
J Nephro & Endo Res, 2024     Volume 4(2): 1-8

Review Article

Similarities and Differences of New-Onset Hyperglycemia Secondary 
to Different Types of Acute Pancreatitis

Department of Endocrinology, Shanghai Changzheng Hospital, Shanghai 200003, PR China

Wang Yiman, Li Tuo*

*Corresponding author
Dr. Li Tuo, Department of Endocrinology, Shanghai Changzheng Hospital, Shanghai 200003, PR China. 

Received: April 16, 2024; Accepted: April 25, 2024; Published: April 30, 2024

Open    Access

Journal of Nephrology & 
Endocrinology Research

ISSN: 2755-1059

ABSTRACT
With the increasing incidence of acute pancreatitis (AP), new-onset hyperglycemia (prediabetes and diabetes) secondary to AP attracts more attention as one 
of chronic complications. There are numerous causes of AP, including cholelithiasis, hypertriglyceridemia, alcoholism and so forth, which are both diabetic 
high-risk factors. Unfortunately, it is still unknown whether the hazards of secondary glucose metabolism impairment resulting from different types of AP 
are equal. In addition, person suffered from pancreatitis or diabetes is with high-risk for future pancreatic cancer. Thus, identification and analyzation on 
factors for different types of pancreatogenic diabetes is crucial. The literature review summarizes the incidence of new hyperglycemia after different causes 
of APs and explores the risk factors of different pancreatic backgrounds and potential mechanisms behind them.

Introduction
Acute pancreatitis (AP) is one of the most common digestive 
emergencies worldwide, with global incidence rate increasing 
[1]. There are numerous etiologies of AP, and in China, 
gallstone (cholelithiasis) remains the main cause, followed by 
hypertriglyceridemia (HTG) and excessive alcohol consumption 
[2]. 

Diabetes of the exocrine pancreas (DEP) derives from the 
dysfunction of exocrine pancreas, with terms such as pancreatic, 
pancreatogenic and type 3c diabetes, also used for this condition, 
as the second most common subtype of diabetes after type 2 
diabetes mellitus (T2DM) [3]. Wherein, approximately four 
fifths of DEP cases are caused by pancreatitis, namely, post-
pancreatitis diabetes mellitus (PPDM) [4]. Furthermore, the 
pancreatitis giving rise to diabetes can be acute or chronic, thus, 
it is reasonable to divide PPDM into post-acute pancreatitis 
diabetes mellitus (PPDM-A) and post-chronic pancreatitis diabetes 
mellitus (PPDM-C). Recently, the statistical results of the New 
Zealand national population database have indicated that PPDM-A 
accounts for 61% of all DEP [5]. Moreover, 27% of patients with 
AP have been reported to develop PPDM-A after discharge [6]. 
Importantly, new-onset prediabetes (PD) after AP is also frequent, 
with the combined incidence rate of PD and DM to be 35% in first 
year following the AP attack, and increasing to 59% after 5 years 
[7]. Besides, PPDM-A is characterized by poor glycemic control, 
frequent hypoglycemia attacks and high risk of pancreatic cancer 
[3,8,9]. Therefore, it is crucial to understand the risk factors of 
new-onset hyperglycemia (PD and DM) after AP and identify 
high-risk populations.

In the last decade, researches on the risk factors of new-onset 
hyperglycemia after AP have boomed. The potential factors 
affect the development of PPDM-A, including the severity of AP, 

pancreatic necrosis, stress hyperglycemia as well as the circulating 
levels of IL-6. However, the risk factors are not clearly confirmed 
now [10-13].

This article reviews the incidence rates of new-onset hyperglycemia 
after AP with different etiologies, leading to an assumption that 
the risk factors of etiologies of AP influence the development of 
hyperglycemia after AP attack.

Incidence of New-Onset Hypeglycemia after AP with Different 
Etiologies
A Medline search was done with search terms AP (“acute 
pancreatitis” or “pancreatitis, acute”) combined with “endocrine 
function” OR “endocrine insufficiency” OR “impaired glucose 
tolerance” OR “glucose homeostasis” OR “diabetes mellitus” 
OR “prediabetic state” OR “type 2 diabetes mellitus” OR “type 
1 diabetes mellitus” OR “adult-onset diabetes mellitus” OR 
“maturity onset diabetes” OR “non-insulin dependent diabetes” 
OR “insulin dependent diabetes”, based on the criteria as follows

Eligibility criteria:
1. Adult (age equal to or greater than 18 years) AP patients without 
a history of pre-existing pre-diabetes or diabetes at discharge;
2. Measurements of glucose metabolism at least one month after 
hospital discharge;
3. The studies used standard diagnosis methods for AP;
And 4. The reports provided incidence rates or raw data to 
calculate the rates of new-onset hyperglycemia secondary to AP 
with different etiologies.

Exclusion criteria:
1.	 Studies that specifically focused on AP patients with pancreatic 

surgery (invasive percutaneous and/or endoscopic procedures), 
hereditary pancreatitis or autoimmune pancreatitis;
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2.	 Studies that provided incomplete or no definition of glycemic outcomes;
3.	 Reports in which the number of new-onset hyperglycemia patients was unavailable (not reported);
4.	 Studies where less than 50% of the patients provided information during the follow-up or there was no report on the percentage 

of patients providing data during follow-up.

The search yielded 6023 records, with 32 articles eligible for inclusion, however 27 studies used to analyze due to duplicated data 
reported (Figure 1) [10,11,13-42]. Critical study characteristics are summarized in Table 1. After data collection (Table 2), the incidence 
rates of new-onset hyperglycemia after AP with different etiologies were calculated, stated as median (quartile 1, quartile 3) with 
34.5% (12.2%,40.9%) of AAP, 18.3% (7.4%,35.1%) of ABP and 46.9% (25.0%,100%) of HTGAP (Figure 2A).

Figure 1: Flowchart for identification of studies included

Table 1: Basic characteristics of included studies [10,11,13-42]
Authors Date Country or 

Area
Population Total No. of 

participants 
(male %)

Age(year) Glucose 
measurement

Outcome Duration 
of follow-

up(month)*
Johansen and 
Ornsholt

1972 Denmark AP 22 (45.5%) 37 OGTT DM 24

Ibars et al. 2002 Spain ABP 55 (27%) 62 OGTT, Arginine 
test

PD, DM 1,6,12

Malecka-
Panas et al.

2002 Poland AP 82 (67.1%) 47 OGTT,
Insulin test

PD, DM 56

Boreham and 
Ammori

2003 UK AP 23 (56.5%) 55, median FBG DM 3

Hochman 
et al.

2006 Canada SAP 25 (57.1%) 62 Questionnaire DM 24,36

Yasuda et al. 2008 Japan SAP 41 (81.3%) 52 FBG DM 56
Pelli et al. 2009 Finland AAP 46 (87%) 49, median OGTT,

HbA1c
PD, DM 23, median

Andersson
et al.

2010 Sweden AP 39 (40%) 59 OGTT, Insulin,
FBG

DM 45

Wu et al. 2011 China AP 59 (56%) 59 FBG PD, DM 42
Ho et al. 2015 Taiwan AP 12284 

(70.6%)
50.2 Medical records DM >24

Gillies et al. 2016 New Zealand AP 83 (61%) Group1:48, 
median

HbA1c PD, DM Group1:17.5, 
median

Group2:63, 
median

Group2:37, 
median

Pendharkar 
et al.

2016 New Zealand AP 83 (60%) Group1:47 FBG, HbA1c PD, DM Group1:33
Group2:57 Group2:23
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Nikkola et al. 2017 Finland AAP 47 (90%) 48 Medical records PD, DM 126
Pendharkar et 
al.**

2017 New Zealand AP 83 (60%) Group1:47 FBG, HbA1c PD, DM Group1:33
Group2:57 Group2:23

Pendharkar et 
al.**

2017 New Zealand AP 83 (60%) Group1:47 FBG, HbA1c PD, DM Group1:33
Group2:57 Group2:23

Pendharkar et 
al.**

2018 New Zealand AP 83 (60%) Group1:47 FBG, HbA1c PD, DM Group1:33
Group2:57 Group2:23

Ma et al. 2019 China AP 616 (62.7%) 47, median OGTT, HbA1c DM >3
Bharmal et 
al.**

2019 New Zealand AP 83 (61%) Group1:48, 
median

HbA1c PD, DM Group1:17.5, 
median

Group1:63, 
median

Group2:37, 
median

Bharmal et 
al.

2020 New Zealand AP 79 (62%) 50, median FBG, HbA1c PD 26, median

Cho et al. 2020 New Zealand AP with gout 9471 (48%) 56 Medical records DM 46
Gold-Smith
et al.

2020 New Zealand AP 93 (61%) 53, median FBG, HbA1c DM 22, median

Yu et al. 2020 China AP 361 (56%) 48.6 FBG, OGTT PD, DM 24
Li et al. 2021 New Zealand AP 72 (67%) Group1:60, 

median
FBG, HbA1c PD, DM 27

Group2:51, 
median

Norbitt et al. 2021 New Zealand AP 69 (59.4%) Group1:58.9 FBG, HbA1c PD, DM 26
Group2:51.6

Bharmal et 
al.

2022 New Zealand AP 120 (58%) Group1:48 HbA1c DM 6,12,18,24
Group2:54
Group3:53

Bharmal et 
al.

2022 New Zealand AP 68 (47%) Group1:60 FBG, HbA1c PD 6,12,18,24
Group2:55
Group3:48

Lv et al. 2022 China AP 1804 (63.1%) 48, median Telephone survey DM 36.5, median
Man et al. 2022 Romania AP 308 (54%) Group1:60, 

median
FBG, OGTT DM 1,3,12

Group2:45.5, 
median

Norbitt et 
al.**

2022 New Zealand AP 69 (59.4%) Group1:58.9 FBG, HbA1c PD, DM 26
Group2:51.6

Tu et al. 2023 China HTGAP 88 (NA) Group1:45, 
median

FBG, OGTT, DM >6

Group2:42, 
median

HbA1c

Bejjani et al. 2023 USA AP 68 (NA) Group1:54, 
median

HbA1c DM 3,12

Group2:59, 
median

Zhong et al. 2023 China AP 244 (65.6%) 46 FBG, OGTT DM 18

“AP, Acute pancreatitis; AAP, Acute alcoholic pancreatitis; ABP, Acute biliary pancreatitis; HTGAP, 
Hypertriglyceridemia-related AP; SAP, Severe acute pancreatitis; OGTT, Oral glucose tolerance test; FBG, Fasting 
blood glucose; HbA1c, Glycohaemoglobin A1c; NA, not available; DM, Diabetes mellitus; PD, Prediabetes. 
*The age and duration of following up were presented as mean if not stated as median or a range.
**Studies were not included in the analysis with duplicated data”.
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Table 2: Hyperglycemia occurrence of AP participants with different etiologies [10,11,13-25,29,31-38,40-42]
Study AAP ABP HTGAP

Hyperglycemia
(n=541)

Total No.
(n=6316)

Hyperglycemia
(n=697)

Total No.
(n=11458)

Hyperglycemia
(n=130)

Total No.
(n=494)

Johansen 2 4 1 11 NA NA
Ibars NA NA 13 55 NA NA
Malecka-Panas 13 36 4 29 NA NA
Boreham 0 5 2 13 1 1
Hochman 2 4 0 11 2 2
Yasuda 8 21 4 9 NA NA
Pelli 17 46 NA NA NA NA
Andersson 4 10 3 19 NA NA
Wu 2 7 10 42 6 7
Ho 383 5728 235 6556 NA NA
Gillies 3 18 9 37 NA NA
Pendharkar 6 18 13 37 NA NA
Nikkola 20 47 NA NA NA NA
Ma 18 86 48 263 11 26
Bharmal 5 17 13 37 NA NA
Cho NA NA 171 2775 NA NA
Gold-Smith 4 72 NA NA NA NA
Yu 21 52 63 166 61 130
Li 10 17 14 26 NA NA
Norbitt 12 16 14 26 NA NA
Bharmal 3 26 5 64 NA NA
Bharmal 4 10 8 29 NA NA
Lv 3 68 44 971 27 240
Man NA NA 3 204 NA NA
Tu NA NA NA NA 22 88
Bejjani 1 8 2 27 NA NA
Zhong NA NA 18 51 NA NA

								      
NA, not available. 								      

Figure 2: Incidence rates and risk factors of new-onset hyperglycemia secondary to different types of AP

AAP, Acute alcoholic pancreatitis; ABP, Acute biliary pancreatitis; HTGAP, Hypertriglycemia-related AP; NAFLD, Nonalcoholic 
fatty liver disease.
The susceptibility genes of different types of AP are distinct. ABCG8, ABCG5 and UGT1A1 are potentially associated with ABP; 
LPLD increases the risk for HTGAP; PRSS1, SPINK and CTRC are related to AAP. 
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Risk Factors of AP with Different Etiologies
Acute biliary pancreatitis 
Biliary pancreatitis results from impaction or temporary obstruction 
of the major duodenal papilla due to the migration of a gallstone 
to the common bile duct. Generally, ABP attacks are not severe, 
and self-limiting. Gallstones (cholelithiasis) are masses in the 
gall bladder or biliary tract that are caused by abnormally high 
levels of either cholesterol or bilirubin (a breakdown product of 
haem) in bile. Based on composition, gallstones are classified 
into cholesterol gallstones (composed mainly of cholesterol) and 
other stone types, represented by black and brown pigment stones; 
wherein, more than 90% of gallstones are cholesterol gallstones. 
Studies have indicated exogenous and genetic risk factors for 
cholesterol gallstones formation

Exogenous factors
Numerous exogenous risk factors for cholesterol gallstones 
have been reported. Specifically, the formation of cholesterol 
stones is profoundly affected by abnormal metabolism, including 
obesity (particularly central adiposity), physical inactivity and 
nonalcoholic fatty liver disease. Moreover, dietary factors such 
as high calorie or carbohydrate, low fibre and high haem iron 
intake also increase the risk for the formation of cholesterol 
stones. Previous study has shown that rapid weight loss (that 
means, >1.5kg per week reduced by a very-low-calorie diet or 
after bariatric surgery) leads to the formation of gallstones in up 
to 30% individuals. Importantly, pregnancy also is a well-known 
risk factor for gallstones formation. Additionally, some drugs 
(such as octreotide, fibrates and estrogens) predispose to gallstone 
formation [43].

Genetic susceptibility
In addition to the aforementioned risk factors, a genetic 
predisposition to gallstones is well recognized. The heritability of 
gallstones has been reported to exceed 50% in Hispanics with high 
Native American ancestry [44]. Associations between multiple 
lithogenic gene variants and gallstone formation indicate that 
the contributing genes are highly heterogeneous [45]. In humans, 
mutations in some of the lithogenic genes may represent the 
cause of gallstone formation, for example, the common gallstone 
associated variants in hepatobiliary cholesterol transporter 
(ABCG8) and ABCG5 as well as UDP glucuronosyltransferase 
family member A1 (UGT1A1) [46]. 

Hypertriglyceridemia-related acute pancreatitis
The chief characteristic of patients with HTGAP is the presence 
of abnormal lipid metabolism, particularly triglycerides.

Primary HTG exposures to increase the risk of AP
Based on Fredrickson classification, primary HTG can be 
caused by five types of hyperlipidemias. Patients with type I, 
IV, and V hyperlipidemia were found that have an increased 
risk of HTG pancreatitis (HTGP). In type1 hyperlipidemia, 
primarily the chylomicron metabolism is influenced, resulting 
in high levels of circulating triglyceride-rich chylomicrons 
(chylomicronemia). Specifically, familial lipoprotein lipase 
deficiency (LPLD) is a genetic disorder characterized by severe 
HTG and chylomicronemia, and patients with LPLD are at higher 
risk of pancreatitis than those with HTG from other causes. 
Type IV (familial combined hyperlipidemia) is characterized 
by elevated very-low-density lipoproteins (VLDLs) levels, and 
results from mutations in several genes with an environmental 
effect [47]. Patients with type V hyperlipidemia present with both 
chylomicrons and VLDL elevated, which caused by alterations 

of genes that induce a reduction in catabolism. Furthermore, in 
patients with type IV or V hyperlipidemia, environmental factors, 
including obesity, excessive alcohol consumption and diet affect 
the elevated triglycerides [47]. 

Secondary HTG exposures to increase the risk of AP
Previous study found that excess alcohol consumption may cause 
elevated serum triglyceride levels in patients with underlying HTG 
that increases the risk of AP. In addition, obesity, pregnancy, and 
medications (such as estrogens, tamoxifen, thiazides, β-blockers) 
may also trigger elevations in serum cholesterol and triglycerides, 
leading to the increase of the risk for HTGP [48]. 

Demographic characteristics
In addition to abnormal lipid metabolism, it has been reported 
that in younger patients (aged<50 years), HTGP appears to be 
more prevalent in males than females, while ABP seems to affect 
a greater percentage of older patients (aged>70 years) [49]. 

Acute alcoholic pancreatitis
Alcohol is considered to be one of the major causes of AP; 
however, alcohol alone at social drinking level (10-20 mM) or 
even at moderate (50 mM) or severe intoxication (>100 mM) were 
noted to have little effects on causing pancreatitis. Therefore, this 
led to the hypothesis that other compounding factors are required 
for the development of alcoholic pancreatitis, including smoking, 
dietary habits and genetic background [50]. 

Most alcoholic pancreatitis cases present as AP, but AAP 
frequently progresses to alcoholic chronic pancreatitis particularly 
in habitual alcohol drinkers, many with intervening RAP. There are 
several reported potential factors increasing the risk for alcoholic 
pancreatitis as follows:

Susceptibility genes
Cationic trypsinogen gene (PRSS1) mutations were found to 
increase the risk for alcoholic pancreatitis in Europeans [51]. 
Moreover, higher prevalence of serine protease inhibitor Kazal-
type 1 (SPINK) mutations (N34S) was noted in alcoholic 
pancreatitis. In addition, variants of chymotrypsin C (CTRC), 
which regulates cationic trypsin activity, and FAFE synthase 
enzyme carboxyl ester lipase (CEL), were reported to be higher 
in patients with alcoholic pancreatitis [52]. In terms of Asians, 
alcoholic pancreatitis patients are far more likely to have the 
ADH1B*2 allele than alcoholics not prone to pancreatitis [53]. 

Exogenous risk factors
Previously published study of meta-analyses have shown a 
significant association between smoking and alcoholic pancreatitis 
[54]. Importantly, a linear relationship between alcohol consumption 
and plasma triglycerides has been clearly evident, being 0.37-
0.46 mmol/L higher in those consuming >5 alcoholic drinks/
day compared to non-drinkers [55]. This leads to an assumption 
that the increment of alcohol consumption increases the risk 
for pancreatitis, along with the elevated plasma triglycerides. 
Additionally, high alcohol consumption (≥ 30 g/d) frequently 
contributes to weight gain and obesity, raising the postulate of an 
association of obesity and high fat diet with alcoholic pancreatitis 
[56]. Intriguingly, it is noted that infections are associated with 
alcoholic pancreatitis. Especially, lipopolysaccharide (LPS), found 
on Gram-negative bacteria, when administered intravenously into 
alcohol-fed rats showed a dose-dependent increase in pancreatic 
damage [57].This ultimately has become a model of alcoholic 
pancreatitis.
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Demographic characteristics
Besides, alcoholic pancreatitis also has its demographic 
characteristics different from ABP. Alcoholic pancreatitis typically 
affects individuals between 35 to 55 years of age, with peak 
exposure in the preceding 15 to 20 years. Moreover, after this 
age, the risk of new-onset alcohol-related pancreatitis decreases 
[58]. On the contrary, the risk for ABP increases along with age, 
and is the highest among the elderly.

The risk factors of AP with different etiologies are generalized 
in Figure 2B, with some factors overlapped, and the majority of 
non-genetic factors also increasing the risk for type 2 diabetes 
mellitus (T2DM), such as obesity, male and inactivity [59]. 

Discussion
This review shows that the incidence rates of new-onset 
hyperglycemia after AAP, ABP and HTGAP attack are different, 
with 46.9% of HTGAP highest, followed by 34.5% of AAP and 
18.3% of ABP. In addition, the risk factors of AAP, ABP and 
HTGAP are partly overlapped, with most exogenous factors 
increasing the risk for T2DM. However, it should be noted 
that AP patients with different etiologies have diverse genetic 
backgrounds. Specifically, the development of ABP may result 
from the mutations in some of the lithogenic genes (such as 
ABCG8, ABCG5 and UGT1A1). But, patients with type I, IV or 
V hyperlipidemia could be prone to HTGAP, particularly in those 
with LPLD. In addition, the mutations of PRSS1, SPINK or CTRC 
predispose to alcoholic pancreatitis. Therefore, it is necessary to 
focus on the distinct genetic susceptibility of AP patients to identify 
high-risk populations of new-onset hyperglycemia after AP attack. 
With respect to the underlying genetic risk factors, further research 
is warranted to understand the relationship between susceptibility 
genes and the development of hyperglycemia after AP.

In summary, the incidence rates of new-onset hyperglycemia 
after distinct AP with distinct etiologies are different. Hence, 
focusing on the risk factors of different etiologies, especially 
genetic factors, may help identify high-risk populations and guide 
their personalized prevention and treatment.
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