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Glycogen hepatopathy (GH) can present with 
different clinical symptoms and signs, the most 
dramatic being a syndrome first described by 

Mauriac in 1930 of growth retardation, hepatomegaly, 
cushingoid features, and delayed puberty.1 Whereas the 
Mauriac syndrome was first described, the histologic 
findings of GH remain underrecognized. We present a 
case of GH in a patient with poorly controlled type 1 
diabetes mellitus. The recovery of severe transaminase 
elevations in this patient illustrates the more benign 
course of GH. The aim of this study is to describe the 
clinical characteristics and pathologic features of GH to 
improve wider recognition of this disease.

CASE 
A 13-year-old male with a 3-year history of type 1 
diabetes mellitus. He was treated with glargine and 
lispro insulin, with an average requirement was 1.2 
units/kg/day. His hemoglobin A1c ranged from 7.0% 
to 13.0% of total hemoglobin. He developed severe 
increases in transaminase levels that were followed 
by recovery to normal levels during periods of better 
metabolic control (Figure 1). Physical examination 
revealed hepatomegaly. Laboratory analysis was com-
patible with major aminotransferase disturbances 
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Glycogenic hepatopathy (GH ) is a rare cause of serum transaminase elevations in type 1 diabetes melli-
tus. We describe a 13-year-old male with a history of poorly controlled type 1 diabetes mellitus who pre-
sented with hepatomegaly and severe transaminase flares. Liver histology confirmed GH. Treatment con-
sists of improving glycemic control. Hepatomegaly due to excess glycogen storage in poorly controlled 
type 1 diabetics has been associated with younger patients with poor glycemic control, occurring about 
2-4 weeks after starting insulin treatment, and resolving upon glucose stabilization. We conclude that 
glycogenic hepatopathy can cause hepatomegaly and significant transaminase elevations in individuals 
with type I diabetes mellitus, The recovery of severe transaminase elevations in this patient illustrates the 
more benign course of GH, which is a condition with a far better prognosis. Clinician awareness of GH 
should prevent diagnostic delay and will provide better insight into the prevalence of GH.

(Figure 1), with concurrent increases in gamma-glu-
tamyl transferase 187 U/L (normal <35 U/L) and 
alkaline phosphatase 179 U/L (normal <120 U/L). 
Liver synthetic capacity as measured by serum albu-
min 33 g/L (normal 34 to 52 g/L), total bilirubin 9.7 
umol/L and coagulation tests (activated partial pro-
thrombin time 28.8 seconds (normal <29 seconds) 
and international normalization ratio 0.9 ( normal 
<0.9). Total cholesterol 5.74 mmol/L, triglyceride 
1.55 mmol/L, low density lipoprotein 2.7mmol/L, 
Thyroglobulin antibodies 1550 IU/mL (nor-
mal<115 IU/mL), microsomal antibodies 56.7 IU/
mL (normal < 34 IU/mL). Immunoglobulins A, G, 
M and E were normal. Serology tests for HIV, hepa-
titis C and B, cytomegalovirus and infectious mono-
nucleosis were negative. Serum alpha-1 antitrypsin, 
ceruloplasmin, copper, iron and ferritin levels were in 
normal ranges. Liver kidney microsomal antibodies, 
smooth muscle antibodies (ASMA) and mitochon-
drial antibodies (AMA) were negative. Ultrasound 
and CT scans of the abdomen showed that the liver 
measured 19.4 cm in diameter with increased echo-
genicity and an inhomogenous texture. Liver biopsy 
showed that there was glycogen accumulation, char-
acterized by hepatocyte swelling, accentuation of 
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Figure 2. Liver histopathology showed diffuse hepatocyte swelling with rarefaction of 
cytoplasm and compressed sinusoids (a), intracytoplasmic giant mitochondria seen 
as round, red to pink globules (arrow) (hematoxylin and eosin stain, ×10) (b), prominent 
hepatocellular membranes (hematoxylin and eosin stain ×40) (c), abundant cytoplasmic 
glycogen deposits are demonstrated by a PAS stain ×40 (d), glycogen removed by 
diastase digestion (10×) (e).

Figure 1. Intermittent rises in glycosylated hemoglobin (a), plasma glucose (mmol/L ) (b), alanine 
aminotransferase (U/L) (c) and gamma-glutamyl transpeptidase (U/L) (d).
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cell membranes due to cytoplasmic rarefaction and 
a strongly positive periodic acid Schiff (PAS, stains 
polysaccharides) staining (Figure 2). After diastase 
digestion, which selectively degrades glycogen, PAS 
staining was no longer positive, confirming that gly-
cogen accumulation was responsible for the findings 
(Figure 2).

DISCUSSION
The most common liver function tests include the se-
rum aminotransferases such as alanine aminotrans-
ferase (ALT) which measures the concentration of 
intracellular hepatic enzymes that have leaked into the 
circulation and serve as a marker of hepatocyte injury 
and gamma-glutamyl transpeptidase, which acts as a 
marker of biliary function and cholestasis. Children 
with type 1 diabetes are frequently investigated for he-
patic abnormalities. The prevalences of elevated ALT 
in type 1 (9.5%) and type 2 (12.1%) diabetes patients 
were both considerably higher than the 2.7% expected 
in the general population and higher than 5.6% re-
ported at baseline in clinical trials.2-4 This suggests that 
about 10% of diabetes patients under regular review in 
secondary care may need further investigation for the 
causes of elevated ALT. In Egypt, 692 patients with 
type 1 diabetes showed elevated ALT in 3.9% and ab-
normal hepatic ultrasound in 4.5%.5 Elevated ALT in 
type 1 diabetes was slightly more common in males, 
and appeared to show some association with microal-
buminuria and dyslipidemia.2 Diabetes mellitus is as-
sociated with non-alcoholic fatty liver disease includ-
ing its severe form, non-alcoholic steatohepatitis.6,7 
Elevated serum transaminases in type 1 as well as type 
2 diabetes are most frequently caused by non-alcoholic 
fatty liver disease.8 In a small case series where patients 

with liver test abnormalities were investigated in detail, 
marked accumulation of glycogen and steatohepatitis 
were demonstrated on liver biopsy.9,10 Glycogen load-
ing of the liver was first documented as a component of 
Mauriac syndrome in 1930.1 The liver defects observed 
in Mauriac syndrome can occur without the syndromal 
features in adults with type 1 diabetes.11-12 

The key finding in GH is glycogen accumulation in the 
liver causing hepatomegaly and elevated liver enzymes, 
especially transaminases. Hepatomegaly and elevated 
transaminases are very frequent findings in GH. 5,12-19  
All patients with GH are on insulin therapy and vir-
tually all patients have type 1 diabetes. The etiology 
for hepatomegaly is less clear. Hepatomegaly can be a 
complication of diabetes. Frequent episodes of hyper-
glycemia and subsequent treatment with insulin cause 
hepatomegaly due to hepatic glycogen and lipid accu-
mulation in type 1 diabetics.18 Inactivation of glycogen 
phosphorylase due to hyperglycemia causes inhibition 
of glycogenolysis and activation of glycogen synthase. 
This results in glycogen synthesis. Insulin activates gly-
cogen synthase and results in further glycogen accumu-
lation.19 Glycogen production persists for some time 
after insulin levels have declined. Hepatomegaly due to 
excess glycogen storage in poorly controlled type 1 dia-
betics has been associated with younger patients with 
poor glycemic control, occurring about 2 to 4 weeks 
after starting insulin treatment, and resolving upon glu-
cose stabilization. Our case show similar clinical and 
histological features to those described by others.5,12-19 

In conclusion, intermittent elevated liver transami-
nases in patients with type 1 diabetes can be due to 
GH, a condition with a far better prognosis. Clinician 
awareness of GH should prevent diagnostic delay and 
will provide better insight into the prevalence of GH.
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