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Abstract

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

METHODS: PubMed data base was searched for pa-
tients with sepsis, bacteremia, mortality and diabetes.
Articles that also identified new onset hyperglycemia
(NOH) (fasting blood glucose > 125 mg/dL or random
blood glucose > 199 mg/dL) were identified and re-
viewed. Nine studies were evaluated with regards to
hyperglycemia and hospital mortality and five of the
nine were summarized with regards to intensive care
unit (ICU) mortality.

RESULTS: Historically hyperglycemia has been be-
lieved to be equally harmful in known diabetic patients
and non-diabetics patients admitted to the hospital.
Unexpectedly, having a history of diabetes when admit-
ted to the hospital was associated with a reduced risk
of hospital mortality. Approximately 17% of patients
admitted to hospital have NOH and 24% have diabetes
mellitus. Hospital mortality was significantly increased
in all nine studies of patients with NOH as compared to
known diabetic patients (26.7% =+ 3.4% vs 12.5% +
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3.4%, P < 0.05; analysis of variance). Unadjusted ICU
mortality was evaluated in five studies and was more
than doubled for those patients with NOH as compared
to known diabetic patients (25.3% + 3.3% vs 12.8%
*+ 2.6%, P < 0.05) despite having similar blood glucose
concentrations. Most importantly, having NOH was as-
sociated with an increased ICU and a 2.7-fold 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 of diabetes mel-
litus and prior episodes of hyperglycemia may provide
time for the immune system to adapt to hyperglycemia
and result in a reduced mortality risk. Understanding
why diabetic patients have a lower than expected hos-
pital mortality rate even with bacteremia or acute respi-
ratory distress syndrome needs further study.

CONCLUSION: Having hyperglycemia without a histo-
ry of previous diabetes mellitus is a major independent
risk factor for ICU and hospital mortality.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Small increases in fasting blood glucose concentrations (and
Alc levels) have been associated with a significant risk for
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cardiovascular mortality and all cause mortality"”. 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)". The OR for mortality was 1.61
(1.35-2.25) when the fasting blood glucose was 113 mg/dL
(equilivent to an Alc 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””. The greater the blood glucose
concentration in non-diabetic patients, the greater the
rnorta]jtym. Adults with NOH, defined as a fasting 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% »s5 44.0%, P < 0.05)"". In addition,
known diabetic patients with bacteremia are less likely to
develop septic shock than non-diabetics (4% o5 13%, P <
0.05), and less well to develop acute renal failure (7% vs
19%, P < 0.05)". The adjusted OR for mortality was 0.47
(0.25-0.88, P < 0.05) for diabetic patients when com-
pared to non-diabetic patients with bacteremia (21.6% »s
37.2%, P < 0.05)[8]. Howevet, not all studies have demon-
strated a reduced mortality in diabetics with bacteremia.
For example, one study (#» = 1112) demonstrated a slight
reduction in hospital mortality rate (8.2% vs 7.2%, P =
0.39, non-diabetics »s diabetics)”. 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®""".

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 (Alc
5.5% to 6.4%) 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, e#.) which may help
reduce inpatient mortality. The purpose of this study was
to identify if having diabetes with previous hyperglycemia
ot having NOH alters ICU and hospital mortality risk.

MATERIALS AND METHODS

All Pubmed references up to January 2012 were searched
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Table 1 Unadjusted intensive care unit mortality

NOH (%) History of Hospitalized patients Ref.
diabetes (%) without NOH (%)

31.0 11.0° 10.0° [6]

152 5.2 8.3 [10]
10.1 5.6° 5.2' [11]
274 10.6° 13.7° [13]
43.0 31.4° D73 [14]
mean + SE 25.3 + 3.3 12.8+2.6" 129+21°

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

for all articles associated with key words of mortality and
hyperglycemia. Manuscripts were excluded if they in-
volved acute trauma, ACS, MI, CHE, CVA and pediatrics.
Selection criteria required reporting three groups: (1) data
meeting criteria for NOH; (2) normal glycemia; and (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 critetia
after personal communications with the author and the
author’s permission to include the data provided (Person
Communications March 2010)"", 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 BioStat
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 20 966 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% *+ 2.6%, P < 0.05). 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 (26.7% £ 4.4% vs 12.5% £ 3.4%, P < 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,
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Table 2 Unadjusted hospital/intensive care unit mortality

NOH (%) Known history of  Hospitalized patients Sample size () Patients diagnosis Ref.
diabetes (%) without NOH (%)

16.0 3.0 1.7 2030 Hospital [6]

15.2 5.2% 8.3" 2713 ICU [10]
10.0 5.6" 5.2° 7285 ICU [11]
43.8 14.8™ 5.3" 62 Hospital [12]
27.4 10.6" 13.7* 189 ICU [13]
430 31.4° 27.2° 830 ICU [14]
19.6 6.1° 3.9° 6367 Hospital [15]
425 246" 13.7 265 Hospital [16]
23.2 114" 11.2° 1155 Hospital [17]
mean + SE 26.7 + 4.4 12.5+3.4" 10.0+2.8° 20 966

'Personal communications with author with permission to include and publish. *P < 0.05 vs patients with new onset hyperglycemia
[analysis of variance (ANOVA)]; P < 0.05 vs patients with normal glycemia (ANOVA). NOH: New onset hyperglycemia; ICU:

Intensive care unit.

Ref 6 e
Ref 10 —
Ref 11 ——
Ref 12 -
Ref 13 *
Ref 14 ——o—
Ref 15 —
Ref 16 ———&——
Ref 17 e
summary R
1 10

Log odds ratio

Figure 1 Mortality risk of new onset hyperglycemia vs diabetes mellitus.
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 < 0.05) for new onset hyperglycemia vs diabetes mellitus.

95% CI: 2.03-3.61, P < 0.001). Figure 1 demonstrates a
weighted summary statistics for the analysis of the nine
studies. Using meta-analysis, a significant increase in mos-
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-
pital mortality when compared to non-diabetic patients
OR of 0.87, 95% CI: 0.83-0.91, P < 0.001". 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

(49

Jgui;:;i.,g@ WJD | www.wjgnet.com

31

hyperglycemia in non-diabetic patients. Hospital mortality
was significantly increased at all mean blood glucose rang-
es (111-145, 146-199, 200-300 and > 300 mg/dL) in non-
diabetic patients when compared to diabetic patients'.
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'”.
For example, OR adjusted mortality was doubled for
non-diabetic patients compated to diabetic patients with
an admission blood glucose between 144-179 mg/ dr.™,
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 B 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)
than patients without diabetes'"”. 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:
0.12-0.90, P < 0.05) for the development of ARDS",
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”’GJ
and approximately 27% of ICU patients®". We found in
this review that NOH occurs in approximately 17% of
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all admissions. NOH was seen in those patients that had
a mildly increased Alc concentration (5.7% + 0.3%)"
upon admission. Mortality is higher in a non-diabetic
hyperglycemic patient with an Alc > 5.4%'". In addition,
this association suggests that mild elevation in Alc 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
abnormal Alc 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, ARB, asprin and calcium
channel blockers). For example, mortality is significantly
reduced in bacteremic patients who had previously been
treated with HMG CoA reductase inhibitor therapym’zzl.
The attributable mortality was reduced from 20% to 3%
in one study"” and hospital mortality was reduced from
23.1% to 10.6% in a second study (OR 0.39, 95% CI:
0.17-0.91, P < 0.05)™). Furthermore, if HMG CoA re-
ductase inhibitor therapy was continued during the hos-
pital stay, the OR for mortality was greatly reduced (0.006;
95% CI: 0.01-0.44, P < 0.01)™. Even if prior HMG CoA
reductase inhibitor therapy was stopped upon admission
to the hospital, a mortality benefit persisted (0.37 risk ad-
justed OR, P < 0.05)"".

Prior ACE therapy"” or ARB therapy™ appear to
have similar mortality benefits in users as compared to
non-users. Diabetic patients undergoing renal transplant
have a reduced mortality if they had been given f3-blocker
and calcium channel blocker medications (mean survival
of 72.5 mo 5 36.8 mo, P < 0.005)"”,

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 patientsw.

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
for mortality from pneumonia in non-diabetic patients
with a 30-d average blood glucose concentration above
109 mg/dL". For example, the OR for mortality was
1.43 with a 30-d mean blood glucose concentration be-
tween 110-198 mg/dL, 1.65 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
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significant increase in mortality (OR of 0.96; 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, P < 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 hyperglycerniam. 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””. 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[zs]. An alternative hypothesis worth testing
is to see if an increased QQTc dispersion may contribute
to mortality risk seen in those patients with NOH due to
illness (infection, sepsis, ¢7z.).

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™.
Elevated blood glucose concentration may contribute
to coronary and carotid plaque rupture. While cytokine
levels (tumor necrosis factor-a, IL-6) are similar in both
diabetic and non-diabetic septic patients, there is a sig-
nificant reduction in anticoagulants seen in non-diabetic
patients''?, 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

February 15, 2012 | Volume 3 | Issue 2 |



Tayek CJ et al. Acute hyperglycemia increases septic mortality

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
increased the OR 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[24’3o], and
it may even show harm"™”, 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)P. The median blood glucose for treated
patients was 144 mg/ d1)™. 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 eatly 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 Alc concen-
tration consistent with the diagnosis of pre-diabetes
(5.5%-6.4%). As of 2012, the ADA recomends an Alc
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®", 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 100 mg/dL and
125 mg/dL. Approximately 20% 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
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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
125 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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