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Abstract
AIM: To analyze the relationship between the glycated 
albumin (GA) to glycated hemoglobin (HbA1c) ratio 
and the histological grading of liver fibrosis. 

METHODS: The study retrospectively included con-
secutive hepatitis C virus positive chronic liver disease 
patients (n = 142) who had undergone percutaneous 
liver biopsy between January 2008 and March 2010 at 
our institution. The ratios of GA/HbA1c were calculated 
in all patients to investigate the relationship with the 
degree of the liver fibrosis. The values of the aspartate 
aminotransferase-to-platelet ratio index (APRI), an ex-
cellent marker for the evaluation of liver fibrosis, were 
also calculated. In addition, we combined the ratio of 
GA/HbA1c and the APRI in order to improve our ability 
to detect the presence of significant liver fibrosis.

RESULTS: Sixty-one (43%) patients had either no 
fibrosis or minimal fibrosis (METAVIR score: F0-F1), 
while 25 (17%) had intermediate fibrosis (F2). Fifty-
six (39%) patients had severe fibrosis (F3-F4) and 
27 of them had cirrhosis (F4). The mean values of 
the GA/HbA1c increased with the progression of the 
fibrosis (F0-1: 2.83 ± 0.24, F2: 2.85 ± 0.24, F3: 2.92 
± 0.35, F4: 3.14 ± 0.54). There was a significant dif-
ference between the F0-F1 vs  F4, F2 vs  F4, and F3 vs  
F4 groups (P  < 0.01, P  < 0.01, P  < 0.01 and P  < 0.05, 
respectively). The GA/HbA1c ratio was significantly 
higher in the patients with cirrhosis (F4) than in those 
without cirrhosis (F0-F3) (3.14 ± 0.54 vs  2.85 ± 0.28, 
P  < 0.0001). The GA/HbA1c ratio was also significantly 
higher in the patients with severe fibrosis (F3-F4) than 
in those without severe liver fibrosis (F0-F2) (3.03 ± 
0.41 vs  2.84 ± 0.24, P  < 0.001). Furthermore, the GA/
HbA1c ratio was also significantly higher in the patients 
with significant fibrosis (F2-F4) than in those without 
significant liver fibrosis (F0-F1) (2.98 ± 0.41 vs  2.83 
± 0.24, P  < 0.001). The diagnostic performance of 
the increased GA/HbA1c ratio (> 3.0) was as follows: 
its sensitivity and specificity for the detection of liver 
cirrhosis (F4) were 59.3% and 70.4%, respectively 
and its sensitivity and specificity for the detection of 
severe liver fibrosis (F3-F4) were 50.0% and 74.4%, 
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respectively. With regard to the detection of significant 
fibrosis (F2-F4), its sensitivity was 44.4% and its speci-
ficity was 77.0%. Although even the excellent marker 
APRI shows low sensitivity (25.9%) for distinguishing 
patients with or without significant fibrosis, the combi-
nation of the APRI and GA/HbA1c ratio increased the 
sensitivity up to 42.0%, with only a modest decrease 
in the specificity (from 90.2% to 83.6%).

CONCLUSION: The GA/HbA1c ratio increased in line 
with the histological severity of liver fibrosis, thus sug-
gesting that this ratio is useful as a supportive index of 
liver fibrosis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Glycated proteins are known to reflect the plasma glu-
cose level and glycated hemoglobin (HbA1c) is used as 
a standard index of  glycemic control in patients with 
diabetes mellitus[1,2]. Since the lifespan of  erythrocytes is 
about 120 d, HbA1c reflects the glycemia for the recent 
few months[3]. Glycated albumin (GA) is another index 
of  glycemic control which correlates with the plasma glu-
cose levels during the past few weeks because the turn-
over of  albumin is about 20 d[4,5]. Although the ratio of  
GA/HbA1c is usually close to 3, the value changes based 
on the patient’s condition[6]. In patients with chronic liver 
disease (CLD), hypersplenism causes a shortened lifespan 
of  erythrocytes, leading to lower HbA1c levels relative to 
the plasma glucose level. In contrast, the turnover periods 
of  serum albumin in CLD patients is prolonged in order 
to compensate for the reduced production of  albumin. 
Therefore, the GA levels in CLD patients are higher rela-
tive to the degree of  glycemia[6]. 

Since HbA1c shows lower and GA shows higher 
values in CLD patients, the GA/HbA1c ratio is thought 
to be high in patients with liver cirrhosis. Indeed, the 
GA/HbA1c ratio in patients with CLD has been re-
ported to show an inverse correlation with some indica-

tors of  hepatic function (including the hepaplastin test, 
cholinesterase and bilirubin) independent of  the mean 
plasma glucose levels, thus suggesting that the GA/
HbA1c ratio increases as the liver cirrhosis progresses[7]. 
However, it has not been examined whether the GA/
HbA1c ratio correlates with the histological fibrotic 
stage in CLD patients.

Hepatitis C virus (HCV) is one of  the main causes 
of  liver cirrhosis and hepatocellular carcinoma and 
knowledge about the progression of  liver fibrosis is im-
portant. In the present study, we analyzed the relation-
ship between the histological grading of  liver fibrosis 
and the GA/HbA1c ratio in 142 patients with HCV-
related CLD. Our findings suggest that the GA/HbA1c 
ratio is associated with the progression of  liver fibrosis 
and cirrhosis in HCV-positive patients.

MATERIALS AND METHODS
Patients
We retrospectively studied HCV-positive CLD patients 
(n = 142) who had undergone percutaneous liver biopsy 
between January 2008 and March 2010 at our institution 
who met the following conditions: (1) HCV infection di-
agnosed by detectable HCV antibodies and HCV RNA 
in serum; and (2) blood samples were obtained on the 
same day of  the liver biopsies. Patients with the follow-
ing conditions were excluded from the study: the pres-
ence of  other liver diseases, hepatocellular carcinoma, 
immunosuppressive therapy, hepatitis B virus co-infec-
tion and those with insufficient liver tissue for staging 
of  fibrosis. The present study did not include patients 
whose GA/HbA1c ratios could have been influenced by 
poorly controlled diabetes.

The routine studies, including platelet counts, pro-
thrombin time international normalized ratio (PT-INR), 
liver functional tests [alanine transaminase (ALT), as-
partate aminotransferase (AST), alkaline phosphatase 
and total bilirubin] were performed. Since the index cal-
culated by the combination of  GA and HbA1c (CLD-
HbA1c: defined as the average of  the measured HbA1c 
and GA/3) was reported to be a good indicator for the 
evaluation of  the mean plasma glucose level in patients 
with CLD[8], HbA1c and GA were also routinely mea-
sured in all patients. The values of  GA and HbA1c were 
determined in the same sample and on the same day as 
the liver biopsies were performed. The AST-to-platelet 
ratio index (APRI), an excellent marker for the evalua-
tion of  liver fibrosis, was also calculated based on the 
formula proposed by Wai et al[9]: APRI = [(AST level/ 
upper limit of  normal)/platelet counts (109/L)] × 100. 
Written informed consent regarding the liver biopsy and 
retrospective use of  clinical data was obtained from all 
patients on admission. This study was approved by the 
ethics committees of  the institutional review board.

Liver biopsy
Liver biopsy examinations were performed using the 
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standard procedures and all liver specimens were evalu-
ated by well-trained pathologists at our institute, with 
evaluation of  the fibrosis stage and activity grade ac-
cording to the METAVIR scoring system[10]. Fibrosis 
was staged on a scale of  0-4 (F0: no fibrosis, F1: portal 
fibrosis without septa, F2: portal fibrosis with rare septa, 
F3: numerous septa without cirrhosis, F4: liver cirrho-
sis). The histological evaluation of  the biopsy samples 
was also routinely performed in our department. All 
authors participated in the conference about the histo-
logical evaluation and the final results were confirmed by 
two authors (Enomoto H and Imanishi H) who received 
training for histological studies. 

Statistical analysis
In the present study, we attempted to clarify whether the 
GA/HbA1c ratio was associated with liver fibrosis and 
cirrhosis. The data for the comparisons among the groups 
“F0-1 vs F2 vs F3 vs F4” was analyzed by non-repeated 
measurements ANOVA and statistical significance was 
further examined by the Student-Newman-Keuls test. We 
compared the “F0-F3 (no cirrhosis) vs F4 (cirrhosis)”, 
“F0-F2 (no - intermediate fibrosis) vs F3-F4 (severe fi-
brosis)” and “F0-F1 (no approximately minimal fibrosis) 
vs F2-F4 (significant fibrosis)” groups. The differences 
in the baseline characteristics and GA/HbA1c ratios of  
the groups were evaluated. Quantitative variables were 
expressed as the mean ± SD and those with an abnormal 
distribution were expressed as the median values (range). 
Statistical analysis was performed using Student’s t test or 
the Mann-Whitney U test, as appropriate.

RESULTS
Characteristics of patients and clinical data
From January 2008 to March 2010, a total of  142 patients 
with HCV were consecutively included in the present 
study, based on the inclusion and exclusion criteria as 
described in the “Patients and Methods” section. The 
characteristics of  the study population are summarized in 
Table 1. The population consisted of  60 (42%) males and 
82 (58%) females, and the age of  patients ranged from 19 

to 78 years old (median 60). According to the METAVIR 
liver fibrosis staging[10], 56 (39%) patients had significant 
fibrosis (F3-F4) and 27 (19%) had cirrhosis (F4).

The GA/HbA1c ratio in patients with HCV
The GA/HbA1c ratio in patients with CLD has been 
reported to show an inverse correlation with certain in-
dicators of  hepatic function. As shown in Figure 1, the 
mean values of  the GA/HbA1c increased with the pro-
gression of  the fibrosis stage, suggesting that the GA/
HbA1c ratio was associated with the histological severity 
of  liver fibrosis. 

Comparing the F0-F3 (no cirrhosis) and F4 (cirrhosis) 
groups, we found that there was a significant difference 
in several parameters which correlated with hepatic func-
tion; that is, higher AST, ALT, γ-GTP alkaline phospha-
tase (ALP) and PT-INR levels and also a lower platelet 
count, and albumin values in the presence of  cirrhosis 
(Table 2; left). However, no significant difference was 
observed in other parameters such as age and gender, 
which were not related to the hepatic function. Between 
the two groups, the GA/HbA1c ratio was significantly 
higher in patients with cirrhosis (Figure 2A), thus sug-
gesting that the GA/HbA1c ratio is associated with the 
cirrhotic changes in the liver.

Next, we examined whether the GA/HbA1c ratio 
differed in patients with or without severe liver fibrosis. 
Comparing the F0-F2 (without severe fibrosis) and F3-F4 
(with severe fibrosis) groups, we found significant differ-
ences, with higher AST, ALT, γ-GTP, ALP and PT-INR 
values and a lower platelet count, and albumin values in 
the presence of  severe fibrosis (Table 2; middle). In pa-
tients with severe liver fibrosis, the GA/HbA1c ratio was 
significantly higher (Figure 2B) than that in patients with-
out severe fibrosis, suggesting that the GA/HbA1c ratio 
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  Age (yr)         60 (19-78)
  Gender (male/female)          60/82
  AST (IU/L)      37.5 (14-328)
  ALT (IU/L)         36 (10-388)
  γ-GTP (IU/L)         29 ( 7-259)
  ALP (IU/L)       217 ( 97-556)
  Total bilirubin (mg/dL)        0.7 (0.1-2.1)
  Albumin (g/dL)      3.96 ± 0.36
  Hemoglobin (g/dL)      13.4 ± 1.8
  Platelet (× 104/mm3)      15.9 ± 5.5
  PT-INR      1.04 ± 0.07

Table 1  Characteristics of the patients

AST: Aspartate aminotransferase; ALT: Alanine transaminase; ALP: Al-
kaline phosphatase; PT-INR: Prothrombin time international normalized 
ratio.    F0-1             F2                  F3               F4

(n  = 61)      (n  = 25)          (n  = 29)      (n  = 27) 
             Histological stage of liver fibrosis     

2.83 ± 0.24
3.14 ± 0.542.92 ± 0.352.85 ± 0.24
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Figure 1  The glycated albumin/glycated hemoglobin ratio in relation 
to the METAVIR fibrosis score in patients with hepatitis C virus-related 
chronic liver disease. The glycated albumin (GA)/glycated hemoglobin 
(HbA1c) ratio increased as the fibrosis progressed. There was a significant dif-
ference between the F0-F1 vs F4, F2 vs F4, and F3 vs F4 groups.
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also correlates with the progression of  liver fibrosis.
We also examined whether the GA/HbA1c ratio dif-

fered in patients with or without significant liver fibrosis. 
When we compared the F0-F1 (no or minimal fibrosis: 
without significant fibrosis) and F2-F4 (with significant 
fibrosis) groups, we also found significant differences, 
with higher AST, ALT, γ-GTP ALP and PT-INR values 
and a lower platelet count and albumin values in the 
presence of  significant fibrosis (Table 2; right). In pa-
tients with significant liver fibrosis, the GA/HbA1c ratio 
was significantly higher than that in patients without sig-
nificant fibrosis (Figure 2C).

Although the GA/HbA1c ratio is usually about 3, we 
found that the ratio increased in line with the progres-
sion of  liver fibrosis (Figure 2). We therefore evaluated 
the diagnostic performance of  the increased GA/
HbA1c ratio (> 3.0) for the detection of  patients with 
cirrhosis (F4), severe fibrosis (F3-F4) and significant fi-

brosis (F2-F4) (Table 3). Its sensitivity for the detection 
of  liver cirrhosis was 16/27 (59.3%) and the specificity 
was 81/115 (70.4%). With regard to the detection of  se-
vere fibrosis, the sensitivity of  the increased GA/HbA1c 
ratio (> 3.0) was 28/56 (50.0%) and its specificity was 
64/86 (74.4%). With regard to the detection of  signifi-
cant fibrosis, the sensitivity of  the increased GA/HbA1c 
ratio (> 3.0) was 36/81 (44.4%) and its specificity was 
47/61 (77.0%).

Combination of the GA/HbA1c ratio and APRI for the 
detection of significant liver fibrosis
As described above, the GA/HbA1c ratio in patients 
with significant liver fibrosis was higher than that in 
patients without significant fibrosis. However, the differ-
ences were small and the GA/HbA1c ratio had difficulty 
in distinguishing between F1 and F2. 

Several biomarkers for the evaluation of  fibrosis have 
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Figure 2  The glycated albumin/glycated hemoglobin ratio in patients with hepatitis C virus-related chronic liver disease. A: A comparison between the 
F0-F3 (no cirrhosis) group and F4 (cirrhosis) group. The glycated albumin (GA)/glycated hemoglobin (HbA1c) ratio was higher in patients with cirrhosis than that in 
non-cirrhotic patients; B: The comparison between the F0-F2 (no or intermediate fibrosis: without severe fibrosis) group and the F3-F4 (severe fibrosis) group. The 
GA/HbA1c ratio was higher in the patients with significant fibrosis than that in the patients with no or minimal fibrosis; C: A comparison between the F0-F1 (no or mini-
mal fibrosis: without significant fibrosis) group and the F2-F4 (significant fibrosis) group. The GA/HbA1c ratio was higher in the patients with significant fibrosis than in 
those with either minimal fibrosis or none at all.

F0-F3 
(n  = 115)

F4 
(n  = 27) P  value F0-F2 

(n  = 86)
F3-F4 

(n  = 56) P  value F0-F1 
(n  = 61)

F2-F4 
(n  = 81) P  value

  Age (yr)      60 (19-78)    62 (23-78)      NS       60 (19-78)     62 (23-78)     NS     60 (19-78)      62 (23-78)     NS
  Gender (male/female)       48/67    12/15/1515      NS       31/55     29/37     NS     25/36      35/46     NS
  AST (IU/L)      35 (14-195)    50 (20-328)   < 0.001       32 (14-175)     46 (20-328)   < 0.001     32 (14-104)      42 (18-328)  < 0.001
  ALT (IU/L)      38 (10-388)    47 (10-310)   < 0.05    31.5 (10-388)     48 (10-310)   < 0.01     31 (11-388)      46 (10-310)  < 0.01
  γ-GTP (IU/L)      25 ( 7-183)    50 (12-259)   < 0.001       22 ( 7-183)  42.5 (12-259)   < 0.0001     22 ( 8-183)      36 ( 7-259)  < 0.01
  ALP (IU/L)    207 ( 97-490)  267 (133-556)   < 0.001     186 (97-465)   275 (133-556)   < 0.0001   207 ( 97-465)    258 (101-556)  < 0.001
  Total bilirubin (mg/dL)     0.7 (0.1-1.6)   0.7 (0.3-2.1)      NS      0.7 (0.1-1.6)    0.8 (0.3-2.1)     NS    0.7 (0.1-1.6)     0.7 (0.3-2.1)     NS
  Albumin (g/dL)   4.02 ± 0.31   3.70 ± 0.43   < 0.001      4.03 ± 0.32    3.84 ± 0.37   < 0.01   4.05 ± 0.31   3.89 ± 0.38  < 0.01
  Hemoglobin (g/dL)   13.5 ± 1.7   12.8 ± 2.0      NS      13.5 ± 1.8    13.3 ± 1.7     NS   13.7 ± 1.7   13.2 ± 1.8     NS
  Platelet  (× 104/mm3)   16.5 ± 5.3   13.2 ± 5.9   < 0.001      17.2 ± 5.2    13.8 ± 5.5   < 0.001   17.2 ± 4.8   14.9 ± 5.9  < 0.05
  PT-INR   1.03 ± 0.05   1.08 ± 0.06   < 0.001      1.02 ± 0.05    1.07 ± 0.06   < 0.001   1.02 ± 0.05   1.05 ± 0.08  < 0.05

Table 2  Characteristics of the patients (F0-F3 vs  F4), (F0-F2 vs  F3-F4) and (F0-F1 vs  F2-F4)

AST: Aspartate aminotransferase; ALT: Alanine transaminase; ALP: alkaline phosphatase; PT-INR: Prothrombin time international normalized ratio.
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been reported previously and the APRI is a simple and 
useful marker for the prediction of  significant fibrosis. 
We combined the GA/HbA1c ratio and the APRI in or-
der to examine their utility for the detection of  patients 
with significant liver fibrosis. At first, based on prior 
studies[9,11,12], we assessed two cut-off  points (0.50 and 
1.50) of  the APRI to predict the absence or presence 
of  significant fibrosis (Table 4). When we used the cut-
off  point as 0.5 (Table 4; left), the sensitivity was 68/81 
(84.0%) and the specificity was 29/61 (47.5%). When we 
used the cut-off  value of  1.5 (Table 4; right), the sensi-
tivity was 21/81 (25.9%) and the specificity was 55/61 
(90.2%). Therefore, as previously reported, the cut-off  
point of  1.50 had a high specificity but a low sensitivity 
to detect significant fibrosis.

We next asked whether a combination of  the GA/
HbA1c and the APRI could improve the sensitivity to 
detect the presence of  significant fibrosis and help dis-
tinguish between the two groups (F0-F1 and F2-F4). 
When we examined the criteria “APRI >1.5 or GA/
HbA1c ratio > 3.0”, the sensitivity and the specificity 
for the detection of  significant liver fibrosis was 43/81 
(53.1%) and 43/61 (70.5%), respectively (Table 5; left). 
In addition, when we used the criteria “APRI >1.5 or 
GA/HbA1c ratio > 3.2”, the sensitivity was 34/81 
(42.0%) and the specificity was 51/61 (83.6%) (Table 5; 
right). Therefore, compared with the detection of  sig-
nificant liver fibrosis by using the APRI alone, the com-
bination of  GA/HbA1c and the APRI (APRI >1.5 or 
GA/HbA1c ratio > 3.2) improved the sensitivity from 
25.9% to 42.0% without a major decrease in the specific-

ity (only a modest reduction from 90.2% to 83.6% was 
observed).

DISCUSSION
Liver biopsy is the gold standard method for histological 
evaluation of  liver fibrosis[13]. Although a liver biopsy is 
generally a safe procedure, it is costly, invasive and has a 
small risk of  complications. In addition, only 1/50 000 
of  the organ is removed and there can be sampling er-
rors[13]. Furthermore, it has also been reported that there 
are inter- and intra-observer discrepancies of  10% to 
20%[14,15]. Therefore, many noninvasive biomarkers read-
ily available via laboratory tests have been proposed to 
predict the presence of  significant fibrosis or cirrhosis in 
patients with HCV.

The Fibro-Test score is computed using the patient’s age, 
sex and results of  the analyses of  serum haptoglobin, 
α2-macroglobulin, apolipoprotein A1, γ-GTP and bili-
rubin levels[16]. Forns et al[17] developed the Forns score, 
which is an algorithm including the platelet count, 
γ-GTP, age and cholesterol level. Wai et al[8] reported the 
APRI for fibrosis and cirrhosis prediction. In addition, 
some models such as the Hepascore[18], FibroMeter[19], 
FibroIndex[20] and FIB-4[21] have also been proposed for 
the evaluation of  liver fibrosis. In addition, there are 
several noninvasive methods for the evaluation of  liver 
fibrosis using ultrasound waves[22-26] such as Transient 
Elastography (FibroScan)[22,26]; SonoElastography (Real-
Time Tissue Elastography)[23] and Acoustic Radiation 
Force Impulse[24-26]. Although each noninvasive tool has 
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Table 3  Glycated albumin/glycated hemoglobin ratio for the detection of cirrhosis (F4), severe fibrosis (F3-F4) and significant fi-
brosis (F2-F4) (%)

      F4    F0-F3    F3-F4    F0-F2    F2-F4    F0-F1 

  GA/HbA1c > 3.0 16/27 (59.3) 34/115 (29.6) 28/56 (50.0) 22/86 (25.6) 36/81 (44.4) 14/61 (23.0)
  GA/HbA1c ≤ 3.0 11/27 (40.7) 81/115 (70.4) 28/56 (50.0) 64/86 (74.4) 45/81 (55.6) 47/61 (77.0)

GA/HbA1c: Glycated albumin/glycated hemoglobin. 

F2-F4 (%)  F0-F1 (%)  F2-F4 (%)  F0-F1 (%)

  APRI > 0.5 68/81 (84.0) 32/61 (52.5) APRI > 1.5 21/81 (25.9)   6/61 (9.8)
  APRI ≤ 0.5 13/81 (16.0) 29/61 (47.5) APRI ≤ 1.5 60/81 (74.1) 55/61 (90.2)

Table 4  Aspartate aminotransferase-to-platelet ratio index for the detection of significant liver fibrosis (F2-F4)

APRI: Aspartate aminotransferase-to-platelet ratio index.

Table 5  Combination of aspartate aminotransferase-to-platelet ratio index and glycated albumin/glycated hemoglobin ratio for the 
detection of significant liver fibrosis (F2-F4)

F2-F4 (%) F0-F1 (%) F2-F4 (%) F0-F1 (%)

  APRI > 1.5 or GA/HbA1c > 3.0 43/81 (53.1) 18/61 (29.5) APRI > 1.5 or GA/HbA1c > 3.2 34/81 (42.0) 10/61 (16.4)
  Others 38/81 (46.9) 43/61 (70.5) Others 47/81 (58.0) 51/61 (83.6)

GA/HbA1c: Glycated albumin/glycated hemoglobin; APRI: Aspartate aminotransferase-to-platelet ratio index.
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an excellent positive predictive value for the diagnosis 
of  moderate or significant fibrosis, none of  the available 
methods completely meets the criteria of  an ideal (simple, 
inexpensive and easily reproducible) method.

The Fibro-Test[16] is a combination of  6 markers and 
the Forns score[17] contains a complicated formula, in-
dicating that while these markers are excellent, they lack 
simplicity. Recently introduced markers including APRI, 
FIB-4 and the FibroIndex are well-established, simple 
and inexpensive tools to assess liver fibrosis[9,20,21]. How-
ever, the values of  these markers in one patient can vary 
within a short period, since the levels of  AST or ALT 
or platelet count in the same patient often change daily. 
In addition, regarding APRI and FIB-4, the appropriate 
definition of  the upper limit of  normal (ULN) of  the 
AST level remains uncertain, since each laboratory uses a 
different value for the ULN. With regard to the methods 
using special ultrasound tools, they are costly and cannot 
be routinely evaluated in all medical institutes.

In the present study, we have shown that the GA/
HbA1c ratio of  HCV-positive patients increases with the 
progression of  liver fibrosis. Unlike the other previously 
established methods, the GA/HbA1c ratio is a simple 
and unique tool which is calculated based on the two 
glycated proteins and correlates with the degree of  liver 
fibrosis. Since GA and HbA1c are stable over several 
weeks, the GA/HbA1c ratio does not change in a short 
period, resulting in a high reproducibility of  its value. 
The stability of  the two glycated proteins over weeks is a 
unique point, different from other biomarkers.

Bando et al[7] previously reported that the GA/HbA1c 
ratio in patients with CLD have an inverse correlation 
with the some indicators of  hepatic function, regardless 
of  the mean plasma glucose levels, thus suggesting that 
the increase of  GA/HbA1c ratio indicates a reduction in 
the liver function caused by the progression of  liver cir-
rhosis. Consistent with that report, our current histologi-
cal evaluation revealed that the GA/HbA1c ratios of  the 
cirrhotic patients were significantly higher than those of  
the patients without cirrhosis (Figure 2A). Furthermore, 
as shown in Figure 2B, the GA/HbA1c ratios increased 
in patients with severe fibrosis (F3-F4) compared to 
those in patients without severe fibrosis (F0-F2), thus 
suggesting that the GA/HbA1c ratio increased in cor-
relation with the progression of  fibrosis. 

Since the GA/HbA1c ratio is usually about 3, we 
examined the diagnostic performance of  the elevated 
GA/HbA1c ratio (GA/HbA1c > 3.0) and determined 
the sensitivity and specificity (Table 3). As described in 
the “Results” section, its solo diagnostic performance 
did not achieve satisfactory levels. However, when we 
combined the GA/HbA1c ratio with the APRI, the 
sensitivity to distinguish patients with significant fibrosis 
(F2-F4) from those without significant fibrosis was im-
proved, with only a modest reduction in the specificity 
(Table 5). These findings suggest that the GA/HbA1c 
ratio can be used as a supportive index for the evaluation 
of  liver fibrosis. Since only a small number of  patients 

were investigated in the present study, we will therefore 
need to rigorously investigate the ratios in both larger 
and different populations. 

In summary, we have shown that the GA/HbA1c ra-
tio increases with the progression of  the histological 
findings of  liver fibrosis. However, its rate of  change 
is relatively small. Although we have shown that the 
GA/HbA1c ratio improves the diagnostic performance 
of  the APRI for the detection of  significant fibrosis, it 
will be necessary to establish a new and better biomarker 
using a combination of  the GA/HbA1c ratio and other 
parameter(s).

COMMENTS
Background
Hepatitis C virus (HCV) is one of the main causes of liver cirrhosis and hepa-
tocellular carcinoma, and knowledge about the progression of liver fibrosis is 
important. Many noninvasive biomarkers readily available via laboratory tests 
have been proposed to predict the presence of significant fibrosis or cirrhosis 
in patients with HCV. The glycated albumin (GA)/glycated hemoglobin (HbA1c) 
ratio in patients with chronic liver disease (CLD) has been reported to show 
an inverse correlation with some indicators of hepatic function independent 
of the mean plasma glucose levels, thus suggesting that the GA/HbA1c ratio 
increases as the liver cirrhosis progresses. However, it has not been examined 
whether the GA/HbA1c ratio correlates with the histological fibrotic stage in 
CLD patients.
Research frontiers
Liver biopsy is the gold standard method for histological evaluation of liver fibro-
sis. Although a liver biopsy is generally a safe procedure, it is costly, invasive 
and has a small risk of complications. It is very important to establish a simple, 
inexpensive and easily reproducible method for the evaluation of liver fibrosis.
Innovations and breakthroughs
In the previous studies, many excellent noninvasive methods for the evaluation 
of liver fibrosis have been proposed. However, none of the available methods 
completely meets the criteria of an ideal (simple, inexpensive and easily repro-
ducible) method. The present study has shown that the GA/HbA1c ratio of HCV-
positive patients increases with the progression of liver fibrosis. Unlike the other 
previously established methods, the GA/HbA1c ratio is a simple and unique tool 
which is calculated based on the two glycated proteins and correlates with the 
degree of liver fibrosis.
Applications 
The study showed that the GA/HbA1c ratio increased in line with the histologi-
cal severity of liver fibrosis, thus suggesting that this ratio is useful as a sup-
portive index of liver fibrosis.
Terminology
HbA1c is used as a standard index of glycemic control in patients with diabetes 
mellitus. Since the lifespan of erythrocytes is about 120 d, HbA1c reflects the 
glycemia for the recent few months; GA is another index of glycemic control 
which correlates with the plasma glucose levels during the past few weeks be-
cause the turnover of albumin is about 20 d.
Peer review
The study focuses on the power of the GA/HbA1c ratio in estimation of liver 
fibrosis in people with HCV infection. Previously defined noninvasive fibrosis 
markers exist but none of them have proved to be equal to liver biopsy. There-
fore, research on defining new but more effective fibrosis markers should be 
encouraged. People with HCV are always a good research base in this context. 
Therefore, the present study may be interesting for the readers.
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