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Abstract
Rationale: Deranged liver function is a common finding among patients with diabetes mellitus. We report a case of liver biopsy-
proven glycogenic hepatopathy (GH) in a patient with long-standing poorly controlled type 1 diabetes (DM1), presented with
recurrent transaminitis.

Patientconcerns:A 28-year-old Chinese womanwas noted to have deranged liver function with transaminases elevated tomore
than 15 times the upper limit of normal.

Diagnosis: She had underlying long-standing poorly controlled DM1. Blood tests including hepatitis serology and autoimmune
panel were negative. Liver biopsy confirmed the diagnosis of GH, showing an increase in glycogen deposition with intact liver
parenchymal architecture, and no inflammation or significant fibrosis.

Interventions: Her glycemic control was optimized.

Outcomes: Her transaminase levels normalized upon subsequent follow-up with improved glycemic control.

Lessons: GH is suspected when transaminase flare occurs in patients with poorly controlled DM1, usually with exaggerated
hemoglobinA1c levels, especially after drug-induced, viral, autoimmuneandmetabolic liver diseasesare excluded. The gold standardof
diagnosis is liver biopsy. When diagnosis of GH is ascertained, the mainstay of treatment is to optimize glycemic control. Typically, the
transaminasesmay become normal within days tomonths after improvement of glycemic control. Compared to non-alcoholic fatty liver
disease, GH is associated with favorable prognosis and runs a benign course, making this differentiation clinically important.

Abbreviations: ALT = alanine aminotransferase, AST = aspartate aminotransferase, DM1 = type 1 diabetes, GH = glycogenic
hepatopathy, HbA1c = haemoglobin A1c, NAFLD = non-alcoholic fatty liver disease, NR = normal range, ULN = upper limit of
normal.
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1. Introduction

Deranged liver function is commonly encountered in patients
with diabetes. While non-alcoholic fatty liver disease (NAFLD) is
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more common, glycogenic hepatopathy (GH) should be consid-
ered as a differential diagnosis, especially in patients with poorly
controlled type 1 diabetes (DM1). GH remains under-recog-
nized,[1–4] so that only around 50 adult cases of GH have been
reported to date,[1] and only 1 case reported among Chinese.[5]

GH is characterized by an asymptomatic elevation in trans-
aminases, typically in the form of transaminase flare, and
hepatomegaly,[2,4,6] and is mostly found in patients with long-
standing poorly controlled DM1.[1,4] Accurate diagnosis of GH is
crucial as GH is shown to resolve following improvement in
glycemic control,[7] and diagnosis of which presents an important
opportunity for clinicians to motivate these patients to achieve
and maintain better glycemic control. Despite attempts of
developing non-invasive diagnostic modalities,[8] current gold
standard of diagnostic modality is still liver biopsy.[4] Unlike
NAFLD, GH usually does not progress to cirrhosis,[9] a distinct
difference in prognosis. However, GH has been reported to show
varying degree of fibrosis, mostly mild degree,[3,10–12] the
significance of which remains uncertain. Currently available
literature on GH lacks Fibroscan data,[13] and focuses more on
the short-term correlation between improved glycemic control
with improved transaminase levels.[14] Therefore, we report a
patient with long-standing poorly controlled DM1 presented

mailto:kyjoanne414@yahoo.com.hk
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000015296


Figure 1. Trends of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) with HbA1c from 2011 to 2019.
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with recurrent episodes of transaminitis mimicking acute
hepatitis on 8 years of follow-up, Fibroscan results suggestive
of borderline fibrosis, and subsequent liver biopsy confirming the
diagnosis of GH almost 5 years after of the first transaminase
flare, highlighting the problem of under-recognition and delay in
diagnosis.
Figure 2. Haematoxylin and Eosin stain of the liver biopsy specimen showed
enlarged hepatocyte with cytoplasmic pallor with reddish pink globule
consistent with glycogen accumulation, and prominent glycogenated nuclei.
2. Case report

We report a 28-year-old woman with DM1 diagnosed since age
of 3, all along on basal-bolus insulin therapy. Her DM1 was all
along poorly controlled with hemoglobin A1c (HbA1c) ranging
between 10% and 14%, complicated with triopathy and
repeated hospitalizations for diabetic ketoacidosis and severe
hypoglycemia. During follow-up in November 2017, she was
noted to have transaminases elevated close to 10 times the upper
limit of normal (ULN), thus admitted for further investigations.
Before admission, her HbA1c progressively rose from 13.2% in
July 2015 to 18.7% in November 2017. She was even admitted
once in April 2017 for diabetic ketoacidosis due to omission of
insulin. Ultrasonography of hepatobiliary system showed a
prominent liver and a 1.3 cm hepatic hemangioma only.
Serological testing for hepatitis A, B, C, and E was negative.
As liver function subsequently improved, she was discharged
and monitored on an outpatient basis. However, her liver
function tests worsened in December 2017 and she was
admitted again for monitoring and further assessment. At that
time, her liver function tests showed bilirubin 5mmol/L (normal
range [NR]: 4–23), alkaline phosphatase 183U/L (NR: 32–93),
alanine aminotransferase (ALT) 612U/L (NR: 7–36), aspartate
aminotransferase (AST) 819U/L (NR: 14–30), gamma-gluta-
myltransferase 134U/L (NR: �35), and normal albumin. Anti-
nuclear antibody titre was 1/80, anti-smooth muscle antibody
was weakly positive (vessels pattern), anti-mitochondria
antibody was negative, serum for protein electrophoresis
showed no monoclonal band. Serum ceruloplasmin was not
low. Fibroscan in December 2017 revealed controlled attenua-
tion parameter of 260dB/m (suggestive of moderate steato-
sis),[15] and fibrosis score 8.9 kPa (suggestive of borderline
fibrosis).[16] Review of the past trend of transaminase and
2

HbA1c levels in her adulthood revealed an apparent temporal
correlation. (Fig. 1)
Ultrasound-guided liver biopsy was performed in March 2018

which showed an increase in glycogen deposition on Periodic-
Acid Schiff stain and diastase, confirming the diagnosis of GH.
The architecture of liver parenchyma was intact and there was no
inflammation or significant fibrosis (Figs. 2–4). The diagnosis of
GH was ascertained based on:
1.
 the compatible clinical presentation of long-standing poorly
controlled DM1 with transaminase flare;
2.
 the histological features fulfilling the diagnostic criteria of GH;
and
3.
 exclusion of alternative diagnoses by extensive laboratory
investigations.

She was reinforced on the importance of adherence to insulin
therapy, and her glycemic control improved with adjustment of



Figure 3. Abundant cytoplasmic glycogen deposits stained by Periodic-Acid
Schiff stain.
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insulin dosage. Her liver function was closely monitored upon
follow-up. Her transaminases have normalized since July 2018,
while her HbA1c gradually improved from 16.4% in January
Figure 4. Diastase removed the stained glycogen leaving empty looking
cytoplasm and nuclei.
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2018, 14.5% in July 2018, to latest HbA1c of 8.1% in February
2019. In retrospect, the transaminase flare in late 2013 was
compatible with GH as well. Thus, the definitive diagnosis was
made 5 years later.
3. Discussion

Elevated transaminases are commonly encountered in patients
with diabetes. NAFLD is a much more common diagnosis
compared to GH. However, it is important to differentiate
between the 2 entities as NAFLD can progress to advanced liver
disease, whereas GH runs a benign clinical course.[1] Mauriac
syndrome, a full-blown syndrome of GH, initially described in
the 1930s among pediatric patients with brittle diabetes,
hepatomegaly, Cushingoid features, and poor growth and
development, is now rarely seen. GH is the unified term to
describe the hepatocyte glycogen overload without extrahepatic
features of Mauriac syndrome, which better reflects non-
inflammatory pathologic findings.[12]

The exact prevalence and incidence of GH remain unknown. It
is predominantly seen in pediatric population and young adults,
with poorly controlled DM1, and occasionally type 2 diabe-
tes.[1,17] A recent review of cases of GH revealed slight female
predominance.[4] Risk factors for GH included poorly controlled
DM1 and history of diabetic ketoacidosis.[11]

Pathogenesis of GH is still not fully understood. One of
the essential elements is the wide fluctuations in glycemia
and insulin.[3] The most accepted theory is that insulin and
excess glucose activates glycogen synthase phosphatase into
activated glycogen synthase, an enzyme required for the
conversion of glucose-1-phosphate to glycogen, which in turn
promotes glycogen formation and storage in the liver and blocks
glycogenolysis, increasing hepatic glycogen stores during hyper-
glycemia. The insulin administered as the main treatment for
hyperglycemia further drives glycogen synthesis and inhibits
gluconeogenesis and glycogenolysis, leading to increasing
hepatocyte glycogen stores. The glycogen overload gives rise
to hepatomegaly.[1–4,11]

Clinically, patients with GH may be asymptomatic, present
with symptoms of acute hepatitis or acute hyperglycemia, or with
tender hepatomegaly without splenomegaly.[1,4] In a recent
review of cases of GH, abnormalities in liver function test are
found to be predominantly transaminase elevation, bilirubin is
only elevated in 15% of cases up to 43 mmol/L, and prothrombin
time is normal in all cases.[11]

GH is suspected when transaminase flare occurs in patients
with long-standing poorly controlled DM1, usually with
exaggerated HbA1c levels, especially after drug-induced, viral,
autoimmune and metabolic liver diseases are excluded.[2,4,18]

Serologic testing mainly excludes other causes of hepatomegaly
and chronic hepatitis, as DM1 is associated with autoimmune
disorders.
Non-invasive imaging does not help to reach the definitive

diagnosis of GH, but some radiological features may be
suggestive.[4] On computed tomography, the bright liver
compared to spleen on pre-contrast image may suggest GH
rather than NAFLD.[19] On gradient dual-echo magnetic
resonance imaging, signal drop between T1 in-phase and out-
of-phase suggests intrahepatic fat storage, more consistent with
NAFLD.[20] Fibroscan, a non-invasive method of measuring liver
elastography, is mainly performed for evidence of fibrosis where
no or minimal fibrosis is expected in GH.[1,13]
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The gold standard of diagnosis is liver biopsy.[4] The
histological features of GH are:
1.
 marked glycogen accumulation resulting in pale, swollen
hepatocytes;
2.
 no or mild fatty change;

3.
 no or minimal inflammation;

4.
 no or minimal spotty lobular necrosis; and

[4]
5.
 intact architecture with no significant fibrosis.

The mainstay of treatment of GH is optimization of glycemic
control with subcutaneous insulin.[1,2,4] Typically, the trans-
aminases may normalize within days to months upon optimi-
zation of glycemic control.[1,2,4,5] GH is usually reported to run a
benign course and be associated with favorable prognosis.[4]

None of the patients developed long-term sequalae of liver
disease secondary to glycogen accumulation.[10,11] However, GH
has also been reported to be associated with varying degree of
fibrosis, mostly mild,[3,10–12] significance of which merits further
studies. More reports on data of Fibroscan in patients with GH
may be useful on long-term follow up to study the significance of
fibrosis in GH.
Here we have reported a young Chinese woman with long-

standing poorly controlled DM1 presented with recurrent
transaminase flare, Fibroscan suggestive of borderline fibrosis,
subsequently diagnosed to haveGHby liver biopsy. In contrast to
the existing literature, we have described a long-term correlation
between glycemic control and liver function, demonstrating the
issue of under-recognition of this clinical entity and the delay in
diagnosis. In addition, we have reported the Fibroscan result of
our patient, lacking in previous reports. Fibroscan is a non-
invasive assessment of the degree of fibrosis in GH, and may be
useful to study the significance of fibrosis in GH in the long run.
4. Conclusion

Deranged liver function is a commonly encountered problem in
patients with diabetes. GH is suspected when transaminase flare
occurs in patients with poorly controlled DM1, usually with
exaggerated HbA1c levels, especially after drug-induced, viral,
autoimmune and metabolic liver diseases are excluded. Liver
biopsy remains the gold standard of diagnosis of GH. GH is
associated with favorable prognosis and runs a benign course,
which makes the differentiation from NAFLD clinically impor-
tant. Diagnosis of GH also presents an opportunity for clinicians
to discuss with patients on optimization of glycemic control, as
the deranged liver function in GH is reversible upon improved
glycemic control. Further data on Fibroscan may be valuable to
study the prognostic significance of fibrosis in GH.
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