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【 CASE REPORT 】
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Abstract:
Glycogenic hepatopathy (GH) is a rare complication of poorly controlled type 1 diabetes mellitus (T1DM),

and is characterized by elevated liver enzymes, hepatomegaly, and glycogen accumulation. We herein present

the case of a 23-year-old man with poorly controlled T1DM who had liver dysfunction. Imaging studies

showed severe hepatomegaly and fatty liver. The examination of a liver biopsy specimen revealed fatty drop-

lets, ballooning, inflammation, and mild fibrosis. Subsequent periodic acid-Schiff (PAS) staining after diastase

digestion confirmed GH. In this case, the improvement of hyperglycemia, not HbA1c, resulted in the im-

provement of the patient’s liver function. This is the first report on the use of continuous glucose monitoring

in patients with GH to show that continuous hyperglycemia may worsen GH.
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Introduction

Glycogenic hepatopathy (GH) was first identified by

Mauriac in 1930 (1), and is characterized by elevated liver

enzymes, hepatomegaly, and glycogen accumulation in he-

patocytes. GH is a relatively rare complication of poorly

controlled type 1 diabetes mellitus (T1DM) (2). The etiol-

ogy of GH has not been completely clarified. GH is not

well recognized by general physicians, and is usually misdi-

agnosed as nonalcoholic fatty liver disease (NAFLD) be-

cause it is difficult to differentiate GH from NAFLD based

on imaging examinations. In addition, even if a liver biopsy

is performed, it is difficult to distinguish GH from NAFLD

with Hematoxylin and Eosin (H&E) staining alone. To diag-

nose GH correctly, it is necessary to perform periodic acid-

Schiff (PAS) staining before and after diastase digestion.

The standard treatment for GH is the improvement of glyce-

mic control; in some cases, GH improves without the im-

provement of the HbA1c level. GH may have a good prog-

nosis, with the complete resolution of symptoms and the

normalization of the liver function (3).

Case Report

A 23-year-old man was referred to our hospital to un-

dergo treatment for poorly controlled T1DM and an investi-

gation to determine the cause of liver dysfunction. He was

diagnosed with T1DM at another hospital at 6 years of age,

after which he started intensive insulin therapy. As his blood

glucose level was poorly controlled, he was admitted to hos-

pital several times due to diabetic ketoacidosis. Since 16

years of age, his transaminase levels had sometimes become

elevated. His liver dysfunction continued and a liver biopsy

was performed at 20 years of age, which revealed hepato-

cytes with fatty droplets, ballooning, mild inflammation, and

mild fibrosis in the portal region. At this time, he was diag-

nosed with NAFLD, and treatment with ethyl eicosapen-

taenoic acid and bezafibrate was initiated. His transaminase

levels remained elevated and at 23 years of age he was re-
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Figure　1.　(A, B) Ultrasound images showing severe hepatomegaly and fatty liver.

Table.　Laboratory Examination on Admission.

Peripheral blood Immune serum

White blood cell 5,700 /μL Cholinesterase 330 U/L TSH 1.78 μ/mL

Red blood cell 447×104 /μL Total bilirubin 0.5 mg/dL FT3 1.10 ng/dL

Hemoglobin 14.6 g/dL Direct bilirubin 0.1 mg/dL FT4 3.2 pg/mL

Platelet 34.5×104 /μL Creatine kinase 71 U/L IgA 132 mg/dL

Blood urea nitrogen 14 mg/dL IgM 40.6 mg/dL

Coagulation Creatinine 0.64 mg/dL IgG 1,227.3 mg/dL

PT % 128 % FBG 208 mg/dL Ig-E 648.6 mg/dL

HPT 172 % HbA1c 11.4 % Anti nuclear antibody Negative

Ferritin 345.3 ng/mL Anti mitochondrial antibody Negative

Biochemistry Lactate 2.3 mmol/L HAV-IgM Negative

C reactive protein 0.1 mg/dL Total cholesterol 220 mg/dL HBs antigen Negative

Total protein 7.4 g/dL HDL cholesterol 94 mg/dL HBV-DNA Negative

Albumin 4.4 g/dL LDL cholesterol 75 mg/dL HCV antibody Negative

ZTT 2.3 KU Triglyceride 255 mg/dL HCV-RNA Negative

AST 826 U/L Sodium 138 mEq/L CMV IgM Negative

ALT 550 U/L Potassium 4.0 mEq/L EBV-VCA IgM Negative

ALP 859 U/L Chloride 98 mEq/L EBV-VCA IgG Negative

GGT 425 U/L Type IV collagen 7S 3.0 ng/mL EBV-EBNA antibody Negative

LDH 454 U/L Hyaluronic acid <10 ng/mL

Procollagen III peptide 0.7 U/mL

PT: Prothrombin time, HPT: hepaplastin test, ZTT: zinc sulfate turbidity test, AST: aspartate transaminase, ALT: alanine aminotransferase, ALP: alkaline 

phosphatase, GGT: gamma-glutamyl transpeptidase, LDH: lactate dehydrogenase, FBG: fasting blood glucose, HDL: high-density lipoprotein, LDL: low-

density lipoprotein, TSH: thyroid-stimulating hormone, FT3: free triiodothyronine, FT4: free thyroxine, HAV: human hepatitis A virus, HBV: human 

hepatitis B virus, HCV: human hepatitis C virus, CMV: cytomegalovirus, EBV: Epstein-Barr virus

ferred to our hospital for the treatment of T1DM and to un-

dergo an investigation to determine the cause of liver dys-

function.

On the patient’s first visit to our hospital, his height was

168.8 cm, his body weight was 64 kg, and his body mass

index was 22.4 kg/m2. He reported that he did not smoke or

drink alcohol. The laboratory data were as follows: aspartate

aminotransferase (AST), 83 U/L; alanine aminotransferase

(ALT), 44 U/L; total cholesterol, 188 mg/dL; triglyceride,

150 mg/dL; fasting blood glucose, 225 mg/dL; HbA1c,

12.9%, and self-measured blood glucose showed brittle dia-

betes. Despite an increase in insulin (insulin glulisine 14 U

before meals in the morning and 12 U at noon and in the

evening, and insulin glargine 16 U at bedtime), his glycemic

control remained poor (HbA1c, 11.5-12.9%) and his trans-

aminase levels continued to fluctuate.

Three months after his initial visit to our hospital, his

transaminase levels showed sudden elevation with no obvi-

ous symptoms. Thus, he was admitted due to the suspicion

of acute hepatitis. The laboratory data on admission are

shown in Table. Ultrasonography and contrast-enhanced

computed tomography showed severe hepatomegaly and

fatty liver (Fig. 1, 2A and B). However, his transaminase

levels showed spontaneous improvement (AST/ALT, 66/66

U/L) after admission. However, the results of a drug-induced

lymphocyte stimulation test for ethyl eicosapentaenoic acid
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Figure　2.　(A, B) Contrast-enhanced computed tomography scans showing severe hepatomegaly 
and fatty liver. (C, D) Computed tomography scans after the improvement of the liver function, show-
ing the improvement of hepatomegaly and fatty liver.

Figure　3.　Staining of the liver biopsy specimen. (A) Slight inflammation in the portal area, and mild 
intralobular inflammation [Hematoxylin and Eosin (H&E) staining, magnification ×40]. (B) Slight 
centrilobular ballooning of the hepatocytes (H&E staining, magnification ×100). (C) Mild pericellular 
fibrosis (azan staining, magnification ×40).

and bezafibrate were negative, and we did not suspect drug-

induced liver injury. Liver biopsy was performed on the

17th day of admission in order to investigate the pathogene-

sis of his liver dysfunction. H&E and azan staining revealed

slight inflammation of the portal area, slight intralobular bal-

looning of the hepatocytes, and mild pericellular fibrosis,

without piecemeal necrosis or expanding fibrosis (Fig. 3).

Thus, steatohepatitis was suspected based on the histological

findings. The patient was discharged on the 19th day of ad-

mission.

After discharge, his transaminase levels remained high

(AST/ALT, 100-200 U/L). At five months after discharge,

his transaminase levels showed remarkable elevation for the

second time (AST/ALT, 1,115/593 U/L), with no obvious

symptoms. As his clinical course was inconsistent with that

of NAFLD, we suspected GH, and added PAS staining be-

fore and after diastase digestion to the last liver biopsy

specimen. PAS staining revealed many PAS-positive gran-

ules within the cytoplasm of the hepatocytes (Fig. 4A),

while PAS staining after diastase digestion showed the dis-

appearance of such granules (Fig. 4B). GH was finally diag-

nosed based on these histological findings.

As GH is usually caused by poorly controlled T1DM, we

changed insulin glargine 21 U to insulin degludec 21 U,

with the aim of improving the patient’s glycemic control.

Although his HbA1c did not change, his transaminase levels
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Figure　4.　Periodic acid-Schiff (PAS) staining of the liver biopsy specimen. (A) Many PAS-positive 
granules were observed within the cytoplasm of the hepatocytes (magnification ×40). (B) The disap-
pearance of PAS-positive granules after diastase digestion (magnification ×40).

Figure　5.　Changes of AST, ALT, and GGT.

showed an improvement of the liver function (Fig. 5). Con-

tinuous glucose monitoring also showed the improvement of

the peak glucose level. Currently, his fatty liver and hepa-

tomegaly have improved and his liver function has remained

stable (Fig. 2C and D).

Discussion

GH was first described in 1930 as part of Mauriac syn-

drome, which includes growth retardation, hepatomegaly,

cushingoid features, and delayed puberty (1). Currently, GH

is known to be a rare complication of poorly controlled

T1DM (2). The pathologic findings of GH include the accu-

mulation of glycogen in hepatocytes (4), which manifests

when extrahepatic glucose is in equilibrium with intrahepatic

glucose. As the blood glucose level increases above a certain

threshold, glucokinase begins to produce glucose 6-

phosphate, which binds to liver glycogen synthase, causing

allosteric activation. Then, glycogen synthesis is activated.

Thus, a hyperglycemic state with poorly controlled T1DM

causes the excessive synthesis of glycogen (5). In addition

to this, Munns et al. (6) suggested that patients with poorly

controlled T1DM often develop hypoglycemia by taking ex-

cess insulin, and treat this state with the administration of

glucose, which is considered to be a mechanism of overgly-

cogenosis. However, not all patients with poorly controlled

T1DM develop GH. It has been suggested that some regula-

tory protein is responsible for the marked accumulation of

glycogen. Tomihira et al. (7) reported that the partial inhibi-

tion of liver glycogen phosphorylase may induce GH. These

authors sequenced the gene encoding phosphorylase, but

could not detect the gene. Thus, the mechanism of GH has
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not been fully clarified.

The most common clinical findings in GH are elevated

liver enzymes, hepatomegaly, and fatty liver (8). Based on

these characteristics, the clinical course of our patient is

compatible with that of GH. However, he was initially diag-

nosed with NAFLD based on the liver histology. Although it

is difficult to differentiate GH from NAFLD, it is important

to diagnose GH correctly because their prognoses are differ-

ent. The prognosis of GH is suspected to be good as long as

adequate glycemic control is achieved (9). On the other

hand, NAFLD may cause inflammation and lead to nonalco-

holic steatohepatitis (10), or progress to advanced liver cir-

rhosis or hepatocellular carcinoma (11). However, it is diffi-

cult to distinguish GH from NAFLD in a liver biopsy speci-

men based on H&E staining alone. Thus, PAS staining be-

fore and after diastase digestion is helpful for the diagnosis

of GH. We suggest that clinicians should consider GH when

liver dysfunction, hepatomegaly, and fatty liver are found in

a patient with poorly controlled T1DM, and that they should

perform liver biopsy with PAS staining before and after dia-

stase digestion.

In previous reports, there have been some cases in which

the liver dysfunction of GH was improved by the intensifi-

cation of glycemic control, especially with the improvement

of HbA1c (11-14). Ikarashi et al. (15) also reported four

cases of GH, in which the HbA1c level on admission was

markedly high (11.0-16.5%), and in which the improvement

of HbA1c by strict glycemic control resulted in the improve-

ment of liver dysfunction. However, in comparison to 2 dia-

betes mellitus, glycemic control can be more difficult in

T1DM. In our case, although we tried to improve glycemic

control in cooperation with a diabetes expert, the patient’s

HbA1c showed no improvement. Nevertheless, his trans-

aminase levels improved after insulin glargine was changed

to insulin degludec. Our case showed a decreased range of

postprandial glucose increase, an improved peak glucose

level, and less time in a remarkable hyperglycemic state.

The effects of the transition of glucose using continuous

glucose monitoring for GH have not been reported. Simi-

larly to our case, Cha et al. (16) reported 3 cases of GH that

showed an improvement of the liver function without an im-

provement of HbA1c. Another recent study showed that the

range of the postprandial glucose increase in patients with

T1DM were significantly different between meals in patients

taking insulin glargine but that the range between meals did

not differ to a statistically significant extent in patients tak-

ing insulin degludec (17). These findings suggest the im-

provement of peak glucose level or remarkable continuous

hyperglycemic state, rather than the improvement of the

HbA1c (average blood glucose) level is important for the

improvement of GH. This is the first report to show that

continuous glucose monitoring for GH and the improvement

of the peak glucose level may improve GH.

Conclusion

When encountering patients with T1DM who present with

liver dysfunction, hepatomegaly, and fatty liver, clinicians

should consider GH, and perform liver biopsy with PAS

staining before and after diastase digestion in order to diag-

nose GH correctly. Continuous glucose monitoring may help

in the treatment of GH.
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