Original Article

Prognostic Impact of Fasting Plasma Glucose on Mortality
and Re-Hospitalization in Patients with Acute Heart Failure
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Background: The impact of fasting plasma glucose (FPG) on survival outcomes in patients with acute heart failure (HF) is unclear, and
the relationship between intensity of glycemic control of FPG in diabetes mellitus (DM) patients and HF prognosis remains uncertain.
This retrospective study aimed to evaluate the prognostic impact of FPG in patients with acute HF.

Methods: A total of 624 patients hospitalized with acute HF from October 2000 to April 2014 were enrolled in this study. All patients
were stratified by three groups according to their admission FPG levels (i.e., DM, impaired fasting glucose [IFG], and non-DM). All-cause
and cardiovascular mortality was the primary end point, and HF re-hospitalization was the secondary end point during follow-up period.
Results: A total of 587 patients were included in final analysis. The all-cause mortality rates of patients with DM, IFG, and non-DM were
55.5%,40.3%, and 39.2%, with significant difference (P =0.001). Moreover, compared with those with I[FG (34.3%) and non-DM (32.6%),
patients with DM had significantly higher rate of cardiovascular mortality (45.1%). Multiple Cox regression analysis showed that DM as
well as IFG was related to all-cause mortality (DM: hazard ratio [HR] =1.936, P<0.001; IFG: HR=1.672, P=0.019) and cardiovascular
mortality (DM: HR = 1.739, P <0.001; IFG: HR = 1.817, P =0.013). However, they were both unrelated to HF re-hospitalization. DM
patients with strictly controlled blood glucose (FPG <3.9 mmol/L) had higher all-cause mortality than patients with non-DM, IFG, and
DM patients with moderately controlled glucose (3.9 mmol/L< FPG <7.0 mmol/L). Likewise, both the primary end point and secondary
end point were found to be worse in DM patients with poorly controlled blood glucose (FPG >7.0 mmol/L).

Conclusions: IFG and DM were associated with higher all-cause mortality and cardiovascular mortality in patients with acute HF. The
association between mortality and admission FPG in DM patients with acute HF appeared U-shaped.
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acute HE,['%"31 and the appropriate goal of glycemic control
in this group of patients remains unclear. Moreover, few
studies have focused on the impact of different levels of
FPG on HF prognosis, which included strictly controlled,
moderately controlled, and poorly controlled FPG in
known DM.

INTRODUCTION

Diabetes mellitus (DM) commonly coexists with heart
failure (HF), and the prevalence, costs, and morbidity
of this condition are increasing rapidly.['*) DM is also
an important risk factor for new-onset HF, suggesting
that glycemic control may influence the development of
new-onset HE.¥ Some studies showed that the DM was
related to worse survival and higher re-hospitalization
rates in patients with acute HF.-) Elevated fasting plasma
glucose (FPG) at admission, which is recognized as
prediabetes (pre-DM), has also been shown to be both a
common comorbidity and risk of HF in individuals without
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DM.B Different results were reported by several studies
which investigated elevated FPG with adverse outcomes of

Access this article online

Quick Response Code:
Website:
WWW.Cmj.org

DOI:
10.4103/0366-6999.239310

Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long as
appropriate credit is given and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

© 2018 Chinese Medical Journal | Produced by Wolters Kluwer - Medknow

Received: 13-04-2018 Edited by: Xin Chen

How to cite this article: Chen YY, Chen Y, Liang SM, Su ZZ, Shu XR,
Zhang HF, Wan SH, Wang JF, Xie SL. Prognostic Impact of Fasting
Plasma Glucose on Mortality and Re-Hospitalization in Patients with
Acute Heart Failure. Chin Med J 2018;131:2032-40.

Chinese Medical Journal | September 5, 2018 | Volume 131 | Issue 17 -




Recent clinical trials have supported that strict glycemic
control provided limited benefits on all-cause mortality
in patients with type 2 diabetes.!'¥ Treatment-related
hypoglycemia has been shown to be a factor of adverse
prognosis in DM patients.['] However, few studies have
explored the impact of intensive glucose lowering treatment
on the risk of acute decompensated HF. Despite the evidence
of a significant association between hyperglycemia and
poor prognosis in patients with HF,I'®!7! there are no
recommendations to set specific glycemic goals in high-risk
patient groups, as well as the establishment of glycemic
control strategies, mainly on account of the absence of
evidence on the benefit of universally achieving a strict
glycemic control.l' Although some evidences indicated the
association between hyperglycemia and HF-related survival
outcomes, the relationship between FPG and risk of HF
remains uncertain. This retrospective study aimed to explore
the role of admission FPG on long-term survival outcomes
and the re-hospitalization rates in patients hospitalized with
acute HF and determine whether the intensity of glycemic
treatment differentially influences this relationship.

MEeTHODS

Ethical approval

The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of
Sun Yat-sen Memorial Hospital of Sun Yat-sen University.
Informed written consent was obtained from all patients
before their enrollment in this study.

Study population

This original cohort consisted of 624 outpatients seen and
acutely admitted to Sun Yat-sen Memorial Hospital of Sun
Yat-sen University or Hainan Provincial People’s Hospital
from October 2000 to April 2014. Inclusion criteria were as
follows: (1) acute attack of chronic HF diagnosed according
to history and examination; (2) acute HF induced by other
noncardiogenic factors; and (3) a need for an intravenous
therapy (diuretics, vasodilators, or inotropes) and intensive
cardiac care. Exclusion criteria were as follows: age <18 years
old. The sample size was evaluated by formula which
represented comparisons among rates of multiple sets of
sample: N=2A/(2sin”' [P *°]-2sin”' [P *]). Ifoe=0.05,
p=010,k=3,2, bt Moos. 010,31 = 1265, P = 0.364
represented that mortality of DM with HF was 36.4%
per-year according to DIABHYCAR (type 2 DIABetes,
Hypertension, CArdiovascular Events and Ramipril)
study,"” and P = 0.200 represented that mortality of HF
was 20% per-year according to epidemiology study. Finally,
n = 68 meant that there were 68 patients in one subgroup
at least.

Patient visits were performed every 6 months after enrollment
through clinical visit or telephone interview for patients
or their caregivers who did not visit the clinic. Causes
of death and re-hospitalization were ascertained by the
hospital records or the records from patients’ physicians or

caregivers. The primary end points were all-cause mortality
and cardiovascular mortality (death from HF, myocardial
infarction, or sudden death from cardiovascular disease). The
secondary end point was re-hospitalization for HF, defined
as admission with worsening signs and/or symptoms of HF,
including dyspnea, peripheral edema, and/or congestion
on the chest radiograph and the need for treatment with
intravenous diuretics or an increase in oral diuretics.

Diagnosis of diabetes mellitus, impaired fasting
glucose, and other clinical and laboratory data
According to diagnostic criteria of DM, 22!l the presence of
DM was defined as self-reported physician-diagnosis of DM
and current use of medications for diabetes. In the absence of a
previous diagnosis of diabetes, the nondiabetes and the newly
diagnosed DM groups were defined as FPG level <3.9 mmol/L
or >7.0 mmol/L, respectively. Impaired fasting glucose (IFG)
was defined as FPG between 5.6 mmol/L and 6.9 mmol/L by
the average of two tests on different days.

Demographic data included clinical status (e.g., body
mass index [BMI], previous history of hypertension,
stroke or transient ischemic attack, coronary heart disease,
cardiomyopathy, and smoking) and New York Heart
Association (NYHA) class. Patients were diagnosed with
hypertension if their blood pressure was >140/90 mmHg or
if they were taking any antihypertensive drugs. The estimated
glomerular filtration rate (¢GFR) were calculated by the
abbreviated Modification of Diet in Renal disease equation:
eGFR (ml/min) = 186.3 X (serum creatinine) '3 x age 020
% (0.742 if female). Other biochemical serum measurements
were obtained from all patients after an overnight fast
through standard laboratory tests during the first 2 days
of admission. Outpatient medications for each patient
were recorded at admission. Conventional transthoracic
echocardiography was used to measure the left ventricular
end-diastolic diameter (LVEDD) and left ventricular ejection
fraction (LVEF). Optimal drugs and device implantation
therapeutic strategies were individualized following
established guidelines upon patient discharge.

Statistical analysis

Continuous data with normal distribution were presented as a
mean + standard deviation, continuous data with nonnormal
distribution were presented as median (Q1, Q3), and
categorical data were presented as numbers and percentages.
One-way analysis of variance test was used to compare
normally distributed data and Kruskal-Wallis H-test was
used to compare nonnormally distributed data. Categorical
variables were reported and compared using a Chi-square test
or a Fisher’s exact test if any expected cell count was <5. To
explore the predictors of all-cause mortality, cardiovascular
event mortality, and re-hospitalization event, multivariable
Cox regression models with forward stepwise approach
were constructed with age, sex, BMI, hypertension, previous
stroke, coronary heart disease, smoking, NYHA class, LVEF,
LVEDD, FPG, eGFR, and medical and device implantation
treatments as predictive variables, respectively. In addition,
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Kaplan—Meier curves were also produced for both primary
and secondary end points and compared among different
groups by the log-rank tests. All analyses were performed
with PASW Statistics for Windows, version 18.0 (SPSS
Inc., Chicago, Illinois, USA). A P < 0.05 was considered
statistically significant.

ResuLts

Baseline characteristics of the study population
Among the 624 patients, 37 patients were excluded from
the study, since 10 patients had the diagnosis of acute HF

changed at the time of discharge and 27 patients were
lost to follow-up. The rate of lost to follow-up was 4.3%.
The 587 patients (including 388 males and 199 females)
completed the entire study. The age ranged from 19 years
to 103 years, with a mean age of 64.9 + 12.6 years. There
were 146 subjects (24.9%) with LVEF <40%, 55 (9.4%) with
LVEF of 40-49%, and 386 (65.7%) with LVEF >50%. The
prevalence of DM, IFG, and non-DM in the study cohort
was 29.5% (173), 11.4% (67), and 59.1% (347), respectively.

Table 1 shows the baseline characteristics of the study cohort
stratified by glycemic categories at hospital admission.

Table 1: Baseline characteristics of acute HF patients with non-DM, IFG or DM in this study

Variables Non-DM (n = 347) IFG (n = 67) DM (n = 173) Statistical values P
Demographic data
Age (years) 65.1+13.6 63.3+12.1 65.2+10.4 0.599* 0.550
Male 243 (70.0) 34 (50.7) 111 (64.2) 9.729% 0.008
BMI (kg/m?) 23.0+34 234+3.6 233+3.5 0.881* 0.415
Hypertension 135(38.9) 25(37.3) 81 (46.8) 3.4271 0.181
Stroke/TIA history 27(7.8) 4(6.0) 10 (5.8) 0.8317 0.648
Coronary heart disease 218 (62.8) 40 (59.7) 130 (75.1) 9.201% 0.010
Cardiomyopathy
Dilated cardiomyopathy 60 (17.3) 6(9.0) 17 (9.8) i 0.091
Hypertrophic cardiomyopathy 15(4.3) 3(4.5) 5(2.9)
Smoking history 102 (29.4) 19 (28.4) 34 (19.7) 5.7867 0.057
NYHA class
NYHA class | 33(9.5) 4(6.0) 9(5.2) 10.2477 0.115
NYHA class II 152 (43.8) 41(61.2) 86 (49.7)
NYHA class 11T 99 (28.5) 12 (17.9) 43 (24.9)
NYHA class IV 63 (18.2) 10 (14.9) 35(20.2)
Clinical data
LVEF (%) 62 (37,71) 67 (48, 74) 61 (43,72) 5.870% 0.053
LVEDD (mm) 50 (47, 61) 50 (45, 55) 51 (47, 58) 4.763% 0.092
FPG (mmol/L) 4.65 (4.25, 5.00) 5.80 (5.33, 6.07) 7.08 (5.46, 8.92) 244.3% <0.001
AST (U/L) 28 (22, 38) 31(25,41) 32(23,45) 5.955% 0.051
CK-MB (U/L) 13 (9, 16) 11 (9, 16) 13(9,17) 1.327% 0.515
¢GFR (ml/min) 88 (61, 111) 89 (70, 127) 87 (63, 122) 2.171% 0.338
TG (mmol/L) 1.29 (0.95, 1.85) 1.44 (1.08, 2.00) 1.50 (1.01, 2.08) 6.482% 0.039
TC (mmol/L) 4.52(3.85,5.34) 5.00 (4.09, 5.80) 4.70 (4.08, 5.40) 7.354% 0.025
HDL-C (mmol/L) 1.20 (1.01, 1.45) 1.23 (1.01, 1.65) 1.14 (0.97, 1.37) 5.009¢ 0.082
LDL-C (mmol/L) 2.88 (2.36, 3.61) 3.30(2.48,3.91) 3.13(2.53, 3.86) 5.944% 0.051
Use of drug at admission
B-blocker 223 (64.3) 45(67.2) 103 (59.5) 1.6207 0.443
ACEI/ARB 234 (67.4) 45(61.2) 135 (78.0) 8.8477 0.012
Diuretics 179 (51.6) 30 (44.8) 98 (56.6) 2.902f 0.234
Digoxin 104 (30.0) 12 (17.9) 60 (34.7) 6.4717 0.041
Treatments
CRT + optimal drugs 25(7.2) 4(6.0) 14 (8.1) -+ 0.203
CRT-D + optimal drugs 22 (6.3) 4(6.0) 13 (7.5)
ICD + optimal drugs 62(17.9) 10 (14.9) 15 (8.7)
No device but optimal drugs 238 (68.6) 49 (73.1) 131 (75.7)

The data were shown as mean + SD, median (Q1, Q3), or n (%). *One-way analysis of variance; fChi-square test; ‘Fisher exact test; *Kruskal-
Wallis H-test. IFG: Impaired fasting glucose; DM: Diabetes mellitus; BMI: Body mass index; NYHA class: New York Heart Association class;
LVEF: Left ventricular ejection fraction; LVEDD: Left ventricular end-diastolic dimension; FPG: Fasting plasma glucose; AST: Aspartate
transaminase; CK-MB: Creatine kinase-MB; eGFR: Estimated glomerular filtration rate; TG: Triglyceride; TC: Total cholesterol; HDL-C: High density
lipoprotein-cholesterol; LDL-C: Low density lipoprotein - cholesterol; ACEI: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin receptor
blocker; CRT: Cardiac resynchronization therapy; CRT-D: Cardiac resynchronization therapy-cardioverter-defibrillator; ICD: Implantable cardioverter

defibrillator; SD: Standard deviation.
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Among the three groups, the patients with IFG had a lower
percentage of male and higher total cholesterol. Patients with
DM had a higher prevalence of coronary heart disease and
levels of triglycerides.

Impaired fasting glucose, diabetes mellitus, and poor
prognosis of patients with acute heart failure

The mean period of follow-up was 2558 + 1243 days.
During the follow-up period, all-cause mortality
was 44.1% (259 patients), cardiac mortality was
82.6% (214 patients), and HF re-hospitalization rate was
65.4% (384 patients). As shown in Figure 1, the all-cause
mortality of patients with DM, IFG, and non-DM were
55.5% (96/173), 40.3% (27/67), and 39.2% (136/347),
with significant difference (y* = 12.887, P = 0.001).
Moreover, compared with those with IFG (23/67, 34.3%)
and non-DM (113/347, 32.6%), patients with DM also had
significantly higher rate of cardiovascular mortality (78/173,
45.1%, y* = 7.962, P = 0.019). However, there was no
significant difference in HF re-hospitalization rate among
the DM (124/173, 71.7%), IFG (44/67, 65.7%), and
non-DM (216/347, 62.2%) groups ( > =4.538, P=0.106).

Table 2 shows the variables for the prognosis of patients
with acute HF. Univariate analysis indicated that patients
with IFG had a 1.8-fold increased risk of all-cause mortality
and a 1.9-fold increased risk for cardiovascular mortality,
compared with patients with non-DM. Likewise, compared
with patients with non-DM, DM patients had 2.0-fold
increased risk of all-cause mortality and 1.9-fold increased
risk in cardiovascular mortality. However, neither IFG
nor DM was associated with HF re-hospitalization. The
robustness of these associations held in multiple Cox
regression analysis even after adjustment for multiple
clinical risk factors, with adjusted hazard ratio of 1.672 (95%
confidence interval [C]: 1.088-2.570, P=0.019) in IFG and
1.936 (95% CI: 1.472-2.547; P<0.001) in DM for all-cause
mortality, as well as 1.817 (95% CI: 1.135-2.909, P=0.013)
in IFG and 1.739 (95% CI: 1.285-2.354, P <0.001) in DM
for the cardiovascular mortality. Nevertheless, both of IFG
and DM were not risk factors for HF re-hospitalization after
adjusting for other risk factors.

80 P=0.106

= non-DM
- IFG
= DM

Cumulative incidence rate (%)

Cardiovascular mortality

All cause mortality HF re-hospitalization

Figure 1: Cumulative incidence rates of all-cause mortality,
cardiovascular mortality, and HF re-hospitalization in patients with
acute HF. IFG: Impaired fasting glucose; DM: Diabetes mellitus;
HF: Heart failure.

Relationships between fasting plasma glucose levels
in diabetes mellitus group at admission and prognosis
of patients with acute heart failure

The patients with DM were categorized into three subgroups
according to controlled FPG levels: FPG <3.9 mmol/L,
3.9 mmol/L< FPG <7.0 mmol/L, and FPG >7.0 mmol/L,
which denoted strictly controlled, moderately controlled,
and poorly controlled subgroups. As shown in Table 3,
B-blockers and alpha-glucosidase inhibitors were used
more in the moderately controlled subgroup; diuretics were
used more in the strictly controlled subgroup; and insulin
was used more in both of strictly controlled and poorly
controlled subgroups. For outpatient antidiabetic strategies,
single use of insulin (76.9%) was more frequent in the
strictly controlled subgroup, while the single use of oral
hypoglycemic agents was more frequent in the moderately
controlled subgroup.

The relationships among different FPG levels and prognosis
of acute HF are shown in Figure 2. DM patients had a
significantly lower overall survival rate than non-DM
patients (log rank test, y> = 7.424, P = 0.006, Figure 2a). In
DM patients, subgroup of FPG< 3.9 mmol/L had a lower
overall survival rate than those of non-DM group (log
rank test, y> = 6.261, P = 0.012), IFG group (log rank test,
x*=7.233, P=0.007), and subgroup of 3.9 mmol/L< FPG
<7.0 mmol/L (log rank test, y*=11.159, P=0.001). Subgroup
of FPG >7.0 mmol/L also had a lower overall survival rate than
those of non-DM group (log rank test, y>=17.272, P<0.001),
IFG group (log rank test, y>=9.857, P=0.002), and subgroup
of 3.9 mmol/L< FPG <7.0 mmol/L (log rank test, > = 13.352,
P <0.001; Figure 2b). It suggested that DM individuals who
had strictly controlled or poorly controlled FPG had poor
overall survival, whereas DM individuals with moderately
controlled FPG had an undifferentiated overall survival rate,
compared with non-DM and IFG groups.

Furthermore, DM patients had a lower free survival rate of
cardiovascular event than that of non-DM group (log rank
test, y> = 5.033, P = 0.025, Figure 2¢). In DM patients,
subgroup of FPG >7.0 mmol/L had a lower survival rate
than those of non-DM group (log rank test, y> = 15.612,
P <0.001), IFG group (log rank test, y*> = 8.260, P=0.004),
and subgroup of 3.9 mmol/L< FPG <7.0 mmol/L (log rank
test, y> = 13.048, P < 0.001; Figure 2d).

As for free survival rate of HF re-hospitalization event,
neither IFG group nor DM group had worse result than
non-DM group [Figure 2e]. DM patients with poorly
controlled FPG (FPG >7.0 mmol/L) still had a higher
HF re-hospitalization rate than those of non-DM group
(log-rank test, y*=9.756, P=0.002), IFG group (log-rank test,
x*=4.222, P=0.040), and DM with moderately controlled
FPG (log rank test, y> = 8.585, P =0.003; Figure 2f).

Discussion

The main findings of this retrospective study were as
follows: (1) in DM patients with acute HF, all-cause mortality
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Table 2: Univariate and multivariate Cox regression models of HF patients for overall mortality, cardiovascular event,
and HF worsening re-hospitalization

Variables All-cause mortality Cardiovascular mortality
Univariate Multivariate Univariate Multivariate

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Age 1.081 (1.064-1.099) <0.001 1.081 (1.064-1.098) <0.001 1.059 (1.042-1.077) ~ <0.001 1.062 (1.045-1.080) <0.001
Male 1.072 (0.790-1.455)  0.655 - - 0.925 (0.656-1.304) 0.655 - -
BMI 0.956 (0.919-0.995)  0.027  0.955(0.919-0.993)  0.022 0.970 (0.929-1.013) 0.169 - -
Hypertension 0.997 (0.768-1.295)  0.984 - - 1.004 (0.753-1.340) 0.976 - -
Stroke/TIA 0.973 (0.613-1.544)  0.908 - - 1.005 (0.617-1.639) 0.983 - -
CHD 1.121 (0.828-1.518)  0.459 - - 1.395 (0.988-1.969) 0.059  1.411(1.022-1.947) 0.036
Smoke history 1.055(0.769-1.448)  0.738 - - 1.166 (0.830-1.638) 0.376 - -
Normal FBG Reference - Reference - Reference - Reference -
IFG 1.803 (1.160-2.802)  0.009  1.672 (1.088-2.570)  0.019 1.940 (1.198-3.143) 0.007  1.817(1.135-2.909) 0.013
DM 2.027 (1.528-2.689  <0.001 1.936 (1.472-2.547) <0.001 1.903 (1.394-2.598)  <0.001 1.739(1.285-2.354) <0.001
NYHA class I Reference - Reference - Reference - Reference -
NYHAclass I~ 0.892 (0.457-1.739)  0.736 - - 0.959 (0.421-2.196) 0.920 1.248(0.568-2.744) 0.581
NYHA class 1T 1.195(0.611-2.340)  0.603 - - 1.520 (0.668-3.458) 0.318  2.025(0.922-4.446) 0.079
NYHA class IV 1.320 (0.651-2.676)  0.441 - - 1.706 (0.731-3.985) 0217  2.435(1.104-5.371) 0.027
eGFR 0.996 (0.993-1.000)  0.027  0.996 (0.993-0.999) 0.017 0.995 (0.991-0.999) 0.010  0.995(0.992-0.999) 0.015
LVEDD 1.014 (0.995-1.033)  0.142 - - 1.019 (0.999-1.040) 0.060 - -
LVEF 0.970 (0.960-0.980) <0.001 0.967 (0.960-0.974) <0.001  0.962 (0.951-0.973)  <0.001 0.960 (0.952-0.967) <0.001
No device Reference - Reference - Reference - Reference -
CRT + drugs 0.887(0.533-1.478)  0.646 - - 0.561 (0.314-1.005) 00)  0.052 - -
CRTD +drugs  0.682(0.379-1.229)  0.203 - - 0.562 (0.306-1.034) 0.064 - -
ICD + drugs 0.825(0.541-1.258)  0.372 - - 0.681 (0.427-1.084) 0.105 - -
Variables HF worsening re-hospitalization

Univariate Multivariate
HR (95% CI) P HR (95% CI) P

Age 1.035 (1.024-1.046) <0.001 1.038 (1.028-1.048) <0.001
Male 1.063 (0.831-1.361) 0.625 - -
BMI 0.973 (0.943-1.004) 0.093 - -
Hypertension 1.104 (0.892—-1.366) 0.362 - -
Stroke/TIA 0.936 (0.643-1.363) 0.730 - -
CHD 1.146 (0.901-1.456) 0.266 - -
Smoke history 1.005 (0.773-1.307) 0.969 - -
Normal FBG Reference - Reference -
IFG 1.324 (0.943-1.858) 0.105 - -
DM 1.273 (1.013-1.599) 0.038 - -
NYHA class I Reference - Reference -
NYHA class II 2.285 (1.174-4.447) 0.015 2.419 (1.246-4.695) 0.009
NYHA class III 3.160 (1.607-6.214) 0.001 3.252 (1.662-6.365) 0.001
NYHA class IV 3.650 (1.811-7.356) <0.001 3.833 (1.981-7.662) <0.001
eGFR 0.998 (0.995-1.000) 0.094 - -
LVEDD 1.004 (0.988-1.020) 0.624 - -
LVEF 0.973 (0.964-0.983) <0.001 0.971 (0.964-0.978) <0.001
No device Reference - Reference -
CRT + drugs 0.590 (0.380-0.915) 0.018 0.635 (0.419-0.961) 0.032
CRTD + drugs 0.432 (0.261-0.715) 0.001 0.457 (0.283-0.736) 0.001
ICD + drugs 0.559 (0.386-0.811) 0.002 0.582 (0.409-0.829) 0.003

IFG: Impaired fasting glucose; DM: Diabetes mellitus; BMI: Body mass index; NYHA class: New York Heart Association class; eGFR: Estimated
glomerular filtration rate; LVEF: Left ventricular ejection fraction; LVEDD: Left ventricular end—diastolic dimension; CRT: Cardiac resynchronization
therapy; CRT-D: Cardiac resynchronization therapy-cardioverter-defibrillator; ICD: Implantable cardioverter defibrillator; HR: Hazard ratio;
CI: Confidence interval; HF: Heart failure; — Not applicable.

rate and cardiovascular mortality were both higher than those
with IFG and non-DM; (2) DM and IFG were both risk

factors of all-cause mortality and cardiovascular mortality
even in patients with acute HF after adjustment for multiple
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Table 3: Long-term pharmacological treatments outside the hospital for HF patients with DM according to controlled

FPG levels at admission, n (%)

Agents All FPG <3.9 3.9 mmol/L< FPG FPG =7.0 mmol/L  Statistical P
(n=173) mmol/L (n =13) <7.0 mmol/L (n = 70) (n = 90) values

B-blocker 103 (59.5) 8(61.5) 50(71.4) 45 (50.0) 7.529% 0.023
ACEI/ARB 135 (78.0) 11 (84.6) 51(72.9) 73 (81.1) —f 0.414
Diuretics 98 (56.6) 11 (84.6) 32 (45.7) 55(61.1) 8.278%* 0.014
Digoxin 60 (34.7) 8(61.5) 20 (28.6) 32 (35.6) —f 0.073
Insulin 71 (41.0) 7 (53.8) 17 (24.3) 47 (52.2) 13.652%* 0.001
Metformin 38 (22.0) 1(7.7) 20 (28.6) 17 (18.9) —f 0.171
Alpha glucosidase inhibitors 73 (42.2) 2(15.4) 37 (52.9) 34 (37.8) 7.814% 0.020
Insulin secretagogues 42 (24.3) 1(7.7) 17 (24.3) 24 (26.7) —f 0.408
Glitazones 11 (6.4) 0(0) 5(7.1) 6(6.7) —f 1.000
DPP-4 inhibitors 3(L.7) 0(0) 1(1.4) 2(2.2) -t 1.000
Antidiabetic strategies

None 18 (10.4) 0(0.0) 1(1.4) 17 (18.9) —t <0.001

Single insulin 46 (26.6) 10 (76.9) 10 (15.7) 25(27.8)

Single oral hypoglycemic agents 80 (46.2) 2(15.4) 52 (74.3) 26 (28.9)

Insulin + hypoglycemic agents 29 (16.8) 1(7.7) 6 (8.6) 22 (24.4)

*Chi-square test; ‘Fisher exact test. DM: Diabetes mellitus; HF: Heart failure; FPG: Fasting plasma glucose; ACEI: Angiotensin-converting enzyme
inhibitors; ARB: Angiotensin receptor blocker; DPP-4: Dipeptidyl peptidase-4.

established risk factors and potential confounding variables,
but not for HF re-hospitalization; (3) DM individuals
who had strictly controlled or poorly controlled FPG both
had worse outcomes; and (4) overuse of insulin might be
associated with a worse prognosis of DM patients with acute
HF due to hypoglycemia risk.

There were limited studies examining the association
between elevated admission FPG and adverse outcomes in
patients with acute HF, and these studies reported conflicting
results. The findings of this study were consistent with
previous observations that patients with acute HF and DM
had worse all-cause mortality compared to those without
DM. Mebazaa et al." reported that blood glucose levels of
patients with acute HF at hospital admission were powerfully
prognostic risks for 30-day mortality, independent of
previous DM. Similarly, Targher et al.’*! showed that,
among patients hospitalized for acute HF, the presence of
DM was independently associated with an increased risk of
in-hospital mortality, 1-year all-cause mortality, and 1-year
re-hospitalizations for HF. However, the results of this
study were contrast with those from other previous studies
which suggested that elevated blood glucose or DM was not
associated with medium- and long-term adverse outcomes.
For instance, in the analysis of short-term clinical outcomes
in the OPTIMIZE-HF registry, Greenberg et al.**! found that
acute HF patients with known DM had similar in-hospital and
postdischarge mortality rates compared to patients without
DM but had a higher re-hospitalization rate. Moreover, in a
nationally representative cohort of 50,532 elderly patients
with acute HF in the United States, Kosiborod et al.[**!
reported that blood glucose levels at hospital admission were
not significantly related to an increased risk of 30-day and
1-year all-cause mortality. Finally, the presence of diabetes
was strongly associated with higher rates of in-hospital
mortality, but it did not significantly predict 1-year mortality

or re-hospitalization rates in the cohort of 1176 inpatients
from the Italian Network on HF Outcome registry.!'!

Hence, as noted above, there were limited and differing
data about the role of blood glucose levels at admission on
adverse outcomes in patients with acute HF. The paradox
may be explained by the following two reasons. First, as
previous studies reported, most studies consisted of patients
with various demographic characteristics and different
degrees of baseline cardiovascular risk. Therefore, the
components of different studies were quite heterogeneous
such as population age, gender, HF etiology, blood pressure,
kidney function, cardiac function, and treatments. The slight
differences of any above components could influence the
whole result. Second, “stress-induced hyperglycemia”,
which is characterized by an abrupt and transient increase in
blood glucose levels,! is associated with higher short-term
mortality rates than either previously known DM or normal
glucose regulation.*! Thus, stress-induced hyperglycemia is
a confounder to real hyperglycemia caused by IFG or DM.
If so, it was possible that some misclassification of IFG
or DM under single blood glucose measurement, and this
misclassification could have partly overestimated the true
prevalence of IFG or DM. However, transient stress-induced
hyperglycemia has not been reported to be significantly
associated with long-term adverse clinical outcomes.”

The main possible mechanisms for elevated levels of FPG in
patients with acute HF are central obesity, insulin resistance,
acute renal dysfunction, and diuretics use.***” Furthermore,
long-term hyperglycemic can impair endothelial function,
leading to arteriosclerosis, a major cause of coronary heart
disease. Hyperglycemia induces secretion of higher levels
of plasma insulin, which may increase ventricular mass and
decrease cardiac output, and the insulin resistance-associated
hyperglycemia is associated with the poor prognosis.P*!! In
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Figure 2: Kaplan—Meier curves for overall survival rate (a and b), free survival rates of cardiovascular event (c and d), and HF re-hospitalization
event (e and f) among different groups of acute HF patients, who were stratified by FPG levels. Non-DM, IFG, and DM groups corresponded to
groups G1, G2, and G3 in Figure 2a, 2¢c and 2e; DM groups were further subdivided into three subgroups according to controlled FPG levels:
FPG <3.9 mmol/L, 3.9 mmol/L< FPG <7.0 mmol/L and FPG =7.0 mmol/L corresponding to groups g3, g4 and g5; non-DM and IFG groups
corresponded to groups g1 and g2 in Figure 2b, 2d and 2f. IFG: Impaired fasting glucose; DM: Diabetes mellitus; HF: Heart failure.

addition, elevated levels of FPG and insulin activate the
sympathetic nervous system, which has been implicated in
the development of HF.

Recent guidelines for the treatment of DM emphasize
the importance of individualization of therapy based on
patient demands, comorbid conditions, and potential side
effects.?!) Strict glycemic control is prone to higher risk
of hypoglycemia and has been related to higher morbidity
and mortality. Several studies have found a U-shaped
relationship between HbAlc values and mortality. In
a cohort of 5815 patients with HF and DM treated in
ambulatory clinics, individuals with modest glycemic
control (7.1%<HbA1c <7.8%) had the lowest risk of death.
Moreover, an inverse association between HbA 1¢ values and
adverse outcomes also has been reported in patients with DM

and advanced HF.B? In the present study, DM individuals
with modest FPG level (3.9 mmol/L< FPG <7.0 mmol/L)
had the lowest risk of all-cause mortality and cardiovascular
event, and a higher all-cause mortality was found in low
FPG level group (FPG <3.9 mmol/L), where the rate of
insulin use was significantly higher than oral glycemic agents
(76.9% vs. 15.7%, P<0.01). Although low FPG at admission
could not completely represent the stable state of glycemic
control, it reflected a higher risk of mortality or morbidity
caused by hypoglycemia.

Several mechanisms for the association above have been
proposed. First, acute hypoglycemia induces catecholamine
release due to sympathetic nervous activation that leads to
Ca* overload of the cardiomyocyte and hypokalemia, both of
which cause prolongation of the QT interval and can trigger
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lethal arrhythmias.®*¥ Second, hypoglycemia has harmful
effects on myocardial metabolism with insulin resistance and
may lead to increased heart rate and systolic blood pressure,
myocardial ischemia, water-sodium retention, and reduced
left ventricular contraction.**! Furthermore, hypoglycemia
induces a hypercoagulant state through platelet aggregation
and changes of plasma coagulant factors.?% All of these
factors are linked to HF decompensations. However, there
were no randomized controlled trials aiming for optimal
glycemic targets, specifically in acute HF patients with DM.
It is controversial whether low FPG is an epiphenomenon
caused by brittleness of DM or a treatment-related effect
due to strict glycemic control. Therefore, further studies
assessing the effect of modulating FPG in DM patients on
acute HF are warranted.

Our study had several strengths and limitations. Patients
were selected from two independent centers, with a high
follow-up rate. Patients were prospectively monitored using
established databases for hospital admission and telephone
interview. The follow-up period was sufficiently long to
obtain the risk for HF in the general population. In addition,
our registry provided evidence of the impact of different FPG
levels on the risk of all-cause mortality and cardiovascular
mortality as well as the association between glucose control
and prognostic outcomes for DM. However, some important
limitations of this registry include sample size, lack of
HbA 1¢ data, and lack of glucose tolerance test data. First, the
sample size of this study was relatively small, which slightly
increased the sampling error and reduced the statistical
power. Second, FPG was volatile and influenced by many
factors. The lack of comprehensive HbAlc data precluded
exploring the combination of HbA 1¢ and FPG, which might
represent a better state of glycemic control than FPG alone.
Third, the hyperglycemic state would be change with the
increase of age and inappropriate treatment such as non-DM
might become IFG or DM in the future during follow-up.
However, these data were not available. Classification of
IFG or DM based on a single FPG measurement might
underestimate the impact of hyperglycemia.

In conclusion, the present study indicated that IFG and
DM were associated with higher all-cause mortality and
cardiovascular mortality in patients with acute HF. No
significant differences in HF re-hospitalization were
observed among patients with IFG, DM, and non-DM. DM
patients with lower (FPG <3.9 mmol/L) or higher controlled
FPG (FPG >7.0 mmol/L) both had worse survival outcomes.
These results demonstrated the importance of proper
glycemic targets in HF patients with DM. There remains
a need for evidence-based guidelines for the management
of in-hospital hyperglycemia among patients with acute
HF, and the impact of aggressive treatment of admission
hyperglycemia on outcomes in this patient population needs
to be further explored in randomized controlled trials.
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