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Abstract
We aimed to investigate the effect of blood glucose levels on length of stay (LOS) 
in patients hospitalized with acute pancreatitis (AP). We retrospectively collected 
clinical data of patients diagnosed with AP from the Medical Information Mart 
for Intensive Care III (MIMIC- III) database. Dose– response analysis curves of 
restricted cubic spline (RCS) function and multivariate logistic regression mod-
els were used to confirm the relationship between blood glucose levels and LOS. 
A total of 3656 patients with AP were included according to the inclusion and 
exclusion criteria. According to RCS, all patients were divided into three groups, 
namely the less than 68 mg/dl group, the 68- 104 mg/dl group, and the >104 mg/
dl group. RCS showed a significant nonlinear correlation between blood glucose 
levels and LOS (p < 0.001). Multivariate logistic regression revealed a 53% higher 
risk of LOS greater than or equal to 2 days (adjusted odds ratio [aOR] = 1.53, 95% 
confidence interval [CI] 1.24– 1.89, p < 0.001), a 114% higher risk of LOS greater 
than or equal to 5 days (aOR = 2.14, 95% CI 1.86– 2.47, p < 0.001), and a 130% 
higher risk of LOS greater than or equal to 7 days (aOR  =  2.30, 95% CI 1.97– 
2.69, p < 0.001) in patients with glucose levels greater than 104 mg/dl than pa-
tients with glucose levels 68– 104 mg/dl. The risk of LOS greater than or equal to 
7 days was higher in patients with blood glucose less than 68 mg/dl than patients 
with glucose levels 68– 104 mg/dl (aOR = 1.45, 95% CI 1.02– 2.05, p = 0.040). In 
addition, we observed similar results in many subgroups. Our findings suggest 
that either hyperglycemia or hypoglycemia increase LOS in patients hospitalized 
with AP. For hospitalized patients with AP, blood glucose control in a reasonable 
range of 68– 104 mg/dl is required.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Acute pancreatitis (AP) is a common emergency of the digestive system, and 
the number of hospitalizations due to AP is increasing every year, leading to an 
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INTRODUCTION

Acute pancreatitis (AP) is an acute inflammation of the 
pancreas. It has multiple etiologies that self- activate pan-
creatic enzymes, with destruction of glandular alveolar 
cells as the main pathological feature, and is a common 
emergency of the digestive system.1 It includes mild acute 
pancreatitis (MAP) and severe acute pancreatitis (SAP).2 
Studies have shown that the global incidence of AP is 
33.74/100,000, and the mortality rate is 1.6/100,000.3 MAP 
accounts for about 80% of AP, and its main causes are al-
coholism and gallstones.4 Severe pancreatitis can cause 
necrosis of pancreatic tissue, systemic inflammatory re-
sponse syndrome (SIRS), and multiple organ dysfunc-
tion syndrome at an early stage, with a mortality rate of 
30– 47%.5

In the United States, hospitalizations due to pancreati-
tis have increased by 20% in the last decade, with ~275,000 
hospitalizations per year.6 Complicating infections often 
exacerbate pancreatic necrosis, which is a major cause of 
late mortality.7 Studies have shown that pancreatitis is asso-
ciated with higher blood glucose levels and a history of dia-
betes, and that elevated fasting glucose and diabetes are risk 
factors that damage several organs, including pancreas.8– 10 
In addition, a large prospective cohort study reported an 
18% prevalence of diabetes in patients hospitalized for AP, 
and that diabetes increases the risk of developing AP.11,12

Recently, a number of studies have found that blood 
glucose levels affect the length of stay (LOS) of hospital-
ized patients.13,14 However, the association between blood 
glucose levels and LOS in hospitalized patients with AP 
is not yet determined. Hence, in this study, we retrospec-
tively analyzed the clinical data of patients hospitalized 
with AP to determine the relationship between blood glu-
cose levels and LOS.

MATERIALS AND METHODS

Data sources

Clinical data of patients with AP included in this study 
were obtained from the US Medical Information Mart for 
Intensive Care III (MIMIC- III) database. The MIMIC- 
III database is a large, single- center, critical care pub-
lic database developed by the Massachusetts Institute 
of Technology, and included greater than 40,000 inpa-
tients admitted to Beth Israel Deaconess Medical Center 
(BIDMC) in the United States from 2001– 2012.15 The 
MIMIC- III database contains patient demographic char-
acteristics, medical intervention records, records of basic 
physical signs, nursing records, imaging test results, dis-
charge records, and many other medical data. After com-
pleting the web- based training course and the National 
Health Protection Human Research Institute (certification 
number: 44274909), we obtained permission to extract 
data from the MIMIC- III database. Because this study an-
alyzed a public database, informed consent from patients 
and approval from the institutional review board were 
not required. In addition, we collected clinical data on 
292 AP hospitalizations from January 2018 to December 
2021 at Shanghai Pudong New Area Gongli Hospital and 
Shanghai Tenth People's Hospital.

Study population

A total of 4081 patients (age ≥ 18 years) and diagnosed 
with AP were retrieved based on the International 
Classification of Diseases, Ninth Revision (ICD- 9, code 
5770) and Tenth Revision (ICD- 10, code K8500, K8502, 
K8510, K8511, K8512, K8520, K8521, K8522, K8530, 

increased global economic burden. Blood glucose levels can affect the length of 
stay (LOS) of hospitalized patients. The aim of this study was to investigate the 
effect of blood glucose levels on the LOS of patients hospitalized with AP.
WHAT QUESTION DID THIS STUDY ADDRESS?
Blood glucose levels can affect LOS in patients hospitalized with AP.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
This study demonstrates that blood glucose levels in inpatients with AP can af-
fect LOS. High or low blood glucose can increase LOS in inpatients with AP. For 
inpatients with AP, blood glucose needs to be kept within reasonable limits.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
Blood glucose levels can affect LOS in patients hospitalized with AP, and either 
too low or too high blood glucose levels can have adverse effects on patients hos-
pitalized with AP. In hospitalized patients with AP, blood glucose needs to be 
controlled within a reasonable range of 68– 104 mg/dl to minimize LOS and re-
duce the financial burden of hospitalization.
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K8531, K8580, K8581, K8590, and K8591). We used the 
following exclusion criteria: (1) patients who lacked serum 
glucose information with 24 h of admission (n = 180), and 
(2) patients who had been hospitalized for less than 24 h 
(n = 245). Finally, 3656 individuals who met the criteria 
were selected (Figure 1).

Data extraction

We obtained three types of information from the database. 
Demographic information: age, gender, ethnicity, marital 
status, and insurance status. Comorbidity information: 
chronic heart failure (CHF), hypertension, chronic ob-
structive pulmonary disease (COPD), diabetes mellitus, 
renal failure, liver disease, coronary artery disease (CAD), 
hyperlipidemia, admitted to the intensive care unit (ICU), 
Charlson comorbidity index (CCI), sequential organ fail-
ure assessment score, SIRS score, and simplified acute 
physiology score II (SAPSII) score. Laboratory tests: white 
blood cell (WBC) count, albumin, total bilirubin (TBil), li-
pase, amylase, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), blood urea nitrogen (BUN), cre-
atinine, and glucose. In addition, we obtained information 
on LOS in the hospital and hospital deaths.

Statistical analysis

Continuous variables were presented as median and 
interquartile range, whereas categorical variables were 
expressed as n (%). For categorical variables, p values 

were analyzed by chi- square test. For continuous vari-
ables, the Kruskal- Wallis test was used in a non- normal 
model. LOS was considered as a dichotomous variable 
(≤2 days or >2 days, ≤5 days or >5 days, and ≤7 days or 
>7 days).

The restricted cubic spline (RCS) function allows a 
more intuitive description of the dose– response rela-
tionship between continuous variables and outcomes.16 
Dose– response analysis curves using the RCS function 
were used to confirm the relationship between blood 
glucose levels and LOS greater than or equal to 2 days, 
LOS greater than or equal to 5 days, and LOS greater 
than or equal to 7 days. The relationship between blood 
glucose levels and LOS greater than 2 days, LOS greater 
than 5 days, and LOS greater than 7 days were assessed 
using univariate and multivariate logistic regression 
methods, and adjusted odds ratios (aORs) and 95% 
confidence intervals (CIs) were calculated. In multi-
variate logistic regression analysis, three models were 
constructed, namely model A, model B, and model C. 
Model A included five variables in the demographic 
information. Model B added 13 variables in the comor-
bidity information to model A. Model C added nine vari-
ables, excluding glucose, LOS, and hospital mortality, in 
the laboratory test information to model B. In addition, 
we performed the same analysis for subgroups with a 
proportion greater than 50% to determine the relation-
ship between different blood glucose levels and LOS in 
the subgroups. Statistical analyses were performed using 
SPSS software (version 24.0) and Rstudio software (ver-
sion 1.4.1106). Probability values of p < 0.05 were con-
sidered as statistically significant.

F I G U R E  1  Flow chart for enrollment of patients and study design (created using Microsoft Office PowerPoint software). AP, acute 
pancreatitis; ICD, International Classification of Diseases; ICU, intensive care unit; MIMIC- III, Medical Information Mart for Intensive Care 
III.
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RESULTS

A total of 3656 patients were included in the study accord-
ing to the inclusion and exclusion criteria. In all patients, 
after adjusting for five variables in the demographic in-
formation, 12 variables in the comorbidity information, 
and nine variables, excluding glucose, LOS, and hospital 
mortality, in the laboratory test information, the dose– 
response curve of the RCS showed a significant nonlin-
ear correlation between blood glucose levels and LOS 
greater than or equal to 2 days, LOS greater than or equal 
to 5 days, and LOS greater than or equal to 7 days (all 
p < 0.001; Figure 2).

Based on the dose– response curve of the RCS, we cal-
culated the blood glucose concentrations corresponding 

to 68 mg/dl and 104 mg/dl at odds ratio (OR) = 1. Based 
on the blood glucose levels, we divided all patients into 
three groups as follows, the less than 68 mg/dl group, 
the 68– 104 mg/dl group, and the greater than 104 mg/dl 
group. The demographic and clinicopathological charac-
teristics of all patients are shown in Table  1. We found 
a difference among the three groups in variables of age, 
gender, race, CHF, hypertension, diabetes mellitus, renal 
failure, liver disease, CAD, hyperlipidemia, ICU stay, SIRS 
score, WBC, Tbil, lipase, AST, BUN, creatinine, LOS, and 
hospital mortality. The 68– 104 mg/dl group had the low-
est rates of age greater than or equal to 60 years (42.8%), 
Medicare (30.9%), comorbid CHF (4.7%), comorbid COPD 
(0.5%), comorbid diabetes (7.5%), comorbid CAD (10.0%), 
ICU admissions (8.3%), and lowest levels of CCI (3.0 [1.0, 

F I G U R E  2  Relative risk of a hospital LOS of greater than 2, greater than 5 days, and greater than or equal to 7 days according to blood 
glucose in the MIMIC- III database (created using RStudio software version 1.4.1106). CI, confidence interval; LOS, length of stay; OR, odds 
ratio; RCS, restricted cubic spline.
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T A B L E  1  Participants' baseline characteristics

Characteristics
All patients  
no. (%)

Glucose level (mg/dl)

p value
Glucose <68  
no. (%)

Glucose: 68– 104  
no. (%)

Glucose >104  
no. (%)

Total patients 3656 169 (4.6) 1711 (46.8) 1776 (48.6)

Demographics

Age, years 58.5 (46.0, 71.7) 57.6 (43.9, 74.5) 56.8 (43.2, 70.3) 60.6 (48.5, 72.3) <0.001

Age categorized, years

<60 1936 (53.0) 95 (56.2) 979 (57.2) 862 (48.5) <0.001

≥60 1720 (47.0) 74 (43.8) 732 (42.8) 914 (51.5)

Gender

Male 1851 (50.6) 60 (35.5) 762 (44.5) 1029 (57.9) <0.001

Female 1805 (49.4) 109 (64.5) 949 (55.5) 747 (42.1)

Ethnicity

White 2535 (69.3) 108 (63.9) 1207 (70.5) 1220 (68.7) 0.001

Black 428 (11.7) 34 (20.1) 208 (12.2) 186 (10.5)

Other 693 (19.0) 27 (16.0) 296 (17.3) 370 (20.8)

Marital status

Married 1677 (45.9) 68 (40.2) 780 (45.6) 829 (46.7) 0.262

Non- married 1979 (54.1) 101 (59.8) 931 (54.4) 947 (53.3)

Insurance

Medicare 1207 (33.0) 64 (37.9) 528 (30.9) 615 (34.6) 0.073

Medicaid 384 (10.5) 20 (11.8) 180 (10.5) 184 (10.4)

Other 2065 (56.5) 85 (50.3) 1003 (58.6) 977 (55.0)

Comorbidities

CHF

No 3435 (94.0) 157 (92.9) 1631 (95.3) 1647 (92.7) 0.005

Yes 221 (6.0) 12 (7.1) 80 (4.7) 129 (7.3)

Hypertension

No 2601 (71.1) 132 (78.1) 1303 (76.2) 1166 (65.7) <0.001

Yes 1055 (28.9) 37 (21.9) 408 (23.8) 610 (34.3)

COPD

No 3634 (99.4) 167 (98.8) 1702 (99.5) 1765 (99.4) 0.569

Yes 22 (0.6) 2 (1.2) 9 (0.5) 11 (0.6)

Diabetes mellitus

No 3040 (83.2) 150 (88.8) 1582 (92.5) 1308 (73.6) <0.001

Yes 616 (16.8) 19 (11.2) 129 (7.5) 468 (26.4)

Renal failure

No 3540 (96.8) 166 (98.2) 1675 (97.9) 1699 (95.7) <0.001

Yes 116 (3.2) 3 (1.8) 36 (2.1) 77 (4.3)

Liver disease

No 3540 (96.8) 166 (98.2) 1675 (97.9) 1699 (95.7) <0.001

Yes 116 (3.2) 3 (1.8) 36 (2.1) 77 (4.3)

CAD

No 3170 (86.7) 142 (84.0) 1540 (90.0) 1488 (83.8) <0.001

Yes 486 (13.3) 27 (16.0) 171 (10.0) 288 (16.2)
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5.0]), SAPSII score (38.0 [28.0, 46.0]), TBil (0.8 [0.5, 1.9] 
mmol/L), AST (53.0 [24.0, 137.0] U/L), ALT (54.0 [20.0, 
176.8] U/L), BUN (11.0 [8.0, 17.0] mmol/L), LOS (3.9 [2.6, 
6.8] days), and hospital mortality (1.8%).

Subsequently, logistic regression analysis was used to 
assess the relationship between blood glucose levels and 
LOS greater than or equal to 2 days, LOS greater than or 
equal to 5 days, and LOS greater than or equal to 7 days 
(Table 2). Univariate analysis showed an increased risk of 
LOS greater than or equal to 2 days, LOS greater than or 
equal to 5 days, and LOS greater than or equal to 7 days 
in glucose in the less than 68 mg/dl and glucose in the 
greater than 104 mg/dl groups compared with glucose in 
the 68– 104 mg/dl group (glucose >104 mg/dl group: sig-
nificant in LOS >2 days, LOS > 5 days, and LOS > 7 days; 
glucose <68 mg/dl group: significant in LOS >7 days). In 

multivariate logistic regressions for models A and B, there 
was an increased risk of LOS greater than or equal to 
7 days (model A: aOR = 1.51, 95% CI 1.07– 2.13, p = 0.020; 
and model B: aOR =  1.46, 95% CI 1.03– 2.07, p =  0.032) 
in the glucose less than 68 mg/dl group compared to the 
glucose 68– 104 mg/dl group; and an increased risk of LOS 
greater than or equal to 2 days (model A: aOR = 1.55, 95% 
CI 1.27– 1.90, p < 0.001; and model B: aOR = 1.55, 95% CI 
1.26– 1.90, p < 0.001), LOS greater than or equal to 5 days 
(model A: aOR = 2.12, 95% CI 1.85– 2.43, p < 0.020; and 
model B: aOR =  2.10, 95% CI 1.83– 2.41, p < 0.001), and 
LOS greater than or equal to 7 days (model A: aOR = 2.25, 
95% CI 1.94– 2.62, p  < 0.001; and model B: aOR  =  2.24, 
95% CI 1.93– 2.60, p < 0.001) in the glucose greater than 
104 mg/dl group compared to the glucose 68– 104 mg/dl 
group (Table 2). Multivariate logistic regression of model 

Characteristics
All patients  
no. (%)

Glucose level (mg/dl)

p value
Glucose <68  
no. (%)

Glucose: 68– 104  
no. (%)

Glucose >104  
no. (%)

Hyperlipidemia

No 2672 (73.1) 132 (78.1) 1327 (77.6) 1213 (68.3) <0.001

Yes 984 (26.9) 37 (21.9) 384 (22.4) 563 (31.7)

Admitted to the ICU

No 3127 (85.5) 154 (91.1) 1569 (91.7) 1404 (79.1) <0.001

Yes 529 (14.5) 15 (8.9) 142 (8.3) 372 (20.9)

CCI 4.0 (2.0, 6.0) 4.0 (1.0, 6.0) 3.0 (1.0, 5.0) 4.0 (2.0, 6.0) <0.001

SOFA score 1.0 (0.0, 3.0) 2.0 (0.0, 4.0) 1.0 (0.0, 3.0) 1.0 (0.0, 3.0) 0.908

SIRS score 3.0 (2.5, 4.0) 3.0 (2.0, 3.0) 3.0 (2.0, 3.0) 3.0 (3.0, 4.0) 0.017

SAPSII score 38.0 (28.0, 49.0) 44.0 (31.0, 50.0) 38.0 (28.0, 46.0) 38.0 (28.0, 51.0) 0.305

Laboratory examination

WBC, 109/L 8.8 (6.2, 12.5) 7.2 (5.6, 10.0) 7.7 (5.8, 10.8) 10.1 (6.9, 14.6) <0.001

Albumin, g/L 3.4 (2.9, 3.8) 3.4 (2.8, 3.6) 3.4 (3.0, 3.8) 3.4 (2.9, 3.8) 0.317

TBil, mmol/L 0.9 (0.5, 2.1) 0.9 (0.5, 2.0) 0.8 (0.5, 1.9) 0.9 (0.5, 2.2) 0.011

Lipase, IU/L 183.0 (61.0, 710.5) 165.0 (64.5, 503.8) 169.0 (60.0, 622.5) 208.0 (63.0, 796.0) 0.024

Amylase, IU/L 145.0 (66.0, 404.0) 162.5 (79.8, 324.0) 149.5 (69.0, 403.3) 141.0 (61.0, 408.0) 0.460

AST, U/L 57.0 (25.0, 142.0) 76.0 (29.0, 148.5) 53.0 (24.0, 137.0) 58.0 (27.0, 148.0) 0.011

ALT, U/L 54.0 (22.0, 178.0) 57.5 (22.3, 197.8) 54.0 (20.0, 176.8) 54.0 (23.0, 177.3) 0.460

BUN, mmol/L 13.0 (9.0, 20.0) 11.0 (8.0, 19.0) 11.0 (8.0, 17.0) 15.0 (10.0, 24.0) <0.001

Creatinine, mg/dl 0.8 (0.6, 1.1) 0.7 (0.6, 1.0) 0.8 (0.6, 1.0) 0.9 (0.7, 1.3) <0.001

Glucose, mg/dl 103.0 (87.0, 134.0) 62.0 (57.0, 66.0) 89.0 (81.0, 96.0) 136.0 (116.0, 171.0) <0.001

LOS, days 4.8 (2.9, 8.8) 4.0 (2.9, 8.1) 3.9 (2.6, 6.8) 5.8 (3.4, 11.0) <0.001

Hospital mortality, n (%) 123 (3.4) 5 (3.0) 30 (1.8) 88 (5.0) <0.001

Note: Continuous variables were presented as the median and interquartile range (IQR) and categorical variables were expressed as n (%). For categorical 
variables, p values were analyzed by χ2 test. For continuous variables, the Kruskal- Wallis test was used in the non- normal model.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CHF, congestive heart failure; COPD, chronic 
obstructive pulmonary disease; CAD, coronary artery disease; CCI, Charlson Comorbidity Index; ICU, intensive care unit; LOS, length of stay; SAPS, simplified acute 
physiology score; SIRS, systemic inflammatory response system; SOFA, sequential organ failure assessment; TBil, total bilirubin; WBC, white blood cell count.

T A B L E  1  (Continued)



252 |   WANG et al.

T
A

B
L

E
 2

 
R

el
at

iv
e 

ri
sk

 o
f h

av
in

g 
a 

ho
sp

ita
l L

O
S 

of
 >

2,
 >

5 
or

 >
7 d

ay
s w

as
 c

al
cu

la
te

d 
ac

co
rd

in
g 

to
 g

lu
co

se
 le

ve
l i

n 
di

ffe
re

nt
 g

ro
up

s

C
ha

ra
ct

er
is

ti
c

N

U
ni

va
ri

at
e 

an
al

ys
is

M
od

el
 A

M
od

el
 B

M
od

el
 C

O
R

 (9
5%

 C
I)

p 
va

lu
e

aO
R

 (9
5%

 C
I)

p 
va

lu
e

aO
R

 (9
5%

 C
I)

p 
va

lu
e

aO
R

 (9
5%

 C
I)

p 
va

lu
e

LO
S >

2 d
ay

s

G
lu

co
se

, m
g/

dl
<

0.
00

1
<

0.
00

1
<

0.
00

1
<

0.
00

1

G
lu

co
se

 6
8 

to
 1

04
17

11
1.

00
 (r

ef
)

1.
00

 (r
ef

)
1.

00
 (r

ef
)

1.
00

 (r
ef

)

G
lu

co
se

 <
68

16
9

1.
54

 (0
.9

3–
 2.

55
)

0.
09

6
1.

54
 (0

.9
3–

 2.
55

)
0.

09
6

1.
50

 (0
.9

1–
 2.

50
)

0.
11

5
1.

47
 (0

.8
9–

 2.
45

)
0.

13
6

G
lu

co
se

 >
10

4
17

76
1.

59
 (1

.3
0–

 1.
94

)
<

0.
00

1
1.

55
 (1

.2
7–

 1.
90

)
<

0.
00

1
1.

55
 (1

.2
6–

 1.
90

)
<

0.
00

1
1.

53
 (1

.2
4–

 1.
89

)
<

0.
00

1

LO
S >

5 d
ay

s

G
lu

co
se

, m
g/

dl
<

0.
00

1
<

0.
00

1
<

0.
00

1
<

0.
00

1

G
lu

co
se

 6
8 

to
 1

04
17

11
1.

00
 (r

ef
)

1.
00

 (r
ef

)
1.

00
 (r

ef
)

1.
00

 (r
ef

)

G
lu

co
se

 <
68

16
9

1.
25

 (0
.9

0–
 1.

72
)

0.
17

9
1.

25
 (0

.9
1–

 1.
73

)
0.

16
9

1.
22

 (0
.8

8–
 1.

68
)

0.
22

6
1.

20
 (0

.8
7–

 1.
66

)
0.

27
2

G
lu

co
se

 >
10

4
17

76
2.

17
 (1

.9
0–

 2.
49

)
<

0.
00

1
2.

12
 (1

.8
5–

 2.
43

)
<

0.
00

1
2.

10
 (1

.8
3–

 2.
41

)
<

0.
00

1
2.

14
 (1

.8
6–

 2.
47

)
<

0.
00

1

LO
S >

7 d
ay

s

G
lu

co
se

, m
g/

dl
<

0.
00

1
<

0.
00

1
<

0.
00

1
<

0.
00

1

G
lu

co
se

 6
8 

to
 1

04
17

11
1.

00
 (r

ef
)

1.
00

 (r
ef

)
1.

00
 (r

ef
)

1.
00

 (r
ef

)

G
lu

co
se

 <
68

16
9

1.
49

 (1
.0

6–
 2.

11
)

0.
02

4
1.

51
 (1

.0
7–

 2.
13

)
0.

02
0

1.
46

 (1
.0

3–
 2.

07
)

0.
03

2
1.

45
 (1

.0
2–

 2.
05

)
0.

04
0

G
lu

co
se

 >
10

4
17

76
2.

32
 (2

.0
1–

 2.
69

)
<

0.
00

1
2.

25
 (1

.9
4–

 2.
62

)
<

0.
00

1
2.

24
 (1

.9
3–

 2.
60

)
<

0.
00

1
2.

30
 (1

.9
7–

 2.
69

)
<

0.
00

1

N
ot

e: 
A

dj
us

te
d 

co
va

ri
at

es
: m

od
el

 A
: f

iv
e 

va
ri

ab
le

s i
n 

th
e 

de
m

og
ra

ph
ic

 in
fo

rm
at

io
n;

 m
od

el
 B

: m
od

el
 A

 p
lu

s 1
3 

va
ri

ab
le

s i
n 

th
e 

co
m

or
bi

di
ty

 in
fo

rm
at

io
n;

 m
od

el
 C

: m
od

el
 B

 p
lu

s n
in

e 
va

ri
ab

le
s e

xc
lu

di
ng

 g
lu

co
se

, L
O

S,
 a

nd
 

ho
sp

ita
l m

or
ta

lit
y 

in
 th

e 
la

bo
ra

to
ry

 te
st

 in
fo

rm
at

io
n.

A
bb

re
vi

at
io

ns
: a

O
R

, a
dj

us
te

d 
od

ds
 ra

tio
; C

I, 
co

nf
id

en
ce

 in
te

rv
al

; L
O

S,
 le

ng
th

 o
f s

ta
y;

 O
R

, o
dd

s r
at

io
.

Th
e 

p 
va

lu
es

 <
0.

05
 a

re
 sh

ow
n 

in
 b

ol
d.



   | 253BLOOD GLUCOSE LEVELS AND ACUTE PANCREATITIS LOS

C adjusted for all variables revealed a 53% higher risk of 
LOS greater than or equal to 2 days (aOR = 1.53, 95% CI 
1.24– 1.89, p < 0.001; Figure 3a), 114% higher risk of LOS 
greater than or equal to 5 days (aOR = 2.14, 95% CI 1.86– 
2.47, p < 0.001; Figure 4a), and 130% higher risk of LOS 
greater than or equal to 7 days (aOR = 2.30, 95% CI 1.97– 
2.69, p < 0.001; Figure 5a) in patients with glucose levels 
greater than 104 mg/dl than patients with glucose levels 
68– 104 mg/dl. A significantly high risk due to low blood 
glucose occurred only at LOS greater than or equal to 
7 days, where patients with glucose less than 68 mg/dl had 
a 45% higher risk of LOS greater than 7 days than patients 
with glucose levels of 68– 104 mg/dl (aOR = 1.45, 95% CI 
1.02– 2.05, p  =  0.040). In addition, we observed similar 
results in many subgroups (Figure 3b- l, Figure 4b- l, and 
Figure 5b- l).

DISCUSSION

In this retrospective study, we included clinical data of 3656 
inpatients with AP from the MIMIC- III database, and used 
RCS dose– response curve analysis, univariate, and multi-
factorial logistic regression analyses to explore the relation-
ship between blood glucose levels and LOS. We found that 
there was a significant nonlinear relationship between blood 
glucose levels and LOS greater than or equal to 2 days, LOS 
greater than or equal to 5 days, and LOS greater than or equal 
to 7 days (all p < 0.001). In addition, we also validated this 
in our own clinical sample and found a significant nonlinear 
U- shaped relationship between blood glucose levels and LOS 
greater than or equal to 5 days and LOS greater than or equal 
to7 days (Figure S1). Moreover, either blood glucose less than 
68 mg/dl or blood glucose greater than 104 mg/dl significantly 

F I G U R E  3  Results of subgroup analyses of POBG and a hospital LOS greater than or equal to 2 days according to clinical characteristics 
(Created using RStudio software version 1.4.1106). (a) All patients; (b) age less than 60 years group; (c) male group; (d) White group; (e) no 
CHF group; (f) no hypertension group; (g) no diabetes mellitus group; (h) no renal failure; (i) no liver disease group; (j) no CAD group; (k) 
no hyperlipidemia group; (l) no ICU group. CAD, coronary artery disease; CHF, chronic heart failure; CI, confidence interval; ICU, intensive 
care unit; LOS, length of stay; OR, odds ratio; POBG, pre- operative blood glucose.
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increased the risk of LOS. Moreover, multivariate logistic re-
gression analysis showed that patients with blood glucose 
greater than 104 mg/dl had a significantly higher risk of LOS 
greater than or equal to 2 days, LOS greater than or equal to 
5 days, and LOS greater than or equal to 7 days than those 
with blood glucose levels 68– 104 mg/dl. Patients with blood 
glucose less than 68 mg/dl had a higher risk of LOS greater 
than or equal to 7 days than those with blood glucose levels 
68– 104 mg/dl (all statistically significant).

In early development of AP, various inflammatory cells 
of the body are activated, releasing various cytokines and 
inflammatory mediators that trigger a systemic response 
syndrome in the organism.17,18 It has been found that hy-
perglycemia can trigger the release of inflammatory cyto-
kines, and thus cause a series of inflammatory reactions 

that can lead to rapid development of multi- organ func-
tional damage.19 Another study found that hyperglyce-
mic state serves as an important indicator of multi- organ 
failure and poor prognosis in patients with SAP, by com-
paring blood glucose levels with organ failure rate, ICU 
transfer rate, and mortality rate.20,21 In addition, Yan 
et al.22 found that Glucose_max, Glucose_mean, Glucose_
SD, and Glucose_CV were associated with mortality of 
patients hospitalized with AP. Interestingly, Yildirim 
et al.23 demonstrated that anti- inflammatory and antiox-
idant therapy can alleviate the condition of patients with 
AP and hinder further progression. These results suggest 
that blood glucose level is closely related to inflammatory 
response in AP, can influence the development of the dis-
ease by stimulating inflammatory response in the body, 

F I G U R E  4  Results of subgroup analyses of POBG and a hospital LOS greater than or equal to 5 days according to clinical characteristics 
(created using RStudio software version 1.4.1106). (a) All patients; (b) age less than 60 years group; (c) male group; (d) White group; (e) no 
CHF group; (f) no hypertension group; (g) no diabetes mellitus group; (h) no renal failure; (i) no liver disease group; (j) no CAD group; (k) 
no hyperlipidemia group; (l) no ICU group. CAD, coronary artery disease; CHF, chronic heart failure; CI, confidence interval; ICU, intensive 
care unit; LOS, length of stay; OR, odds ratio; POBG, pre- operative blood glucose.
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and hyperglycemia status can be used as one of the clini-
cal reference indicators to assess the severity of AP.24

In recent years, numerous studies have reported that 
blood glucose level affects LOS in hospitalized patients. 
Chiang et al.13 retrospectively analyzed clinical data of 4025 
patients who underwent appendectomy and 4266 patients 
who underwent laparoscopic cholecystectomy from 2005– 
2016, and found that the higher pre- operative blood glucose 
(POBG) level was significantly associated with prolonged 
LOS. Sun et al.25 also found that a higher POBG level was 
significantly associated with longer LOS, by analyzing data 
of 310 patients with kidney stones who underwent percu-
taneous nephrolithotomy. He et al.16 investigated the rela-
tionship between POBG and LOS in 338 patients with renal 
cell carcinoma, who underwent laparoscopic nephrectomy, 
and found that POBG was positively associated with the 

risk of LOS greater than or equal to 2 weeks and LOS greater 
than or equal to 3 weeks. These studies collectively indicate 
that hyperglycemia increases LOS in hospitalized patients, 
which may be because hyperglycemia increases the risk of 
surgical site infection, prolongs wound healing time, and 
thus increases the LOS in the hospital.26,27 In addition, 
Lankish et al.28 found that hyperglycemia (>125 mg/dl)  
was associated with prolonged hospitalization in patients 
with AP, and Rajaratnam et al.29 found that patients with 
glucose levels greater than or equal to 8.3 mmol/L had a 
higher mean LOS compared with patients with gallstone 
pancreatitis with serum glucose levels below 8.3 mmol/L 
on admission (17.9 days vs. 7.1 days, p < 0.001).

Interestingly, in the current study, we found that among 169 
hospitalized patients with blood glucose less than 68 mg/dl,  
the risk of LOS gradually increased as the blood glucose 

F I G U R E  5  Results of subgroup analyses of POBG and a hospital LOS greater than or equal to 7 days according to clinical characteristics 
(created using RStudio software version 1.4.1106). (a) All patients; (b) age less than 60 years group; (c) male group; (d) White group; (e) no 
CHF group; (f) no hypertension group; (g) no diabetes mellitus group; (h) no renal failure; (i) no liver disease group; (j) no CAD group; (k) 
no hyperlipidemia group; (l) no ICU group. CAD, coronary artery disease; CHF, chronic heart failure; CI, confidence interval; ICU, intensive 
care unit; LOS, length of stay; OR, odds ratio; POBG, pre- operative blood glucose.
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level decreased. It was found that the blood glucose level is 
regulated by multiple factors, such as the liver, nervous sys-
tem, and endocrine system. Moreover, complex pathological 
changes occur in the body in the AP state, and blood glucose 
level does not reflect the function of pancreatic islet secretion 
system well, and fluctuation of blood glucose values is finally 
attributed to pancreatic endocrine hormone disorder.30,31 Due 
to abnormal release of glucose metabolism regulating hor-
mones, mainly insulin and glucagon, the glycogen storage in 
the liver is reduced or the metabolism is changed, resulting 
in a decrease in the output of sugar from the liver and thus 
hypoglycemia.32 Hypoglycemia has a great impact on the ner-
vous system, especially on the sympathetic nerves. The main 
source of energy for the brain is glucose, and the amount of 
glucose stored in the brain is very limited.33 In the early stage 
of hypoglycemia, patients may experience congestion of brain 
tissue, and as the duration of hypoglycemia increases, punc-
tate necrosis of brain tissue or cerebral edema may occur, 
eventually leading to necrosis of nerve cells and even death.34 
Therefore, when severe hypoglycemia occurs, it can cause ir-
reversible damage to the brain tissue as well as nerves, which 
may also be the reason why hypoglycemia increases LOS.35,36 
In the present study, we found that blood glucose levels and 
LOS in patients with AP were significantly correlated, with 
either hyperglycemia or hypoglycemia increasing LOS in pa-
tients with AP. For hospitalized patients with AP, controlling 
blood glucose at 68– 104 mg/dl minimized the LOS and re-
duced the burden on patients and hospitals.

Limitations

There are several limitations to this study. (1) The 
MIMIC- III database is a single- center US database, and 
the majority of the patients are American, limiting the ap-
plicability of these findings to other regions and ethnici-
ties. (2) The MIMIC- III database is a retrospective public 
database, which has its own limitations. (3) The data in 
the MIMIC- III database are relatively old and lack data 
on comorbidities and other treatments, which adds com-
plexity to the analysis results, and introduces bias in the 
results. Therefore, a multicenter study with a large sample 
is needed to further validate these findings.

CONCLUSIONS

In conclusion, our findings suggest that for patients hos-
pitalized with AP, blood glucose level and LOS were 
significantly correlated, and either hyperglycemia or hy-
poglycemia increases LOS. Optimal blood glucose levels 
of 68– 104 mg/dl can significantly improve LOS in patients 
with AP.

AUTHOR CONTRIBUTIONS
D.W., J.L., and P.Z. wrote the manuscript. D.W., Z.H., and 
Y.S. designed the research. P.Z., Z.H., and Y.S. performed 
the research. D.W., J.L., Z.H., and Y.S. analyzed the data.

ACKNOWLEDGMENTS
The authors thank Dong Wang from Zhongda Hospital 
(Nanjing, China) for his technical guidance. We also 
thank Bullet Edits for editing this manuscript.

FUNDING INFORMATION
This study was supported by the Key Subdiscipline 
Construction Project of Pudong Health Committee of 
Shanghai (Grant No. PWZy2020- 05); and the Medical 
Discipline Construction Project of Pudong Health 
Committee of Shanghai (Grant No. PWYgf2021- 08).

CONFLICT OF INTEREST
We declare that there are no conflicts of interest between 
authors.

ETHICAL APPROVAL
This study is an analysis of a public database. The meth-
odology of this study was approved by National Health 
Protection Human Research Institute (certification num-
ber 44274909).

DECLARATION OF FIGURES 
AUTHENTICITY
All figures submitted have been created by the authors who 
confirm that the images are original with no duplication 
and have not been previously published in whole or in part.

REFERENCES
 1. Mederos MA, Reber HA, Girgis MD. Acute pancreatitis: a re-

view. Jama. 2021;325(4):382- 390.
 2. Boxhoorn L, Voermans RP, Bouwense SA, et al. Acute pancre-

atitis. Lancet. 2020;396(10252):726- 734.
 3. van den Berg FF, van Dalen D, Hyoju SK, et al. Western- type diet 

influences mortality from necrotising pancreatitis and demon-
strates a central role for butyrate. Gut. 2021;70(5):915- 927.

 4. Zhang ML, Jiang YF, Wang XR, et al. Different phenotypes of 
monocytes in patients with new- onset mild acute pancreatitis. 
World J Gastroenterol. 2017;23(8):1477- 1488.

 5. Ahmed SM, Morsi M, Ghoneim NI, Abdel- Daim MM, El- Badri 
N. Mesenchymal stromal cell therapy for pancreatitis: a system-
atic review. Oxid Med Cell Longev. 2018;2018:3250864.

 6. Engle DD, Tiriac H, Rivera KD, et al. The glycan CA19- 9 pro-
motes pancreatitis and pancreatic cancer in mice. Science. 
2019;364(6446):1156- 1162.

 7. Carroll JK, Herrick B, Gipson T, Lee SP. Acute pancreati-
tis: diagnosis, prognosis, and treatment. Am Fam Physician. 
2007;75(10):1513- 1520.

 8. Li Q, Hou C, Peng Y, et al. Diabetes and younger age are 
vital and independent risk factors for acute pancreatitis in 



   | 257BLOOD GLUCOSE LEVELS AND ACUTE PANCREATITIS LOS

patients with severe hypertriglyceridemia. Biomed Res Int. 
2019;2019:2620750.

 9. Ahmad Z, Banerjee P, Hamon S, et al. Inhibition of 
angiopoietin- like protein 3 with a monoclonal antibody re-
duces triglycerides in hypertriglyceridemia. Circulation. 
2019;140(6):470- 486.

 10. Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimäki M. 
Prediabetes: a high- risk state for diabetes development. Lancet. 
2012;379(9833):2279- 2290.

 11. Richardson A, Park WG. Acute pancreatitis and diabetes melli-
tus: a review. Korean J Intern Med. 2021;36(1):15- 24.

 12. Parniczky A, Kui B, Szentesi A, et al. Prospective, multicentre, 
Nationwide clinical data from 600 cases of acute pancreatitis. 
PLoS One. 2016;11(10):e0165309.

 13. Chiang HY, Lin KTR, Hsiao YL, et al. Association between 
preoperative blood glucose level and hospital length of stay for 
patients undergoing appendectomy or laparoscopic cholecys-
tectomy. Diabetes Care. 2021;44(1):107- 115.

 14. Davis MC, Sullivan SE, Ziewacz JE, el- Sayed AM. Preoperative 
hyperglycemia and complication risk following neurosurgical 
intervention: a study of 918 consecutive cases. Surg Neurol Int. 
2012;3:49.

 15. Gong F, Zhou Q, Gui C, Huang S, Qin Z. The relationship be-
tween the serum anion gap and all- cause mortality in acute 
pancreatitis: an analysis of the MIMIC- III database. Int J Gen 
Med. 2021;14:531- 538.

 16. He T, Zhu W, Wang C, et al. Relationship between pre- operative 
blood glucose level and length of hospital stay in patients with 
renal cell carcinoma undergoing laparoscopic nephrectomy. 
Front Surg. 2021;8:659365.

 17. Sharma D, Jakkampudi A, Reddy R, et al. Association of 
Systemic Inflammatory and Anti- inflammatory Responses 
with adverse outcomes in acute pancreatitis: preliminary re-
sults of an ongoing study. Dig Dis Sci. 2017;62(12):3468- 3478.

 18. Bosques- Padilla FJ, Vázquez- Elizondo G, González- Santiago 
O, et al. Hypertriglyceridemia- induced pancreatitis and risk 
of persistent systemic inflammatory response syndrome. Am J 
Med Sci. 2015;349(3):206- 211.

 19. Volpe CMO, Villar- Delfino PH, dos Anjos PMF, Nogueira- 
Machado JA. Cellular death, reactive oxygen species (ROS) and 
diabetic complications. Cell Death Dis. 2018;9(2):119.

 20. Brar PC, Tell S, Mehta S, Franklin B. Hyperosmolar dia-
betic ketoacidosis– review of literature and the shifting para-
digm in evaluation and management. Diabetes Metab Syndr. 
2021;15(6):102313.

 21. Cruz- Santamaria DM, Taxonera C, Giner M. Update on patho-
genesis and clinical management of acute pancreatitis. World J 
Gastrointest Pathophysiol. 2012;3(3):60- 70.

 22. Lu Y, Zhang Q, Lou J. Blood glucose- related indicators are as-
sociated with in- hospital mortality in critically ill patients with 
acute pancreatitis. Sci Rep. 2021;11(1):15351.

 23. Yildirim AO, Ince M, Eyi YE, et al. The effects of glycyrrhizin on 
experimental acute pancreatitis in rats. Eur Rev Med Pharmacol 
Sci. 2013;17(22):2981- 2987.

 24. Matull WR, Pereira SP, O'Donohue JW. Biochemical markers of 
acute pancreatitis. J Clin Pathol. 2006;59(4):340- 344.

 25. Sun S, Mao W, Tao S, et al. Association between preoperative 
blood glucose level and hospital length of stay in patients with 
kidney stones undergoing percutaneous nephrolithotomy. 
Front Surg. 2021;8:820018.

 26. Peleg AY, Weerarathna T, McCarthy JS, Davis TME. Common in-
fections in diabetes: pathogenesis, management and relationship 
to glycaemic control. Diabetes Metab Res Rev. 2007;23(1):3- 13.

 27. Han HS, Kang SB. Relations between long- term glycemic con-
trol and postoperative wound and infectious complications 
after total knee arthroplasty in type 2 diabetics. Clin Orthop 
Surg. 2013;5(2):118- 123.

 28. Lankisch PG, Blum T, Bruns A, et al. Has blood glucose level 
measured on admission to hospital in a patient with acute pan-
creatitis any prognostic value? Pancreatology. 2001;1(3):224- 229.

 29. Rajaratnam SG, Martin IG. Admission serum glucose level: 
an accurate predictor of outcome in gallstone pancreatitis. 
Pancreas. 2006;33(1):27- 30.

 30. Anum J, Dasti R. Caregiver burden, spirituality, and psycholog-
ical well- being of parents having children with thalassemia. J 
Relig Health. 2016;55(3):941- 955.

 31. Binker MG, Cosen- Binker LI. Acute pancreatitis: the stress fac-
tor. World J Gastroenterol. 2014;20(19):5801- 5807.

 32. Wilcox G. Insulin and insulin resistance. Clin Biochem Rev. 
2005;26(2):19- 39.

 33. Guemes A, Georgiou P. Review of the role of the nervous sys-
tem in glucose homoeostasis and future perspectives towards 
the management of diabetes. Bioelectron Med. 2018;4:9.

 34. McNay EC, Cotero VE. Mini- review: impact of recurrent hy-
poglycemia on cognitive and brain function. Physiol Behav. 
2010;100(3):234- 238.

 35. Auer RN. Hypoglycemic brain damage. Forensic Sci Int. 
2004;146(2– 3):105- 110.

 36. Gu MH, Amanda F, Yuan TM. Brain injury in neonatal hy-
poglycemia: a hospital- based cohort study. Clin Med Insights 
Pediatr. 2019;13:1179556519867953.

SUPPORTING INFORMATION
Additional supporting information can be found online in 
the Supporting Information section at the end of this article.

How to cite this article: Wang D, Lu J, Zhang P, 
Hu Z, Shi Y. Relationship between blood glucose 
levels and length of hospital stay in patients with 
acute pancreatitis: An analysis of MIMIC-III 
database. Clin Transl Sci. 2023;16:246-257. doi: 
10.1111/cts.13445

https://doi.org/10.1111/cts.13445

	Relationship between blood glucose levels and length of hospital stay in patients with acute pancreatitis: An analysis of MIMIC-III database
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Data sources
	Study population
	Data extraction
	Statistical analysis

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	ETHICAL APPROVAL
	DECLARATION OF FIGURES AUTHENTICITY
	REFERENCES


