BM) Open
Diabetes

Research
& Care

To cite: Han F, Shi X, Pan J,
et al. Elevated serum HbA1c
level, rather than previous
history of diabetes, predicts
the disease severity and
clinical outcomes of acute
pancreatitis. BMJ Open Diab
Res Care 2023;11:2003070.
doi:10.1136/
bmjdrc-2022-003070

» Additional supplemental
material is published online
only. To view, please visit the
journal online (http://dx.doi.
org/10.1136/bmjdrc-2022-
003070).

FH, X-IS and J-jP contributed
equally.

Received 16 August 2022
Accepted 1 January 2023

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

For numbered affiliations see
end of article.

Correspondence to

Guo-tao Lu; gtlu@yzu.edu.cn,
Liang-hao Hu;
lianghao-hu@smmu.edu.cn
and Xiu-ping Jiao;
Xpjiao@yzu.edu.cn

Open access Original research

Elevated serum HbA1c level, rather than
previous history of diabetes, predicts
the disease severity and clinical
outcomes of acute pancreatitis

Fei Han,'? Xiao-lei Shi,'? Jia-jia Pan,? Ke-yan Wu,"? Qing-tian Zhu,'*?
Chen-chen Yuan,"? Wei-ming Xiao,"? Yan-bing Ding,"? Xiao-ping Yu,**

Xiu-ping Jiao,* Liang-hao Hu,® Guo-tao Lu

ABSTRACT

Introduction The aim of our study is to explore the value
of serum glycosylated hemoglobin A1c (HbA1c) in disease
severity and clinical outcomes of acute pancreatitis (AP).
Research design and Methods Patients with AP

were included from January 2013 to December 2020,
retrospectively, dividing into normal serum HbA1c level
(N-HbA1c) group and high serum HbA1c level (H-HbA1c)
group according to the criteria HbA1c <6.5%. We
compared patient characteristics, biochemical parameters,
disease severity, and clinical outcomes of patients with

AP in two groups. Besides, we evaluated the efficacy of
serum HbA1c to predict organ failure (OF) in AP patients by
receiver operating curve (ROC).

Results We included 441 patients with AP, including 247
patients in N-HbA1c group and 194 patients in H-HbA1c
group. Serum HbA1c level was positively correlated with
Atlanta classification, systemic inflammatory response
syndrome, local complication, and OF (all p<0.05). Ranson,
BISAP (bedside index of severity in acute pancreatitis),

and CT severity index scores in patients with H-HbA1c
were markedly higher than those in patients with N-HbA1c
(all p<0.01). ROC showed that the best critical point for
predicting the development of OF in AP with serum HbA1c
is 7.05% (area under the ROC curve=0.79). Logistic
regression analysis showed H-HbA1c was the independent
risk factor for the development of OF in AP. Interestingly,

in patients with presence history of diabetes and HbA1c
<6.5%, the severity of AP was significantly lower than

that in H-HbA1c group. Besides, there was no significant
difference between with and without history of diabetes in
N-HbA1c group.

Conclusions Generally known, diabetes is closely related
to the development of AP, and strict control of blood
glucose can improve the related complications. Thus, the
level of glycemic control before the onset of AP (HbA1c as
an indicator) is the key to poor prognosis of AP, rather than
basic history of diabetes. Elevated serum HbA1c level can
become the potential indicator for predicting the disease
severity of AP.

INTRODUCTION
Acute pancreatitis (AP) is one of the the most
common acute gastrointestinal diseases, and

12 Wei-qin Li®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Generally known, previous diabetes history plays a
key role in the progress of acute pancreatitis (AP),
which can make patients susceptible to pancreatic
structural changes and increase the risk of AP.

WHAT THIS STUDY ADDS

= The level of glycemic control before the onset of AP
(glycosylated hemoglobin A1c (HbA1c) as an indica-
tor) is the key risk factor for the poor prognosis of AP,
rather than the diagnosis of diabetes.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our study demonstrated that elevated serum HbA1c
level could become the potential indicator for pre-
dicting the disease severity of AP and might help to
carry out stratification of patients with AP at an early
stage in the future.

its incidence rate is increasing year by year
around the world. According to epidemio-
logical data, the incidence rate of AP is on
the rise year by year, but the mortality rate
has declined.' * About 80% of patients with
AP have mild disease courses and usually
obtain recovery in the first week. However,
the remainder progresses to moderate or
severe cases with local or systemic compli-
cations and organ failure (OF), which ulti-
mately leads to a significant increase in
mortality.” Especially mortality in AP patients
with metabolic syndrome is noteworthy.*
Metabolic syndrome can increase the risk of
cardiovascular diseases, including diabetes,
dyslipidemia, and abdominal obesity.” Szen-
tesi et al’ showed that obesity, hyperlipidemia,
and hypertension were the independent risk
factors for the poor prognosis of AP. Many
clinical studies have confirmed that patients
with diabetes have an elevated risk of AP
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compared with patients without diabetes,” and early
hyperglycemia may predispose to systemic complications
in AP.® Nagy et al’ also found that peak blood glucose at
admission and during hospitalization was independently
associated with increased AP severity and mortality, and
thus the control of blood glucose and the appropriate
treatment of hyperglycemia are essential in the treat-
ment of AP.

Hence, early identification of patients with AP with
high mortality risk is the key to determine the treat-
ment strategies for AP. The Atlanta classification revised
in 2012 is considered the gold standard to evaluate the
severity of AP. Nowadays, some clinical and biochem-
ical scoring systems, including Ranson, bedside index of
severity in acute pancreatitis (BISAP), CT severity index
(CTSI), acute physiology and chronic health evaluation II
(APACHE II) scores, and individual serum test (such as C
reactive protein (CRP) and blood urea nitrogen (BUN))
are used to predict the occurrence of severe AP (SAP).*°
Although these scoring systems have a certain predictive
function on the severity of AP, they are cumbersome to
operate and not convenient for clinical practice.'’ Thus,
there is an urgent need to develop a simple, sensitive,
ideal marker to predict the disease severity of AP in the
existing clinical setting.

Glycosylated hemoglobin Alc (HbAlc) is formed by
the glycosylation of hemoglobin in the circulating red
cell, which is a non-enzymatic condensate of glucose and
hemoglobin.'* Glycosylated hemoglobin is divided into
glycosylated hemoglobin A, glycosylated hemoglobin
B, and glycosylated hemoglobin C. Among the various
glycated hemoglobins, HbAlc is the predominant frac-
tion."? The level of serum HbAlc is a useful indicator for
the retrospective assessment of glycemic status during
the previous 2-3 months. Serum HbAlc level is closely
related to inflammatory diseases, and elevated serum
HbAlc level has been proven to strongly predict diabetic
complications'* and cardiovascular morbidity."” Selvin et
alshowed that every 1% increase in HbAlc was related to
the 18% increase in the hazard of cardiovascular disease
and 17% in stroke incidence.'® Furthermore, in patients
with sepsis, serum HbAlc level is associated with the
progression of persistent OF and with intensive care unit
mortality.”

Diabetes can increase the prevalence of AP, which is
one of the independent risk factors for the poor prog-
nosis of AP. Generally known, strictly controlling glucose
can improve the prognosis of related complications, such
as diabetic nephropathy, macrovascular disease, and so
on. We speculate whether patients with diabetes with
controlling glucose before AP onset can improve the
poor prognosis of AP. Thus, we conducted a retrospective
study to determine the impact of controlling glucose on
the severity and clinical outcomes of patients with AP by
using HbAlc to assess the serum glucose control before
AP onset.

MATERIALS AND METHODS

Patients

One thousand one hundred and ninety-six patients diag-
nosed with AP admitted to the Affiliated Hospital of Yang-
zhou University from January 2013 to December 2020
were included in our study. The diagnostic criteria of AP
required two or more of the following criteria: persistent
abdominal pain, elevated serum or plasma amylase and/
or lipase levels (more than three times the upper limit of
the normal), and characteristic results of AP in imaging
studies.'”® The exclusion criteria mainly included the
following: (1) <18 years old, (2) during pregnancy, (3)
history of cancer, (4) patients hospitalized repeatedly,
and (5) patients without complete medical data and
serum HbAIc values.

Data collection

After inclusion, demographic and clinical characteris-
tics, including age, gender, weight, previous history, and
personal history of patients with AP were collected. CTSI,
Ranson, and BISAP scores were determined to evaluate
the disease severity of AP. All patients were evaluated
for blood routine and biochemical tests on admission.
Leukocyte level and neutrophil and monocyte ratios were
obtained from blood routine test. Serum levels of total
bilirubin (TB), direct bilirubin (DB), albumin (ALB),
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP), y-glutamyl
transferase (y-GGT), lactate dehydrogenase (LDH), urea
(UA), BUN, creatinine (Cr), glucose (GLU), triglyceride
(TG), cholesterol (CHO), high-density lipoprotein
(HDL), and low-density lipoprotein (LDL) were obtained
from blood biochemical test.

Serum HbAlc level was under the standard techniques
by ion chromatography technique on the manufactur-
er’s instructions and its reference value was 0%-6.5%.
According to the criteria HbAlc >6.5% after admis-
sion, patients were divided into two groups, including
the normal serum HbAlc level group (N-HbAlc
group) and high serum HbAlc level group (H-HbAlc
group). The H-HbAlc group was further divided into
6.5%<HbA1c<8%, 8%<HbAlc<10%, and 10%<HbAlc.
The electronic medical records and laboratory results of
included patients were checked by a professional doctor.
The study conformed to the principles of the Declaration
of Helsinki. Due to the retrospective characteristics of our
study from January 2013 to December 2020, informed
consent was waived and the ethics committee of the Affil-
iated hospital of Yangzhou University approved our study
(No 2018-YKL.11-27).

Assessment of the severity of AP

Based on the 2012 revised Atlanta classification, we
divided the severity of AP into three groups: mild AP
(MAP), moderately severe AP (MSAP), and SAP. MAP
involved no OF and local/systemic complications. MSAP
was accompanied by local/systemic complications and/
or transient OF within 48 hours. SAP referred to patients
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with AP with single or multiple persistent OF and/or
local or systemic complications over more than 48 hours.
Local complications of AP included acute peripancreatic
fluid collection, pancreatic pseudocyst, acute necrotizing
collection, and walled-off necrosis.'® Finally, persistent
OF was referred to as a modified Marshall score of 22 of
the three organ systems (respiratory, cardiovascular, and
renal), over a period of more than 48 hours."

Diagnostic criteria for systemic inflammatory response
syndrome (SIRS)

We defined the SIRS diagnostic standard on admis-
sion as two or more of the following four factors: (1)
temperature >38°C or <36°C, (2) heart rate >90 beats/
min, (3) respiratory rate >20 breaths/min (tachypnea)
or arterial carbon dioxide pressure (PaCO,)<32mm Hg
(hyperventilation), and (4) leukocyte count >12x10%/L
or <4x10°/L.

Statistical analysis

Data were analyzed with SPSS 19.0 (SPSS, Chicago, Illi-
nois, USA). All continuous variables were represented as
the mean+SD or median plus IQR. Categorical variables
were presented as percentage. % test and independent
sample t-test were used to compare categorical variables
and continuous variables, respectively. Comparisons
between groups were made by using one-way analysis of
variance. Pearson correlation analysis was used to assess
the correlation between serum HbAlc level and labo-
ratory test indicators. Receiver operator characteristic
(ROC) curve analysis was used to assess serum HbAlc
level for the prediction of severity of AP and to evaluate
the sensitivity and specificity of HbAlc by GraphPad
Prism 7.0 software. Gender, weight, smoking, drinking,
diagnosed diabetes, non-alcoholic fatty liver disease
(NAFLD), hypertriglyceridemia, previous AP, leukocyte
count, ALT, AST, y-GGT, LDH, TG, HDL, GLU, Cr, BUN,
and H-HbAlc were set as independent variables for
logistic regression analysis, and the OF was set as a depen-
dent variable. We define bilateral p<0.05 as a statistically
significant difference.

RESULTS

General baseline situation

One thousand one hundred and ninety-six patients with
AP from 2013 to 2020 were initially screened for the
study, but 755 patients with AP were excluded and finally
441 cases were enrolled for analysis (online supplemental
figure S1). Of all 441 patients with AP, the average age
was 49.5 years old and 281 patients with AP (63.7%)
were men. Of them, the N-HbAlc group had 247 (56%)
patients, whereas the H-HbAlc group had 194 patients
(44%)).

In terms of age, gender, smoking, hypertension, coro-
nary heart disease, and previous AP, these baseline char-
acteristics showed no significant differences between
the two groups. The proportion of NAFLD and weight
in H-HbAlc group were higher than those in N-HbAlc

group (all p<0.05). Besides, whether in N-HbAlc group
or H-HbAlc group, the most common AP etiology was
hypertriglyceridemia (40.1% vs 59.8%), then biliary
diseases (31.2% vs 13.9%), alcohol consumption (11.3%
vs 13.9%), and other causes (17.4% vs 12.4%), as shown
in table 1.

Biochemical parameter comparison between two groups
Table 2 showed the comparison of biochemical parame-
ters between two groups. The serum leukocyte, UA, GLU,
CHO, and TG (both p<0.05) levels in H-HbAlc group
were significantly elevated compared with N-HbAlc
group. Interestingly, patients with AP in the N-HbAlc
group had higher levels of main liver function indexes,
including AST and ALT (both p<0.05). Moreover, there
was no significant difference in terms of neutrophil,
monocyte, ALB, BUN, and Cr between the two groups.

Serum HbA1c levels and the severity of AP
In figure 1, serum HbAlc level was remarkably associated
with the AP severity scoring system. The level of serum
HbAlc increased gradually from MAP to SAP (p<0.001).
Moreover, serum HbAlc level had a significant increase
in patients with OF, local complications, and SIRS (all
p<0.01). In table 3, we found that the proportion of
patients with MSAP and SAP was higher in H-HbAlc
group. Meanwhile, clinical scoring systems (CTSI,
Ranson score, and BISAP score) and major complica-
tions (including SIRS, local complications, and OF) were
also more serious in the H-HbAlc group (all p<0.05).
Interestingly enough, we found that in patients with pres-
ence history of diabetes and HbAlc <6.5%, the severity of
AP was significantly lower than that in H-HbAlc group.
Furthermore, in N-HbAlc group, there was no significant
difference between with and without history of diabetes.
According to the above results, the H-HbAlc group was
further divided into 6.5%<HbA1c<8%, 8 %<HbAlc<10%,
and 10%<HbAlc. As shown in figure 1E-H, from
N-HbAlc group to the 10%<HbAlc group, the MAP ratio
decreased, while the SAP ratio increased (both p<0.001).
At the same time, we found that the incidences of SIRS,
local complications, and OF in the 10%<HbAlc patients
were significantly higher than those in the N-HbAlc
patients, which were consistent with the above results (all
p<0.05).

ROC curve analysis of HbA1c for predicting OF in AP

In figure 2, we found that the area under the ROC curve
of HbAlc for OF in patients with AP was 0.79 and the
optimal cut-off level was 7.05%, which provided 74.1%
sensitivity and 73.1% specificity. Our study also found
that the ability of HbAlc to predict OF in patients with
AP was better than leukocytes and BUN.

Besides, logistic regression analysis showed that
advanced leukocytes, LDH, GLU, and H-HbAlc were
independent risk factors for the development of OF in
patients with AP (online supplemental table S1). Further
adjusting for confounding factors, we found that HbAlc
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syndrome.

was indeed the independent risk factor for the develop-
ment of OF in AP (online supplemental table S2).

Correlation between serum HbA1c levels and clinical
indicators

To better evaluate the predictive ability of serum HbAlc
level on the severity and prognosis of AP, we conducted
the correlation analysis between serum HbAlc and clin-
ical markers. In online supplemental table S3, serum
HbAlc level was positively correlated with serum levels of
leukocytes (R=0.19, p<0.001), GLU (R=0.745, p<0.001),
TG (R=0.26, p<0.001), and CHO (R=0.321, p<0.001).
Whereas serum HbAlc level was negatively correlated
with the serum levels of ALT (R=-0.157, p=0.001) and
AST (R=-0.137, p=0.004). However, there was no signif-
icant correlation between serum HbAlc levle and the
levels of serum HDL, LDL.

Testing for selection bias

To verify whether there was a selection bias in all patients
with AP in our study, we compared patients with available
serum HbAlc level (n=441) and patients with unavailable
serum HbAlc level (n=755). Except for age, there was
no significant difference in general baseline and clin-
ical characteristics between two groups (online supple-
mental table S4). Patients with unavailable HbAlc level
were older (52.3 vs 49.5 years, p=0.002). There was no
significant difference between the two groups in disease
severity and underlying disease.

DISCUSSION

AP is the clinical emergency in which local inflammatory
injury of pancreas progresses to complications or multi-
organ involvement. The prognosis of AP is mainly based
on the development of OF and local complications.”

Our results showed that the incidence of OF caused
by AP is about 18.6%, which was in line with previous
research results.”’ Therefore, early identification of high
risk of OF in patients with AP seems to be the key for
early medical intervention. Although many scales have
been performed to predict the clinical prognosis of AP,
scales involves more tests, indices, and larger time span.
Hence, it is of great urgency to develop a clinically appli-
cable marker to forecast patients with SAP in the existing
clinical setting.

Ramin et al’”® showed that there was a close relationship
between the severity of AP and the incidence of metabolic
syndrome and its constituent factors, including obesity,
hyperglycemia, and hypertriglyceridemia. Previous
studies reported that patients with diabetes had a higher
risk for AP,” and hyperglycemia may predispose patients
with AP to OF.® Shenoy e al”’ revealed that more than half
of the patients with AP could observe transient hypergly-
cemia. In addition, Das et al’* showed that the incidence
rate of diabetes was 15% 1year after the onset of AP and
23% byears later. A recent meta-analysis also further
confirmed that the incidence rate of diabetes within
Syears after the onset of AP was 23%, and the incidence
rate after byears was 87%.” Previously, our team found
that diabetes could aggravate the severity of AP possibly
via the activation of NOD-like receptor thermal protein
domain associated protein 3 (NLRP3) inflammasome
pathway.”® Previous studies have pointed out that pre-
existing diabetes negatively influences the outcome of
AP and increases the risk of renal failure, local complica-
tions, and mortality.27 However, our research focused on
the blood glucose control before the onset of AP, rather
than the impact of diabetes itself on AP. Blood glucose
level was an important criterion for the RANSON score,
which was used to assess the prognosis of AP.** The gold
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ROC curve of HbA1c for Organ failure
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Figure 2 HbA1c, leukocytes, and BUN for the prediction in organ failure of patients with AP: ROC analysis. AUC, area
under the ROC curve; AP, acute pancreatitis; BUN, blood urea nitrogen; HbA1c, glycosylated hemoglobin A1c; ROC, receiver

operating curve.

standard for evaluating blood glucose level was HbAlc,
and high serum HbAlc level was also related to the risk
of complications in patients with diabetes.”” Controlling
glucose may be more effective than diabetes in the prog-
nosis of AP. Thus, the main focus of our study was the
predictive ability of serum HbAIc in the early AP.

Our study fully confirmed the evaluation of HbAlc on
the prognosis of AP. According to the overall severity,
local complications, systemic complications, ROC curve,
and multiple regression analysis, we found that the high
level of HbAlc suggested the poor prognosis of AP. Based
on this, we pay more attention to people who have a clear
history of diabetes but have good blood glucose control.
It was most amusing to discover that in patients with pres-
ence history of diabetes and HbAlc <6.5%, the severity of
AP was significantly lower than that in H-HbAlc group.
Furthermore, in N-HbAlc group, there was no signif-
icant difference between with and without history of
diabetes. Therefore, the results clearly show that previous
glycemic control, rather than diabetes history, has a more
pronounced effect on the prognosis of AP. Paragomi et
al’ also showed that pre-existing diabetes mellitus might
not be a risk factor for severe AP, which was consistent
with our results. Interestingly, we found that HbAlc is
still the independent risk factor for OF in patients with
AP in the population with different confounding factors.
In addition, we also found that both HbAlc and serum
glucose level after admission were risk factors for the poor
prognosis of AP, which suggested that glucose metabo-
lism played a significant role in the poor prognosis of AP.

Generally known, pancreatic diabetes, also known as
type 3c diabetes mellitus (T3cDM), is a type of diabetes
caused by pancreatic exocrine diseases.”’ The etiology
of T3cdm mainly includes AP, chronic pancreatitis,
pancreatic cancer, cystic fibrosis, and so on.” Recent
studies have found that it is inevitable that the patients

with AP complicated with pancreatic necrosis may have
some form of impaired glucose metabolism. The study
indicates that about 25% of patients with AP are diag-
nosed with diabetes within 5 years and that proportion
may even be higher after 5 years.* Thus, we detect serum
HbAlc in the early AP, which is conducive to the differen-
tial diagnosis of pancreatic diabetes.

Diabetes could make patients in chronic inflamma-
tion for a long time, which would lead to the spread of
inflammatory factor reactions in patients. Emanuela et al
showed that serum CRP, tumor necrosis factor-o, inter-
leukin (IL)-1B, and IL-6 levels in diabetes could cause
pancreatic islets B-cell dysfunction and apoptosis, so
suggested that inflammatory markers may be involved in
islets B-cell damage and insulin resistance.”® Given that
the level of serum HbAlc reflects a patient’s glycemic
state during 2-3 months, high serum HbAlc level indi-
cate the persistent hyperglycemic state.”* This causes
the increase in the levels of inflammatory factors above,
which may be a major reason for aggravating AP. Besides,
chronic hyperglycemic state may damage the endothelial
glycocalyx.” Degradation of the endothelial glycocalyx
alters endothelial barrier permeability and may cause
damage to the microcirculation, which leads to OF."
The endothelial glycocalyx damage may be more severe
in patients with H-HbAlc levels than N-HbAlc level."”
SAP may damage the endothelial glycocalyx by releasing
inflammatory markers, which leads to malfunction of the
intestinal microcirculation and mucosal barrier.”® This
means that patients with elevated serum HbAlc level
who develop SAP may suffer from more severe endothe-
lial glycocalyx destruction, because of chronic hypergly-
cemia on the endothelial glycocalyx. Moreover, we need
further studies to determine whether the risk of OF can
be reduced by improving microcirculation in patients
with AP.
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However, there are several potential limitations of our
study. On the one hand, it was retrospective, and there
are only 10 people in previous diagnosed diabetes and
HbAlc <6.5% group, which is likely to have data bias. On
the other hand, itis difficult for us to observe the dynamic
change of this index in AP. Thus, the prospective, multi-
center study is warranted to confirm the prediction of
HbAlc on the disease severity and clinical outcome of AP.

CONCLUSION

All in all, our study demonstrated that elevated serum
HbAlc level is an important predictor of disease severity
and OF in patients with AP. HbAlc may help to carry out
stratification of patients with AP at an early stage in the
future.
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