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CASE REPoRt
A 19-year-old American Indian male patient presented to our facility 
with a two week history of right upper quadrant abdominal pain. The 
pain was sharp and radiated to his back. He reported one episode 
of bilious vomiting but denied fever, cough, dyspnoea, dysuria, 
diarrhoea, constipation, haematemesis, melena haematochezia 
and haematuria. Review of systems was significant for polydipsia 
and polyuria. His medical history was significant for poorly controlled 
type 1 diabetes with recurrent Diabetic Ketoacidosis (DKA) related 
admissions. His home diabetic regimen included levemir 20 units 
twice daily and a sliding-scale novolog with meals. He was an active 
polysubstance abuser (nicotine, alcohol and methamphetamine) 
and had compliance issues with his home medications. 

His blood pressure was 124/90 mmHg, heart rate 128 beats/
minute, respiratory rate 16 breaths/minute, SpO2 100% on room air, 
temperature 98oF and Body Mass Index (BMI) 20.6 kg/m2. Physical 
examination revealed a soft, flat abdomen with mild tenderness over 
the right upper quadrant. The liver was firm, smooth and tender and 
approximately three finger breadths below the costal margin in the 
right midclavicular line. The remainder of the physical examination 
was unremarkable. Laboratory analysis revealed elevated serum 
glucose of 296 mg/dL, increased anion gap of 35, positive 2+ urine 
ketones, serum bicarbonate of 14 mmol/L, and serum lactic acid of 
6.5 mmol/L with venous pH of 7.39. Liver panel showed elevated 
Aspartate Aminotransferase (AST) 165 U/L, Alanine Aminotransferase 
(ALT) 189 U/L, Alkaline Phosphatase (ALP) 186 U/L and a normal 
total bilirubin of 0.2 mg/dL. Both HbA1c and serum triglycerides 
levels were elevated at 11% and 549 mg/dL respectively. Complete 
blood count and coagulation profiles were within the normal reference 
range. Computed Tomography (CT) scan of the abdomen showed 
hepatomegaly of 30 cm without any focal lesions or intrahepatic ductal 
dilation [Table/Fig-1a]. Ultrasonography of liver revealed hepatomegaly 
with increased echogenicity consistent with an infiltrative process. 
Ultrasonography of the gall bladder and biliary system was otherwise 
unremarkable. The patient was admitted to the Intensive Care Unit 
(ICU) and treated for DKA. He subsequently underwent a liver biopsy 
and the histopathologic findings were consistent with GH [Table/Fig-
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ABStRACt
Glycogenic Hepatopathy (GH) is a rare entity encountered in patients with poorly controlled insulin-dependent diabetes. GH results 
from excessive accumulation of glycogen in the hepatocytes and is characterised by tender hepatomegaly and transaminitis. 
Hyperglycaemia in these patients leads to frequent use of high doses of insulin. High plasma levels of both serum glucose and 
insulin causes increased production and storage of glycogen in the hepatocytes. We present the clinical course and management 
of a patient who presented with hyperglycaemia and was found to have glycaemic hepatopathy. The presentation of similar cases 
that have been reported in medical literature has been reviewed and discussed in this review. GH is an underdiagnosed entity 
and should be considered in the differentials of any patient presenting with hepatomegaly and transaminitis, particularly among 
uncontrolled diabetics.

1b]. After resolution of DKA, he was restarted on his home insulin 
regimen consisting of levemir 20 units BID and insulin coverage 
based on a sliding scale glucose level. His glucose levels were well 
controlled on this regimen. Since, his blood sugar level was reasonably  
well-controlled on the insulin regimen that was supposed to be 
at home, we concluded that medication non compliance was the 
reason for his poorly controlled diabetes and associated hepatopathy. 
Extensive diabetic education was provided to him during his short 
hospital stay. The plan was to monitor his diabetes and the underlying 
liver disease as an outpatient. However, he did not keep his outpatient 
follow up appointments and was subsequently lost to follow up.

[table/Fig-1]: a) CT scan of the abdomen showing hepatomegaly without any 
focal liver lesions; b) Hepatocytes with glycogen overload seen on periodic acid-
schiff (PAS) staining.

DISCuSSIon
Glycogenic hepatopathy was first described by Mauriac in 1930 in an 
uncontrolled type 1 diabetic child as a component of Mauriac syndrome 
(growth failure, hyperlipidaemia, delayed puberty, hepatomegaly and 
cushingoid appearance) and has been reported in handful of case 
reports [1,2]. However, GH has also been described in patients 
without the extra-hepatic manifestations of Mauriac syndrome [3]. The 
prevalence of GH in patients with hepatomegaly and transaminitis is 
close to 80% among uncontrolled diabetics [4]. Yet this entity remains 
largely underdiagnosed and therefore, under reported consequently, 
the overall prevalence of GH is not known exactly. 

Non Alcoholic Fatty Liver Disease (NAFLD) commonly presents with 
hepatomegaly and transaminitis, as a result it is commonly assumed 
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to be the diagnosis. Non Alcoholic Steatohepatitis (NASH), GH and 
other causes of acute or chronic hepatitis must be considered in 
the differentials when these patients present with transaminitis. 
NAFLD is the most common chronic liver disease worldwide with 
reported global prevalence of 25% [5]. Discriminating between 
these diseases is important because the prognosis are different. 
Glycogenic hepatopathy is completely reversible with institution 
of glucose control; in contrast NAFLD may lead to fibrosis and 
cirrhosis. Ultrasonography, CT and Magnetic Resonance Imaging 
(MRI) cannot differentiate between NAFLD and GH and a definitive 
diagnosis of GH can only be made by liver biopsy [6].

NAFLD is the most common liver disorder worldwide especially 
in the western industrialised nations. NAFLD is characterised by 
fatty infiltration and elevated transaminases; whereas, NASH also 
has signs of inflammation. There is no good correlation between 
glycaemic control and the degree of steatosis [7]. Furthermore, a 
negative ultrasound does not exclude steatosis; thus, necessitating 
a biopsy to diagnose or assess the degree of fibrosis [8,9].

Patients with NAFLD, acute hepatitis and GH may present with 
fatigue, abdominal pain, acute transaminitis and hepatomegaly. NASH 
and hepatitis may progress to cirrhosis or hepatocellular carcinoma; 
in contrast, GH is caused by poor glucose control and has been 

shown to be completely reversible with stabilisation of glycaemic 
control [5,10]. While, GH has also been reported in diabetics with 
poorly controlled type 2 insulin-dependent diabetes, it has also been 
described in various circumstances involving poor glycaemic control: 
a type 2 diabetic patient who attempted suicide by injecting 180 units 
of insulin glargine, in non diabetics including a toddler with dumping 
syndrome associated with gastrostomy feeding and three children 
treated with high-dose glucocorticoid therapy [11-13]. 

Hyperglycaemia causes inhibition of the glycogen phosphorylase 
flux; whereas, hyperinsulinemia cause stimulation of the glycogen 
synthase flux. Both these steps occurring simultaneously cause a 
major suppression in the hepatic glycogen cycling and an increase 
in the hepatic glycogen synthesis [14]. This mechanism is thought 
to underlie the pathogenesis of GH in young diabetics with poorly 
controlled diabetes. Recently, a mutation in the catalytic subunit 
of liver glycogen phosphorylase kinase has been attributed to the 
development of GH [15]. Strict glycaemic control must be obtained 
in order to treat GH and reverse the hepatomegaly and transaminitis 
[10]. The converse has also been reported three patients who were 
diagnosed with GH demonstrated complete reversal of symptoms 
without intense glucose control, their HbA1c levels being 11%, 13% 
and 15%, respectively [16]. 

age/Sex (years) Presentation time to normalisation hba1c reference

21 M New-onset fulminant T1DM with DKA, HM Improvement at discharge 6.2% [6]

20 F T1DM, HM, transaminitis Improvement at five-month follow up 13.3% [10]

30 F T2DM, HM, transaminitis, dietary indiscretion Resolution at one month follow up [11]

02 M Dumping syndrome, no steroids or DM n/a [12]

10 F T1DM, RUQ pain, HM, transaminitis Persistent HM at two months [17]

15 M T1DM, DKA, HM, transaminitis Persistent HM at five years 9.6% [18]

18 F T1DM, DKA, lactic acidosis, HM Persistent lactic acidosis at six months 11.4% [19]

21 F T1DM, tender HM, transaminitis Seven weeks 8.1% [20]

19 F T1DM, HM, DKA Resolution 10 weeks after CSII 14.6% [21]

29 F T1DM, HM, anorexia nervosa n/a [22]

41 M T2DM, HM, insulin overdose (SI), hypoglycemia Began to resolve in eight days 10.6% [23]

22 F AN, transaminitis n/a [24]

26 F AN, abdominal pain, transaminitis Persistently transaminitis [25]

22 M T1DM, HM, transaminitis, anorexia Improved with better glycaemic control 11.3% [26]

18 F T1DM, DKA (multiple episodes of DKA) 10 days 8.2% [27]

13 M T1DM, DKA, ischemic hepatopathy 16 days 10.4% [28]

19 F T1DM, transaminitis Resolution at A1C of 9.1% 10.1% [29]

17 F T1DM, CD, HM, transaminitis Resolved at one year follow up 12.0% [30]

22 M T1DM, AAT deficiency (ZZ), HM, transaminitis Resolved with better glycaemic control 14.6% [31]

16 M T1DM, over insulinisation with dietary indiscretion, HM Four weeks 11.1% [32]

19 F T1DM, occurred four weeks after treatment for DKA, HM [33]

21 F T1DM, CD, HM, lactic acidosis, transaminitis One week 13.3% [34]

18 M T1DM, abdominal pain, HM, lactic acidosis Resolved at three-month follow up 11.0% [35]

33 F T1DM, transaminitis, diarrhoea Normal at one year follow up 13.7% [36]

8 M T1DM, painful HM, transaminitis Days 14.0% [37]

27 M T1DM, RUQ pain, HM, transaminitis Resolution at three months 15.0% [38]

19 M T1DM, HM, transaminitis Began to resolve in three weeks [39]

13 M T1DM, HM, transaminitis [40]

13 F T1DM, HM, transaminitis Began to resolve in four weeks 10.7% [41]

12 F Labile T1DM, HM, transaminitis Began three weeks after CSII 8.4% [42]

14 F T1DM, RUQ pain, transaminitis 14.3% [43]

13 M T1DM, HM, DKA Improved at three months [44]

13 M T1DM, ketosis, HM [45]

19 M T1DM, RUQ pain, HM, transaminitis, DKA, lactic acidosis 11% Current report

[table/Fig-2]: Cases of glycogenic hepatopathy, presentation and time to normalisation of liver size and liver function tests (LFT).
T1DM: type 1 diabetes mellitus, T2DM: type 2 diabetes mellitus, HM: hepatomegaly, DKA: diabetic ketoacidosis, CD: celiac disease, AN: anorexia nervosa, AAT: alpha-1-antitrypsin deficiency, SI: suicidal 
ideation (attempt), CSII: continuous subcutaneous insulin infusion.
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Review of literature indicated that there were 124 reported cases 
of GH, the details of which are summarised in [Table/Fig-2,3,4]. 
The median age was 19±10.6 years (range 2-70 years). Most of 
the patients were uncontrolled type 1 diabetics (93.7%), only two 
were type 2 diabetics (1.6%) and six (4.7%) were not diabetic. Only 
11 (8.7%) presented with acute DKA. The most common physical 
finding was hepatomegaly with 63 patients (49.6%) having a 
palpable hepatomegaly at presentation. Forty patients (31.5%) had 
severely elevated AST and ALT (defined as >3x ULN). The median 
HbA1c was 11.7%±2.7 (n=47, range 6.2-22.2%), with the lowest 

HbA1c finding occurring in a patient with new-onset fulminant type 
1 diabetes mellitus who was found in cardiac arrest. The median 
AST, ALT, ALP and Gamma-glutamyltransferase (GGT) values were 
363±1451 U/L (n=55, range 9-6720); 346±505 U/L (n=59, range 
14-2549); 199±240 U/L (n=30, range 79-933) and 187±319 U/L 
(n=25, range 15-1467), respectively. Total bilirubin was found to 
be elevated in eight patients (6.3%) and eight patients had lactic 
acidosis. Of the reported cases, 104 patients (81.9%) underwent 
liver biopsy, all were positive for GH; however, 21 also had steatosis 
and another 15 also had fibrosis. 

[Table/Fig-5] summarises the clinical characteristics of two cohort 
studies. In the large cohort, which assessed the prevalence of liver 
dysfunction in 692 children with type 1 diabetes mellitus, 60 (8.7%) 
had one or more abnormalities hepatomegaly, increased ALT, 
positive anti-HCV antibody and abnormal USG. These abnormalities 
were reported to resolve in 37 of the 60 with improved glycaemic 
control. Of these, we only included the three biopsy confirmed 
cases; although, more are suspected. The second cohort examined 
the liver of 31 children with Mauriac syndrome and GH, of which 19 
had biopsies performed. All the biopsies were positive for GH.  

Our case is the only documented case of active methamphetamine 
use which has also been shown to cause GH; although, the 
mechanism is not completely understood. Our patient also presented 
with lactic acidosis. Generally, resolution of hepatomegaly and 
transaminitis occurs quickly, most often between two to four weeks. 
Strict glycaemic control must be obtained in order treat GH and 
reverse the hepatomegaly and transaminitis. However, two patients 
with persistent hepatomegaly one at two months and the other at 
five years have been described [17,18]. One of the cases also had 
persistent lactic acidosis [19]. Until more is known about this entity; 
we would emphasise good glycaemic control for patients with GH 
as it would also reduce other complications related to diabetes. 

number Summary resolution reference

2 Newly diagnosed males T1DM, HM (both) Weeks [3]

3 Ages 8-12, two females, HM (all), high dose steroids, no DM n/a [13]

3 Ages 20-26, three females, T1DM, GH with persistent transaminitis, mean A1C 
13.4% (±0.47)

Four to eight weeks, still poor DM control [16]

14 Ages 8-25, nine males, T1DM, abdominal pain, transaminitis, HM Three months (three patients) [46]

2 18/F and 21/M with labile T1DM, HM (both) Cure with pancreas transplant [47]

11 Ages 13-70, median age 23, seven females T1DM (all), HM (nine), transaminitis (six) Two weeks [48]

3 Adolescents, two males, T1DM, HM, transaminitis Resolved with better glycaemic control [49]

3 Ages 13-14, two females, T1DM, HM (all), mean A1C 12.5% (±1.35) Two weeks [50]

4 Ages 17-20, median age 19, three females, T1DM, lactic acidosis (all), HM (all), mean 
A1C 12.5% (±2.14)

Normalized with glucose control (case four) [51]

4 Ages 21-29, median age 21.5, three females, T1DM, DKA (three), HM (all), mean 
A1C 11.4% (±2.95)

Resolved with improved glycaemic control [52]

4 Ages 19-29, median age 22.5, three females, T1DM, HM, transaminitis, mean A1C 
13.2% (±2.46)

LFTs improved in one month [53]

4 Ages 12-18, median age 13, three females, T1DM with multiple episodes of DKA, 
mean A1C 11.9% (±1.80)

Four weeks [54]

[table/Fig-3]: Summary of glycogenic hepatopathy case reports involving multiple patients.

Summary reference

N=31 (16 males) with GH. Median age 15.1 years. Liver 
biopsy was done showing GH. 17 children improved on 
follow up.

[2]

N=692 (333 males) with T1DM. Mean age 9.7 years. 60 
(8.7%) of the 692 studied had either hepatomegaly, increased 
ALT, positive HCV antibody or abnormal liver US. Biopsy 
showed GH in three cases.

[55]

[table/Fig-5]: List of cohort studies reviewed involving glycogenic hepatopathy.

Summary of Gh Case reports

total number of patients n=124

Diabetes mellitus 118 (95.1%)

Type 1 116

Type 2 2

Non-diabetic 6 (4.9%)

Diabetic ketoacidosis (at presentation) 11 (8.8%)

Hepatomegaly (physical examination) 63 (50.8%)

Biopsy 104

Glycogenic hepatopathy 104 (100%)

Steatosis 21 (20.2%)

Fibrosis 15 (14.4%)

Inflammation 1 (1%)

Hepatitis 1 (1%)

elevated liver enzymes (peak) 

aSt (40 u/L=uLn) 

Mild (<3x ULN) 10 (8%)

Severe (>3x ULN) 40 (32.2%)

aLt (40 u/L=uLn) 

Mild (<3x ULN) 14 (11.3%)

Severe (>3x ULN) 40 (32.2%)

aLP (130 u/L=uLn) 

Mild (<3x ULN) 23 (18.5%)

Severe (>3x ULN) 9 (7.2%)

GGt (45 u/L=uLn) 

Mild (<3x ULN) 9 (7.2%)

Severe (>3x ULN) 14 (11.3%)

Total bilirubin (>1.0 mg/dL) 8 (6.4%)

Elevated lactic acid (>2.2 mmol/L) 8 (6.4%) 

[table/Fig-4]: Summary of GH case reports.
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ConCLuSIon
Non-alcoholic fatty liver disease, NASH, chronic hepatitis and GH 
may all present with right upper quadrant pain, hepatomegaly 
and transaminitis. Liver biopsy is the gold standard for diagnosis 
as imaging by ultrasound cannot reliably distinguish between 
them. NAFLD, NASH and chronic hepatitis can lead to fibrosis 
and eventually progress to cirrhosis and hepatocellular carcinoma; 
whereas, GH has a good prognosis and completely resolves on 
institution of adequate glycaemic control.
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