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Abstract
AIM: To evaluate the glycated hemoglobin (HbA1c)
determination methods and to determine fructosamine in
patients with chronic hepatitis, compensated cirrhosis and
in patients with chronic hepatitis treated with ribavirin.

METHODS: HbA1c values were determined in 15 patients
with compensated liver cirrhosis and in 20 patients with
chronic hepatitis using the ion-exchange high performance
liquid chromatography and the immunoassay methods.
Fructosamine was determined using nitroblue tetrazolium.

RESULTS: Forty percent of patients with liver cirrhosis had
HbA1c results below the non-diabetic reference range by at
least one HbA1c method, while fructosamine results were
either within the reference range or elevated. Twenty
percent of patients with chronic hepatitis (hepatic fibrosis)
had HbA1c results below the non-diabetic reference range
by at least one HbA1c method. In patients with chronic
hepatitis treated with ribavirin, 50% of HbA1c results were
below the non-diabetic reference using at least one of the
HbA1c methods.

CONCLUSION: Only evaluated in context with all liver
function parameters as well as a red blood count including
reticulocytes, HbA1c results should be used in patients with
advanced l iver disease. HbA1c and fructosamine
measurements should be used with caution when evaluating
long-term glucose control in patients with hepatic cirrhosis
or in patients with chronic hepatitis and ribavirin treatment.
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INTRODUCTION
Measurement of glycated hemoglobin (HbA1c) is used for
routine evaluation and management of patients with diabetes
mellitus. Concentrations of HbA1c provide a means of assessing

long-term glycemic status and correlate well with development
of complications related to diabetes mellitus[1,2]. The liver plays
a major role in regulating glucose metabolism because it is the
main source of endogenous glucose and a major site involved
in insulin metabolism. Because liver disease is associated with
an increased prevalence of impaired glucose tolerance and
diabetes mellitus, there is a need for tools to measure its long-
term glycemic control[3]. Previous studies indicated that both
HbA1c and fructosamine measurement should not be used in
patients with liver cirrhosis, although the reason for this was
unclear[4-6]. Shortened erythrocyte life span as in hemolytic
anemia is known to cause clinically and analytically low HbA1c

values independent of glycemia[7], but measurement of
fructosamine, which has been used to document glycemic
status over a period of 2-4 wk, should not be affected by
erythrocyte life span. This study described the determination
of  HbA1c and fructosamine as well as parameters of liver disease
and anemia in patients with advanced liver disease.

MATERIALS AND METHODS
Blood samples were collected, with and without EDTA, from
15 consecutive patients with compensated liver cirrhosis and
20 patients with chronic hepatitis and fibrosis of the liver.
Diagnostic liver biopsies were performed routinely in all
patients during the course of treatment in the Division of
Gastroenterology and Hepatology, Department of Internal
Medicine, Medical University in Graz. Liver cirrhosis was
histologically defined as a diffuse process characterized by
fibrosis and the conversion of normal liver architecture into
structurally abnormal nodules[8,9]. Of 15 patients with
compensated liver cirrhosis Child-Pugh class A (total bilirubin
<2 mg/dL, serum albumin >3.5 g/dL, prothrombine time 1-4 s
prolonged, no hepatic encephalopathy and no ascites), 6 were
tested positive for hepatitis C, 8 had alcoholic liver disease and
1 had primary biliary cirrhosis. Of the 20 patients with chronic
hepatitis and fibrosis, 19 were tested positive for hepatitis C
and 1 suffered from alcoholic liver disease. Ten of these patients
with chronic hepatitis C were treated with interferon-α plus the
antiviral drug ribavirin that can cause reversible hemolytic
anemia[10]. None of the patients included in the study had a
history of impaired glucose tolerance or diabetes mellitus.
      HbA1c was measured within 3 d of collection using the Hi-
Auto A1c HA-8140 HPLC (Menarini Diagnostics, Florence,
Italy), the DCA 2000 immunoassay method (Bayer, Vienna,
Austria) and the Roche Cobas Integra immunoassay method
(Roche, Vienna, Austria). Each of these HbA1c methods was
certified by the National Glycohemoglobin Standardization
Program (NGSP)[11]. Routine hematological data were
determined with a Coulter counter (Beckman, Vienna, Austria).
Blood glucose was determined with a hexokinase/glucose-6-
phosphate dehydrogenase colorimetric method (Gluco-Quant;
Roche, Vienna, Austria) and used as mean of 4-6 measurements
on separate days during the preceding 1 mo. The relationship
of blood glucose and HbA1c was calculated according to MBG
(mmol/L)=(1.98·HbA1c) -4.29[12]. Fructosamine was determined
with a colorimetric test that uses nitroblue tetrazolium in alkaline
solution (Unimate FRA; Roche, Vienna, Austria). Reference



ranges were provided by each manufacturer and in most cases
represented the mean±2SD of a population without known
diabetes. All determinations were analyzed blindly and the
procedures were in accordance with the declaration of Helsinki
and the local ethics committee recommendations.

RESULTS
Forty percent (6/15) of the patients with liver cirrhosis had
HbA1c levels below the non-diabetic reference range with at
least one HbA1c method, while fructosamine concentrations
were either within the reference range (n=10) or elevated (n=5)
(Figure 1). Twenty percent (2/10) of the patients with chronic
hepatitis had HbA1c levels below the non-diabetic reference
range with at least one HbA1c method. Fructosamine
concentrations of all the 10 patients with chronic hepatitis
were below the non-diabetic reference range. In patients with
chronic hepatitis treated with ribavirin, 50%(5/10) of HbA1c

levels were below the non-diabetic reference range detected
by at least one of the HbA1c methods (Figure 1). One patient
in this group demonstrated a fructosamine concentration
within the diabetic range.

Figure 1  HbA1c level and fructosamine concentration in pa-
tients with liver disease. CC: Compensated cirrhosis; LF: Chronic
hepatitis (liver fibrosis); IR: Chronic hepatitis with interferon
and ribavirin treatment.  Shaded areas represent the mean±2SD
reference range for each test (HbA1c: 4.5-5.7%; fructosamine:
200-272 µmol/L).

     Table 1 shows the percentage of patients in each group

(cirrhosis, chronic hepatitis, chronic hepatitis with interferon
and ribavirin treatment) that the levels of erythrocyte,
hematocrit and hemoglobin were below the normal range, and
reticulocyte counts above the normal range. Although 30-53%
of the patients with cirrhosis and chronic hepatitis demonstrated
moderate anemia, none had a reticulocyte count within normal.
All of those with low HbA1c also demonstrated anemia but
some patients with anemia did not have low HbA1c. Seventy to
eighty percent of the patients with chronic hepatitis treated
with ribavirin demonstrated moderate anemia and 30% also
had high reticulocyte counts (Table 1).  All of those with high
reticulocyte counts, as well as some of those with anemia and
normal reticulocyte counts, had below-normal HbA1c. This
study showed elevated reticulocytes, which might be a sign of
shortened erythrocyte life span, in only 3 patients with chronic
hepatitis and ribavirin treatment. In these patients HbA1c was
below the non-diabetic reference range on all methods. We
also found HbA1c values below the non-diabetic reference range
in up to 40% of the patients with liver cirrhosis and in 50% of
the patients with chronic hepatitis treated with ribavirin as
measured by at least one of the HbA1c methods. In these groups
of patients the HbA1c levels were negatively correlated to the
percentage of reticulocytes (Pearson correlation, r=-0.55 to -0.79
depending on method, P<0,05 for all methods). There was no
significant relationship between HbA1c and reticulocyte count
in the patients with chronic hepatitis and no ribavirin therapy.
    We performed an one-sample t-test comparing mean
blood glucose calculated of HbA1c results (MBG (mmol/L) =
(1.98·HbA1c)-4.29) and measured blood glucose as the actual
value. HbA1c results of the HPLC Menarini HA-8140 and the
immunoassay method DCA 2000 were used to calculate a desired
blood glucose value because in Pearson correlation they did not
correlate with blood glucose. In patients with chronic hepatitis
treated with ribavirin the one sample t-test for measured blood
glucose and calculated blood glucose resulted in a significant
difference (t9 Menarini=7.68, P<0.05; t9 DCA=6.67, P<0.05). In patients
with liver cirrhosis calculated blood glucose was up to 1 mmol/L
lower than measured blood glucose but a high standard deviation
(Table 2) caused no statistical difference.
      No correlation was found for all 3 groups between HbA1c

results and hepatic serum parameters as -glutamyl transferase
(GGT), glutamate-oxalate transaminase (GOT) and glutamyl-
pyruvic transaminase (GPT). In all 3 patient groups total protein
measured in serum was within normal and albumin was normal
in all patients with chronic hepatitis. Three patients with
compensated cirrhosis had serum albumin below normal. There
was no correlation found in all 3 patient groups between

Table 1  Percentage of patients outside the reference range for parameters of anemia

                                                                                      Patients below normal (%) (Reference range)
Group                                                                                                                                                                           Patients above normal (%)
                                                                    Erythrocytes (4.5-5.9 T/L)     Hct (40-50%)           Hb (13-17 g/dL)         Reticulocytes (5-20%)

Cirrhosis (n=15) 46 53 40   0
Chronic hepatitis (n=10) 30 30 30   0
Chronic hepatitis /ribavirin (n=10) 80 80 70 30

Hct: Hematocrit; Hb: Hemoglobin.

Table 2  Values of measured blood glucose (mean±SD) and calculated mean blood glucose values [MBG (mmol/L)=(1.98·HbA1c)-4.29]

                                                                                                                             Menarini HA-8140                                 DCA 2000 Bayer
                                                          Measured MBG (mmol/L)                Calculated MBG (mmol/L)                  Calculated MBG (mmol/L)

Cirrhosis (n=15) 5.8±1.9 4.8 5.1
Chronic hepatitis (n=10) 5.1±0.3 5.4 5.4
Chronic hepatitis /Ribavirin (n=10) 5.2±0.4 4.3 4.5

MBG: Mean blood glucose.
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fructosamine results and total protein or albumin. In patients
with hepatic cirrhosis, mean fructosamine was within the high
non-diabetic reference range. In patients with chronic hepatitis,
fructosamine was close to the middle of the non-diabetic
reference range. Five patients with cirrhosis and one patient
with chronic hepatitis treated with ribavirin had high fructosamine
levels even though they had normal blood glucose values.

DISCUSSION
The liver plays a major role in regulating glucose metabolism
because it is the main source of endogenous glucose and a
major site involved in insulin metabolism. The most common
pathogenic agents in liver disease are alcohol abuse and
infectious hepatitis that may cause disturbed erythropoiesis
and decreased red cell survival. Macrocytic anemia is a common
feature in liver disease but is still incompletely understood[13].
The antiviral drug ribavirin has been widely used in combination
with interferon in the treatment of chronic hepatitis C and a
major side effect of ribavirin is a reversible hemolytic anemia[10].
       Glycated hemoglobin (GHb) measured as HbA1c in diabetic
patients, is used for evaluating long-term control of diabetes
mellitus. GHb is the result of irreversible non-enzymatic
glycation at one or both NH2-terminal valines of the
hemoglobin’s -chain. The extent of glycation and the relative
involvement of the hemoglobin’s -and -chains still remain
unclear. Depending on the determination method used the
concentration of HbA1c is approximately 4-6% in healthy non-
diabetic patients. Glycated hemoglobin most accurately reflects
the previous 2-3 mo of glycemic control. Diabetic patients could
present with abnormal liver chemistries, representing findings
from benign hepatic steatosis to severe cirrhosis of the liver. Some
medications to treat diabetes mellitus have an effect on liver
metabolism or could even cause hepatotoxic reactions. Liver
cirrhosis promotes glucose intolerance and diabetes through
various mechanisms including insulin resistance and impaired
insulin secretion. Sixty to 80% of patients with liver disease
have glucose intolerance and 10-15% eventually develop overt
diabetes.
      In this study we demonstrated HbA1c values below the
non-diabetic reference range in up to 40% of the patients with
liver cirrhosis while fructosamine results were either within the
reference range or elevated in the diabetic range. However,
protein metabolism was normal in our patients and although
fructosamine results depend on glycation of serum proteins
the results might be altered by reduced hepatic protein synthesis
due to impairment of liver function. In 50% of the patients with
chronic hepatitis treated with ribavirin, HbA1c values were below
the non-diabetic reference range as measured by at least one of
the HbA1c methods. In these groups of patients the HbA1c

results were negatively correlated to the percentage of
reticulocytes that might be caused by disturbed erythropoiesis
and decreased red cell survival. In patients with liver cirrhosis
and chronic hepatitis treated with ribavirin, the HbA1c

calculated value of mean blood glucose was up to 1 mmol/L
(18 mg/dL) lower than measured mean blood glucose. This
underlines that impairment of liver function has influence on
results of HbA1c determination. Fructosamine may be a more
reasonable marker for long term glucose control in patients
with liver disease, but based on our findings we recommend
frequent blood glucose monitoring as a measure for glucose
control in patients with advanced liver disease.
      We conclude that only evaluated in context with all liver
function parameters as well as a red blood count including
reticulocytes, HbA1c should be used in patients with liver
disease. Although the pathophysiologic reasons have still not

been confirmed, our data demonstrate that HbA1c and
fructosamine measurements should be used with caution when
evaluating long-term glucose control in patients with hepatic
cirrhosis or in patients with chronic hepatitis with ribavirin
treatment. This interference may be due to alterations in
erythrocyte lifespan and altered protein metabolism, but further
investigations are needed to elucidate the exact cause of the
interference in patients with liver disease.
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