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ABSTRACT

Objective To review the literature on the association

between antidiabetic agents and morbidity and mortality

in people with heart failure and diabetes.

DesignSystematic review andmeta-analysis of controlled

studies (randomised trials or cohort studies) evaluating

antidiabetic agents and outcomes (death and admission

to hospital) in patients with heart failure and diabetes.

Data sources Electronic databases, manual reference

search, and contact with investigators.

Review methods Two reviewers independently extracted

data. Risk estimates for specific treatments were

abstracted and pooled estimates derived by meta-

analysis where appropriate.

Results Eight studies were included. Three of four studies

found that insulin use was associated with increased risk

for all cause mortality (odds ratio 1.25, 95% confidence

interval 1.03 to 1.51; 3.42, 1.40 to 8.37 in studies that did

not adjust for diet and antidiabetic drugs; hazard ratio

1.66, 1.20 to 2.31; 0.96, 0.88 to 1.05 in the studies that

did). Metformin was associated with significantly reduced

all causemortality in two studies (hazard ratio 0.86, 0.78 to

0.97) compared with other antidiabetic drugs and insulin;

0.70, 0.54 to 0.91 compared with sulfonylureas); a similar

trend was seen in a third. Metformin was not associated

with increasedhospital admission for any cause or for heart

failure specifically. In four studies, use of

thiazolidinediones was associated with reduced all cause

mortality (pooled odds ratio 0.83, 0.71 to 0.97, I2=52%,

P=0.02). Thiazolidinediones were associated with

increased risk of hospital admission for heart failure

(pooled odds ratio 1.13 (1.04 to 1.22), I2=0%, P=0.004).
The two studies of sulfonylureas had conflicting results,

probably because of differences in comparator treatments.

Important limitations were noted in all studies.

ConclusionMetforminwas the only antidiabetic agent not

associated with harm in patients with heart failure and

diabetes. It was associated with reduced all cause

mortality in two of the three studies.

INTRODUCTION

Worldwide, more than 171 million people have dia-
betes, and its prevalence is expected to double by
2030.1 People with diabetes are at increased risk of
developing heart failure,2 3 with the relative risk

increasing by 10-15% per unit increase in glycated
haemoglobin.4-7 Conversely, heart failure is present
in 25-40% of all adults with diabetes.2 8-12 Moreover,
people with heart failure have worse outcomes if they
also have diabetes,13-15 and it has been suggested that
any level of hyperglycaemia is associated with
increased rates of hospital admission, even in patients
without manifest diabetes.16

How best to achieve glycaemic control in patients
with diabetes and heart failure is therefore an impor-
tant clinical question.Many antidiabetic drugs are now
available to control hyperglycaemia. However, their
role in managing diabetes in patients with heart failure
is uncertain,17 and considerable controversy exists
about the overall effect of antidiabetic agents on out-
comes in people with comorbid diabetes and heart
failure.w1 w2 Even the level of optimal glucose control
in patients with diabetes and heart failure remains
uncertain, and some evidence suggests that tight gly-
caemic control (glycated haemoglobin ≤7%) may be
associated with worse survival than less tight control
in patients with heart failure, irrespective of the agent
used.18 As a result, outcomes are possibly affected not
only by the choice of antidiabetic agent, but also by the
degree of glycaemic control achieved with the agent.
Because of the lack of evidence around these mat-

ters, current recommendations are based onpathophy-
siological rationale, clinical experience, and expert
consensus.Abetter understanding of the effects of anti-
diabetic agents on the health of people with heart fail-
ure and diabetes is needed.17 Thus, we conducted a
systematic review to examine the relation between
antidiabetic treatment and outcomes in people with
heart failure and diabetes.

METHODS

We used a comprehensive search strategy of various
electronic databases (Medline (1966-2007), Health-
STAR (1966-2007), Embase (1980-2007), Cumulative
Index to Nursing and Allied Health Literature
(1982-2007), International Pharmaceutical Abstracts
(1970-2007), Allied and Complementary Medicine
(1985-2007), Cochrane Central Register of Controlled
Trials (1991-2007), and the Web of Science
(1900-2007)) from their date of inception until the
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week of 16 July 2007 for studies with contemporaneous
comparisongroups (suchas randomisedcontrolled trials
or cohort studies) that evaluated the association between
antidiabetic agents and clinical outcomes of hospital
admissionormortality (or both) in patientswith diabetes
and heart failure (appendix on www.achord.ca). In
addition, we also manually searched reference lists
from original studies and review articles and contacted
experts and authors of included studies. The search was
not restrictedby languageorquality of study.Wedidnot
assess the risk of developing heart failure associatedwith
antidiabetic drugs.
Two reviewers (DTE andDFB) independently identi-

fied relevant citations and included them if they
described original research, included subjects with both
diabetes and heart failure, evaluated the effects of anti-
diabetic agents on health outcomes (mortality, all cause
hospital admission, and hospital admission for heart fail-
ure), and included a contemporaneous control group for
comparison. Discrepancies were resolved by consensus
after review by a third investigator (JAJ). All data were
extracted andDTEandDFB independently assessed the
methodological quality of included studies using a

validated quality checklist.19 The maximum score on
the quality checklist is 32, with a score of 12 (38%) or
greater considered to be acceptable quality.1920

Statistical analysis

To summarise the effects of antidiabetic drugs on out-
comes of interest (all causemortality or hospital admis-
sion), we abstracted the risk estimates and 95%
confidence intervals from each study. For studies
with insufficient information, we contacted the pri-
mary study authors to acquire and verify data where
possible. If appropriate, we then pooled data across
studies using random effects models if excessive statis-
tical heterogeneity did not exist (measured using the I2

statistic anddefined a priori as P≤0.10or I2≥50%).21We
used Cochrane Review Manager 4.2 for all analyses.

RESULTS

Our search yielded 10 091 citations, and eight studies
met our inclusion criteria—one randomised controlled
trial, two post hoc subgroup analyses from randomised
trials, four retrospective cohort studies, and one pro-
spective cohort study (fig 1).w1-w8 Interobserver agree-
ment was κ=0.84 for study inclusion.
Of the eight studies, three had more than two com-

parison groups. As a result, four studies evaluated the
effect of insulin treatment in patients with heart failure
(n=9104), three examined metformin (n=3327), four
evaluated thiazolidinediones (n=3409), and two stu-
dies (n=8918) compared sulfonylureas with other
agents. No studies specifically evaluated the effects of
alpha glucosidase inhibitors (such as acarbose and
meglitol) or non-sulfonylurea insulin secretagogues
(such as repaglinide and nateglinide) in patients with
heart failure. The box and table 1 summarise the
eight studies and their key findings.Overall, the studies
were of acceptable quality,with amethodological qual-
ity score ranging from 13 (41%) to 22 (69%) (box); the
median quality score was 16 (50%).
Table 2 summarises the statistical heterogeneity of

the studies. A formal meta-analysis was not performed
for the effects of insulin ormetformin on all causemor-
tality because of significant statistical heterogeneity.
With respect to hospital admission, meta-analyses
could only be interpreted for the effects of metformin
on all cause hospital admission and thiazolidinediones
on hospital admission for heart failure (table 2).

Insulin

Outcomes with insulin were evaluated in a subgroup
analysis of 496 patients with diabetes and left ventricu-
lar dysfunction (ejection fraction <40% after acute
myocardial infarction) from the survival and ventricu-
lar enlargement (SAVE) trial (box).w6 After multivari-
ate adjustment, comparedwith 328 patients not treated
with insulin (but treatedwith diet, sulfonylurea, ormet-
formin), the 168 patients treated with insulin had sig-
nificantly increased risk of all causemortality (adjusted
hazard ratio 1.66, 95% confidence interval 1.20 to
2.31), and cardiovascular morbidity (hospital admis-
sion for heart failure or prescription of an open label

Data sources
Medline (1966-2007)
HealthSTAR (1966-2007)
Embase (1980-2007)
Cumulative Index to Nursing and Allied Health Literature
  (1982-2007)
International Pharmaceutical Abstracts (1970-2007)
Allied and Complementary Medicine (1985-2007)
Cochrane Central Register of Controlled Trials (1991-2007)
Web of Science (1900-2007)
Identified citations (n=10 091)

Titles and abstracts reviewed: first round (n=10 091)
Excluded:
  Not diabetes (n=691)
  Not heart failure (n=707)
  Non-human studies or cellular studies (n=829)
  Reviews, guidelines, letters, editorials (n=865)
  Duplicates (n=2592)
  Not relevant to research question (n=4221)

Titles and abstracts reviewed: second round (n=186)
Excluded:
  Not diabetes (n=3)
  Case report (n=8)
  No relevant outcome measure (n=10)
  Not heart failure (n=12)
  No antidiabetic agents assessed (n=18)
  Reviews, guidelines, letters, editorials (n=17)
  Not relevant to research question (n=43)

Complete articles and reference lists reviewed (n=75)
Excluded:
  No comparator group (n=2)
  Case report (n=4)
  No relevant outcome measure (n=26)
  Not heart failure (n=19)
  Not diabetes (n=7)
  No antidiabetic agents assessed (n=5)
  Reviews, guidelines, letters, editorials (n=4)

Articles included for review (n=8)

Fig 1 | QUOROM diagram of systematic search
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Table 1 | Results of studies assessing antidiabetic agents in the treatment of diabetes in patientswith heart failure

Study Study agent (n) Comparator (n) Outcome

Crude
events (n)
(treatment/
controls)

Unadjusted risk
estimates
(95% CI)

Adjusted risk
estimates
(95% CI) Key findings

Murcia et al
(2004)w6

Insulin (n=168) Diet, sulfonylurea,
metformin (n=328)

All cause mortality 69/86 1.96 (1.33 to2.90) 1.66 (1.20 to2.31) Patients with diabetes who survive a
myocardial infarction with left ventricular

dysfunction are at increased risk of
subsequent mortality or cardiovascular

events. Patients treated with insulin are at
higher risk than those given other

antidiabetic agents

Cardiovascular morbidity
and mortality

98/150 1.66 (1.14 to2.42) 1.38 (1.06 to1.80)

Pocock et al
(2006)w4

Insulin (n=706) Diet, sulfonylurea,
metformin,

thiazolidinediones
(n=1454)

All cause mortality 245/435 1.25 (1.03 to1.51) No adjusted
estimate

In patients with systolic dysfunction and
with preserved systolic function, the
presence of diabetes and diabetes

treated with insulin was highly prognostic
of all cause mortality, death from
cardiovascular disease, or hospital

admission for heart failure

Death from cardiovascular
disease or hospital

admission for heart failure

367/598 1.55 (1.29 to1.86) No adjusted
estimate

Smooke et al
(2006)w5

Insulin (n=43) Diet, sulfonylurea,
metformin,

thiazolidinediones
(n=89)

All cause mortality at
1 year

13/10 3.42 (1.40 to8.37) No adjusted
estimate

Insulin was associated with a pronounced
increase in mortality. No increased risk

of mortality was seen for
non-insulin treated diabetes

All cause mortality at
2 years

14/16 2.20 (0.96 to5.03) No adjusted
estimate

Masoudi et al
(2005)w1

Insulin (n=8187) Sulfonylurea, non-
sulfonylurea

secretagogues, alpha
glucosidase inhibitors,

metformin, TZDs
(n=8230)

All cause mortality at
1 year

2891/2637 1.16 (1.09 to1.24) 0.96 (0.88 to1.05) Insulin was not associated with an
increased risk of mortality

Inzucchi et al
(2005)w3

Metformin
(n=406)

Sulfonylurea, non-
sulfonylurea

secretagogues, alpha
glucosidase inhibitors,

insulin (n=2184)

All cause mortality at
1 year

93/768 0.55 (0.43 to0.70) 0.92 (0.72 to1.18) In the subgroup of patients with left
ventricular dysfunction, metformin
did not increase the risk of mortality

Masoudi et al
(2005)w1

Metformin
(n=1861)

Sulfonylurea, non-
sulfonylurea

secretagogues, alpha
glucosidase inhibitors,
insulin) (n=12 069)

All cause mortality at
1 year

460/4345 0.58 (0.52 to0.65) 0.86 (0.78 to0.97) Metformin was associated with reduced
mortality, all cause hospital admission,

and heart failure related hospital
admission. Metformin did not increase

the risk for hospital admission for
lactic acidosis

All cause hospital
admission at 1 year

1265/8702 0.82 (0.74 to0.91) 0.94 (0.89 to1.01)

Readmission for heart
failure at 1 year

1091/7821 0.52 (0.57 to0.48) 0.92 (0.86 to0.99)

Eurich et al
(2005)w2

Metformin
monotherapy

(n=208)

Sulfonylurea
monotherapy (n=773)

All cause mortality at
1 year

29/200 0.43 (0.29 to0.65) 0.66 (0.44 to0.97) Metforminwas associatedwith reducedall
cause mortality and a trend towards
reduced risk of all cause hospital

admission
Allcausemortalityatstudy

end
69/404 0.40 (0.29 to0.56) 0.70 (0.54 to0.91)

All cause hospital
admission at 1 year

102/406 0.87 (0.64 to1.18) 0.84 (0.67 to1.04)

All cause hospital
admission at study end

143/538 0.96 (0.69 to1.34) 0.87 (0.73 to1.05)

Combined all cause
mortality or hospital
admission at 1 year

115/480 0.76 (0.55 to1.03) 0.79 (0.65 to0.98)

Combined all cause
mortality or hospital

admission at study end

160/658 0.58 (0.40 to0.85) 0.83 (0.70 to0.99)

Eurich et al
(2005)w2

Metformin and
sulfonylurea
combination

therapy (n=852)

Sulfonylurea
monotherapy (n=773)

All cause mortality at
1 year

97/200 0.34 (0.26 to0.44) 0.54 (0.42 to0.70) Metformin plus sulfonylurea was
associated with reduced all cause

mortality and a trend towards reduced
risk of all cause hospital admission.
Metformin was not associated with an

increased risk of lactic acidosis

Allcausemortalityatstudy
end

263/404 0.36 (0.30 to0.45) 0.61 (0.52 to0.72)

All cause hospital
admission at 1 year

435/406 0.94 (0.78 to1.15) 0.92 (0.80 to1.06)

All cause hospital
admission at study end

632/538 1.26 (1.01 to1.56) 0.93 (0.83 to1.05)

Combined all cause
mortality or hospital
admission at 1 year

480/480 0.79 (0.65 to0.96) 0.86 (0.75 to0.98)

Combined all cause
mortality or hospital

admission at study end

681/658 0.70 (0.54 to0.90) 0.86 (0.77 to0.96)
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angiotensin converting enzyme inhibitor, or myo-
cardial infarction) and mortality (1.38, 1.06 to 1.80;
table 1).
The effect of insulin was also evaluated in the

CHARM (candesartan in heart failure: assessment of
reduction in mortality and morbidity) study (box).22 w4

Although insulinwas not directly comparedwith other
antidiabetic drugs in adjusted analyses, unadjusted risk
ratios calculated from the raw data presented in the
paper suggest that treatment with insulin is associated
with an increased risk of all cause mortality (risk ratio
1.25, 1.03 to1.51) and death from cardiovascular dis-
ease or hospital admission for heart failure (1.55, 1.29
to 1.86) compared with other treatments in patients
with diabetes (table 1).22 w4

Outcomes with insulin were also assessed in 554
consecutive patients referred to a university medical
centre for management of heart failure (box).w5 Of
these patients, 132 (24%) had diabetes and were pro-
spectively followed for 11.7 months. Although insulin
and non-insulin treatments were not directly com-
pared in patients with diabetes, extrapolation from
the raw data suggests an unadjusted risk ratio for all
cause mortality of 3.42 (1.40 to 8.37) at one year and
2.20 (0.96 to 5.03) at twoyears (table 1) for patientswith
diabetes treated with insulin compared with those not
treated with insulin.
The effects of insulin on mortality were also evalu-

ated in a retrospective cohort study of 16 417Medicare
beneficiaries with diabetes who were discharged from
hospital with a primary diagnosis of heart failure
(box).w1 Unlike previous studies, this study found no
association between the use of insulin and mortality

(-

adjusted hazard ratio 0.96; 0.88 to 1.05) comparedwith
patients receiving metformin, thiazolidinediones, sul-
fonylureas, non-sulfonylurea insulin secretagogues, or
alpha glycosidase inhibitors (table 1).w1

Oral antidiabetic agents

Metformin
Outcomes with metformin were evaluated in a retro-
spective cohort study of Medicare beneficiaries with
diabetes discharged after hospital admission for acute
myocardial infarction (box).w3 Subgroup analysis of
the patients with diabetes and moderate to severe
impaired left ventricular systolic function (n=2875)
suggested that after multivariate adjustment treatment
with metformin was not associated with any risk of all
cause mortality at one year compared with patients
receiving sulfonylureas, non-sulfonylurea insulin
secretagogues, alpha glucosidase inhibitors, and insu-
lin (n=406; 0.92, 0.72 to 1.18; table 1).w3

The study of Medicare beneficiaries with diabetes
discharged with a primary diagnosis of heart failure
also evaluated the effect ofmetformin on all causemor-
tality at one year (box).w1 After multivariate adjust-
ment, compared with patients not receiving insulin
sensitisers (that is, receiving sulfonylureas, non-sulfo-
nylurea insulin secretagogues, alpha glucosidase inhi-
bitors, or insulin) (n=12 069), all cause mortality was
significantly lower in patients treated with metformin
(n=1861; 0.86, 0.78 to 0.97), as well as in patients trea-
ted both with metformin and thiazolidinediones
(n=261; 0.76, 0.58 to 0.99; table 1). In addition, no dif-
ference was seen in the risk for all cause hospital read-
missions for patients receivingmetformin (0.94, 0.89 to

Inzucchi et al
(2005)w3

TZD (n=255) Sulfonylurea, non-
sulfonylurea

secretagogues, alpha
glucosidase inhibitors,

insulin (n=2184)

All cause mortality at
1 year

92/768 0.60 (0.54 to0.65) 1.04 (0.83 to1.31) In the subgroup of patients with left
ventricular dysfunction, TZDs did not

increase the risk of mortality. There was a
trend towards increasing risk for heart

failure related hospital admission for TZD
therapy

Readmission for heart
failure at 1 year

139/1083 1.22 (0.94 to1.58) 1.15 (0.97 to1.38)

Masoudi et al
2005w1

TZD (n=2226) Sulfonylurea, non-
sulfonylurea

secretagogues, alpha
glucosidase inhibitors,
insulin (n=12 069)

All cause mortality at
1 year

670/4345 0.77 (0.69 to0.84) 0.87 (0.80 to0.94) TZD was associated with reduced
mortality. No effect was seen on all cause
hospital admission and a trend towards
increased risk for heart failure related

hospital admission

All cause hospital
admission at 1 year

1660/8702 1.14 (1.26 to1.02) 1.04 (0.99 to1.10)

Readmission for heart
failure at 1 year

1505/7821 1.13 (1.03 to1.25) 1.06 (1.00 to1.12)

Dargie et al
(2007)w7

TZD (n=110) Placebo (n=114) All cause mortality at
1 year

8/5 1.71 (0.55 to5.34) 1.50 (0.49 to4.59) TZD did not adversely affect ejection
fraction, left ventricular volumes, cardiac
index, or transmitral Doppler flow. There
wasa trend towardsadverseclinicalevents
with TZD and there was a higher incidence
of fluid relatedendpointsduring treatment

with TZD

Readmission for heart
failure at 1 year

5/4 1.31 (0.34 to4.99) Relative risk 1.30
(0.35 to 4.82) (no

adjustment
because of trial

design)

Aguilar et al
(2007)w8

TZD (n=818) Sulfonylurea, non-
sulfonylurea

secretagogues, alpha
glucosidase inhibitors,

insulin (n=4700)

All cause mortality at
2 years

168/1192 0.76 (0.63 to0.91) 0.98 (0.81 to1.17) TZDwasnot associatedwith increased risk
of heart failure related hospital admission

or all cause mortalityHospital admission for
heart failure at 2 years

134/741 1.05 (0.86 to1.28) 1.00 (0.81 to1.24)

Masoudi et al
(2005)w1

Sulfonylurea
(n=8145)

Non-sulfonylurea
secretagogues, alpha
glucosidase inhibitors,
metformin, TZDs, insulin

(n=8272)

All cause mortality at
1 year

2679/2849 0.93 (0.87 to1.00) 0.99 (0.91 to1.08) Sulfonylurea was not associated with
increase risk of mortality

TZD, thiazolidinedione.
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1.01) and a lower risk was seen in patients treated with
both metformin and thiazolidinediones (0.82, 0.69 to
0.96; table 1). A lower risk was also seen formetformin
users with respect to readmissions related to heart fail-
ure (0.92, 0.86 to 0.99) and a trend towards reduction in
patients receiving both metformin and thiazolidine-
diones (0.85, 0.71 to 1.01).
In a retrospective analysis using administrative

records, another study compared metformin alone,
or combined with sulfonylurea, to sulfonylurea mono-
therapy in 1833 patients with newly treated diabetes
and incident heart failure (box).w2 After multivariate
adjustment, all cause mortality was significantly lower
withmetforminmonotherapy (0.66, 0.44 to 0.97 at one
year; 0.70, 0.54 to 0.91 after 2.5 years), or with com-
bined treatment with metformin-sulfonylurea (0.54,
0.42 to 0.70 at one year; 0.61, 0.52 to 0.72 after 2.
5 years; table 1).A reduction in the composite outcome
of all cause mortality or hospital admission was also
seen at the end of follow-up for the metformin mono-
therapy group (0.83, 0.70 to 0.99) and for combination
therapy (0.86, 0.77 to 0.96; table 1).
Both of the studies assessing the effect of metformin

on all cause hospital admission at one year were of
goodmethodological quality (box) and yielded similar
effect estimates.w1,w2 The pooled effect suggests that
treatment with metformin may be associated with
reduced all cause hospital admission at one year com-
pared to other treatments (pooled odds ratio 0.85, 0.76
to 0.95; I2=21%; P=0.004; fig 2).

Thiazolidinediones
In the previous Medicare study of patients with dia-
betes discharged after hospital admission for acute
myocardial infarction,w3 after multivariate adjustment,
the risk of all cause mortality at one year was no differ-
ent for patients who received thiazolidinediones
(n=255) than for patients treated with sulfonylureas,
non-sulfonylurea insulin secretagogues, alpha glucosi-
dase inhibitors, or insulin (1.04, 0.83 to 1.31; table 1).
There was a trend, however, towards an increased risk
of readmission for heart failure associated with thiazo-
lidinediones (n=255; 1.15, 0.97 to 1.38).w3

In the second Medicare study of patients with dia-
betes discharged with a primary diagnosis of heart fail-
ure, after multivariate adjustment as above (n=12 069),
all cause mortality at one year was significantly lower
for patients treated with thiazolidinediones (n=2226;
0.87, 0.80 to 0.94; table 1).w1 This study also found no
difference in the risk for all cause hospital readmissions
for patients receiving thiazolidinediones (1.04, 0.99 to
1.10). However, a small increased risk of readmission
for heart failure was seen in patients receiving thiazoli-
dinediones (1.06, 1.00 to 1.12).
In a retrospective cohort study of ambulatory

patients followed throughVeteranAffairsmedical cen-
tres (box), after multivariate adjustment no differences
were seen in all cause mortality at two years (n=814;
0.98, 0.81 to 1.17) or in hospital admission for heart
failure (1.00, 0.81 to 1.24; table 1) in patients treated
with thiazolidinediones compared with those not
receiving insulin sensitisers (n=4700). However, in
patients not receiving insulin, thiazolidinediones
(n=381) were associated with an increased risk of hos-
pital admission for heart failure compared with those
not receiving insulin sensitisers (n=2217; 1.62, 1.15 to
2.29).w8

The only randomised controlled trial evaluated the
addition of rosiglitazone (n=110) or placebo (n=114) to
existing antidiabetic agents in patients with New York
Heart Association class I or II disease (box).w7

Although not a specific end point of the study, after
52 weeks of treatment (compared with placebo) there
was a trend towards an increased risk of all cause mor-
tality for rosiglitazone (hazard ratio 1.50, 0.49 to 4.59)
and in the proportion of patients with hospital admis-
sion for heart failure (relative risk 1.30, 0.35 to 4.82;
table 2). A trend towards an increase in all cause mor-
tality or worsening heart failure was also seen (hazards
ratio 1.28, 0.51 to 3.21.
The pooled effect of the four studies which assessed

the effect of thiazolidinediones on all cause
mortalityw1 w3 w7 w8 suggests that treatment with thiazo-
lidinediones may be associated with reduced all cause
mortality compared with other treatments (pooled
odds ratio 0.83, 0.71 to 0.97; I2=52%; P=0.10),
although moderate heterogeneity was observed (fig 3
). Similarly, the pooled effect on hospital admission for
heart failure suggests that thiazolidinediones may be
associated with an increased risk of such admission
compared with other treatments (1.13; 1.04 to 1.22;
I2=0%; P=0.004; fig 4).w1 w3 w7 w8 All studies evaluating

Eurich 2005

Masoudi 2005

Total (95% CI)

Total events: 1802 (treatment), 9108 (control)

Test for heterogeneity: χ2=1.26, df=1, P=0.26, I 2=20.9%

Test for overall effect: z=2.87, P=0.004 0.5 1 2 5

Study or subcategory

537/1060 

1265/1861 

2921

Treatment

406/773 

8702/12 069 

12 842

Control

29.70 

70.30 

100.00

Weight
(%)

0.93 (0.77 to 1.12)

0.82 (0.74 to 0.91)

0.85 (0.76 to 0.95)

Odds ratio
(random) (95% CI)

Odds ratio
(random) (95% CI)

Favours
treatment

Favours
control

Fig 2 | Pooled odds ratio for metformin compared with other treatments for all cause hospital

admission at one year. The data for Eurich 2005 were pooled from the metformin monotherapy

group and combination therapy group (pooled test for heterogeneity P=0.70; I2=0%)

Table 2 | Results of test for statistical heterogeneity

Antidiabetic drug No of studies Outcome assessed
P value for

heterogeneity I2 statistic

Insulin
4 All cause mortality 0.03 67.2%

0 All cause hospital admission Not determined Not determined

Thiazolidinediones

4 All cause mortality 0.10 52.3%

1 All cause hospital admission Not determined Not determined

4 Heart failure related hospital
admission

0.82 0%

Metformin
3 All cause mortality at 1 year <0.001 83.5%

2 Allcausehospitaladmissionat
1 year

0.26 20.9%

Sulfonylurea 2 All cause mortality at 1 year <0.001 96.4%
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treatment with thiazolidinediones were of good meth-
odological quality (box).w1 w3 w7 w8 For all cause mortal-
ity, although the size and direction of effect estimates
varied among studies, we found no consistent pattern
of effect in relation to study quality. Similar effect esti-
mates were seen for all studies regardless of quality
with respect to hospital admission for heart failure.

Sulfonylureas

Few studies formally evaluated treatmentwith sulfony-
lureas as an independent exposure group. In the stu-
dies evaluating other oral treatments, however,
sulfonylureas were used in about 55% of all patients
in the main comparator groups (n≈11 000). As a result,
treatment with sulfonylurea was well represented in all
of the studies evaluating oral antidiabetic agents
included in our review.

Apart from the effect of sulfonylureas relative tomet-
formin use already mentioned,w2 only one other study
looked at sulfonylureas.w1 After multivariate analysis,
no increased risk of mortality at one year was seen for
patients receiving sulfonylureas compared with
patients receiving other insulin secretagogues, alpha
glucosidase inhibitors, metformin, thiazolidinediones,
or insulin (0.99; 0.91 to 1.08).

DISCUSSION

Heart failure is a common comorbidity in patients with
diabetes. Despite the high morbidity and mortality
associated with the disease, our systematic review
found few studies that formally compared antidiabetic
drugs in this important population. Although several
studies have evaluated the incidence of heart failure
associated with the use of various antidiabetic
agents,3 8 23-26 our review focused solely on the impact
of such treatments in people with comorbid heart fail-
ure and diabetes. Of the eight studies included in this
review, most studies were observational and there was
only one randomised controlled trial, which was not
designed to evaluate clinical outcomes. All studies
were published in the past two years, and focused on
use of insulin, thiazolidinediones, or metformin.

Insulin

In the four studies that specifically evaluated the use of
insulin treatment, three suggested an increase in mor-
tality, and one reported no association with mortality.
Statistical heterogeneity precluded formal meta-analy-
sis. Importantly, in two of the studies reporting
increased mortality, there was no multivariate adjust-
ment for the comparison between insulin and non-
insulin treatments in patients with diabetes. Further-
more, none of the studies randomised patients to insu-
lin or non-insulin treatment. As a result, it is difficult to
tell whether this is a true adverse effect of insulin or
whether it is simply confounding by indication. Treat-
ment with insulin in these studiesmaywell have been a
marker formore advanced diabetes or vascular disease
(or both).w6 Thus, treatment with insulin may not, in
itself, be associated with an increase in adverse effects
in this population. Indeed, in one study that adjusted
extensively for clinically important variables and com-
pared insulin with other antidiabetic agents, insulin
was not associated with an increased risk of
mortality.w1

Metformin

Historically, metformin has been considered abso-
lutely contraindicated in patients with heart failure
who need drug treatment because of concerns about
lactic acidosis. Recently, however, the US Food and
Drug Administration has removed the heart failure
contraindication from the packaging of metformin
(Glucophage and Glucophage XR), although a strong
warning for the cautious use ofmetformin in this popu-
lation still exists.27 The true prevalence of metformin
use in patients with heart failure is not known, but pub-
lished studies suggest 10-25%ofpatients receivingmet-
formin have comorbid heart failure.28-30 Despite the
concerns, our analysis revealed that treatment with
metformin may be associated with lower mortality
rates, although statistical heterogeneity precluded for-
mal meta-analysis. Furthermore, no study found an
increase in adverse events with metformin and the
results of both studies that evaluated all cause hospital
admissions inmetformin users suggested that this drug
is associated with a lower rate of all cause hospital
admission than other antidiabetic drugs.

Thiazolidinediones

Thiazolidinediones are also relatively contraindicated
in patients with New York Heart Association class III
or IV disease because of concerns about fluid reten-
tion, which may worsen symptoms of heart failure.31

Yet, the pooled effects for mortality suggest that thia-
zolidinedionesmaybe associatedwith reducedmortal-
ity, although the results should be interpreted
cautiously as moderate statistical heterogeneity was
present. The only randomised controlled trial showed
a trend towards an increased risk ofmortality with thia-
zolidinediones; however, the studywas not specifically
designed to assess clinical outcomes and 62 (28%)
patients withdrew from the study.w7 As a result, the
study was underpowered to detect any differences in

Aguilar 2007

Dargie 2007

Inzucchi 2005

Masoudi 2005

Total (95% CI)

Total events: 938 (treatment), 6310 (control)

Test for heterogeneity: χ2=6.29, df=3, P=0.10, I 2=52.3%

Test for overall effect: z=2.30, P=0.02 0.5 1 2 5

Study or subcategory

168/818 

8/110 

92/255 

670/2226 

3409

Treatment

1192/4700 

5/114 

768/2184 

4345/12 069 

19 067

Control

31.87 

1.89 

21.36 

44.88 

100.00

Weight
(%)

0.76 (0.63 to 0.91)

1.71 (0.54 to 5.40)

1.04 (0.79 to 1.36)

0.77 (0.69 to 0.84)

0.83 (0.71 to 0.97)

Odds ratio
(random) (95% CI)

Odds ratio
(random) (95% CI)

Favours
treatment

Favours
control

Fig 3 | Pooled odds ratio for thiazolidinediones compared with other treatments for all cause

mortality
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clinical outcomes between treatment groups. Data
from one of the two large observational studies suggest
that thiazolidinediones may be associated with lower
mortality, whereas this was not seen in the other
study.w1 w8 This discrepancy may be related to the
lower severity of illness in the patients in the second
study, the under-representation of female patients, or
differences in the use of combination treatment
between study groups.w8

All studies except for one reported higher numbers
of hospital admissions related to heart failure for
patients receiving thiazolidinedionesw1 w3 w7 w8 ; this
risk was confirmed by formal pooling of the data.
This is consistent with evidence from randomised con-
trolled trials, including the recently published interim
analysis of the RECORD (rosiglitazone evaluated for
cardiac outcomes and regulation of glycaemia in dia-
betes) study, which has consistently shown increased
fluid retention and admission for heart failure in
patients without pre-existing heart failure who use
thiazolidinediones.26 32-34 Recently, the US Food and
Drug Administration has changed the package labels
for thiazolidinediones to include a “black box” warn-
ing emphasising that these drugs may cause or exacer-
bate heart failure in certain patients. Furthermore,
given the recent controversy over the use of thiazolidi-
nediones and increased risk of myocardial infarction,35

the overall impact on health remains uncertain.36

Although the lower mortality rates associated with
use of metformin or thiazolidinediones are consistent
with those seen in randomised controlled trials of insu-
lin sensitisers in other populations with diabetes,26 32 37

none of the three included studies were randomised
controlled trials. Although a wide range of demo-
graphic factors and patient characteristics were
adjusted for in the studies, the study groups may have
differed in severity of diabetes, heart failure, or other
cardiovascular risk factors. Specifically, because of the
commonly perceived risks of insulin sensitisers, these
drugs may have been used preferentially in patients
thought to be at lower risk than those given other treat-
ments. Thus, the benefits of metformin and thiazolidi-
nediones on mortality may be due to selection bias in
these studies. Furthermore, only one study specifically

evaluated the effects of oral antidiabetic agents as
monotherapy.w2 Contamination of comparison groups
as a result of the use of multiple antidiabetic drugs is a
possibility in the other two studies.w1 w3

Sulfonylureas

Only two studies specifically evaluated sulfonylureas
as an independent exposure.w1 w2 One study found
that sulfonylurea monotherapy may be associated
with worse outcomes, w2 whereas the other did not.w1

The discrepancy may partly be due to the comparator
groups used in the studies. The first study compared
sulfonylurea monotherapy with metformin, which
has been shown to be beneficial in all similar studies,
while the second compared sulfonylurea exposure
(alone or in combination) with treatments that did not
specifically include metformin. In the first study, it is
not clear whether the risk estimates were a result of an
adverse effect of sulfonylureas, a beneficial effect of
metformin, or confounding by indication. Although
these results are consistent with other studies evaluat-
ing sulfonylureas,37-40 a recent meta-analysis has indi-
cated that these drugs are not associated with an
increase in cardiovascular events.41 Given the current
controversy surrounding the use of sulfonylureas in
patients with pre-existing cardiovascular disease,42

more research is needed to determine the true impact
of these drugs in peoplewith diabetes and heart failure.

Limitations

Inherent to any systematic review is the potential for
publication or selection bias. Studies that may have
evaluated the use of antidiabetic agents in patients
with heart failure as part of a stratified or secondary
analysis may not have been identified using standard
search strategies. However, manual searches and con-
tact with primary authors of the included studies pro-
vided no extra articles. Any relevant articles are
therefore unlikely to have been missed. Secondly, the
included studies were mainly observational and only
one study randomised patients to different antidiabetic
drugs. As a result, the effects of unmeasured confound-
ing variables could not be fully explored and this may
be a limitation of most of the reported studies.

Conclusions

Our results suggest that of the current antidiabetic
agents, metformin is the only one not associated with
anymeasurable harm inpeoplewithdiabetes andheart
failure and is associated with reducedmortality. Given
the large number of people affected with diabetes and
heart failure and the fact that this population is
expected to increase rapidly, evidence on how to opti-
mally control glycaemic levels in this population is
urgently needed. It is therefore imperative that
research be undertaken to determine the optimal
approach for glycaemic control in patients with heart
failure. Ideally, this research should be a randomised
controlled trial which includes the use of metformin or
thiazolidinedione in patients with heart failure and

Aguilar 2007

Dargie 2007

Inzucchi 2005

Masoudi 2005

Total (95% CI)

Total events: 1783 (treatment), 9649 (control)

Test for heterogeneity: χ2=0.93, df=3, P=0.82, I 2=0%

Test for overall effect: z=2.86, P=0.004 0.5 1 2 5

Study or subcategory

134/818 

5/110 

139/255 

1505/2226 

3409

Treatment

741/4700 

4/114 

1083/2184 

7821/12 069 

19 067

Control

16.73 

0.38 

9.98 

72.92 

100.00

Weight
(%)

1.05 (0.86 to 1.28)

1.31 (0.34 to 5.01)

1.22 (0.94 to 1.58)

1.13 (1.03 to 1.25)

1.13 (1.04 to 1.22)

Odds ratio
(random) (95% CI)

Odds ratio
(random) (95% CI)

Favours
treatment

Favours
control

Fig 4 | Pooled odds ratio for thiazolidinediones compared with other treatments on hospital

admission for heart failure
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Details of the eight included studies of antidiabetic agents for treating
diabeteswith heart failure

Murcia et al (2004)w6

Design—Post hoc subgroup analysis of randomised controlled trial
(SAVE; n=496)

Inclusion criteria—Diabetes, between 21 and 80 years of age, left
ventricular ejection fraction ≤40% after myocardial infarction

Exclusion criteria—Contraindication to angiotensin converting enzyme
inhibitors or need to treat heart failure or hypertension, creatinine
>221 mmol/l; unstable illness; active ischaemia

Agents evaluated—Insulin

Method of analysis——Multivariate Cox proportional hazards regression

Covariates included in analysis—Age, sex, left ventricular ejection
fraction, previous myocardial infarction, killip class ≥II, thrombolytic
treatment, use of β blockers, and captopril assignment

Duration—Mean 3.5 years

Methodological quality checklist score—44%

Potential limitations and threats to validity—Selection bias (data
derived from randomised controlled trial in patients after myocardial
infarction). Uncertain drug exposure (drug use defined at start of trial,
exposure to drug throughout follow-up uncertain). Confounding by
severity of diabetes (no data on glucose control, duration of diabetes).
Limited adjustment for clinical data. No data on type of oral antidiabetic
agents used

Pocock et al (2006)w4

Design—Post hoc subgroup analysis of randomised controlled trial
CHARM (n=2160)

Inclusion criteria—18 years or older, symptomatic heart failure (New
York Heart Association class II-IV) of at least four weeks’ duration

Exclusion criteria—Creatinine ≥265 µmol/l, K+ >5.5 mmol/l, bilateral
renal stenosis, symptomatic hypotension, women of childbearing
potential not receiving contraceptives, critical aortic or mitral stenosis,
myocardial infarction, stroke or open heart surgery in the previous four
weeks, use of angiotensin receptor blockers in previous two weeks, any
non-cardiac disease likely to limit survival to two years

Agents evaluated—Insulin

Method of analysis—Univariate

Covariates included in analysis—No covariate adjustment

Duration—Median 37.7 months

Methodological quality checklist score—41%

Potential limitations and threats to validity—Confounding by severity
of diabetes (no data on glucose control, duration of diabetes). No data
on type of oral antidiabetic agents used. Uncertain exposure (criteria
used to define “insulin use” not stated; no data on duration of drug use;
exposure to drug throughout follow-up uncertain). Selection bias (data
derived from randomised controlled trial). No adjusted results
comparing insulin with other treatments in patients with diabetes

Smooke et al (2005)w5

Design——Prospective cohort study (n=132)

Inclusion criteria—Consecutive patients referred to specialty clinic to
manage heart failure or evaluate them for a heart transplant because of
systolic dysfunction (left ventricular ejection fraction <40%) from 1
January 2000 to 30 January 2003

Exclusion criteria—No exclusions reported

Agents evaluated—Insulin

Method of analysis—Univariate

Covariates included in analysis—No covariate adjustment

Duration—Mean 11.7 months

Methodological quality checklist score—63%

Potential limitations and threats to validity—Small sample size initially
and 15% lost to follow-up (few patients left to evaluate for two year

outcome). Uncertain exposure (no data on duration of drug use; exposure
to drug throughout follow-up uncertain). Significant baseline differences
(incomplete adjustment because of small sample size). No adjusted
results comparing insulin and non-insulin treatments in patients with
diabetes. Short duration of follow-up (mean11.7months). Results limited
to a select population of patients (advanced heart failure patients only)

Masoudi et al (2005)w1

Design——Retrospective cohort study (n=16417)

Inclusion criteria—Patients with diabetes receiving antidiabetic agents
upon discharge with a principal discharge diagnosis of heart failure

Exclusion criteria—Over 65 years of age, died during hospital
admission, unknown date of death, unknown readmission data,
discharge to a hospice, no drug treatment for diabetes at discharge

Agents evaluated—Insulin, metformin, thiazolidinediones,
sulfonylurea

Method of analysis—Stepwise multivariate Cox proportional hazards
regression

Covariates included in analysis—Demographics (age, sex, race);
cardiac history (history of myocardial infarction, hypertension, coronary
artery disease, percutaneous transluminal coronary angioplasty; non-
cardiovascular history (admission source, mobility, cerebral vascular
accident, chronic pulmonary disease, urinary incontinence, dementia);
clinical characteristics at admission (systolic blood pressure,
respiratory rate, heart failure, Na+, glucose, blood urea nitrogen test,
creatinine, white blood cell count, haematocrit); hospital course (atrial
fibrillation, heart failure or pulmonary oedema on admission, cardiac
catheterisation, percutaneous transluminal coronary angioplasty,
coronary artery bypass surgery, complications of diabetes); discharge
prescriptions; severity of diabetes; sampling time frame

Duration—Not reported

Methodological quality checklist score—50%

Potential limitations and threats to validity—Uncertain exposure
(cohort created on the basis of drug prescribed at discharge; exposure
to drug throughout follow-up uncertain). Short duration of follow-up
(outcomes at one year). Results limited to a select population of
patients (>65 years of age)

Inzucchi et al (2005)w3

Design—Retrospective cohort study (n=2875)

Inclusion criteria—Patients with diabetes receiving antidiabetic agents
upon discharge from hospital for myocardial infarction

Exclusion criteria—Unconfirmed myocardial infarction, long term
haemodialysis, over 65 years of age, died during hospital stay,
unknown date of death, unknown readmission data, discharge to a
hospice, transferred to another hospital, left against medical advice, no
drug treatment for diabetes at discharge

Agents evaluated—Metformin, thiazolidinediones

Method of analysis—Stepwise multivariate Cox proportional hazards
regression

Covariates included in analysis——Potential covariates included
demographics (age, sex, race); cardiac history (history of heart failure,
myocardial infarction, hypertension, revascularisation); non-
cardiovascular history (admission source, mobility, cerebral vascular
accident, chronic pulmonary disease, urinary incontinence, dementia)
clinical characteristics at admission (systolic blood pressure,
respiratory rate, heart failure, Na+, glucose, blood urea nitrogen test,
creatinine, white blood cell count, haematocrit); hospital course (atrial
fibrillation, heart failure or pulmonary oedema on admission, cardiac
catheterisation, percutaneous transluminal coronary angioplasty,
coronary artery bypass surgery, complications of diabetes); discharge
prescriptions; severity of diabetes; sampling time frame; patient
clustering by hospital

Duration—Not reported

Methodological quality checklist score—47%
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diabetes. Furthermore, this trial should be aimed at
evaluating the effect of these treatments on glycaemic
control and its relation to long term outcomes, as well
as the effect of these treatments onmorbidity andmor-
tality in people with heart failure and diabetes.
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