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Abstract: Background: This study explored effects of stress hyperglycemia (SHG) on cardiac function and prognosis 
in critical patients of ICU. Methods: We analyzed 80 critical non-diabetic patients admitted to ICU. Based on blood 
glucose levels, patients were divided into normal group with normal blood glucose level (conventional treatment) 
and SHG group. SHG patients were further divided into control group (conventional treatment) and strengthen group 
(intensive insulin therapy). Cardiac function parameters of patients were monitored by the Swan-Ganz catheter, 
including right atrial pressure (RAP), pulmonary artery pressure (PAP), pulmonary artery wedge pressure (PAWP); 
cardiac output (CO), cardiac index (CI), brain natriuretic peptide (BNP), hydrogen ion concentration (PH), partial 
pressure of oxygen in artery (PaO2), and partial pressure of carbon dioxide in artery (PaCO2). Results: SHG patients 
showed higher RAP, PAP, PAWP, BNP levels, and lower CO, CI, PaO2 and PaCO2 levels than normal group. Intensive 
insulin therapy significantly decreased RAP, PAP, PAWP, BNP, and increased CO, CI, PaO2, and PaCO2. Moreover, ICU 
length of stay, the number of patients using ventilator, duration of mechanical ventilation and mortality were all 
significantly decreased in strengthen group. Conclusion: SHG had a significant effect on cardiac function in patients 
admitted to ICU, resulting in exacerbation and poor prognosis. Intensive insulin therapy markedly improved cardiac 
function of patients with SHG.
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Introduction 

Stress hyperglycemia (SHG) refers to previous 
sharp rise in blood glucose levels of diabetes 
patients or patients without diabetes history by 
stimulation, such as, severe trauma, infection, 
cardiovascular, cerebrovascular accidents and 
major surgery. For patients without diabetes 
history, if a random blood glucose levels ≥ 11.1 
mmol/L or fasting blood glucose levels ≥ 7.0 
mmol/L two more times, it can be diagnosed as 
SHG [1]. Different with diabetes, SHG has the 
following characteristics [2, 3]: (1) acute or a 
short time hyperglycemia and blood glucose 
back to normal with primary disease cured; (2) 
increasing serum insulin and C-peptide; (3) the 
outstanding “insulin resistance” performance; 
(4) associated with high metabolism, mainly in 
gluconeogenesis.

According to blood glucose recorded, the occur-
rence of SHG in ICU patients is very common. 
For most critically ill patients admitted to the 

ICU, even with no previous history of diabetes, 
blood glucose often rise and the occurrence 
rate is about 50%, which is of a great danger 
[4]. According to recent studies on non-diabetic 
or diabetic patients, SHG is an independent  
risk factor causing cardiovascular disease [5]; 
Hyperglycemia on admission state can signifi-
cantly affect the prognosis of patients with car-
diovascular disease. Compared to patients with 
diabetes, a higher mortality occurs in 2030 
cases of hyperglycemia patients [6]. Blood glu-
cose level reflects the strength of the body’s 
stress response, and the persistent high blood 
glucose level is positively correlated with criti-
cal illness severity and prognosis [4]. Intensive 
insulin therapy can significantly improve blood 
glucose level to strengthen lung function and 
correct acid-base imbalance [7]. Though the 
impact of diabetes on cardiac function has 
been studied very thoroughly, the mechanism 
of SHG on cardiac function is an urgent clinical 
problem to be solved.
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In this study, 80 cases of critically ill patients 
admitted to the ICU were recruited. Cardiac 
function was measured by the Swan-Ganz cath-
eter and BNP blood tests. All patients were 
divided into normal group with normal blood 
glucose level (conventional treatment) and SHG 
group. SHG patients were further divided into 
control group (conventional treatment) and 
strengthen group (intensive insulin therapy). To 
explore the effects of SHG on cardiac function 
and clinical prognosis of the critical patients 
from ICU, we analyzed hospitalized situation 
and prognosis of patients in three groups. 
Furthermore, cardiac function differences were 
also analyzed before and after intensive insulin 
therapy. 

Material and methods

Subjects

This prospective study was approved by the 
ethics committee of the 254 Hospital of 
Chinese People’s Liberation Army, and written 
informed consent was obtained from all pa- 
tients before enrollment. All patients admitted 
to the ICU of our hospital without previously 
known diabetes were screened for develop-
ment of hyperglycemia during December 2010 
to September 2014. Patients for this study 
were recruited using the following inclusion cri-
teria: (1) patients without previously known dia-
betes, insulinoma, or glucose metabolic disor-
ders; (2) patients with normal glycated hemo-
globin levels after admission; (3) patients in 
their first hyperglycemia period; (4) the critical 
ill patients with normal glucose level. The exclu-
sion criteria were: (1) Patients with acute myo-
cardial infarction; (2) Patients with diabetic 
ketoacidosis, or with hyperosmolar nonketotic 
diabetic coma; (3) Patients with hepatic and 
renal disorders; (4) Patients with severe arrhyth-
mia; (5) Patients with active rheumatic heart 
disease; (6) Patients with valvular stenosis or 
insufficiency; (7) Patients with severe pulmo-
nary arterial abnormality or pulmonary hyper-
tension; (8) Patients implanted with cardiac 
pacemaker. Finally, a total of 80 critically ill 
patients with normal glucose or hyperglycemia 
were recruited into this study. Twenty patients 
were diagnosed with acute cardiac insufficien-
cy, 18 with acute respiratory distress syndrome 
(ARDS), 11 with septic shock, 19 with cerebro-
vascular accidents, and 10 with cardiopulmo-
nary-cerebral resuscitation. Patients were 
divided into normal group (normal glucose; con-

ventional treatment) and SHG group according 
to their glucose levels. The latter was further 
divided into control group (conventional treat-
ment) and strengthen group (intensive insulin 
therapy).

Hyperglycemia was defined as 2 fasting glu-
cose values of at least 140 mg/dL or a random 
glucose of at least 200 mg/dL, which was 
adapted from the definition outlined in a con-
sensus statement regarding inpatient glucose 
control by the American Diabetes Association 
[8].

Data collection

Blood glucose measurements were record- 
ed using a portable glucometer (Johnson & 
Johnson) during the 28 days of ICU admission. 
Acute Physiology and Chronic Health Evaluation 
II (APACHE II) score was calculated to evalua- 
te illness severity [9]. Hepatorenal function, 
myocardial enzyme, glycosylated hemoglobin 
(HbA1c), and brain natriuretic peptide (BNP) 
were monitored. Swan-Ganz catheterization 
was performed to monitor cardiac function vari-
ables, including central venous pressure (CVP), 
pulmonary arterial pressure (PAP), pulmonary 
artery wedge pressure (PAWP), cardiac output 
(CO), and cardiac index (CI). Arterial blood sam-
ples were drawn for blood gas analyses using 
the GEM Premier 3000, Instrumentation La- 
boratory, Lexington, MA, USA). Patients in stren- 
gth group were infused with insulin (1 u/mL) at 
0.1 U/kg/h in addition to the conventional ther-
apy. Duration of ICU stay and mechanical venti-
lation, number of patient using ventilator, and 
the mortality of the patients 28 days after ICU 
admission were recorded.

Statistical analysis

Statistical analysis was performed using SPSS 
(version 17.0). Data were expressed as means 
± standard deviation (SD). Comparisons be- 
tween groups were conducted using x2 tests or 
Student t test as appropriate. A P value, P ≤ 
0.05, was considered as statistically signifi- 
cant.

Results

Clinical data of patients with normal blood glu-
cose or SHG

To figure out the patient’s health status, we 
analyzed clinical data of patients including sex, 
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age and APACHE II score in the first 24 h of 
admission (Table 1). There was no significant 
difference among sex and age (P > 0.05). As we 
know, APACHE II is a good system to evaluate 
the severity of the disease. Normal group 
showed the lowest APACHE II score. Strength 
group showed the highest APACHE II score.

Measurement of the related cardiac function 
parameters of patients in the first 24 h of ad-
mission

To further gain insight into the patient cardiac 
function, the related cardiac function parame-
ters, including RAP, PAP, PAWP, CO, CI, BNP, 
PaO2, and PaCO2, were measured by the Swan-
Ganz catheter (Tables 2 and 3). RAP, PAP, PAWP 
and BNP indexes in SHG group were significant-
ly higher than normal group. RAP and PAWP in 
SHG patients were 1.5 times more than normal 
group. BNP was 2.5 times more than normal 
group. And CO, CI, PaO2 and PaCO2 indexes in 
patients with SHG were significantly lower than 

those with normal blood glucose. CO, CI, PaO2 
and PaCO2 in SHG patients were decreased by 
45.76%, 32.73%, 19.59%, 55.09%, respective-
ly. The difference was statistically significant (P 
< 0.05). 

Characterization of the related cardiac func-
tion parameters from patients of SHG

To investigate how intensive insulin therapy 
affected cardiac function and prognosis in criti-
cal patients of ICU, patients in the SHG group 
were randomly divided into control group and 
strength group. Intensive insulin therapy was 
exclusively applied to strength group, with the 
regular insulin (40 mL, 1 u/mL) administered by 
a syringe. The parameters related to cardiac 
function (RAP, PAP, PAWP, CO, CI, BNP, PaO2 and 
PaCO2) were measured using the Swan-Ganz 
catheter technique.

As shown in Table 3, there was no significant 
difference in RAP, CI, BNP levels, between 
strengthen group and control group before 
treatment. Intensive insulin therapy resulted in 
significant lower levels of RAP, PAP, PAWP and 
BNP index in strengthen group, while signifi-
cantly higher CO, CI, PaO2, pH and PaCO2 index-
es when compared with the control group. 
Thirdly, we compared the parameter differenc-
es of strengthen group before and after inten-
sive insulin therapy. As we expected, RAP, PAP, 
PAWP, BNP in patients were decreased signifi-
cantly after intensive insulin therapy; and CO, 
CI, PaO2 and PaCO2 index were increased sig-
nificantly. The difference was statistically sig-
nificant (P < 0.05). 

Analysis of related prognostic parameters

To fully understand the hospitalization of three 
group patients, we analyzed ICU stay, the venti-
lator utilization, duration of mechanical ventila-
tion, and mortality (Table 4). Compared with 
normal group, ICU stay, the number of patients 
using ventilator, duration of mechanical ventila-
tion, and mortality of patients were all higher in 
SHG group. After intensive insulin therapy, the 
length of ICU stay, the number of patients using 
ventilator, duration of mechanical ventilation, 
and the mortality were significantly decreased 
in strength group than that in the control group, 
although still significantly higher than normal 
group (P < 0.05).

Table 1. Comparison of information from the 
three group patients

Group Type n Male/
Female Age APACHE 

II Score
Normal group 24 12/12 63.2±10.9 20.0±4.2
Control group 28 15/13 65.7±9.5 21.2±4.8
Strengthen group 28 16/12 64.5±10.1 21.5±4.5
APACHE II: Acute Physiology and Chronic Health Evaluation II.

Table 2. Measurement of the related cardiac 
function parameters in ICU patients

Index Normal group 
(n=24)

SHG group 
(n=56)

RAP (mmHg) 5.9±3.7 9.6±5.8*

PAP (mmHg) 27.4±10.8 33.9±15.3*

PAWP (mmHg) 8.9±6.7 15.6±7.2*

CO (L/min) 5.9±3.2 3.2±2.4*

CI (L/min·m2) 2.75±0.52 1.85±0.25*

BNP (pg/mL) 184.3±54.2 476.9±243.6*

PH 7.39±0.20 7.42±0.13
PaO2 (mmHg) 68.21±14.56 54.85±10.52*

PaO2 (mmHg) 38.63±2.71 17.35±6.64*

RAP: Right atrial pressure; PAP: Pulmonary artery pres-
sure; PAWP: Pulmonary artery wedge pressure; CO: 
Cardiac output; CI: Cardiac index; BNP: Brain natriuretic 
peptide; PH: Hydrogen ion; PaO2: Partial pressure of oxy-
gen in artery; PaCO2: Partial pressure of carbon dioxide 
in artery; *P < 0.05 vs. normal group.
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Discussion

Stress hyperglycemia (SHG) is common in criti-
cally ill patients admitted to ICU and it seriously 
affects cardiac function and prognosis of 
patients [4, 8, 10, 11]. SHG was mainly caused 
by several factors [12], as follows: (1) Stress 
hormones imbalances: neuroendocrine system 
is activated by infection, trauma, shock, sur-
gery, acute myocardial infarction, heart failure 
or other factors, leading hypothalamic-pitu-
itary-adrenal axis (HPA) over-excited, stress 
hormones glucagon, catecholamines, glucocor-
ticoids, growth hormone increased. Then the 
body showed insulin secretion relative lack, 
insulin/glucagon imbalance, glycogen break-
down. Finally, insulin resistance appeared and 
cause neuroendocrine dysfunction. The body 
appeared relatively inadequate insulin secre-
tion, and thereby stimulated to break down gly-
cogen and resist insulin [13-16]; (2) Inapp- 
ropriate secretion of cytokines: under stress, 
monocytes and cells from different tissues 

[21]. Our selected patients were all over 60 
years old. Under insulin resistance stress, insu-
lin deficiency played a very important role in 
SHG of elderly. APACHE II, a severity of disease 
classification system, can be used to evaluate 
the use of hospital resources and compare the 
efficacy of intensive care in different hospitals 
or over time [9, 10, 22]. An APACHE II score over 
21 was associated with 94% mortality [23]. A 
significantly positive correlation existed be- 
tween APACHE II score and mortality. Our 
results also indicated that an APACHE II score 
over 21 had a higher mortality.

Recent studies have demonstrated that SHG 
produced by various stress reactions involved 
in many diseases [4, 11, 24]. Thus blood glu-
cose level could reflect the reaction of the body 
to stress [25]. The parameters related to cardi-
ac function were measured through the Swan-
Ganz catheter technique. The results showed 
that RAP, PAP, PAWP and BNP in SHG patients 
were all higher than normal group, and that CO, 

Table 3. Parameters comparison of strengthen group before and 
after intensive insulin therapy

Index Control group
Strengthen group

Before treatment After treatment
RAP (mmHg) 9.2±6.0 9.6±5.8 7.9±2.3*,#

PAP (mmHg) 30.1±7.7 33.9±15.3 22.0±3.6*,#

PAWP (mmHg) 14.9±8.1 15.6±7.2 9.9±5.4*,#

CO (L/min) 2.9±2.3 3.2±2.4 5.0±3.1*,#

CI (L/min·m2) 1.95±0.80 1.85±0.25 2.53±0.32*,#

BNP (pg/mL) 436.9±273.6 466.9±293.3 206.7±60.3*,#

PH 7.39±0.19 7.42±0.13 7.40±0.15#

PaO2 (mmHg) 52.45±10.54 57.85±8.52 69.21±13.63*,#

PaCO2 (mmHg) 20.23±7.74 17.35±6.64 37.63±3.71*,#

RAP: Right atrial pressure; PAP: Pulmonary artery pressure; PAWP: Pulmonary artery 
wedge pressure; CO: Cardiac output; CI: Cardiac index; BNP: Brain natriuretic peptide; 
PH: Hydrogen ion; PaO2: Partial pressure of oxygen in artery; PaCO2: Partial pressure 
of carbon dioxide in artery; *P < 0.05 vs. control group; #P < 0.05 vs. strengthen 
group before treatment.

Table 4. Comparison of hospitalizations and prognosis

Index Normal group 
(n=24)

Control group 
(n=28)

Strengthen 
group (n=28)

ICU length of stay (d) 7.28±3.94 14.66±2.54* 10.56±3.46*,#

Ventilator n (%) 10 (41.7) 22 (78.6)* 18 (64.3)*,#

Mechanical ventilation (h) 56.86±10.43 124.08±15.64* 84.48±12.63*,#

Mortality n (%) 3 (12.5) 13 (46.43)* 8 (28.57)*,#

*P < 0.05 vs. normal group; #P < 0.05 vs. control group, P ≤ 0.05.

secreted various cytokines, 
such as, TNF-α, IL-1, IL-6, 
which affected insulin sig-
naling pathway and caused 
high blood glucose [15, 17, 
18]. (3) Other factors: elder-
ly, bedridden, obesity and 
excessive intake of sugar 
during the treatment [19-
21]. All aspects seriously 
resulted in glucose produc-
tion exceeded glucose clear-
ance in SHG patients.

In this study, we analyzed 
general information of criti-
cally ill patients admitted to 
ICU. There was no signifi-
cant difference in sex and 
age among three groups, 
thus illustrating our results 
objective and reliable. Some 
studies have shown that age 
was closely related to SHG, 
and plasma insulin level was 
not proportional to age [20]. 
In a study of trauma pa- 
tients, hypoglycemia inci-
dence of the old over 60 
years old was far higher 
38% than the young 0% 
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CI, PaO2, PaCO2 were all lower. It indicated that 
patients in SHG group had worse cardiac func-
tion than normal group. Especially, PaCO2 level 
in SHG patient was significantly low compared 
with normal group, which was decreased by 
55.09%. This can be explained by the decreas-
ing body hypoxia and heart function, accompa-
ny by breathing faster and increasing carbon 
dioxide emission. As the important indicative 
factors to reflect acid-base balance in respira-
tion, PaCO2 and PaO2 levels were all decreased 
to normal group, suggesting SHG involved in 
regulation of acid-base balance. Cardiac func-
tion caused by SHG was decreased with alveo-
lar ventilation dysfunction, pulmonary diffusion 
dysfunction, myocardial hypoxia aggravated.

It was reported that intensive insulin therapy 
significantly improved lung function and cor-
rected acid-base imbalance. PaO2 level elevat-
ed and oxygen metabolism improved in patients 
with heart failure and high blood glucose after 
intensive insulin therapy [7]. This clarified that 
intensive insulin therapy provided a good treat-
ment for SHG. In addition, we analyzed the 
effect of intensive insulin therapy on cardiac 
function and prognosis of the patients. All 
indexes were improved after treatment. For 
critically ill patients of SHG, hemodynamic 
parameters measured by the Swan-Ganz cath-
eter technique, such as, RAP, PAP, PAWP, CO, 
CI, PaO2, PaCO2 and BNP, were all improved sig-
nificantly. BNP can be a quantitative marker of 
heart failure [26]. Compared with BNP in con-
trol group, strengthen group showed that BNP 
was decreased by 52.69% after intensive insu-
lin therapy. Compared with BNP before inten-
sive insulin therapy, strengthen group showed 
that BNP was decreased by 55.73% after inten-
sive insulin therapy. All results declared that 
intensive insulin therapy could protect cardiac 
function and improve the prognosis. At the 
same time, we need closely monitor blood glu-
cose levels of critically ill patients to reduce the 
incidence of adverse events. Intensive insulin 
therapy may cause blood glucose level too low 
some time, and thus leading heart or brain 
ischemia further aggravated, even death [27, 
28].

Studies have shown that SHG, an independent 
prognostic factor, made primary disease pro-
gression, delayed the disease recovery, and 
thereby resulted in a variety of serious compli-
cations or even death in critically ill patients [1, 

29]. It has been reported that blood glucose 
levels elevated along with the relative lack of 
insulin secretion and increased plasma free 
fatty acids, which resulted in membrane dam-
aged, calcium overload, myocardial contractili-
ty reduced. Moreover, hyperglycemia can pro- 
mpt pump failure and trigger arrhythmias [30, 
31]; In addition, hyperglycemia can change 
osmotic pressure of cell, suppress the immune, 
increase pro-inflammatory cytokines, impair 
mitochondrial function, and increase oxygen 
free radicals, which all promoted damage in tis-
sues and organs [32, 33]; In our study, for SHG 
critically ill patients, length of ICU stay, the 
number of patients using ventilator, duration of 
mechanical ventilation and mortality were all 
higher than normal group, consistent with the 
results of Langouche’s study [29]. The mortality 
of patients in strengthen group and control 
group was 3.3 and 2.3 times than normal 
group, respectively. Compared with control 
group, these parameters in strengthen group 
were decreased a lot after intensive insulin 
therapy, such as, mortality decreased by 
38.5%, average duration of mechanical ventila-
tion decreased by 31.9%. Future study is 
required to clearly understand the effect mech-
anism of SHG on cardiac function and progno-
sis, and to better use of intensive insulin thera-
py to reduce the mortality of the patients.

In summary, our study showed that SHG had a 
significant influence on cardiac function of criti-
cally ill patients from ICU, resulting in exacerba-
tions and poor prognosis. The blood glucose 
level at the acute phase can be one of the 
important parameters for evaluating the sever-
ity and prognosis. The effect of SHG on cardiac 
function is complex. It is strongly suggested 
that intensive insulin therapy be taken to con-
trol the blood glucose levels, and to protect the 
cardiac function. Meanwhile, it is essential to 
closely monitor of blood glucose levels to pre-
vent hypoglycemia. Intensive insulin therapy 
paves an important way for SHG to reduce 
blood glucose levels. Future study is still 
required on reducing blood glucose of severe 
medical field.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jianhai Yang, De- 
partment of Emergency, 254 Hospital of PLA, Tianjin 



SHG affects cardiac function and prognosis

12030 Int J Clin Exp Med 2016;9(6):12025-12031

300051, China. Tel: +86-13612128935; Fax: +86-
22-26220266; E-mail: yangjianhai_99@126.com 

References

[1] McCowen KC, Malhotra A, Bistrian BR. Stress-
induced hyperglycemia. Crit Care Clin 2001; 
17: 107-24.

[2] Bhisitkul DM, Morrow AL, Vinik AI, Shults J, 
Layland JC, Rohn R. Prevalence of stress hy-
perglycemia among patients attending a pedi-
atric emergency department. J Pediatr 1994; 
124: 547-51.

[3] Leonidou L, Mouzaki A, Michalaki M, DeLastic 
AL, Kyriazopoulou V, Bassaris HP, Gogos CA. 
Cytokine production and hospital mortality in 
patients with sepsis-induced stress hypergly-
cemia. J Infect 2007; 55: 340-6.

[4] Van den Berghe G, Wouters P, Weekers F, 
Verwaest C, Bruyninckx F, Schetz M, 
Vlasselaers D, Ferdinande P, Lauwers P, 
Bouillon R. Intensive insulin therapy in critically 
ill patients. N Engl J Med 2001; 345: 1359-67.

[5] Zelihic E, Poneleit B, Siegmund T, Haller B, 
Sayk F, Dodt C. Hyperglycemia in emergency 
patients-prevalence and consequences: re-
sults of the GLUCEMERGE analysis. Eur J 
Emerg Med 2015; 22: 181-7.

[6] Umpierrez GE, Isaacs SD, Bazargan N, You X, 
Thaler LM, Kitabchi AE. Hyperglycemia: an in-
dependent marker of in-hospital mortality in 
patients with undiagnosed diabetes. J Clin 
Endocrinol Metab 2002; 87: 978-82.

[7] Guazzi M, Brambilla R, De Vita S, Guazzi MD. 
Diabetes worsens pulmonary diffusion in heart 
failure, and insulin counteracts this effect. Am 
J Respir Crit Care Med 2002; 166: 978-82.

[8] Magaji V, Johnston JM. Inpatient manage- 
ment of hyperglycemia and diabetes. Clinical 
Diabetes 2011; 29: 3.

[9] Knaus WA, Draper EA, Wagner DP, Zimmerman 
JE. APACHE II: a severity of disease classifica-
tion system. Crit Care Med 1985; 13: 818-29.

[10] Xiu F, Stanojcic M, Diao L, Jeschke MG. Stress 
hyperglycemia, insulin treatment, and innate 
immune cells. Int J Endocrinol 2014; 2014: 
486403.

[11] Koraćević G, Vasiljević S, Sakač D, Obradović 
S, Damjanović M, Krstić N, Zdravković M, 
Kostić T. Stress hyperglycemia in acute myo-
cardial infarction. Vojnosanit Pregl 2014; 71: 
858-69.

[12] Stubbs PJ, Laycock J, Alaghband-Zadeh J, 
Carter G, Noble MI. Circulating stress hormone 
and insulin concentrations in acute coronary 
syndromes: identification of insulin resistance 
on admission. Clin Sci 1999; 96: 589-95.

[13] Robinson LE, van Soeren MH. Insulin resis-
tance and hyperglycemia in critical illness: role 

of insulin in glycemic control. AACN Clin Issues 
2004; 15: 45-62.

[14] Marik PE, Raghavan M. Stress-hyperglycemia, 
insulin and immunomodulation in sepsis. In- 
tensive Care Med 2004; 30: 748-56.

[15] Haghani K, Pashaei S, Vakili S, Taheripak G, 
Bakhtiyari S. TNF-α knockdown alleviates pal-
mitate-induced insulin resistance in C2C12 
skeletal muscle cells. Biochem Biophys Res 
Commun 2015; 460: 977-82.

[16] Nolan CJ, Ruderman NB, Kahn SE, Pedersen 
O, Prentki M. Insulin resistance as a physiolog-
ical defense against metabolic stress: implica-
tions for the management of subsets of type 2 
diabetes. Diabetes 2015; 64: 673-86.

[17] Gao Z, Hwang D, Bataille F, Lefevre M, York D, 
Quon MJ, Ye J. Serine phosphorylation of insu-
lin receptor substrate 1 by inhibitor κB kinase 
complex. J Biol Chem 2002; 277: 48115-21.

[18] Hotamisligil GS, Peraldi P, Budavari A, Ellis R, 
White MF, Spiegelman BM. IRS-1-mediated in-
hibition of insulin receptor tyrosine kinase ac-
tivity in TNF-α-and obesity-induced insulin re-
sistance. Science 1996; 271: 665-70.

[19] Stuart CA, Shangraw RE, Prince MJ, Peters EJ, 
Wolfe RR. Bed-rest-induced insulin resistance 
occurs primarily in muscle. Metabolism 1988; 
37: 802-6.

[20] Desai D, March R, Watters J. Hyperglycemia 
after trauma increases with age. J Trauma 
1989; 29: 719-23.

[21] Frankenfield D, Cooney RN, Smith JS, Rowe 
WA. Age-related differences in the metabolic 
response to injury. J Trauma 2000; 48: 49.

[22] Goldhill D, Sumner A. APACHE II, data accuracy 
and outcome prediction. Anaesthesia 1998; 
53: 937-43.

[23] Whang KT, Steinwald PM, White JC, Nylen ES, 
Snider RH, Simon GL, Goldberg RL, Becker KL. 
Serum Calcitonin Precursors in Sepsis and 
Systemic Inflammation 1. J Clin Endocrinol 
Metab 1998; 83: 3296-301.

[24] Nasraway SA. Hyperglycemia during critical ill-
ness. JPEN J Parenter Enteral Nutr 2006; 30: 
254-8.

[25] Vachon P, Moreau J. Serum corticosterone and 
blood glucose in rats after two jugular vein 
blood sampling methods: comparison of the 
stress response. Contemp Top Lab Anim Sci 
2001; 40: 22-4.

[26] Ruocco G, Cekorja B, Rottoli P, Refini RM, 
Pellegrini M, Di Tommaso C, Del Castillo G, 
Franci B, Nuti R, Palazzuoli A. Role of BNP and 
echo measurement for pulmonary hyperten-
sion recognition in patients with interstitial 
lung disease: An algorithm application model. 
Respir Med 2015; 109: 406-15.

[27] Capes SE, Hunt D, Malmberg K, Gerstein HC. 
Stress hyperglycaemia and increased risk of 

mailto:yangjianhai_99@126.com


SHG affects cardiac function and prognosis

12031 Int J Clin Exp Med 2016;9(6):12025-12031

death after myocardial infarction in patients 
with and without diabetes: a systematic over-
view. Lancet 2000; 355: 773-8.

[28] Intensive blood-glucose control with sulphonyl-
ureas or insulin compared with conventional 
treatment and risk of complications in patients 
with type 2 diabetes (UKPDS 33). Group UPDS. 
Lancet 1998; 352: 837-53.

[29] Langouche L, Vanhorebeek I, Vlasselaers D, 
Vander Perre S, Wouters PJ, Skogstrand K, 
Hansen TK, Van den Berghe G. Intensive insu-
lin therapy protects the endothelium of criti-
cally ill patients. J Clin Invest 2005; 115: 2277.

[30] Oliver EF, Opie L. Effects of glucose and fatty 
acids on myocardial ischaemia and arrhyth-
mias. Lancet 1994; 343: 155-8.

[31] Frontera JA, Parra A, Shimbo D, Fernandez A, 
Schmidt JM, Peter P, Claassen J, Wartenberg 
KE, Rincon F, Badjatia N. Cardiac arrhythmias 
after subarachnoid hemorrhage: risk factors 
and impact on outcome. Cerebrovasc Dis 
2008; 26: 71-8.

[32] Palmeira CM, Rolo AP, Berthiaume J, Bjork JA, 
Wallace KB. Hyperglycemia decreases mito-
chondrial function: the regulatory role of mito-
chondrial biogenesis. Toxicol Appl Pharmacol 
2007; 225: 214-20.

[33] Coletta C, Módis K, Szczesny B, Brunyánszki A, 
Oláh G, Rios E, Yanagi K, Ahmad A, 
Papapetropoulos A, Szabo C. Regulation of 
vascular tone, angiogenesis and cellular bio-
energetics by the 3-mercaptopyruvate sulfur-
transferase/H2S pathway: functional impair-
ment by hyperglycemia and restoration by DL-
α-lipoic acid. Mol Med 2015; 21: 1-14.


