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Background: This retrospective study at a single center aimed to evaluate the role of the red blood cell distribution width
(RDW)-to-platelet ratio and other laboratory indices associated with the severity of histological hepatic fibro-
sis on liver biopsy in patients with autoimmune hepatitis (AlH).

Material/Methods: We retrospectively reviewed records from 2097 adult patients who had liver biopsies. Of these patients, data
from 72 with AIH and 164 with drug-induced liver injury (DILI) with complete laboratory information and med-
ical histories were included in the analysis.

Results: We found that compared with patients with DILI, patients with AIH had higher alkaline phosphatase, globu-
lin, and total bile acid levels. Multivariate analyses of risk factors for AlH-associated advanced liver fibrosis in
Chinese patients revealed an estimated adjusted odds ratio (AOR) (95% Cl) of 1.609 (1.028-2.517) in patients
with higher immunoglobulin A (IgA) levels. Patients with higher gamma-glutamyl transpeptidase (GGT)-to-
platelet ratio (GPR) values had a significantly higher risk of serious liver fibrosis than patients with lower GPR
values. Advanced fibrosis risk was higher in patients with higher RPR values than in patients with lower RPR
values [AOR (95% Cl): 25.507 (2.934-221.784)]. The result for area under the curve (0.821) analysis for InRPR
levels indicated this variable had high diagnostic performance for predicting advanced AlH-related fibrosis.

Conclusions: The degree of histological liver fibrosis in patients with AIH was significantly associated with an increased red
blood cell distribution width-to-platelet ratio, GPR, and increased serum levels of IgA.
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Background
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Material and Methods

Children and adults worldwide are affected by autoimmune
hepatitis (AIH). For the most part, the etiology of this severe
liver disease is unknown. The diagnosis of AIH is made based
on blood test and pathology results, including increased serum
transaminase and immunoglobulin G (IgG) levels, autoantibod-
ies, and interface hepatitis [1,2]. However, liver autoantibodies
can also be detected in patients with infectious hepatitis. This
finding suggests these indicators are nonspecific and must be
used carefully for the diagnosis of AIH. There are also reports
of drug-induced hepatotoxicity accompanied by an autoim-
mune response [1,3]. Therefore, because the clinical signs of
both conditions overlap [4], diagnosis of idiopathic AIH versus
drug-induced liver injury (DILI) can be challenging [1,4-7]. The
American Association for the Study of Liver Disease [8] gives
a conditional recommendation (low certainty) for the use of
budesonide and azathioprine or prednisone/prednisolone and
azathioprine as initial treatments for patients who present with
AIH without cirrhosis, if it is not acute severe AIH. Therefore,
liver cirrhosis or fibrosis stage are key factors that contribute
to successful treatment of AlH patients.

Liver fibrosis severity is typically assessed using liver biopsy [9].
However, this criterion-standard method is costly and inva-
sive. It cannot be used in some groups of patients because of
associated contraindications and complications [10]. Many of
the noninvasive parameters used to indicate liver abnormali-
ties [11-14] are also expensive and are unsuitable for use in
daily clinical practice. Most were developed to assess patients
infected with hepatitis C and hepatitis B viruses [13,15-18].

Other noninvasive methods to detect fibrosis have been exam-
ined, including aspartate aminotransferase (AST)-platelet (PLT)
index (APRI), the Fibrosis-4 Index (FIB-4) [19-23], gamma-glu-
tamyl transpeptidase (GGT)-to-PLT ratio (GPR), AST-to-alanine
aminotransferase (ALT) ratio (AAR), and the red blood cell vol-
ume distribution width (RDW) [24]. The red blood cell volume
distribution width (RDW)-to-platelet ratio (RPR) can success-
fully detect significant fibrosis and cirrhosis in patients with
chronic hepatitis B (CHB) [18]. Recently, some studies have
been published on associations between RPR values and de-
gree of severity of AlH-related fibrosis, showing that RPR val-
ue is a simple predictor of liver fibrosis in AIH patients [24,25].

The study objectives were to investigate clinical characteris-
tics of AIH and DILI in the Chinese population. This retrospec-
tive study at a single center aimed to evaluate the role of RPR
and other laboratory indices associated with the severity of
histological hepatic fibrosis in liver biopsy in patients with AlH.

Patients

For this retrospective study, we reviewed data from 2097 pa-
tients who underwent standard laboratory tests and liver bi-
opsies (January 1, 2010 through December 31, 2019; the First
Hospital of Jilin University, China) for inclusion. Test and biop-
sy results indicated that 74 patients were diagnosed with AIH
and 187 patients were diagnosed with DILI. The data from 25
patients with incomplete medical information were excluded
from the analysis. In total, data from 236 patients with complete
laboratory information and medical histories were used in our
study. Of these patients, the 72 with AIH were the case group
and the 164 with DILI were the control group. All AIH patients
were definitely diagnosed according to relevant guidelines of
the International Autoimmune Hepatitis Group (IAIHG) [26]. The
diagnosis of DILI was defined according to the 2015 Chinese
Guideline for Diagnosis and Treatment of DILI [27].

The study protocol and the use of data from human sub-
jects were approved by the First Hospital of Jilin University
Independent Institutional Review Board.

Liver biopsy

The Menghini technique [28] was used to perform each ul-
trasound-guided percutaneous liver biopsy, which was per-
formed using a 18-gauge disposable needle. All liver samples
were preserved in phosphate-buffered formalin and then par-
affin-embedded and sectioned and stained with hematoxy-
lin-eosin for histology. All liver specimens were scored by pa-
thologists blinded to patient clinical characteristics. They used
the Metavir system to score the degree of liver fibrosis [24,29]
because some studies found Metavir system is superior to
complex scoring systems (such as Ishak histological scoring
systems) for an individual patient’s disease severity [28]: FO
means no fibrosis, F1 means portal fibrosis without septa, F2
means portal fibrosis with few septa, F3 means numerous
septa without cirrhosis, and F4 means cirrhosis. Each patient
with AIH was assigned to 1 of 2 groups based on stage of fi-
brosis (i.e., “no or minimal fibrosis” group had grade FO, F1,
or F2 fibrosis; “advanced fibrosis” group had grade F3 or F4
fibrosis). We excluded tissue sections with fewer than 3 por-
tal tracts (i.e., poor quality).

RDW-to-lymphocyte ratio, RDW-to-PLT count ratio, and
AST-to-ALT ratio

RLR was calculated using RLR=RDW (%)/lymphocyte (10°/L),
RPR was calculated using RPR=RDW (%)/PLT (10°/L), and AAR
was calculated using AAR=AST (IU/L)/ALT (IU/L).
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FIB-4 score and AST-to-platelet ratio index (APRI)

The FIB-4 score was calculated using [30] FIB-4=(age(years)xAST
(U/L))/(platelet count(PLT)(10°/L)xALT(U/L)1/2) and APRI
was calculated using [19] APRI=(AST/upper limit of nor-
mal)/PLT(10°/L)x100. Upper limit of AST=40 (range, 7-40 U/L).

Gamma-glutamyl transpeptidase (GGT)-to-PLT count ratio
(GPR) and neutrophil-to-lymphocyte ratio (NLR)

GPR was calculated using GPR=gamma-glutamy! transpepti-
dase level (GGT) (IU/L)/platelet count (PLT) (10°/L) and NLR was
calculated using NLR=neutrophil (10°/L)/lymphocyte (10°/L).

Study variables

Demographic characteristics (e.g., age, sex, drinking, smoking)
and variables associated with clinical presentation (e.g., his-
tories of medication use, autoimmune disease, and diabetes
mellitus) were included in the analysis.

Fasting blood samples were obtained when the liver biopsies
were performed. We obtained data on patient white blood
cell (WBC), neutrophil, and lymphocyte counts, and on hemo-
globin (HGB), RDW, PLT, serum aspartate aminotransferase
(AST), alanine aminotransferase (ALT), GGT, alkaline phospha-
tase (ALP), total bilirubin (TBIL), total bile acids (TBAs), albu-
min (ALB), globulin (GLO), and prothrombin time (PT) levels
from patient medical records.

Statistical analysis

The results for continuous variables were calculated as medi-
an, 25%, and 75 percentile values. These variables were ex-
amined using 2-tailed independent-sample t tests. Initially,
results for categorical variables were presented as numbers
and percentages, and were then examined using chi-squared
tests. Multivariate logistic regression analysis was used to ad-
just for confounding effects and included calculation of ad-
justed odds ratios (AORs) and 95% confidence intervals (Cls).
All tests were 2-tailed. Statistical analyses were performed us-
ing SPSS (SPSS, Inc., Chicago, IL, USA, v. 13). We considered P
values <0.05 to be statistically significant.

Receiver operating characteristic (ROC) curves and area un-
der the ROC (AUROC) curve values were used to evaluate and
compare the accuracy of AAR, InRPR, RLR, APRI, FIB-4, GPR,
NLR, and RDW for the diagnosis of AlH fibrosis severity. ROC
curve analysis and Z tests were used to compute and compare
AUROCs, respectively (MedCalc Statistical Software v. 16.1,
MedCalc Software bvba, Ostend, Belgium). Maximizing the
sum of sensitivity and specificity or optimizing a specificity of
at least 95% were used to obtain cut-off values.

CLINICAL RESEARCH

Results

Demographic and patient characteristics

Demographic information for patients included in the study
are summarized in Table 1A. The AIH patient group consisted
of 11.1% males, and the median age was 54.00 (48.25, 62.75)
years. The DILI group consisted of 24.4% males and the medi-
an age was 50.00 (42.00, 56.00) years. The prevalence of his-
tory of autoimmune disease was significantly higher in the pa-
tients with AIH than in the patients with DILI (20.8% versus
0.0%; P<0.001). We found that 37.5% of the patients with AIH
had medication histories. However, the between-group differ-
ences in the values for prevalence of smoking, drinking, and
diabetes mellitus were not significant.

AlH group patients had lower levels of ALB, HGB, and PLT com-
pared with the DILI group patients. ALP, GLO, TBA, and PT lev-
els were higher in the AIH group compared with the DILI group.
The between-group differences in AST, ALT, TBIL, GGT, WBC,
neutrophil, lymphocyte, and RDW levels were not significant.

Clinical characteristics are presented in Table 1B. The initial
symptom of pruritis occurred in 6 (8.3%) patients in the AIH
group and in 1 (0.61%) patient in the DILI group; this differ-
ence was statistically significant (P=0.001). Other initial symp-
toms and clinical signs were similar between the 2 groups (i.e.,
fatigue, abdominal distension, jaundice, nausea, fever, and no
symptoms or clinical signs). The most prevalent initial clini-
cal manifestations were fatigue (43.1%) in the AIH group and
jaundice (42.1%) in the DILI group.

Univariate and multivariate analyses

We evaluated risk factors for severity of AlH-related fibrosis in
the 72 patients with this condition (Table 2). Univariate anal-
yses revealed significantly different levels of immunoglobulin
A (IgA) levels, RDW levels, AAR levels, FIB-4 levels, RLR levels,
and RPR levels between patients with advanced fibrosis (F >3)
and those with no or minimal fibrosis (F=0-2). Sex, age, smok-
ing, drinking, history of medication, history of autoimmune dis-
ease, presence of diabetes mellitus, GLO, 1gG, IgA, RDW, AAR,
APRI, FIB-4, GPR, NLR, RLR, and RPR were included in the mul-
tivariate analysis. The AOR for patients with higher IgA lev-
els was 1.609 (95% Cl: 1.028-2.517; P=0.037), compared with
patients with lower IgA values. Compared with patients with
lower GPR levels, patients with higher GPR levels had a high-
er risk for development of advanced fibrosis (1.638 [95% Cl:
1.014-2.647], P=0.044). Patients with higher RPR values (ln)
had a higher risk for development of severe fibrosis (25.507
[95% Cl: 2.934-221.784], P=0.003). We found no statistically
significant associations between levels of IgG, RDW, AAR, APRI,
FIB-4, NLR, or RLR and advanced fibrosis in the AIH patients.
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Table 1A. Demographic characteristics of autoimmune hepatitis group and drug-induced liver injury group.

Variable AIH N=72 DILI N=164 P

Male, N(%) 8  (11.1) 40 (244 0.020

Age(yearsy 5400 (48.25,6275) 5000 (42.00,56.00) 0004
Smoking N(%) 5 69 24 (146) 0098
Drinking N8 6 ©3 20 (122 038
 History of medication, N (%) 27 (75 164 (00) 0001
 History of autoimmune disease, N (%) 15 (20.8) | o 0o 0001
 Diabetes, N %) 3 @42 14 @®8% 0232
CasTQUA) 11995 (77.25,32415) 117.80 (46.55,230.60) 0146
CATQUL 137.55  (59.90,270.50) 16435 (55.03,33085) 0369
CTBIL (mol) 37.55 (1825, 118.15) 2040 (13.70,12213) 0632
CAPQUL 15270 (119.75,27873) 12190 (96.80,189.78) 0002
SeeTQULO 15210 (86.53,28590) 14765 (77.40,27553) 0828
CABED 3470 (30283825 3745 (34.634090) 0001
G0y 3605 (31.234398) 2840 (24.6031.85) 0001
CTBAQmol) 5050 (17.85,150.55) 2570 (82013830) 0032
Swec(o) 481 (3696100 498 (394647 0360
Neutrophil (10°4) 233 (172319 274 (196359 0070
lymphocyte (10°0) 162 (1182400 169 (1242190 0974
HeBGED 12300 (114.2513275) 12800 (120.00-140.00) 0009
ROWO®) 1485 (13.301608) 1430 (13.10,1583) 009
Cpraoeny 16350 (126.25202.75) 201.00 (164.00,25300) 0001
e 1190 (1120,1360) 1145 (1080,1240) 0006

DILI - drug-induced liver injury; AIH — autoimmune hepatitis; WBC — white blood cell; HGB — hemoglobin; RDW — red blood cell
distribution width; PLT — platelet counts; AST — aspartate aminotransferase; ALT — alanine aminotransferase; GGT — gamma glutamyl
transferase; ALP — alkaline phosphatase; TBIL — total bilirubin; TBA — total bile acid; ALB — albumin; GLO — globulin; PT — prothrombin
time. Continuous variables are expressed as median (25, 75t percentiles). Categorical variables were displayed as numbers and
percentages.

Table 1B. Initial symptoms of 72 patients with autoimmune hepatitis (AIH) and 164 patients with drug-induced liver injury (DILI).

Symptoms AlH (%) DILI (%) P
Fatigue 31 (43.1) 63 (38.4) 0.502
_ Abdominal distension 7 @38 53 (23 0178
Jaundice 2 @403 6o @2y 0797
Nausea 7 @3 2% (48 0094
Cprwitus 6 ®3 16y 0001
CFever 6 ©3» s @y 0301
CNome 6 (83 20 (12 0383
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Table 2. Univariate and multivariate analyses of variables associated with autoimmune hepatitis-related liver fibrosis.

No/minimal fibrosis, Advanced fibrosis,

() *
oy, i AOR (95% Cl)

Variables

35.80 36.40

B Gooos2s0)  @eosssy ¥ - -
BEY gz @ O
wmev X pr0s79 W qosasy %
D () (13.213,'12.45) (14.213,'61(;.70) 0.010

R ote) ossiz e
e oseasn asaas) T
e poveon psetizg 0%
R osiey ors2e) 08 gowzem O
NLR (0.916,219.96) (1.216,721.09) AU
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Table 2 continued. Univariate and multivariate analyses of variables associated with autoimmune hepatitis-related liver fibrosis.

No/minimal fibrosis, Advanced fibrosis,

Variables

AOR (95% CI)*

N=45 N=27
7.86 12.23
S (5.69,10.83) (7.95,18.06) DL
-2.53 -2.09 25.507
R () (2.77,-2.32) (-2.30, -1.53) N (2.934-221.784) 0.003

Continuous variables are expressed as median (25, 75" percentiles). Categorical variables are displayed as numbers and percentages.
# P value for Univariate analysis; * Adjusted for Sex, age, smoking, drinking, history of medication, history of autoimmune disease,
presence of diabetes mellitus, GLO, IGG, IGA, RDW, AAR, APRI, FIB-4, GPR, NLR, RLR, and RPR; **P value for multivariate analysis. AAR —
aspartate aminotransferase to alanine aminotransferase ratio; APRI — AST to PLT ratio index; Fib-4 — fibrosis-4 index; GPR — GGT to PLT
ratio; NLR — neutrophil to lymphocyte ratio; RLR — RDW to lymphocyte ratio, RPR — RDW to PLT ratio. RPR levels are expressed as [nN
units.

Table 3. Diagnostic performance of serum models of advanced autoimmune hepatitis-related fibrosis.

Variables Cut-off Se (%) Sp (%) Correct classified (%)

RPR (In) 0.821 0.713-0.928 -2.313 77.8 77.8 77.8
""""" RR 0705  0571-0839 10747 704 756 736
""""" MR o6 0500772 o761 96 400 597
""""" AR 0579 04460711 189 741 489 583
""""" FB4 0702 0579-0826 5104 630 733 694
""""" GPR 059  0463-0735 0769 778 467 583
""""" NIR 0637 05100764 1162 889 422 597
""""" ROW 0682 05490816 1595 481 87 722

AUROC — area under the receiver operating characteristic curve; 95% Cl — 95% confidence interval; Se — sensitivity; Sp — specificity.
Cut-offs were established by maximizing the sums of sensitivity and specificity.

Diagnostic performance and thresholds of serum models
for advanced fibrosis in patients with autoimmune
hepatitis

Maximizing the sum of sensitivity and specificity, the opti-
mal cut-off for INnRPR was -2.313, with a sensitivity of 77.8%
and a specificity of 77.8% for diagnosis of advanced fibro-
sis. The AUROC for InRPR in advanced liver fibrosis was 0.821
(Table 3, Figure 1). The percent correctly classified was 77.8%.
The AUROC value for RLR in predicting significant liver fibro-
sis was 0.705 (95% Cl: 0.571-0.839), and the optimal cut-off
value was 10.747, with a sensitivity of 70.4% and a specificity
of 75.6%. The optimal cut-off for FIB-4 was 5.104 for diagno-
sis of severe fibrosis; the sensitivity was 63.0% and the spec-
ificity was 73.3%. The AUROC (95% Cl) values for AAR, APRI,
GPR, NLR, and RDW were 0.646 (0.520, 0.772), 0.579 (0.446,
0.711), 0.599 (0.463, 0.735), 0.637 (0.510, 0.764), and 0.682
(0.549, 0.816), respectively.

Discussion

There are relatively few studies on the relationship between
RPR values and the degree of liver cirrhosis in AIH patients. Liu
et al. [24] indicated that RPR had the highest accuracy com-
pared to other noninvasive tests for predicting advanced liv-
er fibrosis. Wang et al. [31] also found that RPR could predict
significant fibrosis and liver cirrhosis with relatively high ac-
curacy. In the present study, we further determined that RPR
was significantly correlated with the results of histology stag-
ing in patients with AlH. At a cut-off of —2.313, InRPR predicted
severe fibrosis (sensitivity 77.8%, specificity 77.8%). The per-
cent correctly classified was as high as 77.8%, with an AUROC
of 0.821. This finding provides a new clinical application for
RPR. The 1 or more mechanisms via which RPR interacts with
AlH remain to be determined.

Variability in red blood cell (RBC) size can be measured using
RDW. RDW measurement is typically included in complete blood
cell counts [32-34]. RDW indicates the variability in circulating
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Figure 1. Receiver operating characteristic curve of different
non-invasive tests for predicting advanced liver fibrosis
in AlH patients. Receiver operating characteristic (ROC)
curves of red blood cell distribution width (RDW), RDW-
to-platelet (PLT) ratio (RPR), RDW-to-lymphocyte ratio
(RLR), aspartate aminotransferase (AST)-to-alanine
aminotransferase ratio, AST-to-PLT ratio index (APRI),

4 readily available blood indices fibrosis index based
on the Fibrosis-4 Index (FIB-4), and gamma-glutamyl
transpeptidase-to-PLT ratio (GPR), neutrophil-to-
lymphocyte ratio (NLR) for diagnosis of advanced AlH-
related fibrosis.

RBC size and is used to differentiate types of anemia [35]. The
results presented here suggest that RDW has potential to pre-
dict the prognosis of diseases, including renal diseases, car-
diovascular diseases, pulmonary hypertension, lung cancer,
and sepsis [36-42]. Significant associations have been found
between RDW and chronic liver disease severity. In patients
with chronic hepatic B, HGB, RDW, and PLT are independent
predictors of liver fibrosis stage [18]. In patients with nonal-
coholic fatty liver disease and alcoholic cirrhosis, higher RDW
values are associated with disease severity [43-45]. Elevated
RDW levels occur in patients with autoimmune liver disease
(e.g., AIH and primary biliary cholangitis) [25,46,47].

The mechanism linking RDW and progression of fibrosis is
poorly understood. Abnormalities (e.g., inflammation, erythro-
cyte fragmentation, oxidative stress, poor nutritional condition,
and abnormality of erythropoietin function) can cause signifi-
cant variations in RDW [20,32,48-51]. Because these disorders
and anemia are correlated with liver disease severity, elevated
RDW values might also be associated with liver disease sever-
ity. Inflammation results in impairment of erythrocyte matu-
ration and entry of immature erythrocytes into the systemic

CLINICAL RESEARCH

circulation, which results in elevated RDW values [25,52]. Study
results suggest that inflammatory cytokines (e.g., tumor ne-
crosis factor-a, interleukin (IL)-1B, and IL-6) inhibit iron me-
tabolism and erythropoietin production. This process results
in disorders of RBC synthesis and abnormal erythropoietin
production [52-54]. Impairment of the balance between oxi-
dant and antioxidant defenses are characteristic of the oxida-
tive stress that occurs in liver disease. Erythrocyte homeosta-
sis and survival are strongly affected by oxidative stress, and
low serum antioxidant concentrations are correlated with in-
creased RDW levels [55,56]. Thus, our results suggest oxida-
tive stress is a mechanism that results in increased RDW levels
in patients with liver disease. A poor liver disease-associated
nutritional status (e.g., iron deficiency, folate deficiency, vita-
min B12 deficiency) can also result in abnormal RBC produc-
tion and increased RDW levels [57]. Patients with chronic liv-
er disease can experience the common complication of portal
hypertension. This condition can cause splenomegaly with as-
sociated increases in the rate of RBC destruction, release of
immature RBCs to the systemic circulation, and consequent
increases in RDW values [55,56].

Thrombocytopenia is a common hematological complication in
patients with liver fibrosis [58]. In patients with chronic liver dis-
ease, the mechanisms associated with decreased PLT numbers
include hypersplenism due to portal hypertension [59]. Reduced
PLT production or sequestration or increased PLT destruction re-
sults in thrombocytopenia [58]. Reduced PLT production can re-
sult from reduced thrombopoietin production in the liver, bone
marrow suppression from some medications, alcohol consump-
tion, viruses, and iron deficiency [60]. Portal hypertension as-
sociated with liver fibrosis can result in PLT sequestration in
the spleen [61]. Stress, production of antiplatelet antibodies,
bacterial translocation, hyperfibrinolysis, and sepsis are other
proposed mechanisms of increased platelet destruction [58].

Development of liver fibrosis is a complex process that results
from excess accumulation of extracellular matrix components
(e.g., collagens) [62]. PLTs have key roles in both hepatic regen-
eration and fibrosis pathophysiology [63, 64]. PLTs are essen-
tial for liver regeneration (e.g., platelet-derived serotonin). PLTs
can also worsen liver damage (e.g., immune-mediated injury).
Animal models of liver fibrosis are used to examine the posi-
tive and negative effects of PLTs. Profibrogenic mediators (e.g.,
CXC chemokine ligand 4) essential for the progression of liver
fibrosis are released by platelets. On the other hand, platelet-
derived hepatocyte growth factor-associated downregulation
of hepatic stellate cell collagen production results in a throm-
bocytopenia-associated increase in liver fibrosis severity [63].

We also found a significant association between IgA lev-
els, but not GLO levels, and severity of AIH fibrosis.
Patients with cirrhosis of various etiologies often have
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hypergammaglobulinemia [65-68]. The portal venous system
delivers antigens that are cleared by Kupffer cells. Reduced
Kupffer cell activity results in increased antigen exposure to
antibody-producing sites via the systemic circulation [66,69].
Therefore, the elevated serum immunoglobulin levels are like-
ly the result rather than the cause of cirrhosis [65,66,70]. We
found no association between GLO and fibrosis severity in AIH
patients. The reason might be because relatively few cirrhosis
patients (54) were included in our study and there was little
difference in GLO levels between fibrosis patients.

The risks of some non-inflammatory fibrotic diseases (e.g., id-
iopathic pulmonary fibrosis, cystic fibrosis, retroperitoneal fi-
brosis, endomyocardial fibrosis, and non-cirrhotic portal fi-
brosis) are associated with elevated serum immunoglobulin
levels [69,71-74]. Our previous study results indicate that he-
patic fibrogenesis is directly affected by immunoglobulins [75].
Ethanol increases serum IgA levels in humans and is a strong
promoter of hepatic fibrogenesis, so the correlation between
elevated IgA levels and fibrosis was predictable [76]. Studies
of the role of IgA in immune-based chronic liver diseases (e.g.,
AlH, primary biliary cirrhosis, and primary sclerosing cholan-
gitis) have been performed [77-79]. Yokoyama et al. [80] ad-
ministered ethanol to adult guinea pigs and found that it has
limited fibrogenic properties, but extensive hepatic fibrosis oc-
curred when the ethanol was administered with IgA immuno-
globulins. This result may indicate liver injury mediated by IgA
or that IgA has a direct effect on hepatic fibrosis, or both. Our
results and the results of these other studies suggest that IgA
is a valid biomarker for advanced fibrosis in patients with AlH.

ALP and TBA levels were significantly higher in patients with
AlH than in patients with DILI, based on assessing patient de-

mographics and information about symptoms. Patients with
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AlH were significantly more likely to experience pruritus than
were patients with DILI. We found no associations between
advanced AlH-related fibrosis and APRI or FIB-4, although they
can predict significant liver fibrosis in patients with chronic
hepatitis C and hepatitis B [81,82]. However, GPR levels were
significantly higher in patients with advanced fibrosis than
in patients with no or minimal fibrosis. Taken together, these
findings suggest that cholestasis has an important role during
the development in AIH. However, studies with larger sample
sizes are required to further test this hypothesis.

There were some limitations to our study. First, the retro-
spective design could have caused selection bias that result-
ed in underestimated sensitivity and overestimated specific-
ity values [83]. Second, detailed information about the types
of medication and medication duration in AIH patients was
not available. More research is needed to understand the as-
sociations between drugs used and AIH development. Third,
because the study did not include a large sample, subgroup
analyses by type of AIH could not be performed. The number
of cases was limited by the requirements to include patients
with a diagnosis of AIH with liver biopsy and exclude patients
without complete medical information.

Conclusions

In conclusion, this retrospective study evaluated laboratory
indices associated with the severity of histological hepatic fi-
brosis on liver biopsy in patients with autoimmune hepatitis.
The degree of histological liver fibrosis in patients with AIH
was significantly associated with an increased red blood cell
distribution width-to-platelet ratio, gamma-glutamyl trans-
peptidase-to-platelet ratio, and increased serum levels of IgA.
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