UNIVERSITA
DEGLI STUDI

FIRENZE

FLORE
Repository istituzionale dell'Universita degli Studi
di Firenze

Acute hyperglycemia and insulin resistance in acute heart failure
syndromes without previously known diabetes

Questa ¢ la Versione finale referata (Post print/Accepted manuscript) della seguente pubblicazione:

Original Citation:

Acute hyperglycemia and insulin resistance in acute heart failure syndromes without previously known
diabetes / C.Lazzeri; S.Valente; P.Attana; M.Chiostri; C.Picariello; G.F.Gensini. - In: INTERNAL AND
EMERGENCY MEDICINE. - ISSN 1970-9366. - STAMPA. - ...:(2011), pp. 0-0.[10.1007/s11739-011-0597-4]

Availability:
The webpage https://hdl.handle.net/2158/592579 of the repository was last updated on

Published version:
DOI: 10.1007/s11739-011-0597-4

Terms of use:
Open Access

La pubblicazione & resa disponibile sotto le norme e i termini della licenza di deposito, secondo quanto
stabilito dalla Policy per I'accesso aperto dell'Universita degli Studi di Firenze
(https://www.sba.unifi.it/upload/policy-0a-2016-1.pdf)

Publisher copyright claim:

La data sopra indicata si riferisce all'ultimo aggiornamento della scheda del Repository FlIoRe - The above-
mentioned date refers to the last update of the record in the Institutional Repository FIoRe

(Article begins on next page)

04 May 2026


https://hdl.handle.net/2158/592579

Intern Emerg Med
DOI 10.1007/s11739-011-0597-4

IM - ORIGINAL

Acute hyperglycemia and insulin resistance in acute heart failure
syndromes without previously known diabetes

Chiara Lazzeri * Serafina Valente - Paola Attana -
Marco Chiostri - Claudio Picariello -
Gian Franco Gensini

Received: 30 December 2010/ Accepted: 19 April 2011
© SIMI 2011

Abstract No data is so far available on the relation
between glucose values and insulin resistance and mortal-
ity, both at short- and long-term, in patients with acute
heart failure syndromes (AHF). We prospectively assessed
in 100 consecutive non-diabetic AHF patients whether
acute glucose metabolism, as indicated by fasting glycemia
and insulin resistance (HOMA index) was able to affect
short- and long-term mortality. In the overall population,
51 patients showed admission glucose values >140 mg/dl.
No significant difference was observed in admission and
peak glycemia, insulin and C-peptide values and in
HOMA-index between dead and survived patients. At
multivariate logistic backward stepwise analysis the fol-
lowing variables were independent predictors for in-ICCU
mortality (when adjusted for left ventricular ejection frac-
tion): Fibrinogen (1 mg/dl increase) [OR (95% CI) 0.991
(0.984-0.997); p = 0.004]; NT-pro BNP (100 UI increase)
[OR (95%CT) 1.005 (1.002-1.009); p = 0.004]; leukocyte
count (1,000/ul increase) [OR (95%CI) 1.252 (1.070-
1.464); p = 0.005]. eGFR was independently correlated
with long-term mortality (HR 0.96, 95%CI 0.94-0.98,
p < 0.001). In consecutive patients with acute heart failure
without previously known diabetes, we documented, for
the first time, that fasting glucose and insulin values and
insulin resistance do not affect mortality at short- and long-
term. Inflammatory activation (as indicated by the leuko-
cyte count and the fibrinogen) and NT-pro BNP levels are
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independent predictors for early death while the eGFR
affects the long-term mortality.
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Introduction

Glucose values and acute insulin resistance have been
investigated in various acute cardiac conditions [1-8].

The association between hyperglycemia and increased
mortality associated with acute coronary syndrome (ACS)
has been extensively studied and confirmed [1]. In patients
with ST elevation myocardial infarction (STEMI), hyper-
glycemia is common, and, though frequently untreated,
associated with an increased risk of death [1-5]. In these
patients, increased glucose values hold a prognostic role
when measured not only on admission [1], but also
throughout hospital stay [6-8]. The prognostic role of
hyperglycemia has also been reported in cardiogenic shock
complicating acute myocardial infarction [9—12]. Insulin
resistance, known to be part of the glyco-metabolic
response to stress, has been investigated in a few studies by
means of the Homeostatic Model Assessment (HoMA
index), in the early phase of acute myocardial infarction
[13] and in ACS patients [14]. In non-diabetic STEMI
patients submitted to PCI, we report that insulin resistance,
as assessed by HOMA-index, is quite common, and helps
in the early risk stratification, since it represents an inde-
pendent predictor for in-hospital mortality [15]. In patients
with ACS, insulin resistance quantified by the HOMA
index, seems to have a significant important prognostic
role, both in primary and secondary prevention [16].
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On the other hand, Kosiborod et al. [17] find no sig-
nificant association between admission glucose levels and
mortality in a large cohort of patients hospitalized with
heart failure, thus suggesting that the relationship between
hyperglycemia and adverse outcomes seen in acute myo-
cardial infarction cannot be automatically extended to
patients hospitalized with other cardiovascular conditions.

No data is so far available on the relation between
glucose values and insulin resistance and mortality, both at
short- and long-term, in patients with acute heart failure
syndromes (AHF) [18-21].

In the present investigation, we prospectively assessed
in 100 consecutive AHF patients whether acute glucose
metabolism, as indicated by fasting glycemia and insulin
resistance (HOMA index) was able to affect short and
long-term mortality.

Methods

We prospectively enrolled 100 consecutive patients with
AHFs [18-22] who were without previously known dia-
betes, admitted to our Intensive Cardiac Care Unit from 30
June 2008 to 30 June 2009.

Our series comprises AHF patients with ACS (submitted
to mechanical revascularization [23-27]), and those with
decompensated heart failure. All patients were rapidly
transferred to our ICCU either from the Emergency
Department (ED) or from the Catheterization Laboratory
after mechanical revascularization.

On ICCU admission, in a fasting blood sample, the
following parameters were measured: glucose (g/1), insulin
(UI/L), C-peptide (UI/L), troponin I (Tn I, ng/ml), uric acid
(mg/dl) [25, 28], NT-pro Brain Natriuretic Peptide (NT-
proBNP) (pg/ml) [24], leukocyte count (x 103/u1), fibrino-
gen (mg/dl), erythrocyte sedimentation rate (ESR), lactate,
C-reactive protein (C-RP, mg/dl). Creatinine (mg/dl) was
also measured in order to calculate a glomerular filtration
rate (ml/min/1.73 mz) [29, 30]. Glucose values were
measured three times a day, and the peak glucose was
determined. In patients with STEMI and UA/NSTEMI, Tn
I levels were measured three times a day, and the peak Tnl
level was determined.

Transthoracic 2-dimensional echocardiography was
performed on ICCU admission in order to measure the left
ventricular ejection fraction (LVEF).

Definition of insulin resistance
The criteria used for the definition of insulin resistance are
in accordance with the recently published guidelines pro-

posed by the European Group of the study of Insulin
Resistance (EGIR) [15]. HOMA was calculated according
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to the following formula: {[fasting insulin (pU/ml)] x
[fasting glucose (mmol/1)]}/22.5 [31]. Subjects whose
values exceeded the gender-specific 75th percentile (pct)
(i.e. 1.80 for women and 2.12 for men) were considered to
have insulin resistance (HOMA-IR) [32].

The study protocol was in accordance with the Decla-
ration of Helsinki and approved by the local Ethics Com-
mittee. Informed consent was obtained from all patients
before enrollment.

Mean follow-up (283 days (25th—75th pct: 39-406)
median follow-up 9.4 months (25th-75th pct: 1.3-13.6)

All surviving patients (83%) were contacted by clinical
interview or telephone as part of a prospective follow-up
program. The endpoint was all-cause death.

Statistical analysis

Analysis has been performed using SPSS 13.0 statistical
package (SPSS Inc., Chicago, IL, USA). Categorical data are
expressed as frequencies and percentages; continuous data
are reported as mean =+ standard deviation (SD) or median
(25th—75th pct), according to a normal or non-normal data
distribution, assessed by means of Kolmogorov—Smirnov
one-sample test. Univariate analysis (chi-squared or Fisher’s
exact test for categorical data; Student’s ¢ test or Mann—
Whitney U test for continuous data) was used to identify
candidate variables for multivariate analysis using a signif-
icant threshold. Backward stepwise logistic regression was
performed in order to identify predictors of in-ICCU mor-
tality. The Hosmer-Lemeshow test assessed the calibration
of the logistic model, and a c-statistic was used to test its
goodness-of fit. A Cox proportional hazards model was used
to compute adjusted hazard ratios and 95% confidence
intervals in order to assess the relation between each
predictor (chosen as above reported) and death at follow-up.
Survival analysis was performed by means of the Kaplan—
Meier survival curve; the log-rank test is reported. In
all cases, a two-tailed p value <0.05 was considered
significant.

Results

Our study population comprises patients with ACSs
(STEMI 21%, NSTEMI 26%) and decompensated chronic
heart failure (53%). In our series, the mean age was
73.9 £ 9.5 males and females were equally represented (49
and 51%, respectively). Hypertension was present in 77%,
while COPD was found in 18%. The length of stay was
76 h (46-158) and in-ICCU mortality was 17%.
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Ventilatory support was needed in 43% of all patients,
renal replacement therapy in 22%, while an intra-aortic
balloon pump was implemented in 19% (Table 1). As
depicted in Table 2, AHR patients with ACS showed
higher values of Tn I values (p < 0.001) when compared to
those with decompensated HF. No other difference was
detectabale between the two groups. Table 3 shows the
comparison between patients who survived, and those who
did not. Survival patients exhibited an higher LVEF
(p = 0.026) and lower values of admission heart rate
(p < 0.001). Mechanical ventilation and IABP were more
frequently used in patients who did not survive (p < 0.001
and p = 0.003, respectively), while no significant differ-
ence was observed in regard to inotropic drugs between the
two subgroups.

Survival patients exhibited lower values of NT-pro
BNP, leukocyte, fibrinogen and lactate levels (p = 0.003,
p = 0.026, p =0.030 and p = 0.047, respectively) in
comparison to dying patients, while no significant differ-
ence was observed in admission and peak glycemia, insulin
and C-peptide values and in HOMA-index between the two
subgroups. In the overall population, 51 patients showed
admission glucose values >140 mg/dl, with no difference
between dying and survival patients (dying patients
12/17—70.6%; survival patients 39/83—47%; chi-square
p = 0.076).

At multivariate logistic backward stepwise analysis the
following variables were independent predictors for in-
ICCU mortality (when adjusted for LVEF): Fibrinogen
(1 mg/dl increase) [OR (95% CI) 0.991 (0.984-0.997);
p = 0.004]; NT-pro BNP (100 UI increase) [OR (95% CI)
1.005 (1.002-1.009); p = 0.004]; leukocyte count (1,000/
pul increase) [OR (95% CI) 1.252 (1.070-1.464);
p = 0.005]; (Hosmer—Lemeshow ;(2: 11.742, 8 degrees of
freedom, p = 0.163); c-statistics goodness-of-fit: 84%
(p < 0.001; sensitivity 73%, specificity 86%).

Table 1 Devices and inotropic agents

Frequency (%)

Mechanical ventilation 24 (24.0)
cPAP 19 (19.0)
CVVHDF 22 (22.0)
IABP 19 (19.0)
Inotropic agents
Norepinephrine 10 (10.0)
Dobutamine 11 (11.0)
Dopamine 30 (30.0)

cPAP continuous positive pressure ventilation, CVVHDF continuous
veno-venous hemo-dia ultrafiltration, JABP intra aortic balloon pump,
SD standard deviation, interquartile range, /CCU intensive cardiac
care unit

At long-term follow-up, neither admission glycemia nor
peak glycemia were significantly correlated with death
(univariable proportional hazards Cox regression analysis).
Admission glycemia: unadjusted HR 0.95, 95% CI
0.52-1.71, p = 0.861. Peak glycemia: unadjusted HR 0.93,
95% CI 0.58-1.50, p = 0.774.

At backward stepwise proportional hazards Cox
regression analysis, the eGFR was independently corre-
lated with long-term mortality (HR 0.96, 95% CI
0.94-0.98, p < 0.001). Figure 1 shows a survival analysis
performed by means of the Kaplan—Meier survival curve.

Discussion

Acute heart failure syndromes remain a major cause of
morbidity and mortality, in part because of the lack of
definitive evidence for AHFS management and risk strati-
fication parameters [33]. As recently stated by Weintraub
et al. [21], there is a clinical need to identify clinical and
laboratory tools useful for risk stratification in the AHF
population, given its heterogeneity. Hyperglycemia and
acute insulin resistance in these patients may be addressed
for risk stratification as well as for treatment, but no data
are so far available on this topic.

In the present investigation performed in consecutive
patients with acute heart failure without previously known
diabetes, we document that fasting glucose and insulin
values and insulin resistance do not affect mortality at
short- and long-term. Inflammatory activation (as indicated
by leukocyte count and fibrinogen) and NT-pro BNP are
independent predictors for early death while thee GFR
affects the long-term mortality.

There is a paucity of data (mainly reported in retro-
spective papers) on the prognostic role of admission glu-
cose values in acute decompensated HF patients. In a
retrospective study, Shook et al. [34] examined admission
serum glucose in 77 Afro-American patients without a
history of diabetes, who were hospitalized with either
chronic, decompensated biventricular failure or acute left
heart failure, and find that hyperglycemias an infrequent
finding. In a large cohort of acute decompensated heart
failure patients, Novack et al. [35] retrospectically evalu-
ated the relationship between routine admission laboratory
tests results (including glucose levels), patient character-
istics and 30-day and 1-year mortality in patients admitted
for decompensated heart failure. Glucose values were the
only laboratory admission parameters that did not differ
between survivors and deceased patients, and there is no
association between glucose >200 mg/dL and 1-year
mortality in patients with without diabetes.

While hyperglycemia is well established as a prognostic
indicator and as a therapeutic target in ACS patients [1, 2],
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Table 2 Comparison between AHF patients in acute coronary syndromes and those in decompensated heart failure

Mean =+ standard deviation or median (IR) or frequency (%) p value
AHF in ACS (n = 47) AHF in decompensated (n = 53)
Age (mean £ SD, years) 75.0 £ 9.5 73.0 £ 9.5 0.307"
Gender [males/females, frequency (%)] 24/23 (51.1/48.9%) 25/28 (47.2/52.8%) 0.697¢
Comorbidities [frequency (%)]
Hypertension, frequency (%) 36 (76.6%) 41 (77.4%) 0.928"
COPD, frequency (%) 9 (19.1%) 9 (17.0%) 0.778¢
LVEF (%) 320+ 9.6 31.1 £94 0.628"
Admission heart rate (mean & SD, beats/min) 89.5 + 23.7 86.8 + 20.9 0.554"
Admission systolic blood pressure (mean £ SD, mmHg) 124 + 25 116 + 28 0.146'
LOS [median (IR), h] 96 (32-148) 72 (48-144) 0.549Y
Devices
Mechanical ventilation 8 (17.0%) 16 (30.2%) 0.124¢
cPAP 7 (14.9%) 12 (22.6%) 0.324¢
CVVHDF 7 (14.9%) 15 (28.3%) 0.106¢
IABP 14 (29.8%) 5 (9.4%) 0.010¢
Inotropic agents
Norepinephrine 4 (8.5%) 6 (11.3%) 0.746%
Dobutamine 3 (6.4%) 9 (17.0%) 0.104¢
Dopamine 15 (31.9%) 18 (34.0%) 0.828¢
Laboratory data
Admission glucose (g/1) 1.67 £ 0.70 1.56 £ 0.72 0.418"
Peak glycemia (g/1) 2.08 £ 0.72 1.91 £ 0.87 0.302"
Insulinemia (UI/1) 13.5 (5.9-21.5) 10.8 (5.3-31.0) 0.856"
HOMA-index 0.75 (0.30-1.54) 0.63 (32-1.83) 0.643Y
C-peptide (UI/1) 1.02 (0.60-1.61) 0.94 (0.63-1.66) 0.762Y
NT-pro BNP (pg/ml) 10,582 (3,674-20,058) 7,754 (3,490-16,958) 0.259Y
Tn I (ng/ml) 32.3 (5.8-111.4) 0.9 (0.2-3.4) <0.001Y
C-reactive protein positivity 41 (87.2%) 38 (71.7%) 0.045¢
Leukocytes (x1,000/pl) 10.7 £ 4.2 109 £ 4.2 0.809"
Fibrinogen (mg/dl) 516 £+ 126 488 + 124 0.288"
Uric acid (mg/dl) 7.0 £ 2.6 6.5 +25 0.363"
Lactate (mmol/l) 1.1 (0.8-2.0) 1.1 (0.9-3.4) 0.946Y
eGFR (ml/min/1.73 m?) 64.2 + 27.1 54.8 + 36.3 0.147"
ICCU deaths 6 (12.8%) 11 (20.8%) 0.288¢
Follow-up deaths 10 (24.4%) 16 (38.1%) 0.178¢
Follow-up length [median (IR), days] 371 (112-421) 255 (24-402) 0.199Y

COPD chronic obstructive pulmonary disease, LVEF left ventricular ejection fraction, LOS length of stay, cPAP continuous positive pressure
ventilation, CVWHDF continuous veno-venous hemo-dia ultrafiltration, /ABP intra-aortic balloon pump, HOMA homeostatic model assessment,
NT-pro-BNP N terminal brain natriuretic peptide, eGFR estimated glomerular filtration rate, SD standard deviation, interquartile range, /ICCU

intensive cardiac care unit, ' Student’s 7 test, ¢ Chi-square test, v Mann—Whitney U test, F Fisher’s exact test

in AHF patients according to our results, glucose values
and insulin resistance lack any prognostic significance at
short- and long-term. Our findings are in agreement with
those by Kosiborod et al. [17], who find no significant
association between admission glucose levels and mortality
in a large cohort of patients hospitalized with heart failure.
Similarly, Falciglia et al. [36] report, in a large and
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heterogeneous cohort of critically ill patients, that hyper-
glycemia-related mortality is disproportionately greater in
some medical conditions than others, suggesting differ-
ences in the interaction between specific medical condi-
tions and injury from hyperglycemia.

In keeping with these previous findings [17, 36], our
data strongly suggest that hyperglycemia related risk may
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Table 3 Comparison between survivors and non-survivors

Mean =+ standard deviation or median (IR) or frequency (%) p value
Survivors (n = 83) Non survivors (n = 17)
Age (mean £ SD, years) 73.6 £ 9.0 75.7 £ 12.0 0.492
Gender [males/females, frequency (%)] 41/42 (49.4/50.6%) 8/9 (47.1/52.9%) 0.860
Comorbidities [frequency (%)]
Hypertension, frequency (%) 64 (77.1%) 13 (76.5%) 0.955
COPD, frequency (%) 14 (16.9%) 4 (23.5%) 0.501*
LVEF, frequency (%) 325 £ 88 269+ 114 0.026
Admission heart rate (mean & SD, beats/min) 88.0 + 20.9 88.5 + 28.9 0.936
Admission systolic blood pressure (mean £+ SD, mmHg) 124 £ 25 94 £+ 23 <0.001
LOS [median (IR), h] 87 (48-144) 48 (3.5-267) 0.318
Devices
Mechanical ventilation 10 (12.0%) 14 (82.4%) <0.001
cPAP 14 (16.9%) 5 (29.4%) 0.306
CVVHDF 15 (18.1%) 7 (41.2%) 0.053
IABP 11 (13.3%) 8 (47.1%) 0.003
Inotropic agents
Norepinephrine 6 (7.2%) 4 (23.5%) 0.064
Dobutamine 9 (10.8%) 3 (17.6%) 0.424
Dopamine 24 (28.9%) 9 (52.9%) 0.087
Laboratory data
Admission glucose 1.58 £0.72 1.75 £ 0.70 0.401
Peak glycemia 1.96 £+ 0.82 2.15£0.70 0.397
Insulinemia 11.9 (5.9-22.3) 7.1 (3.6-12.8) 0.130
HOMA-index 0.72 (0.32-1.70) 0.31 (0.23-1.26) 0.209
C-peptide 0.97 (1.64-1.38) 1.62 (0.48-2.50) 0.804
NT-pro BNP 7,329 (3,330-15,844) 24,131 (10,803-33,640) 0.003
Tn 1 2.49 (0.34-34.29) 45.60 (5.24-232.93) 0.804
C-reactive protein positivity 65 (78.3%) 13 (100%) 0.0487*
Leukocytes (x1,000/pl) 10.34 £ 3.95 12.96 £ 5.02 0.026
Fibrinogen 513 +£ 120 437 £+ 134 0.030
Uric acid 6.8 +24 6.6 + 3.7 0.898
Lactate 0.9 (0.8-1.6) 3.3 (1.8-12.8) 0.047
eGFR (ml/min/1.73 m?) 61.6 + 304 48.0 £ 42.0 0.137

COPD chronic obstructive pulmonary disease, LVEF left ventricular ejection fraction, LOS length of stay, cPAP continuous positive pressure
ventilation, CVVHDF continuous veno-venous hemo-dia ultrafiltration, /ABP intra-aortic balloon pump, HOMA homeostatic model assessment,
NT-pro-BNP N terminal brain natriuretic peptide, eGFR estimated glomerular filtration rate, SD standard deviation, interquartile range, /CCU

intensive cardiac care unit

* Fisher’s exact test

vary with the underlying conditions in acute cardiac
patients, being strong and well established in ACS patients
and weak in AHF syndromes.

Finally, we observe that renal function (as indicated by
eGFR) is an independent predictor of long-term mortality.
Our finding is in keeping with previous investigations in
which the admission and discharge eGFR are both strong
univariate predictors of mortality [37, 38].

A possible limitation of the present study is that, since it
is a single center experience, it comprises a small number

of patients. However, our population comprises consecu-
tive AHF patients, acutely admitted to our ICCU shortly
after hospital arrival, thus mirroring the real world
scenario.

In conclusion, in consecutive patients with acute heart
failure without previously known diabetes, we document
that fasting glucose and insulin values and insulin resis-
tance do not affect mortality at short- and long-term.
Inflammatory activation (as indicated by the leukocyte
count and the fibrinogen) and NT-pro BNP levels are

@ Springer



Intern Emerg Med

Cumulative Survival

10

.., ‘i Discharge eGFR >60 ml/min/1.73 sgm
0,8 - ":
0,6 — "L

[ +: Censored

04 - (R 5
02 - Discharge eGFR 60 ml/min/1.73 sqm
00 Log Rank test x square 16.65, p<0.001

! ! ! ! !
0 200 400 600 800

Follow-up (days)

Fig. 1 Kaplan—Meier analysis

Conflict of interest

independent predictors for early death while the eGFR
affects long-term mortality.

None.

References

. Loomba RS, Arora R (2010) Hyperglycemia and acute coronary

syndrome: a systematic review of hyperglycemia’s impact on
ACS. Am J Ther 17(2):e48-€51

. Deedwania P, Kosiborod M, Barrett E, et al., American Heart

Association Diabetes Committee of the Council on Nutrition,
Physical Activity and Metabolism (2008) Hyperglycemia and
acute coronary syndrome: a scientific statement from the Amer-
ican Heart Association Diabetes Committee of the Council on
Nutrition, Physical Activity, and Metabolism. Circulation
117(12):1610-1619

. Kosiborod M, Rathore SS, Inzucchi SE (2005) Admission glu-

cose and mortality in elderly patients hospitalized with acute
myocardial infarction: implications for patients with and without
recognized diabetes. Circulation 111(23):3078-3086

. Kosiborod M, Inzucchi SE, Krumholz HM et al (2008) Gluco-

metrics in patients hospitalized with acute myocardial infarction:
defining the optimal outcomes-based measure of risk. Circulation
117(8):1018-1027

. Lazzeri C, Chiostri M, Sori A, Valente S, Gensini GF (2010)

Postprocedural hyperglycemia in ST elevation myocardial
infarction submitted to percutaneous coronary intervention: a
prognostic indicator and a marker of metabolic derangement.
J Cardiovasc Med (Hagerstown) 11(1):7-13

. Svensson AM, McGuire DK, Abrahamsson P, Dellborg M (2005)

Association between hyper- and hypoglycaemia and 2 year all-
cause mortality risk in diabetic patients with acute coronary
events. Eur Heart J 26(13):1255-1261

. Goyal A, Mahaffey KW, Garg J et al (2006) Prognostic signifi-

cance of the change in glucose level in the first 24 h after acute
myocardial infarction: results from the CARDINAL study. Eur
Heart J 27(11):1289-1297

@ Springer

10.

11.

13.

14.

15.

16.

17.

18.

19.

. Suleiman M, Hammerman H, Boulos M et al (2005) Fasting

glucose is an important independent risk factor for 30-day mor-
tality in patients with acute myocardial infarction: a prospective
study. Circulation 111(6):754-760

. Valente S, Lazzeri C, Vecchio S, Giglioli C, Margheri M,

Bernardo P, Comeglio M, Chiocchini S, Gensini GF (2007)
Predictors of in-hospital mortality after percutaneous coronary
intervention for cardiogenic shock. Int J Cardiol 114(2):176-182
Cheng HH, Yen PC (2010) Killip classification and glucose level
in patients with acute myocardial infarction. Am J Emerg Med
28(8):853-856

Vis MM, Sjauw KD, van der Schaaf RJ, Baan J Jr, Koch KT,
DeVries JH, Tijssen JG, de Winter RJ, Piek JJ, Henriques JP
(2007) In patients with ST-segment elevation myocardial
infarction with cardiogenic shock treated with percutaneous
coronary intervention, admission glucose level is a strong inde-
pendent predictor for 1-year mortality in patients without a prior
diagnosis of diabetes. Am Heart J 154(6):1184—1190

. Pres D, Gasior M, Strojek K, Gierlotka M, Hawranek M, Lekston

A, Wilczek K, Tajstra M, Gumprecht J, Poloniski L (2010) Blood
glucose level on admission determines in-hospital and long-term
mortality in patients with ST-segment elevation myocardial
infarction complicated by cardiogenic shock treated with percu-
taneous coronary intervention. Kardiol Pol 68(7):743-751
Nishio K, Shigemitsu M, Kusuyama T et al (2006) Insulin
resistance in nondiabetic patients with acute myocardial infarc-
tion. Cardiovasc Revasc Med 7(2):54-60

Wallander M, Bartnik M, Efendic S (2005) Beta cell dysfunction
in patients with acute myocardial infarction but without previ-
ously known type 2 diabetes: a report from the GAMI study.
Diabetologia 48(11):2229-2235

Lazzeri C, Sori A, Chiostri M, Picariello C, Gensini GF, Valente
S (2009) Prognostic role of insulin resistance as assessed by
homeostatic model assessment index in the acute phase of
myocardial infarction in nondiabetic patients submitted to per-
cutaneous coronary intervention. Eur J Anaesthesiol 26(10):856—
862

Caccamo G, Bonura F, Bonura F, Vitale G, Novo G, Evola S,
Evola G, Grisanti MR, Novo S (2010) Insulin resistance and
acute coronary syndrome. Atherosclerosis 211(2):672-675
Kosiborod M, Inzucchi SE, Spertus JA et al (2009) Elevated
admission glucose and mortality in elderly patients hospitalized
with heart failure. Circulation 119(14):1899-1907

Gheorghiade M, Zannad F, Sopko G, Klein L, Pina IL, Konstam
MA, Massie BM, Roland E, Targum S, Collins SP, Filippatos G,
Tavazzi L, International Working Group on Acute Heart Failure
Syndromes (2005) Acute heart failure syndromes: current state
and framework for future research. Circulation 112(25):3958-
3968

Task Force for Diagnosis and Treatment of Acute and Chronic
Heart Failure 2008 of European Society of Cardiology, Dickstein
K, Cohen-Solal A, Filippatos G, McMurray JJ, Ponikowski P,
Poole-Wilson PA, Stromberg A, van Veldhuisen DJ, Atar D,
Hoes AW, Keren A, Mebazaa A, Nieminen M, Priori SG,
Swedberg K; ESC Committee for Practice Guidelines, Vahanian
A, Camm J, De Caterina R, Dean V, Dickstein K, Filippatos G,
Funck-Brentano C, Hellemans I, Kristensen SD, McGregor K,
Sechtem U, Silber S, Tendera M, Widimsky P, Zamorano JL
(2008) ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure 2008: The task force for the diagnosis
and treatment of acute and chronic heart failure 2008 of the
European society of cardiology. Developed in collaboration with
the Heart Failure Association of the ESC (HFA) and endorsed by
the European Society of Intensive Care Medicine (ESICM). Eur
Heart J 29(19):2388-2442



Intern Emerg Med

20.

21.

22.

23.

24.

25.

26.

Pang PS, Komajda M, Gheorghiade M (2010) The current and
future management of acute heart failure syndromes. Eur Heart J
31(7):784-793

Weintraub NL, Collins SP, Pang PS, Levy PD, Anderson AS,
Arslanian-Engoren C, Gibler WB, McCord JK, Parshall MB,
Francis GS, Gheorghiade M; on behalf of the American Heart
Association Council on Clinical Cardiology and Council on
Cardiopulmonary, Critical Care, Perioperative and Resuscitation
(2010) Acute heart failure syndromes: emergency department
presentation, treatment, and disposition: current approaches and
future aims. A scientific statement from the American Heart
Association. Circulation 122:1975-1996

Sharon AH, William TA, Marshall HC et al (2009) Focused
update incorporated into the ACC/AHA 2005 Guidelines for the
diagnosis and management of heart failure in adults. ] Am Coll
Cardiol 53:e1-e90

Thygesen K, Alpert JS, Harvey D (2007) Universal definition of
myocardial infarction. Eur Heart J 28:2525-2538

Valente S, Lazzeri C, Chiostri M, Giglioli C, Sori A et al (2009)
NT-proBNP on admission for early risk stratification in STEMI
patients submitted to PCI. Relation with extension of STEMI and
inflammatory markers. Int J Cardiol 132(1):84-89

Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM,
Casey DE Jr, Chavey WE 2nd, Fesmire FM, Hochman JS, Levin
TN, Lincoff AM, Peterson ED, Theroux P, Wenger NK, Wright
RS, Smith SC Jr, Jacobs AK, Halperin JL, Hunt SA, Krumholz
HM, Kushner FG, Lytle BW, Nishimura R, Ornato JP, Page RL,
Riegel B, American College of Cardiology, American Heart
Association Task Force on Practice Guidelines (Writing Com-
mittee to Revise the 2002 Guidelines for the Management of
Patients With Unstable Angina/Non ST-Elevation Myocardial
Infarction), American College of Emergency Physicians, Society
for Cardiovascular Angiography and Interventions, Society of
Thoracic Surgeons, American Association of Cardiovascular and
Pulmonary Rehabilitation, Society for Academic Emergency
Medicine (2007) ACC/AHA 2007 guidelines for the management
of patients with unstable angina/non STelevation myocardial
infarction: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines
(Writing Committee to Revise the 2002 Guidelines for the
Management of Patients With Unstable Angina/Non ST-Eleva-
tion Myocardial Infarction): developed in collaboration with the
American College of Emergency Physicians, the Society for
Cardiovascular Angiography and Interventions, and the Society
of Thoracic Surgeons: endorsed by the American Association of
Cardiovascular and Pulmonary Rehabilitation and the Society for
Academic Emergency Medicine. Circulation 116(7):e148-304
Lazzeri C, Valente S, Chiostri M, Sori A, Bernardo P, Gensini GF
(2010) Uric acid in the acute phase of ST elevation myocardial

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

infarction submitted to primary PCI: its prognostic role and
relation with inflammatory markers A single center experience.
Int J Cardiol 138(2):206-209

Lazzeri C, Valente S, Chiostri M, Picariello C, Gensini GF (2010)
Predictors of the early outcome in elderly patients with ST ele-
vation myocardial infarction treated with primary angioplasty: a
single center experience. Intern Emerg Med (epub ahead of print)
Lazzeri C, Valente S, Tarquini R, Chiostri M, Picariello C,
Gensini GF (2010) The prognostic role of gamma-glutamyl-
transferase activity in non-diabetic ST-elevation myocardial
infarction. Intern Emerg Med (epub ahead of print)

Lazzeri C, Valente S, Chiostri M, Picariello C, Gensini GF (2011)
Uric acid in the early risk stratification of ST elevation myocar-
dial infarction. Intern Emerg Med (in press)

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd,
Feldman HI, Kusek JW, Eggers P, Van Lente F, Greene T,
Coresh J, CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration) (2009) A new equation to estimate glomerular
filtration rate. Ann Intern Med 150(9):604—612

Balkau B, Charles M for the European Group for the Study of
Insulin Resistance (EGIR) (1999) Comment on the provisional
report from the WHO Consultation. Diabet Med 16:442-443
Muniyappa R, Lee S, Chen H, Quon MIJ (2008) Current
approaches for assessing insulin sensitivity and resistance in vivo:
advantages, limitations, and appropriate usage. Am J Physiol
Endocrinol Metab 294(1):E15-E26

Allen LA, Hernandez AF, O’Connor CM, Felker GM (2009) End
points for clinical trials in acute heart failure syndromes. J Am
Coll Cardiol 53(24):2248-2258

Shook MS, Zafarullah H, Nelson MD, Bhattacharya SK, Davis
RC, Newman KP, Weber KT (2009) Normoglycemia in nondi-
abetic African Americans hospitalized with heart failure. Am J
Med Sci 338(4):255-258

Novack V, Pencina M, Zahger D, Fuchs L, Nevzorov R, Jotko-
witz A, Porath A (2010) Routine laboratory results and thirty day
and one-year mortality risk following hospitalization with acute
decompensated heart failure. PLoS One5(8):e12184

Falciglia M, Freyberg RW, Almenoff PL, D’Alessio DA, Render
ML (2009) Hyperglycemia-related mortality in critically ill
patients varies with admission diagnosis. Crit Care Med
37(12):3001-3009

Testani JM, McCauley BD, Kkimmel SE, Shannon RP (2010)
Characteristics of patients with improvement of worsening in
renal function during treatment of acute decompensated heart
failure. Am J Cardiol 106:1763-1769

Noria A, Hasselblad V, Stebbins A, Pauly DF, Fonarow GC, Shah
M, Yancy CW, Califf RM, Stevenson LW, Hill JA (2008) Car-
diorenal interactions: insights from the ESCAPE trial. ] Am Coll
Cardiol 51:1268-1274

@ Springer



	Acute hyperglycemia and insulin resistance in acute heart failure syndromes without previously known diabetes
	Abstract
	Introduction
	Methods
	Definition of insulin resistance
	Mean follow-up (283 days (25th--75th pct: 39--406) median follow-up 9.4 months (25th--75th pct: 1.3--13.6)

	Statistical analysis
	Results
	Discussion
	Conflict of interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


