W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/esps/
wjg@wijgnet.com
doi:10.3748/ wig.v19.i114.2256

World | Gastroenterol 2013 April 14; 19(14): 2256-2261
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2013 Baishideng. All rights reserved.

BRIEF ARTICLE

Disease progression in chronic hepatitis C patients with
normal alanine aminotransferase levels

Dong Hyun Sinn, Geum-Youn Gwak, Jae-uk Shin, Moon Seok Choi, Joon Hyeok Lee, Kwang Cheol Koh,

Seung Woon Paik, Byung Chul Yoo

Dong Hyun Sinn, Department of Internal Medicine, Sanggye
Paik Hospital, Inje University School of Medicine, Seoul 139-707,
South Korea

Geum-Youn Gwak, Jae-uk Shin, Moon Seok Choi, Joon Hyeok
Lee, Kwang Cheol Koh, Seung Woon Paik, Byung Chul Yoo,
Department of Medicine, Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul 135-710, South Korea
Author contributions: Sinn DH and Gwak GY designed the re-
search, analyzed the data, and wrote the paper; Shin J, Choi MS,
Lee JH, Koh KC, Paik SW and Yoo BC provided data and criti-
cally revised the paper; all authors approved the final version of
the paper.

Correspondence to: Geum-Youn Gwak, MD, Department of
Medicine, Samsung Medical Center, Sungkyunkwan Univer-
sity School of Medicine, 50 Ilwon-dong, Gangnam-Gu, Seoul
135-710, South Korea. gy.gwak@samsung.com

Telephone: +82-2-34103409 Fax: +82-2-34103849

Received: December 1, 2012 Revised: January 18, 2013
Accepted: February 5, 2013

Published online: April 14,2013

Abstract

AIM: To investigate whether the disease progression of
chronic hepatitis C patients with normal alanine amino-
transferase (ALT) levels differs by ALT levels.

METHODS: A total of 232 chronic hepatitis C patients
with normal ALT (< 40 IU/L) were analyzed. The pa-
tients were divided into “high-normal” and “low-normal”
ALT groups after determining the best predictive cutoff
level associated with disease progression for each gen-
der. The incidence of disease progression, as defined
by the occurrence of an increase of = 2 points in the
Child-Pugh score, spontaneous bacterial peritonitis,
bleeding gastric or esophageal varices, hepatic enceph-
alopathy, the development of hepatocellular carcinoma,
or death related to liver disease, were compared be-
tween the two groups.

RESULTS: Baseline serum ALT levels were associated
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with disease progression for both genders. The best
predictive cutoff baseline serum ALT level for disease
progression was 26 IU/L in males and 23 IU/L in fe-
males. The mean annual disease progression rate was
1.2% and 3.9% for male patients with baseline ALT
levels < 25 IU/L (low-normal) and > 26 IU/L (high-
normal), respectively (P = 0.043), and it was 1.4% and
4.8% for female patients with baseline ALT levels <
22 TU/L (low-normal) and > 23 IU/L (high-normal), re-
spectively (P = 0.023). ALT levels fluctuated during the
follow-up period. During the follow-up, more patients
with “high-normal” ALT levels at baseline experienced
ALT elevation (> 41 IU/L) than did patients with “low-
normal” ALT levels at baseline (47.7% vs 27.9%, P =
0.002). The 5 year cumulative incidence of disease pro-
gression was significantly lower in patients with persis-
tently “low-normal” ALT levels than “high-normal” ALT
levels or those who exhibited an ALT elevation > 41
U/L during the follow-up period (0%, 8.3% and 34.3%,
P < 0.001).

CONCLUSION: A “high normal” ALT level in chronic
hepatitis C patients was associated with disease pro-
gression, suggesting that the currently accepted normal
threshold of serum ALT should be lowered.

© 2013 Baishideng. All rights reserved.
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Core tip: Recent studies have indicated that the upper
limit of normal for the serum alanine aminotransferase
(ALT) level should be lowered. However, outcome stud-
ies based on the development of adverse events during
long-term follow-up are limited. In this present study,
among patients infected with chronic hepatitis C virus
who had normal ALT levels, the risk of disease progres-
sion differed between patients with “high-normal” and
“low-normal” ALT levels, even within the currently ac-
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cepted normal levels. This finding suggests that lower-
ing the normal threshold of ALT levels may be neces-
sary to better identify patients who are at increased
risk for disease progression.
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INTRODUCTION

Serum alanine aminotransferase (ALT) is an easily avail-
able, low-cost screening tool for detecting hepatocellular
disease!”. Currently, the upper limit of normal (ULN) of
ALT has been set at a mean value * 2SD in a group of
healthy individuals", usually at approximately 40 TU/L in
many hospitals, including our hospital, although this value
varies slightly between laboratories. However, several
recent studies have demonstrated that the ULN of ALT
should be lower than the currently accepted thresholds®™”,
In these studies, the ULN of ALT was assessed in the
standard manner (set at a mean value £ 28D for healthy
individuals); however, by defining a “new” healthy refer-
ence population, largely by excluding metabolically abnoz-
mal individuals'”, Tf the ULN of ALT, often interchange-
ably used with the healthy level, is defined in this manner,
it will vary according to the chosen reference class.

Another way of defining the ULN of ALT, or healthy
levels, involves outcome studies, which are based on the
development of adverse events duting long-term follow-
up[&m. The ULN of ALT can be set at a level that places
individuals at increased risk of adverse consequences.
In fact, a “high-normal” ALT level, even within the cur-
rently accepted normal range, has been associated with
increased liver disease-related mortality>"”] suggesting
that the “healthy” ALT level should be lower than the
currently accepted thresholds. In the present study, we
aimed to assess whether a “high-normal” ALT level is
associated with an increased risk of disease progression
among patients with chronic hepatitis C.

MATERIALS AND METHODS

Patients

Previously, we reported the incidence and risk factors of
disease progression in 1137 patients with chronic hepa-
titis C virus (HCV) infections" . The present study is a
subgroup analysis of our previous study. In our previous
study, we enrolled 1137 chronic hepatitis C patients who
had no history or evidence of advanced liver disease. The
detailed inclusion and exclusion criteria are described in
our previous reportm. Briefly, patients exhibited evidence
of chronic HCV infection but had no history or evidence
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of cirrhotic complications, including a Child-Pugh score
of > 5 points, esophageal or gastric variceal bleeding,
spontaneous bacterial peritonitis, hepatic encephalopathy,
and HCC. For the present study, out of a total of 1137
patients, we selected 232 patients who did not receive
antiviral therapy for chronic HCV infection and exhibited
normal ALT levels (< 40 IU/L) at enrollment.

Follow-up and endpoint assessment

Follow-up data collection and endpoint assessment fol-
lowed the protocol of our previous study"*. Briefly, all
patients were followed-up at least every 3-6 mo, or more
frequently as required, for at least 1 year. Follow-up tests
included conventional biochemical tests and abdominal
ultrasonography screening. Endoscopic examination
was performed when patients exhibited any symptoms
or signs suggesting gastrointestinal bleeding, such as
hematemesis, melena, hematochezia or sudden drops
in blood hemoglobin levels. If patients did not exhibit
any indications of gastrointestinal bleeding, endoscopic
examination was not performed routinely or regularly.
Patients who dropped out during the follow-up or who
died without reaching the endpoint were classified as ei-
ther withdrawals or censored cases, respectively. All ALT
levels during the follow-up were obtained from each pa-
tient, and the changes in ALT levels during the follow-up
were also assessed. Blood samples of the patients were
collected after > 8 h of fasting and analyzed within 24
h. Plasma concentrations of ALT were measured using
an autoanalyzer (Hitachi Modular D2400, Roche, Tokyo,
Japan).

The primary endpoint was the time to disease pro-
gression, as defined by the first occurrence of any of the
following: an increase of at least 2 points in the Child-
Pugh score, spontaneous bacterial peritonitis, bleeding
gastric or esophageal varices, hepatic encephalopathy, the
development of HCC or death related to liver disease!™.
HCC was diagnosed by histological evaluation or was
diagnosed clinically according to the 1% edition of guide-
lines for the diagnosis of HCC of the Korean Associa-
tion for the Study of the Liver'”. As one of the potential
risk factors for disease progression, alcohol consumption
was assessed as all-or-none from available medical re-
cords. The Institutional Review Board at Samsung Medi-
cal Center reviewed and approved this study protocol.

Statistical analysis

The cumulative incidence rate of disease progression was
calculated and plotted by using the Kaplan-Meier meth-
od. Differences in the incidence rate between the groups
were analyzed using a log-rank test. A receiver operating
curve (ROC) analysis was performed for ALT levels to
estimate the best predictive cut-off values. Multivari-
ate analysis was performed using the Cox proportional
hazard model for variables with P-values of < 0.05 for
univariate analysis to identify factors associated with dis-
ease progression. P-values less than 0.05 were considered
significant.
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Table 1 Baseline characteristics of the 232 patients

Characteristics (n = 232)
Age (yr, mean + SD) 57.2+10.7
Gender, male/female 89 (38):143 (62)
Weight (kg, mean + SD) 61.6+9.3
Alcohol consumption 32 (14)
Diabetes 29 (13)
Estimated duration of infection (mo, median, range) 18 (0-398)
Alanine aminotransferase (IU/L, median, quartile) 25 (19-32)
Aspartate aminotransferase (IU/L, median, quartile) 30 (23-48)
Platelet (10°/ mm®, median, quartile) 179 (13-224)
Aspartate aminotransferase: platelet ratio index 0.4 (0.1-7.5)
(median, range)

>1 50 (22)
Genotype'

1b 12 (57)

1 others 1(5)

2 8 (38)

'Percent value refers to percentage within studied patients. Data are
expressed as absolute numbers (percentage) or mean + SD.

RESULTS

Patient characteristics and incidence of disease
progression

Table 1 presents the clinical features of the patients at
study entry. Disease progression was noted in 33/232
patients (14.2%) during the median follow-up of 54.1
mo (range: 12-151 mo). The mean annual incidence rate
of disease progression was 3.1%. The cause of disease
progression (first occurrence) was HCC in 27 patients
(11.6%), bleeding varices in 2 patients (0.9%), = a 2
point increase in the Child-Pugh score in 2 patients
(0.9%), and hepatic encephalopathy in 2 patients (0.9%).

Disease progression according to the baseline serum
ALT levels

Because previous studies have suggested differing normal
ALT thresholds in males and females""™, we analyzed
data separately by gender. The ALT level (tested as a nu-
meric vatiable) was significantly associated with the dis-
ease progression in both males [hazard ratio (HR) = 1.09;
95%CI: 1.01-1.21, P = 0.048] and females (HR = 1.07;
95%CI: 1.01-1.13, P = 0.040). When ALT levels were
stratified, the incidence rates of disease progression were
5%, 11%, and 21% in male patients with ALT levels of <
20 IU/L (» = 20), 20-39 TU/L (» = 27), and 30-39 IU/L
(n = 42), respectively (P = 0.191) (Figure 1A). In female
patients, the incidence rates wetre 2%, 18%, and 20% with
ALT levels of <20 IU/L (n = 42), 20-39 TU/L (» = 56),
and 30-39 TU/L (» = 45), respectively (P = 0.034) (Figure
1B).

We performed ROC curve analysis to determine the
best ALT cutoff value associated with disease progres-
sion. The best cutoff value was 26 IU/L in males (area
= 0.722, P = 0.011, sensitivity = 0.85, specificity = 0.53)
and 23 IU/L in females (area = 0.634, P = 0.055, sensitiv-
ity = 0.80, specificity = 0.47). The cumulative incidence
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Figure 1 Incidence of disease progression according to serum alanine
aminotransferase levels. There was an increase in the incidence of disease
progression along with an increase in serum alanine aminotransferase (ALT)
values for males (A) and for females (B). White, gray and black bars represent
patients with ALT levels < 20 IU/L, 20-29 IU/L, and 30-39 IU/L, respectively.

of disease progression was significantly higher in patients
with “high-normal” ALT levels than in those with “low-
normal” ALT levels in both males and females (Figure 2).

Risk of disease progression according to baseline ALT
levels

The potential risk factors assessed for disease progres-
sion included the following variables: age, gender, dia-
betes mellitus, alcohol intake, body weight, estimated
duration of infection, platelet levels, ALT levels, aspartate
aminotransferase (AST) levels, and a-fetoprotein levels.
Because HCV RNA quantitation and genotype data were
available for only a few patients, these variables were not
included in our analysis.

Univariate Cox proportional-hazard regression analy-
ses revealed that age, platelet levels, AST levels, and ALT
levels were significantly associated with disease progres-
sion in males (Table 2). In females, age and diabetes as
well as platelet, AST, and ALT levels were associated with
disease progression (Table 2). Multivariate Cox propor-
tional-hazard regression analyses were performed for the
above-mentioned variables. After adjusting for potential
confounders, the baseline ALT levels remained a signifi-
cant factor associated with disease progression in both

genders (Table 2).
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Figure 2 Cumulative incidence of disease progression according to ala-
nine aminotransferase levels. The incidence rate differed between patients
with “high-normal” and “low-normal” alanine aminotransferase (ALT) levels. A:
Males; B: Females.

Change of ALT level during follow-up and risk of disease
progression

ALT levels fluctuated during the follow-up period. Dur-
ing the follow-up, ALT remained “low-normal” in 41
patients (17.7%), “high-normal” in 101 patients (43.5%),
and elevated over > 41 IU/L in 90 patients (38.8%).
More patients with “high-normal” ALT levels at base-
line expetienced an ALT elevation (> 41 IU/L) during
follow-up than did patients with “low-normal” ALT
levels at baseline (47.7% vs 27.9%, P = 0.002). The 5-year
cumulative incidence of disease progtression was signifi-
cantly lower in patients whose ALT levels remained “low-
normal” than in those patients whose ALT levels were
“high-normal” or who exhibited ALT elevation > 41
U/L duting follow-up (0%, 8.3% and 34.3%, P < 0.001,
Figure 3).

DISCUSSION

The present study demonstrated a significant difference
in the disease progression rate in chronic hepatitis C pa-
tients with “high-normal” and “low-normal” ALT levels
for both genders. Because the long-term prognosis signif-
icantly differs between patients with “high-normal” ALT
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Table 2 Disease progression hazard ratio for each factor
according to gender

Univariate Multivariate
Hazard ratio P value Hazard ratio P value
(95%ClI) (95%Cl)

Male
ALT (IU/L) > 26 vs < 25 4.67 (1.03-21.1)  0.045 535 (1.05-27.3) 0.043
Platelet (10°/mm?) 0.98 (0.97-0.99) 0.002 0.98 (0.96-0.99) 0.012
Age (yr) 1.07 (1.01-1.13)  0.030 1.06 (0.98-1.14) 0.12
AST (IU/L) 1.02 (1.01-1.03) < 0.001 1.00 (0.99-1.02) 0.77
Female
ALT (IU/L) > 23 vs < 22 3.51 (1.17-10.5)  0.025 4.40 (1.12-15.8) 0.023

( ) ( )
Platelet (10°/mm?) 0.97 (0.96-0.98) < 0.001 0.97 (0.96-0.98) < 0.001
Age (yr) 1.06 (1.01-1.10) 0.017 1.04 (0.98-1.09)  0.18
AST (IU/L) 1.02 (1.01-1.03) <0.001 1.00 (0.99-1.01) ~ 0.97
Diabetes (yesvsno) ~ 3.23 (1.24-841) 0.016 2.57 (0.83-7.92)  0.10

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.
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Figure 3 Cumulative incidence of disease progression according to
changes in alanine aminotransferase levels. The incidence rate differed
among patients who exhibited persistently “low-normal” alanine aminotrans-
ferase (ALT) levels or “high-normal” ALT levels and patients who exhibited ALT
elevation (> 41 IU/L) during follow-up.

values and patients with “low-normal” ALT values, these
findings strongly suggest that the currently used normal
ALT range warrants further stratification'” >, This find-
ing is consistent with findings by Lee ¢z 2/’ who inves-
tigated the incidence of HCC in a prospective cohort of
chronic HCV-infected patients. The authors reported that
elevated serum ALT levels were an independent risk fac-
tor for the development of HCC and that the risk begins
to rise in patents with ALT levels of 15 IU/L, far below
the currently used ULN for ALT levels"”. Thus, patients
with “high-normal” ALT (26 to 40 IU/L in male and 23
to 40 IU/L in female in this study) should not be con-
sidered “normal” or “healthy”, and lowering the ‘healthy’
ULN of ALT is advisable.

In this study, we enrolled patients who exhibited not-
mal ALT levels at baseline. However, duting the follow-
up, many patients experienced ALT elevation. Overall,
90 of 232 patients (38.8%) exhibited ALT elevation > 41
IU/L duting the follow-up. Patients with “high-normal”
ALT levels exhibited a higher incidence of ALT flare
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(> 41 TU/L) than did patients with “low-normal” ALT
levels. During follow-up, only 17.7% of patients with
initially “low-normal” ALT' levels persistently expressed
“low-normal” ALT levels. The risk of disease progres-
sion differed significantly among patients who exhibited
ALT elevation (> 41 TU/L), patients who persistently ex-
hibited “high-normal” ALT, and patients who persistently
exhibited “low-normal” ALT levels (34.3%, 8.3% and 0%,
respectively). This finding emphasizes the importance
of serial ALT follow—ups[zo’ﬁ’w, even for patients with
normal ALT levels, because ALT levels can change and
disease can progress in these patients.

It is noteworthy that best cutoff value of ALT for
disease progression differed according to gender in this
study. Several factors influence serum ALT values, includ-
ing age, race, gender and body mass index"""**!. Cut-
rently, many laboratories do not assign different ULN of
ALT by gender; however, several studies support the con-
sideration of gender when setting the ULN of ALTP,
In this study, we also observed different cutoff values
according to gender (26 IU/L in males and 23 IU/L in
females) when the ULN of ALT was calculated in terms
of predicting adverse consequences. Gender-specific
ULN values of ALT appear more reasonable and should
be applied in clinical practice.

There are limitations to this study that require careful
interpretation of our results. The mean annual incidence
rate of disease progression in this study was 3.09%. Pre-
vious studies on the natural history of HCV have used
various outcome measures, making it difficult to compare
to this study. Nevertheless, the annual progression rate
to cirthosis in chronic HCV infection has been reported
to be 0.1% to 1%, As the endpoint of this study was
advanced cirthotic complications, the reported incidence
rate in this study was very high. This study is a retrospec-
tive study that was performed at a tertiary referral center.
Hence, selection bias may account for the high incidence
rate of disease progression. Furthermore, a consider-
able proportion of the patients may have had significant
fibrosis at baseline. Although baseline liver biopsies were
not performed in most patients, an aspartate aminotrans-
ferase: platelet ratio index > 1, a noninvasive marker that
can predict fibrosis in chronic hepatitis C patients[zg], was
noted in 22% of the patients at baseline.

In summary, the present study demonstrated that
patients with “high-normal” ALT levels, even within the
currently accepted normal range, exhibit a significantly
higher risk of ALT elevation and disease progression.
The optimal ALT cutoff value to predict adverse out-
comes differed by gender. Thus, gender-specific and low-
er ALT cutoffs seem more appropriate than the currently
used ALT cutoff (40 IU/mL, regardless of gender).

COMMENTS

Background

Serum alanine aminotransferase (ALT) is an easily available, low-cost screen-
ing tool for detecting hepatocellular disease. Currently, an upper limit of normal
(ULN) of ALT has been set at the mean value £ 2SD in a group of healthy
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individuals. However, the ULN of ALT should also be set at a level that identifies
individuals at risk for developing adverse consequences during follow-up.

Research frontiers

Several previous studies, in which the ULN of ALT was defined as the mean
value + 2SD, have demonstrated that the ULN of ALT is lower than the currently
accepted thresholds (40 IU/L).

Innovations and breakthroughs

The present study, a long-term outcome study, demonstrated that there was a
significant difference in the rate of disease progression between chronic hepati-
tis C patients with “high-normal” and “low-normal” ALT levels for both genders.

Applications

Because the long-term prognosis significantly differs between patients with
“high-normal” ALT values and patients with “low-normal” ALT values, these find-
ings strongly suggest that the currently used normal ALT range warrants further
stratification.

Terminology

“High-normal” and “low-normal” refers to ALT levels that are associated with
disease progression for each gender within the currently accepted normal ALT
level range (< 40 IU/L).

Peer review

The hepatic enzymes is indicator of liver damage, its changes must have per-
sonal specificity, individual variations is fact, regardless the gender, however,
findings in this study is important.
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