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Abstract
AIM: To compare mortality risks associated with known 
diabetic patients to hyperglycemic non-diabetic patients.

METHODS: �ub�ed data base was searched �or pa-�ub�ed data base was searched �or pa-
tients with sepsis, bacteremia, mortality and diabetes. 
Articles that also identi�ied new onset hyperglycemia 
(NOH) (�asting blood glucose > 125 mg/dL or random 
blood glucose > 199 mg/dL) were identi�ied and re-
viewed. Nine studies were evaluated with regards to 
hyperglycemia and hospital mortality and �ive o� the 
nine were summarized with regards to intensive care 
unit (�C�) mortality.(�C�) mortality.�C�) mortality.) mortality. mortality.

RESULTS: Historically hyperglycemia has been be-
lieved to be equally harm�ul in known diabetic patients 
and non-diabetics patients admitted to the hospital. 
�nexpectedly, having a history o� diabetes when admit-
ted to the hospital was associated with a reduced risk 
o� hospital mortality. Approximately 17% o� patients 
admitted to hospital have NOH and 24% have diabetes 
mellitus. Hospital mortality was signi�icantly increased 
in all nine studies o� patients with NOH as compared to 
known diabetic patients (26.7% ± 3.4% vs  12.5% ± 

3.4%, �  <� �.�5�� analysis o� variance). �nad�usted �C� �.�5�� analysis o� variance). �nad�usted �C��.�5�� analysis o� variance). �nad�usted �C� 
mortality was evaluated in �ive studies and was more 
than doubled �or those patients with NOH as compared 
to known diabetic patients (25.3% ± 3.3% vs  12.8% 
± 2.6%, �  <� �.�5) despite having similar blood glucose �.�5) despite having similar blood glucose�.�5) despite having similar blood glucose 
concentrations. �ost importantly, having NOH was as-
sociated with an increased �C� and a 2.7-�old increase 
in hospital mortality when compared to hyperglycemic 
diabetic patients. The mortality benefit of being diabetic 
is unclear but may have to do with adaptation to hyper-
glycemia over time. Having a history o� diabetes mel-
litus and prior episodes o� hyperglycemia may provide 
time �or the immune system to adapt to hyperglycemia 
and result in a reduced mortality risk. �nderstanding 
why diabetic patients have a lower than expected hos-
pital mortality rate even with bacteremia or acute respi-
ratory distress syndrome needs �urther study.

CONCLUSION: Having hyperglycemia without a histo-
ry o� previous diabetes mellitus is a ma�or independent 
risk �actor �or �C� and hospital mortality. 

© 2�12 Baishideng. All rights reserved.

Key words: �iabetes�� Bacteremia�� �epsis�� �ntensive�� Bacteremia�� �epsis�� �ntensive Bacteremia�� �epsis�� �ntensive�� �epsis�� �ntensive�epsis�� �ntensive�� �ntensive�ntensive 
care unit mortality�� Hospital mortality�� Hospital mortalityHospital mortality
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http://www.wjgnet.com/1948-9358/full/v3/i2/29.htm  DOI: http://
dx.doi.org/10.4239/wjd.v3.i2.29

INTRODUCTION
Small increases in fasting blood glucose concentrations (and 
A1c levels) have been associated with a significant risk for 
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Tayek CJ et al . Acute hyperglycemia increases septic mortality

cardiovascular mortality and all cause mortality[1,2]. For ex-
ample, a mean fasting blood glucose of  104.5 mg/dL was 
associated with a 1.19 odds ratio (OR) for all cause mortal-
ity (1.05-1.35, P �� 0.05)�� 0.05)[1]. The OR for mortality was 1.�1OR for mortality was 1.�1 for mortality was 1.�1 
(1.35-2.25) when the fasting blood glucose was 113 mg/dL 
(equilivent to an A1c of  6.1%). Maybe patients at risk for 
diabetes mellitus have an elevated hospital mortality risk 
when ill with new onset hyperglycemia (NOH).

Somewhat unexpectedly, mortality in critically ill pa-
tients has been reported to be significantly higher in pa-
tients without a history of  diabetes mellitus compared to 
patients with diabetes[3-5]. The greater the blood glucose 
concentration in non-diabetic patients, the greater the 
mortality[4]. Adults with NOH, defined as a fasting blood 
glucose >� 125 mg/dL or a random blood glucose >� 125 mg/dL or a random blood glucose >�125 mg/dL or a random blood glucose >�  
199 mg/dL in non-diabetic individuals was associated 
with a 3-fold intensive care unit (ICU) and 5-fold in-
creased hospital mortality rate when compared to diabetic 
patients[�].

Unexpectedly, bacteremic diabetic patients have a 
lower hospital mortality rate when compared to nondia-
betic patients (24.1% vs 44.0%,, P �� 0.05)�� 0.05) 0.05)0.05)[7]. In addition, 
known diabetic patients with bacteremia are less likely to 
develop septic shock than non-diabetics (4% vs 13%, P ���� 
0.05), and less well to develop acute renal failure (7% vs 
19%, P �� 0.05) 0.05)0.05)[7]. The adjusted OR for mortality was 0.47OR for mortality was 0.47 for mortality was 0.47 
(0.25-0.88,, P �� 0.05) for diabetic patients when com-�� 0.05) for diabetic patients when com- 0.05) for diabetic patients when com-0.05) for diabetic patients when com-
pared to non-diabetic patients with bacteremia (21.�% vs 
37.2%, P �� 0.05)[8]. However, not all studies have demon-
strated a reduced mortality in diabetics with bacteremia. 
For example, one study (n �� 1112) demonstrated a slight�� 1112) demonstrated a slight 1112) demonstrated a slight1112) demonstrated a slight 
reduction in hospital mortality rate (8.2% vs 7.2%, P ���� 
0.39, non-diabetics vs diabetics)[9]. The similar or reduced 
mortality in bacteremic diabetic patients was unexpected 
and may be secondary to the patients previous exposure 
to hyperglycemia (recent exposure raising the mortal-
ity risk and more chronic exposure potentially blunting 
the acute deleterious effects of  hyperglycemia on septic 
mortality). Other studies have seen dramatic differences 
in ICU mortality rates when groups have been identified 
as having NOH as compared to patients with established 
diabetics mellitus[�,10-17].

The reason for apparently reduced mortality in hospi-
talized patients with diabetes mellitus is unknown. Poten-
tially, a sudden increase in blood glucose concentration 
with acute illness observed in the prediabetic patient (A1c 
5.5% to �.4%) may produce dysregulation of  the immune 
system and serious consequences of  infection prevail. An 
alternative explanation could be related to potential ben-
efits of  traditional medication given to the diabetics as 
an outpatient (Statins, ACE, Aspirin, etc.) which may help 
reduce inpatient mortality. The purpose of  this study was 
to identify if  having diabetes with previous hyperglycemia 
or having NOH alters ICU and hospital mortality risk.

MATERIALS AND METHODS
All Pubmed references up to January ��1� were searcheduary 2012 were searched 2012 were searched 

for all articles associated with key words of  mortality and 
hyperglycemia. Manuscripts were excluded if  they in-
volved acute trauma, ACS, MI, CHF, CVA and pediatrics. 
Selection criteria required reporting three groups: (1) data(1) data1) data 
meeting criteria for NOH�� (2) normal glycemia�� and (3)�� (2) normal glycemia�� and (3) (2) normal glycemia�� and (3)(2) normal glycemia�� and (3)2) normal glycemia�� and (3)�� and (3) and (3)(3)3) 
diabetes mellitus as separate groups. A few papers using 
the cutoff  of  180 mg/dL were identified and excluded 
from the analysis.

Eight research papers were identified that met inclu-
sion criteria. A ninth research paper met inclusion criteria 
after personal communications with the author and the 
author’s permission to include the data provided (Person 
Communications March 2010)[10]. Primary endpoints 
were NOH (fasting blood glucose >� 125 mg/dL or >� 
199 mg/dL twice�� History of  diabetes and normal glyce-
mia. Unadjusted mortality data was obtained and com-
pared between the three groups by analysis of  variance 
(ANOVA). Meta analysis was obtained using the �ioStatANOVA). Meta analysis was obtained using the �ioStat). Meta analysis was obtained using the �ioStat. Meta analysis was obtained using the �ioStat 
program. Figure 1 demonstrates a weighted summary log 
transformed statistics for the analysis of  the nine studies. 
Data analysis was reported as mean ± SE. Significance 
was defined as a P �� 0.05.

RESULTS
Nine studies of  20 9�� patients demonstrated that NOH 9�� patients demonstrated that NOH9�� patients demonstrated that NOH 
was seen in approximately 17% (range 2%-31%) of  the 
patients admitted to the hospital. A history of  diabetes 
was seen in 23.9% of  patients admitted to the hospital. 
Therefore, approximately 59% of  patients were admitted 
without NOH or history of  diabetes.

ICU mortality was evaluated in five studies (Table 1). 
ICU mortality was more than doubled for those patients 
with NOH as compared to diabetic patients (25.3% ± 
3.3% vs 12.8% ± 2.�%, P �� 0.05). ICU mortality was�� 0.05). ICU mortality was 0.05). ICU mortality was0.05). ICU mortality was 
similar between diabetics and normal glycemic non-
diabetics (Table 1).

Hospital mortality is summarized in Table 2. Hospital 
mortality was significantly increased in all nine studies 
of  patients with NOH as compared to known diabetic 
patients (2�.7% ± 4.4% vs 12.5% ± 3.4%, P �� 0.05���� 0.05�� 0.05��0.05�� 
ANOVA). Mortality in patients with an admission history 
of  diabetes was similar to those patients with normal gly-
cemia (Table 2). Meta-analysis demonstrated an increased 
OR for mortality in patients with NOH (OR �� 2.71,OR �� 2.71,�� 2.71, 
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Table 1  Unadjusted intensive care unit mortality

NOH (%) History of 
diabetes (%)

Hospitalized patients 
without NOH (%)

Ref.

31.0 11.0a 10.0a [6]
15.2   5.2a   8.3a [10]
10.1   5.6a   5.2a [11]
27.4 10.6a 13.7a [13]
43.0 31.4a 27.2a [14]
mean ± SE 25.3 ± 3.3 12.8 ± 2.6a 12.9 ± 2.1a

aP < 0.05 vs patients with new onset hyperglycemia (analysis of variance). 
NOH: New onset hyperglycemia.



95% CI: 2.03-3.�1, P �� 0.001). Figure 1 demonstrates a�� 0.001). Figure 1 demonstrates a 0.001). Figure 1 demonstrates a0.001). Figure 1 demonstrates a 
weighted summary statistics for the analysis of  the nine 
studies. Using meta-analysis, a significant increase in mor-
tality was seen for seven of  the nine studies of  patients 
with NOH compared to diabetic patients.

DISCUSSION
Having a history of  diabetes prior to admission to the 
hospital, where the hyperglycemia is not new, may be a 
protective factor in that your immune system may have 
adapted to the hyperglycemia over time. In fact, in over 
10 million patients, diabetic patients had a reduced hos- reduced hos-reduced hos-
pital mortality when compared to non-diabetic patients 
OR of 0.87, 95% CI: 0.83-0.91, of  0.87, 95% CI: 0.83-0.91,CI: 0.83-0.91, 0.83-0.91, P �� 0.001�� 0.001 0.0010.001[5]. Unfortu-
nately, blood glucose concentration was not reported in 
this study to identify if  the greater mortality in the non-
diabetic patients was due to some 20% of  the patients 
with NOH and greater mortality risk. 

Fortunately, a recent study has evaluated the role of  

hyperglycemia in non-diabetic patients. Hospital mortality 
was significantly increased at all mean blood glucose rang-
es (111-145, 14�-199, 200-300 and >� 300 mg/dL) in non- and >� 300 mg/dL) in non- >� 300 mg/dL) in non- 300 mg/dL) in non-300 mg/dL) in non-
diabetic patients when compared to diabetic patients[4]. 
While these authors did not focus on admission blood glu-
cose concentration, a similar relationship between admis-
sion blood glucose and mortality was seen by Cheung[15]. 
For example, OR adjusted mortality was doubled for 
non-diabetic patients compared to diabetic patients with 
an admission blood glucose between 144-179 mg/dL[15].  
Unfortunately, blood glucose concentrations alone may 
not be a great marker of  systemic injury in diabetic pa-
tients since diabetic patients have varying degrees of  
insulin deficiency in that a higher blood glucose observed 
in a diabetic patient may not reflect a greater injury but a 
longer duration of  diabetes and less β cell function (for 
type 2 diabetes).

Dissecting the acuteness of  hyperglycemia provides 
new identifiable risk factors with regards for diabetic sta-
tus and NOH. The enclosed data demonstrates a protec-
tive role that hyperglycemic diabetics patients may have 
when they are hospitalized. Diabetic patients are less like-
ly to develop acute respiratory distress syndrome (ARDS) (ARDS)ARDS)) 
than patients without diabetes[18]. Only 25% of  diabetic 
patients with septic shock develop ARDS as compared to 
47% in non-diabetic patients in septic shock. Even after 
adjustment of  several risk factors for the development 
of  ARDS, diabetic patient have an OR of  0.33 (90% CI:CI: 
0.12-0.90, P �� 0.05) for the development of  ARDS[18]. 
One explanation for this unexpected finding is that mor-
tality may be increased in the non-diabetic group because 
approximately 1/5) of  these patients will have NOH 
which may promote the inflammatory response (or pre-
vent that anti-inflammatory response such as seen with 
glucocorticoid therapy).

The incidence of  NOH is common in hospitalized 
patients and may develop from the common finding of  
prediabetes in the developed world population. NOH has 
been reported to occur in 12% of  hospitalized patients[4,�] 
and approximately 27% of  ICU patients[�,10]. We found in 
this review that NOH occurs in approximately 17% of  
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Table 2  Unadjusted hospital/intensive care unit mortality

NOH (%) Known history of 
diabetes (%)

Hospitalized patients 
without NOH (%)

Sample size (n ) Patients diagnosis Ref.

16.0   3.0a   1.7a    2030 Hospital [6]
15.2     5.2a,c   8.3a     27131 ICU [10]
10.0   5.6a   5.2a    7285 ICU [11]
43.8   14.8a,c   5.3a        62 Hospital [12]
27.4 10.6a 13.7a      189 ICU [13]
43.0 31.4a 27.2a      830 ICU [14]
19.6   6.1a   3.9a    6367 Hospital [15]
42.5 24.6a 13.7a      265 Hospital [16]
23.2 11.4a 11.2a    1155 Hospital [17]
mean ± SE 26.7 ± 4.4 12.5 ± 3.4a 10.0 ± 2.8a 20 966

1Personal communications with author with permission to include and publish. aP < 0.05 vs patients with new onset hyperglycemia 
[analysis of variance (ANOVA)]; cP < 0.05 vs patients with normal glycemia (ANOVA). NOH: New onset hyperglycemia; ICU: 
Intensive care unit.
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Six of the nine studies demonstrated a significant increase in mortality risk as-
sociated with new onset hyperglycemia as compared to patients with diabetes 
mellitus. Summary analysis demonstrated a significant increased mortality risk 
(odds ratio 2.7, P <� �.���� for new onset hyperglycemia �.���� for new onset hyperglycemia�.���� for new onset hyperglycemia vs diabetes mellitus.
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all admissions. NOH was seen in those patients that had 
a mildly increased A1c concentration (5.7% ± 0.3%)[1�] 
upon admission. Mortality is higher in a non-diabetic Mortality is higher in a non-diabeticMortality is higher in a non-diabetic 
hyperglycemic patient with an A1c >� 5.4%[1]. In addition, 
this association suggests that mild elevation in A1c mea-
surement (similar to what is now being call pre-diabetes) 
might account for a large portion of  patients admitted 
with NOH. Furthermore, the increasing incidence of Furthermore, the increasing incidence ofFurthermore, the increasing incidence of  
abnormal A1c levels in the world will likely contribute to 
a greater number of  hospital admissions of  non-diabetic 
patients with NOH.

There are several other explanations as to why diabet-
ic patients have a reduced mortality when compared to 
patients without a history of  diabetes who develop hyper-
glycemia due to injury. Many diabetic patients admitted 
to the hospital have recently been taking cardioprotective 
medications. Guidelines suggest that diabetics routinely 
be provided medications that impact on survival (HMG 
CoA reductase inhibitors, ACE, AR�, asprin and calcium 
channel blockers). For example, mortality is significantly 
reduced in bacteremic patients who had previously been 
treated with HMG CoA reductase inhibitor therapy[19-22]. 
The attributable mortality was reduced from 20% to 3% 
in one study[19] and hospital mortality was reduced from 
23.1% to 10.�% in a second study (OR 0.39, 95% CI:CI: 
0.17-0.91,, P �� 0.05)�� 0.05) 0.05)0.05)[20]. Furthermore, if  HMG CoA re-
ductase inhibitor therapy was continued during the hos-
pital stay, the OR for mortality was greatly reduced (0.0��� 
95% CI: 0.01-0.44,CI: 0.01-0.44,0.01-0.44, P �� 0.01)�� 0.01) 0.01)0.01)[20]. Even if  prior HMG CoA 
reductase inhibitor therapy was stopped upon admission 
to the hospital, a mortality benefit persisted (�.37 risk ad-
justed OR, P �� 0.05) 0.05)0.05)[21]. 

Prior ACE therapy[19] or AR� therapy[22] appear to 
have similar mortality benefits in users as compared to 
non-users. Diabetic patients undergoing renal transplant Diabetic patients undergoing renal transplantDiabetic patients undergoing renal transplant 
have a reduced mortality if  they had been given β-blocker 
and calcium channel blocker medications (mean survival 
of  72.5 mo vs 3�.8 mo, P �� 0.005)�� 0.005) 0.005)0.005)[23]. 

An additional possibility for the observed lower mor-
tality rate in patients with diabetes may be due to the fact 
that they likely receive insulin administration sooner than 
those with NOH. An emergency room physician may be 
more inclined to administer insulin sooner to a patient 
with a history of  diabetes than non-diabetic patients. 
Paradoxically, critically ill non-diabetic patients provided 
intravenous insulin demonstrated a mortality benefit over 
that seen in diabetic patients[24].

Potential risk factors are many that may be contribu-
tory for specific diagnosis that may explain why one 
observes an increase mortality risk in hospitalized pa-
tients with NOH. Acute hyperglycemia increases risk Acute hyperglycemia increases riskAcute hyperglycemia increases risk 
for mortality from pneumonia in non-diabetic patients 
with a 30-d average blood glucose concentration above  
109 mg/dL[25]. For example, the OR for mortality was For example, the OR for mortality wasFor example, the OR for mortality was 
1.43 with a 30-d mean blood glucose concentration be-
tween 110-198 mg/dL, 1.�5 between 199-252 mg/dL 
and 1.91 for a concentration greater than 252 mg/dL (all 
P �� 0.05). In contrast, diabetic patients failed to have a 0.05). In contrast, diabetic patients failed to have a0.05). In contrast, diabetic patients failed to have a 

significant increase in mortality (OR of  0.9��� NS) with 
a blood glucose between 110 mg/dL and 198 mg/dL. 
Consistent with the diabetic protective effect, the OR was 
also not significant for diabetic patients with regards to 
mortality risk even with a mean blood glucose concentra-
tion between 199 mg/dL and 252 mg/dL (OR of  1.24�� 
NS). This appears counter-intuitive but acuteness of  the 
hyperglycemia (within a few days or weeks) may play a 
pivotal role in septic mortality risk. Unfortunately the 
mechanism is not known.

In this group of  community acquired pneumonia 
patients, mortality was only increased in diabetic patients 
with the highest blood glucose, an average blood glucose 
>� 252 mg/dL (OR �� 1.43, 252 mg/dL (OR �� 1.43,252 mg/dL (OR �� 1.43,, P �� 0.05). The higher glu-�� 0.05). The higher glu- 0.05). The higher glu-0.05). The higher glu-
cose threshold for an increase in mortality risk seen in 
established diabetic patients suggest that they their body’s  
immune system may adapt to hyperglycemia over time. 
Consistent with this is the fact that bacteremia and funge-
mia are much more common in patients with NOH. The 
OR was 4.2-fold increased (1.5-12, P �� 0.05) for develop-
ment of  bacteremia or fungemia in chemotherapy patients 
who also had acute hyperglycemia[2�]. While none of  the 
bacteremia studies use the criteria for the diagnosis of  
NOH, mortality was increased 3-fold in patients with a 
blood glucose >� 170 mg/dL compared to patients with a 
lower blood glucose concentration[27]. This suggests that 
acute elevations in blood glucose concentration below the 
199 mg/dL cutoff  for the criteria of  NOH may also carry 
additional mortality risk.

Increased mortality may also be related to cardiac 
function during illness. For example, the electrical con-
duction pathway is altered by acute hyperglycemia that 
may not be seen in diabetic patients who have many 
hyperglycemic episodes. Acute hyperglycemia prolongs 
both QT interval and QTc dispersion in diabetic patients 
and in acute hyperglycemic patients. However, the pro-
longed QTc dispersion does not rapidly recover in acute 
hyperglycemia. QTc dispersion recovers normally in dia-
betic patients[28]. An alternative hypothesis worth testing 
is to see if  an increased QTc dispersion may contribute 
to mortality risk seen in those patients with NOH due to 
illness (infection, sepsis, etc.). 

Lastly, coronary artery plaque instability may be a 
reason for increased mortality risk. One earlier study 
showed that normal volunteers had acute hyperglycemia 
which blunted the optimal response to injury by reduc-
ing MMP-3 concentration and altering plaque stability[29]. 
Elevated blood glucose concentration may contribute 
to coronary and carotid plaque rupture. While cytokine 
levels (tumor necrosis factor-α, IL-�) are similar in both 
diabetic and non-diabetic septic patients, there is a sig-
nificant reduction in anticoagulants seen in non-diabetic 
patients[14]. The lower concentrations of  Protein S and 
Antithrombin may contribute to an alteration in the nor-
mal coagulation profile and promote coronary plaque 
unstability.

In summary, in someone who is hyperglycemic, hav-
ing a history of  diabetes mellitus appears to lower one’s 
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risk for hospital and ICU mortality. The exact mechanism 
behind this is unknown but may likely be due to the body’
s ability to adapt to hyperglycemia over an extended pe-
riod of  time. In comparison, developing NOH in adults In comparison, developing NOH in adultsIn comparison, developing NOH in adults 
increased the OR for mortality by 2.7-fold. Since recentOR for mortality by 2.7-fold. Since recent for mortality by 2.7-fold. Since recent 
clinical trials of  intravenous insulin treatment have failed 
to confirm a mortality benefit in all ICU patients[24,30], and 
it may even show harm[30], studies to test the benefits in a 
more select group of  patients seems warranted. 

Recent recommendations have increased target blood 
glucose goals in hospitalized patients due to the lack of  
evidence associated with aggressive insulin treatment. 
Unfortunately, none of  the earlier studies have evaluated 
the benefit of  intravenous insulin treatment in patients 
with NOH)[30]. The median blood glucose for treated 
patients was 144 mg/dL)[30]. Since the mortality risk is 
increase 2.7-fold greater in patients with NOH as com-
pared to diabetic patients it would seem rational to test 
the benefits of  early aggressive insulin treatment in this 
select group of  non-diabetic patients. Furthermore, it 
would seem equally important to identify risk factors for 
those who are at risk to develop NOH. Some of  these 
risk factors include: family history of  diabetes, metabolic 
syndrome, impaired fasting glucose or an A1c concen-
tration consistent with the diagnosis of  pre-diabetes 
(5.5%-�.4%). As of  2012, the ADA recomends an A1c 
measurement as part of  the admission labs to hospital.
Septic patients in the ER with NOH have recently been 
shown to have 2.1 fold OR for mortality as compared to 
known diabetics with similar blood glucose concentra-
tion[31]. Identifying NOH will identify patients with a high 
mortality risk.

COMMENTS
Background
Diabetes is known to increase the risk for multiple infections with serious infec-
tions a common reason for hospital admission. Some patients without diabetes 
when they become ill also have elevated blood glucose concentrations due to 
illness that are similar to the concentration seen in patients with diabetes. For 
example, a random blood glucose above 199 mg/dL is not uncommon in hos-
pitalized patients with and without diabetes. The elevated blood glucose in the 
non-diabetic patient is likely due to the patient having prediabetes. Prediabetes 
is defined as someone having a fasting blood glucose between 1�� mg/dL and 
12� mg/dL. Approximately 2�% of the US population is considered to have 
pre-diabetes. It is possible that a large proportion of pre-diabetic patients who 
are hospitalized develop an elevated blood glucose concentration above 199 
mg/dL. The novel and acute elevated in blood concentration likely reduces the 
persons’ immune response to fight infection which would explain the 2.7-fold 
observed increase in mortality as compared to diabetic patients with a similar 
blood glucose concentration.
Research frontiers
Understanding the immunological reason for the greater mortality in patients 
with new onset hyperglycemia (NOH�� is paramount. While it is well known that 
neutorphill phagocytosis is reduced at elevated blood glucose concentrations 
other critical immune functions may be reduced with acute hyperglycemia. Re-
search to identify those factors is needed.
Innovations and breakthroughs
The breakthrough has begun with the use of this knowledge to help identify 
seven additional studies that have demonstrated a higher mortality risk in pa-
tients with NOH as compared to patients with known diabetic mellitus. Using 
this information in the emergency room or after surgery may identify patients 
at very high mortality risk as compared to patients without an elevated blood 

glucose concentration.
Applications
This study established the criteria for the diagnosis of NOH which will become 
an important marker of hospital mortality risk. In addition, it will help direct new 
research into testing benefits of treatment of hyperglycemia in non-diabetic pa-
tients. An ICD9 code should be established for the diagnosis of NOH.

Terminology
NOH is defined as two fasting blood glucose concentrations greater than 
12� mg/dL or two non-fasting glucose concentrations above 199 mg/dL or 
one of each. This criteria, while used on an out patient bases for the diagnosis 
of diabetes mellitus, does not make the diagnosis of diabetes mellitus in the 
inpatients setting due to the fact that illness is known to increase blood glucose 
concentrations due to an increase in the stress hormones (cortisol, GH, Cata-
cholamines, Glucagon��. The reason why the blood glucose increases greater 
than 199 mg/dL with illness is likely due to the patient have pre-diabetes.
Peer review
This is a good descriptive in which the authors analyze the association between 
blood glucose concentration and whether the patient has had a history of hy-
perglycemia in the past or NOH. Historically, blood glucose concentrations were 
perceived to be of equal risk when seen in a hospitalized patient. These authors 
support the hypothesis that NOH has a very high mortality risk as compared to 
hyperglycemia that may be more chronic as seen in many diabetic patients. The 
results of the study demonstrate that all the research trials have demonstrated 
a similar trend and that seven of the nine trials have a significant increase in 
hospital or intensive care unit mortality was observed in patients with NOH.
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Abstract
While the incidence of toddlers’ diabetes is soaring, 
their mainstay insulins were withdrawn, namely the 
weak 10% or 20% insulin mixtures (WIM), which were 
injected only once or twice daily�� Consequently, tod-
dlers are coerced to use an insulin pump, multi-dose in-
sulin regime (Mu�IR), mix or dilute insulins�� This paper 
highlights the difficulties and proposes a simple solu-
tion�� While an insulin pump is the best available option, 
it is not readily available for everyone�� Mixing insulins 
is not sufficiently precise in small doses. Although dilut-
ing insulin would allow precise dosing and reduce the 
dose variability secondary to dribbling after injections, 
it, like insulin mixing, deprives children from using the 
pen and related child-friendly accessories�� In Mu�IR, 
we inject 4-5 small doses of insulin instead of 1-2 daily 
larger doses of WIM�� Thus, on using a half unit (½
unit) insulin pen, a dose of 0��5, 1, 1��5 and 2 units are 
adjusted in steps of 100%, 50%, 33% or 25%; unlike 
the advisable 5%-20%�� This does not easily match the 

tiny erratic meals of grazing toddlers�� Maternal anxiety 
peaks on watching yo-yoing glycemia�� Carers have to 
accept either persistently high sugar or wild fluctuation. 
The risks of such poor glycemic pattern are increasingly 
recognized�� Using insulin U20 in a ½unit disposable 
pen allows deci-unit dosing, with 5%-20% dose-tuning, 
greater accuracy on delivering small doses and reduc-
tion of dose variability from dribbling�� �eci-unit dosing 
may help avoid wide glycemic swings and provide the 
affordable alternative to insulin pumps for toddlers�� �e-
ci-unit pen materializes the Human Rights of Children, 
a safer and effective treatment��

© 2012 Baishideng�� All rights reserved��
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TO THE EDITOR
Over the past few decades, standardization of  insulin 
preparations to 100 unit/mL (U100) significantly reduced 
dosing errors. Insulin U20 was withdrawn with little re�
sistance from pediatric diabetologists[1,2]. Recently, as the 
incidence of  diabetes is soaring worldwide, especially in 
toddlers, and we became more aware of  its complica�
tions, toddler-friendly insulin mixtures were discontin�
ued[3,4]. The vulnerable youngsters are left fighting the 
merciless diabetes with inappropriate �mixing insulins,�mixing insulins, 
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multiple dose insulin regimes (MuDIR)], cumbersome 
(diluting insulins) or unaffordable (insulin pump) thera�or unaffordable (insulin pump) thera� (insulin pump) thera�thera�
peutic alternatives. 

Toddler-friendly insulins were 10% or 20% rapid-
intermediate weak insulin mixtures (WIM) that were in�
jected once or twice daily. Doses were adjusted in coarse 
(15%-20%) or fine (5%-10%) tuning, for steady control. 
Withdrawal of  WIM forced the use of  insulin pumps, 
free insulin mixing or MuDIR. 

Free insulin mixing is not a popular option anymore. 
Recently, diluting U100 insulin to U10 has been success�
fully studied[5]. �his should prove to be a ma�or boon to�his should prove to be a ma�or boon to 
young diabetic patients and their families[6]. �owever,�owever, 
mixing or dilution necessitates the use of  insulin sy�
ringes. The more accurate modern insulin delivery de- The more accurate modern insulin delivery de-The more accurate modern insulin delivery de�
vices, pens, Microfine, pens, Microfine®, PenMate® and �utocover�utocover®, havehave 
redefined parents expectations[4]. �ow, mixing is rarely�ow, mixing is rarely 
acceptable since it is not as accurate or reliable as pens[7]. 
Mixing and diluting insulin share the inconvenience of  
carrying the unsightly syringes and needles around, es�
pecially on holidays. The highly technical insulin pump is. The highly technical insulin pump is 
not widely available, particularly in developing countries 
or at the outset, as it demands complex multidisciplinary 
care and resources, which are scarce. 

Using multiple 5�20 μL insulin doses is inaccurate[8]. 
�s pens deliver insulin in half  unit (�unit) steps, dose�unit) steps, doseunit) steps, dose 
tuning becomes impractical (Figure 1), let alone dribbling 
of  the concentrated insulin, U100. For instance, if  a dose 
of  ½unit proves insufficient, the next dose is one unit, dose is one unit, one unit,one unit, 
a 100% increment. �ne wonders�� (1) Would an adult. �ne wonders�� (1) Would an adult 
diabetologist advise fine tuning a dose from 5 units to 10 
units in one step? (2) Why should a mother accept dose 
adjusting from ½unit to 1 unit? �r stay at ½unit to avoid 
“hypos”? 

We propose using deci-unit dosing, i.e., using U20 in 
�unit disposable pens, which is compared with �unitunit 
dosing in Figure 1. �t low doses, 5 units or less, ad�ust�
ment could be best achieved by the proposed “0.1 unit 
dose tuning” rather than by “0.5 unit dose jumping”. 
�he latter force mothers to keep a smaller dose longer 
and blood sugar higher to avoid “hypos” until the child 
grows.

With ½unit dosing, only as doses creep up to �� units½unit dosing, only as doses creep up to �� unitsdosing, only as doses creep up to �� units 
does coarse tuning become feasible but fine tuning is un�
available until doses exceed 5 units. Frequently, parents 
and professionals have to choose between a high “yo-
yoing” control and persistently high glycemia. Annersten 
et al[9] reported significant insulin dribbling from needles 
�on average 4.7 mg (approximately 0.5 units) in �ovo�
Pen��] after 7 s; therefore, they recommended needle 
holding in the skin for 10 s to minimize dose loss. �his 
practice might add fuel to the fire in a discontent child. 
Is this avoidable? 

We studied the ½unit pens, new �umaPen Luxura½unit pens, new �umaPen Luxura, new �umaPen Luxura 
�D® (�PL) and �ovoPen �unior(�PL) and �ovoPen �unior® (�PJ), by counting the 
number of  drops that get through the tip of  5 mm/31G 
Microfine needles on slow pressing of  the push button 
in each of  the doses 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4.0, 4.5, 5.0, 

10.0 units. Three pens of  each type were tested and the 
experiment for each dose was repeated 10 times so that 
the number of  drops in each dose is averaged from data 
of  ��0 experiments for each pen. The �PL dribbled a 
mean of  0.24 (SD = 0.21) units/drop and the �P� drib�
bled 0.33 (0.32) (unpublished data). �fter insulin in�ec�
tion, a drop or rarely two might dribble from the needle 
tip. Losing one drop is sizable and variable; it constituted 
6��%, ��0%, 20%, 15%, 12% and 10% of  the doses 0.5, 1, 
1.5, 2, 2.5 and �� units, respectively. 

Certainly, this highly variable insulin loss with drib�
bling further complicates diabetes care. Logically, insulin 
dribbling from U20 insulin would be only one fifth of  
the standard U100, raising hopes of  reducing the 10 s in�
�ection hold�in time in needle�phobes.

Assuming no WIM return, the proposed alternative 
would be rapid insulin of  U20. Using U20 in �unit pen�unit pen 
ensures deci�unit dosing and fine tuning. �o avoid dis� tuning. �o avoid dis�
pensing errors, the deci�unit pen should be disposable and 
only prescribed on a named patient basis. Thus, toddlers 
would continue benefiting from the ever-improving qual�
ity convenient pens and their child-friendly accessories. 

Surely, there exists a compassionate insulin manufac�
turer who would love to cater for diabetic youngsters, 
however small the market is. �he disposable deci�unit 
pen will allow a wider range of  safer dosing and deci�unit 
tuning that is expected to improve accuracy on deliver�
ing small insulin doses. It, like diluting insulin, may also 
reduce insulin loss from dribbling which might ease�up 
in�ections due to a shorter holding�in time, besides allow�
ing the continuing use of  pens, the affordable alternative 
to insulin pumps for poor and developing nations.
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the United States National Library of  Medicine and we encourage 
all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1948-9358office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (ht tp ://www.wjgnet .com/1948-9358/
g_info_20100107165233.htm) before attempting to submit online. 
For assistance, authors encountering problems with the Online 
Submission System may send an email describing the problem 
to wjd@wjgnet.com, or by telephone: +86-10-85381892. If  you 
submit your manuscript online, do not make a postal contribution. 
Repeated online submission for the same manuscript is strictly 
prohibited.
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MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
information for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; (2) 
drafting the article or revising it critically for important intellectual 
content; and (3) final approval of  the version to be published. Auth-
ors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One 
author may be represented from two institutions, for example, Ge-
orge Sgourakis, Department of  General, Visceral, and Transplan-
tation Surgery, Essen 45122, Germany; George Sgourakis, 2nd 
Surgical Department, Korgialenio-Benakio Red Cross Hospital, 
Athens 15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJD, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 

Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Uni-
versity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  �To investigate/study/…; 
MATERIALS AND METHODS (no less than 140 words); 
RESULTS (no less than 294 words): You should present P values 
where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communi-
cation and case reports, the main text should be structured into 
the following sections: INTRODUCTION, MATERIALS AND 
METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in the 
main text or in Figures and Tables, but not in both. The main 
text format of  these sections, editorial, topic highlight, case 
report, letters to the editors, can be found at: http://www.wjgnet.
com/1948-9358/g_info_20100107165233.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet .com/1007-9327/13/4554.pdf; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should be  
used rather than magnification factors, with the length of  the bar  
defined in the legend rather than on the bar itself. File names should  
identify the figure and panel. Avoid layering type directly over  
shaded or textured areas. Please use uniform legends for the  
same subjects. For example: Figure 1 Pathological changes in 
atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; 
G: …etc. It is our principle to publish high resolution-figures for the 
printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. 
Detailed legends should not be included under tables, but rather 
added into the text where applicable. The information should 
complement, but not duplicate the text. Use one horizontal line 
under the title, a second under column heads, and a third below 
the Table, above any footnotes. Vertical and italic lines should be 
omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
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Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 
96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; 
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L 
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. 
Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1948-9358/
g_info_20100107145507.htm.
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mention in the text. In general, terms should not be abbreviated 
unless they are used repeatedly and the abbreviation is helpful to 
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Authors (Ed. Baron DN, 1988) published by The Royal Society of  
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CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.
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m mass, V volume.
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Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-9358/g_info_20100316 
080002.htm

Frontier: http://www.wjgnet.com/1948-9358/g_info_20100316 
091946.htm

Topic highlight: http://www.wjgnet.com/1948-9358/g_info_ 
20100316080004.htm

Observation: http://www.wjgnet.com/1948-9358/g_info_ 
20100107142558.htm

Guidelines for basic research: http://www.wjgnet.com/1948-9358/
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7143856.htm

Letters to the editor: http://www.wjgnet.com/1948-9358/
g_info_20100107144156.htm
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Please revise your article according to the comments/suggestions 
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