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Background and aims: Many patients with liver disease come to medical attention once they
have advanced cirrhosis or acute decompensation. Most often, patients are screened for liver
disease via liver function tests (LFTs). There is very limited published data evaluating labora-
tory values with biopsy-proven stages of hepatic fibrosis. We set out to evaluate whether any
correlation exists between routine LFTs and stages of hepatic fibrosis.

Methods: A large retrospective observational study on 771 liver biopsies was conducted
for evaluating the stage of fibrosis with AST, ALT, INR, BUN, creatinine, platelets, alkaline
phosphatase, bilirubin, and albumin. Mean and 95% confidence intervals were used to describe
the distributions of serum markers in different fibrosis stages. Multivariable generalized linear
models were used and a two-tailed P-value was calculated.

Results: ALT was not statistically significant for any stage, and AST was statistically significant
for stage 3 and 4 fibrosis. INR was statistically significant only in stage 4 disease but remained
near the upper limit of normal range. Albumin failed to show a clinically relevant association.
Platelets remained within normal laboratory range for all stages. The remaining laboratory
values failed to show statistical and clinical significance.

Conclusion: The health care burden from chronic liver disease (CLD) will likely continue to
rise, unless clinicians are made aware that normal or near normal laboratory findings may be
seen in asymptomatic patients. Earlier identification of asymptomatic patients will allow for
treatment with new promising modalities and decrease morbidity and mortality from CLD. Our
study shows that laboratory values correlate poorly with liver disease.
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Introduction

Chronic liver disease (CLD) is a major cause of morbidity and mortality and is quickly
becoming an increasing burden on the health care system. Both CLD and cirrhosis are
the fifth leading cause of death in the 45-61 age group and 12th leading cause overall.'?
In 2010, the National Center for Health Statistics (NCHS) and Centers for Disease
Control and Prevention (CDC) reported 31,903 deaths from CLD and cirrhosis. This
number is expected to increase steadily well in the next decade. The prevalence of
cirrhosis in the general population is difficult to determine and was estimated to be 1
in 679 (0.15%) in a recent study published by the National Institute of Health (NIH).?
This could represent a gross underestimation of 1 in 370 (0.27%) as suggested in a
recent study by Scagilone et al, where the prevalence was estimated based on the 2010
US census. Moreover in that study, 70% of the patients found to have cirrhosis were
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unaware of their disease.* Due to the large functional reserve
in the liver, most patients with CLD go undiagnosed until late
in the course of the disease. Patients seek medical attention
when the liver can no longer maintain homeostasis and begins
decompensating with the onset of ascites, variceal bleeding,
spontaneous bacterial peritonitis, encephalopathy, or jaundice.
Regardless of the etiology of the liver disease, these indi-
viduals undergo chronic persistent inflammation and progres-
sive fibrosis, which leads to cirrhosis.’ This sustained liver
injury leads to hepatocellular injury and excessive deposition
of collagen by activated hepatic stellate cells (HSCs). HSCs
play the most pivotal role in liver fibrogenesis and are the
target of interest for future therapeutic modalities to prevent
or reverse advanced hepatic fibrosis. Once activated HSCs
release chemokines, the affected regions of liver parenchyma
undergo unregulated deposition of the extracellular matrix
resulting in the development of fibrosis.® ! The extent and
severity of the fibrosis on a liver biopsy determines the stage
of the disease. Liver biopsy has been the gold standard for
evaluating liver injury and staging the disease. Although there
are several proposed schemes to stage fibrosis, the Batts and
Ludwig system is most commonly used by pathologists in
the USA. This model assesses the extent and location of the
fibrosis, accompanying changes in parenchymal architecture
and is expressed on a linear numerical scale of stage 0 (no
fibrosis) to stage 4 (cirrhosis).!" Regardless of the etiology,
prolonged inflammation leads to chronic liver injury, fibrosis,
and often cirrhosis. Hepatic dysfunction and portal hyperten-
sion complicate cirrhosis as the liver decompensates.'? In the
USA, hepatitis C, hepatitis B, alcoholic liver disease, and
non-alcoholic fatty liver disease (NAFLD) are the important
causes of chronic liver injury and progressive fibrosis.
Recently, there has been extensive interest in finding
reliable non-invasive methods to diagnose the stage of liver
disease via serological (APRI, FIB-4, Forns index, and
FibroTest) and radiological (ultrasound and MRI elastogra-
phy) tests.'>"'8 Most clinicians associate both acute and CLD
with abnormal liver function tests (LFTs). However, there
has been very little published data comparing the changes in
laboratory values and stages of fibrosis. Identifying individu-
als at risk for chronic liver injury requires a high index of
suspicion and a thorough history and physical examination.
Laboratory studies such as LFTs identify some but not all
patients with significant liver injury. In order to determine
whether commonly used laboratory tests are valuable to
identify patients with chronic liver injury, we conducted a
retrospective study on 771 liver biopsies done at our institu-
tion and evaluated the laboratory values for each stage of

fibrosis and cirrhosis. Our goal was to identify any common
laboratory value or pattern that would help identify the indi-
viduals with advanced liver disease.

Methods

Design and population

A retrospective observational study was conducted evaluat-
ing all liver biopsies at OSF Saint Francis Medical Center
in Peoria, IL, USA, from 2010 to 2014. Liver biopsies done
for metastatic liver disease, hepatic neoplasms (benign and
malignant), biliary atresia, and fulminant liver failure were
excluded, and a total of 771 liver biopsies were evaluated.

Measures

Batts and Ludwig scoring system was used to evaluate
fibrosis stage: stage 0, no fibrosis; stage 1, portal fibrosis;
stage 2, periportal fibrosis (including rare portal-portal septa);
stage 3, septal fibrosis (with architectural distortion); and
stage 4, cirrhosis. Serum markers such as AST, ALT, INR,
BUN, creatinine (Cr), platelets (Plts), alkaline phosphatase,
total bilirubin, and albumin were studied within 90 days
before and after liver biopsy.

Ethical issue

Written informed consent was obtained from all the study
subjects for liver biopsy. This study was approved by the Insti-
tutional Review Board (IRB) at the University of Illinois Col-
lege of Medicine in Peoria. Patient consent was not required to
review their medical records by the IRB because the research
involves no more than minimal risk to the subjects, and the
waiver or alteration will not adversely affect the rights and
welfare of the subjects. An adequate plan was developed to
protect the identifiers from improper use and disclosure.

Statistical analyses

Mean and 95% confidence intervals (CIs) were used to
describe the distributions of serum markers in different
fibrosis stages. Multivariable generalized linear models were
used to examine the association between serum markers and
fibrosis progress (stages 1—4 vs stage 0). A two-tailed P-value
was calculated for all tests and P<0.05 was considered as
statistically significant. All analyses were performed using
SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Among 771 patients with liver biopsies, the average age was
54.3 (£12.8) with a range of 20-91 years old and there were
equal numbers of males and females. The underlying liver
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diseases included: 253 HCV patients (38.5%), 159 NAFLD
patients (24.2%), 25 alcoholic liver disease patients (3.8%),
14 HBV patients (2.1%), and 206 patients with other diseases
(31.4%). Approximately one-third of the patients was alco-
holic (33.7%) but only 25 (3.8%) had alcohol-related liver
disease as a diagnosis at the time of liver biopsy. Approxi-
mately one-third of the patients (34.6%) reported current use
oftobacco products. The percentage of patients with fibrosis
stages 0, 1, 2, 3, and 4 was 21.0%, 13.9%, 28.1%, 10.8% and
26.2%, respectively (Table 1). The largest number of patients
had periportal fibrosis (stage 2).

AST

The normal range of AST is 5-34 U/L. The AST values in
the fibrosis stages 3 and 4 were significantly elevated when
compared to stage 0 (70 vs 58, P<0.05; 73 vs 58, P<0.01,
respectively). When stages 1 and 2 were compared to stage
0, the difference was not significant (50 vs 58, P>0.05; 63
vs 58, P>0.05, respectively) (Table 2, Figure 1).

ALT

The normal range of ALT is 0-55 U/L. The ALT values in
the fibrosis stages 2 and 3 were significantly elevated when
compared to stage 0 (71 vs 56, P<0.05; 76 vs 56, P<0.05,

Table | Profile of patients

Items Frequency %
Gender (male), n 392 50.8
Ethnicity, n
Caucasian 626 81.2
African American 110 14.3
Asian 10 1.3
Unknown 3 0.4
Others 22 2.9
Etiology, n
Hepatitis C 253 385
Alcoholic liver disease 25 38
Non-alcoholic fatty liver disease 159 242
Hepatitis B 14 2.1
Others 206 314
Alcohol use (yes), n 260 337
Tobacco use, n
Yes, currently use 267 34.6
Already quit 258 335
Never use 246 31.9
Fibrosis stage, n
0 162 21.0
| 107 13.9
2 217 28.1
3 83 10.8
4 202 26.2
Age (years), meantSD 54.3+12.8

Abbreviation: SD, standard deviation.

respectively). When stages 1 and 4 were compared to stage
0, the P-value was not significant (64 vs 56, P>0.05; 58 vs
56, P>0.05, respectively) (Table 2, Figure 1).

Alkaline phosphatase

The normal range of alkaline phosphatase is 50-125 U/L.
The alkaline phosphatase values in the fibrosis stages 1 and
4 were significantly lower when compared to stage 0 (120
vs 205, P<0.05; 152 vs 205, P<0.05, respectively). When
stages 2 and 3 were compared to stage 0, the P-value was
not significant (167 vs 205, P>0.05; 158 vs 205, P>0.05,
respectively) (Table 2, Figure 1).

Total bilirubin

The normal range of total bilirubin is 0.0-1.5 mg/dL. The
total bilirubin value in fibrosis stage 4 was significantly ele-
vated when compared to stage 0 (2.7 vs 1.7, P<0.05). When
stages 1, 2, and 3 were compared to stage 0, the P-value was
not significant (0.8 vs 1.7, P>0.05; 1.3 vs 1.7, P>0.05; 2.0 vs
1.7, P>0.05, respectively) (Table 2, Figure 2).

INR

The normal range of INR is 0.9-1.2. The INR values in the
fibrosis stages 2 and 4 were statistically significant when com-
pared to stage 0 (1.07 vs 1.15, P<0.05; 1.27 vs 1.15, P<0.05,
respectively). Yet, they failed to be clinically significant since
they were fairly within normal limits. When stages 1 and 3
were compared to stage 0, they were not clinically significant
and the P-value was not statistically significant (1.08 vs 1.15,
P>0.05; 1.11vs 1.15, P>0.05, respectively) (Table 2, Figure 2).

BUN

The normal range of BUN is 826 mg/dL. The BUN values
in the fibrosis stage 4 was significantly lower when compared
to stage 0 (16.8 vs 20.1, P<0.05). When stages 1, 2, and 3
were compared to stage 0, the P-value was not significant
(18.1 vs 20.1, P>0.05; 15.8 vs 20.1, P>0.05; 16.5 vs 20.1,
P>0.05, respectively) (Table 2, Figure 1).

Cr
The normal range of Cr is 0.6-1.0 mg/dL (female) and

0.7-1.3 mg/dL (male). The Cr values were not statistically
significant in stages 1, 2, 3, and 4 when compared to stage 0
(Table 2, Figure 2).

Albumin
The normal range of albumin is 3.5-5.0 g/dL. The albumin

values in the fibrosis stages 1, 2, and 3 were statistically
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Table 2 Association between serum markers and fibrosis stage
Marker Adjusted model® Marker Adjusted model®

Mean SD P-value Mean SD P-value
AST (normal: 17-59) Total bilirubin (normal: 0.2-1.2)
Stage 0 58.14 429 Ref. Stage 0 1.71 1.03 Ref.
Stage | 50.49 4.74 0.2283 Stage | 0.8l 0.90 0.0872
Stage 2 63.39 427 0.2222 Stage 2 1.33 0.89 0.4867
Stage 3 70.02 427 0.0423 Stage 3 1.98 0.95 0.5085
Stage 4 7325 4.28 0.0014 Stage 4 2.73 0.92 0.0188
ALT (normal: 0-55) Albumin (normal: 3.5-5.0)
Stage 0 55.65 10.46 Ref. Stage 0 3.48 0.21 Ref.
Stage | 63.98 8.82 0.2226 Stage | 3.91 0.21 0.0007
Stage 2 70.58 8.26 0.0092 Stage 2 3.8l 0.18 0.0117
Stage 3 75.63 9.37 0.0025 Stage 3 3.88 0.17 0.0031
Stage 4 58.24 9.43 0.7787 Stage 4 3.34 0.18 0.0607
BUN (normal: 8-26) Cr (normal: 0.7-1.3)
Stage 0 20.10 5.14 Ref. Stage 0 1.00 0.28 Ref.
Stage | 18.05 5.06 0.9556 Stage | 1.16 0.26 0.1355
Stage 2 15.75 4.78 0.2832 Stage 2 1.01 0.27 0.4503
Stage 3 16.49 442 0.3162 Stage 3 1.10 0.25 03717
Stage 4 16.80 4.46 0.0775 Stage 4 1.07 0.24 0.6418
INR (normal: 0.9—1.2) Glucose (normal: 70-99)
Stage 0 1.15 0.06 Ref. Stage 0 111.47 7.12 Ref.
Stage | 1.08 0.06 0.1258 Stage | 108.24 6.60 0.9646
Stage 2 1.07 0.06 0.0475 Stage 2 119.28 5.69 0.0658
Stage 3 1.1l 0.06 0.5516 Stage 3 120.49 4.98 0.1373
Stage 4 1.27 0.06 <0.0001 Stage 4 117.95 5.67 0.2094
ALK (normal: 38—126) Platelets (normal: 140-440)
Stage 0 204.77 25.70 Ref. Stage 0 228.80 17.96 Ref.
Stage | 119.54 24.02 0.0007 Stage | 225.76 19.32 0.3983
Stage 2 167.19 27.14 0.1173 Stage 2 223.39 18.63 0.1514
Stage 3 157.84 26.82 0.0914 Stage 3 195.95 17.49 0.0009
Stage 4 151.98 23.53 0.0070 Stage 4 151.75 16.77 <0.0001

Note: *Multivariable generalized linear model adjusted by age, gender, alcohol use and tobacco use.

Abbreviations: SD, standard deviation; Ref., reference; Cr, creatinine.

significant when compared to stage 0 (3.9 vs 3.5, P<0.05; 3.8
vs 3.5, P<0.05; 3.9 vs 3.5, P<0.05, respectively). When stage
4 was compared to stage 0, the P-value was not significant
(3.3 vs 3.5, P>0.05) (Table 2, Figure 2).

Platelet

The normal platelet (Plt) range is 140—440 (103/uL). The Plt
values in the fibrosis stages 3 and 4 were significantly lower
when compared to stage 0 (196 vs 229, P<0.05; 152 vs 229,
P<0.05, respectively). When stages 1 and 2 were compared to
stage 0, the P-value was not significant (226 vs 229, P>0.05;
223 vs 229, P>0.05, respectively) (Table 2, Figure 1).

Discussion

CLD and cirrhosis have gained increasing attention due to the
newly approved therapies for hepatitis C and the increasing
obesity epidemic. Because of the morbidity and mortal-
ity associated with CLD and cirrhosis, there is significant

utilization of health care resources. Identification of affected
individuals is critical to help mitigate the progression of
disease and, more importantly, identify those with end stage
liver disease who are at significant risk for decompensation.
Identification of those individuals with treatable disease,
such as HCV, HBV, and autoimmune hepatitis, may slow or
even reverse fibrosis and early cirrhosis. In the era of anti-
viral therapy, diet and lifestyle modification, and targeted
molecular therapy trials in vivo, many may have the poten-
tial to experience some reversibility of their liver injury.!*2
Much research has centered on non-invasive means of rapidly
identifying individuals with fibrosis such as serologic mark-
ers (APRI, FibroTest/FibroSure, Hepascore, and FibroSpect)
and radiologic methods (ultrasound transient elastography
and magnetic resonance elastography). However, before
these novel methods are utilized, it is important for clini-
cians to recognize those at risk for liver disease. Although
most clinicians rely on abnormal LFTs to identify such
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Figure | Six serum markers and fibrosis stage.

Notes: Multivariable generalized linear models were used to estimate the predicted values controlling for age, gender, alcohol use, and tobacco use. *Statistically significant

difference (P<0.05) compared to the fibrosis stage 0.
Abbreviation: ALK, alkaline phosphatase.

individuals, many patients with CLD typically have normal
to near normal LFTs.

Our retrospective study evaluated 771 liver biopsies and
compared the Batts and Ludwig stage of fibrosis to serum
markers such as AST, ALT, INR, BUN, Cr, Plt, alkaline
phosphatase, total bilirubin, and albumin performed within
90 days of the biopsy.

INR and albumin are often regarded as important markers
of synthetic function, and our study revealed a normal range
of INR for all pre-cirrhotic stages. The INR was statistically
significant for stage 4 fibrosis when compared to those indi-
viduals with no discernible liver disease; however, it remained
near the upper limit of normal. Albumin is a major protein
synthesized by the liver. We did not see a progressive decrease
with advanced disease, and the albumin level in stage 4
remained close to the normal value and was not statistically
significant. As such, makers for hepatic synthetic function
(albumin and INR) do not appear to be a good measure of
hepatic fibrosis.

In our study while there was a statistically significant
decline in the Pt count for stage 3 and 4 diseases (Figure 1,
Table 2), the absolute values remained in the normal range

and thus PIt count itself is not a useful guide. Advanced liver
disease results in a decrease in thrombopoietin production,
and when cirrhosis develops, the resultant portal hyperten-
sion leads to splenic sequestration of Plts with subsequent
decline in the PIt count.

AST and ALT are also the most common laboratory
values that clinicians check when evaluating liver function.
Based on our study, AST showed some progressive increase
and was statistically significant in advanced liver disease,
whereas ALT which is more liver specific did not show this
correlation.

Our findings highlight the importance of clinicians to
keep a high index of suspicion in the identification of patients
with advanced liver disease. Often times, patients with
advanced liver disease and cirrhosis have subtle changes in
laboratory values, typically falling within the normal ranges.
As such, routine laboratory studies should not be used as a
sole screening tool to identify or exclude individuals sus-
pected of having CLD. History and physical examination
remain the cornerstone of the diagnostic workup, which
unfortunately is often obtained after many patients pres-
ent with acute variceal bleeding, jaundice, or ascites. The
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Figure 2 Four serum markers and fibrosis stage.

Notes: Multivariable generalized linear models were used to estimate the predicted values controlling for age, gender, alcohol use, and tobacco use. *Statistically significant

difference (P<0.05) compared to the fibrosis stage 0.
Abbreviation: Cr, creatinine.

health care burden from decompensated liver disease will
likely continue to rise, unless clinicians are made aware that
normal or near normal laboratory findings may be seen in
asymptomatic patients with CLD and cirrhosis. With new and
effective treatments becoming available for the treatment of
liver disease, identification of such individuals with proper
risk factor determination by history, physical examination,
and targeted laboratory testing will better insure earlier treat-
ment and potentially decrease the number of patients with
both known and unknown advanced and decompensated
liver disease.

Disclosure
The authors report no conflicts of interest in this work.
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