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,QWURGXFWLRQ
7KHUH� LV� D� VD\LQJ�� ³7KH� EHVW� WHDFKHUV� WHDFK� IURP� WKH�
heart, not from a book.” Medicine is a profession in 

which one learns the most from patients. Their conditions 

are constantly teaching us things, and in this case the 

“heart” of the patient doing most of the talking. Patients 

communicate hypoglycemic symptoms as “feeling shaky,” 

“racing heart,” “out of energy,” “pounding in the head,” 

and hunger – all mediated by the sympathoadrenal system. 

Signs of hypoglycemia should be picked up and treated 

with proper control of diabetes to prevent further attacks of 

hypoglycemia. This is important as, apart from the effects 

of hypoglycemia on the brain, it can also affect the heart 

and cause cardiovascular morbidity and mortality. Thus 

diabetes is a double-edged sword, with both hyper- and 

hypoglycemia being detrimental and glucose control being 

balanced between these two entities.
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&RQVHTXHQFHV�RI�+\SRJO\FHPLD
The common consequences of hypoglycaemia are as 

IROORZV��
 z Seizures and coma

 z Cognitive dysfunction and headaches

 z Accidents and unemployment

 z Fear

 z Impaired quality of life

 z Prevents desirable glucose targets

 z Cardiovascular risk (may be)

6WXGLHV�RQ�+\SRJO\FHPLD�DQG�
&DUGLRYDVFXODU�5LVN�
Studies suggesting that hypoglycemia is associated with 

cardiovascular risk are many. Recently, several large 

randomized trials evaluating the effects of glycemic control 

on cardiovascular events have published their results.1–3

$EVWUDFW��+\SRJO\FHPLD�LV�D�YHU\�FRPPRQ�VLGH�HIIHFW�RI�LQVXOLQ�WKHUDS\�DQG��WR�D�OHVVHU�H[WHQW��RI�WUHDWPHQW�
ZLWK�RUDO�K\SRJO\FHPLF�DJHQWV��6HYHUH�K\SRJO\FHPLD�FDQ�SUHFLSLWDWH�DGYHUVH�FDUGLRYDVFXODU�RXWFRPHV�VXFK�
DV�P\RFDUGLDO�LVFKHPLD�DQG�FDUGLDF�DUUK\WKPLD��7KHVH�DUH�PDLQO\�VHFRQGDU\�WR�DXWRQRPLF�DFWLYDWLRQ�ZKLFK�
UHVXOWV� LQ�KHPRG\QDPLF� FKDQJHV�� YDVRFRQVWULFWLRQ�DQG� ULVH� LQ� LQWUDYDVFXODU� FRDJXODELOLW\� DQG� YLVFRVLW\��
$OWKRXJK�K\SRJO\FHPLD�LV�WKH�PRVW�FRPPRQ�VLGH�HIIHFW�RI�LQVXOLQ�WKHUDS\�LQ�GLDEHWHV�DQG�LWV�PRUELGLW\�LV�
ZHOO�NQRZQ��IRU�PDQ\�\HDUV��WKH�SRWHQWLDOO\�OLIH�WKUHDWHQLQJ�HIIHFWV�RI�K\SRJO\FHPLD�RQ�WKH�FDUGLRYDVFXODU�
�&9��V\VWHP�KDYH�HLWKHU�EHHQ�RYHUORRNHG�RU�KDYH�EHHQ�GLVPLVVHG�DV�LQFRQVHTXHQWLDO�WR�SHRSOH�ZLWK�LQVXOLQ�
WUHDWHG�W\SH���GLDEHWHV��7KLV�VFHQDULR�PD\�SRVVLEO\�EH�D�FRQVHTXHQFH�RI�WKH�SHUVLVWLQJ�PLVFRQFHSWLRQ�WKDW�
WKLV�SRSXODWLRQ� LV�VHOGRP�H[SRVHG� WR�VHYHUH�K\SRJO\FHPLD��GH¿QHG�DV�DQ\�HSLVRGH� WKDW�UHTXLUHV�H[WHUQDO�
DVVLVWDQFH� IRU� UHFRYHU\��ZKHUHDV� VHOI�WUHDWHG�HYHQWV�DUH� FODVVL¿HG�DV�³PLOG´��7KLV� UHYLHZ� IRFXVHV�RQ� WKH�
LPSRUWDQFH�RI�NQRZLQJ�DERXW�WKLV�FRQGLWLRQ�DQG�ZD\V�WR�WDFNOH�WKH�VDPH��
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The ACCORD trial randomized 10,251 participants with a 

KLVWRU\�RI�FDUGLRYDVFXODU�HYHQWV�RU�VLJQL¿FDQW�FDUGLRYDVFXODU�
risk to a strategy of intensive glycemic control or standard 

glycemic control.1 The ACCORD trial was halted because 

RI� D� VLJQL¿FDQW� LQFUHDVH� LQ� DOO�FDXVH�PRUWDOLW\� ������ DQG�
cardiovascular mortality (35%) in the intensive treatment 

group. In both the intensive and standard treatment arms, 

participants with severe hypoglycemia had a higher 

mortality rate than those without severe hypoglycemia.1 

However, the association between hypoglycemia and 

mortality is much more complex in this study. The relative 

ULVN�RI�GHDWK�DVVRFLDWHG�ZLWK�VHYHUH�K\SRJO\FHPLD�ZDV������
IRU� WKH� LQWHQVLYH� DUP� YHUVXV� ����� IRU� WKH� VWDQGDUG� DUP� LQ�
spite of larger number of severe hypoglycemic episodes in 

the intensive arm. This suggests that severe hypoglycemia in 

a certain subset of patients may be associated with mortality 

rather than the strategy of treatment used (intensive vs. 

standard). However, these data are based on post-hoc 

analysis, and the true cause of the increased mortality in these 

patients may never become obvious. The subset of patients 

most prone to the detrimental effects of hypoglycemia had 

VHYHUDO�RI�WKH�IROORZLQJ�FKDUDFWHULVWLFV��WKH\�ZHUH�OLNHO\�WR�
be women; African-American; older patients; or patients 

with a longer duration of diabetes and have higher A
1C

 and 

high albumin-to-creatinine ratio.

VADT randomized 1791 patients with type 2 diabetes 

mellitus (T2DM) to an intensive treatment group and a 

conventional treatment group.3 At the end of the study, 

WKHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�FDUGLRYDVFXODU�HYHQWV�
between the two treatment arms. As expected, there was an 

increased incidence of severe hypoglycemia in the intensive 

treatment group. Predictors for hypoglycemia included 

increased duration of diabetes, insulin treatment at baseline, 

ORZ�%0,��SUHYLRXV�FDUGLRYDVFXODU�HYHQWV��DQG�KLJK�DOEXPLQ�
to-creatinine ratio.

The ADVANCE study randomized 11,140 participants to 

an intensive glycemic control arm and a standard glycemic 

control arm.2 Although there was an increased risk of 

hypoglycemia in the intensive treatment arm, there was 

no association between hypoglycemia and cardiovascular 

mortality.2 One explanation for the discrepancy between this 

¿QGLQJ�DQG�WKDW�LQ�WKH�$&&25'�VWXG\�LV�WKH�H[WUHPHO\�ORZ�
number of patients (<3%) who had severe hypoglycemia in 

the intensive treatment arm, during the course of the entire 

trial.

Patients in the ADVANCE trial had a 2–3-year shorter 

duration of diabetes as well as a lower baseline A
1C

 than 

patients in the ACCORD trial. The number of patients on 

insulin in the intensive arm versus the standard arm was 

77% versus 55% in the ACCORD trail, 90% versus 74% 

in the VADT, and 41% versus 24% in the ADVANCE trial. 

Thus, the ADVANCE trial had a much smaller proportion 

of patients on insulin than ACCORD or VADT. This could 

in part account for the low level of hypoglycemia seen in 

the intensive arm of the ADVANCE trial (<3%) versus the 

ACCORD trail (16%) and VADT (21%). 

The DCCT enrolled type 1 diabetic patients on insulin 

treatment. DCCT had a relatively high risk for severe 

hypoglycemia in the “conventional” treatment group (0.19 

HSLVRGHV�SDWLHQW�\HDU��DQG�D�WKUHHIROG�LQFUHDVHG�ULVN�LQ�WKH�
³LQWHQVLYH´�JURXS�������HSLVRGHV�SDWLHQW�\HDU���,QWHUHVWLQJO\��
the more frequent severe hypoglycemia in the intensive 

group was not associated with increased cardiovascular 

mortality at later follow-up.4 This indirectly highlights the 

different cardiovascular risk of hypoglycemia in type 2 

versus type 1 diabetes.

7KH�3K\VLRORJ\�RI�+\SRJO\FHPLD
In health, a perfect balance is maintained between the levels 

of insulin and its antagonists so that glucose entry into the 

blood is precisely matched by the rates of glucose removal 

from the blood. In this way, a steady supply of glucose to the 

brain is assured. Hypoglycemia results when this balance is 

disturbed. 

As blood glucose falls, a series of neurohumoral responses 

occur. In producing acute recovery from insulin-induced 

hypoglycemia, glucagon is probably the major hormone, but 

epinephrine alone can also produce near-normal recovery.5 

6WLPXODWLRQ� RI� WKH� V\PSDWKHWLF� QHUYRXV� V\VWHP�� UHÀHFWHG�
indirectly by rising norepinephrine levels, is also important, 

especially in the generation of warning symptoms of 

hypoglycemia. In more prolonged hypoglycemia, the 

actions of growth hormone and cortisol assume increasing 

importance, and clinical syndromes of hypoglycemia occur 

in their absence.�±�

This profound autonomic stimulus provokes 

hemodynamic changes, the important consequences of 

which are to maintain the supply of glucose to the brain 

DQG�SURPRWH�WKH�KHSDWLF�SURGXFWLRQ�RI�JOXFRVH��%ORRG�ÀRZ�
is, therefore, increased to the myocardium, the splanchnic 

circulation (to provide precursors of gluconeogenesis to the 

liver), and the brain. The hemodynamic changes associated 

with hypoglycemia include an increase in heart rate and 

peripheral systolic blood pressure, a fall in central blood 

pressure, reduced peripheral arterial resistance (causing 

a widening of pulse pressure), and increased myocardial 

contractility, stroke volume, and cardiac output.9 The 

workload of the heart is, therefore, temporarily but markedly 

increased. This stress is especially important in patients with 

preexisting CVD.

(ODVWLFLW\�RI�%ORRG�9HVVHOV
In nondiabetic people, the arteries become more elastic 

during acute hypoglycemia with a decline in arterial wall 

VWLIIQHVV��EXW� LQ�SHRSOH�ZLWK� W\SH���GLDEHWHV�RI�!���\HDUV¶�
duration, arterial wall stiffness per se is greater and arteries 

are less elastic in response to hypoglycemia, manifesting in 
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a lesser fall in central arterial pressure.10 Normal elasticity 

RI� WKH� DUWHULDO� ZDOO� HQVXUHV� WKDW� WKH� UHÀHFWHG� SUHVVXUH�
wave from the high-pressure arterioles, generated during 

each myocardial contraction, returns to the heart during 

early diastole, so enhancing coronary arterial perfusion, 

which occurs mainly during diastole (Figure 1). However, 

progressive stiffening of the arterial walls (as occurs in 

most people with long-standing diabetes) accelerates the 

UHWXUQ�RI�WKH�UHÀHFWHG�ZDYH�FDXVLQJ�LWV�HDUOLHU�DUULYDO�GXULQJ�
late systole (Figure 2). This pathophysiological effect may 

interfere with coronary arterial perfusion and promote 

myocardial ischemia.

(OHFWURFDUGLRJUDSKLF�&KDQJHV
Hypoglycemia also causes prolongation of repolarization 

manifested as a prolongation of the corrected QT interval 

(QTc).11–13� 7�:DYH� FKDQJHV� LQ� WKH� IRUP� RI� ÀDWWHQLQJ� RI�
T-wave and its prolongation are seen (Figure 3).14 These 

changes may increase the risk of cardiac arrhythmia, various 

abnormal heart rhythms, including ventricular tachycardia 

DQG� DWULDO� ¿EULOODWLRQ�� ,W� FDQ� DOVR� FRQWULEXWH� WR� VXGGHQ�
cardiac death seen in hypoglycemia. These changes are due 

to sympathoadrenal stimulation and insulin action causing 

hypokalemia. Sympathetic system reduces the activity of 

.��SRWDVVLXP�FKDQQHO�DQG�LQFUHDVHV�FDOFLXP�LQÀX[��,QVXOLQ�
ORZHUV�WKH�VHUXP�SRWDVVLXP��UHGXFHV�WKH�SRWDVVLXP�HIÀX[��
and prolongs cardiac repolarization. These actions cause 

prolongation of repolarization.

6XGGHQ�'HDWK
Sudden unexpected death of diabetic patients is linked 

to severe hypoglycemia and is termed as “death in bed 

syndrome”15 denoting death in an undisturbed bed during 

sleep. In 1991, there was investigation of a series of deaths 

of young adults with type 1 diabetes.16 The survey was 

FRPPLVVLRQHG� E\� WKH� %ULWLVK� 'LDEHWLF� $VVRFLDWLRQ� DIWHU�
concern that insulin of human origin might cause fatal 

K\SRJO\FHPLD�� $IWHU� GHDWKV� IURP� GH¿QLWH� FDXVHV� ZHUH�
H[FOXGHG�� WKH� DXWKRUV� LGHQWL¿HG� ��� LQGLYLGXDOV� ZLWK� W\SH�
1 diabetes aged <50 years, who despite being previously 

well had a very similar manner of death. Sudden death in 

diabetes may be caused due to abnormal electrical activity 

of the heart (Figure 4).

5ROH�RI�$XWRQRPLF�1HXURSDWK\
It is possible that an interaction between hypoglycemia-

induced abnormalities of cardiac repolarization and 

autonomic neuropathy contributes to the risk of sudden 

death in individuals with diabetes. Diabetic autonomic 

neuropathy is known to be associated with an increased 

mortality, and resting QT intervals are generally longer 

in patients with autonomic neuropathy than in patients 

without.17 The recent demonstration that brief periods of 

Figure 1 | The aortic pressure waveform (when large vessels are not stiff).

From: Brian Fryer European Association for the Study of Diabetes (EASD), 2012

Figure 2 | The aortic pressure waveform – with increasing arterial stiffness.

From: Brian Fryer European Association for the Study of Diabetes (EASD), 2012

Figure 3 | Electrocardioraphic changes during hypoglycemia.

(From Marques  JL, George E, Peacey SR, et al. Altered ventricular repolarization during 

hypoglycaemia in patients with diabetes. Diabetic Med�������������±�����

Figure 4 | Pathophysiology of sudden death in hypoglycemia.
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experimental hypoglycemia impair CV autonomic function 

for up to 16 hours is an additional evidence for a clinically 

relevant interaction.�� However, some studies show that QT 

prolongation is less in patients with autonomic neuropathy19 

than in those without hypoglycemia due to impaired 

sympathoadrenal stimulation.

,QÀDPPDWLRQ�DQG�5KHRORJ\
,QÀDPPDWLRQ� KDV� EHHQ� DVVRFLDWHG� ZLWK� FDUGLRYDVFXODU�
GLVHDVH� DQG� GLDEHWHV�� 6HYHUDO� LQÀDPPDWRU\� PDUNHUV�
including C-reactive protein (CRP), interleukin (IL)-6, IL-

��� WXPRU� QHFURVLV� IDFWRU� DOSKD� �71)�Į��� DQG� HQGRWKHOLQ���
have been shown to be increasing during hypoglycemia.20,21 

7KLV� LQFUHDVH� LQ� LQÀDPPDWRU\� F\WRNLQHV� FRXOG� UHVXOW� LQ�
endothelial injury and abnormalities in coagulation, resulting 

in increased risk for cardiovascular events. Certain growth 

factor levels such as vascular endothelial growth factor are 

also increased locally and in circulation after an episode of 

hypoglycemia.22 Furthermore, some cytokines such as IL-1 

have been shown to increase the severity of hypoglycemia, 

thus perpetuating a positive feedback cycle.23

Hypoglycemia induces abnormalities in platelet function 

DQG� DFWLYDWLRQ� RI� WKH� ¿EULQRO\WLF� V\VWHP�24,25 Increased 

epinephrine levels lead to an increase in platelet activation, 

leukocyte mobilization, and blood coagulability. Many of 

WKHVH�FKDQJHV�FDQ�EH�UHYHUVHG�E\�Į��RU�ȕ�EORFNDGH�
Recent studies suggest that endothelial function may be 

compromised during acute hypoglycemia. 

,QÀDPPDWLRQ�� EORRG� FRPSRQHQW�� DQG� IXQFWLRQDO�
abnormalities and endothelial dysfunction are closely 

interdependent. These abnormalities could potentially 

be aggravating the factors that contribute to increased 

cardiovascular risk with severe hypoglycemia, especially 

when applied to the subset of patients with preexisting 

cardiovascular disease, longer duration of diabetes, and 

severe autonomic neuropathy.

+\SRJO\FHPLD�LQ�,Q�SDWLHQW�*OXFRVH�
&RQWURO
The role of hypoglycemia in cardiovascular mortality in the 

in-patient setting is still controversial. Much of the variability 

in results is due to the different protocols used, differences 

LQ� GH¿QLWLRQ� RI� K\SRJO\FHPLD�� DV�ZHOO� DV�PHWKRGRORJ\�RI�
its detection and report, presence or absence of safeguards 

against hypoglycemia in the protocols, local training level 

of the personnel administering the protocols, and selected 

patient population. Hence, carefully constructed clinical 

trails to research this question are required.

Hyperglycemia is common in acutely ill patients and 

is associated with an increased morbidity and mortality.26 

This has subsequently led to a large number of trials using 

various intensive insulin protocols to control in-patient 

blood glucose. However, results from these trials have 

LQFUHDVHG� WKH� FRQWURYHUV\� RYHU� WKH� ULVNV�YHUVXV�EHQH¿W� RI�
WLJKW� LQ�SDWLHQW� JO\FHPLF� FRQWURO��9DQ� GHQ� %HUJKH� et al.27 

demonstrated that intensive insulin therapy in critically ill 

patients reduced morbidity and mortality. The DIGAMI 

(Diabetes Mellitus, Insulin Glucose Infusion in Acute 

Myocardial Infarction) study found that insulin–glucose 

infusion followed by intensive subcutaneous insulin in 

diabetic patients with acute myocardial infarction improved 

long-term survival.�� Conversely, the DIGAMI 2 study 

GLG�QRW� FRQ¿UP� VXSHULRULW\� RI� LQVXOLQ�YHUVXV� FRQYHQWLRQDO�
WUHDWPHQW��EXW�UHDI¿UPHG�WKH�LPSRUWDQFH�RI�JRRG�JO\FHPLF�
control in prevention of cardiovascular events.29 The recently 

published NICE-SUGAR (Normoglycemia in Intensive 

Care Evaluation – Survival Using Glucose Algorithm 

Regulation) study found that intensive glucose control 

increased mortality among adults in the ICU.30 The Glucose 

Insulin in Stroke Trial (GIST)-UK looked at tight control 

of glucose in patients with acute stroke using an intensive 

LQVXOLQ�LQIXVLRQ�SURWRFRO�DQG�IRXQG�QR�EHQH¿W�31 The GIST-

8.�WULDO�ZDV�XQGHUSRZHUHG�WR�GUDZ�DQ\�¿UP�FRQFOXVLRQV��
However, the subanalysis of the mean change in glucose at 

24 hours showed that patients who had a decrease in plasma 

JOXFRVH�RI����PPRO�/�KDG�D�PRUWDOLW\� UDWH�RI�����YHUVXV�
����IRU�WKRVH�ZKR�KDG�D����PPRO�/�GHFUHDVH�32 This raises 

the question of hypoglycemia having a role in increased 

mortality in the in-patient setting.

Some recent studies looking at using intensive insulin 

infusions such as the volume and insulin therapy in 

severe sepsis and septic shock (VISEP) showed that the 

incidence of hypoglycemia was higher in the intensively 

treated group.33 A study by Kosiborod et al.,34 looking at 

�������SDWLHQWV�DGPLWWHG�ZLWK�P\RFDUGLDO�LQIDUFWLRQ��IRXQG�
that a J-shaped relationship existed between glucose and 

PRUWDOLW\�� ,QFUHPHQWDO� LQFUHDVHV� DERYH� ���� PJ�G/� DQG�
LQFUHPHQWDO� GHFOLQHV� EHORZ� ��� PJ�G/� ZHUH� IRXQG� WR� EH�
strongly associated with increased mortality. The slopes 

of these relationships were even steeper in patients with 

diabetes, suggesting that hypoglycemia could contribute 

to increased mortality, especially in diabetic patients. In 

another study, a pooled analysis of over 4200 patients from 

various myocardial infarction intervention studies, death 

occurred in 4.6% of the patients with hypoglycemia versus 

���RI�WKRVH�ZKR�ZHUH�FRQVLGHUHG�HXJO\FHPLF����±����PJ�
dL).35 In contrast, a subanalysis of the DIGAMI 2 data did 

not show hypoglycemia to be an independent risk factor for 

future morbidity or mortality in patients with T2DM and 

myocardial infarction.36 It is prudent to conclude from the 

available data that severe hypoglycemia should be avoided 

as much as possible in the in-patient setting.

0DQDJHPHQW
+\SRJO\FHPLD�LV�EORRG�JOXFRVH�OHVV�WKDQ����PJ�G/��,W�VKRXOG�
EH�WUHDWHG�ZLWK�����GH[WURVH�XVLQJ�WKH�IROORZLQJ�IRUPXOD�
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�'��� ������±�%*��î�����P/�,9
)RU�H[DPSOH��LI�EORRG�JOXFRVH��%*��LV����PJ�G/������±�

���î����� ����P/�����'��7KH�EORRG�JOXFRVH�LV�UHFKHFNHG�LQ�
15 minutes and treatment repeated if needed. If the patient 

can take orally, 15 g of rapid-acting carbohydrate is given. 

Insulin should be continued if blood glucose is normal.

Long-term management of diabetes is prudent to prevent 

hypo- or hyperglycemia. Insulin and drug regimens should 

be changed if needed to maintain euglycemia.

)LQDO�:RUG
Hyper- and hypoglycemia form the two cliffs of a plateau 

and diabetes management should be such as to form a 

proper balance between the two. Hypoglycemia can lead to 

sudden death, arrhythmias, vascular abnormalities, and can 

worsen coronary heart disease. Further studies are required 

for guidelines on sugar control of ICU patients. However, 

hypoglycemia is more detrimental. Prompt treatment of 

hypoglycemia and proper long-term management will 

improve the morbidity and mortality of diabetic patients.

5HIHUHQFHV
1. Action to Control Cardiovascular Risk in Diabetes Study 

*URXS��*HUVWHLQ�+&��0LOOHU�0(��%\LQJWRQ�53��et al. Effects of 

intensive glucose lowering in type 2 diabetes. N Engl J Med. 
�������������±���

2. ADVANCE Collaborative Group, Patel A, MacMahon S, 

Chalmers J, et al. Intensive blood glucose control and vascular 

outcomes in patients with type 2 diabetes. N Engl J Med. 

�������������±���
3. Duckworth W, Abraira C, Moritz T, et al. Glucose control and 

vascular complications in veterans with type 2 diabetes. N Engl J 
Med��������������±���

4. The Diabetes Control and Complications Trial Research Group. 

Hypoglycemia in the Diabetes Control and Complications Trial. 

Diabetes.������������±���
5. Rizza RA, Cryer PE, Gerich JE. Role of glucagon, 

catecholamines and growth hormone in human glucose 

counterregulation. J Clin Invest������������±����
6. DeFeo P, Perriello G, Torlone E, et al. Demonstration of a role 

for growth hormone in glucose counterregulation. Am J Physiol. 
���������(���±����

��� %R\OH�3-��&U\HU�3(��5ROHV�RI�JURZWK�KRUPRQH�DQG�FRUWLVRO�
in defence against prolonged hypoglycemia. Diabetes. 
��������6XSSO������$�

��� +D\PRQG�0:��.DUO�,��:HOGRQ�:��et al. The role of growth 

hormone and cortisone on glucose and gluconeogenic substrate 

regulation in fasted hypopituitary children. J Clin Endocrinol 
Metab�������������±���

��� :ULJKW�5-��)ULHU�%0��9DVFXODU�GLVHDVH�DQG�GLDEHWHV��,V�
hypoglycaemia an aggravating factor? Diabetes Metab Res Rev. 

�����������±���
���� 6RPPHU¿HOG�$-��:LONLQVRQ�,%��:HEE�'-��et al. Vessel wall 

stiffness in type 1 diabetes and the central hemodynamic effects 

of acute hypoglycemia. Am J Physiol Endocrinol Metab. 

���������(����±��
11. Judson WE, Hollander W. The effects of insulin-induced 

hypoglycemia in patients with angina pectoris; before and after 

intravenous hexamethonium. Am Heart J�������������±����
12. Robinson RT, Harris ND, Ireland RH, et al. Mechanisms 

of abnormal cardiac repolarization during insulin-induced 

hypoglycemia. Diabetes.�������������±���

13. Koivikko ML, Karsikas M, Salmela PI, et al. Effects of 

controlled hypoglycaemia on cardiac repolarisation in patients 

with type 1 diabetes. Diabetologia.������������±���
���� *UDYHOLQJ�$-��)ULHU�%0��'RHV�K\SRJO\FDHPLD�FDXVH�

cardiovascular events? Br J Diabetes Vasc Dis�����������±���
���� &DPSEHOO�,:��'HDG�LQ�EHG�V\QGURPH��$�QHZ�PDQLIHVWDWLRQ�RI�

nocturnal hypoglycaemia? Diabet Med����������±��
���� 7DWWHUVDOO�5%��*LOO�*9��8QH[SODLQHG�GHDWKV�RI�W\SH���GLDEHWLF�

patients. Diabet Med�����������±���
17. Gonin JM, Kadrofske MM, Schmaltz S, et al. Corrected Q-T 

interval prolongation as diagnostic tool for assessment of 

cardiac autonomic neuropathy in diabetes mellitus. Diab Care. 

����������±���
���� $GOHU�*.��%RQ\KD\�,��)DLOLQJ�+��et al. Antecedent hypoglycemia 

LPSDLUV�DXWRQRPLF�FDUGLRYDVFXODU�IXQFWLRQ��,PSOLFDWLRQV�IRU�
rigorous glycemic control. Diabetes.������������±��

19. Lee SP, Yeoh L, Harris ND, et al��,QÀXHQFH�RI�DXWRQRPLF�
neuropathy on QTc interval lengthening during hypoglycemia in 

type 1 diabetes. Diabetes.�������������±���
���� *DOORZD\�3-��7KRPVRQ�*$��)LVKHU�%0��et al. Insulin-induced 

hypoglycemia induces a rise in C-reactive protein. Diab Care. 

�����������±��
21. Razavi Nematollahi L, Kitabchi AE, Kitabchi AE, et al. 

3URLQÀDPPDWRU\�F\WRNLQHV�LQ�UHVSRQVH�WR�LQVXOLQ�LQGXFHG�
hypoglycemic stress in healthy subjects. Metabolism. 
�����������±��

���� 'DQW]�'��%HZHUVGRUI�-��)UXHKZDOG�6FKXOWHV�%��et al. Vascular 

HQGRWKHOLDO�JURZWK�IDFWRU��$�QRYHO�HQGRFULQH�GHIHQVLYH�UHVSRQVH�
to hypoglycemia. J Clin Endocrinol Metab�������������±���

23. Del Rey A, Roggero E, Randolf A, et al. IL-1 resets glucose 

homeostasis at central levels. Proc Natl Acad Sci USA. 

��������������±���
24. Dalsgaard-Nielsen J, Madsbad S, Hilsted J. Changes in platelet 

IXQFWLRQ��EORRG�FRDJXODWLRQ�DQG�¿EULQRO\VLV�GXULQJ�LQVXOLQ�
induced hypoglycaemia in juvenile diabetics and normal subjects. 

Thromb Haemost�������������±��
���� )LVKHU�%0��+HSEXUQ�'$��6PLWK�-*��et al. Responses of 

peripheral blood cells to acute insulin-induced hypoglycaemia in 

KXPDQV��(IIHFW�RI�DOSKD�DGUHQHUJLF�EORFNDGH��Horm Metab Res 
Suppl�������������±���

26. Capes SE, Hunt D, Malmberg K, et al. Stress hyperglycaemia 

and increased risk of death after myocardial infarction in patients 

ZLWK�DQG�ZLWKRXW�GLDEHWHV��$�V\VWHPDWLF�RYHUYLHZ��Lancet. 
������������±��

���� 9DQ�GHQ�%HUJKH�*��:LOPHU�$��+HUPDQV�*��et al. Intensive insulin 

therapy in the medical ICU. N Engl J Med��������������±���
���� 0DOPEHUJ�.��3URVSHFWLYH�UDQGRPLVHG�VWXG\�RI�LQWHQVLYH�LQVXOLQ�

treatment on long term survival after acute myocardial infarction 

in patients with diabetes mellitus. DIGAMI (Diabetes Mellitus, 

Insulin Glucose Infusion in Acute Myocardial Infarction) Study 

Group. BMJ.��������������±��
29. Malmberg K, Rydén L, Wedel H, et al., DIGAMI 2 Investigators. 

Intense metabolic control by means of insulin in patients with 

GLDEHWHV�PHOOLWXV�DQG�DFXWH�P\RFDUGLDO�LQIDUFWLRQ��',*$0,�����
Effects on mortality and morbidity. Eur Heart J�������������±���

30. NICE-SUGAR Study Investigators, Finfer S, Chittock DR, et 
al. Intensive versus conventional glucose control in critically ill 

patients. N Engl J Med���������������±���
31. Gray CS, Hildreth AJ, Sandercock PA, et al., GIST Trialists 

Collaboration. Glucose-potassium-insulin infusions in the 

PDQDJHPHQW�RI�SRVW�VWURNH�K\SHUJO\FDHPLD��7KH�8.�*OXFRVH�
Insulin in Stroke Trial (GIST-UK). Lancet Neurol������������±
406.

���� %UXQNKRUVW�)0��(QJHO�&��%ORRV�)��et al. German Competence 

Network Sepsis (SepNet). Intensive insulin therapy and 

pentastarch resuscitation in severe sepsis. N Engl J Med 

������������±���
33. Kosiborod M, Inzucchi SE, Krumholz HM, et al. Glucometrics in 

SDWLHQWV�KRVSLWDOL]HG�ZLWK�DFXWH�P\RFDUGLDO�LQIDUFWLRQ��'H¿QLQJ�



2 2  |  J C D  |  V O L  1  |  N O .  2  |  J U L - S E P  2 0 1 4

JOURNAL OF CLINICAL DIABETOLOGY 
$Q�2I¿FLDO�3XEOLFDWLRQ�RI�WKH�$VVRFLDWLRQ�RI�&OLQLFDO�'LDEHWRORJ\

the optimal outcomes-based measure of risk. Circulation. 
�������������±���

34. Pinto DS, Skolnick AH, Kirtane AJ, et al., TIMI Study Group. 

U-shaped relationship of blood glucose with adverse outcomes 

among patients with ST-segment elevation myocardial infarction. 

J Am Coll Cardiol�������������±���

35. Mellbin LG, Malmberg K, Waldenström A, et al., DIGAMI 2 

Investigators. Prognostic implications of hypoglycaemic episodes 

during hospitalisation for myocardial infarction in patients 

ZLWK�W\SH���GLDEHWHV��$�UHSRUW�IURP�WKH�',*$0,���WULDO��Heart. 
�����������±��


