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Abstract

Background: Patients with type 2 diabetes mellitus and heart failure have adverse clinical outcomes, but the
characteristics and prognosis of those with undiagnosed diabetes in this setting has not been established.

Methods: In total, 400 patients admitted consecutively with acute heart failure were grouped in three glycaemic
categories: no diabetes, clinical diabetes (previously reported or with hypoglycaemic treatment) and undiagnosed
diabetes. The latter was defined by the presence of at least two measurements of fasting plasma glycaemia ≥ 7
mmol/L before or after the acute episode. Group differences were tested by proportional hazards models in all-
cause and cardiovascular mortality during a 7-year follow-up.

Results: There were 188 (47%) patients without diabetes, 149 (37%) with clinical diabetes and 63 (16%) with
undiagnosed diabetes. Patients with undiagnosed diabetes had a lower prevalence of hypertension, dyslipidaemia,
peripheral vascular disease and previous myocardial infarction than those with clinical diabetes and similar to that
of those without diabetes. The adjusted hazards ratios for 7-year total and cardiovascular mortality compared with
the group of subjects without diabetes were 1.69 (95% CI: 1.17-2.46) and 2.45 (95% CI: 1.58-3.81) for those with
undiagnosed diabetes, and 1.48 (95% CI: 1.10-1.99) and 2.01 (95% CI: 1.40-2.89) for those with clinical diabetes.

Conclusions: Undiagnosed diabetes is common in patients requiring hospitalization for acute heart failure. Patients
with undiagnosed diabetes, despite having a lower cardiovascular risk profile than those with clinical diabetes,
show a similar increased mortality.
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Introduction
Type 2 diabetes has an estimated prevalence of 20-40%
in heart failure patients, being an independent risk fac-
tor not only for the development of heart failure [1-6]
but also for increased morbidity and mortality [7-13].
On the other hand, several studies have highlighted

the frequent underdiagnosis of diabetes in the general
population and in high cardiovascular risk patients
[14-17]. The few reports on the prevalence of undiag-
nosed diabetes in patients with stable chronic heart fail-
ure suggest it could affect 10% of patients [18,19].
Most of the studies that have quantified the adverse

outcomes of patients with diabetes and heart failure

have been limited to patients with a known diagnosis of
diabetes. Previous reports have outlined the prognostic
importance of undiagnosed diabetes in patients with dif-
ferent cardiovascular diseases [16,20-22]. In patients
with established coronary artery disease, undiagnosed
diabetes has been proven to be a highly significant and
independent predictor of cardiovascular and all-cause
mortality [21,22]. Patients with heart failure requiring
hospital admission for an acute episode represent a
high-risk population for adverse outcomes [23-26]. In
this group of patients, mortality is higher than in those
with chronic stable heart failure and, thus, identification
of patients with an increased risk within this group who
could benefit from more aggressive therapeutic interven-
tions could help improve their poor outcomes. However,
the risk associated with undiagnosed diabetes in patients
with acute heart failure has not been described. Thus,
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the aim of the present study on patients hospitalized for
acute heart failure was to determine the prevalence and
characteristics of patients with undiagnosed diabetes
and its impact on all-cause and cardiovascular mortality
during a 7-year follow-up in comparison with patients
with and without clinical diabetes.

Patients and Methods
Patients and baseline measurements
An observational study of a retrospective cohort of all
patients admitted to the cardiology department of Hos-
pital del Mar (Barcelona, Spain) with the diagnosis of
acute heart failure was carried out between January 1st,
2000 to December 31st, 2002. All patients with acute
heart failure as one of the two first discharge diagnoses
were included. Discharge records were reviewed and the
following data was gathered: demographic and clinical
characteristics, cardiovascular risk factors, previous dia-
betes treatment, cause of heart failure, left ventricular
ejection fraction measured by echocardiography, chronic
renal failure, peripheral vascular disease, previous myo-
cardial infarction or stroke, plasma biochemical para-
meters at the time of admission [glycemia, creatinine,
hemoglobin and glycosylated hemoglobin (HbA1c)] and
drug therapy at discharge. Before the year 2002 HbA1c

was only determined in patients with a clinical diagnosis
of diabetes at admission. From January 2002 onwards,
HbA1c was systematically measured in all subjects
admitted with acute heart failure. Thus, data on HbA1c

for individuals without clinical diabetes was available in
only 35% of the cases. Investigators obtained data from
medical and laboratory records and did not participate
in patient treatment and management.
To identify undiagnosed diabetes, we had access to

clinical diagnosis, laboratory data and pharmaceutical
treatment registered in all primary health care centres in
the province of Barcelona and in the autonomous com-
munity of Catalonia. Laboratory data for blood samples
drawn in acute situations are specified as “emergency
laboratory”, as these blood samples are processed in a
different laboratory, and thus these samples were
excluded for diabetes diagnosis. For blood samples
drawn in primary health care centres at routine check-
up visits, patients are given specific instructions regard-
ing fasting a minimum of 8 hours, as per protocol. In
patients presenting hyperglycaemia during admission,
but no prior glucose values in the range of diabetes, we
also reviewed the laboratory data of the year after dis-
charge to rule out recent-onset diabetes.
Diabetes was diagnosed according to 1997 American

Diabetes Association criteria [27], and patients were
classified in three categories: 1) clinical diabetes mellitus,
when the diagnosis was specified in medical reports or
patients were being treated for diabetes (dietary advice,

oral drugs or insulin); 2) undiagnosed diabetes mellitus,
without clinical diabetes but with two or more outpati-
ent fasting plasma glucose concentrations ≥ 7 mmol/L;
and 3) no diabetes mellitus, who did not meet the cri-
teria for clinical or undiagnosed diabetes.

Mortality data
Mortality rates and causes of death were monitored
every year until January 2009 by systematic review of
hospital records and death certificates from the Death
Registry Office of Catalonia, coded according to the
International Classification of Diseases (ICD) 9th edi-
tion. Cardiovascular death was defined by ICD-9 codes
390-459. Mean follow-up was 7.5 year (range: 6-9 years).
The study was approved by the local Ethics Committee.

Statistical analysis
Quantitative variables were described by mean ± stan-
dard deviation (SD) and compared by Student’s two-
tailed T test. Qualitative variables were described by fre-
quencies and percentages and were compared using
Chi-Square test or Fisher’s exact test, as appropriate.
Logistic regression model was performed to assess speci-
fic characteristics of patients with undiagnosed diabetes.
Survival univariate analysis was estimated with the
Kaplan-Meier method and differences were tested with
a log rank test. Multivariate survival analysis was per-
formed with Cox proportional hazards model, to deter-
mine the independent contributions of the three
glycaemic categories to all-cause and cardiovascular
mortality after adjusting for age, sex, comorbidities
(smoking, hypertension, dyslipidaemia, stroke, chronic
renal failure, peripheral vascular disease, previous myo-
cardial infarction) hemoglobin concentrations, left ven-
tricular ejection fraction and standard heart failure
medication (loop diuretic/thiazide, beta-blocker, angio-
tensin converting enzyme-inhibitor/angiotensin receptor
blocker). Values of p < 0.05 were considered significant.
Statistical analysis was conducted using SPSS 15.0
(SPSS, Inc., Chicago, Illinois).

Results
Baseline characteristics
416 patients were initially included and 16 cases (3.9%)
were excluded from analyses for being lost to follow-up.
The final study group included 400 patients, 203 men
and 197 women, with a mean age of 71.5 ± 10 years.
The distribution of patients within glycaemic categories
was: clinical diabetes 37%, undiagnosed diabetes 16%
and no diabetes 47%. Regarding diabetes therapy pre-
vious to admission in patients with clinical diabetes,
30% received dietary advice only, 48% took oral antidia-
betic agents and 30% used insulin. Baseline characteris-
tics of patients are shown in Table 1. Clinical diabetes
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was associated with a greater prevalence of hyperten-
sion, dyslipidaemia, peripheral vascular disease and pre-
vious myocardial infarction. Patients with undiagnosed
diabetes had a prevalence of these comorbidities similar
to that of those without diabetes. Patients with diabetes,
both clinical and undiagnosed, had more hospital admis-
sions due to acute heart failure in the previous year;
however, no differences in left ventricular ejection frac-
tion were found among groups. Furthermore, the fre-
quency of heart failure with systolic dysfunction
(ejection fraction less than 40%) was also similar among
groups (51.5% in no diabetes, 45.8% in undiagnosed dia-
betes and 52.3%, in clinical diabetes, p = 0.67). Regard-
ing laboratory parameters at admission, hemoglobin
concentrations were significantly lower in patients with
diabetes, both clinical and undiagnosed, compared to
those without diabetes. Fasting glycaemia was higher in
subjects with clinical diabetes than in those with undiag-
nosed diabetes. HbA1c was 62 ± 16 mmol/mol (7.8 ±
1.5%) in patients with clinical diabetes, 44 ± 12 mmol/
mol (6.2 ± 1.1%) in subjects with undiagnosed diabetes
and 40 ± 16 mmol/mol (5.8 ± 1.5%) in those without
diabetes (p < 0.001 among groups). Cardiovascular drug
therapy at discharge was similar in the three groups,
although beta-blockers were more commonly prescribed
in patients with clinical diabetes.

When comparing subjects with undiagnosed diabetes
with those without diabetes in multivariate logistic
regression analysis, only hospital admission for heart
failure in the previous year was more frequent in those
with undiagnosed diabetes [risk ratio of 1.37 (95% confi-
dence interval (CI): 1.16 to 1.49)].

Mortality during follow-up
The 7-year incidence of total and cardiovascular mortal-
ity in relation to baseline glycaemic categories is shown
in Table 2. There were 262 (65.2%) deaths, of which 192
were cardiovascular. The Kaplan-Meier survival curves
illustrate higher risk for all-cause and cardiovascular
death in patients with clinical and undiagnosed diabetes
(Figure 1).
Cox proportional hazards models comparing patients

with undiagnosed and clinical diabetes with those with-
out diabetes are depicted in Table 2. All-cause mortality
risk was similar in subjects with undiagnosed and clini-
cal diabetes and significantly higher than in those with-
out diabetes, with an adjusted risk ratio of 1.69 (95% CI:
1.17-2.46) and 1.48 (95% CI: 1.10-1.99), respectively.
Patients with undiagnosed and clinical diabetes also
showed an increased risk for cardiovascular death, with
an adjusted risk ratio of 2.45 (95% CI: 1.58-3.81) and
2.01 (95% CI: 1.40-2.89), respectively. When patients

Table 1 Baseline characteristics of patients according to glycemic status at hospitalization

No diabetes (n = 188) Undiagnosed diabetes (n = 63) Clinical diabetes (n = 149) p-value

Age (years) 71.1 (11.4) 72.7 (10.4) 71.4 (7.7) 0.568

Male (%) 100 (53) 30 (49) 73 (48) 0.627

Cardiovascular risk factors

Smoking (%) 37 (19.8) 7 (11.3) 19 (12.6) 0.113

Hypertension (%) 129 (69) 44 (71) 126 (83.4) 0.007

Dyslipidemia (%) 40 (21.3) 17 (27) 56 (37.6) 0.002

Previous cardiovascular disease

MI (%) 39 (21) 18 (29) 51 (34) 0.024

Stroke (%) 20 (11) 7 (11) 23 (15) 0.434

Peripheral vascular disease (%) 16 (9) 4 (6) 31 (21) 0.001

HF ischemic etiology (%) 65 (35) 25 (40) 80 (54) 0.002

LVEF % (SD) 46 ± 18 47 ± 18 45 ± 18 0.771

Last-year HF Admission (%) 18 (9.6) 14 (22.6) 31 (20.7) 0.006

Biochemical parameters at admission

Fasting glucose mmol/L (SD) 5.5 ± 0.8 6.6 ± 1.5 7.8 ± 2.7 < 0.001

Creatinine μmol/L (SD) 116.7 ± 73.4 120.2 ± 49.5 114 ± 55.7 0.817

Haemoglobin g/L (SD) 0.131 ± 0.020 0.124 ± 0.023 0.125 ± 0.019 0.015

HF drug therapy at discharge

ACEI/ARA II (%) 122 (65.2) 39 (62.9) 97 (64.2) 0.943

b-blockers (%) 52 (27.8) 13 (21) 56 (37.1) 0.041

Diuretics (%) 163 (87.2) 52 (83.9) 126 (83.4) 0.597

Spirinolactone (%) 55 (29.4) 23 (37.1) 47 (31.1) 0.527

ACEI, angiotensin-converting enzyme inhibitors; ARA-II, angiotensin-2 receptor antagonists; HF, heart failure; LVEF, left ventricular ejection fraction; MI, myocardial
infarction.
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with clinical diabetes were stratified by antidiabetic ther-
apy, only those on insulin treatment showed signifi-
cantly increased all-cause mortality (figure 2), with an
adjusted risk ratio of 2.11 (95% CI: 1.48-3.00). This sub-
group of patients also had the highest risk of death from
a cardiovascular cause when compared with subjects
without diabetes [adjusted risk ratio 2.73 (95% CI: 1.76-
4.24)], table 2.

Discussion
A high proportion of subjects with diabetes were pre-
viously undiagnosed, consequently, the prevalence of
diabetes in patients with acute heart failure is higher
than previously recognized, occurring in more than half

of the patients studied. Furthermore, the study estab-
lished that patients with undiagnosed diabetes, despite
having less cardiovascular risk factors and comorbidities,
had a similar increased mortality as that of subjects with
clinical diabetes.

Prevalence of undiagnosed diabetes
The prevalence of diabetes in this study was higher than
previously reported, which ranged from 23% to 43%
[10-13]. This wide range reflects the diverse criteria
used to identify patients with diabetes and the differ-
ences between heart failure populations analyzed. Most
studies and registries of heart failure have only included
patients with clinical diabetes, based on medical history

Table 2 Adjusted hazards ratio (HR) for all-cause and cardiovascular death at 7-year follow-up in heart failure patients
with undiagnosed and clinical diabetes compared with those without diabetes

All-cause death p value Cardio-vascular death p value

No. of events (%) HR*(95% CI) No. of events (%) HR*(95% CI)

No-diabetes (n = 188) 105 (55.9) 1 (reference) 56 (29.8) 1 (reference)

Undiagnosed diabetes (n = 63) 45 (72.6) 1.69 (1.17-2.46) 0,006 36 (58.1) 2.45 (1.58-3.81) 0,001

Clinical diabetes (whole group) 112 (74.2) 1.48 (1.10-1.99) 0,009 84 (55.6) 2.01 (1.40-2.89) 0,006

Clinical diabetes (treatment)

Diet alone (n = 43) 28 (63.6) 1.38 (0.9-2.13) 0,129 20 (45.5) 1.87 (1.09-3.18) 0,026

Oral drugs (n = 48) 34 (70.8) 1.33 (0.89-1.98) 0,221 22 (45.8) 1.49 (0.89-2.47) 0,096

Insulin (n = 58) 50 (84.7) 2.11 (1.48-3.00) 0,005 42 (71.2) 2.73 (1.76-4.24) < 0,001

*Adjusted for age, sex, hypertension, dyslipidemia, smoking, previous stroke, previous myocardial infarction, peripheral vascular disease, hemoglobin and plasma
creatinine concentrations.

Figure 1 Kaplan-Meier survival curves for all cause (A) and cardiovascular (B) mortality* according to glycaemic category (no-diabetes,
clinical diabetes and undiagnosed diabetes). No-DM: no-diabetes mellitus; CDM: clinical diabetes mellitus; UDM: undiagnosed diabetes
mellitus. *Data are adjusted for age, sex, comorbidities, haemoglobin concentrations, left ventricular ejection fraction and standard heart failure
medication.
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or antidiabetic drug use [10-13]. This may exclude up to
20% of the population with diabetes following dietary
advice only, as well as those with undiagnosed diabetes.
In the present study, systematic “review” of fasting
blood glucose levels resulted in an undiagnosed diabetes
prevalence of 16%, which means that 30% of diabetes
cases were not detected. This figure is consistent with
the undiagnosed diabetes prevalence reported in subjects
with established cardiovascular disease [16,17,21,22]. In
patients with stable chronic heart failure, Kistorp et al
[18] described a clinical diabetes prevalence of 21%,
while that of undiagnosed diabetes was 6%. Further-
more, most diabetes prevalence studies in heart failure
have been conducted in outpatient clinics, while the pre-
sent study only included those requiring hospitalization
for acute decompensated heart failure. In the large US
ADHERE registry of patients with acute decompensated
heart failure, 40% of the patients had clinical diabetes
[13], similar to the 37% prevalence reported in the pre-
sent study. Therefore, the prevalence of diabetes in
heart failure patients seems to be increased in those
requiring hospitalization for acute decompensation.

Long-term mortality of patients with undiagnosed
diabetes
Patients with undiagnosed diabetes were 1.69 times
(95% CI: 1.16-2.35) more likely to die during follow-up
than those without diabetes. The excess in mortality

appears to be mainly due to increased cardiovascular
mortality. The present study demonstrates this relation-
ship in a cohort of heart failure patients and the results
are similar to those found in patients with coronary
artery disease [21,22]. The association between undiag-
nosed diabetes and increased mortality existed despite
the relative preservation of left ventricular ejection frac-
tion. This finding is in agreement with Suskin et al [19],
who found undiagnosed diabetes to be related to worse
symptomatic status, but not worsening of left ventricular
ejection fraction.
It is known that increased cardiovascular mortality in

type 2 diabetes is related, at least in part, with comor-
bidities such as hypertension, dyslipidaemia and other
cardiovascular diseases. However, in the present study,
patients with undiagnosed diabetes had a mortality risk
similar to those with clinical diabetes despite having
lower fasting blood glucose and HbA1c levels at admis-
sion and a lower prevalence of hypertension, dyslipidae-
mia, coronary heart disease and peripheral vascular
disease. Thus, the increased mortality in subjects with
undiagnosed diabetes must be attributed to factors other
than those usually associated with diabetes.
In this respect, previous studies showed heart failure

to be an insulin-resistant state that may predispose to
diabetes [28,29]. Amato et al [30] demonstrated in a
longitudinal study that chronic heart failure was asso-
ciated with an increased incidence of non-insulin-

Figure 2 Kaplan-Meier survival curves for all cause (A) and cardiovascular (B) mortality* according to glycaemic status and diabetes
treatment (no-diabetes, undiagnosed diabetes, clinical diabetes on diet, clinical diabetes on oral drugs and clinical diabetes on
insulin). No-DM: no-diabetes mellitus; CDM: clinical diabetes mellitus; UDM: undiagnosed diabetes mellitus. *Data are adjusted for age, sex,
comorbidities, haemoglobin concentrations, left ventricular ejection fraction and standard heart failure medication.
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dependent diabetes mellitus. Moreover, previous evi-
dence supports the idea that insulin resistance pro-
gresses within the natural course of heart failure [31].
Based on these findings, undiagnosed diabetes identified
in the present study could reflect a “hyperglycemia”
developed in patients with more severe heart failure, as
reflected by its association with more previous hospitali-
zations for acute heart failure. Therefore, rather than
being the cause of poor clinical outcomes, undiagnosed
diabetes could represent a prognostic marker of heart
failure severity.
To our knowledge, this is the first study to describe

the prevalence of undiagnosed diabetes in patients with
acute heart failure and to analyze the impact of this
condition on long-term mortality. The clinical relevance
of our findings is that more attention should be paid in
diagnosing glucose abnormalities in patients admitted
with heart failure, as this simple, cost-effective interven-
tion allows identification of high-risk patients who could
benefit from more aggressive therapeutic interventions.
Our study has some limitations that need to be

acknowledged. The retrospective collection of clinical
data precluded gathering information that might have
been used to more accurately assess the relationship
between diabetes and mortality in patients with heart
failure, such as diabetes duration, complete data on
HbA1c and microangiopathic complications. However,
the retrospective collection of clinical data allowed eva-
luation of the impact of undiagnosed diabetes; a pro-
spective study would have prevented this analysis on
ethical grounds. Furthermore, the cohort of the present
study was restricted to patients with acute decompen-
sated heart failure that required hospitalization, and
thus the data observed here cannot be extrapolated to
the whole heart failure population. Finally, we do not
have information regarding the possible diagnosis and
treatment of diabetes during the seven-year follow-up
period in those patients with undiagnosed diabetes at
the time of admission, and thus can not analyze poten-
tial differences. Therefore, further studies will be needed
to ascertain whether early diagnosis and treatment of
diabetes can improve clinical outcomes in these patients.

Conclusions
Undiagnosed diabetes is common in patients requiring
hospitalization for acute heart failure. Patients with
undiagnosed diabetes, despite having a lower cardiovas-
cular risk profile than those with clinical diabetes, show
a similar increased mortality. These findings underscore
the importance of identifying glucose abnormalities in
heart failure patients. This simple and cost-effective
intervention permits identification of high-risk patients
who could benefit from aggressive therapeutic
interventions.

Consent
Written informed consent was obtained from the patient
for publication of this study. A copy of the written con-
sent is available for review by the Editor-in-Chief of this
journal.

List of Abbreviations
ACE: Angiotensin converting enzyme; CI: confidence interval; HbA1c:
glycosylated hemoglobin; ICD: International classification of diseases; SD:
standard deviation.

Acknowledgements
We thank Elaine Lilly and Christine O’Hara for review of the English version
of the manuscript.

Author details
1Department of Endocrinology, Hospital del Mar, Departament de Medicina,
Universitat Autónoma de Barcelona, Spain. 2Department of Endocrinology,
Hospital del Mar, Paseo Marítimo, 25-29 E-08003 Barcelona, Spain.

Authors’ contributions
JAFL and JC carried out the design of the study, participated in patient
recruitment and elaborated the draft of the manuscript. DB participated in
patient recruitment and in the design of the study. JJC performed the
statistical analysis; JPD carried out patient recruitment and participated in
the draft of the manuscript. AG and JP-B participated in the design of the
study and coordination. JFC conceived the study and participated in design
and coordination. All authors read and approved the final manuscript.

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

Received: 30 March 2011 Accepted: 14 May 2011
Published: 14 May 2011

References
1. Nichols GA, Hillier TA, Erbey JR, Brown JB: Congestive heart failure in type

2 diabetes: prevalence, incidence and risk factors. Diabetes Care 2001,
24:1614-9.

2. Iribarren C, Karter AJ, Go AS, Ferrara A, Liu JY, Sidney S, Selby JV: Glycemic
control and heart failure among adult patients with diabetes. Circulation
2001, 103:2668-73.

3. Bell D: Heart failure: the frequent forgotten and often fatal complication
of diabetes. Diabetes Care 2003, 26:2433-41.

4. Kannel WB, Hjortland M, Castelli WP: Role of diabetes in congestive heart
failure: the Framingham study. Am J Cardiol 1974, 34:29-34.

5. UK Prospective Diabetes Study Group: Tight blood pressure control and
risk of macrovascular and microvascular complications in type 2
diabetes: UKPDS 38. BMJ 1998, 317:703-13.

6. Bertoni AG, Hundley WG, Massing MW, Bonds DE, Burke GL, Goff DCJ: Heart
failure prevalence, incidence, and mortality in the elderly with diabetes.
Diabetes Care 2004, 27:699-703.

7. Bauters C, Lamblin N, McFadden E, Van Belle E, Millaire A, de Groote P:
Influence of diabetes mellitus on heart failure risk and outcome.
Cardiovasc Diabetol 2003, 2:1.

8. de Groote P, Lamblin N, Mouquet F, Plichon D, McFadden E, Van Belle E,
et al: Impact of diabetes mellitus on long-term survival in patients with
congestive heart failure. Eur Heart J 2004, 25:656-62.

9. Ahmed A, Aban IB, Vaccarino V, Lloyd-Jones DM, Goff DC Jr, Zhao J, et al: A
propensity matched study of the effect of diabetes on the natural
history of heart failure: variations by sex and age. Heart 2007, 93:1584-90.

10. Kumler T, Gislason GH, Kober L, Torp-Pedersen C: Diabetes is an
independent predictor of survival 17 years after myocardial infarction:
follow-up of the TRACE registry. Cardiovasc Diabetol 2010, 9:22.

11. Edelmann F, Wachter R, Düngen HD, Störk S, Richter A, Stahrenberg R, the
German “Competence Network Heart Failure”, et al: Heart failure therapy
in diabetic patients-comparison with the recent ESC/EASD guideline.
Cardiovasc Diabetol 2011, 10:15.

Flores-Le Roux et al. Cardiovascular Diabetology 2011, 10:39
http://www.cardiab.com/content/10/1/39

Page 6 of 7

http://www.ncbi.nlm.nih.gov/pubmed/11522708?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11522708?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11390335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11390335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12882875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12882875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4835750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4835750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9732337?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9732337?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9732337?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14988288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14988288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12556246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15084370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15084370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17488764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17488764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17488764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20525192?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20525192?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20525192?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21303531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21303531?dopt=Abstract


12. SOLVD investigators: Effect of enalapril on survival in patients with
reduced left ventricular ejection fractions and congestive heart failure.
N Engl J Med 1991, 325:293-302.

13. Adams KF Jr, Fonarow GC, Emerman CL, LeJemtel TH, Costanzo MR,
Abraham WT, et al: Characteristics and outcomes of patients hospitalized
for heart failure in the United States: rationale, design, and preliminary
observations from the first 100,000 cases in the Acute Decompensated
Heart Failure National Registry (ADHERE). Am Heart J 2005, 149:209-16.

14. Harding S, Anscombe R, Weatherall M, Prasad S, Lever N, Krebs J: Abnormal
glucose metabolism and features of the metabolic syndrome are
common in patients presenting for elective cardiac catheterization. Int
Med J 2006, 36:759-64.

15. Conaway DG, O’Keefe JH, Reid KJ, Spertus J: Frequency of undiagnosed
diabetes mellitus in patients with acute coronary syndrome. Am J Cardiol
2005, 96:363-5.

16. Gray CS, Scott JF, French JM, Alberti KG, O’Connell JE: Prevalence and
prediction of unrecognised diabetes mellitus and impaired glucose
tolerance following acute stroke. Age Ageing 2004, 33:71-7.

17. Ishihara M, Inoue I, Kawagoe T, Shimatani Y, Kurisu S, Hata T, et al: Is
admission hyperglycaemia in non-diabetic patients with acute
myocardial infarction a surrogate for previously undiagnosed abnormal
glucose tolerance? Eur Heart J 2006, 27:2413-9.

18. Kistorp C, Galatius S, Gustafsson F, Faber J, Corell P, Hildebrandt P:
Prevalence and characteristics of diabetic patients in a chronic heart
failure population. Int J Cardiol 2005, 100:281-7.

19. Suskin N, McKelvie RS, Burns RJ: Glucose and insulin abnormalities relate
to funtional capacity in patients with congestive heart failure. Eur Heart J
2000, 21:1368-75.

20. Sacco RL, Shi T, Zamanillo MC, Kargman DE: Predictors of mortality and
recurrence after hospitalized cerebral infarction in an urban community:
the Northern Manhattan Stroke Study. Neurology 1994, 44:626-34.

21. Tenenbaum A, Motro M, Fisman EZ, Boyko V, Mandelzweig L, Reicher-Reiss H,
et al: Clinical impact of borderline and undiagnosed diabetes mellitus in
patients with coronary artery disease. Am J Cardiol 2000, 86:1363-6.

22. Muhlestein JB, Anderson JL, Horne BB, Lavasani F, Allen Maycock CA,
Bair TL, Intermountain Heart Collaborative Study Group, et al: Effect of
fasting glucose levels on mortality rate in patients with and without
diabetes mellitus and coronary artery disease undergoing percutaneous
coronary intervention. Am Heart J 2003, 146:351-8.

23. Devroey D, Van Casteren V: Symptoms and clinical signs associated with
hospital admission and mortality for heart failure. Cent Eur J Public Health
2010, 18:209-14.

24. Merlo J, Ostergren PO, Broms K, Bjorck-Linne A, Liedholm H: Survival after
initial hospitalisation for heart failure: a multilevel analysis of patients in
Swedish acute care hospitals. J Epidemiol Community Health 2001, 55:323-9.

25. Jong P, Vowinckel E, Liu PP, Gong Y, Tu JV: Prognosis and determinants of
survival in patients newly hospitalized for heart failure: a population-
based study. Arch Intern Med 2002, 162:1689-94.

26. Croft JB, Giles WH, Pollard RA, Keenan NL, Casper ML, Anda RF: Heart
failure survival among older adults in the United States. Arch Intern Med
1999, 159:505-10.

27. American Diabetes Association: Report of the Expert Committee on the
diagnosis and classification of diabetes mellitus. Diabetes Care 1997,
209:1183-97.

28. Paolisso G, De Riu S, Marrazzo G, Verza M, Varricchio M, D’Onofrio F: Insulin
resistance and hyperinsulinemia in patients with chronic congestive
heart failure. Metabolism 1991, 40:972-7.

29. Paolisso G, Gambardella A, Galzerano D, D’Amore A, Rubino P, Verza M,
et al: Total-body and myocardial substrate oxidation in congestive heart
failure. Metabolism 1994, 43:174-9.

30. Amato L, Paolisso G, Cacciatore F, Ferrara N, Ferrara P, Canonico S, et al:
Congestive heart failure predicts the development of non-insulin-
dependent diabetes mellitus in the elderly. The Osservatorio Geriatrico
Regione Campania Group. Diabetes Metab 1997, 23:213-8.

31. Swan JW, Anker SD, Walton C, Godsland IF, Clark AL, Leyva F, et al: Insulin
resistance in chronic heart failure: relation to severity and etiology of
heart failure. J Am Coll Cardiol 1997, 30:527-32.

doi:10.1186/1475-2840-10-39
Cite this article as: Flores-Le Roux et al.: Seven-year mortality in heart
failure patients with undiagnosed diabetes: an observational study.
Cardiovascular Diabetology 2011 10:39.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Flores-Le Roux et al. Cardiovascular Diabetology 2011, 10:39
http://www.cardiab.com/content/10/1/39

Page 7 of 7

http://www.ncbi.nlm.nih.gov/pubmed/2057034?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2057034?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15846257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15846257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15846257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15846257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16054458?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16054458?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14695867?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14695867?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14695867?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17000629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17000629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17000629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17000629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15823636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15823636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10952826?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10952826?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8164815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8164815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8164815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11113414?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11113414?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12891207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12891207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12891207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12891207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21361105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21361105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11297650?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11297650?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11297650?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12153371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12153371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12153371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10074960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10074960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1895963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1895963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1895963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8121298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8121298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9233998?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9233998?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9233998?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9247528?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9247528?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9247528?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Patients and Methods
	Patients and baseline measurements
	Mortality data
	Statistical analysis

	Results
	Baseline characteristics
	Mortality during follow-up

	Discussion
	Prevalence of undiagnosed diabetes
	Long-term mortality of patients with undiagnosed diabetes

	Conclusions
	Consent
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


