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Abstract

Background/Aims Stress hyperglycemia is common in critical illness but it has not been clearly studied in patients with acute
pancreatitis (AP). This study aimed to investigate the specific blood glucose (BG) level that defines stress hyperglycemia
and to determine the impact of stress hyperglycemia on clinical outcomes in AP patients.

Methods AP patients admitted <48 h after abdominal pain onset were retrospectively analyzed. Patients were stratified by
pre-existing diabetes and stress hyperglycemia was defined using stratified BG levels for non-diabetes and diabetes with
clinical outcomes compared.

Results There were 967 non-diabetic and 114 diabetic (10.5%) patients met the inclusion criteria and the clinical outcomes
between these two groups were not significantly different. In non-diabetes, the cut-off BG level of > 180 mg/dl was selected
to define stress hyperglycemia with an 8.8-fold higher odds ratio for persistent organ failure (POF) (95% CI 5.4-14.3;
P <0.001). For diabetes, >300 mg/dl was selected with a 7.5-fold higher odds ratio for POF (95% CI 1.7-34.3; P=0.009).
In multivariable logistic regression, stress hyperglycemia was independently associated with POF, acute necrotic collec-
tion, major infection and mortality. The combination of BG and systemic inflammatory response syndrome (SIRS) score in
predicting POF was better than SIRS or Glasgow score alone.

Conclusions This study identifies a cut-off BG level of > 180 mg/dl and > 300 mg/dl was optimal to define stress hyperglyce-
mia for non-diabetic and diabetic AP patients, respectively. There was a significant relationship between stress hyperglycemia
and adverse clinical outcomes.

Keywords Acute pancreatitis - Blood glucose - Stress hyperglycemia - Diabetes mellitus - Persistent organ failure - Receiver
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Introduction

Acute pancreatitis (AP) is one of the most common gastro-
intestinal disorders resulting in urgent hospital admission,
and frequent readmissions [1]. The global incidence of
AP is 30-40 per 100,000 person-years and is increasing
worldwide [1, 2]. While biliary and alcohol excess are the
most prevalent etiologies in Western countries and Japan
[3], hypertriglyceridemia (HTG)-associated AP (HTG-AP)
is becoming increasingly common in China [4]. Further,
the mortality remains high (>30%) in patients with severe
AP (SAP), defined as having persistent organ failure (POF)
[5]. Yet, to date, there are no internationally accepted and
effective pharmacological interventions for treating AP in
spite of numerous clinical trials [6] and advances in basic
research [7].

Impaired glucose metabolism has long been associated
with acute and critical illness. Transient hyperglycemia,
also termed stress hyperglycemia or stress-induced hyper-
glycemia, is usually found in patients without known pre-
existing diabetes [8]. In myocardial infarction [9], acute
ischemic stroke [10], and perioperative patients [11],
admission stress hyperglycemia is directly correlated with
increased mortality or morbidity. Early transient hyper-
glycemia has been linked with adverse clinical outcomes
and has also been incorporated in Ranson and Glasgow
prognostic scores for AP [12]. However, the definition of
stress hyperglycemia varies in different diseases. There is
no clear definition of stress hyperglycemia for AP patients
with damage to an organ that has a central role in glu-
cose regulation. Diabetes mellitus (DM), characterized
by hyperglycemia and insulin resistance [13], is a known
independent risk factor for developing AP [14, 15]. While
co-existing DM is frequently observed in patients with AP,
the effect of stress hyperglycemia on clinical outcomes in
patients with and without pre-existing diabetes remains
undetermined. This study investigated the relationship of
pre-existing DM, and stress hyperglycemia with clinical
outcomes of AP.

Methods
Study Population

The current study was designed, conducted and reported
as per StrengThening the Reporting of OBservational
studies in Epidemiology (STROBE) guidelines [16].
Consecutive AP patients admitted to the West China Hos-
pital of Sichuan University from 1 September 2009 to 30
September 2013 were screened for eligibility. The ethics
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committee and institutional review boards approved the
study (No. 123) with an exemption of consent for available
anonymized clinical data analyzed in this study.

All patients diagnosed with AP according to Revised
Atlanta Classification (RAC) [5] were scrutinized. Patients
were included in the study if they met the following cri-
teria: admitted with abdominal pain for <48 h and were
18-80 years of age.

Patients were excluded from the study if they had incom-
plete data for admission blood glucose (BG) levels, had an
admission hypoglycemia (BG levels <70 mg/dl) [17], had
glucocorticoids before admission, were pregnant or breast
feeding, had trauma, chronic pancreatitis or tumor as etiolo-
gies, and/or had advanced comorbidities (congestive heart
failure 3—4 or unstable coronary heart disease, end stage
lung diseases, chronic kidney disease stage 4-5, liver cir-
rhosis with modified Child—Pugh grade 2-3, malignancy or
immune deficiency).

Definitions

HTG-AP was defined as serum triglyceride (TG) level
> 500 mg/dl on admission after ruling out common etiolo-
gies [18, 19]. Definitions for biliary, alcohol associated, and
other etiologies were reported in our previous work [19,
20]. Pre-existing DM was diagnosed based on disease and
medicine history, or serum glycated hemoglobin (HbAlc;
>6.5% or 48 mmol/mol) as per American Diabetes Asso-
ciation (ADA) criteria [17]. Normoglycemia was defined as
BG >70-126 mg/dl or BG >70-180 mg/dl for non-diabetic
and diabetic patients, respectively. The BG data used in this
study were derived from the first blood biochemistry analy-
sis of patients who presented at emergence department and
very few were obtained at general ward.

Management of Hyperglycemia

The protocols for the early treatment of AP patients followed
the practice guidelines of China [21] and American Gastro-
enterological Association (AGA) [22]. Short acting insulin
was infused at a rate of 0.05-0.1 U/kg/h when BG levels
were very high (>300 mg/dl) regardless of prior DM status
or whether patients received intensive care. Fingertip BG
levels were monitored at hourly interval or less. The rate of
insulin infusion was maintained if an average drop of BG
level at 36-54 mg/dl/h was observed. The rate was increased
if BG levels did not decrease or if they increased, while
it was decreased or discontinued when BG levels dropped
more quickly or hypoglycemia occurred. When BG levels
were reduced to below 250 mg/dl, insulin (4-6 U insulin in
500 ml glucose solution intravenously) was continuously
administered to maintain target BG levels of 140-180 mg/
dl with monitoring of fingertip BG levels every 4-6 h [23].
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Study Variables and Outcome Measures

Details for data collection were reported previously in our
studies [19, 20]. The manual data collection process fol-
lowed standard operating procedures (WH and RS) by expe-
rienced medical students (XY, RZ, LY, and WC) or attending
doctors (LL) with subsequent quality check by more senior
doctors (TJ and LD). Study variables included age, gender,
time to hospital admission, alcohol consumption history,
comorbidities, referral status, etiology, admission indices
(lipid profile and clinical severity scores), pancreatic imag-
ing, microbiology and necrosectomy (and/or percutaneous
drainage) [19, 20]. The primary outcome measure was devel-
opment of POF, defined as at least one of the systems (res-
piratory, cardiovascular, or renal) having Sequential Organ
Failure Assessment (SOFA) score >2 and lasting >48 h
[24]. Secondary outcome measures included acute necrotic
collection (ANC), major infection (presence of infected pan-
creatic necrosis, sepsis and/or pneumonia), and mortality.
ANC was diagnosed when imaging reports from enhanced
computerized tomographic scans clearly indicated the pres-
ence of “pancreatic necrosis or peripancreatic necrosis”. In
minority of the cases when this was equivocal, an experi-
enced abdominal radiologist reviewed the scans and defined
ANC as containing heterogenous contents (necrotic tissue
with fluid) in pancreatic parenchyma and/or peripancreatic
tissues according to the RAC imaging criteria [5]. Infected
pancreatic necrosis was defined by microbiological diag-
nosis of pancreatic infection after the first sampling from
drainage or debridement, or highly suspicion of infection
that eventually required necrosectomy in the absence of prior
aspiration or drainage to confirm infection [20].
Categorical data are expressed as number with percent-
ages and compared using Chi-square test (or Fisher’s test).
Continuous data are displayed as medians with interquar-
tile ranges (IQR) and compared using Mann—Whitney U
test. Multivariate logistic regression analysis was used to
report categorical outcome measures and expressed as odds
ratios (ORs) with 95% confidence intervals (CI). In mul-
tivariate logistic regression, each comparison of outcomes
was adjusted by baseline covariates that were of important
clinical significance. These covariates included age (> 60
vs. <60 years old) [12], gender (male vs. female), Charlson
comorbidity index, pain to admission time [19], transfer sta-
tus [19], and TG with appropriate cut-off values suggested
by previous publications. Receiver operating characteristic
(ROC) curves were constructed for predictive variables, and
the area under the curve (AUC) with 95% CI was calculated.
The combination of two or more variables was assessed by
logistic regression model to generate a combined variable
and calculated by ROC. Statistical differences between AUC
were tested using the DeL.ong method. A two-sided P <0.05
was considered statistically significant. Statistical analyses

were performed using SPSS® 22.0 (IBM, Armonk, New
York, USA).

Results

Characteristics of Patients With and Without
Pre-existing DM

The patient selection process is shown in Fig. 1. Of a total
of 2935 patients screened and 1081 met the inclusion crite-
ria. There were 967 non-diabetic patients and 114 diabetic
patients with a proportion of 10.5%. The baseline param-
eters and clinical outcomes of patients with and without pre-
existing diabetes are shown in Tables 1 and 2, respectively.
There was no significant difference in age, gender, time to
admission, referral and etiology between patients with and
without pre-existing DM. Patients with pre-existing DM had
higher admission BG and TG levels and increased clinical
severity scores (Table 1), while the clinical outcomes were
not significantly different between diabetic and non-diabetic
patients after adjusting for baseline parameters (Table 2).

Clinical Outcomes Based on Different Definitions
in Patients Without DM

Considering that the significant impact of pre-existing DM
on admission BG levels, the subsequent analyses were con-
ducted respectively in patients with or without comorbid
DM. The distribution of BG in the non-diabetic and diabetic
populations is shown in Fig. 2. In the non-diabetic popu-
lation, stress hyperglycemia was defined as > 126, > 140,
> 180, and >200 mg/dl based on previous studies of acute
and critical illness. And a total of 682 (70.5%), 579 (59.9%),
366 (37.8%), and 289 (29.9%) patients were classified as
non-pre-existing diabetic patients with stress hyperglyce-
mia, respectively. With the upgrade of cut-off values, the
proportion of POF, ANC, major infection and mortality
increased (Fig. 3). After adjusting for baseline parameters,
the multivariate adjusted ORs showed a gradual increase of
POF, ANC, major infection and mortality in patients with
normoglycemia and with different stress hyperglycemia
definitions (Fig. 3). Notably, there was an obvious deterio-
ration in the definition of > 180 mg/dl compared with those
> 126 mg/dl and > 140 mg/dl. Patients with stress hyper-
glycemia (> 180 mg/dl) had an 8.8-fold higher OR of POF
(95% CI 5.4-14.3, P<0.001), 4.5-fold higher OR of ANC
(95% CI12.7-7.5, P<0.001), 3.4-fold higher OR of major
infection (95% CI 2.0-5.6, P <0.001) and 28.8-fold higher
OR of mortality (95% CI 3.9-213, P=0.001). According to
the ROC curve analysis, a BG of 155 mg/dl was identified
as the cut-off for POF outcomes, with AUCs of 0.73 (95%
CI0.7-0.75, P <0.001; Supplementary Fig. S1). Therefore,
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Fig. 1 Patient selection flow
chart. AP acute pancreatitis, CP
chronic pancreatitis

Patients diagnosed AP between

01/09/2009 and 30/09/2013:
n=2935

\ 4

Patients screened for eligibility:

n=1777

v

Patients included in the study:
n=1081

Patients excluded: n = 1158
Repeated hospitalization: 142
Previous diagnosis of AP/CP: 760

=P Pregnancy as etiology: 75

Trauma as etiology: 29
Advanced co-morbidity or malignancy:
152

Patients excluded: n = 696
Time from abdominal pain onset to
admission = 48 hours: 605

P Age < 18 or 2 80 years: 63

On admission fasting blood glucose
< 70 mg/dl: 11
Exposed to corticosteroid hormone: 17

.

n =967

Without pre-existing diabetes:

Table 1 Baseline characteristics of patients stratified by pre-existing diabetes

.

With pre-existing diabetes:
n=114

Parameters All (n=1081) No pre-existing DM (n=967)  Pre-existing DM (n=114) P value
Age, years, median (IQR) 46 (38-57) 45 (38-56) 47 (40-60) 0.050
Sex, male, n (%) 656 (60.7) 584 (60.4) 72 (63.2) 0.568
Charlson comorbidity index, median (IQR) 1(0-1) 1 (0-1) 2(2-2) <0.001
Time to admission, hours, median (IQR) 24 (17-32) 24 (17-32) 25 (18-32) 0.327
Referral, n (%) 862 (79.7) 771 (79.7) 91 (79.8) 0.981
Etiology, n (%) 0.736
Biliary 452 (41.8) 407 (42.1) 45 (39.5) 0.592
HTG-associated 289 (26.7) 254 (26.3) 35(30.7) 0.312
Alcohol excess 29 (2.7) 27 (2.8) 2 (1.8) 0.760
Mixed? 104 (9.6) 91 (94) 13 (11.4) 0.495
Others or unknown 207 (19.1) 188 (19.4) 19 (16.7) 0.476
Laboratory makers, median (IQR)
Glucose (mg/dl) 160.6 (120.8-228.2) 153.7 (117.9-216.0) 252.4 (181.8-318.8) <0.001
TG (mg/dl) 201.1 (90.4-894.9) 182.5 (85.1-817.8) 582.1 (138.2-1537.2) <0.001
Clinical severity scores, median (IQR)
SIRS 2 (1-3) 2 (1-3) 2 (1-3) 0.635
Glasgow 2 (1-3) 1(1-2) 2 (1-3) <0.001

DM diabetes mellitus, /QR interquartile range, HTG hypertriglyceridaemia, TG triglycerides, SIRS systemic inflammatory response syndrome

#Two or more aetiology factors co-existed
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Table 2 Clinical outcomes of patients stratified by pre-existing diabetes

Parameters No pre-existing diabe-  Pre-existing diabetes P value Adjusted OR (95% CI)* Adjusted P value
tes (n=967) (n=114)

POF, n (%) 291 (30.1) 46 (40.4) 0.025 1.30 (0.84-1.99) 0.236

ANC, n (%) 193 (20) 29 (25.4) 0.171 1.30 (0.80-2.09) 0.287

Major infection, n (%) 140 (14.5) 18 (15.8) 0.708 1.01 (0.58-1.76) 0.979

Mortality, n (%) 53 (5.5) 6(5.3) 0.923 0.75 (0.31-1.83) 0.526

OR odds ratio, CI confidence interval, POF persistent organ failure, ANC acute necrotic collection

Logistic regression with OR (95% CI) after adjusting baseline factors that each was with important clinical significance. These factors included:
age, gender, Charlson comorbidity index (values were reduced for 1 point for pre-existing diabetes), time to admission, referral status, and

admission triglyceride levels

A No pre-existing diabetes

200 -
29.5% 2126 mg/dl, 70.5%
T T 1
150 - 2 140 mg/dl, 59.9%
ﬂ T 1
[=
2
=
©
o 2180 mg/dl, 37.8%
4= 100 - r ]
o
S
[}
Ke)
g 2200 mg/dl, 29.9%
r 1

Z 50

70 100 120 140 160 180 200 220 240 260 280 300 320 350 400 500 mg/dl

B Pre-existing diabetes

20 -+
23.7% 2 180 mg/dl, 76.3%
1
2 250 mg/dl, 50.9%
r 1
15 4 2 300 mg/dl, 35.1%

2 350 mg/dl, 18.4%

10 4

Number of patients

70 100 120 140 160 180 200 220 240 260 280 300 320 350 400 500 mg/dl

Fig. 2 Distribution of blood glucose in the non-diabetes (a) and diabetes (b)

a cut-off BG level of > 180 mg/dl was selected to provide
a better definition of stress hyperglycemia in AP patients
without pre-existing DM.

Clinical Outcomes Based on Different Definitions
in Patients with DM

In the diabetic population, stress hyperglycemia was defined
as > 180, >250, > 300, and >350 mg/dl based on previous
studies, and a total of 87 (76.3%), 58 (50.9%), 40 (35.1%),
and 21 (18.4%) patients were classified as pre-existing DM
patients with stress hyperglycemia, respectively (Fig. 2).
There were also an increasing proportion of POF as the
upgrade of cut-off values. In the definition of >300 mg/
dl, patients with stress hyperglycemia had a 7.5-fold higher
OR of POF (95% CI 1.7-34.3, P =0.009) after adjusting for
baseline parameters (Fig. 3). There was no statistical differ-
ence in different definitions of major infection, ANC and
mortality (data not shown). According to the ROC curve
analysis, a BG of 295 mg/dl was identified as the cut-offs
for POF outcomes, with AUCs of 0.72 (95% CI 0.62-0.8,

P <0.001; Supplementary Fig. S1). Therefore, a cut-off
BG level of >300 mg/dl was selected to provide a better
definition of stress hyperglycaemia in AP patients with pre-
existing DM.

Multivariate Analysis

In order to verify whether stress hyperglycemia was an
independent risk factors for AP adverse outcomes, multi-
variate logistic analysis was performed in all patients. These
results are shown in Table 3. Age > 60 years old, male, refer-
ral status, time to admission > 1 day, Charlson comorbidity
index and stress hyperglycemia were all independent risk
factors for POF (all P <0.05). Referral status, time to admis-
sion> 1 day and stress hyperglycemia were all independent
risk factors for ANC (all P<0.05). Age > 60 years old, male,
referral status and stress hyperglycemia were all independent
risk factors for major infection (all P <0.05). Age > 60 years
old, admission TG > 500 mg/dl and stress hyperglycemia
were all independent risk factors for mortality (all P <0.05).
These results highlight that stress hyperglycemia was
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A No pre-existing diabetes

Admission BG levels , POF, Adjusted OR Adjusted
mg/dl n (%) (95% ClI) P value
270 to 126 (n = 285) 25 (8.8) 1 (reference) - b POF OR (35% C1)
2126 (n = 682) 266 (39.0) 6.16 (3.93-9.65) <0.001 ——
2140 (n = 579) 239 (41.3) 6.75 (4.28-10.66) <0.001 ——
2180 (n = 366) 174 (47.5) 8.82 (5.44-14.29) <0.001 ———
2200 (n = 289) 145 (50.2) 10.28 (6.20-17.06) <0.001 °
0 5 10 15 20
Admission BG levels , ANC, Adjusted OR Adjusted
mg/dl n (%) (95% ClI) P value
270 to 126 (n = 285) 23 (8.1) 1 (reference) - ' ANC OR (35% CI)
2126 (n = 682) 170 (24.9) 3.50 (2.18-5.62) <0.001 _——
2140 (n = 579) 153 (26.4) 3.72 (2.31-6.01) <0.001 —_———
> 180 (n = 366) 114 (31.1) 4,53 (2.74-7.49) <0.001 o
> 200 (n = 289) 93 (32.2) 457 (2.71-7.71) <0.001 .
0 2 4 6 8
Admission BG levels , Major infection, Adjusted OR Adjusted
mg/dl n (%) (95% CI) P value
270 to 126 (n = 285) 23 (8.1) 1 (reference) . ¢  Major infection OR (95% Cl)
> 126 (n = 682) 17 (17.2) 2.22 (1.37-3.60) 0.001 ——
> 140 (n = 579) 104 (18.0) 2.32 (1.42-3.78) 0.001 ———
> 180 (n = 366) 84 (23.0) 3.36 (2.00-5.64) <0.001 —
2200 (n = 289) 70 (24.2) 3.63 (2.12-6.21) <0.001
0 2 4 6 8
Admission BG levels , Mortality, Adjusted OR Adjusted
mg/dl n (%) (95% ClI) P value
270 to 126 (n = 285) 1(0.4) 1 (reference) - Mortality OR (35% Cl)
> 126 (n = 682) 52 (7.6) 19.19 (2.63-140.18) 0.004 —e
2140 (n = 579) 48 (8.3) 20.75 (2.83-152.05) 0.003 —e
2180 (n = 366) 40 (10.9) 28.78 (3.89-213.04) 0.001 —e
2200 (n = 289) 32 (11.1) 28.98 (3.86-217.42) 0.001 e
0 50 100 150 200 250
B Pre-existing diabetes
Admission BG levels , POF, Adjusted OR Adjusted
mg/dl n (%) (95% ClI) P value
> 70 to 180 (n = 27) 8 (29.6) 1 (reference) - ¢ POF OR (35% €1)
2180 (n = 87) 38 (43.7) 2.21 (0.73-6.70) 0.161
2250 (n = 58) 31 (53.4) 3.10 (0.93-10.36) 0.067
2300 (n = 40) 26 (65.0) 7.54 (1.66-34.27) 0.009
2350 (n = 21) 16 (76.2) 17.18 (2.05-144.01) 0.009

50 100 150
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«Fig.3 Trend analysis for clinical outcomes stratified by different
stress hyperglycemia definitions in the non-diabetes (a) and diabetes
(b). BG blood glucose, POF persistent organ failure, OR odds ratio,
CI confidence interval, ANC acute necrotic collection

independently associated with POF, ANC, major infection,
and mortality.

Comparison of ROC Curves

Previous studies have reported a significant association
between admission blood urea nitrogen (BUN) levels and
their changes during the first 24 h with severity of AP [25,
26]. The predictive values of admission BG and BUN lev-
els as well as their respective changes during the first 24 h
(635 [58.7%] patients had complete data) for POF were
compared (Supplementary Fig. S2). The AUCs for admis-
sion BG (0.71, 95% CI 0.67-0.74) and BUN (0.69, 95% CI
0.65-0.73) were comparable, both were higher than changes
in BG (0.63, 95% CI 0.60-0.67) and BUN (0.56, 95% CI
0.52-0.60) during the first 24 h.

The Glasgow score included glucose > 180 mg/dl as a
parameter [12], which is equivalent to definition of stress
hyperglycemia for no pre-existing DM patients. Systemic
inflammatory response syndrome (SIRS) score is recom-
mended by the International Association of Pancreatology/
American Pancreatic Association (IAP/APA) practice guide-
lines [27] for early prediction of POF. The prediction effect
of BG alone, SIRS and Glasgow for POF by ROC curves are
shown in Fig. 4. The AUC for Glasgow score (0.81, 95% CI
0.78-0.83) was significantly higher than BG alone (0.73,
95% C10.70-0.75, P <0.001) and SIRS score (0.77, 95% CI
0.74-0.80, P=0.033). And SIRS score also showed higher
prognostic power than BG alone (P =0.025). When BG and
SIRS were combined, the AUC (0.81, 95% CI 0.79-0.84)
was similar to Glasgow score alone (P =0.665). The results
revealed the combination of BG and SIRS was effective in
early prediction of POF.

Discussion

The study investigated the relationship of DM and stress
hyperglycemia with clinical outcomes of AP. No significant
differences were observed between AP patients with and
without pre-existing DM. After defining different cut-off val-
ues of stress hyperglycemia, BG level of > 180 mg/dl and
>300 mg/dl were selected to provide a better definition of
stress hyperglycemia in AP patients without and with DM,
respectively. In multivariate logistic analysis, stress hyper-
glycemia was independently associated with POF, ANC,
major infection and mortality. In addition, the combination

of admission BG and SIRS significantly increased the pre-
dictive values compared with SIRS alone for POF, this com-
bination was also superior to Glasgow score alone.

The endocrine pancreas has been increasingly recognized
in relation to exocrine pancreatic diseases [28, 29]. Previ-
ous population-based studies suggested an increased risk
for AP in patients with comorbid DM [30, 31], but there is
a lack of consensus on whether DM aggravates the severity
of AP. A recent systematic review and meta-analysis [32]
demonstrated that patients with AP and diabetes had an
increased risk of renal failure, local complications and mor-
tality compared to non-diabetics. In our study, it appeared
that the clinical outcomes were not significantly different
between diabetic and non-diabetic patients, similar to find-
ings from a study involving 7399 Pennsylvanian AP patients
[33]. Moreover, some studies report that pre-existing T2DM
is associated with a lower risk of hospital mortality in AP
patients [15, 34]. An alternative explanation is the benefi-
cial effect of interventions and improved lifestyle in diabetic
patients [8, 35, 36].

While the extent to which pre-existing DM may increase
the severity of AP remained undetermined, the association
between stress hyperglycemia and adverse outcomes seemed
to be certain. There was a significantly higher admission BG
levels in AP patients with pre-existing DM than those with-
out (252 vs. 153 mg/dl, P <0.001), which suggested a sepa-
rate and higher cut-off value for stress hyperglycemia should
be considered in patients with comorbid DM. Actually,
stress hyperglycemia was usually found in patients without
known pre-existing DM, and there is no agreed definition
of stress hyperglycemia in different acute and critical ill-
nesses [8, 37]. Dungan et al. defined stress hyperglycemia as
fasting plasma glucose levels > 126 mg/dl for non-diabetic
patients [8], and the definition varies in different studies,
such as myocardial infarction (> 110, > 120, > 140, > 144,
> 180, or >200 mg/dl) [9, 38], surgery (> 140 or > 180 mg/
dl) [11, 39-41] and critical illness (> 126 or >200 mg/dl)
[42, 43]. In our study, we defined stress hyperglycemia for
non-diabetic patients as > 126, > 140, > 180, and >200 mg/
dl, and selected a cut-off BG level of > 180 mg/dl to provide
a better definition according to multivariate logistic regres-
sion and ROC curves. The results were consistent with Glas-
gow score, which used a cut-off values for admission BG
(> 180 mg/dl) and suggested higher glycemic levels were
associated with worse clinical outcomes [12].

We also assessed whether the definition of stress hyper-
glycemia for non-diabetic patients (BG level > 180 mg/dl)
makes sense in diabetic patients. Although the relationship
between stress hyperglycemia and adverse outcomes was
significantly meaningful in AP patients without DM, the dif-
ferences were not mirrored in patients with pre-existing DM.
These findings corroborated with previous studies in acute
myocardial infarction where a similar significant association
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Table 3 Multivariate logistic regression of risk factors for POF, ANC, major infection, and mortality

Variables POF ANC Major infection Mortality

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age (>60 vs. <60 yearsold)  1.99 (1.37-2.89) <0.001 0.78 (0.50-1.22) 0.269  2.00(1.28-3.13) 0.002  2.89 (1.39-6.02) 0.005
Gender (male vs. female) 1.36 (1.01-1.84) 0.042  1.19 (0.86-1.65) 0.300  1.57 (1.07-2.31) 0.020  1.26 (0.70-2.28) 0.446

Charlson comorbidity index 1.80 (1.17-2.75) 0.007 1.23 (0.77-1.97) 0.388 1.07 (0.62-1.84) 0.818  0.74 (0.30-1.81) 0.511
(>1vs. L1

Referral status (yes vs. no) 2.93(1.90-4.52) <0.001 3.11(1.81-5.36) <0.001 2.35(1.32-4.19) 0.004  2.71 (0.95-7.77) 0.063

Time to admission (>24 vs.  1.49 (1.11-2.00) 0.008  1.53 (1.10-2.14) 0.012  1.38(0.95-2.02) 0.093  1.83(0.98-3.43) 0.060
<24h)

Admission HTG (TG lev- 1.28 (0.93-1.77) 0.132  1.05(0.74-1.49) 0.768  0.84 (0.55-1.27) 0.397  1.94(1.01-3.75) 0.048
els>500 vs. <500 mg/dl)

Admission stress hyperglycae- 3.45 (2.59-4.60) <0.001 2.37 (1.73-3.26) <0.001 2.80(1.954.04) <0.001 4.30(2.32-7.99) <0.001
mia (yes vs. no)

POF persistent organ failure, ANC acute necrotic collection, OR odds ratio, CI confidence interval, HTG hypertriglyceridaemia, 7G triglyceride

Fig.4 Comparison of receiver 100 |- 100
operating characteristic curves
for prediction of POF at admis- 80 80
sion. POF persistent organ
failure, BG blood glucose, SIRS > >
systemic inflammatory response E 60 - E 60
syndrome, AUC area under the "5 'g
curve, CI confidence interval
S 40+ S 40
(2} (/2]
20 AUC (95% Cl) 20
— BG 0.725 (0.692-0.757) AUC (95%Cl)
—SiRs 0.770 (0.741-0.799) ~" — Glasgow 0.807 (0.780-0.835)
/ —— Giasgow 0.807 (0.780-0.835) ) — SIRS+BG 0.814 (0.788-0.841)
O 1 1 I I 1 (s 1 1 I I 1
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity
was found in patients without DM, but was not clearly estab- interleukin-1). During stress, the complex interplay of feed-

lished in DM [44, 45]. The impact of acute hyperglycemia  forward and feedback mechanisms between hormones and
may be more pronounced in patients without diabetes than  cytokines results in accelerated hepatic gluconeogenesis and
in those with DM, suggesting that the extent and may be the  insulin resistance [8]. This acute neurohormonal adaptation
rate of glucose changes from baseline and not the absolute  provides substrates and energy for fight-or-flight responses,
glucose concentration could be more detrimental. When  but may have deleterious effects [47]. Experimental and
defined stress hyperglycemia for diabetic patients as BG lev-  clinical evidence has shown that stress hyperglycaemia can
els > 180, >250, >300, and >350 mg/dl) based on previous  induce intracellular glucose overload and acute glucotoxic-
study of trauma patients [46], only BG level >300 mg/dl ity, contributing to oxidative stress, inflammation, endothe-
was shown to be associated with POF. The results were fur- lial dysfunction, coagulation, osmotic diuresis, inhibition of
ther validated in the ROC curves and the best cut-off value  vasodilatation and impaired ischemic preconditioning. These
was very close (295 mg/dl). effects increase the likelihood of organ failure, shock, infec-

Potential mechanisms have been proposed for the asso-  tion, mortality and longer length of hospital stay in acute
ciation of stress hyperglycemia and poorer outcomes of  and critical illness [44, 45, 47—49]. The acute and long-term
patients with AP. Stress hyperglycemia is part of the acute ~ responses may vary among patients due to differing glucose
stress response and is mediated primarily by stimulation  tolerance as well as type, severity and stage of illness [8]. It
of the hypothalamic—pituitary—adrenal axis and autonomic  is notable that our findings have been made in patients with
nervous system, causing release of counter regulatory hor-  damage to an organ that has a central role in glucose regula-
mones (e.g. noradrenaline, glucagon, cortisol, growth hor-  tion. AP carries a particular risk of collateral damage to the
mone) and cytokines (e.g. tumor necrosis factor-alpha and ~ many islets of Langerhans, greater components of which
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are P-cells that secrete insulin, for which there is increasing
evidence of a protective role in AP [50, 51]. Islets are also at
risk from an overwhelming release of cytokines during AP,
cofactors in the development of hyperglycemia, which in
turn may exacerbate the inflammatory response and facilitate
a vicious cycle [8].

The existing routine laboratory biomarkers, clinical scor-
ing systems alone or in combination seem to have limited
efficacy in predicting POF in AP patients with AUC around
0.75 [12]. Admission BUN alone or its changes during the
first 24 h has been significantly associated with POF and
mortality [25, 26]. Therefore, BUN is widely in employed as
a key component by many existing clinical scoring systems
[12]. Here, we show that admission BG and BUN both had
higher AUC values than their respective changes during the
first 24 h. The AUC of rise in BUN (0.56) reported in our
study was lower than a previous study (0.71) in predicting
POF may attributed to relative lower proportion of patients
had persistent renal failure in our cohort [26]. Although it
is unclear whether elevated BG levels are a cause or conse-
quence of AP, it might be a useful marker of AP severity.
Our results of stress hyperglycemia were similar to previous
studies of prognostic clinical systems (Glasgow), indicative
a high admission BG levels (> 180 mg/dl) as a component
for predicting POF [12]. As it is easy to use, only SIRS score
is advised by IAP/APA guidelines to predict POF and moni-
tor response to initial therapy at admission in combination
with comorbid risk factors [27]. Supplementation of admis-
sion BG to SIRS score significantly improved the predic-
tive AUC value when compared to SIRS score alone, which
is higher than Glasgow score alone. Should these findings
be validated, the importance of admission BG as a severity
marker will be established.

The ADA has recommended insulin as the preferred
treatment for hyperglycaemia in hospitalized patients with
or without pre-existing diabetes, to achieve a target glucose
range of 140-180 mg/dl for the majority of critically ill and
non-critically ill patients. Recent randomized controlled
studies and meta-analyses have shown moderate glycemic
control (< 180 mg/dl) is associated with lower rates of mor-
tality and stroke compared with a target glucose (200 mg/
dl), whereas no significant additional benefits or increased
rates of hypoglycemia and mortality were found with more
strict glycemic control (< 140 mg/dl) [52-54]. In our study,
we endeavored to maintain BG levels at 140-180 mg/dl,
close to the ADA recommendation. We suggest future stud-
ies should investigate whether moderate or strict control of
hyperglycemia will reduce duration of POF and improve
overall prognosis in AP.

Our study has several limitations. First, the lack of HbAlc
data impact on the definition of glucose variability, which
may have introduced bias. Second, this observational study
did not establish a cause-effect relationship between stress

hyperglycemia and POF. It is unclear whether an acute rise
of glucose level directly contributes to development of POF
or is no more than a marker of disease severity. Third, the
higher frequency of HTG-AP in our cohorts is different from
that typical in Western countries, necessitating caution in the
generalization of our findings.

This study of AP patients broadens the previously
reported relationship of stress hyperglycemia found in other
acute and critical illnesses. We conclude that on hospital
admission with AP measurement of glucose, and HbAlc
are of major clinical significance and would suggest should
be routine and recommended in practice guidelines. Future
studies and trials are needed to evaluate the impact of
insulin regimens on outcomes in AP patients with stress
hyperglycemia.
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