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Abstract

Chronic liver diseases represent a significant public health problem worldwide.
The degree of liver fibrosis secondary to these diseases is important, because it is the
main predictor of their evolution and prognosis.

Hyaluronic acid is studied as a non-invasive marker of liver fibrosis in
chronic liver diseases, in an attempt to avoid the complications of liver puncture
biopsy, considered the gold standard in the evaluation of fibrosis. We review the
advantages and limitations of hyaluronc acid, a biomarker, used to manage patients
with chronic viral hepatitis B or C infection, non-alcoholic fatty liver disease, HIV-
HCYV coinfection, alcoholic liver disease, primary biliary cirrhosis, biliary atresia,
hereditary hemochromatosis and cystic fibrosis.
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Chronic liver diseases may cause inflammation
and progressive scarring, over time leading to irreversible
hepatic damage (cirrhosis). Hyaluronic acid (HA), an
essential component of the extracellular matrix in virtually
every tissue of the body, mostly synthesized by hepatic
stellate cells and degraded by sinusoidal endothelial cells
[1], has been found to correlate with the histological stages
of liver fibrosis (F) in chronic liver diseases [2]. HA has
shown very good diagnostic accuracy for the non-invasive
assessment of fibrosis and cirrhosis [3,4]. The aim of this
paper is a systematic literature review regarding HA for the
assessment of liver fibrosis in chronic liver diseases: chronic
viral C and B infections (CHC and CHB), non-alcoholic
fatty liver disease (NAFLD), Human immunodeficiency
virus/hepatitis C virus (HIV/HCV) coinfection, alcoholic
liver disease (ALD), autoimmune disease and genetic
disorders.
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Hyaluronic acid and chronic viral C infection

In chronic hepatitis C (CHC), most studies showed
that measuring serum hyaluronic acid (HA) levels had value
in distinguishing advanced fibrosis/cirrhosis from absent
or mild fibrosis [5,6,7,8-9]. Values for the area under the
curve (AUC) were higher for differentiating patients with
cirrhosis than the values for differentiating patients with
advanced fibrosis (Table I). AUC values between 0.850
and 0.90 are considered to be as good as liver biopsies for
staging fibrosis by many fibrosis experts [10].

Regarding the diagnosis of the exact stages of
fibrosis, results were mixed, with few studies finding that it
could differentiate between them. El-Kamaryet et al. found
particularly that serum HA significantly differed across
fibrosis stages (P<0.05) [12] but generally measuring HA
was effective in differentiating between FO/F1 and F2/F2/
F4 [4,9]. HA performed better or was similar in detecting
cirrhosis when compared with other direct serum markers
such as amino-terminal peptide of type III procollagen
(PIIIP) [2,4], type IV collagen [4],YKL-40 [4], tissue
inhibitor of metalloproteinases-1 (TIMP-1) [6].
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Table I. HA cut-off values for diagnosing different fibrosis stages in CHC.

HA (ng/mL) Se(%)  Sp(%) PPV(%) NPV (%) AUC
F>2 >75.7 [4] 75 81 79 76 0.805
>103.1[11] 66.7 90 89 62.2 0.783
>121[7] 14 99 94 57 0.73
>3 >60 [8] 88 59 47 93 NA
>85 [2] 64.5 91.2 NA NA 0.864
>109.7 [11] 100 823 62.5 100 0.929
>110 [8] 73 83 63 89 NA
>160 [7] 22 100 100 81 0.77
F>d >60 [8] 98 54 30 99 NA
>110 [8] 88 78 44 97 NA
>110 2] 79.2 89.4 NA NA 0.924
>183.5 [4] 80 80 80 80 0.854
>237[7] 31 99 57 96 0.97

AUC- area under the curve; CHC- chronic viral hepatitis C; F- liver fibrosis; HA- serum hyaluronic
acid; NA- not available; NPV- negative predictive value; PPV- positive predictive value; Se-

sensitivity; Sp- specificity.

In a study that compared 4 direct serum markers
(blood platelets count, type IV collagen, HA and serum
osteopontin) only serum osteopontin demonstrated a
sequential increase from FO through F4 with a significant
difference (P<0.001) between each group that coincided
with the degree of fibrosis. There was a marked increase
in the case of serum HA in groups F3 and F4 compared to
FO, but the difference was not significant between F1 and
F2[9].

Values for transforming growth factor beta 1
(TGF-1), TIMP-1, HA and PIIIP were also compared for
pediatric and adult HCV chronic infections. The difference
among fibrosis stages was significant for HA and PIIIP in
adults and for TIMP-1 in children. In the pediatric cohort,
the highest AUC was that of TIMP-1, which discriminated
advanced fibrosis from other stages, but it was also noted
that HA showed 100% specificity for advanced fibrosis.
In adults, the best AUC was that of HA (0.929). In the
same study the aspartate transaminase/platelet ratio index
(APRI) and aspartate transaminase/alanine transaminase
(AST/ALT) ratio (AAR) were compared, and regarding the
adult cohort, they did not perform better than HA [11].

Different teams measured HA during antiviral
therapy and the responder (sustained virological response
or SVR) and non-responder (null virological response
or NVR) patient values were compared. Trocmeet et al.
found a significant decrease of serum HA concentration
at the end of follow-up compared with baseline values
in responder patients in interferon a-2a (INF-a-2a) plus
ribavirin therapy, which was also reported by other teams
[13,14]. However, Patel et al. have shown that the drop of
HA levels in responder patients did not always correlate
with improvement of hepatic fibrosis [15]. Also Trocme et
al. did not find HA to decrease during the treatment period
whatever the virological response was, a result also reported
by others[16,17]. Even so, other studies showed that HA

could increase during antiviral treatment both in responder
and non-responder patients, even if in the follow-up after
treatment HA levels decrease [18,19].

In CHC patients on hemodialysis, one study found
that the AUC of HA for differentiating absent or mild
fibrosis (FO-1) from marked fibrosis was significantly
lower (AUC=0.65) [20] than that observed for HA in CHC
patients with normal renal function [4]. In contrast, another
study found that HA was a good marker to discriminate
significant fibrosis (F>2) for CHC patients with end-stage
renal disease (ESRD) on hemodialysis. The AUC for
patients with ESDR and HCV, 0.808, was higher than the
AUC for HCV only patients (0.745). Also, the length of
time on hemodialysis did not correlate to HA levels in this
study, however it should be considered that women with
ESRD had lower levels of HA (decrease in bone metabolism
resulted from the presence of estrogen) and that the mean
time on hemodialysis was 9.7 years, when a significant
difference in HA levels could take more than 10 years to be
detected. Patients with ESDR and CHC had much higher
values of HA compared to CHC only patients (P<0.001)
[21]. Yet one team found HA levels to be significantly
higher in the group with HCV only infection compared
with the group of patients that had HCV infection and was
on hemodialysis (p<0.05) [22].

When compared against APRI, AAR or the FIB-4
index in patients with ESRD and hepatitis C or B infection,
HA was the most efficient for fibrosis diagnosis (highest
AUC values for predicting each stage). In particular, HA
was the only non-invasive test that could determine F2
fibrosis (cut-off value at 80.24 ng/mL, AUC=0.76), F3
fibrosis (cut-off value at 88.54ng/mL, AUC=0.74). For
F1, no test stood out as significantly better than the others
(cut-off value for HA was 33.46 ng/mL, AUC=0.73). None
of the tests could determine the F4 score (AUC for HA
was 0.67). Patients with ESRD and hepatitis B or C had
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higher HA levels than patients without viral hepatitis but
with ESDR, yet this difference did not reach statistical
significance (P=0.314) [23]. Furusyo et al. also reported
lower serum HA in patients on dialysis compared with
patients on dialysis and with HCV, yet their difference was
much higher and significant [24].

HA concentrations were measured in patients
with CHC that underwent liver transplantation (LT) to
see if they can predict rapid fibrosis progression (RFP, an
increase in the fibrosis score >2 from biopsy 1 to biopsy
2 in a mean interval of 3346 months). No significant
difference was noted between those with and without RFP
before LT. Serum concentrations for HA were significantly
higher at the time of the first biopsy in those who developed
RFP in comparison with those who did not. Serum HA,
with an AUC of 0.89 was better at predicting RFP than
conventional histological and biochemical markers such as
hepatic stellate cell activity (HSCA). HA concentration of
>90 pg/l at initial biopsy had a sensitivity and specificity of
80% in predicting subjects who would develop RFP by the
second biopsy. Serum HA levels lowered by the time of the

second biopsy [25].

Hyaluronic acid and chronic viral B infection

Montazeri et al. studied liver fibrosis in HBeAg-
negative patients in relation with serum HA levels. Normal
volunteers had a significantly lower mean value of HA
when compared against chronic hepatitis B (CHB) patients.
A cut-off point of 126.4 ng/ml could discriminate extensive
fibrosis (Ishak fibrosis stage 3-5) from milder ones (stage
0-2) with a sensitivity of 90.9% and a specificity of 98.1%.
Serum HA was found to be an independent factor in
predicting fibrosis for HBeAg-negative patients [26], as
it was in HBeAg-positive patients [27]. When comparing
mean HA in HBeAg-positive patients with HBeAg-negative
ones, HA levels were higher in the HBeAg-positive group
(1207.65 ng/mL versus 819.866 ng/mL, p<0.01) [28].
As in CHC, HA levels increased with fibrosis level from
mild to extensive fibrosis, with studies finding that it could
differentiate reliably between mild and extensive fibrosis
(Table II).

Table I1. HA cut-off values for diagnosing different fibrosis stages in CHB.

HA (ng/mL) Se (%) Sp (%) PPV (%) NPV (%) AUC
S0-S2 113<[29] 92 95 94 89 NA

126.4<[26] 90.9 98.1 90.9 98.1 0.98
S5-6 >181 [29] 100 95 78 100 NA
F>2 >185.3 [30] 84.2 83.3 90.6 73.5 0.909

>203.53 [32] 63.1 78.4 84.4 52.4 0.735

AUC - area under the curve; CHB - chronic viral hepatitis B; F - liver fibrosis; HA - serum hyaluronic acid;
NA - not available; NPV - negative predictive value; PPV - positive predictive value; S - Ishak fibrosis stage;

Se - sensitivity; Sp - specificity.

HA had the most significant levels of correlation
with fibrosis level compared to markers such as AST,
ALT, alkaline phosphatase, platelet count, albumin, total
bilirubin and prothrombin time [26].

The study by Lee et al. found that serum HA
was better in predicting significant fibrosis (F>2) than
apolipoprotein Al (Apo Al), platelet count, prothrombin
time, PIIIP, YKL-40, matrix metalloproteinase (MM-) 2
and 9, and TIMP-1. The AUC of HA (0.80) was also close
to that of various models used to predict liver fibrosis:
PGAA index (combines prothrombin time, GGT, Apo Al,
a2-macroglobulin), Forn’s fibrosis index (FFI), APRI, age-
platelet index (API) [31]. Zhu et al. showed that TIMP-1
was more valuable for diagnosing significant liver fibrosis
(F>2) than HA. In their study, TIMP-1 had an AUC for
diagnosing significant fibrosis(F>2) of 0.918, with HA
having a much lower value (Table II) [32].

The diagnostic performance of serum laminin (LN)
was found to be no better than that of HA, AUC for serum
HA was 0.909 and 0.815 for LN for predicting significant
fibrosis (F>2), but the difference between them was not
found to be statistically significant (p=0.743) [30]. Zhang
et al. found that APRI >1.5 in combination with different

HA cut-off points could detect moderate to severe fibrosis
(stages 2-4) in CHB patients. APRI alone had a PPV 0f41.3%
and a specificity of 84.7%. When HA was added, it increased
the PPV (93.7%) and specificity (98.9%) significantly,
indicating that APRI >1.5 in combination with a HA cut-off
point >300 ng/mL can detect moderate to severe fibrosis or
cirrhosis (stages 2-4) in CHB patients [33].

In a study that monitored liver fibrosis in children
during IFNa treatment, HA showed a significant decrease in
responders when levels before treatment and 12 months after
INF-a treatment were compared. It was also significantly
higher in patients with advanced fibrosis, while tenascin,
type IV collagen and TIMP-1 did not reach a significant
difference [34]. Telbivudine, used in the treatment of CHB,
lowered HA levels in patients with cirrhosis [35].

In children with hepatitis B serum HA above
27 ng/mL had a sensitivity of 100% and a specificity of
50% in predicting advanced fibrosis. The combination of
laminin-2 above 34.9 ng/mL and/or HA above 27 ng/mL,
had an AUC of 0.84, 87.5% sensitivity and 73% specificity.
Biopsy could have been potentially avoided in 75.6% of the
children [36].
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Hyaluronic acid and non-alcoholic fatty liver
disease (NAFLD)

In NAFLD patients HA is an indicator of fibrosis
presence [37,38].

Lydatakis et al. found that HA levels were
significantly higher in patients with non-alcoholic
steatohepatitis (NASH) and fibrosis from those with NASH
and without fibrosis, while also correlating with each stage
of fibrosis. In patients with NASH but without fibrosis

HA levels varied within the normal range of healthy
population. The best cut-off value was at 148.8 ng/mL
for the identification of patients with NAFLD and fibrosis
(sensitivity was 95.7%, specificity 96.3%, PPV 95.7%,
NPV 96.3% and accuracy of 96% higher than that of LN)
[39]. Suzuki et al. also found that HA correlated with
the degree of hepatic fibrosis and was useful in detecting
moderate (F2), severe (F3) fibrosis and cirrhosis (F4) [40].

Table I11. HA cut-off values for differentiating different fibrosis stages in NAFLD.

HA (ng/mL) Se (%) Sp(%) PPV (%) NPV (%) AUC
F>1 >24.6 [37] 82 68 60 87 NA
>25 [41] 90 84 NA NA 0.94
F3-4 >30 [41] 80 91 NA NA 0.94
>42 [42] 100 89 77 100 0.97
>46.1 [40] 85 79.7 51.1 95.5 0.89
F4 >50 [43] 68.8 82.8 75 77.9 0.797

AUC - area under the curve; HA - serum hyaluronic acid; NA - not available; NAFLD - non-alcoholic fatty
liver disease; NPV - negative predictive value; PPV - positive predictive value; Se - sensitivity; Sp - specificity;

F - liver fibrosis.

In the study by Dorak et al. HA was the most
significant single biochemical factor to discriminate
mild and moderate fibrosis against significant fibrosis
(AUC=0.94) and performed similarly to the original
Enhanced Liver Fibrosis (OELF) score (AUC=0.93) and
Enhanced Liver Fibrosis (ELF) score (AUC=0.97), with
other parameters like AST/ALT ratio, APRI, NAFLD
fibrosis score, Fibrosis-4 (FIB-4) score and BARD score
(a system that combines body mass index, AAR and the
presence of diabetes) not reaching the AUC value of over
0.75 [41]. LN showed a better accuracy for diagnosing
fibrosis (87% vs 73% for HA) [37].

Platelet count (AUC=0.83) and HA (AUC=0.8)
were found to have similar predictive value for moderate to
severe fibrosis (F2-F3) [38], while Kaneda et al. concluded
that platelet count was a better marker for cirrhosis than HA
levels and considered HA the better marker for diagnosing
severe fibrosis [42].

In one study collagen type IV proved to have similar
value in distinguishing F0-2 fibrosis from F3-F4 in NAFLD
(AUC=0.827, HA had an AUC=0.774). When comparing
serum values between CHC and NAFLD patients, HA was
higher in CHC patients while type IV collagen did not have
a significant difference [44]. In the study by Sakugawa et
al. again both markers could differentiate between stage 0-2
fibrosis and stage 3 or 4. Both showed significant different
values between NASH and NAFL patients, the AUC values
were close for type IV collage and HA (0.828 versus 0.797)
[43]. Kaneda et al. found HA and type IV collagen were
independent predictors of severe fibrosis (F3-F4) (HA had
an AUC of 0.97 and type IV collagen had an AUC of 0.87)
[42]. Yoneda et al. measured liver stiffness in NAFLD
and showed it was also strongly correlated with the serum

levels of type IV collagen and HA [45].

NAFLD diagnosis was also studied in children, and
it was found that HA was significantly higher (P<0.05) in
NAFLD patients with fibrosis than in controls. HA had
the cut-off value at 19.1 ng/mL for differentiatingchildren
with NAFLD and fibrosis from those without fibrosis,
with an AUC of 0.672. The combination of both HA and
cytokeratin-18 (CK-18) was superior to that of HA or CK-
18 alone potentially avoiding biopsy in 67.35% of the
examined children [46]. For Fitzpatrick et al. HA was not
a clinically reliable marker for predicting steatohepatitis or
fibrosis in pediatric NAFLD, with CK-18 M30 achieving a
better diagnostic value [47].

Hyaluronic acid and HIV/HVC coinfection

Several studies found that HA levels correlating
with fibrosis stages in HIV coinfection [48,49,50,51,52]
HA levels were higher in co-infected patients [49].

HA had similar diagnostic performances YKL-40,
PIIIP [48], APRI, CK-18 [49], FIB-4 index [49,50], and
Forns index [50]. TIMP-1 was better at separating fibrosis
stages F2/F3/F4 from stages below F2 against HA in HIV-
HVC co-infected patients (AUC for TIMP-1 was 0.82
while that of HA was 0.75) [53].

The AUC increased with the stage of fibrosis (Table
IV) with the highest value found for diagnosing cirrhosis
[48]. Nunes et al. (2005) found that the AUC for diagnosing
fibrosis by HA was higher in co-infected patients compared
to CHC only patients, with a similar finding for cirrhosis
diagnosing. The presence of HIV infection did not affect
the levels of any of the markers at the earliest stages of
fibrosis (FO-F2) [48]. Resino et al. used a commercial HA-
ELISA test (Echelon Biosciences) which was not previously
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Table IV. HA cut-off values for differentiating fibrosis stages in HIV-HCV coinfection.

HA (ng/mL) Se (%) Sp (%) PPV (%) NPV (%) AUC
F>2 >39 [53] 60 88 NA NA 0.75
F>3 (Scheuer score) >48 [52] 87 70 59 91 0.83
F>3 >59.1[49] 69 89 NA NA 0.86
S5-6 >92 [48] 92 83 NA NA 0.94

AUC - area under the curve; F - liver fibrosis; HA - serum hyaluronic acid; HCV - hepatitis C virus; HIV - human
immunodeficiency virus; NA - not available; NPV - negative predictive value; PPV - positive predictive value; S -

Ishak fibrosis stage; Se - sensitivity; Sp — specificity.

reported as a fibrosis test, with their HA measurements
giving values generally 10 times higher (for significant
fibrosis (F>2) the AUC was 0.671, optimal cut-off point
was at 1250 ng/mL, for cirrhosis HA had an AUC of 0.859
with an optimal cut-off point at 1320 ng/mL) [50] than
those found in the other studies that used different enzyme-
linked protein binding assay or sandwich enzyme binding
assay kits [7,48].

Hyaluronic acid and alcoholic liver disease (ALD)

As for the previous liver diseases, serum HA
increases in ALD [54] and significantly with advanced
stages of fibrosis, and can be an indicator of progression to
cirrhosis [55,56]. Studies have found that serum HA does
not have a significant difference between FO and F2 and FO
and F1, with other indexes (FibroTest) performing better.
For diagnosing cirrhosis serum HA had an AUC of 0.93
and for differentiating absent/mild fibrosis from significant
or higher, the AUC was 0.79 [57]. A threshold for HA at
96 ng/mL had an overall sensitivity for detecting fibrosis,
alcoholic hepatitis and cirrhosis of 87% and a specificity of
93%, with an AUC of 0.913. A direct linear correlation was
observed between HA and PIIIP [58].

Hyaluronic acid and autoimmune disease

It was observed that in primary biliary cirrhosis
(PBC) HA concentrations were significantly increased
[59,60,61] and correlated with fibrosis stage [60]. HA was
a better marker in predicting development of cirrhosis
and symptoms. Furthermore, HA also showed a negative
correlation with time of survival and was a more sensitive
marker of liver damage in PBC than PIIIP [59].

HA was significantly different between stages I to I11
of PBC and differentiated mild (FO-F1) from moderate (F2-
F3) fibrosis [62] and extensive fibrosis [63]. Liver stiffness
measurement with transient elastography (TE) was better
than HA in diagnosing cirrhosis [64]. HA concentrations
increase significantly over time in all clinical stages of
primary biliary cirrhosis (p<0.01), whereas the conventional
liver function tests only change in the advanced cases [65].

In patients with biliary atresia (BA), severe liver
dysfunction was associated with significantly higher HA

than the ones with moderate dysfunction or good function
[66], with Hasegawa et al. showing that HA correlates with
advanced fibrosis score in BA patients [67].

Hyaluronic acid and genetic disorders

In  hereditary hemochromatosis (HH), the
concentration of serum HA was found to be increased.
This difference was mainly due to increases in HA levels in
patients with grade 4 fibrosis compared with subjects with
FO-F3 (mean of 137 vs 18.6 ng/mL, p=0.006). A cut-off
value of 46.5 provided an AUC of 1.0. The combination
of serum ferritin and HA, using cut-off values of 1000 ng/
mL and 46.5 ng/mL, respectively, correctly identified all
patients with cirrhosis. HA was similar in each grade of
fibrosis in non-cirrhotic patients [68]. Another study aimed
at evaluating non-invasive alternative means such as HA
and TE for the assessment of severe fibrosis in patients
with serum ferritin >1000 pg/l or elevated transaminases.
HA was higher in patients with severe fibrosis, but did
not accurately predict it. TE was significantly higher in
patients with severe fibrosis and was able to accurately
predict fibrosis stage in 77% of the patients. Efficient
assessment of severe fibrosis was not possible in patients
with intermediate TE values [69].

In cystic fibrosis with liver disease (CFLD), one
study that measured HA levels in children found them to be
increased, while HA levels did not correlate with pulmonary
fibrosis. The difference in elevation was significant when
comparing patients with CFLD against patients with cystic
fibrosis without liver disease or even against patients with
evidence of liver disease at ultrasound scan but no clinical
evidence [70]. Another study found again that HA increased
in CFLD patients compared to healthy subjects, but this
time the difference was not significant when CFLD patients
were compared with patients with cystic fibrosis but no
liver disease. Also, HA did not correlate with histological
fibrosis [71].

In conclusion, in CHC patients HA was effective in
differentiating between FO/F1 and F2/F2/F4, a significant
decrease of serum HA concentration being reported at
the end of follow-up compared with baseline values in
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responder patients to antiviral therapy; also in patients
with CHC and ESRD the HA values were significantly
lower than those with normal renal function. HA levels
where higher in the HBeAg-positive patients compared to
HBeAg-negative ones. HA exhibited a significant increase
in CHB with fibrosis level from mild to extensive fibrosis.
In patients with non-alcoholic fatty liver disease, HIV-
HCYV coinfection, alcoholic liver disease, primary biliary
cirrhosis, biliary atresia, hereditary hemochromatosis HA
is an indicator of fibrosis presence, but HA did not correlate
with liver fibrosis in cystic fibrosis and duration of alcohol
intake.
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