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Abstract  Diabetic ketoacidosis (DKA) and lactic acidosis (LA) are severe metabolic acidosis which develop in 
diabetic alcoholic patients. The insulin deficiency and elevation of glucagon leads to increased hepatic glucose output, and 
induces the release of free fatty acids (FFA) from ad ipose tissue, which are associated with the development of DKA. The 
insulin deficiency also plays a critical ro le in LA because pyruvate dehydrogenase complex (PDHc) requires insulin for 
activation, and increased FFA decreases PDH activ ity. Chronic calcific  pancreatitis (CCP)-induced diabetes has been 
reported to be not prone to develop DKA because CCP leads to depletion of both insulin (β-cells) and g lucagon-producing 
cells (α-cells) in pancreas. Further, to our knowledge, the development of LA in patients with CCP-induced diabetes has not 
ever been reported. We experienced alcoholic DKA and LA patients complicated with CCP-induced diabetes. The insulin 
deficiency is the crit ical factor for the development of both DKA and LA. FFA release from adipose tissue may be an 
important factor to determine the development of DKA. The absence of DKA in patient with LA may be due to extremely 
small volume of visceral adipose tissue. Although FFA is associated with the development of LA, a decreased activity of 
PDHc by insulin deficiency may be the most crit ical factor for the development of LA. Less insulin may be required to treat 
or prevent LA compared with DKA.  
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1. Introduction 
Diabetic ketoacidosis (DKA) and lactic acidosis (LA) are 

severe metabolic acidosis which develops in diabetic 
alcoholic patients[1]. The insulin deficiency and elevation of 
glucagon leads to increased release of glucose by the liver 
due to increased glycogenolysis and gluconeogenesis[2]. 
The insulin deficiency also leads to the release of free fatty 
acids (FFA) from ad ipose tissues, which are converted into 
ketone bodies, inducing DKA. The insulin deficiency also 
plays a critical ro le in LA because pyruvate dehydrogenase 
complex (PDHc) requires insulin for activation[3]. Increased 
FFA also decreases PDHc activity[4]. The PDHc is a 
mitochondrial matrix multienzyme complex that provides 
the link between glycolysis and the tricarboxylic acid cycle 
by catalyzing the conversion of pyruvate into acetyl-CoA[5]. 
Therefore, PDHc deficiency induces LA[5]. 

Chron ic calcific pancreat it is  (CCP) is  defined  as a 
continuing inflammatory disease of pancreas characterized  
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by irreversible patho-morphological changes including 
calcificat ion, and is often associated with the loss of exocrine 
and/or endocrine function[6,7]. Although CCP leads to the 
development of diabetes[8], the CCP-induced diabetes has 
been reported to be not prone to develop DKA because CCP 
leads to depletion of both insulin (β-cells) and 
glucagon-producing cells (α-cells) of the islets of 
Langerhans in pancreas[9]. Further, to our knowledge, the 
development of LA in patients with CCP-induced diabetes 
has not ever been reported. We experienced alcoholic DKA 
and LA patients complicated with CCP-induced diabetes. 
Here, we will discuss the clinical d ifferences between 
patients with DKA and LA in the CCP-induced diabetes, and 
also discuss the possible pathological mechanisms to make 
this difference. 

2. Case Presentation 
Patient A and patient B presented with nausea and 

disturbed consciousness after drinking much alcohol drinks. 
Both patients were alcoholic. Blood gas analysis of patient A 
revealed severe metabolic acidosis (pH 6.99). Plas ma 
glucose level (731 mg/dl) was extremely high and urinary 
ketones were strongly positive (Tab le 1). These data 



58 H. Yanai et al.:  What Induces Diabetic Ketoacidosis or Lactic Acidosis in Diabetic   
Alcoholic Patients Complicated with Chronic Calcific Pancreatitis? 

 

suggested that patient A developed DKA. Hydration and 
intensive insulin therapy promptly reduced urinary ketones, 
and ameliorated his consciousness and metabolic acidosis. 
Serum triglyceride and plasma glucose levels were also 
significantly decreased. Finally, his plas ma glucose levels 
became to be around 150 mg/dl by the treatment with 
pre-mixed insulin 30/70 (5 units each before breakfast and 
dinner) and insulin glargine (10 units before sleep).  

Blood gas analysis of patient B showed acidosis (pH 7.337) 
and increased lactate levels (11.45 mmol/ l; normal range, < 
2.0 mmol/ l). Pat ient B showed moderately high level of 
plasma glucose (265 mg/dl) and slightly positive urinary 
ketones, and also slightly elevated serum levels of total 
ketones (354 µmol/l) and 3-hydroxybutyrate (314 µmol/l) 
and normal level of acetoacetate (40 µmol/l), challenging the 
existence of severe ketoacidosis (DKA and alcoholic 
ketoacidosis) in patient B, and finally patient B was 
diagnosed as having alcoholic LA. Hydration and 
intravenous insulin infusion (5 units/day) promptly 

ameliorated his consciousness and metabolic acidosis. 
Serum lactate levels decreased to 3.16 and 1.21 mmol/l, at 5 
and 45 hours after the treatment started, respectively. Plas ma 
glucose levels at 5 and 45 hours after the treatment started 
was 303 and 213 mg/dl, respectively. 

Clin ical and biochemical characteristics of CCP patients 
complicated with DKA and LA were shown in Table 1. 
Abdominal computed tomography (CT) of both patients 
showed the existence of CCP (Figure 1). Body mass index 
(BMI), plas ma glucose, and serum levels of total cholesterol 
and triglyceride in patient B were significantly lower than 
those in patient A. Daily  urinary  C-peptide secretion and 
HbA1c in patient B was similar to those in patient A. Fasting 
serum glucagon level in patient B was significantly higher as 
compared with that in patient A. Daily dose of required 
insulin to treat for patient B was significantly  smaller than 
that for patient A. 

Abdominal CT of patient B showed extremely s mall 
volume of visceral adipose tissue (26.7 cm2) (Figure 2). 

Table 1.  Clinical and biochemical characteristics of patinets with diabetes due to chronic alcoholic pancreatitis who diveloped diabetic katoacidosis and 
lactic acidosis 

Patinent A B 
Diagnosis diabetic ketoacidosis lactic acidosis 
Age, sex 48 years old, male 66 years old, male 

Body mass index (kg/m2) 21.8 17.8 
Plasma glucose 731 265 

HbA1c (%) 9.9 9.9 
Urinary ketone bodies 3+ 1+ 

Urinary C-peptide (µg/day) 3.1 4.3 
Serum glucagon (pg/ml) 68 100 

(normal range, 40-180 pg/ml) 
Serum total cholesterol (mg/dl) 268 158 

Serum triglyceride (mg/dl) 829 96 
Required insulun to treat 64 10 
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Figure 1.  Computed tomography of abdomen of patient A (A) and patient B (B) 

 
Figure 2.  Subcutaneous (blue area) and visceral (red area) fat in patient B detected by abdominal computed tomography 

3. Discussion 
CCP is a destructive inflammatory disease of the 

pancreas[6]. A lthough the etiology of CCP is mult ifactorial, 
alcoholis m plays a significant role in adults[10]. Our patients 
were also alcoholic. The recurrence of CCP leads to decline 
of endocrine and exocrine pancreatic function[6]. Therefore, 
diabetes mellitus is frequently complicated with CCP[6]. 
Surgical therapy has been reported to be effective to improve 
symptoms and quality of life for patients with pancreatic 
duct stone (PDS) and CCP, and also has been reported to 
improve pancreatic function[6,11,12]. However, the 
influence of surgical therapy on the onset of diabetes and 
glucose metabolism has been remained unknown. Very 
recently, Liu BN, et al studied the surgical procedures for 
PDS in patients with CCP, and found that the surgical 
therapy reduced abdominal pain  but induced diabetes in 
several patients[13], indicat ing the necessity for further 
accumulat ion of studies about diabetic patients complicated 
with CCP. 

DKA is characterized by insulin deficiency, which 
induces the release of great  amounts of FFA from adipose 
tissue, and by glucagon excess, which regulates the 
conversion of FFA into ketone bodies in the liver[2]. 
Hormone-sensitive lipase (HSL) is the enzyme responsible 
for the hydrolysis of triacylg lycerol from the lipid droplet of 
adipocytes into glycerol and FFA[14]. Insulin deficiency 
increases expression of HSL v ia pre-translational 
mechanis ms[15]. Glucagon also enhances lipolysis and 
stimulates mitochondrial conversion of FFA into ketone 
bodies[16]. Insulin normally blocks ketogenesis by 
inhibit ing the carnitine palmitoyltransferase (CPT)-mediated 
transport of FFA derivatives into the mitochondria, but 
insulin deficiency decreases concentrations of malonyl CoA 
which inhibits FA oxidation by inhib iting CPT[17]. 
Glucagon also activates CPT by phosphorylation through 
cAMP-dependent protein kinase[18]. Therefore, the 
existence of insulin  deficiency, elevation of glucagon and 
increased release of FFA from adipose tissue are crucial for 
the development of DKA.  
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As CCP leads to depletion of both insulin (β-cells) and 
glucagon-producing cells (α-cells) of the islets of 
Langerhans in pancreas, diabetes due to CCP are usually not 
to prone to develop DKA, because excess glucagon do not 
develop under the insulin deficient condition[9]. However, 
our patient A preserved glucagon secretion capacity in spite 
of severely reduced insulin secretion capacity, which may 
induce the onset of DKA.  

Why did not DKA develop in the patient B? Insulin 
deficiency in patient B is as severe as that in patient A, and 
serum glucagon level in patient B is higher than that in 
patient A. Patient B seems to be more likely to develop DKA 
compared with patient A. BMI, serum total cholesterol and 
triglyceride levels were significantly lower in patient B 
compared with patient A. Abdominal CT showed extremely 
small volume of visceral adipose tissue. FFA release from 
adipose tissue may be an important factor to determine the 
development of DKA. The absence of DKA in patient B may 
be due to extremely s mall volume of visceral adipose tissue. 
Elevations in plas ma glucagon concentration have been 
reported to be augment hepatic ketogenesis in patients with 
type 1 diabetes when simultaneous elevations in serum FFA 
are present[19], suggesting the importance of FFA for 
glucagon-mediated development of DKA.  

Increased FFA decreases PDHc activ ity[3]. Although FFA 
is associated with the development of LA, FFA metabolism 
may  be significantly  reduced in  patient B, which is supported 
by normal serum trig lyceride levels and very small adipose 
tissue. A significantly decreased activity of PDHc by insulin 
deficiency may be the most crit ical factor for the 
development of LA in patient B. Less insulin may be 
required to treat or prevent LA compared with DKA.  

We have to mention the limitation of our study. The main  
limitat ion is the s mall number of patients. Therefore, our 
concept and/or hypothesis are not lead by pathophysiological 
proof, but, by mainly speculation.   

In conclusion, the insulin deficiency is the critical factor 
for the development of both DKA and LA. FFA release from 
adipose tissue may be an important factor to determine the 
development of DKA. The absence of DKA in patient with 
LA may be due to ext remely small volume of visceral 
adipose tissue. Although FFA is associated with the 
development of LA, a reduced activity of PDHc by insulin 
deficiency may be the most crit ical factor for the 
development of LA. Less insulin may be required to treat or 
prevent LA compared with DKA. The association between 
the onset of DKA or LA and the balance of preserved 
functions of α-cells and β-cells in  CCP remains unknown. 
The precise mechanisms for FFA-mediated development of 
DKA and LA also remain to be elucidated. Further studies, 
preferably with larger numbers of subjects, will be needed in 
the future.  
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