensive glycaemic control versus conventional glycaemic control, Outcome
10 All-cause mortality; worst-case scenario.

Review: Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus
Comparison: | Intensive glycaemic control versus conventional glycaemic control

Outcome: 10 All-cause mortality; worst-case scenario

Conventional

Study or subgroup Intensive control control Risk Ratio Risk Ratio
HRandom®5% HRandom5%
n/N n/N Cl Cl
ACCORD 2008 367/5128 203/5123 - .81 [ 153,213]
ADVANCE 2008 505/5571 533/5569 1 09571084, 1.06]
Bagg 2001 4/21 0/22 T 941 [ 054, 16474 ]
DIGAMI 2 2005 111/474 59/306 ™ 1211092, 1.61]
Guo 2008 0/166 0/54 00[00,00]
IDA 2009 0/51 0/51 00[00,00]
Jaber 1996 6/23 0/22 T 1246 [ 0.74,208.81 ]
Kumamoto 2000 5/55 6/55 T 0.83[027,257]
Melidonis 2000 1124 1124 N 1.00 [ 0.07, 15.08 ]
REMBO 2008 4/41 4/40 -1 0981026, 3.64]
Service 1983 2/10 0/10 -1 5.00[027,9262]
Stefanidis 2003 6/36 1/39 T 650[0.82,5141]
00l 0.1 | 10 100
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(... Continued)

Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
M- M-
HRandom,95% HRandom,95%
n/N n/N Cl Cl
Steno-2 2008 24/80 40/80 ™ 0.60 [ 040, 0.90 ]
UGDP 1975 65/204 52/210 ™~ 129094, 1.75]
UKPDS 1998 596/3071 213/1138 ) 1.04 090, 1.19]
VA CSDM 1995 5/75 5/78 -1 104 [031,345]
VADT 2009 102/892 95/899 T 1.08 083, 141 ]
Yang 2007 0/57 0/32 00[00,00]
Total (95% CI) 15979 13752 * 1.15[0.93, 1.42 ]
Total events: 1803 (Intensive control), 1212 (Conventional control)
Heterogeneity: Tau? = 0.08; Chi? = 60.49, df = 14 (P<0.00001); 1> =77%
Test for overall effect: Z = 1.29 (P = 0.20)
Test for subgroup differences: Not applicable
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Analysis 1.11. Comparison | Intensive glycaemic control versus conventional glycaemic control, Outcome
I | Cardiovascular mortality.

Review: Targeting intensive glycaemic control versus targeting conventional glycaemic control for type 2 diabetes mellitus

Comparison: | Intensive glycaemic control versus conventional glycaemic control
Outcome: || Cardiovascular mortality
Conventional
Study or subgroup Intensive control control Risk Ratio Risk Ratio
H Random55% HRandom55%
n/N n/N Cl Cl
ACCORD 2008 135/5128 94/5123 - 143 1.11,1.86]
ADVANCE 2008 253/5571 289/5569 - 0881074, 1.03]
Bagg 2001 0/21 0/22 00[00,00]
DIGAMI 2 2005 87/474 53/306 T 1.06 [ 078, 1.44]
Guo 2008 0/166 0/54 00[00,00]
IDA 2009 0/51 0/51 00[00,00]
Jaber 1996 0/23 0/22 00[00,00]
Kumamoto 2000 1/55 1/55 | 1.00 [ 0.06, 1559 ]
Melidonis 2000 1124 1124 — 1.00 [ 0.07, 15.08 ]
REMBO 2008 1741 2/40 - 1 049005, 5.17]
Service 1983 0/10 0/10 00[00,00]
Stefanidis 2003 1136 1139 I 1.08 [0.07, 1669 ]
Steno-2 2008 9/80 19/80 ] 0471023,098]
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