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Abstract

Hepatitis E is caused by the hepatitis E virus (HEV),

the major etiologic agent of enterically transmitted

non-A hepatitis worldwide. HEV is responsible for major INTRODUCTION
outbreaks of acute hepatitis in developing countries, Hepatitis E virus (HEV) is a significant international pub-
especially in many parts of Africa and Asia. The HEV is lic health problem and it is estimated that 2.3 billion peo-
a spherical, non-enveloped, single-stranded, positive  ple are infected globally”. HEV is the leading cause of
sense RNA virus that is approximately 32 nm to 34 nm acute viral hepatitis in the world, especially in developing
in diameter and is the only member in the family Hep- countries. The first retrospectively confirmed outbreak
eviridae and genus Hepevirus. There are four distin;t of hepatitis E occurred in 1955-1956 in New Delhi, India
genotypes of HEV (genotypes 1-4). While genotype 1is ;.4 resulted in more than 29000 symptomatic jaundiced
prgdomlnantl_y associated with large epidemics in devel- persons?. Since that time, many large outbreaks have oc-
oping countries, genotype 3 has recently emerged as a curred in Asia, Africa and Mexico™. In addition, sporad-

significant pathogen in developed countries. The clini- . .. . )
. . o ic hepatitis E outbreaks commonly occur in developing

cal manifestations and the laboratory abnormalities of . . . . .
countries of Asia and Aftrica as well as in industrialized

hepatitis E are not distinguishable from that caused by .56 ) . . . .

other hepatitis viruses. However, high mortality among ~ countries . Although there is a distinct epidemiologic
pregnant women particularly during the third trimes- ~ Picture of HEVinfection in North America, Europe,
ter distinguishes HEV from other causes of acute viral ~ 2nd Japan, this review article will summarize the current
hepatitis. Specific etiologic diagnosis among infected ~ ¢pidemiology of HEV infection in the developing world.
cases can be made by serological testing or detection

of viral nucleic acid by reverse transcription polymerase =~ HEV

chain reaction. Although there are vaccine candidates =~ The discovery of HEV followed the development of
that had been shown to be safe and efficacious in clini- serological tests for hepatitis A virus (HAV) and hepatitis
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B virus (HBV) infections in the mid 1970s. With the abil-
ity to diagnose HAV and HBV infections and after ruling
out HAV as the cause of the large 1955-1956 jaundice
epidemic in New Delhi, the search for the causative agent
of the enterically transmitted non-A non-B hepatitis in-
tensified. In 1983, virus-like particles were observed, us-
ing immune electron microscopy, in the stool of a human
volunteer experimentally infected with what eventually
became to be recognized as the HEV". The HEV ge-
nome was first cloned in 1990.

HEV is a spherical, non-enveloped, single-stranded,
positive-sense RNA virus that is approximately 32 nm
to 34 nm in diameter”. The organization of the HEV
genome is substantially different from other viruses and
it has its own family, the hepeviridae, genus hepevirus, spe-
cies HEV™'", The HEV genome is arranged in three
overlapping open reading frames (ORF). The three cod-
ing frames are used to express different proteins. ORF1
encodes a polyprotein of about 1690 amino acids that
undergoes post-translational cleavage into multiple non-
structural proteins required for virus replication, includ-
ing a methyltransferase, a putative papain-like cystein
protease, an RNA helicase and an RNA-dependent RNA
polymerase. ORI2 does not overlap with ORF1; it is lo-
cated at the 3’-end of the genome and encodes the prin-
cipal structural protein, the capsid protein of 660 amino
acids. ORF3 begins with the last nucleotide of ORF1; it
overlaps with ORF2 and encodes for a small immuno-
genic 123 amino acid phosphoprotein which associates
with the cytoskeleton, suggesting its possible role in the
assembly of virus particlesm. The organization of the
OREF differs slightly according to genotype however the
function remains the same. Compared to the HAV, the
HEV is less resistant to environmental conditions such as
temperature.

EPIDEMIOLOGY

HEV is classified into at least four major genotypes 1-4
and 24 sub—types[s]. However, HEV has only one sero-
type. Genotype 1 is the most frequent cause of epidemic
and sporadic hepatitis E in the developing world. HEV
genotype 2 was first identified from the 1986 epidemic in
Mexico and subsequently from Chad and Nigeriaw. Meng
et al™ first described an HEV isolate which was genetical-
ly divergent from Burmese and Mexican strains and that

was highly prevalent in the swine population. This strain
was eventually isolated from a case in the United States
that occurred in a person for whom no clear risk factor
for infection was identified"”. HEV genotype 3 is preva-
lent globally in the swine population and is now being
increasingly identified in human cases in the developed
world™. Genotype 4 was first described in Taiwan and
subsequently found in China, Japan and India. Genotypes
3 and 4 also have been isolated from swine in the United
States, Africa and Asia. There are clear differences in the
epidemic potential of the various genotypes and epidem-
ics occur exclusively in developing countries where the
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predominant circulating human strain is HEV genotype 1.
The geographic distribution, the virulence, the nature of
reservoirs and the epidemic potential of the four geno-
types that are associated with human disease is shown in
Table 1.

The epidemiologic characteristics of epidemic hepa-
titis E have remained consistent since the first described
outbreak in New Delhi with the highest attack rates
among young adults and a high mortality among women
in the third trimester of pregnancy[2’3], This latter charac-
teristic has remained to be the hallmark of HEV associ-
ated acute viral hepatitis that leads to the initial suspicion
of an epidemic in the absence of capacity for serological
diagnosis.

To date, few studies have attempted to quantify the inci-
dence of hepatitis E in the general population. Labrique
et al™ followed a randomly selected cohort of 1134 sub-
jects from rural southern Bangladesh where the baseline
prevalence of antibodies against HEV was 22.5% and
found serological incidence of 60.3 per 1000 person-
years during the first 12 mo of follow up. Conversely,
there are several studies that have examined the preva-
lence of antibodies against HEV in different population
groups. However, the interpretation of these seropreva-
lence data is immensely challenging. Challenges include
the inconsistency of results due to lack of standard tests
with comparable sensitivity and specificity, the high se-
roprevalence in populations where disease rarely occurs
or is virtually absent, the presence of multiple genotypes
with different disease patterns and the failure of serologi-
cal tests to distinguish between genotypes.

The prevalence of markers of infection with HEV is
much lower in children than for comparable markers of
HAYV infection in countries endemic for both infections.
In a study in Pune, India, researchers found that the prev-
alence of anti-HAV increased rapidly and reached a peak
of around 90% by age 10 years. However, the prevalence
of anti-HEV remained low until age 15 at which point
it started to increase and peaked at around only 50%"",
There is no clear explanation for the relatively low preva-
lence of immunoglobulin G (IgG) antibodies against
HEV but it may be due to a rapid loss of serological evi-
dence following natural infection.

In epidemic conditions, HEV is transmitted mainly by
drinking fecally contaminated water. In Southeast Asia,
outbreaks have usually occurred during the rainy season
when flooding can contaminate drinking water supplies”.
However, many outbreaks also have occurred during
the dry season or in conditions where there was no clear
flooding or contamination of the drinking water supplies.
Recent evidence suggests significant person-to-person
transmission in outbreak situations although it is not clear
whether this mode of transmission is of comparable
magnitude to the person-to-person transmission of HAV
infection"”. There have been reports of transfusion-
related transmission and nosocomial transmission of iso-
lated cases of HEV infection"™"”. Vertical transmission
of HEV from a pregnant woman to her unborn fetus is

December 27,2011 | Volume 3 | Issue 12 |
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Table 1 Comparison of the four hepatitis E virus genotypes by select characteristics

Characterstics Genotype 1 Genotype 2 Genotype3 Genotype 4
Viral discovery 1983 1986 1995 2003
Geographic distribution Developing countries Mexico, West Africa Developed countries China, Taiwan, Japan
Food-borne transmission No No Yes Yes
Fecal-oral transmission Yes Yes ? No
Water-borne transmission Yes Yes ? No
Person-to-person transmission Yes Unknown Yes Unknown
Zoonotic transmission No No Yes Yes
Occurrence of epidemics Common Smaller scale epidemics No epidemics Uncommon
Highest attack rate Young adults Young adults Persons = 40 yr of age Young adults
Gender Male preponderance Not discriminatory Mostly male Not discriminatory
Mortality rate 0.5%-3% 0.5%-3% Not determined 0.5%-3%
Mortality among pregnant women High High Not determined High
Chronic infection None None Yes None
Severe disease among immuno- Not reported Not reported Yes Not reported
compromised
Interspecies transmission Only humans and non- Only humans and non- Humans Humans

human primates human primates Pigs Pigs
Subtypes 5 2 10 7

very well documented. Khuroo ez a/”’ investigated fetal
outcomes of HEV infection in pregnant women and
found in utero transmission with fetal outcomes ranging
from intrauterine fetal death to symptomatic and asymp-
tomatic neonatal liver infection. To date, there has been
no evidence for sexual transmission of HEV.

Sporadic hepatitis E is also common in countries
whete epidemic hepatitis E occurs. The mode of trans-
mission or risk factors for sporadic HEV transmission
is not known. There are data that show that a significant
proportion of acute viral hepatitis in epidemic prone
countries is caused by HEV®™, The global burden of
HEV infection is due much more to the contribution of
sporadically transmitted hepatitis E cases than to cases
consequent to epidemic hepatitis E. In India alone, it is
estimated that 2 million cases of hepatitis E occur annu-
ally compared to an estimated 1.4 million cases of hepati-
tis AP,

In parts of Africa (Sudan, Chad, Uganda, Kenya, and
Somalia) a number of large hepatitis E outbreaks have
occurred among persons living in refugee camps or inter-
nally displaced persons camps”". Persons living in such
camps may not have adequate access to clean water and
sanitary conditions. Furthermore, such populations may
be vulnerable to infectious diseases because of crowded
living and poor nutrition, leading to higher risk of ex-
posure to infectious agents and poor immune response
during infectious exposures. Available medical care ser-
vices may not be optimal and thus mortality from setious
complications of infection may be high. This may explain
in part the observed high mortality during hepatitis E
outbreaks in Africa®. Outbreaks have been reported
among migrant workers who move to cities and reside in
crowded urban slums™,

The clinical presentation and sero-epidemiology of
hepatitis E (caused by HEV genotype 1) is not consistent
globally. Serological data from Egypt have shown that the
seroprevalence of anti-HEV can reach close to 100% in
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a population; similar to that seen with the seroprevalence
of anti-HAV. Studies among pregnant women in the Nile
Delta have found very high seroprevalence rates without
any clinical consequence™. Furthermore, a high clinically
manifest infection rate has been recorded in young chil-
dren in the same region”. The HEV strain circulating
in Egypt is HEV genotype 1 subtype 3. On the basis of
this finding some researchers have suggested that HEV
genotype 1 subtype 3 may be less virulent but highly con-
tagious.

The persistence of IgG anti-HEV following natural
infection has been one area of interest for researchers.
In Kashmir, researchers conducted serological follow
up of 320 persons who were known to have hepatitis
E during the 1978 HEV outbreak. In 50% of the cases
there was detectable IeG anti-HEV 14 years after infec-
tion™. In another short term follow-up study, research-
ers found that 100% of persons maintained evidence of
past infection 3 years later”™. However, the implication
of the persistence of antibodies is not clear. The fact that
the prevalence of anti-HEV in the population does not
reach the same levels as HAV and that attack rates are
higher among young to middle aged adults suggests that
infections may not confer lifetime protection. This in-
triguing finding is also complicated by the recurrence of
outbreaks in countries where one would surmise that fol-
lowing past epidemics the population would have devel-
oped immunity to prevent future outbreaks. The question
of how long anti-HEV IgG remains present following
natural infection and the protective efficacy of naturally
acquired anti-HEV antibodies is important because of its
implications for vaccine development.

Prolonged excretion of HEV in stool following
symptomatic/asymptomatic infection is rare. While in
HAV it is known that neonates and young children can
shed virus for long periods of time, such associations
have not been established for HEV. Researchers have
however found that HEV RNA from human or animal
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(pig) waste can contaminate drinking water, survive and
remain infectious for long periods[zg]. In genotype 3-as-
sociated food borne outbreaks, there has been a clear
link between consumption of pig or wild boar liver and
development of disease”™". US researchers have isolated
HEV RNA from pig livers in grocery stores”". In Egypt,
consumption of unwashed produce was associated with
higher prevalence of anti-HEV IgG, suggesting that pro-
duce could be contaminated by human or animal waste
before harvest™. The reservoir of HEV during inter-ep-
idemic periods is not clearly understood. There are many
animal species including rats, cattle, deer and wild boar
from whom anti-HEV antibodies or HEV RNA have
been isolated. Kuniholm ¢# @/ have shown that having
a pet dog was associated with HEV seropositivity, based
on the National Health and Nuttition Survey conducted
between 1988 and 1994 in the United States.

CLINICAL PRESENTATION, DIAGNOSIS
AND TREATMENT

The incubation period of HEV infection ranges from
15 d to 60 d (mean 40 d). Research among non-human
primates showed a direct association between infective

dose and severity of disease with an inverse relation to
the incubation periodm]. HEV causes a range of clinical
manifestations including asymptomatic infection, unap-
parent infection, and icteric hepatitis. The clinical presen-
tation of acute hepatitis E is indistinguishable from other
acute viral hepatitis. Hepatitis E is an acute disease with
abrupt onset of non specific symptoms followed by right
upper quadrant pain, jaundice, anorexia, malaise, nausea
and vomiting. Asymptomatic infections occur more often
among children than adults. In a study by Khuroo e a/”
the symptomatic to asymptomatic ratio for children was
1:12 while for adults it was only 1:3. The symptomatic
hepatitis E attack rate during an outbreak can reach up
to 15%. The attack rate is always higher among adults
even in countries where HEV epidemics have occurred
repeatedly. Furthermore, the attack rate varies by gender.
In many epidemics men were found to have higher attack
rates. However, in a recent HEV outbreak in Uganda,
women were more likely to have symptomatic hepatitis E
than men and this difference was significant for women
aged 15-45 years”, Although the outcome of disease is
worse in pregnant women, there is no evidence to sug-
gest that they are more susceptible to infection or are
at higher risk of infection. HEV infection in pregnant
women is typically severe during the third trimester of
pregnanc57[34’35]. Mortality rates among pregnant women
in the third trimester range from 10%-25%. To date, it
is not clear what the disproportionately high mortality
P The causes of death
include fulminant liver failure and obstetric complications
7 1n contrast, the high
mortality observed in many Asian and African countries

among pregnant women is due to
including excessive bleeding[

was not observed among HEV infected pregnant women
from Egypt. Stoszek ef al”" detected no deaths among
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more than 2000 pregnant women with serological mark-
ers for infection. Other researchers also found very high
seroprevalence with little to no symptomatic infections in
highly endemic rural Egyptian communities™. The com-
monly circulating HEV isolate in Egypt belongs to geno-
type 1 subtype 3 and this may explain in part the different
morbidity and mortality patterns found there.

Another group prone to develop severe morbidity
following HEV infection is persons with pre-existing
chronic liver disease. Persons with advanced liver disease
including cirrhosis can develop acute hepatic failure when
super-infected with HEV™). The same phenomenon
has been observed with hepatitis A super-infection of
persons with chronic liver disease and was the basis for
administration of hepatitis A vaccination to persons with
chronic liver disease"". This will have to be considered
when HEV vaccine becomes available.

The frequent occurrence of HEV infection among
persons undergoing immunosuppressant therapy for
solid organ transplantation in developed countries raises
the question of HEV infection among those with AIDS.
To date, there are few case reports of acute, chronic or
reactivated HEV infection among persons with acquired
immune deficiency syndrome (AIDS). However, these
reports are from Europe where the causative HEV agent
belonged to genotype 3" A few studies have examined
anti-HEV seroprevalence among AIDS cases in Aftica,
but there were no reports of acute or chronic hepatitis
caused by HEV. Dalton ¢z a/*” found that HEV was the
culprit in a number of cases diagnosed as drug-induced
liver injury. In developing countries, the high prevalence
of HIV/AIDS and drug-induced liver injury should be
taken seriously and a systematic search for HEV infection
should be part of the management of liver abnormalities
in such populations.

The laboratory abnormalities in liver enzymes and
liver function tests are similar in HEV to findings with
other forms of acute viral hepatitis and include elevated
serum levels of alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, bilirubin, and
y—glutamyltransferase“1’441. Abnormalities in liver func-
tion typically coincide with onset of clinical symptoms.
Histopathological changes in the liver during acute infec-
tion include focal necrosis and modest inflammation™.
Cholestatic hepatitis is common and a “pseudoglandular”
alteration of hepatocyte plates has been noted. HEV is
not thought to be cytopathic and it is possible that dis-
ease is due to immunological reactions, although this has
not been confirmed. Resolution of biochemical abnor-
malities generally occurs within 1 wk to 6 wk after onset
of illness. Chronic infection with HEV is virtually absent
among healthy individuals, and has never been reported
from HEV genotype 1 endemic countries™”. Also, there is
no evidence to suggest recurrent HEV infection in endemic
countries. However, chronic hepatitis E after infection
with HEV genotype 3 has been reported among persons
receiving immunosuppressive treatments following organ
transplants.
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HEV infection elicits both immunoglobulin M (IgM)
and IgG antibodies against HEV. The IgM antiHEV
response is rapid, occurring about a month after infec-
tion and peaking at the time of onset of biochemical
abnormalities and/or symptomsl47’4sj. HEV RNA can be
detected in both blood and stool at the peak of the acute
serological response. There are a number of commercial
enzyme immunoassays to detect IgM and IgG anti-HEV
in serum although there is considerable variability in their
sensitivity and specificity, thereby making the diagnosis
of HEV infection difficult. Drobeniuc ¢ a/*” conducted
a pangenotypic validation of six commonly available IgM
assays and found that only two of these assays had sen-
sitivity and specificity above 95%. Reverse-transcription
polymerase chain reaction can be used to detect HEV
RNA in serum and stool but is not available routinely in
commercial laboratories. Interpretation of test results
can be difficult, and in low endemic regions a definitive
diagnosis generally requires use of multiple tests, consid-
eration of risk factors, and exclusion of other causes of
acute hepatitis.

The reported mortality rate from hepatitis E dur-
ing an epidemic has ranged from 0.5%-4%. Two recent
investigations have shown that the mortality rate among
young children is also high. In Uganda, the mortality
rate among children younger than 2 years of age was 8%
while in the Kazakhstan the mortality rate among chil-
dren was 5%, Tsega et al’” reported no deaths among
more than 400 cases of acute hepatitis E in young sol-
diers in Ethiopia. Unfortunately, in recent investigations
of HEV outbreaks, it has become apparent that HEV is
a fatal disease not only of pregnant women or very young
children. There is growing evidence that HEV can result
in fatal illness in otherwise young and healthy adults.
HEV super infection may also increase mortality in oth-
erwise stable individuals with chronic liver disease.

There is no specific therapy for hepatitis E, and treat-
ment currently is supportive. The disease typically resolves
within 4-6 wk of the onset of symptoms, usually without
any long-term consequencesmj. Patients with severe com-
plications of hepatitis E require hospitalization and it is
generally believed that hepatitis E may be more severe
than hepatitis AP Vulnerable populations like pregnant
women and persons with preexisting chronic liver disease
should be identified and be given necessary supportive
treatment. To date immune globulin has not been demon-
strated to be effective in preventing hepatitis E in HEV-
infected persons although there is some evidence to sug-

gest that prior infection protects from disease’™ ™,

PREVENTION

In HEV outbreaks, as in other fecal orally transmit-
ted infection outbreaks, the provision of clean drinking
water and improving the sanitary disposal of human
waste are the two most important preventive approaches.
There are challenges in implementing such strategies in a
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timely manner in areas where such epidemics occur. The
outbreak in Uganda resulted in more than 10000 cases
despite attempts to provide clean water and increased
access to latrines”. The outbreak in Datfur raised ques-
tions about the optimal level of chlorination to eliminate
HEV from drinking water”. In contrast, the lack of spe-
cific risk factors for sporadic hepatitis E makes it more
difficult to develop prevention strategies.

In Nepal, a phase II trial of recombinant HEV vac-
cine made by expressing the ORF 2 protein in baculovi-
rus has demonstrated that the vaccine is safe and highly
efficacious”™. However, this trial only included men and
thus yielded no information on the vaccine’s safety and
efficacy in women and children. Recently, Zhu ez a/™”
reported a phase Il trial of another recombinant vac-
cine expressed in Escherichia coli. The trial included al-
most 110000 persons randomized to receive vaccine or
placebo (hepatitis B vaccine). This trial found a vaccine
efficacy of 99%, but did not enroll children and pregnant
women. There are other vaccines at different stages of
development.

The two vaccine candidates that have undergone
phase II and phase III trials, respectively, are recombinant
proteins from truncated ORF 2 of the SAR 55 strain. As
HEV has only one serotype, it is expected that these vac-
cines will be equally protective from infection by any of
the four HEV genotypes. Given the experience in Asia
that recurrent outbreaks can occur in a population and
that the population level prevalence of markers of im-
munity against HEV are not as high as that against HAV,
it seems likely that the vaccine will prove to be the magic
bullet for prevention of HEV transmission during out-
breaks in these countries. While the results from the re-
cent vaccine trials are promising, many questions remain
to be answered before the vaccine can be rolled out for
use in the field. The most important question is the safety
and efficacy of a vaccine among the most vulnerable
populations including pregnant women, young children,
and those with pre-existing chronic liver disease. Other
questions include the efficacy of a vaccine when used in
the immediate post-exposure situation in preventing and
controlling transmission during an outbreak, the cost of
the vaccine, the length of vaccine induced immunity, and
when to vaccinate.

Understanding the global burden of HEV disease will
help to develop vaccination policy when vaccines become
available. However, there is a lack of epidemiological data
from most countries where HEV could be the leading
cause of acute viral hepatitis. The available information is
mostly limited to data collected duting outbreaks or epi-
demic investigations. To benefit optimally from the vac-
cine, it will be important for countries to start conducting
surveillance for viral hepatitis with emphasis on etiologic
rather than syndromic diagnosis. Information on base-
line prevalence of markers for past HEV infections also
would be useful in informing the target recipients of the
vaccine.
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CONCLUSION

HEV is the leading cause of non-A, non-B enterically-
transmitted acute viral hepatitis in the world. Although
HEV has only one serotype, the different genotypes ap-
pear to be associated with different epidemiological pro-
files in the developing world compated to industrialized
countries. In most of the developing world, the disease
affects mainly young adults and results in very high mot-
tality among very young children and pregnant women.
In epidemic settings, the basic premises for prevention
of HEV infections are provision of safe drinking water
and sanitary disposal of human waste. As the risk factors
for transmission in sporadic hepatitis E are not clearly
understood, it remains difficult to recommend preven-
tion strategies. However, the same strategy that prevents
outbreaks should closely be adhered to, as HEV and
other feco-orally transmitted or watet-borne infections
could be prevented. Specific attention should be given to
persons at higher risk of severe illness by giving priority
to the prevention of infection in this vulnerable group
during outbreaks. Given the huge global burden of epi-
demic and sporadic hepatitis E, the high mortality among
pregnant women and very young children, the severity
of autochthonous hepatitis E, and the threat caused by
the widespread prevalence of HEV infection in different
populations wotldwide, expansion of epidemiologic and
intervention studies, especially clinical trials of promising
hepatitis E vaccine candidates, should be putsued.
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spread of infection. Most hepatitis B patients present
with advanced diseases. Although perinatal transmission
is believed to be an important mode, most infections in
the developing world occur in childhood and early adult-
hood. Factors in developing countries associated with INTRODUCTION

the progression of chronic hepatitis B (CHB) include co- Hepatitis B is the leading cause of chronic viral hepatitis
infections with human immunodeficiency virus, delta across the world. More than two billion people world-
hepatitis virus, hepatitis C virus, alcohol intake and
aflatoxin. Treatment protocols extrapolated from de-
veloped countries may need modifications according to
the resources available. There is some controversy as
to when to start treatment, with what medication and
for how long? There is now enough evidence to sup-
port that hepatitis B patients should be considered for
treatment if they show persistently elevated abnormal . X
aminotransferase levels in the last 6 mo, checked on at ~ /About 25% of adults who become chronically infected
least three separate occasions, and a serum hepatitis B~ during childhood die prematurely from liver cancer or
virus DNA level of > 2000 IU/mL. Therapeutic agents cirrhosis, caused by its chronic infection”. But if adults
that were approved by Pure Food and Drug Administra- are infected by hepatitis B virus (HBV) after childhood,
tion are now available in many developing countries. 90% will eventually fully recover. Hepatitis B causes an
These include standard interferon (INF)-o, pegylated estimated one million deaths per year worldwide!.

wide show serological evidence of exposure to this virus,
comprising about one third of the global population and
approximately 350-400 million carry the chronic infec-
tion”. Chronic hepatitis B (CHB) infection leads to
cirthosis and is still a major cause of hepatocellular carci-
noma in many parts of the developing world™. For chil-
dren under 1 year, the risk of chronic infection is 90%"”.
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It is estimated that 5 % to 15% of the population are
chronic carriers of hepatitis B in developing countries,
whereas in North America and Western Europe only 1%
of the population is chronically infected. Chronic HBV
infection is highly prevalent in sub-Saharan Africa, South-
east Asia, the Eastern Mediterranean region, the Amazon
basin and the Caribbean'”. Hepatocellular carcinoma
seems to be more common in Africa and Asia than in
other parts of the world due to Hepatitis B infection.

Many developing countries often face significant
health and hygiene challenges that predispose to the
transmission of hepatitis viruses. Most hepatitis B pa-
tients present with advanced disease. Contributing factors
leading to late presentation include ignorance, poverty,
lack of casy accessibility to healthcare centers, lack of
trained personnel and diagnostic facilities, un-affordabili-
ty of expensive drugs and consultations from quacks and
traditional healers that misguide patients.

TRANSMISSION

Perinatal transmission is believed to be the most impor-
tant mode in regions of developing world with high and
intermediate HBV prevalence rates'”. Transmission oc-
curs from mother to child or from child to child, mainly
through cuts, bites, scrapes and scratches. Although most
infections in the developing world occur in childhood
and early adulthood, a significant proportion of non-
immune adults remain at risk to healthcare-acquired
infections. HBV remains a major nosocomial pathogen
in many hospitalsm. Transmission may occur due to un-

safe injections, blood transfusions and lack of awareness
of infection control"™, Healthcare providers may be
unaware of the natural history of hepatic cellular cancer
(HCC) and the need for continuous lifetime monitoring
of HBV infection status'™. Sexual contact also accounts
for some HBV transmission.

Phases of infection

The natural history of CHB has been defined into dif-
ferent phases: the immune tolerant phase, the immune
reactive phase and the inactive carrier phase and hepatitis
B e antigen (HBeAg) negative disease"". In the immune
tolerant phase, HBeAg is positive, HBV DNA is elevated,
abnormal aminotransferase (ALT) is usually normal and
liver inflammation is absent or minimal. The immune
reactive phase is characterized by ALT elevation, HBV
DNA levels > 2000 IU/mL and active liver inflammation
and fibrosis of various degrees. A more vigorous cyto-
toxic T-cell response may occur eventually, resulting in se-
roconversion from HBeAg to anti-HBe during this phase.
After seroconversion, most patients go into the inactive
hepatitis B carrier phase characterized by normal ALT
levels, low levels of HBV DNA (< 2000 IU copies/mL)
and improvement of liver inflammation and fibrosis over
time, provided they remain in the inactive hepatitis B
phase. These patients may move from the inactive hepa-
titis phase back to the immune reactive phase, either by
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experiencing a reversion from anti-HBe to HBeAg or
having HBeAg negative CHB with elevated HBY DNA
levels > 2000 IU/mL and elevated ALT"™ A small frac-
tion of patients lose surface antigen over years with the
disease becoming inactive. Occult infection is associated
with negative hepatitis B surface antigen (HBsAg), unde-
tectable HBV DNA in serum which is detectable on liver
biopsy as persistent of covalently closed circular DNA
(cccDNA) within the nucleus of infected cells™, Hepati-
tis B can reactivate when patient is immunosupressed in
such a state”*,

There may be some factors operating more in de-
veloping countries associated with the progression of
CHB, like co-infections with human immunodeficiency
virus (HIV), delta hepatitis virus (HDV), hepatitis C vi-
rus (HCV), alcohol intake and aflatoxin. Individuals with
chronic HBV infection need lifelong monitoring for the
development of active chronic hepatitis and HCC.

EVALUATION BEFORE STARTING
TREATMENT

Newly diagnosed CHB individuals should be evaluated
by relevant history, identifying risk factors and appropri-
ate physical examination™. Laboratory tests should in-

clude complete blood counts, liver panel, o fetoprotein,
HBeAg, anti-HBe antibody status and HBV DNA levels.
Every patient should have an ultrasound examination of
liver. Other tests that are still not included in the guide-
lines are quantification of HBsAg and HBV genotype. It
is possible to quantify the HBsAg level, which would help
improve management and monitoring of hepatitis pa-
tients. This test is now becoming available in developing
countries and is not very expensive. It reflects transcrip-
tionally active cccDNA while HBV DNA levels reflect
P2 HBV genotype influences the
outcome of the disease as well as outcome of therapy
with interferon (INF)*”. However, in countries like Paki-
stan where a single genotype predominates, it would be
unnecessary to check genotype in every case’”’

Co-infections with other infections should be ruled
out by checking HIV, HDV and HCV antibodies. To
stage the chronic active disease, liver biopsy is considered
to be the gold standard. However, help may also be taken
from Fibroscan and non invasive tests. Chen e @/ re-
ported a model to predict compensated cirrhosis due to
HBYV infection using the findings of ultrasound examina-
tion of liver and blood tests.

Screening and vaccination for hepatitis A may not be
necessary in areas with high childhood exposure. Screen-

active viral replication

ing and vaccination of household/sexual contacts for
HBV is recommended.

TREATMENT

Evidence-based guidelines for the treatment of CHB
have been developed by three of the world’s major liver
societies, the American Association for the Study of
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[ Chronic hepatitis B ]

ALT t and ALT 0.5-1.0 ULN and
HBV DNA = 2000 IU/mL HBV DNA = 2000 IU/mL

HBV DNA = 2000 IU/mL
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Liver biopsy

Antiviral therapy
(Immune reactive Phase)

(Immune tolerant phase)
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)

Figure 1 Selecting patients for anti-viral therapy. HBV: Hepatitis B virus; ALT: Abnormal aminotransferase; ULN: Upper limit of normal.

Liver Diseases™, the European Association for the Study
of the Liver™ and the Asian Pacific Association for the
Study of the Liver”". These guidelines are reviewed and
updated every 2-3 years. National guidelines of local
societies from developing countries are also available™
Evidence-based guidelines require sufficient evidence to
support any recommendations that are made and thus
may not cover all situations which a clinician caring for
hepatitis B in developing countries may encounter. Treat-
ment can cost thousands of dollars per year and is not
available to the majority of patients in these countries.

Who should be treated?
Labeling of HBV infected patients as “inactive carriers”
based on ALT alone may be misleading. A fair propor-
tion of patients with CHB and persistently normal ALT
have HBV DNA = 5-log copies/mL and significant
histological fibrosis"™. There have been suggestions for
lowering the upper cut off of normal range for ALT to
19 TU/ml. for women and 30 TU/mL for men, as higher
levels have been shown to be associated with significant
liver disease”™ . These cut off levels differentiate the re-
ally “inactive carriers” from those with active disease with
histological damage, who need to be treated. Studies have
shown that mildly elevated ALT less than two time upper
limit of normal (< 2 ULN) may also be associated with
significant underlying liver disease and does not predict a
lower risk of long-term complications™

HBV DNA detection and quantification form an
integral part of disease assessment, disease activity and
response to therapy. HBV DNA viremia levels corre-
late positively with the inflammatory grade and fibrosis
stage””’. Cut off value of HBV DNA of 20000 TU/mL
for the initiation of treatment has been challenged. The
R.E.VE.AL study showed that the value of > 10" copies
(2000 TU/mL) might be associated with a higher risk for
development of cirrhosis and is independent of HBeAg
status and serum ALT levels™. Three other studies have
also suggested that CHB may occur at lower levels of
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HBV DNA between 10* copies/mL and 10° copies/
mL”*. Moreover, with the single point assessment of
HBV DNA level, the accurate differentiation of CHB
e-antigen negative infection from inactive carriers is dif-
ficult because of wide and frequent HBV-DNA fluctua-
tions. It has been suggested that single-point combined
HBsAg and HBV-DNA quantification (HBsAg < 1000
IU/mol and HBV DNA < 2000 IU/mL) provides the
more accurate identification of inactive cartiers'.
Hepatitis B patients should be considered for treat-
ment if they show persistently elevated ALT levels in the
last 6 mo, checked on at least three separate occasions,
and a serum HBV DNA level of > 2000 TU/mL"". If
ALT fluctuates near the upper limit of normal or remains
> (.5 times ULN all the time with elevated HBY DNA >
2000 TU/mL, liver biopsy is advocated (Figure 1). Patients
with HBV DNA positive < 2000 IL/mL and normal ALT
levels should be monitored every 3 mo for the first year
then every 6 mo thereafter to assess development of ac-
tive disease. Cirrhotic patients with detectable HBV DNA
should be treated irrespective ALT level. Ultrasound ex-
amination of liver should be repeated every 6-12 mo.

Therapies for CHB
Two types of agents used for treatment are INF (standard
and PEG) and oral nucleosides/nucleotides analogues
(NUCs). The former has advantages of having a finite
treatment period, no resistance and durable HBeAg se-
roconversion. While treating with INF, patients infected
with genotype A do better than genotype D in Cauca-
sians and genotype B better than genotype C in Asians™,
INFs cannot be prescribed in cirrhotic patients with de-
compensated disease. On the other hand, NUCs are easy
to administer and monitor, have fewer side effects and
can be given in cirrhotics. Therapeutic agents that were
approved by Pure Food and Drug Administration include
standard INF-q,, pegylated INF-q,, lamivudine, adefovir,
entecavir and telbivudine”.

Lamivudine is a cheap option in developing countries
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Six months of anti-HBV
therapy

HBV DNA > 2000 IU/mL

‘ ALTt and ‘

ALT normal and
HBV DNA < 60 IU/mL

HBV DNA > 60, < 2000

‘ ALT 0.5-1.0 ULN and ‘

{ Primary treatment failure j { Complete virological response j { Partial or incomplete responsej

%

—

Combination therapy or
switch-over therapy

Continue treatment 6 monthly
ALT and HBV DNA

‘ <—‘ Combination therapy ‘

Figure 2 Evaluation of response to therapy at 6 mo (Modified from Keeffe et a** 2008). HBV: Hepatitis B virus; ALT: Abnormal aminotransferase; ULN: Upper

limit of normal.

but is easily susceptible to resistance!™”. The documented fig-
ures for lamivudine resistance mutation rises up to 23 %-65%
after 1-5 years of treatment™. Adefovir dipivoxil is a
less effective agent compared to other agents and offers
a high chance of resistance, as is telbivudine although it
is a more potent drugm’%l. Entecavir and tenofovir are
effective options bearing the least chance of developing
resistance with a high potency against the HBV and can
be opted as first line option straight away'"". Tenofovir is
a potent inhibitor of HBV viral suppression'™”, Emtric-
itabine (cytosine analog), which is a co inhibitor for both
HIV and HBY, is structurally similar to lamivudine with
the same resistant mutations and the results are compa-
rable!™”.

Thymosin o has been used in Asian countries as an
immunomodulatory agent. It has a delayed virological
response which is seen after the completion of a year of
treatment” . Various combination therapies using both
INF and NUCs are also used for an additive synergistic
effect and greater suppression of virus along with reduc-
ing the risks of emergence of resistance”™™. For example,
INF and lamivudine when used in combination in wild
type virus is more potent than monotherapy with lower
rates of resistance to lamivudine”*".

Monitoring the response to treatment

Assessment of treatment efficacy can be made by moni-
toring the parameters during the initial phase, mainte-
nance phase and after completion of treatment. A later
sustained response can be established at 6 mo and 1 year
after the end of treatment. Figure 2 summarizes the pos-
sible scenarios after 6 mo of therapy with NUCs.

In clinical practice, serum HBV DNA and ALT mon-
itoring is the most practical method to detect response
and virological breakthrough. It is the key to prevent
possible hepatic flares and decompensationlssj. It should
be done at 3 mo, 6 m into treatment and thereafter ev-
ery 6 mo. Serum HBeAg should be checked every 6 mo
in patients who are initially HBeAg positive in order to
determine the time of e-antigen sero-conversion. Anti-
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HBe antibody should be checked after HBeAg becomes
negative. The quantitative PCR is an expensive test and
may not be affordable for many patients from develop-
ing countries. In such cases testing at month three may
be omitted. In less ideal situations when the test is not
available, monitoring with ALT alone every 3 mo would
suffice. In patients with virological breakthrough, neces-
sary modifications should be instituted and medication
compliance reinforced. Resistance testing (genotyping)
should be carried out, where available, in cases of viral
breakthrough or suboptimal viral suppression.

There is also a potential role for on-treatment monitor-
ing of serum HBsAg titres to predict virological response
during both INF therapy and oral nucleos(t)ide analogue
therapy”. Good immune control results in dramatic
reduction of HBsAg levels. Monitoring HBsAg levels
may help to identify patients who would respond to finite
therapy and achieve sustained immune control in case of
pegylated INF and clear HBsAg in long term treatment
with nucleoside analogs[SG]. Treatment with pegylated INF
may be stopped early in patients who fail to show signifi-

57]

cant decline in HBsAg levels at week 12 or 247,

Drug resistance

Drug resistance, as mentioned above, has emerged as
a major challenge in the management of patients with
CHB. Emergence of resistant HBV strains leads to viro-
logical and biochemical breakthrough, and can further re-
sult in histological deterioration during treatment, hepatic
decompensation and death. Several factors predispose
to development of resistance, including high viral load,
resistant variants, slow response, prior therapy with a
nucleoside analogue leading to cross resistance, high body
mass index, along with patient immune status and com-
pliance, all play a role in the development of resistance to
anti viral therapy™ ",

Entecavir was found to be safe and effective for the
treatment of Japanese adults with lamivudine-refractory
CHB'. I vitro studies however, demonstrate that ente-
cavir is less effective against lamivudine-resistant HBV
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strains in comparison to wild-type; 20-30-fold higher
concentrations are required for polymerase inhibition.
This is because lamivudine resistance already preselects
two of the three mutations required for entecavir resis-
tance. Virological breakthrough to entecavir requires at
least three substitutions. Accumulating evidence from
these settings suggests that entecavir switch is not an op-
timal treatment for patients with lamivudine resistance!™.
Tenofovir may be of value in such cases of baseline la-
mivudine or adefovir resistance””. While dealing with re-
sistance, sequential monotherapy and use of agents with
similar cross resistance profiles should be avoided. An
add-on approach is preferred. A combination of tenofo-
vir with emtricitabine in one tablet has been licensed for
the treatment of HIV infection. This combination, not
freely available in developing countries, may be of value
in dealing resistant cases of hepatitis B as well.

How long to treat?
The end points of therapy should be normalization of
ALT, seroconversion of HBsAg and HBeAg, suppression
of HBV DNA and improvement of histological features
on liver biopsy to achieve sustained suppression of viral
replication and remission of disease™. HBsAg serocon-
version is difficult to achieve with the current therapy and
HBV DNA supression (< 2000 TU/mL) is the primary
desirable objective to prevent the progression of active
disease™"". Duration of treatment varies from 1 year to 3-5
years or may be for life in some cases. INF-based regimens
have a short term period, usually 1 year compared to NUCs.
In patients with HBeAg positive disease, CHB treat-
ment may be stopped after confirmation of undetectable
HBV DNA, HBeAg loss and formation of anti-HBe
antibodies on two separate occasions 3 mo apart after
the consolidation therapy of at least 6 mo™. In patients
with HBeAg negative disease, the end point of therapy
remains undefined. Ideally therapy should be continued
until the patient has achieved HBsAg seroconversion,
a task difficult to achieve. Treatment discontinuation
can be considered if undetectable HBV-DNA has been
documented on three separate occasions 6 mo apartm’m.
However, a risk of relapse remains on stopping treatment.

Special circumstances

There is a risk of up to 50% that individuals with chronic
HBYV infection will develop an exacerbation of hepatitis
during chemotherapy treatment for malignancies. Pro-
phylactic nucleoside analogs are indicated and should
be continued for at least 4 mo after completing chemo-
therapy[()gj. Similar risk has been shown in persons treated
with tumor necrosis factor o inhibitors for rheumatic
disorders or inflammatory bowel disease, and these indi-
viduals should also be given lamivudine prophylaxislﬁg’mj.
Decision about starting treatment during pregnancy must
weigh pros and cons to both mother and baby. Tenofo-
vit, telbivudine and lamivudine appear to be safe in preg-
nancy. Treatment of immune reactive mothers may be
started during pregnancym’m.
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HEPATITIS B VACCINATION

The role of the universal vaccination program in effec-
tive control of hepatitis B cannot be emphasized enough.
The best example is of Taiwan where HBsAg seropreva-
lence amongst children 1-15 years decreased from 9.8%
in 1984 to 0.7%". The vaccine prevents HBV infection
in 90%-100% of people who produce sufficient anti-
body responsesl74]. All highly endemic countries included
hepatitis B vaccination in their national childhood im-
munization. All children and adolescents younger than
18 years old and not previously vaccinated should receive
the vaccine. World Health Organization recommends
that routine infant vaccination against HBV forms part
of all national immunization schedules. In countries with
high mother-to-child transmission rates, the first dose
of HBV vaccine is ideally given within 24 h of birth. A
combination of vaccine plus hepatitis B immunoglobulin
is supetior in decreasing risk of transmission of hepatitis
B from a HBsAg positive mother to infant™. The Global
Alliance for Vaccines and Immunization is supporting
hepatitis B vaccination programs in developing countries’ .

Two possible dosing schedules are considered ap-
propriate to prevent mother-to-child HBV infections'”
Three dose schedule: first dose given at birth, second
and third doses given concurrently with the first and
third doses of DTP vaccine. Four-dose schedule: first
dose given at birth, three doses given concurrently with
other Expanded Program on Immunization vaccines.
Catch-up campaign strategies may be considered for
countries where adult risk factors are associated with
acute HBV infection. Targeting adolescents and high-
risk adults, such as prisoners or health care workers, can
supplement routine infant vaccination'. In regions,
where there is a high rate of infection, catch-up vac-
cination is not recommended, as most adults will have
already been exposed to the virus. Initial vaccination
confers protection against HBV infection even after
anti-HBs antibody declines below detectable levels'™.
However, the recommendation of a booster dose after

10-15 years of initial HBV vaccination, although contro-
[79.80]

versial, seems prudent

CONCLUSION

There is a high prevalence of hepatitis B in many devel-
oping countries due to the failure to adopt appropriate
measures to confine the spread of infection. There is a
need to define the minimal requirements for delivery of
optimal care to hepatitis B patients, establish research in-
stitutions and collaborate with international organizations
to describe the natural history and response to treatment
in the underdeveloped world. Treatment protocols ex-
trapolated from developed countries may need modifica-
tions according to the resources available. With recent
advances in hepatitis B virology and natural history of
the disease, many recommendations are now becoming
unresolved issues.
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Abstract

Hepatic osteodystrophy (HO) is the generic term defin-
ing the group of alterations in bone mineral metabolism
found in patients with chronic liver disease. This paper
is a global review of HO and its main pathophysiologi-
cal, epidemiological and therapeutic aspects. Studies
examining the most relevant information concerning
the prevalence, etiological factors, diagnostic and ther-
apeutic aspects involved in HO were identified by a sys-
tematic literature search of the PubMed database. HO
generically defines overall alterations in bone mineral
density (BMD) (osteoporosis or osteopenia) which ap-
pear as a possible complication of chronic liver disease.
The origin of HO is multifactorial and its etiology and
severity vary in accordance with the underlying liver
disease. Its exact prevalence is unknown, but different
studies estimate that it could affect from 20% to 50%
of patients. The reported mean prevalence of osteopo-
rosis ranges from 13%-60% in chronic cholestasis to
20% in chronic viral hepatitis and 55% in viral cirrhosis.
Alcoholic liver disease is not always related to osteo-
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penia. HO has been commonly studied in chronic cho-
lestatic disease (primary biliary cirrhosis and primary
sclerosing cholangitis). Several risk factors and patho-
genic mechanisms have been associated with the loss
of BMD in patients with chronic liver disease. However,
little information has been discovered in relationship to
most of these mechanisms. Screening for osteopenia
and osteoporosis is recommended in advanced chronic
liver disease. There is a lack of randomized studies as-
sessing specific management for HO.

© 2011 Baishideng. All rights reserved.

Key words: Hepatic osteodystrophy; Liver disease; Os-
teoporosis; Osteopenia

Peer reviewers: Hatim Mohamed Yousif Mudawi, Associ-
ate Professor of Medicine, Department of Internal Medicine,
Faculty of Medicine, University of Khartoum, Sudan. PO Box
2245, Khartoum, Sudan; Ioannis Diamantis, MD, PhD, Professor,
Department of Internal Medicine, University of Athens Medical
School, A. Tritsi 26 Gr-15238, Athens, Greece

Lopez-Larramona G, Lucendo AJ, Gonzalez-Castillo S, Te-
nias JM. Hepatic osteodystrophy: An important matter for
consideration in chronic liver disease. World J Hepatol 2011;
3(12): 300-307 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v3/i12/300.htm DOI: http://dx.doi.
org/10.4254/wjh.v3.i12.300

INTRODUCTION

Hepatic osteodystrophy (HO) is the generic term defin-
ing the group of alterations in bone mineral metabolism
found in patients with chronic liver disease. These in-
dividuals have been described as having a higher rate of
osteopenia and osteoporosis and the different studies pet-
formed in this connection have shown that the rates vary.
HO is therefore a common complication throughout the
progression of chronic hepatopathy and involves dete-
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rioration in quality of life which affects the patient’s long-
term prognosism. Consequently, a detailed bone mineral
density (BMD) and bone metabolism evaluation should
be performed in all patients with chronic liver disease in
order to prevent fractures and chronic pain. This article
aims to provide a general review of HO.

CHRONIC LIVER DISEASE AND ITS
ASSOCIATION WITH OSTEOPENIA AND
OSTEOPOROSIS

The prevalence of osteoporosis and fracture risk in
patients with chronic liver disease
Metabolic bone disease is a significant disorder which
appears in patients with chronic hepatopathy (also
known as HO), especially in those affected by chronic
cholestasis™. Tts etiology is complex and multifactorial
and manifests as osteopenia and osteoporosis. This bone
disorder must be evaluated and detected early in all pa-
tients with chronic liver disease in order to minimize the
risk of fractures and improve their clinical progression
and quality of life”. Various studies have been conducted
on the prevalence of osteoporosis in these patients and
in patients with chronic cholestasis (Table 1). In most of
this research, bone density is calculated using a bone den-
sitometry. However, the authors use different methods
to analyze mineral density in order to select patients and
even have different definitions of osteoporosismfgl.
Patients with chronic liver disease harbor additional
risk factors for developing osteoporosis, such as hypo-
gonadism, vitamin D deficiency, alcohol consumption,
chronic steroid treatment and a low body mass index”.
With osteoporosis, the patient is predisposed to suffering
bone fractures and increased morbimortality. Vertebral
fractures are most frequent in these patients, ranging
from 3% to 18%""'".

Cirrhosis: Different authors consider that the preva-
lence of osteoporosis in cirrhotic patients is related to
the severity of liver disease expressed by the Child-Pugh
index"*". This prevalence ranges from 20% to 56% and
inter-individual variations are observed in relationship
to bone density. The fracture rate ranges from 5% to
20%!",

Chronic cholestatic disease: A high prevalence of os-
teoporosis is associated with both primary biliary cirrho-
sis (PBC) and primary sclerosing cholangitis (PSC). This
is one of the most widely studied groups of patients with
chronic hepatopathy in terms of bone mineral metabo-
lism pathologies. Its prevalence among different groups
is estimated to range from 13% to 60%!",

PBC

Various studies have been conducted on the BMD of
patients with PBC. The predominant alteration in these
patients is osteoporosis and osteomalacia is very rare!'
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Reduction in bone density is related to the severity of
cholestatic disease, although not all patients with PBC de-
velop osteoporosis and the rate of bone mass loss varies
from one individual to another! ™.

Other factors linked to osteoporosis in PBC are the
time to progression of the disease and the degree of
cholestasis, as a reflection of the stage of chronic hepa-
topathy. Post menopause and malabsorption of calcium
in the intestine have also been suggested as predisposing
factors in these patients'

Generally, research on bone pathology in PBC coin-
cides with indicating cholestasis as an independent risk
factor for developing osteoporosis. Nevertheless, studies
to see if there was an improvement in BMD following
treatment with ursodeoxicolic acid did not show signifi-
cant changes compated to untreated patients. Regarding
this aspect, cirrhosis co-existing with advanced choles-
tatic disease can significantly contribute to alterations in

B MD [9,20] )

PSC

PSC patients harbor various risk factors for developing
osteoporosis: cholestasis, co-existing cirrhosis and corti-
costeroid treatment in the presence of associated inflam-
matory bowel disease. Individuals with PSC showed a
decrease in the BMD of the lumbar vertebrae compared
to healthy controls'"”.

Hemochromatosis: Certain studies have described a
link between hemochromatosis and low BMD by relat-
ing co-existing hypogonadism and iron overload with the
development of osteoporosism]. The prevalence of the
latter is approximately 30%,

Alcoholism: Alcoholism is an independent risk factor
of the development of osteoporosis and osteoporotic
fractures and has been especially studied in male patients.
BMD of the lumbar vertebrae in these individuals is
lower than in healthy controls™ and the risk of fractures
is independent from existing cirrhosis or associated hypo-
gonadismm’z‘ﬂ. Alcohol abuse in women who do not have
cirthosis and hypogonadism does not appear to be linked
to osteopenia and osteoporosism.

Non-cholestatic and non-cirrhotic hepatopathy: The
exact prevalence of osteoporosis in patients with chronic
hepatopathy but who do not have cirrhosis, cholestasis
and hypogonadism is unknown. The approximate preva-
lence of osteoporosis measured at the lumbar vertebrae
in this group of patients ranges from 16% to 50%"" with
a fracture rate ranging from 12% to 18%",

PHYSIOPATHOLOGY OF BONE MASS
LOSS IN PATIENTS WITH CHRONIC
LIVER DISEASE

Bone mass increases from childhood, approximately
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reaching maximum levels in one’s thirties. From one’s
forties onwards, it starts to decrease in both genders but
with a faster loss in women following the menopause.
Peak bone mass is determined by genetic and hormonal
factors, type of diet and physical activity. The rate of
osteoporosis increases in the elderly as the loss of bone
mineral mass is a phenomenon associated with aging.

Bone mass loss occurs as a result of an increase in
bone turnover and/or an imbalance in bone remodel-
ing. The latter can be caused by decreased osteogenesis,
increased bone resorption ot by a combination of both.
Certain studies have shown increased bone resorption in
the context of chronic liver disease, even in patients with-
out osteoporosis. Other research has shown decreased
bone formation'*”, A study of bone histomorphometric
parameters performed on 50 patients with PBC and PSC
showed decreased bone formation (osteoblast dysfunc-
tion) in men and women and a significant increase in
bone resorption due to osteoclast activation, especially
in women. According to the authors, the duration of
cholestasis or other associated factors seem to be more
important that the severity of the disease itself, expressed
by levels of serum bilirubin in the development of osteo-
dystrophym.

The risk of osteoporotic fracture is determined not
only by BMD but also by trabecular architecture, bone
geometry, bone turnover and risk factors which are not
associated with the skeleton such as postural instability
and the risk of falls.

The main risk factors for developing osteoporosis and,
therefore, bone fractures in patients with chronic liver dis-
ease include: low body mass index (< 19 kg/m?), exces-
sive alcohol consumption, prolonged steroid treatment
(5 mg/d of prednisolone for over 3 mo), sedentary lifestyle,
hip fractures in the mother at a young age (< 60 years), hy-
pogonadism and early menopause (under 45 years) o

PATHOGENIC MECHANISMS INVOLVED
IN BONE MASS LOSS IN PATIENTS WITH
CHRONIC LIVER DISEASE

Genetic factors
Certain genetic polymorphisms have been described
which may play a secondary role in the development of

osteoporosis in chronic cholestatic hepatopathy. These
include the vitamin D receptor gene, the collagen type 1
o 1 gene and insulin-like growth factor IGF-1) polymor-
phisms™"!

Anomalies of calcium and vitamin D metabolism
Vitamin D is produced by endogenous synthesis in the
skin, aided by sunlight, from which cholecalciferol is
synthesized (vitamin Ds). Both cholecalciferol and ergo-
calciferol or vitamin D2 can also be obtained from food.
Vitamin D undergoes 25-hydroxylation in the liver tissue,
a process which is affected by advanced liver disease.
Vitamin D deficiency is associated with secondary hy-
perparathyroidism, an increase in bone turnover and ac-
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celerated loss of bone mass. Various studies have shown
low serum 25-hydroxyvitamin D levels in individuals
affected by chronic liver disease, which continue decreas-
ing as cirrhosis develops™ ™. The main factors triggering
vitamin D deficiency in chronic hepatopathy are believed
to be limited exposure to ultraviolet radiation and nutri-
tional deficiency. Intestinal malabsorption, alterations in
the enterohepatic circulation of vitamin D and decreased
skin synthesis in individuals with jaundice also contribute
to vitamin D deficiency. However, no significant correla-
tion between osteopenia and decreased vitamin D levels
has been demonstrated in patients with chronic cholesta-

sis™.

Vitamin K deficiency

Vitamin K is an essential cofactor for osteoblasts to
synthesize osteocalcin - bone matrix protein. Vitamin K
deficiency contributes to osteopenia in patients with PBC
and supplementing it can prevent them from losing bone

[36]
mass

IGF-1 deficiency

IGF-1 is involved in osteoblast differentiation and prolif-
eration. Low serum levels of IGF-1 were observed in a
study with bile duct-ligated rats, suggesting that cholesta-
sis deeply affects its activity””. Therefore, its deficiency
observed in cirrhosis and cholestatic hepatopathies may
cause osteoblast dysfunction and osteopenia 7,

Hyperbilirubinemia

In vitro studies on animal models show that the increase
in unconjugated bilirubin impairs osteoblast function in a
dose-dependent and reversible effect™. The results of
research on humans are inconsistent. For some authors,
osteopenia progresses at the same rate as jaundice does
in patients with PBC and PSC"", while this correlation is

insignificant for others!*".

Receptor activator of nuclear factor kB ligand and
osteoprotegerin

The receptor activator of nuclear factor kB ligand/osteo-
protegerin (RANKL/OPG) system regulates bone me-
tabolism by modulating osteoclast activity, to the extent
that OPG is a factor which inhibits that activity while the
RANKIL ligand activates it. Various research has shown
that the OPG/RANKL ratio is high in patients with
chronic liver disease compared to control subjects, which
shows that there is ligand consumption that activates
osteoclastic activity, and an excess OPG as a compensat-
ing mechanism which tries to prevent the loss of bone
mass'” . Other cytokines involved in the pathogenesis
of chronic liver disease such as interleukin (IL)-1, IL-6
and tumor necrosis factor o can activate this system”’.
Additionally, circulating mononuclear cells could have a
higher capacity to differentiate into osteoclasts in patients
with chronic liver disease and osteopenia™.

Hypogonadism
Hypogonadism associated with chronic hepatopathy has
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Table 1 Prevalence of osteopenia and osteoporosis in chronic liver disease of various etiologies

Ref. n Etiology Prevalence of osteopenia/ Pathogenic mechanisms/ associated factors
osteoporosis
Goral et al™, 2010 55  Child A-B-C cirrhosis Osteoporosis 37 % Increased TNFa and IL-6 levels
Mixed etiology Decreased IGF-1 levels
Wariaghli et al™, 64  Cirrhosis Osteoporosis 45.3% Female sex
2010 Mixed etiology Cholestasis
Lower weight and height
Loria et al'”, 2010 35  Cirrhosis Osteoporosis 14 % Not specified
Viral and alcoholic Osteopenia 26 %
George et al®, 2010 72 Cirrhosis Low BMD 68% Low levels of IGF-1
Viral and alcoholic
Sokhi et al*”, 2004 104  Cirrhosis Osteoporosis 11.5% Child B-C stage and female
Mixed etiology Osteopenia 34.6% female
Gallego-Rojo et al'?, 32 Viral cirrhosis Osteoporosis 53 % Child stage
1998 IGF-1 serum levels
Auletta et al”™, 2005 30  Chronic viral hepatitis Osteoporosis 20% Chronic hepatopathy per se
Osteopenia 44 %
Diamond et al""), 1989 22 Hemochromatosis Osteoporosis 45% Hypogonadism
Low free testosterone levels
Sinigaglia et al®,1997 32  Hemochromatosis Osteoporosis 28% Cirrhosis and iron overload
Mounach et al™, 2008 33  Primary biliary cirrhosis Osteoporosis 51.5% Low BMI
Menopausal status
Duration of liver disease
Vitamin D deficiency
Lindor et al®, 1995 88  Primary biliary cirrhosis Osteoporosis 35% not specified
Guafiabens et al™, 20  Primary biliary cirrhosis Osteoporosis 35% Duration of liver disease
1990 Post menopause
Malabsorption of calcium
Angulo et al™”, 1998 81  Primary sclerosing cholangitis ~ Osteoporosis 17% Stage of liver disease
Associated advanced inflammatory bowel disease
Malik et al®, 2009 57  Alcoholic Low BMD (z-score < -2.0) 17.5%  25-hydroxy-vitamin D deficiency
Kim et al®, 2003 18  Alcoholic Osteoporosis 22% Cumulative alcohol intake
Osteopenia 50%
Gonzalez-Calvin 39  Alcoholic Osteopenia 23% Cumulative alcohol intake

et al™, 1993

Impairment of osteoblastic activity by ethanol

BMD: Bone mass density; BMI: Body mass index; IGF-1: Insulin-like growing factor 1; IL-6: Interleukin-6; TNF: Tumoral necrosis factor.

been proposed as a factor which favors the loss of BMD.
Low levels of estradiol, luteinizing hormone and follicle-
stimulating hormone have been observed in postmeno-
pausal women with cirrhosis, with normal testosterone
and sex hormone binding globulin[%]. However, in males
with advanced liver disease, there is an increase in the
level of estrogen due to peripheral aromatization, which
does not seem to protect against bone mass loss in indi-

viduals with alcoholic liver disease!”.

Medication

Glucocorticoid-based treatments in autoimmune liver
disease and chronic cholestatic liver diseases accelerate
the loss of bone mass, although their contribution is dif-
ficult to estimate due to the effect of liver disease per se
on the bone™. The adverse effect of cholestyramine on
the intestinal absorption of vitamin D has also been re-

ported™,

Lifestyle
Alcohol consumption and smoking aggravate osteope-
nia/osteoporosis, togethet with a sedentary lifestyle, mal-

nutrition and a low body mass index!™.
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DIAGNOSTIC AND THERAPEUTIC
ASPECTS OF OSTEOPENIA AND
OSTEOPOROSIS IN CHRONIC LIVER
DISEASE

Diagnosis of osteopenia and osteoporosis
The main objective for assessing and treating HO is to
prevent bone fractures. BMD is measured using dual en-
ergy X-ray bone absorptiometry performed on the lum-
bat vertebrae and femoral neck. The results of the mea-
surement atre classified on a scale by the Wotld Health
Organization, the #-score being the basic parameter for
diagnosis. Osteoporosis is therefore defined as a BMD
of less than 2.5 standard deviation compated to the not-
mal average score for young adults (#score of less than
-2.5). Similarly, osteopenia is defined as having a #score of
between -1 and -2.5"". Prospective studies show how the
risk of fractures increases progressively in proportion to
the decrease in BMD, with between a two-fold and three-
fold increase per standard deviation decrease therein”".
Assessment of all patients with chronic liver disease
and suspected osteoporosis should include a hemogram
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and basic biochemistry, including liver function, phos-
phocalcium metabolism and gonadal and thyroid profile.
A simple X-ray of the dorsal and lumbar vertebrae is
indicated if there is a clinical suspicion of spinal fracture
as this is an indication for treatment, irrespective of bone
density.

During the bone remodeling process, enzymes and
non-enzymatic peptides reach the bloodstream and/or
are eliminated through urine. Their concentration in
blood and urine is related to the total bone turnover rate.
These products, or bone turnover markers (BTM), ate di-
vided into two groups: resorption markers and formation
markers. The main osteosynthesis markers are procol-
lagen typelcarboxyterminal propeptide and procollagen
type laminoterminal propeptide, osteocalcin and alkaline
phosphatase bone isoenzyme. Noteworthy among the
resorption markers are the urinary excretion of deoxy-
pyridinoline, pyridinoline, type 1 collagen amino-terminal
telopeptide and hydroxyprolinuria, the latter being less
specific. These markers are usually expressed in relation-
ship to the urinary excretion of creatinine.

BTM are higher in patients with osteoporosis and
there is an inverse relationship between their levels and
BMD. Until now, there has been no particular consensus
regarding the most appropriate strategy for their use in
clinical practice, although it is thought that they could
be useful for monitoring bone mass loss in response to
treatment for osteoporosis and for predicting fracture
risk. However, this extreme is yet to be verified, because
there have been only a few studies with patients suffering
from chronic liver disease carried out™ . It would seem
that BTM levels are influenced by the extent of hepatic
fibrosis and by the intrahepatic metabolism of collagen
in these individuals which could make it difficult to inter-
pret the results obtained"”.

Treatment of osteoporosis in chronic liver disease
There are very few randomized-controlled intervention
studies on the prevention of osteoporosis and fractures
in chronic liver disease. Most of available data relate to
studies performed on patients with PBC*™ and do not
evaluate the effective reduction in fracture rates.

General non-pharmacological measures and specific
antiosteoporotic drugs are available to treat HO.

General measures: These include lifestyle and nutrition-
al measures aimed at correcting the reversible risk fac-
tors, such as alcohol consumption, smoking and making
lifestyle changes by introducing regular moderate physical
exercise.

Extensive studies have provided no evidence on the
effect of calcium and vitamin D in preventing OP and
fractures in these patients. Research has been performed
on small groups yielding inconsistent BMD results! >,
However, it seems reasonable to recommend supple-
ments by taking a daily dose of 800 UI of vitamin D3
and 1 g of calcium™".
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Specific drugs in the treatment of HO: Bisphospho-
nates are powerful anti-resorptive drugs that selectively
inhibit osteoclast activity. These agents have been shown
to reduce the risk of vertebral and non-vertebral frac-
tures and increase BMD in postmenopausal women with
osteoporosis who do not have liver disease””. They have
also been effective in preventing steroid-induced osteo-
porosis in patients with PBC. However, there are no
long-term controlled studies developed to evaluate the
efficiency of bisphosphonates in fracture-prevention in
individuals with chronic liver disease. A study with 80
postmenopausal women with osteoporosis and chronic
liver disease secondary to hepatitis virus B and C sug-
gests that a cyclic etidronate treatment could be effective
to reduce the incidence of bone fracture™,

Alendronate improves BMD of patients with PBCP*
although it should be used with caution because of po-
tential esophageal side effects”. Risedronate seems to
have a less toxic effect on the esophageal mucosa, which
could be useful for treating patients with esophageal vari-
ces.

Consequently, bisphosphonates are the main pharma-
cological agents used in the treatment of HO nowadays,
despite the fact that limited data on bisphosphonates-
therapy in chronic liver disease are available™ ™,

Raloxifene is a selective estrogen receptor modula-
tor. It has positive effects on the lumbar bone mass and
femoral neck and reduces vertebral fracture risk in post-
menopausal osteoporosis. In a small study of patients
with PBC, raloxifene led to significant improvement in
lumbar BMD after 1 year of treatment, while no im-
provement was observed in the femoral neck™. Evalua-
tion by a bone disease specialist is recommended before
using raloxifene in individuals with hepatic disease™

Parathyroid hormone (PTH) is a bone-forming drug
that is administered subcutaneously in dosages of 20
to 40 ug per day, achieving an increase in BMD and a
decrease in vertebral fracture risk in postmenopausal
osteoporosis. Few data are published on its usefulness in
osteoporosis secondary to chronic liver disease. A study
in rats with induced biliary cirrhosis showed that inter-
mittent administration of human PTH increases BMD
and could be effective to prevent loss of bone mass'”.

Treatment of hypogonadism in patients with chronic
liver disease and HO remains controversial. Hormone
replacement with testosterone in hypogonadic males
without chronic liver disease was efficient and increased
BMD"!. Hormone replacement therapy (HRT) with
estrogen and progesterone was proposed as a safe treat-
ment for women with chronic hepatopathy, administered
cither orally or transdermally and sequentially or continu-
ously™®!, Following the publication of the HERS I
and WHI" studies questioning the safety of HRT, its use
is currently not recommended. The increased risk of he-
patocellular carcinoma related to this treatment should be
taken into account by weighing up its benefits and risks

and it should be better administered transdermally™™”,
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Orthotopic liver transplantation and bone metabo-
lism: A high prevalence of low BMD among patients
with chronic liver disease just before liver transplantation
has been observed. Estimated rates range from 26% to
34% and from 11.5% to 14% for osteopenia and osteo-
porosis, respectively{ﬁ(”éﬂ.

Immediately after orthotopic liver transplantation
(OLT), there is a loss of BMD and fracture risk increases.
However, in the long term, osteopenia improves in trans-
plant patients, as shown by a prospective study of pa-
tients with PBC and PSC who underwent OLT"™. Thus,
liver transplantation is an efficient long-term treatment
for osteoporosis in chronic cholestatic liver disease. Bi-
phosphonates have also shown to be useful to avoid bone
loss in transplant patientsfég’m but there is no evidence to
consider one single agent among this group of drugs as
first line therapym].

CONCLUSION

Osteopenia and osteoporosis are important and com-

mon complications of chronic liver disease, receiving
the generic definition of HO. Their exact prevalence is
unknown, ranging between 20% and 50% depending on
the series. The development of HO may be due to both
increased bone resorption and decreased bone formation.
The ctiology is multifactorial and can vary in accordance
with the origin of the liver disease, having been prefer-
entially studied in chronic cholestatic diseases (PBC and
PSC). There are multiple risk factors associated with loss
of BMD, the most important being chronic cholestasis
and advanced cirrhosis.

Pathogenic mechanisms are diverse and very little is
known about some of them: genetic factors, alterations
in calcium-vitamin D metabolism, hyperbilirubinemia,
vitamin K and IGF-1 deficiency, RANKL-OPG system
activity and hypogonadism.

Osteoporosis can result in bone fractures with a harm-
ful effect on morbidity and quality of life. Therefore,
an assessment of bone metabolism and risk factors for
bone loss and 2 BMD measurement are recommended
in patients with chronic liver disease. An early diagnosis
of HO is essential to correct reversible risk factors which
predispose to bone mass loss.

Treatment and prevention strategies include general
measures, dietary and lifestyle, calcium and vitamin D3
supplementation and bisphosphonates. However, ad-
vanced HO is difficult to treat and special care is required
to prevent bone loss in individuals with severe hepatic
disease. Further research is needed since there are no
large randomized controlled trials of intervention in
chronic liver disease and osteoporosis. In the same way,
there is lack of randomized studies in areas like fracture
prevention with available therapeutic agents and potential
usefulness of new treatments for osteoporosis.
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introduce and comment on major advances and developments
in the field; (2) Frontier: To review representative achievements,
comment on the state of current research, and propose directions
for future research; (3) Topic Highlight: This column consists of
three formats, including (A) 10 invited review articles on a hot
topic, (B) a commentary on common issues of this hot topic, and
(C) a commentary on the 10 individual articles; (4) Observation:
To update the development of old and new questions, highlight
unsolved problems, and provide strategies on how to solve the
questions; (5) Guidelines for Basic Research: To provide guidelines
for basic research; (6) Guidelines for Clinical Practice: To provide
guidelines for clinical diagnosis and treatment; (7) Review: To
review systemically progress and unresolved problems in the field,
comment on the state of current research, and make suggestions
for future work; (8) Original Article: To report innovative and
original findings in hepatology; (9) Brief Article: To briefly
report the novel and innovative findings in hepatology; (10) Case
Report: To report a rare or typical case; (11) Letters to the Editor:
To discuss and make reply to the contributions published in
WJH, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment
on quality monographs of hepatology; and (13) Guidelines: To
introduce consensuses and guidelines reached by international and
national academic authorities worldwide on basic research and
clinical practice in hepatology.
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Instructions to authors

Biostatistical editing

Statisital review is performed after peer review. We invite an
expert in Biomedical Statistics from to evaluate the statistical
method used in the paper, including #test (group or paired
comparisons), chi-squared test, Ridit, probit, logit, regression
(linear, curvilinear, or stepwise), correlation, analysis of variance,
analysis of covariance, ez. The reviewing points include: (1)
Statistical methods should be described when they are used
to verify the results; (2) Whether the statistical techniques ate
suitable or correct; (3) Only homogeneous data can be averaged.
Standard deviations are preferred to standard errors. Give the
number of observations and subjects (7). Losses in observations,
such as drop-outs from the study should be reported; (4) Values
such as ED50, .LD50, IC50 should have their 95% confidence
limits calculated and compared by weighted probit analysis
(Bliss and Finney); and (5) The word ‘significantly’ should be
replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess
any potential bias, WJH requires authors of all papers to
declare any competing commercial, personal, political, in
tellectual, or religious interestsin relation to the submitted work.
Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Con-
siderations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://wwwicmje.otg/
ethical_4conflicts.html.

Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board mem-
ber for [names of organizations], and has received research fun-
ding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization|. [Name of individual]
owns patent [patent identification and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all
human studies have been reviewed by the appropriate ethics
committee ot it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under study
should be omitted. Authors should also draw attention to the
Code of Ethics of the World Medical Association (Declaration
of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should comform
to Good Clinical Practice (for example, US Food and Drug
Administration Good Clinical Practice in FDA-Regulated
Clinical Trials; UK Medicines Research Council Guidelines
for Good Clinical Practice in Clinical Ttials) and/or the World
Medical Association Declaration of Helsinki. Generally, we
suggest authors follow the lead investigator’s national standard.
If doubt exists whether the research was conducted in accordance
with the above standards, the authors must explain the rationale
for their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved
by the relevant research ethics committee or institutional review
board. If human participants were involved, manuscripts must
be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.

(49

Tap
JBaishideng®

WJH | www.wjgnet.com

I

If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that
approptiate measures were taken to minimize pain or discomfort,

and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Bo
ok Antiqua with ample margins. Number all pages conse-
cutively, and start each of the following sections on a new
page: Title Page, Abstract, Introduction, Materials and Me-
thods, Results, Discussion, Acknowledgements, References,
Tables, Figures, and Figure Legends. Neither the editors nor
the publisher are responsible for the opinions expressed by
contributors. Manuscripts formally accepted for publication
become the permanent property of Baishideng Publishing
Group Co., Limited, and may not be reproduced by any means,
in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-
edit and put onto our website accepted manuscripts. Authors
should follow the relevant guidelines for the care and use
of laboratory animals of their institution or national animal
welfare committee. For the sake of transparency in regard to
the performance and reporting of clinical trials, we endorse
the policy of the International Committee of Medical Journal
Editors to refuse to publish papers on clinical trial results if
the trial was not recorded in a publicly-accessible registry at its
outset. The only register now available, to our knowledge, is
http://www. clinicaltrials.gov sponsored by the United States
National Library of Medicine and we encourage all potential
contributors to register with it. However, in the case that other
registers become available you will be duly notified. A letter of
recommendation from each authot’s organization should be
provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, ph-
otographs and illustrations because rejected manuscripts will
not be returned to the author(s) and the editors will not be
responsible for loss or damage to photographs and illustrations
sustained during mailing,

Online submissions

Manuscripts should be submitted through the Online Su-
bmission System at: http://www.wjgnet.com/1948-5182
office. Authors are highly recommended to consult the
ONLINE INSTRUCTIONS TO AUTHORS (http://www.
wjgnet.com/1948-5182/¢g_info_20100316080002.htm)
before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may
send an email describing the problem to wjh@wjgnet.com, or
by telephone: +86-10-59080038. If you submit your manuscript
online, do not make a postal contribution. Repeated online
submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must
be submitted using word-processing software. All submissions
must be typed in 1.5 line spacing and 12 pt. Book Antiqua with
ample margins. Style should conform to our house format.
Required information for each of the manuscript sections is as
follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words
should be provided.

Authorship: Authorship credit should be in accordance with
the standard proposed by International Committee of Me-
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dical Journal Editors, based on (1) substantial contributions
to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it
critically for important intellectual content; and (3) final approval
of the version to be published. Authors should meet conditions 1,
2, and 3.

Institution: Author names should be given first, then the
complete name of institution, city, province and postcode. For
example, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions, for
example, George Sgourakis, Department of General, Visceral,
and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece

Author contributions: The format of this section should
be: Author contributions: Wang CL and Liang L contributed
equally to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong
I and Wu XM designed the research; Wang CL, Zou CC,
Hong F and Wu XM performed the research; Xue JZ and Lu
JR contributed new reagents/analytic tools; Wang CL, Liang L.
and Fu JF analyzed the data; and Wang CL, Liang L. and Fu JF
wrote the paper.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g., Supported by
National Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should
be provided. Author names should be given first, then author
title, affiliation, the complete name of institution, city, postcode,
province, country, and email. All the letters in the email should be
in lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,

e.g, Telephone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in
WJH, reviewers of accepted manuscripts will be announced
by publishing the name, title/position and institution of the
reviewer in the footnote accompanying the printed article. For
example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute
of Digestive Disease, Shanghai, Affiliated Renji Hospital,
Medical Faculty, Shanghai Jiaotong University, Shanghai, China;
Professor Xin-Wei Han, Department of Radiology, The First
Affiliated Hospital, Zhengzhou University, Zhengzhou, Henan
Province, China; and Professor Anren Kuang, Department of
Nuclear Medicine, Huaxi Hospital, Sichuan University, Chengdu,
Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words)
and structured abstracts (no more than 480). The specific re-
quirements for structured abstracts are as follows:

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.
AIM (no more than 20 words): Only the purpose should be
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Instructions to authors

included. Please write the aim as the form of ““To investigate/
study/...; MATERIALS AND METHODS (no more than
140 words); RESULTS (no more than 294 words): You should
present P values where appropriate and must provide relevant
data to illustrate how they were obtained, e.g, 6.92 & 3.86 s 3.61
+1.67, P < 0.001; CONCLUSION (no more than 26 wotds).

Key words
Please list 5-10 key words, selected mainly from Index: Medicus,
which reflect the content of the study.

Text

For articles of these sections, original articles, rapid commu-
nication and case reports, the main text should be structured
into the following sections: INTRODUCTION, MATERIALS
AND METHODS, RESULTS and DISCUSSION, and
should include appropriate Figures and Tables. Data should be
presented in the main text or in Figures and Tables, but not in
both. The main text format of these sections, editorial, topic
highlight, case report, letters to the editors, can be found at:
http://www.wignet.com/1948-5182/¢_info_list.htm.

Illustrations

Figures should be numbered as 1, 2, 3, ex., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wignet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wignet.com/1007-9327/13/4986.pdf; http://www.
wignet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should
be used rather than magnification factors, with the length
of the bar defined in the legend rather than on the bar
itself. File names should identify the figure and panel. Avoid
layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:..;
B:..; Ci..; Dus Ee; Feoos Ge LLlee It s our principle to publish
high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, ez., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted.
‘P < 0.05, "P < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, ‘P < 0.05 and ‘P <
0.01 are used. A third series of P values can be expressed as ‘P
< 0.05 and P < 0.01. Other notes in tables or under illustrations
should be expressed as 'F, °E, °F; or sometimes as other symbols
with a superscript (Arabic numerals) in the upper left corner. In
a multi-curve illustration, each curve should be labeled with @, o,
m, 0, A, /\, ¢, in a certain sequence.

Acknowledgments

Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/
or illustrations.
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Instructions to authors

REFERENCES

Coding system

The author should number the references in Arabic numerals
according to the citation order in the text. Put reference nu-
mbers in square brackets in superscript at the end of citation
content or after the cited authot’s name. For citation content
which is part of the narration, the coding number and square
brackets should be typeset normally. For example, “Crohn’
s disease gCD) is associated with increased intestinal per-
meability™. Tf references are cited directly in the text, they
should be put together within the text, for example, “From

[19,22-24] I

references , we know that...

When the authors write the references, please ensure that
the order in text is the same as in the references section, and
also ensure the spelling accuracy of the first author’s name. Do
not list the same citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference
list, e.g. PMID and DOI, which can be found at http://www.
ncbi.nlm.nih.gov/sites/entrez?db=pubmed and http://www.
crosstef.org/SimpleTextQuery/, respectively. The numbers will
be used in E-version of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-
faced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is
abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of
the cited article and italicized journal title (journal title should
be in its abbreviated form as shown in PubMed), publication
date, volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748 /wjg.13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-
faced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number.
Publication place: Publication press, Year: start page and end page.

Format

Journals

English journal article (list all authors and include the PMID where
applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World
] Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224
DOLI: 10.3748/wijg.13.6356]

Chinese journal article (list all authors and include the PMID where
applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-
diarrhoea. Shijie Huaren Xiaohna Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson ], Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Nat/
Acad Sei USA 200065 In press

Organization as anthor

4 Diabetes Prevention Program Research Group. Hy-
pertension, insulin, and proinsulin in participants with
impaired glucose tolerance. Hypertension 2002; 40: 679-686
[PMID: 12411462 PMCID:2516377 DOI:10.1161/01.
HYP.0000035706.28494.09]

Both personal authors and an organization as author

5 Vallancien G, Emberton M, Harving N, van Moorselaar
RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
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symptoms. | Uro/ 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail.
BM] 2002; 325: 184 [PMID: 12142303 DOI:10.1136/
bmj.325.7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in compatison with sumatriptan.
Headache 2002; 42 Suppl 2: $93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.52.7 x]

Issue with no volume

§  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10 Shetlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11  Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tu-
mours V. Proceedings of the 5th Germ cell tumours Con-
ference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56

Conference paper

14 Christensen S, Oppacher E An analysis of Koza's compu-
tational effort statistic for genetic programming, In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors.
Genetic programming, EuroGP 2002: Proceedings of the
5th European Conference on Genetic Programming; 2002
Apr 3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious di-
seases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cde.gov/ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., ass-
ignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Statistical data
Write as mean = SD or mean * SE.

Statistical expression

Express 7 test as (in italics), F test as ' (in italics), chi square
test as y~ (in Greek), related coefficient as 7 (in italics), degree
of freedom as v (in Greek), sample number as # (in italics),
and probability as P (in italics).

Units

Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) =
96 h, blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L,;
blood CEA mass concentration, p (CEA) = 8.6 24.5 pg/1; CO,
volume fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L
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formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, ef.
Arabic numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http:/ /www.wijgnet.com/1948-5182/
g info_20100107115140.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be
abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, L.D50, PCR,
HBYV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, .4 area, /
length, 7 mass, [ volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcRI, Hindl, BanHI, Kbo 1, Kpn 1, ete.
Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-5182/¢_info_201003
16080004.htm

Frontier: http://wwwwijgnet.com/1948-5182/¢_info_20100315103
153.htm

Topic highlight: http:/ /www.wjgnet.com/1948-5182/¢_info_2010
0316080006.htm

Observation: http://www.wijgnet.com/1948-5182/¢_info_2010
0107112630.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/1948-5182/
¢ info_20100315103748.htm

Guidelines for clinical practice: http://www.wjgnet.com/1948-
5182/g_info_20100315103829.htm

Review: http://www.wjgnet.com/1948-5182/¢_info_20100
107112834.htm

Original articles: http://www.wijgnet.com/1948-5182/g_info_
20100107113351.htm

Brief articles: http://wwwwijgnet.com/1948-5182/¢_info_20100
315104523.htm

Case report: http://www.wjgnet.com/1948-5182/¢_info_2010010
7113649 .htm

Lettets to the editor: http://wwwwignet.com/1948-5182/_info_20
100107114003.htm

Book reviews: http://www.wignet.com/1948-5182/¢_info_2010
0315105017 htm

Guidelines: http://www.wijgnet.com/1948-5182/¢_info_2010
0315105107.htm

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies
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of WJH. The revised version including manuscript and high-
resolution image figures (if any) should be copied on a floppy or
compact disk. The author should send the revised manuscript,
along with printed high-resolution color or black and white
photos, copyright transfer letter, and responses to the reviewers
by courier (such as EMS/DHL).

Editorial Office

World Journal of Hepatology

Editorial Department: Room 903, Building D,
Ocean International Center,

No. 62 Dongsihuan Zhonglu,

Chaoyang District, Beijing 100025, China
Telephone: +86-10-8538-1892

Fax: +86-10-8538-1893

E-mail: wih@wignet.com

http:/ /www.wjgnet.com

Language evaluation

The language of a manuscript will be graded before it is
sent for revision. (1) Grade A: priority publishing; (2) Grade
B: minor language polishing; (3) Grade C: a great deal of
language polishing needed; and (4) Grade D: rejected. Revised
articles should reach Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1948-5182/¢_info_20100107114726.htm.

Responses to reviewers

Please revise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the
reviewers’ comments can be found at: http://www.wjgnet.

com/1948-5182/¢_info_20100107114601.htm.

Proof of financial support
For paper supported by a foundation, authors should provide
a copy of the document and serial number of the foundation.

Links to documents related to the manuscript

IWJH will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manuscript will be put on-line. Readers can make comments
on the peer reviewer’s report, authors’ responses to peer re-
viewers, and the revised manuscript. We hope that authors will
benefit from this feedback and be able to revise the manuscript
accordingly in a timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a
science news item to promote their articles. The news will be
released rapidly at EurekAlert/AAAS (http://www.curekalert.
org). The title for news items should be less than 90 characters;
the summary should be less than 75 words; and main body less
than 500 words. Science news items should be lawful, ethical, and
strictly based on your original content with an attractive title and
interesting pictures.

Publication fee

IWJH is an international, peer-reviewed, Open-Access, online
journal. Articles published by this journal are distributed under
the terms of the Creative Commons Attribution Non-commercial
License, which permits use, distribution, and reproduction in any
medium, provided the original work is properly cited, the use is
non commercial and is otherwise in compliance with the license.
Authors of accepted articles must pay a publication fee. The
related standards are as follows. Publication fee: 1300 USD per
article. Editorial, topic highlights, book reviews and letters to the
editor are published free of charge.
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