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Preface

Chronic liver disease is a major cause of morbidity and mortality worldwide. In the 
United States, chronic liver disease is the 12th leading cause of death among adults, 
and worldwide hepatocellular carcinoma (HCC) is the second leading cause of 
cancer- related deaths. Furthermore, chronic liver disease secondary to viral hepati-
tis is a major contributor to morbidity and mortality, both among western countries 
as well as African and Asia-Pacific regions. Recent concerning trends in obesity and 
metabolic syndrome prevalence worldwide have generated much interest in the 
associated hepatic manifestation of metabolic syndrome—nonalcoholic fatty liver 
disease (NAFLD). The emergence of NAFLD as a leading cause of chronic liver 
disease is particularly concerning, given the large estimated burden of NAFLD 
worldwide and the significant hepatic and cardiovascular morbidity and mortality 
associated with this condition.

The changing epidemiology of chronic liver disease has been fueled by several 
major developments. The emergence of and implementation of vaccination pro-
grams for chronic hepatitis B virus in many countries has led to declining inci-
dence of new infections particularly in highly endemic regions. Furthermore, 
early preventative screening and implementation of antiviral therapies and hepati-
tis B immunoglobulin together with vaccination has further reduced rates of verti-
cal transmission. The recent improvements and increasing availability of safer 
and more effective antiviral therapies for treatment of chronic hepatitis C virus 
has worked hand in hand with increased screening efforts to bring the field closer 
to eradication of hepatitis C virus. However, the incidence of chronic hepatitis C 
infection worldwide may also be affected by increasing prevalence of intravenous 
drug use, changes in narcotic laws, and restrictions on needle exchanges in differ-
ent parts of the world. Furthermore, increased awareness and implementation of 
screening for HCC among at risk individuals together with improvements in treat-
ment options have translated into improvements in HCC survival. Many other 
improvements in the field of chronic liver disease, both in areas of diagnostics as 
well as therapeutics have continued to improve outcomes among patients affected 
by these diseases.

The current publication aims to provide an updated review of the epidemiology 
of chronic liver disease worldwide. We draw from the expertise of leading clinicians 
and clinical researchers in the field. In particular, the unique aspects of this publica-
tion include a breadth of expertise from various world regions as well as a specific 
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emphasis on the study design and methodology of included studies. We first intro-
duce the reader to key concepts and principles in clinical epidemiology and use 
these concepts to highlight and dissect some of the landmark studies in each of the 
topic chapters. As you will see, at the conclusion of each topic chapter, a table of 
landmark studies will be provided to summarize the major publications with key 
results and major limitations of each study. We hope that this compilation of exper-
tise will provide the reader with an updated worldwide perspective of chronic liver 
disease clinical epidemiology.

Oakland, CA Robert J. Wong 
San Diego, CA Robert G. Gish 

Preface
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1Principles of Clinical Epidemiology

Rita Popat and Julia Simard

Abstract
Broadly, epidemiology studies the distribution and determinants of health 
(or disease)-related states at the population-level. This chapter introduces readers 
to key concepts in clinical epidemiology, applying epidemiologic reasoning and 
methods to clinical medicine. This includes the role of descriptive epidemiology 
in medicine and important methods in analytic epidemiology such as common 
study designs, principles of defining exposures and outcomes, an overview of 
measures, and sources of bias that can threaten internal validity. Not only does 
this chapter cover principles that are important whether one is designing a study 
involving prospective data collection or utilizing existing data, but will also aid 
in the interpretation of existing research and the published medical and scientific 
literature.

Keywords
Population · Bias · Confounding · Exposure · Outcome · Generalizability

Epidemiology is the study of the distribution and determinants of health-related 
states in populations. Information regarding disease frequency helps identify seg-
ments of the population that are at highest risk and where preventive efforts should 
be focused. Information regarding risk factors (determinants) helps develop pre-
ventive and treatment strategies that are then evaluated for efficacy before imple-
mentation. While descriptive epidemiology studies the distribution of disease by 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94355-8_1&domain=pdf
mailto:rpopat@stanford.edu
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person (who), place (where), and time (when), analytic epidemiology studies the 
determinants (risk factors) of disease.

Epidemiologic principles inform how to design, conduct, analyze, and interpret 
research studies. For example, to evaluate whether a risk factor is associated with 
the risk of developing a disease, consideration is given to select the best study design 
to evaluate this research question, identify a representative sample of the population 
to study, and utilize accurate measurements for ascertaining the exposure and out-
comes. Analytic approaches used to quantify the exposure-outcome relationship are 
informed by the study design and measurements. Interpretation of the results need 
to account for whether biases and random error were adequately addressed in the 
design, conduct, and analysis of the study.

Clinical epidemiology applies epidemiologic methods to address problems encoun-
tered in clinical medicine. For example, descriptive epidemiology helps the clinician 
consider which diseases to look for in the patient. Knowledge of who is at risk helps 
identify patients who would benefit from screening. In patients diagnosed with a dis-
ease, knowledge about risk factors can help identify disease etiology, inform prognosis, 
and assist with treatment decisions. Therefore, clinical epidemiology can play an inte-
gral role in evidence based medicine and clinical decision making (Fig. 1.1).

In this chapter we introduce important principles of clinical epidemiology begin-
ning with how to define a study population, exposures, and outcomes. We will dis-
cuss the role of descriptive epidemiology in medicine and present important methods 
in analytic epidemiology that include common study designs, measures of associa-
tion, and study biases.

Epidemiology

Population

Clinical
Epidemiology

Clinical Medicine

Individual

The application of principles and
methods of epidemiology to the
patient’s care

To quantify the
frequency and

distribution to the
clinical events

To study the
etiology and

evolution of the
disease

To identify
protective, risk and
prognostic factors

To validate and
propose the

rational use of
laboratory and

therapeutic studies

To evaluate
intervention

measurement

To support and
sustain decision

analysis

To promote the
critical analysis of
medical literature

To select the best
option

Fig. 1.1 Uses of clinical epidemiology (source: Díaz-Vélez C et al. (2013). Clinical Epidemiology 
and Its Relevance for Public Health in Developing Countries. In: Rodriguez-Morales (ed) Current 
Topics in Public Health, InTech, Chapter 12; https://doi.org/10.5772/54901)

R. Popat and J. Simard
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1.1  Defining a Population for Clinical Epidemiology Studies

It is not feasible to study the entire population to evaluate an exposure-outcome 
relationship. Therefore, we select a sample from the target population of interest to 
evaluate our research question. When the sample studied is representative of the 
target population, inferences based on the sample are considered generalizable to 
the target population of interest. Clinical epidemiology studies focus on patients 
rather than the general population, so the target population is generally defined 
based on subjects having a certain disease of interest, for example, patients with 
cirrhosis of the liver. We identify a source population from which we can identify a 
sample of patients with cirrhosis. The source population could be a tertiary referral 
based hospital, a community clinic, or a pre-paid health care organization. If we are 
interested in studying patients that represent the entire disease spectrum (mild to 
severe), it is important that patients in the source population are representative of 
this target population. Cirrhosis patients at a tertiary referral center may be sicker 
compared to patients from a community clinic and not representative of the target 
population, thereby compromising generalizability. Once the source population is 
identified, eligible patients who meet pre-specified inclusion and exclusion criteria 
are approached to participate in the study. To ensure internal validity of the study, 
patients who participate in the study (sample) should be representative of eligible 
patients in the source population.

1.2  Defining Exposure

An “exposure” is any factor that may be associated with an outcome of interest. 
For example, if we want to study whether diabetes mellitus increases the risk of 
chronic nonalcoholic fatty liver disease, diabetes is the primary exposure variable 
of interest. We would want to make sure that the method for ascertaining diabetes 
is reliable and accurate. For example, if we are using medical record data and 
relying on ICD-9 codes to ascertain this information, then we would want to 
ensure that presence of this code correctly identifies diabetes. When defining 
exposure, it is also important to carefully consider time in relation to onset of the 
outcome. In the case of chronic liver disease (CLD), there is likely to be a pro-
tracted preclinical period, that is, a lag between disease onset and clinical detec-
tion. As a result, it may be difficult to capture the “etiologically relevant time 
window” when ascertaining the exposure. Once the symptoms are present, one 
could argue that the exposure has had its impact and that exposures captured 
between symptom onset and diagnosis are less relevant to disease etiology. In 
addition to looking at the right time, the format or definition of the exposure is 
important. For example, a study examining disease risk associated with smoking 
might initially consider ever exposure to cigarette smoke. If the etiologically rel-
evant exposure is current or recent exposure to cigarette smoke, it may be difficult 
to observe the exposure-outcome relationship because former and current smok-
ers will be combined in the ever smoker group.

1 Principles of Clinical Epidemiology
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1.3  Defining Outcome

Etiologic research studies will generally define some disease diagnosis as the out-
come and this information could be obtained from a medical record or laboratory 
test. Studies evaluating prognosis or treatment efficacy will generally use health 
related outcomes (e.g., mortality, complications, quality of life) ascertained from 
medical records, interviews, or other records. Similar to exposure variables, out-
come variables should also be measured reliably and accurately. Since the risk fac-
tors, treatment and prognosis of CLD depends on the etiology, it is important to 
make sure that the outcome is defined to include an etiologically homogeneous 
group, otherwise it may be challenging to observe an exposure-outcome relation-
ship. For example, diabetes may be an important risk factor only for non-alcoholic 
and non-infectious CLD and we may miss an association if we include all etiologic 
types of CLD when defining the outcome.

1.4  Descriptive Epidemiology

Descriptive epidemiology provides information about the distribution of disease by 
person, place, and time. It can help clinicians decide which diseases to look for in 
their patients and in some cases also help with etiology. For example, a patient from 
sub-Saharan Africa is more likely to have hepatitis B as the cause of liver cirrhosis 
compared to a patient from North America [1].

The two measures of disease frequency are prevalence and incidence. Prevalence 
is a proportion and defined as the number of people with the disease (numerator) in 
the population of interest (denominator). Because prevalence estimates existing 
cases, it provides information regarding disease burden in the population and helps 
health agencies identify priorities for allocating resources as well as research.

Incidence represents occurrence of new disease. Cumulative incidence or risk is 
a proportion and defined as the number of new cases (numerator) among those at 
risk for developing the disease (denominator) over a specified time period. Incidence 
rate is the number of new cases out of the total person-time contributed by the study 
population at risk of becoming a case. Incidence and prevalence are closely related. 
Prevalence is proportional to the number of new cases (incidence) and the average 
duration of disease. More information on incidence and prevalence is covered in 
Chap. 4.

Deciding whether to include prevalent or incident cases in a clinical research 
study is important as risk factors associated with risk of developing the disease may 
differ from those associated with surviving with the disease. Therefore, if the inter-
est is in evaluating exposures that increase the risk of disease, one should include 
incident cases in the sample.

Descriptive epidemiology is also useful for surveillance purposes and can 
help generate hypotheses for etiologic research. For example, the incidence of 
hepatocellular carcinoma (HCC) has been increasing in the U.S population since 

R. Popat and J. Simard
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1973. However, Njei et  al. reported that the rate of increase has slowed down 
from 2006 to 2011 [2], which could be explained by an improvement in primary 
prevention strategies (e.g., hepatitis B vaccination programs) as well as advances 
in treatment of chronic hepatitis, which can reduce the risk of progression to 
 cirrhosis and HCC.

1.5  Analytic Epidemiology

The goals of analytic epidemiology involve evaluation of factors associated with 
disease risk or prognosis, as well as evaluating preventive and treatment strategies. 
Analytic studies generally involve a comparison group and fall into two categories: 
experimental and observational.

In an experimental study, the investigator randomly assigns the exposure for each 
eligible individual and follows them over time to evaluate the effects of the expo-
sure. For example, in a clinical trial to evaluate the efficacy of lamivudine, patients 
with chronic hepatitis B with histologically confirmed cirrhosis were randomly 
assigned to receive lamivudine (100 mg/day) or placebo for five years [3]. The pri-
mary outcome was time to disease progression, where progression was operation-
ally defined as a composite outcome (e.g., hepatic decompensation, hepatocellular 
carcinoma, or death, etc.).

While new treatments are required to be evaluated using an experimental design, 
it is often unethical or not possible to randomize exposures. In these cases the 
researcher relies on observational methods. In observational studies, the investiga-
tor observes who has the exposure generally based on self-reported information or 
from medical records. The three common observational study designs include 
cohort, case-control, and cross-sectional studies.

In a cohort study, individuals in the study population are selected based on their 
exposure status and then their outcome is determined. For example, to evaluate 
whether obesity increases the risk of cirrhosis in alcoholic liver disease, eligible 
individuals with alcoholic liver disease (but without cirrhosis) will be identified and 
their obesity status (yes or no) will be recorded. All individuals, obese and not 
obese, will be followed up for five years to determine the risk of developing cirrho-
sis. This type of cohort study is prospective in nature because the outcome has not 
yet occurred at the time the study begins and follow-up of all participants is required 
to ascertain the outcome. The longer the follow-up time, the higher the probability 
that some subjects may withdraw, die, or be lost to follow-up. Censoring is a term 
used to describe this type of loss—the investigator no longer knows when or whether 
an individual develops the outcome so that individual stops contributing follow-up 
time and information. Using person-time data and estimating rates is one approach 
that allows the investigator to account for this.

An alternative type of cohort study is a retrospective cohort study. In this type of 
study, the outcome has already occurred at the time the study starts, however, it is 
possible to identify an eligible sample of participants and determine their exposure 

1 Principles of Clinical Epidemiology
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from information collected in the past, that is, before the outcome occurred. The risk 
or rate of developing the outcome is estimated from that time forward, similar to a 
prospective study. While retrospective cohort studies can be more time efficient 
compared to prospective cohort studies, they are only feasible when relevant expo-
sure and outcome information can be obtained in an objective manner. For example, 
in the obesity-cirrhosis example, if obesity is defined based on body-mass-index 
(BMI), this information is likely to be present in the medical record. However, if 
obesity is operationally defined based on hip-to-waist ratio or triceps fold, then it is 
unlikely to be recorded in the medical record because these measurements are not 
part of routine care.

In a well-designed cohort study, prospective or retrospective, exposure tempo-
rally precedes outcome. This enables us to estimate the risk or rate of developing the 
outcome and also satisfies an important criterion for inferring whether an exposure 
is causally associated with the outcome.

In a case-control study, individuals are selected based on the outcome of inter-
est and we define those with the outcome as cases and those without the outcome 
as controls. Then, investigators determine the distribution or frequency of exposure 
in these cases and controls. Case-control designs are often retrospective in nature 
because information about exposure is generally ascertained after the outcome has 
already developed. Therefore, exposure information is often subject to recall bias 
or other misclassification. However, concerns regarding the quality of exposure 
measurements depend on the exposure of interest and how this information is 
ascertained. For example, going back to the obesity-cirrhosis question, asking 
cases (with cirrhosis) and controls (without cirrhosis) to recall their BMI prior to 
diagnosis date for cases and an index data for controls may lead to bias, particu-
larly if the exposure, obesity, is perceived by cases to be related to the disease. 
However, if the investigators could get this information for cases and controls from 
another source, such as the medical record before the outcome occurred, then the 
potential for recall bias is reduced. Identifying appropriate controls for a case-
control study is also difficult, and inappropriate controls can lead to selection bias 
(more on this in Sect. 1.8) [4]. Despite these challenges, if done correctly case-
control studies can be an efficient way to answer a research question. Instead of 
collecting exposure and outcome information on the whole population of interest, 
a sample of cases and controls can be obtained and results can be equivalent to 
those from a cohort study.

A nested case-control study is a type of case-control study that selects its cases 
and controls from a cohort population that has been followed for a period of time. 
Nested case-control studies are particularly useful when it is either too costly or not 
feasible to perform additional biomarker analyses on an entire cohort. Since expo-
sure data is collected before the onset of the disease, the potential for recall bias and 
temporal ambiguity is reduced in nested case-control studies.

In a cross-sectional study, information on exposure, outcome, and additional 
covariates of interest are collected at the same time. This allows for estimation of 

R. Popat and J. Simard
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prevalence and can also be used to estimate the relationship between the prevalence 
of exposure with the outcome. The association between aspirin use and liver fibrosis 
among adults with suspected chronic liver disease was reported using the data from 
the National Health and Nutrition Examination Survey III, a cross-sectional survey 
of a nationally representative sample of US adults [5]. Information on aspirin use in 
NHANES III was limited to the month prior to the entry of study. Although aspirin 
use was associated with a significantly lower composite liver fibrosis index, there 
was insufficient information to establish temporality—when did they start taking 
aspirin? How does aspirin use relate to the onset of fibrosis? This is particularly 
important since any potential protection against liver fibrosis likely requires long- 
term aspirin use.

We have described the traditional study designs that typically examine groups 
of people on the basis of an exposure or outcome. In some alternative study 
designs, individuals act as both the exposed and unexposed (case-crossover [6]) or 
only those with the outcome are included (case-only [7]). There are also study 
designs that investigate not at the level of the individual but at the level of a group 
or population (ecological studies [8]) or studies (systematic review and meta-
analysis [9]).

1.6  Measures of Association

A measure of disease frequency quantifies how often the disease outcome has 
occurred in a group of interest. Some measures include proportion, risk, and rate as 
described earlier (Sect. 1.4). For example, prevalence and cumulative incidence or 
risk are proportions. These measures are unit-less and range from 0 to 1 (or 0–100%). 
In contrast, an incidence rate has units (person-time) and can range from 0 to infin-
ity. Another measure of frequency is odds, which is most frequently used in case- 
control studies.

In analytic studies the goal is to quantify the exposure-outcome association by 
comparing the relevant measures of disease frequency between two groups. There 
are relative and absolute measures of association (also known as effect measure). 
The risk difference, an absolute effect measure, is the risk in the exposed minus the 
risk in the unexposed. The relative risk is a generic term used for ratio based mea-
sures. For example, the risk ratio is calculated by dividing the risk in the exposed by 
the risk in the unexposed. Similarly, one could calculate a prevalence ratio, inci-
dence rate ratio or an odds ratio. The hazard ratio, which is estimated by Cox pro-
portional hazards models in survival analysis, is similar to an incidence rate ratio 
(for more details see Chap. 5 on Survival Analysis). The choice of measure of dis-
ease frequency and effect measure depends on the study design used and the goal of 
the research study.

In the example below, we use data from a prospective study by Yang et al. [10] to 
illustrate how effect measures are computed.

1 Principles of Clinical Epidemiology
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Example 1.6: Computing Effect Measures
Yang et al. conducted a prospective cohort study to determine the relation between 
positivity for hepatitis B surface antigen (HBsAg) and hepatitis B envelope antigen 
(HBeAg) and the development of HCC [10]. The table below shows the incidence 
of HCC during the follow up.

Incidence of hepatocellular carcinoma during follow-upa

Results of HBVa antigen 
tests

Person-years 
of follow-up

No. of 
men

No. of cases of 
hepatocellular 
carcinoma

Incidence rate (IR)
Cases/100,000 person-yr
(95% Confidence interval)

HBsAg− and HBeAg− 74,205 9532 29 39.1 (26.2–56.1)

HBsAg+ and HBeAg− 15,418 1991 50 324.3 (240.7–427.5)

HBsAg+ and HBeAg+ 2,736 370 32 1169.4 (799.9–1650.9)
aHBV hepatitis B virus, HBsAg hepatitis B surface antigen, HBeAg hepatitis B e antigen

Using the information above we can compute the following effect measures  
(IR Incidence rate, R Risk):

(1) Incidence rate ratioa = IRexposed/IRunexposed = IRHBsAg+, HBeAg+/IRHBsAg−, HBeAg−

= 1169.4 per 105 p-yr/39.1 per 105 p-yr = 29.9
(2) Risk ratioa = Rexposed/Runexposed = RHBsAg+, HBeAg+/RHBsAg−, HBeAg−

= (32/370)/(29/9532) = (0.0865)/(0.003) = 28.8
(3) Odds ratioa = Oddsoutcome in exposed/Oddsoutcome in unexposed

= [Rexposed/(1 − Rexposed)]/[Runexposed/(1 − Runexposed)]
= [0.0865/0.9135]/[0.003/0.997] = 31.5

(4) Rate differenceb = IRexposed − IRunexposed = IRHBsAg+, HBeAg+ − IRHBsAg−, HBeAg−

= 1169.4 per 105 p-yr − 39.1 per 105 p-yr = 1130.3 per 
100,000 p-yr

aRelative effect measures
bAbsolute effect measure

1.7  Some Notes About Statistical Inference  
(p-Values and Confidence Intervals)

In example 1.6, the unadjusted (or crude) incidence rate ratio was 29.9. This rela-
tive risk (RR) suggests that the risk of HCC was approximately 30-fold higher 
among those who were seropositive for HBsAg and HBeAg as compared with men 
who were negative for both. However, due to inherent statistical randomness asso-
ciated with sampling, in order to make the correct inference we would want more 
information. For example, we would like to know the probability (p-value) of 
observing a RR of 30 or more extreme if there was no association between sero-
positivity and HCC (the null hypothesis). In addition, we would also like to know 
something about the precision around this point estimate by estimating the 95% 
confidence interval. While p-values and confidence intervals provide important 
information, they are frequently misinterpreted [11] and overemphasized. The 
interpretation of a study’s results should not just focus on statistical significance 
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but take all the evidence into account, including the direction and magnitude of the 
association (i.e., clinical significance), and consider whether the findings are likely 
to be affected by bias or chance.

1.8  Bias

For an analytic study to produce a valid estimate of an exposure-outcome associa-
tion, the study must be designed, conducted, analyzed, and interpreted in ways that 
reduces the potential of generating biased results. Systematic errors introduced by 
the investigator in sampling, collecting, or interpreting data can introduce bias 
thereby threatening the internal validity of the study. Random errors can also affect 
study results by producing imprecise estimates. However, careful consideration of 
sample size and power during the planning phase can help address these concerns. 
In this section we will discuss the three primary sources of bias that can affect the 
internal validity of a study: confounding, selection bias, and misclassification (or 
information bias).

1.8.1  Confounding

A confounder is defined as a variable that is independently associated with the out-
come and exposure, and is not the causal pathway between the exposure and out-
come. When the distribution of a potential confounder is unequal between the 
groups being compared, it can result in biased estimates of the exposure-outcome 
relationship. In experimental studies, randomization can help control for confound-
ing because both measured and unmeasured confounders tend to get distributed 
equally (i.e., balanced) between the experimental and control group (thereby remov-
ing the independent association between confounders and the exposure). To pre-
serve the benefits of randomization, it is also important to use intention-to-treat 
analysis where subjects are analyzed based on the group they were initially assigned 
to, irrespective of adherence.

In observational studies, randomization is not possible, so investigators use 
approaches in the design or analysis phase to control for confounding. In the design 
phase of observational studies, restriction or matching can minimize confounding. 
When using the restriction approach, we remove the association between the exposure 
and the confounder by restricting the sample to one level of the confounder. For exam-
ple, sex is an important confounder of most exposure-outcome relationships. By 
restricting the study to include only males, there is no longer a way for exposure and 
disease to be influenced by sex. In matching, the study population is chosen to have a 
similar distribution of the confounding variable. Matching can be quite powerful, but 
needs to be carefully considered particularly in case-control studies where it may 
inadvertently introduce confounding or bias the association towards the null [12].

The traditional approaches of restriction and matching can only help address a 
few confounders. The ability to handle several confounders requires analytic 
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approaches such as statistical adjustment using a multivariable regression model. 
Stratifying results by the confounding factor is also a reasonable approach, but not 
very efficient when multiple confounders need to be considered and when con-
founders include continuous variables.

For example, in the cross-sectional study of aspirin use and liver fibrosis 
described earlier [5], the unadjusted results showed a modest inverse association in 
patients with chronic liver disease that was not statistically significant at the 
alpha  =  0.05 level (Coefficient −0.17, 95% CI −0.41 to 0.07; p-value 0.2; see 
Table  1.1). Since aspirin use was not randomized, several potential confounders 
needed to be considered. For example, compared to non-users, aspirin users were 
older and had a higher prevalence of comorbidities such as arrhythmia, hyperten-
sion, and coronary artery disease. In fact, confounding by indication is a well-known 
type of confounding where an association (e.g., aspirin-liver fibrosis) is influenced 
by the underlying indication for exposure or treatment. Subjects who have coronary 
heart disease or are older are more likely to take aspirin and may be more likely to 
develop liver fibrosis as well, thereby obscuring a potential protective effect of aspi-
rin use. Researchers used a linear regression model to account for potential con-
founders. Interestingly, in this study, age was the most important confounder and 
after adjusting for age, the inverse association between aspirin use and liver fibrosis 
was strengthened (Coefficient −0.27, 95% CI −0.47 to −0.07; p-value 0.008). 
Further adjustment for comorbidities did not change the association by much 
(Coefficient −0.24, 95% CI −0.42 to −0.06; p-value 0.009). There can still be resid-
ual confounding if there are unmeasured confounders or confounders are not mea-
sured correctly or properly specified (for example, adjusting for age using a binary 
variable [<60 vs. ≥60] instead of age as a continuous variable, could result in resid-
ual confounding).

Other methods to control for confounding in observational studies include pro-
pensity scores [13] when we have measured confounders and instrumental variables 
[14] or external adjustment [15] when there are unmeasured confounders.

Table 1.1 Associations between composite fibrosis index and aspirin use among individuals with 
chronic liver disease using NHANES III data (Jiang et al. [5])

Coefficienta 95% CI p-value
Unadjusted −0.17 −0.41 to 0.07 0.2

Model 1b −0.27 −0.47 to −0.07 0.008

Model 2c -0.24 −0.42 to −0.06 0.009

There were 520 aspirin users and 1336 non-users
aBeta coefficients for the composite fibrosis index measured in the unit of standard deviation asso-
ciated with aspirin/ibuprofen use using sampling weights in NHANES III to allow inference of the 
US civilian population
bModel 1 was calculated by multivariable regression adjusted for age
cModel 2 was calculated by the multivariable regression adjusted for age, gender, ethnicity, BMI, 
smoking, alcohol history, income poverty index, level of education, type of insurance, histories of 
coronary artery disease, stroke, diabetes, hypertension, arrhythmia, number of daily medications 
and the use of lipid-lowering medication or acetaminophen
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1.8.2  Selection Bias

Selection bias is a form of sampling bias due to systematic differences between 
those who are selected for a study (or agree to participate) and those who are not 
selected (or refuse to participate). Selection bias can arise from procedures used to 
select subjects, factors that influence study participation, or factors that influence 
participant attrition.

In a case-control study, selection bias occurs when the exposure of interest is 
associated with the selection of cases, controls or both. A hospital-based case- 
control study was performed to examine the association of coffee consumption with 
pancreatic cancer [16]. Cases included subjects with a confirmed diagnosis of pan-
creatic cancer. Controls were selected from inpatients hospitalized by the attending 
physicians who had hospitalized the cases, so that the selection process of cases and 
controls were similar. Cases reported a higher prevalence of coffee consumption 
compared to controls (94.5% vs. 86%, respectively). However, the prevalence of 
coffee drinking in the hospital-based controls was much lower than the target popu-
lation of general adults because the controls had gastrointestinal disorders (like gas-
tritis, peptic ulcers) and had reduced coffee consumption. The less than ideal choice 
of a control group may have led to the spurious association between coffee intake 
and pancreatic cancer that has not been subsequently confirmed [17].

In cohort studies and randomized clinical trials, selection bias can result from 
differential loss-to-follow-up or informative censoring. In this situation, people who 
remain in the study to be analyzed no longer represent the original study population. 
For example, in a trial comparing two treatments, subjects on treatment A are more 
likely to experience side effects and drop out of the study. The individuals remain-
ing in the treatment A group are only those who have not experienced the side effect 
and may appear healthier than those on treatment B. Comparing the two groups may 
lead to the incorrect conclusion that treatment A is associated with better outcomes. 
Therefore, it is important for investigators conducting prospective studies to mini-
mize loss-to-follow-up (gold standard is considered to be 80% follow-up of the 
inception cohort).

Investigators can use the following strategies to minimize the potential for selec-
tion bias: (1) ensure that participation in the study is not impacted by the exposure 
or the outcome (e.g., blind subjects to study hypothesis); (2) attempt to recruit all 
cases within the source population; (3) ensure controls and cases are selected from 
the same target population; (4) minimize non-response and refusals; and (5) mini-
mize loss to follow-up (in cohort studies and RCTs).

1.8.3  Misclassification

Misclassification, also known an information bias or broadly measurement error, 
occurs when we erroneously classify an individual’s exposure or outcome status. 
Misclassification results when the methods used for ascertaining measurements 
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lack accuracy. Sensitivity and specificity are commonly used measures of accuracy 
when a reference or gold-standard is available for ascertaining the outcome or expo-
sure (see Table 1.2). For disease classification, sensitivity is the proportion of cases 
who truly have the disease and specificity is the proportion of subjects who truly do 
not have the disease.

Liver biopsy is considered the gold standard method for diagnosis of cirrhosis. 
However, non-invasive techniques based on serum or imaging markers may be used 
in studies. Utilization of non-invasive measures, while more convenient and eco-
nomical, are likely to result in some misclassification of disease status because these 
measures are not 100% sensitive or specific. When disease misclassification is inde-
pendent of exposure status (i.e., similar misclassification in exposed and unexposed 
groups), this is referred to as non-differential misclassification, which tends to bias 
associations towards the null (i.e. underestimates the association). In contrast, dif-
ferential misclassification occurs when the degree of disease misclassification 
depends on exposure status. For example, in a randomized clinical trial, if all sub-
jects in the treatment arm received a biopsy but subjects in the control arm only 
received non-invasive tests, then this would result in differential misclassification, 
which may overestimate or underestimate the association.

Exposure misclassification can also bias the exposure-outcome association in a 
manner similar to disease misclassification. For example, in a case-control study of 
alcohol consumption and the risk of HCC, suppose both the cases and controls were 
to underreport exposure to alcohol. This situation would result in non-differential 
misclassification that would bias the association towards the null. Recall bias is an 
example of differential misclassification of the exposure in which cases recall their 
exposure differently than controls.

Investigators can use the following strategies to minimize the potential for misclas-
sification bias: (1) choose objective measures (e.g., pharmacy records vs. self- report 
use of medications) and hard outcomes (e.g. mortality); (2) test reliability and validity 
of instruments used to determine outcome and exposure; (3) train and blind interview-
ers to outcome status and study hypothesis; (4) blind subjects to study hypothesis; (5) 
use similar methods for determining outcome and exposure in all study subjects 
(reduces potential for differential misclassification); and (6) use incident cases in 
case-control studies, not prevalent cases. Table  1.3 [18] summarizes the features, 
advantages, and limitations and sources of bias of traditional study designs.

Table 1.2 Measures of accuracy

True classification of outcome/exposure status  
(gold standard)
Present Absent

Method used in 
study to classify 
outcome/exposure 
status

Present True positives
A

False positives
B

A + B

Absent False negatives
C

True negatives
D

C + D

Sensitivity = A/(A+C) Specificity = D/(B+D)
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Table 1.3 Summary of study designs

Study design Description Advantages Limitations and biases
Observational
Cross- 
sectional

Measures 
prevalence of risk 
factors (e.g., 
interventions, 
exposures) and 
outcomes at one 
time point

Relatively inexpensive, 
easy, and quick; often 
generalizable: provides 
valid estimates of 
prevalence for risk 
factors and outcomes

Cannot determine whether 
risk factors preceded 
outcomes; may uncover risk 
factors associated with 
duration (or survival) rather 
than cause of outcome; 
inefficient for rare risk 
factors and outcomes; may 
be subject to nonresponse 
bias, recall bias, and 
confounding

Case-control Selects participants 
based on outcome 
status (case or 
control) and asks 
them about past 
risk factors

Efficient for rare 
outcomes; relatively 
inexpensive, easy, and 
quick

Getting comparable control 
subjects is often tricky; 
temporal relationship 
between risk factors and the 
outcome may be uncertain; 
inefficient for rare risk 
factors; cannot be used to 
estimate rates or risks of the 
outcome or risk ratios; may 
be subject to recall bias and 
confounding

Prospective 
cohort

Measures risk 
factors in an 
outcome-free 
cohort and 
observes them until 
they develop the 
outcome

Temporality is certain: 
risk factors preceded 
outcomes; prevents bias 
that may occur after a 
person develops an 
outcome; provides valid 
estimates of rates and 
risks of outcomes; can 
be used to study multiple 
outcomes

Can be lengthy and costly; 
inefficient for rare 
outcomes: may be affected 
by loss to follow-up and 
confounding

Retrospective 
cohort

Similar to a 
prospective cohort 
study, but the 
cohort is assembled 
after outcomes 
have already 
occurred, by using 
stored records

Similar benefits as a 
prospective cohort study 
but also faster and 
cheaper

Risk factor data were not 
collected specifically for the 
study, and thus certain 
variables and confounders 
may be unavailable; data 
quality may be low; requires 
stored or electronic records; 
may be affected by loss to 
follow-up (may not be able 
to get outcome information 
on everyone in the 
retrospectively assembled 
cohort) and confounding

(continued)
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1.9  Generalizability

If the results of a study are expected to be similar in another population, the study is 
said to be generalizable to that other population, or have external validity. It makes 
sense to consider external validity only when a study has internal validity. To deter-
mine generalizability, the eligibility criteria and the composition of the study popu-
lation should be taken into account. To determine whether a study has external 
validity, one can ask the question “Would we expect the results seen in study popu-
lation X to be the same in population Y?” If there is a plausible biological difference 
between population X and Y that would cause the association to be different, gener-
alizability may be limited, for example if population X was all male and population 
Y was all female.
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2Understanding Study Design for Clinical 
Epidemiology Studies
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2.1  Overview of Chapter

This chapter presents information about three types of study designs commonly 
used for liver disease research. Each section provides a set of terms used when 
presenting research using the given design, an overview of the design, key aspects 
of the methods used, strengths and limits of the design, and a clinical vignette 
which draws from relevant research on a liver disease and highlights key aspects of 
the design.

2.2  Case Control Study

Terms:

 – Case
 – Control
 – Confounder
 – Matching
 – Odds Ratio
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2.2.1  Overview

A case-control study is one that compares patients who have a disease or outcome 
of interest (cases) with patients who do not have the disease or outcome (controls) 
and compares how frequently the exposure to a risk factor is present in each group 
to determine if an association exists between the risk factor and the disease. Most 
case-control studies are retrospective, in that the exposure is assessed by looking 
back in time after identifying the cases (diseased) and the controls (non-diseased). 
A prospective study identifies the cases and controls as subjects are recruited, based 
on disease status.

Case control studies are observational because no intervention is attempted and 
no attempt is made to alter the course of the disease. As such, causality cannot be 
concluded from the statistical analyses, but rather associations can be detected. The 
goal is to retrospectively determine the exposure to the risk factor of interest from 
each of the two groups of individuals: cases and controls. These studies are designed 
to estimate odds ratios. An odds ratio (OR) is a measure of association between an 
exposure and an outcome. The OR represents the odds that an outcome will occur 
given a particular exposure, compared to the odds of the outcome occurring in the 
absence of that exposure.

• OR = 1 Exposure does not affect odds of outcome
• OR > 1 Exposure associated with higher odds of outcome
• OR < 1 Exposure associated with lower odds of outcome

Usually the OR is reported with a 95% confidence interval (CI), which provides 
a range of OR that could occur if the same study were repeated in the same popula-
tion. The 95% CI is affected by the sample size of the study cohort as well as the 
precision of the calculated OR values. A large CI indicates a low level of precision 
of the OR, whereas a small CI indicates a higher precision of the OR. Szumilas 
provides a good review and systematic explanation of the concept and calculation 
of OR [1].

When reading a paper which features a case-control study, things to assess are:

• What is the definition of the case?
 – How was the disease diagnosis ascertained: self-report, laboratory measure, 

chart review?
If the disease diagnosis is based on self-report, this introduces potential biases. 
People with the disease who have more access to medical care are more likely 
to be diagnosed and know their diagnosis. People who have the disease who 
are not diagnosed could be incorrectly identified as a control. This would tend 
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to make it more difficult to find that the exposure is associated with the disease, 
a bias toward the null hypothesis (i.e. there is no association between outcome 
and exposure).

 – What are the inclusion and exclusion criteria: age range, co-morbid condi-
tions, language?

• What is the definition of control?
• Did the authors identify potential confounders?

When a non-casual association is observed between a given exposure and out-
come is a result of the influence of a third variable, it is termed confounding, with 
the third variable termed a confounding variable. A confounding variable is caus-
ally associated with the outcome of interest, and non-causally or causally associ-
ated with the exposure, but is not an intermediate variable in the causal pathway 
between exposure and outcome [2].

• Were controls matched to cases?
 – Matching is intended to reduce confounding. For example, matching on age 

can be helpful in minimizing potential confounding based on age. Matching 
would be carried out in a way that when a case is identified, the control 
would be identified matching on age, within a certain range (e.g. a 45-year-
old case would be matched with a 43-47-year old control). These matched 
pairs are analyzed together, to see if either or both was exposed. In some 
cases more than one control is matched, e.g. 2:1 or 3:1, in order to increase 
statistical power.
If matching is done on a characteristic that is not a known confounder, this 
can lead to bias. The matched characteristic cannot be studied as a risk fac-
tor as the process of matching takes the characteristic out of the analysis 
(evenly distributes it across cases and controls). Rose and van der Laan 
provide a more in-depth discussion regarding the concept of matching in 
study designs [3].

• How was the exposure ascertained? Self-report? Chart review?
If people are asked about exposures, people who have the disease may report 
exposures that are potential causes because they attribute cause to those expo-
sures, which could lead to a bias away from the null hypothesis and overestimate 
the potential association between outcome and exposure.

When a non-casual association is observed between a given exposure and out-
come is a result of the influence of a third variable, it is termed confounding, with 
the third variable termed a confounding variable. A confounding variable is causally 
associated with the outcome of interest, and non-causally or causally associated 
with the exposure, but is not an intermediate variable in the causal pathway between 
exposure and outcome [2].
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2.3  Randomized Controlled Trial

Terms:

 – Random/randomization
 – Confounder/confounding
 – Blind/Blinded/Blinding
 – Sensitivity
 – Specificity
 – Positive predictive value

Clinical Vignette
Six weeks ago, you started one of your primary care patients on a proton 
pump inhibitor (PPI) for presumed gastro esophageal reflux (GERD) after 
she complained of mid epigastric pain at night worse when laying down and 
after eating heavy meals. She has a history of chronic hepatitis C virus 
infection complicated by cirrhosis with a most recent Childs-Pugh-Turcotte 
(CPT) class B given her bilirubin of 1.5 mg/dL, albumin of 2.9 g/dL, INR of 
1.5, small volume ascites, and lack of encephalopathy. Today in follow-up, 
she is febrile, tachycardic, and has new abdominal pain, but does note reso-
lution of her GERD symptoms. She denies melena or hematochezia and 
notes no changes in her bowel habits, but given your concern for commu-
nity-acquired spontaneous bacterial peritonitis (SBP), you decide to send 
her to the Emergency Department for further evaluation and treatment. She 
did not have a history of SBP, prior paracentesis, or history of esophageal or 
gastric varices. As you consider her case, you wonder if the recent initiation 
of PPIs could be related to her SBP and you do a quick literature search. You 
are able to find three large retrospective case-control studies looking at 
patients with cirrhosis and comparing those with and without SBP all of 
which showed in multivariate analyses that PPIs increased the risk for SBP 
[4–6]. Most recently Ratelle, et al. conducted a case control study in which 
they matched each case of SBP to two controls and showed in their multi-
variate analysis that PPIs were independently associated with increased 
odds of SBP [7].

Ratelle et al. found that those on PPIs were independently associated with 
SBP with an odds ratio of 2.09 [7]. You worry that perhaps the patients with 
SBP represented an older and sicker population than the control group, how-
ever, the authors matched age and CPT class to control for this potential con-
founding. Similarly, the authors matched on year of hospital admission to 
control for possible changes in PPI prescribing habits.

Based on the strength of their data, you decide to stop your patient’s PPI 
and be more cautions in the future about prescribing PPIs in patients with cir-
rhosis who are at risk for SBP.
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21

 – Negative predictive value
 – Number needed to treat
 – Absolute risk reduction

2.3.1  Overview

Randomized Controlled Trial (RCT)—A study design that randomly assigns par-
ticipants into an experimental group or a control group. The experimental group 
receives a new treatment, e.g. medication or combination therapy or intervention. 
The control group receives standard of care or a placebo. The outcomes for the two 
groups are compared, e.g. death, hospitalization, re-admission, laboratory test mea-
sure. Placebo can be chosen for the RCT control group when there is no recognized 
gold standard of care. The RCT is testing the new treatment against no treatment. 
A placebo is provided, e.g. sugar pill, because studies have shown that people may 
respond to treatment simply because attention is being paid to them or because there 
is regression to the mean, a shift from a more extreme state to a less extreme state.

Variations of the RCT design. A blinded design means that people administering 
the treatment (whether it is the experimental one or the control) do not know which 
group the participating patient is in.

Common pitfalls: An RCT should be a study of one population only. Was the 
randomization actually “random,” or are there really two populations being studied? 
For example, let’s say that morning patients are assigned to the experimental group 
and afternoon patients are assigned to control. Perhaps schedulers give patients who 
need more time to get to the office the afternoon appointments. Are there other 
characteristics about needing more time that will affect how they respond to the 
treatment? In most published RCTs, Table 1 provides the demographics of the study 
cohort, and can provide valuable information to determine whether the comparator 
groups are truly similar.

If the RCT is tracking disease incidence, the results can be used to calculate:
Sensitivity or true positive rate—the proportion of patients diagnosed with the 

condition who are correctly identified to have the condition.
Specificity or true negative rate—the proportion of patients who do not have the 

condition who are correctly identified not to have the condition.
Positive predictive value (PPV)—the probability that the patients with a positive 

screening test have the disease (e.g. patients who get a positive mammogram who 
have breast cancer).

Number needed to treat (NNT)—the average number of patients who need to be 
treated to prevent one additional bad outcome (e.g. the number of patients that need 
to be treated for one to benefit compared with a control). For example, if a treatment 
has an NNT of 10, it means you have to treat 10 people with the drug to prevent one 
additional bad outcome. To calculate the NNT, you need to know the Absolute Risk 
Reduction (ARR); the NNT is the inverse of the ARR:

 NNT ARR= 1 /  

Where ARR = CER (Control Event Rate) − EER (Experimental Event Rate).
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NNTs are always rounded up to the nearest whole number. Often times, authors 
will also present the Number needed to harm (NNH). Comparing the NNT to the 
NNH can give clinicians insight into the cost benefit of the intervention in question.

2.4  Cohort Study

Terms:

 – Cohort
 – Observational
 – Exposure

Clinical Vignette
You are called by the Emergency Department attending to admit a 34 year-old 
man who reports two days of vomiting coffee-ground emesis. He endorses 
drinking 12 beers daily for the last five years and occasionally drinking a pint 
of scotch; his last drink was around midnight. This is his first time interacting 
with the medical system since he was a teenager and denies any past medical 
history. Review of systems is negative for diarrhea, fevers, chills, shortness of 
breath, or chest pain. His triage vitals are notable for a heart rate of 110 beats/
min and blood pressure of 95/60 mmHg. On exam he has spider angiomas and 
a palpable sleep tip, but no ascites nor scleral icterus. His initial labs included 
a serum creatinine of 2.0 mg/dL , alanine aminotransferase (ALT) of 100 U/L, 
aspartate aminotransferase (AST) of 200  U/L, total bilirubin 9.0  mg/dL, a 
hemoglobin of 6.5  mg/dL, platelet count of 135,000/mL, and prothrombin 
time of 31 s (reference range 11–14 s). He is negative for hepatitis virus A, B, 
and C. Initially he is given one unit of packed red blood cells, started on a 
proton pump inhibitor infusion, and admitted to the intensive care unit. The 
next day, upper endoscopy reveals esophageal varices with a large bleeding 
vessel that are amenable to band ligation and ceftriaxone is added to his treat-
ment regimen. He remains hemodynamicaly stable, but on hospital day two 
his liver function tests continue to worsen and you calculate his discriminate 
function to be over 32. You are ambivalent about starting prednisolone or 
pentoxifylline and recall a recently published paper on the topic.

Based on your understanding of Thursz et al.’s 2015 NEJM publication [8], 
you decide not to give prednisolone or pentoxifylline given that neither drug 
showed 90-day or one-year mortality benefit. You feel this is a reasonable con-
clusion to draw because your patient’s presenting clinical picture mirrored that 
of the study’s inclusion criteria (thus the study population was generalizable to 
your patient). You are also aware that factors such as age, encephalopathy, leu-
kocytosis, synthetic function, and degree of renal failure all can influence mor-
tality and after looking at the author’s multivariate logistic- regression model in 
which these variables were adjusted for, the effect of prednisolone on mortality 
at 90 days as well as at one year was non-significant.
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 – Selection bias
 – Confounding/confounder
 – Information or measurement bias

2.4.1  Overview

The word “cohort” has been adopted into epidemiology to define a set of people 
followed over a period of time. An outcome or disease-free study population is 
identified by an exposure or event of interest and followed in time until the disease 
or outcome of interest occurs.

Exposure is defined at the beginning of the study. This feature is a strength of the 
cohort study, as the design allows for the ability to establish causality. The design 
also allows for the study of rare exposures.

There are a number of potential biases that can occur for cohort studies, and 
readers need to be cognizant of these potential biases when assessing the quality of 
studies. Selection bias could occur if the exposed or unexpected subjects were iden-
tified in a manner or through a factor that is also connected to the outcome of inter-
est. Not taking into consideration confounding could also lead to biased results. 
A confounder is a factor associated with exposure of interest and possibly also a 
cause of the outcome of interest. Finally, information bias also known as measure-
ment bias occurs with inaccurate measurement of key study variables. Measurement 
bias can lead to misclassification. For example, an unexposed could be classified as 
exposed or vice versa. If the error is random, then the misclassification is random 
and should not affect the interpretation of the data. If the error is non-random, this 
may bias the study results.

Clinical Vignette
You receive a letter from a patient’s lawyer informing you that your patient, a 
56-year-old man who was recently diagnosed with hepatocellular carcinoma 
(HCC), is suing his employer, a manufacturer of polyvinyl chloride (PVC) 
pipes. The patient is worried that his exposure to vinyl chloride, an organo-
chloride used to make the PVC pipes, caused his illness and his lawyer con-
tacts you for more information about the link between vinyl chloride and 
HCC. You are aware that angiosarcomas are associated with vinyl chloride, 
but are unsure of the association between vinyl chloride and HCC. You find 
two cohort studies, but they have slightly conflicting conclusions. In Ward 
et al.’s publication based on 12,700 European men with occupational vinyl 
chloride exposures followed for 8 years, the authors described an exposure- 
response trend between duration of exposure and the 10 verified cases of HCC 
that occurred within their cohort during the study period [9]. A US study by 
Mundt et al. followed 10,109 men with occupational vinyl exposures for at 
least 1 year between 1942 and 1972 and found a link between vinyl chloride 
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and excess mortality risk from cancer of the liver and biliary tract, but this link 
seemed mostly to be driven by angiosarcoma and they were unable to draw 
conclusions about a link between vinyl chloride and HCC [10]. You have a 
difficult time deciding how to compare the data from these studies as each 
used a different cohort, a different end-point, and you are concerned that there 
could have been misclassification of HCC and angioscarcomas in the 
American study.

Upon further searching, you find a meta-analysis by Boffetta et  al. that 
evaluated both Ward et al. and Mundt et al. in addition to six other studies 
[11]. The authors of the meta-analysis used random-effects models in cases 
that lacked heterogeneity and concluded that there was an increased meta- 
standardized mortality ratio (SMR) for both angiosarcoma and HCC. Based 
on these data, you decide that there likely is enough evidence to argue that 
your patient’s occupational exposure contributed to his cancer.
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3Understanding the Interpretation 
of Disease Incidence and Prevalence
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Abstract
One of the main goals in epidemiology is to describe the disease of interest, 
quantify the frequency of the disease, and study the risk factors and potential 
causes of the disease. “Measures of occurrence,” which are used to describe fre-
quency of diseases, are the descriptive values in clinical epidemiology that 
describe events or outcomes, such as mortality or morbidity. Two of the main 
measures of occurrence that are used in the field of epidemiology are “incidence” 
and “prevalence.” These types of measures of occurrence are used in different 
ways by experts from various backgrounds. Clinicians can use incidence and 
prevalence in direct patient care to describe the frequency of a disease of interest, 
to help predict the course of a patient, and to estimate an individual’s risk for a 
disease and its complications. Public health professionals can use incidence and 
prevalence to describe the conditions and burden of a disease of interest, to iden-
tify the areas/conditions/disease where resources should be directed, and to com-
pare between patients, subgroups of population, and finally, health care systems. 
Finally, researchers can use incidence and prevalence to compare diseases and 
define clinical outcomes in studies. In this chapter, we will discuss the basics of 
incidence and prevalence, which are essential to the comprehension and interpre-
tation of different indices of disease frequency.
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Incidence · Prevalence · Frequency data · Measures of occurrence
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3.1  Frequency Data

The ability to describe frequencies and rate of disease states is integral to the under-
standing of epidemiology. We will begin with frequency data, which is generally 
expressed as one of two major forms: “Count” and “Ratio”. “Ratio” can further be 
subdivided to include “Proportion” and “Rate”. These variables will help us to even-
tually understand incidence and prevalence.

Count: The crude number of individuals or subjects who meet the case 
definition.

Example: There are currently 4,200 patients with the diagnosis of colon cancer 
in the state of Maryland.

Thus, a “count” refers to a numeric value that describes the number of individu-
als with the disease, or condition, of interest. This way to measure frequency data 
has implications in terms of assessment of individual cases within a community/
population, which may ultimately have implications in such public health measure 
as resource allocation. However, a count does not provide any information about the 
occurrence of cases in relation to the size of total population. This is where “ratio,” 
“proportion,” and “rate” are of use.

Ratio: The fraction of one entity (the numerator- which generally represents 
individuals with the disease of interest) relative to another entity (the 
denominator).

Example: There are 2.7 cases of colon cancer for every 1 gastroenterologist.
Thus, a “ratio” describes the relationship of the numerator to the denominator, 

and be subdivided into “proportions” and “ratios,” where the denominator com-
prises either the total population or is a function of time, respectively. Of note, as 
seen in the example above, the numerator and denominator in a ratio do not have to 
have the same units of expression.

Proportion: A type of ratio where the numerator (individuals with the disease 
of interest) is a subgroup of the denominator; thus, the two values have similar 
units.

Example: Of all adults undergoing screening colonoscopy, 20% are found to 
have polyps.

It is important here to pay attention to the specific qualities of the proportion. The 
numerator identifies the number of cases and is a subgroup of the denominator. The 
denominator identifies the total population—both the individual cases, as well as 
those who do not meet the case definition. Therefore, by definition, the numerator 
and denominator must have similar units.

Rate: A type of ratio where time is expressed, or implied, in the denominator and 
the numerator again expressed the number of individual cases. Therefore, rate 
essentially describes the rapidity of change in the number of cases over time.

Example: There are 135,430 of new cases of colon cancer per year (2016).
Understanding these four measures of frequency data is central to understanding 

“incidence” and “prevalence.” Refer to Table  3.1 for characteristics of these 
measures.

E. Chitsaz and S. Kumar
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3.2  Incidence

“Incidence” describes the number of new individuals who meet the case definition 
(for example, the disease of interest), within a defined period, among the total at- 
risk population. In other words, the numerator is the incident (or new) cases that 
occur during the observation period. The denominator includes the at-risk popula-
tion, and hence excludes both those individuals who already have the diagnosis (and 
by this virtue, cannot develop the condition), as well as individuals who are inca-
pable of experiencing the disease due to biologic reasons. For example, men cannot 
develop ovarian cancer and thus would be excluded from the at-risk population in a 
study for incidence of ovarian cancer.

Incidence is calculated as the number of new cases of condition X, divided 
by the total number of individuals in the population who are at risk for condi-
tion X.

Incidence may be further subdivided into three measures: cumulative incidence 
(or incidence proportion), incidence density (or incidence rate), and incidence odds.

3.2.1  Cumulative Incidence (Incidence Proportion)

The most commonly used approach to estimate incidence is the “cumulative inci-
dence.” In this measure, the population of interest is fixed in size. In other words, 
each new case enters the study at the same time, and subsequently, each individual 
is followed for the entire observation period. The numerator thus comprises any new 
cases accumulated throughout the entire study period, while the denominator 

Table 3.1 Frequency data

Measure Description
Numerical 
expression Example Epidemiology indices

Count Number of 
occurrences

A Number of patients 
with colorectal cancer 
in a given community

Frequency

Ratio Fraction of two 
values (may not 
have similar 
units)

A/B Number of patients 
with colorectal cancer 
relative to the number 
of gastroenterologists

Incidence odds, 
prevalence odds

Proportion A type of ratio 
where numerator 
is always a part 
of the 
denominator

A/A + B Number of new 
diagnoses of colorectal 
cancer among total 
number of 
colonoscopies

Cumulative incidence, 
point prevalence

Rate A type of ratio 
where 
denominator 
implies time

A/time Number of new 
diagnosis of colon 
cancer per year

Incidence density, 
period prevalence
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encompasses all at-risk individuals within the target population throughout the 
entire study period. Since the numerator is a subset of the denominator, and thus 
qualifies as a proportion, the cumulative incidence is also called the incidence 
proportion.

Cumulative incidence or incidence proportion
newcases du

( )
=

# rring entire study period

totalat-risk populationat beginningg of study period

3.2.2  Incidence Density (Incidence Rate)

In “incidence density,” the population is again fixed in size, and each new case 
enters the study at the same time, similar to what is seen when using the cumu-
lative incidence. However, each individual is not observed for equal amounts 
of time. Thus, each individual case will contribute in a manner that is relative 
to the time they have been observed. This is most useful in studies when the 
population is ever- changing. The numerator remains the number of new cases 
during the observation period. However the denominator is the time each indi-
vidual was observed, totaled for all individuals—also called person-time. 
Since the denominator is a function of time, incidence density is also called 
“incidence rate”.

Incidence density or incidence rate
newcases during enti( ) = # rre study period

total person-time

Of note, it can be difficult to actually measure person-time. Say one individual 
develops the disease of interest after 5 years, such that they would contribute 4.5 
person-years to the denominator (it is generally assumed that a disease-free indi-
vidual who then develops the disease contributes half of the last time period used 
when still disease-free), while another individual remained disease free for 10 years 
and would thus contribute 10 person-years to the denominator. These two individu-
als would thus contribute a total of 14.5 person-years to the denominator. As one 
can imagine, this calculation can be fairly tedious when doing large clinical 
studies.

Another caveat to be aware of, when using incidence density, is the assumption, 
inherent to this measure, that the probability of developing the disease remains con-
stant over the study period- this may not be true for diseases that become more 
common with age.

3.2.3  Incidence Odds

“Incidence odds” is a less commonly used incidence measure. Here, the numerator 
again is the number of new cases during the observation period. However, the 
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denominator in this measure is the number of individuals who do not develop the 
disease during that period.

Incidence odds
newcases of disease during entire study pe

=
# rriod

disease-free individuals at the start of the study per# iiod

Of note, the incidence odds approximate the cumulative incidence if the event 
rate is low. For example, let’s say that among 1000 patients undergoing screening 
colonoscopy in the month of June, 10 patients developed a delayed post- polypectomy 
bleed. The incidence odds of delayed post-polypectomy bleed in the month of June 
would be 10/(1000 − 10), or 0.0101. Meanwhile, the cumulative incidence would 
be 10/1000 = 0.0100. Conversely, cumulative incidence and incidence odds begin to 
diverge when the event rate is high. For example, if 400 patients out of 1000 devel-
oped a delayed post-polypectomy bleed after undergoing screening colonoscopy in 
the month of June, the incidence odds would be 400/(1000 − 400), or 0.67, whereas 
the cumulative incidence would be 400/1000, or 0.40.

3.3  Prevalence

“Prevalence” refers to the total number of individuals who meet the case definition 
at any given point in time, during the study period, among the at-risk total popula-
tion. Thus, in contrast to incidence, where only new cases are of interest, prevalence 
counts both new and existing cases in the numerator. Please refer to Table 3.2.

Prevalence is calculated as the number of new and existing cases of condi-
tion X, divided by the total number of individuals in the population who are at 
risk for condition X.

Prevalence may also be further subdivided into three measures: point prevalence, 
period prevalence, and prevalence odds.

3.3.1  Point Prevalence

“Point prevalence” represents the prevalence of the disease in a “snapshot” of a 
population at a specific time point, and is the most common use of prevalence. The 
numerator in this measure is the number of cases at a specific time point (both exist-
ing and new), while the denominator is the total population at that same point in 
time. Because the numerator is a subset of denominator, point prevalence is a 
proportion.

Table 3.2 Incidence versus prevalence

Incidence Prevalence
Numerator New cases identified during a 

given time period
All cases (i.e., existing and new) in a 
population during a given time period

Denominator At-risk population At-risk population
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Point prevalence

cases of disease newand existing at a spec
=

( )# iific time-point

total populationat the same specific time-# ppoint  

3.3.2  Period Prevalence

While point prevalence describes the prevalence at a single point in time, “period 
prevalence” refers to prevalence within a defined period. Period prevalence refers to 
the number of cases (both existing and new) at any point of time from the beginning 
of the defined period until the end of the period. In other words, period prevalence 
counts both cases that existed at the onset of the study period, as well as any new 
cases that developed at any time throughout the study period. Again, since the 
numerator is a subset of denominator, point prevalence is a proportion.

Period prevalence
cases of disease newand existing during

=
( )# aa specific time period

total population during the same ti# mme period

Although point prevalence is more generally reported, period prevalence can be 
useful, since it can be thought of as the sum of point prevalence when measured at 
the onset of the observation period, plus the cumulative incidence of disease during 
the defined observation period. Thus, this measure can be useful when looking at 
the life-time prevalence of a condition.

3.3.3  Prevalence Odds

“Prevalence odds” refers to the ratio of the number of individuals with the disease 
(existing and new cases) at a specific time point, in relation to the individuals who 
do not have that disease at that specified time point.

Prevalence odds
all cases of disease at a specific time-point

=
#

## disease-free individuals at that specific time-point

3.4  The Relationship Between Incidence and Prevalence

Although incidence and prevalence are two different measures of occurrence, they 
do have an inherent relationship. Incidence represents “new” cases diagnosed within 
an observation period, while prevalence represents total number of cases (“existing” 
and “new”) observed at a point in time or over a period of time. Thus, prevalence 
can be thought of as a “pool,” where the subjects with the disease at any given 
instant are in the pool, including both “old” and “new” cases. New cases are con-
stantly entering the pool- the rate at which this occurs is represented by incidence. 
Meanwhile, the time that cases spend in the “pool” prior to leaving is reflected in the 
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“duration of the disease,” which is directly dependent on the biological nature of the 
disease/ natural history, likelihood of cure/recovery time, and the morbidity of the 
disease. In a steady state (where incidence is fairly constant), the relationship 
between prevalence and incidence can be expressed thusly:

Prevalence Incidence Duration of Disease= ´

Thus, duration of disease will affect how much time each case spends in the 
“pool,” and whether incidence or prevalence is affected. For example, numerous 
chronic conditions have a long duration of disease- patients live several decades 
after diagnosis, there are no definitive cures, and morbidity is low. An example of 
this type of disease would be osteoarthritis. Therefore, most patients with osteoar-
thritis will remain in the “pool”, and while the incidence may be low because there 
are not many “new” cases, the existing cases will continue to contribute to the 
prevalence.

Another way of looking at this relationship is that high prevalence may indicate 
high incidence or long duration of disease, whereas low prevalence may indicate 
low incidence or short duration of disease, whether this is because a cure exists or 
because there is high morbidity and mortality from the disease.

3.5  Reporting Incidence and Prevalence

Thus far, we have discussed how to calculate and interpret incidence and preva-
lence. Like any other statistical measures, incidence and prevalence provide the 
“point estimate” of the measure. In reality, incidence and prevalence are usually 
determined in a study population which is a sample of the entire population. Since 
the study population is subject to sampling error, where it may not entirely represent 
or resemble the general population, it is important to report “interval estimates” in 
addition to “point estimates”. Therefore, incidence and prevalence are usually 
reported as their point estimates as well as the confidence interval.
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4.1  Introduction

4.1.1  What is Survival Analysis?

Survival analysis uses statistical methods to calculate and describe the “time-to” 
occurrence of a particular event. These techniques are widely employed in medical 
and epidemiological studies. As the term survival analysis indicates, the time-to- 
event of interest is often death, but these methods are frequently used to analyse 
other intervals, like time-to relapse of a disease or time-to recurrence of a cancer.

The usual statistical methods cannot be used in time-to-event analysis because 
not all events may have occurred by the time that the data is being analysed. In order 
to overcome this issue, censored observations are used in survival analysis. 
Furthermore, the occurrence of events does not follow a normal distribution. These 
unique features of survival analysis require specialized techniques.

There are some similarities in methods used in survival analysis and in standard 
statistics to compare survival times in two or more groups and to account for the 
presence of other variables (continuous, binary or categorical) such as age, disease 
stage (TNM group), etc. Regression models can be applied to account for the impact 
of some of these variables by calculating the hazard function.
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Survival analyses techniques which will be discussed include survival curves, 
hazard function, Kaplan–Meier estimators [1], and Cox proportional hazards calcu-
lations [2].

4.1.2  Why Measure Survival Analysis?

Survival analysis is the basis on which treatments are recommended, compared 
against each other, and approved by regulatory agencies. Thus, it is extraordinarily 
useful in the practice of clinical medicine.

Survival analysis is widely used in epidemiological studies to measure the impact 
of a certain intervention on the long-term outcomes of the study population. Survival 
analysis is employed in almost all Phase III and most Phase II clinical trials to provide 
information about the efficacy of the medication, device or procedure being studied.

Survival data, which include censored time points, provides investigators with 
objective information which can be used to guide treatment and policy decisions. For 
example, the finding that sorafenib extends median survival in patients with hepato-
cellular carcinoma, led to the drug being approved for treatment by the Food and Drug 
Administration in the United States and European Medicines Agency in Europe.

Similarly, when physicians recommend medications, they rely heavily on sur-
vival analytics from clinical trials to determine a medication’s efficacy for the 
patient population being treated. This information helps inform patients about their 
prognosis, likelihood of response, and duration of benefit.

4.2  Basics and Definitions

4.2.1  Censoring

Censoring is a process to account for the subjects who have not yet experienced the 
event of interest, and those who have dropped out of the study for other reasons [3]. 
The survival time for a censored subject is assumed to be at least as long as the time 
of the last observation.

If all subjects in a clinical trial experience the event of interest, then there are no 
censored observations. Investigators can calculate exact survival time for each 
patient. However, in clinical trials, it is unusual that complete survival times will be 
available when the analysis is being carried out because subjects may not have expe-
rienced the outcome of interest or may be lost to follow-up and the occurrence of the 
event of interest is therefore unknown.

For example, studies commonly report survival data at arbitrarily chosen time 
points, like 5 years from enrolment of the subjects. Some subjects may have died 
over the 5 years and their survival can be calculated exactly; other subjects may still 
be alive at 5 years so the actual duration of survival for this group is unknown – it is 
only known that they have survived at least 5 years. Similarly if a subject is lost-to- 
follow up before 5 years, it is unknown to the investigator if the subject is still alive 
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or if they died after being lost to follow-up. To overcome this missing data, the 
subject is censored at the time of the last visit as that is the last time point in which 
it is certain that the subject was alive. In summary, censoring is used to overcome 
the challenge of unknown survival times for a subset of the study group.

4.2.2  Distribution of Survival Data

Standard statistical tests, like Student’s t-tests or analysis of variance (ANOVA), 
which compare observations, rely on an underlying normal (or bell-shaped) distri-
bution of events. Time-to-event distributions, however, do not follow a predictable 
pattern and often have a skewed distribution. Therefore, standard statistical tests 
cannot be applied to survival data.

4.2.3  Survival Probability and Hazard Function

In survival analysis, the concept of survival probability is helpful in gauging the 
utility of an intervention. Survival probability (or survival function) is the likeli-
hood of surviving a certain period of time. This probability is easily displayed on a 
survival curve.

The hazard function is a related probability that quantifies the likelihood of the 
event of interest taking place at a particular point in time. The hazard function cap-
tures the incident event rate.

4.2.4  Univariate Vs. Multivariate Models

The univariate approach in survival analysis means that we study an impact of only 
one variable at a time, for example, treatment, on the survival time. The typical 
approach here is to perform a Kaplan–Meier estimate and use the log-rank test to 
compare groups, for example those who were treated with new drug vs. those who 
were treated with a placebo.

Multivariate approach requires regression modelling to account for, as the name 
suggests, multiple variables. The most common technique for this purpose is the Cox 
proportional hazards model. Multivariate models allow for incorporation of addi-
tional relevant variables to estimate the impact of this on the primary variable being 
studied [4]. For example, in a clinical study examining survival after an intervention, 
covariates may include age, stage of disease and baseline health characteristics.

4.2.5  Collecting the Data

To apply these survival analysis statistical tools, in addition to the usual descriptive 
patient data, relevant time points need to be collected. For each patient, the typical 
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time points required are the time from which survival time is calculated, for exam-
ple, the time of first diagnosis or time at enrolment into a study, and, the date of the 
event of interest if such an event occurred (the date of death for example). If the 
event of interest did not occur, the date of the last observation (for example, last 
appointment) would be used. For each patient, survival time is computed using the 
starting date and the ending date, and a binary variable is assigned to denote the 
occurrence of an event (1) or censored observation (0).

Additionally, other patient and disease factors, which do not change with time, 
are also gathered such as age at the beginning of the study, gender, type of therapy, 
co-morbidities, etc. It is important to note that the accuracy of the analysis depends 
on the data available at the time of analysis, specifically with regards to censored 
data. For accurate survival analysis, updated data is required.

4.3  Methods

4.3.1  Kaplan–Meier Estimator

The most widely used tool to estimate the survival probabilities is the Kaplan–
Meier estimator. Kaplan–Meier is a statistical measure that helps deal with censor-
ing observations and estimate survival probabilities.

Its usage is usually illustrated via survival curve (Fig. 4.1).
The survival curves are the step functions and they illustrate probability of sur-

viving a specific period of time. Each step symbolizes the occurrence of an event. 
From a survival curve plot we can estimate the median survival and also the 
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probability of surviving a specific period of time. For example, from the curve 
above we can observe that the median overall survival (survival for the 50th percen-
tile of patients) is 258 days (8.6 months) (Fig. 4.1).

In this second hypothetical example (Fig. 4.2), vertical markings on the survival 
lines denote the censored observations. From a survival curve plot we can estimate 
probability of surviving a specific period for a specific group. In the above graph, 
the 2-months survival probability for the Control group (red line) is 80% whereas 
for the Treated group (blue line) it is only 70% (Fig. 4.2).

4.3.2  Log-Rank Test

The log-rank test is a widely-used method to compare survival curves in order to 
determine if the differences between the curves are due to chance alone or if there 
is a real difference in outcomes. This helps to decide if results can be generalized for 
the population at large.

The log-rank test compares the expected and observed differences between 
curves with the null hypothesis that there is no difference between the curves. The 
log-rank test statistic is compared against a chi-square distribution table. Thus, a 
p-value can be calculated to determine if there is a statistical difference between the 
survival curves. However, the p-value does not provide information on the actual 
size of the effect, only its statistical significance.

It may be necessary to compare more than two survival curves at a time. In this 
situation, a log-rank test reports the overall comparison results, meaning that if the 
p-value is less than 0.05, it is not implied that all curves are significantly different 
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from each other. Therefore, pairwise comparisons should be carried out for each 
pair of survival curves. A stratified log-rank test can be used to account for baseline 
differences in risk between different strata, or groups. Each stratum must be defined 
by a categorical variable, for example, gender or stage of disease.

4.3.3  Life Tables

Life tables, also known as actuarial tables, are used in reporting on very large sam-
ples, such as those in population studies. This allows the specific survival times to 
be read quickly and exactly.

4.3.4  Cox Model

The limitation of the log-rank test or any other test comparing the survival curves is 
the fact that it can be applied only to compare rather small number of survival 
curves. A large number of survival curves would require an unwieldy number of 
pair wise comparisons. Also, there may be a preference to classify certain variables, 
like age, as a continuous variable in order to examine the impact on survival time. 
For these situations, a multivariate statistical model can be employed.

The Cox proportional hazards model is the most popular survival model and is 
similar to multivariate regression models as it contains response variables and con-
tinuous or categorical predictors [6]. The Cox survival model actually graphs the 
hazard function. This function describes the number of events per unit time, or the 
risk of an event occurring. An important feature of the model is the baseline hazard 
function, which is the hazard when all covariates equal zero. Another notable fea-
ture of a Cox model is that it is not a linear function with respect to time, which 
means that the hazard function can, and probably will, change over time.

A great advantage of a Cox model is that the baseline hazard function does not 
need to be specified and any continuous or categorical covariates can be included in 
the model as predictors. These covariates have to be time-fixed, gathered before the 
starting date of the follow-up. Cox models produce a hazard ratio (HR) for each 
variable. This is a ratio of the two hazards (two risks of events), for the two patients 
having different characteristics. Therefore, the model cannot estimate a specific risk 
of an event occurring for a patient with a given characteristics, such as age, tumor 
stage, etc.; it can only estimate which risk is higher or lower for the two patients. 
Therefore, the model states how the risk of an event occurring changes if we change 
one predictor while keeping the other predictors fixed. A hazard ratio of 1 indicates 
an equal chance of an event occurring; a HR of greater than 1 suggests that the risk 
of an event (for example, death) is more likely and a HR of less than 1 suggests an 
event is less likely to occur.
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4.3.5  Cox Model Assumptions

Before applying a Cox model, it is important to be aware of some assumptions 
underlying the model. Firstly, it is assumed that the censoring mechanism should 
not be related to the event occurrence, which is known as non-informative censor-
ing. For example, the continuation of follow-up is not dependent on a patient’s 
condition. The second assumption is the proportionality of hazards, which states 
that the survival curves for two examined groups should have hazard functions that 
are proportional over time. The Cox model is sometimes referred to as Cox 
Proportional Hazards Model (Cox PH model).
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5Global Epidemiology of Chronic Liver 
Disease

Nimzing Gwamzhi Ladep, Sheikh Mohammad Fazle Akbar, 
and Mamun Al Mahtab

Abstract
This chapter provides a global summary of the epidemiology of chronic liver 
disease. The synopsis presented here regards the pattern of chronic liver disease 
in sub-Saharan Africa, Asia, Europe and Latin America.

Electronic search engines were employed and papers published in the English 
language were reviewed during the write up process. The search words included: 
“rates” AND “prevalence” AND “epidemiology” AND “liver diseases” OR 
“HBV” OR “HCV”. Data were summarised in maps and tables for ease of under-
standing and landmark papers used during the review process were highlighted 
in a table.

Whereas alcohol is the most important factor associated with chronic liver 
disease in most developed industrialised countries of the world, viral hepatitis B 
(HBV) is the most common factor in sub-Saharan Africa and Asia. Eastern 
European countries have recorded high rates of HBV infection as well. Of the 
viral factors, hepatitis C virus (HCV) is the most common cause of chronic liver 
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disease in Europe, although, the prevalence of HCV in some developing coun-
tries have been recorded to be higher than obtainable in Europe. Non-alcoholic 
fatty liver disease is increasingly being implicated as the cause of chronic liver 
disease in all regions of the world.

5.1  Introduction

The definition and other aspects of chronic liver disease have been elaborated else-
where in this book. Indeed, chronic liver disease is a spectrum and constitutes sev-
eral entities; from inflammation caused by infections by viruses, lasting for about 
six or more months and culminating in complications, such as cirrhosis and hepato-
cellular carcinoma. Owing to socioeconomic, genetic as well as environmental fac-
tors, the epidemiology of the chronic liver disease is variable across different regions 
of the world. We shall discuss in broad terms, the global epidemiology of chronic 
liver disease by regions.

5.2  Chronic Liver Disease in Africa

5.2.1  Epidemiology of Chronic HCV Infection in Africa

The prevalence of hepatitis C in Africa is estimated at between 2.5% and 9.9%. As 
history of intravenous drug use (IDU) is not routinely volunteered by patients in 
Africa owing to stigmatisation, the contribution of IDU in the transmission of HCV 
is largely unknown. Most cases of HCV are thought to have been acquired via 
receipt of unscreened blood products and use of unsterile needles/syringes [1].

The distribution of HCV infection in Africa varies by regions. Central and West 
African regions have the highest prevalence of HCV infection. Southern and East 
African countries have relatively lower rates of HCV infection (Fig. 5.1).

5.2.2  Epidemiology of Chronic HBV Infection in Africa

Chronic hepatitis B infection rate in Africa, as determined by HBsAg is approxi-
mately 8–20%. Most HBV transmission in Africa is postulated to be via the hori-
zontal route—occurring largely in early childhood. About 80% of people with 
chronic HBV in Africa are presumed to have become infected by the age of 10. 
Studies of the prevalence of HBV in Africa have so far been mostly cross-sectional, 
with data primarily drawn from blood donors (Table 5.1). These studies observed 
rates of HBV infection ranging between 1% and 22% in blood donors.

Population surveys observed 4.4% and 17.6% HBV rates in African countries. 
Whereas West Africa has the highest prevalence of HBV, regions of Central and 
southern Africa have relatively lower rates of HBV infection. Apart from a single 
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Fig. 5.1 Prevalence of hepatitis C infection by countries displayed by region of African 
countries

Table 5.1 Prevalence of hepatitis B viral infection by countries in sub-Saharan countries

Country Setting
Sample 
size

Prevalence/
rate (%)

Year of 
study

Ghana [3] Systematic review 105,435 12.3 2016
Southwest Nigeria [4] Cross-sectional 130 10 2015
Rwanda [5] HCW cross-sectional 378 2.9 2015
Southwest Ethiopia [2] CLD retrospective 

records
578 22.3 2014

Northern Uganda [6] Population survey 790 17.6 2013
Democratic Republic of 
Congo [7]

Blood donors 3292 3.7 2013

Angola Cross-sectional 431 9.3 2013
Cameroon [8] Blood donors 543 10.1 2013
Kenya [9] Cross-sectional 100 3.0 2012
South Sudan [10] Blood donors 400 men 6.25 2009
Southwestern Nigeria [11] Blood donors 33,682 13.2 2008
Mozambique Blood donors 1578 1.0 2007
Kenya [12] Cross-sectional 

pregnant women
2241 9.3 2006

Uganda [13] Cross-sectional 
(medical students)

182 11.0 2005

Ethiopia [14] Population survey 4736 7.0 2003
Northcentral Nigeria [15] Cross-sectional 524 10.3 2002
South Africa [16] Population survey 400 6.8 1995
Tanzania [17] Population survey 1004 4.4 1994
Northwest Nigeria [18] Blood donors/pregnant 

women
287/224 22.0/11.6 1994

Namibia [19] Children 248 7.3 1994
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study from Northern Uganda, in which was found a prevalence of 17.6%, East 
African populations have an intermediate rate of HBV infection. Studies of the con-
tribution of HBV to chronic liver disease found that HBsAg was positive in 22.3% 
in 578 patients in Ethiopia [2].

5.2.3  Epidemiology of Alcoholic Liver Disease in Africa

Alcohol consumption in Africa is often viewed as antisocial behaviour and patients 
tend to under report the amount of alcohol consumed. Moreover, a large proportion 
of the locally brewed fermented drinks have unknown quantity of ethanol and there-
fore in some cases, even small amounts may portend significant damage to the liver. 
Additionally, the containers in which these beverages are brewed are postulated to 
release excess iron leading to higher than normal values (iron overload syn-
dromes)—further damaging the already inflamed liver.

There is paucity of data from Africa specifically implicating alcohol as the sole 
aetiologic agent for chronic liver disease in patients from this region. A study from 
Uganda in 2013 used the “CAGE” symptoms to attribute alcohol as the cause of 
liver disease in 46.8% of 380 chronic liver disease patients. Of those, only 10% had 
cirrhosis of the liver, most of who were men [20]. Ndububa et al. reported the fact 
that 35.2% of a sample population of 145 Nigerian patients being managed for 
chronic liver disease drank alcohol “significantly” [21]. Another study in a different 
geographical region on Nigeria (West Africa), dedicated to studying 51 patients 
with cirrhosis observed that 76% of the patients had reported significant alcohol 
consumption [22]. The criterion used in the definition of significant was, however, 
not clearly defined in the research methods of these studies from Nigeria.

5.2.3.1  Epidemiology of Non-Alcoholic Fatty Liver Disease in Africa
There are not many data exploring the burden of non-alcoholic fatty liver disease 
(NAFLD) in sub-Saharan Africa. Four studies carried out in three countries, includ-
ing South Africa, Sudan and Nigeria have documented the fact that NAFLD is not a 
rare problem in Africa. The studies were done between 2010 and 2015, all in hospi-
tal settings. In Sudan, NAFLD was found to be present in 50.3% of 167 patients 
with type 2 diabetes mellitus [23]. Earlier, the same authors had reported NAFLD in 
20% of 100 relatives of patients accompanying them to hospital in Sudan [24].

In South Africa, 111 (47.6%) of 233 patients were found to have NAFLD by 
ultrasound (US); 36% of who had nonalcoholic steatohepatitis, while 17% had 
advanced cirrhosis. The rate of NAFLD was rather low in a single hospital-based 
study from Southwest Nigeria. Onyekwere et al. reported 8.7% and 4.5% rates of 
NAFLD in diabetics and non-diabetics respectively, in a hospital sample of 150 
persons [25].

Population-based studies would best provide the optimal estimate of the true 
representation of this global problem in the African setting. Infrastructural chal-
lenges as well as personnel would however pose a real challenge in this regard in the 
foreseeable period.
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5.3  Epidemiology of Chronic Liver Disease in Asia

5.3.1  Epidemiology of Chronic HBV and HCV in Asia

The two major hepatotrophic viruses causing chronic liver disease, HBV and HCV, 
are highly prevalent in most Asian countries. It is assumed that about 240–370 mil-
lion people of the world are chronically infected with HBV [26] and about 150 mil-
lion people are infected with the HCV [27]. Considerable numbers of both chronic 
HBV and HCV infected persons live in Asian countries and they exhibit a wide 
spectrum of chronic liver diseases, such as chronic hepatitis B (CHB) and chronic 
hepatitis C (CHC), cirrhosis of liver (LC), and hepatocellular carcinoma (HCC). 
HBV infection is assessed by the presence of hepatitis B surface antigen (HBsAg) 
in the sera, however, several other virological, immunological and biochemical 
parameters are checked for assessing the state of pathological conditions of these 
patients. On the other hand, HCV infection can be confirmed by presence of anti- 
HCV antibodies as well as by HCV RNA and evaluation of other parameters allow 
assessing the nature and state of liver diseases. In spite of above mentioned patho-
logical features, chronic HBV and HCV infection may have an uneventful course. 
In particular, chronic HBV infection passes through various phases of pathological 
processes in which the extent and nature of liver diseases remain mainly elusive.

In the context of epidemiology of HBV in Asian countries, the prevalence of 
HBsAg, a marker of ongoing HBV replication, among general population shows 
considerable variations in different countries and even in different parts of the same 
country. It appears that about 97 million people of China (roughly 7%) are chroni-
cally infected with HBV and about 20 million of them have been suffering from 
active chronic HBV infection or their complications [28] However, there is a reduc-
tion of HBsAg carrier rate in China from 9.8% in 1992 to 7.2% in 2006. HBsAg 
carrier rates have also been reduced in China among children (<10 years old) due to 
implementation of HBV vaccination [29]. Another country with a population of 
more than 1 billion in Asia is India, and HBV prevalence in India seems to be about 
3.1% in the non-tribal population and 11.85% in tribal populations with wide geo-
graphical variations within this subcontinent due to differences in socioeconomic 
status, religion, culture and tribal practices [30]. In other countries of Asia, HBV 
prevalence varies from 1% to 14% based on population group and age variability.

In addition to HBsAg positivity, the positivity of anti-HBc (HBV core antibody) 
may be as high as 40% in many Asian countries. Thus, utmost cautions should be 
applied during blood transfusion and organ transplantation. However, due to various 
unavoidable social and economic factors, these problems have not been properly 
addressed by the majority of countries in Asia. Molecular epidemiology of HBV also 
shows several important facts. HBV has several genotypes and most of these are 
found in Asian countries. In the Pacific belt, the common genotypes are HBV geno-
type B and C, whereas genotypes A and D are more common in Western parts of Asia. 
Some countries like India and Bangladesh harbour genotypes A, C and D. Although 
still unclear, it appears that HBV genotype C is associated with a more severe type of 
liver diseases in Japan and other countries with high prevalence of HBV genotype C.

5 Global Epidemiology of Chronic Liver Disease



46

Recent data show that about 92–150 million people in the world are estimated to 
be HCV-specific antibody positive. The HCV prevalence ranges from 0.3% in some 
parts of Malaysia to 13.1% in Uzbekistan [31]. The rate of HCV viraemic patients 
also ranges from 40% to 80% of anti-HCV positive patients. Although the total 
numbers of HCV-infected patients are highest in China (about 14 million), the ratio 
of HCV-infected people among total population is extremely high in Mongolia and 
Uzbekistan. Regarding HCV genotype, 1 and 2 are most prevalent in most countries 
of Asia; however, genotype 3 is seen in Pakistan, Malaysia, South Korea, Armenia, 
Georgia, Uzbekistan, Sri Lanka and Thailand. HCV genotype 6 is also commonly 
seen in Southeast Asian countries.

In the course of time some patients with chronic HBV and chronic HCV develop 
progressive liver diseases like liver cirrhosis and liver cancer, specifically HCC.

• Chronic HBV and HCV infection is highly prevalent in Asia.
• In spite of introduction of vaccination against HBV, new cases of HBV infection 

are also common in Asia. This may be attributable to Asia-specific social and 
economic factors. Also, interruption of proper vaccination due to natural calam-
ity, famine, and political unrest may be responsible for new cases of HBV in 
Asia.

• Most of the chronic HBV- and HCV-infected patients are unaware of their 
illness.

• HBV and HCV free blood transfusion is yet to be established in many regions of 
Asia.

• Little is known about epidemiology of HBV and HCV-related liver cirrhosis in 
Asia

• HBV patients with anti-HBe (HBV envelope antibody positive) and progressive 
liver damage is not rare in Asia, rather these may be the main proportions of 
patients in Asia.

5.3.2  Epidemiology of NAFLD in Asia

NAFLD is linked with obesity and type 2 diabetes mellitus (T2DM). NAFLD 
progresses from simple steatosis (NAFLD), to non-alcoholic steatohepatitis 
(NASH), cirrhosis and cirrhosis-related complications such as HCC. NASH is a 
more advanced stage of NAFLD, such that about 20% of NASH patients progress 
to liver cirrhosis or even some patients with NASH show HCC with or without 
liver cirrhosis [32]. Both patients with NAFLD and NASH are on the rise in Asia. 
Over the last two decades, the prevalence of patients who are overweight or obese 
increased remarkably among 7- to 18-year-old students in China [33]. The age- 
and sex- adjusted rates of overall obesity and central obesity in the Chinese adult 
population were 7.5% and 12.3%, respectively. The age-standardized prevalence 
of metabolic syndrome was 9.8% (95% CI 9.0–10.6%) in men and 17.8% (16.6–
19.0%) in women in China. For children ≥10 years, the prevalence of metabolic 
syndrome was 32.3% in the obese group and 8.4% in the overweight group [34].
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In fact, patients with NAFLD and NASH have been detected in considerable num-
bers in almost all countries of Asia. Many studies have demonstrated the high preva-
lence of NAFLD and NASH in Japan, but well-designed epidemiological studies are 
yet to be accomplished in many developing and resource-constrained countries of Asia.

5.4  Epidemiology of Chronic Liver Disease in Europe

5.4.1  Epidemiology of Alcoholic Liver Disease in Europe

Alcohol, by far is the most common cause of chronic liver disease in Europe; either 
as a stand-alone or in combination with other aetiological factors. Alcohol is con-
sumed heavily in Europe, more than in any other region of the world (World Health 
Organization, European status report on alcohol and health, 2010). Data examining 
24 European countries during 2000–2005 showed a varied range of standardised 
mortality rates for alcohol-related liver diseases between 3 and 47 per 100,000 men. 
The highest rate was in Hungary, and the lowest was in Latvia. Recent data has 
confirmed that 69% of HCC in France was due to alcohol consumption [35]. 
Increasing incidence of alcohol-related cirrhosis has also been reported during the 
last 10 years in Denmark and Estonia [36, 37].

5.4.2  Epidemiology of Chronic Hepatitis C in Europe

Hepatitis C virus is the most common cause of chronic viral hepatitis in Europe, 
showing varied rates for studied countries. Using anti-HCV antibody, the preva-
lence of chronic HCV was reported to range from 0.13% to 3.26%. The lowest rate 
was found in Belgium whilst the highest was in Romania [38, 39]. Current or previ-
ous intravenous drug users account for majority of cases of chronic HCV in Europe; 
with rates of 50% and 59.8% in Cyprus and France, respectively [40, 41].

Although available data are considered inconclusive, an estimated 8 million people 
are infected with HCV, representing a prevalence range of 1.1–1.3% in 22 countries of 
Europe [42]. The World Health Organisation data highlight a prevalence rate of >1.2% 
in southern and eastern Europe; relative to a rate of <0.1% in northern Europe.

Prior to screening of blood and blood products before transfusion, the most com-
mon route of HCV transmission was via blood transfusion. Intravenous drug use (IDU) 
is by far the most common route of HCV transmission in Europe currently, with an 
estimated prevalence of 15–90% among people who use drugs [43]. Nosocomial trans-
mission is an important route of transmission reported in Eastern Europe.

5.4.3  Epidemiology of Chronic Hepatitis B in Europe

Recent World Health Organization data indicate that approximately 13.3 million peo-
ple living in the European region have chronic hepatitis B infection, representing 
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1.8% of the adult population. Eastern Europe harbours the largest share of HBV popu-
lation in Europe. The incidence of HBV infection is 1.49 per 100,000 population, 
significantly lower than 8.7 per 100,000 for HCV infection. Latvia, Austria and 
Bulgaria have recorded incidence rates of 7.2, 7.8 and 9.8 per 100,000 population, 
respectively. Indeed the highest incidence of HBV is in Iceland (15 per 100,000) [44].

5.4.4  Epidemiology of Hepatitis D Infection in Europe

Hepatitis D virus is an RNA virus that often requires co-infection with HBV to 
infect an individual. HDV (delta virus) occurs worldwide. In industrialised coun-
tries of the world, including Europe, it is important among immigrant populations 
from endemic HDV areas as well as IDUs. HDV has been reported to be on the 
increase in Europe [45]. Although the temporal prevalence of HDV varies widely in 
most of Europe, the endemicity of the delta virus remains constant in Eastern 
Europe and Turkey; ranging between 7% and 33% of chronic liver disease patients. 
Outbreaks of severe and fulminant liver disease during the last two decades have 
been reported in Mongolia [46], Greenland [47] and Russia [48].

5.4.5  Epidemiology of Hepatitis E Infection in Europe

Hepatitis E virus (HEV) causes acute infections in most cases. Chronic hepatitis E 
infection is extremely rare and important in immunosuppressed individuals; for 
example, among patients taking immunosuppressant medications following organ 
transplantation. HEV was thought to be rare in industrialised countries but recent 
data proves otherwise. Traditionally, HEV is transmitted via fecal-oral route. In 
Europe however, zoonotic transmission has been recognised through uncertain 
means. It is postulated that this could be via eating undercooked or raw meats of 
pigs, deer, rabbits or rats (https://www.britishlivertrust.org.uk/liver-information/
liver-conditions/hepatitis-e/; accessed online on 31/01/2017).

5.5  Epidemiology of Non-Alcoholic Fatty Liver Disease 
in Europe

The worldwide emergence of “globesity” has seen an increasing incidence of chronic 
liver disease attributable to NAFLD. The true prevalence of NAFLD in Europe is not 
known and what we document as the contribution of NAFLD to chronic liver disease 
may be a “tip of the iceberg” phenomenon. With availability of effective drugs for viral 
hepatitis, NAFLD has emerged as the leading cause of chronic liver disease in Europe. 
With a wide variation in the prevalence of this metabolic disorder, the median preva-
lence of NAFLD for Europe is placed at 25–26%. The most robust data involving 14 
European countries found a prevalence of 33% when the Fatty Liver Index was used to 
identify cases [49]. The prevalence is higher in diabetic patients when abdominal 
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ultrasound was used to identify cases—70% and 46% in Italy [50] and UK [51], respec-
tively. The clinical significance of NAFLD is due to the fact that it predisposes to NASH 
and not uncommonly, HCC. Indeed, a recent study has confirmed the fact that NAFLD 
contributed significantly to the rate of HCC in the northern region of England [52].

5.5.1  Genetic Disorders (Haemochromatosis, Alpha-1- 
Antitrypsin Deficiency & Wilson’s Disease)

Hereditary haemochromatosis (HH) is the most common recessive genetic disorder 
in Caucasians associated with iron overload syndrome. The disease is most common 
(about 80%) in those with homozygosity for C282Y genetic deficiency. Compound 
heterozygotes such as C282Y/H63D do present with clinically significant disease as 
well. The prevalence of HH is about 0.5% in people of northern European descent. 
As it has variable penetrance, not all with the disorder present with clinically impor-
tant disease. If left untreated, the chronic complications include cirrhosis as well as 
HCC. The impact of chronic viral hepatitis as well as alcohol consumption on pro-
gression of liver damage in patients with HH is exponential rather than additive. 
Only a third of patients with severe form of alpha-1-antitrypsin (A1AT) deficiency, a 
metabolic disorder, go on to develop chronic liver disease, including cirrhosis and 
HCC. Although A1AT deficiency is encountered in almost all countries of Europe, 
this condition is most commonly encountered in Scandinavian countries [53].

5.5.2  Autoimmune Hepatitis

Owing to misclassification and/or misdiagnosis, the true prevalence of autoimmune 
hepatitis (AIH) is not known. Of the two types of AIH, type 1 constitutes 80% of 
cases and affects females more than males by a ratio of 3:1. AIH has a bimodal peak 
age at presentation; the first, in childhood and the second, by age 40. In Europe, the 
estimated point prevalence is 10–15 per 100,000 population [54]. Type 2 AIH is less 
common and presents often in a fulminant manner, associated with high fatality.

5.6  Chronic Liver Disease in Latin America

Chronic liver diseases of various types are prevalent in almost all countries of Latin 
America. However, robust evidence-based data are lacking from most of these 
countries.

5.6.1  Epidemiology of Chronic HBV Infection in Latin America

It is estimated that 7–12  million Latin Americans are chronically infected with 
HBV. However, there is considerable heterogeneity regarding HBsAg prevalence 
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among different countries of Latin America and even among different parts of the 
same country of this region. This may be attributable to the diverse nature of human 
migration and adaptation of HBV in Latin America. Although Latin America may 
be divided into Central America, Caribbean and South America, this chapter would 
describe epidemiology of chronic liver diseases on the basis of data of individual 
countries.

HBsAg prevalence exhibits a heterogeneous distribution in Latin America. 
Mexico, Honduras, Nicaragua, Costa Rica, Panama, Cuba, Paraguay, Uruguay, 
Chile, Argentina, Peru and north Colombia are regarded as countries with low 
prevalence of HBV (<2.0% HBsAg seroprevalence), whereas, Guatemala, 
Belize, El Salvador, Honduras, Haiti, and the Dominican Republic, Puerto 
Rico, Ecuador, Venezuela, Guyana, Surinam, French Guyana and the south of 
Brazil are regarded as areas with intermediate HBV prevalence (HBsAg preva-
lence of 2–8%). On the other hand, Peru, southern Colombia, northern Bolivia 
and northern Brazil are known for their high HBsAg seroprevalence (HBsAg 
>8%) [55–58].

Recent studies have shown that some countries of Latin America such as 
Panama, Columbia and Venezuela have shifted from intermediate to low preva-
lence areas. However, most of these countries show high prevalence of anti-HBc 
that may be indicative of past infection and controlled present HBV infection [59, 
60]. Thus, further nation-wide studies are warranted to combat HBV in these 
countries.

The molecular epidemiology of HBV in Latin America is not only diverse and 
interesting, but it also provides interesting data on bridging between human migra-
tion and HBV genotype adaptation. Both HBV genotypes F and H are detected in 
most parts of Latin America. HBV genotype F has been found as the predominant 
genotype in Central America, and this genotype is prevalent among the HBV- 
infected Amerindians in all countries of South America, such as Venezuela, 
Colombia, Peru, Bolivia, Argentina, and Brazil [61]. It should be noted that HBV 
genotype F is also predominantly seen among Alaskans and this indicative of 
migration of human race from north to south in the American continent. HBV 
genotype H has been predominantly isolated from both Amerindians and mestizos 
in Mexico that can be further divided into sub-genotypes and/or sub-clusters [58]. 
In addition to HBV genotypes F and H, HBV genotypes D and A, as well as geno-
types B and C are also found in Latin American countries. The prevalence of HBV 
genotypes D and A among white people of Mexico and Argentina indicate their 
origin in European countries. On the other hand, prevalence of HBV genotypes B 
and C among Asian migrants also provide a scientific basis of diverse HBV geno-
type distribution in Latin America. Genotype G represents a minor HBV genotype 
in Latin America [62].

It also appears that HBV genotype has an influence on HBV-related complica-
tions such as occurrence of HCC. HBx gene mutations have been detected in HCC 
patients with HBV genotype F [63]. Taken together, molecular epidemiology of 
HBV in Latin America may provide valuable information that may be used as refer-
ences for global HBV epidemics.
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5.6.2  Epidemiology of HCV Infection in Latin America

Some estimates about HCV epidemiology in Latin America have been published in 
the literature. However, it is difficult to assess real epidemiological picture of HCV 
in Latin America due to scarcity of convincing data. The prevalence of HCV ranges 
from 1.3% to 1.7% in Argentina, whereas it ranges from 0.9% to 1.9% in Brazil 
among the general population. However, it is slightly lower among blood donors. 
Some estimates of HCV infection in some other Latin American countries are avail-
able. However, most of these studies have been accomplished in blood donors. This 
may not accurately represent the true estimates of HCV in those countries. Overall, 
it seems that HCV prevalence is about 1–2% in most Latin American countries [64].

HCV genotype 1 is the most prevalent HCV genotype in most countries of Latin 
America. HCV genotypes 2 and 3 are also prevalent in Argentina, whereas HCV 
genotype 3 is seen in Brazil in moderate prevalence (about 10%). Intravenous drug 
users (IDU) represent a major source of HCV infection in Latin America and studies 
have shown that HCV infection prevail among 54.6% IV IDU Argentines [64].

5.7  Epidemiology of Non-Alcoholic Fatty Liver Disease 
in Latin America

The worldwide prevalence of NAFLD has been estimated at 20–30%, but the preva-
lence is unknown in the Latin Americas because of a lack of epidemiological stud-
ies. The prevalence of NAFLD is increasing globally, and it is set to become the 
predominant cause of chronic liver disease in many parts of the world. The preva-
lence of NAFLD varies among ethnic/racial groups, with the Latin American popu-
lation being affected disproportionately. The severity of NAFLD also may be greater 
in the Latino population. The increased prevalence and severity of NAFLD in Latino 
Americans likely is related to the interplay between issues such as genetic factors, 
access to health care, or the prevalence of chronic diseases such as metabolic syn-
drome or diabetes. Data on prevalence of NAFLD are sparse and not provided due 
to lack of evidence-based studies in Latin America. However, prevalence of NAFLD 
has reached a world-wide pandemic in most parts of the world and Latin America is 
not an exception to this.

 Conclusions
Chronic liver disease is a major global health burden. The prevalence of predis-
posing factors varies widely across different regions of the world and could 
account for the differential patterns of chronic liver disease. Lifestyle, healthcare 
practices, as well as socioeconomic factors play vital roles in the epidemiology 
of chronic liver diseases worldwide. Whereas alcohol is the most important fac-
tor associated with chronic liver disease in most developed industrialised coun-
tries of the world, HBV is the most common factor in sub-Saharan Africa and 
Asia. Eastern European countries have recorded high rates of HBV infection as 
well. Of the viral factors, HCV is the most common cause of chronic liver dis-
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ease in Europe, although the prevalence of HCV in some developing countries 
have been recorded to be higher than in Europe. NAFLD is increasingly being 
implicated as the cause of chronic liver disease in all regions of the world. There 
is urgent need to determine the long-term clinical significance of metabolic fac-
tors in the aetiology of chronic liver disease globally.

 Summary Table of Landmark Literature

Study title and authors Study design Summary results Main limitations
Karoney MJ & Siika 
AM. Hepatitis C virus 
infection in Africa: a review. 
Pan African Medical. 
2013;14:44. https://doi.
org/10.11604/
pamj.2013.14.44.2199

Narrative review 
article on HCV 
epidemiology in 
Africa involving 
articles published 
from 
1995-onwards

•  HCV prevalence 
of 5.3% for 
Africa

•  Genotypes 1, 4 
& 5 are the most 
commonly 
encountered

•  Studies were 
based on 
anti-HCV 
antibody in 
sera

•  Not all 
countries were 
included

•  Mostly 
hospital-based 
samples

Muhlberger N, et al. 
HCV-related burden of 
disease in Europe: a 
systematic assessment of 
incidence, prevalence, 
morbidity, and mortality. 
BMC Public Health. 
2009;9:1471–2459

Systematic review 
of data for the 
WHO European 
region with 
emphasis on 22 
countries.

•  Prevalence of 
HCV ranges 
from 1.1% to 
1.3% in the 22 
focus countries

•  Estimated 
7.3–8.8 million 
people are 
infected

•  Data on burden 
of HCV in 
Europe are 
scarce

•  WHO data 
used is not 
currently 
considered to 
be the most 
comprehensive 
source and 
need updating

Blachier M, et al. The burden 
of liver disease in Europe: A 
review of available 
epidemiological data. J 
Hepatol. 2013;58:593–608

Systematic review, 
using MEDLINE, 
EMBASE, and the 
Cochrane Library 
with MeSH terms: 
“liver” and 
[“disease” or 
“epidemiology”]

•  Chronic hepatitis 
B affects 
0.5–0.7%

•  HCV rate was 
0.13–3.26%

•  NAFLD ranged 
2–44%

Wang F, et al. The global 
burden of liver disease: the 
major impact of China. 
Hepatology. 
2014;60:2099–2108

Review article •  Over 300 million 
people in China 
suffer from liver 
disease, HBV 
being the most 
common

•  Prevention 
efforts has led to 
decrease in 
HBV-related 
morbidities
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in the United States
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Abstract
Chronic liver disease is a common cause of morbidity and mortality in the United 
States. The most common causes of liver disease include non-alcoholic fatty 
liver disease (NAFLD), chronic hepatitis C virus infection, alcoholic liver dis-
ease, and chronic hepatitis B virus infection. Through a discussion of various 
surveillance methods as well as their strengths and weaknesses, we review the 
epidemiology, risk factors, and natural history of each of these diseases and dis-
cuss prevention measures that have been effective in decreasing incidence rates.

Keywords
Incidence · Prevalence · Epidemiology · Liver diseases · Non-alcoholic fatty liver 
disease · Hepatitis b · Hepatitis c · Liver diseases · Alcoholic

6.1  Introduction

An understanding of accurate disease burden forms the foundation of appropriate 
public health and clinical care policy and resource allocation. Disease frequency 
may be determined from the pool of existing cases (prevalence) or from the contri-
bution of new cases (incidence) [1]. Because liver disease is often insidious, it is 
difficult to ascertain an accurate picture of the burden of disease.

Population-based studies of liver disease are important in ascertaining the epide-
miology of disease and to determine the contribution from various etiologies. Where 
data come from is also important in determining the accuracy of the information. 
Liver disease is disproportionately seen in urban centers so surveillance in these 
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sites would give a different picture than state-wide surveillance [2]. Surveillance in 
referral gastroenterology or hepatology practices compared with surveillance in pri-
mary care practices or in the general population could lead to referral bias in the 
types of cases ascertained [3–5].

6.2  General Epidemiology and Burden of Disease

The National Health and Nutrition Examination Surveys (NHANES) are a series of 
cross-sectional national surveys designed to provide representative health measures 
and conditions among civilian non-institutionalized individuals in the United States. 
Approximately 5000 people aged 6 and older are sampled annually utilizing stan-
dardized interviews, physical examinations, and collection of biologic samples. 
Using these data, the prevalence rates for chronic liver disease (CLD) were 11.8% 
from 1988 to 1994, 15.7% from 1999 to 2004 and 14.8% from 2005 to 2008. The 
prevalence due to chronic hepatitis C virus infection (HCV) (1.95%, 1.97%, 1.68%) 
and alcohol liver disease (1.38%, 2.21%, 2.05%) remained generally stable over 
these three time periods. However, the prevalence of NAFLD increased from 5.5% 
to 9.8% to 11.0% in this short time frame [6]. The prevalence of obesity, diabetes, 
and insulin resistance all increased over this time period [6]. It is worth noting that 
individuals with higher prevalence rates of liver disease, such as immigrants, the 
homeless, hospitalized persons, and those in prison, are underrepresented in the 
NHANES data.

Based on work in three sentinel sites in the United States for instance [3], we 
determined an incidence rate of 63.9 cases per 100,000 population diagnosed with 
chronic liver disease referred to a gastroenterologist or hepatologist between 1999 
and 2001. Of these cases, 42% were related to HCV, 22% to HCV and alcohol, 9% 
related to NAFLD, 8% from alcohol alone, and 3% to chronic hepatitis B virus 
infection (Fig. 6.1). Of these, 18% presented with cirrhosis. In a small retrospective 
surveillance primary care practice study in one town in Connecticut, we found 
NAFLD to be the most common cause of CLD, accounting for 30% of cases. HCV 
accounted for 25%. In this study, the overall prevalence of CLD was 3.7% (95% CI 
2.8–4.7%) [4]. These site-specific differences highlight the challenge of ascertain-
ing accurate burden of disease given that health care utilization may be based on the 
availability of treatment in different settings.

In 2004, total U.S. hospital discharges for CLD were 759,000 [7]. According to 
the American Gastroenterology Association (AGA) in 1998, the direct cost of liver 
disease in the United States was 9.1 billion dollars with indirect costs of 655 million 
dollars for a total cost of 9.77 billion dollars [1]. In 2014, chronic liver disease and 
cirrhosis was the 12th leading cause of death in the United States [8]. As the current 
cohort of patients with chronic hepatitis C ages, those with cirrhosis and hepatocel-
lular carcinoma will increase in the coming decades, as will liver-related deaths and 
overall cost [9]. As noted in one report, the determination of liver-disease related 
deaths uses one ICD-9 code (571; chronic liver disease and cirrhosis) to code for 
liver diseases. Using this number, the rate of death has been relatively stable (25,000 
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per year) for the past two decades. If one uses a broader list of codes (i.e. viral hepa-
titis, primary liver cancer, intrahepatic bile duct cancer, esophageal varices, fulmi-
nant liver disease, hepatic coma, portal hypertension, hepatorenal syndrome and 
others), the number almost doubles to 44,677 [1]. Both African Americans (hazard 
ratio, 1.9; 95% CI: 1.4–2.6) and Hispanics (hazard ratio, 2.0; 95% CI: 1.3–2.9) had 
an almost twofold risk of death from liver cirrhosis compared to whites [3]. At its 
peak in 1973, the mortality rate was 35.3 per 100,000 for African American men, 
19.2 per 100,000 for white men, 18.4 per 100,000 for African American women, 
and 8.7 per 100,000 for white women [2, 10].

6.3  Non-alcoholic Fatty Liver Disease (NAFLD)

NAFLD is characterized by hepatic lipid accumulation seen either by imaging or by 
biopsy that may manifest as non-alcoholic fatty liver (NAFL) or non-alcoholic ste-
atohepatitis (NASH), depending on the presence of associated inflammation. It is 
typically seen in the absence of significant ethanol intake (less than 14 drinks per 
week) or another cause of hepatic steatosis and is typically considered to be a mani-
festation of the metabolic syndrome (hypertriglyceridemia, low HDL cholesterol, 
central obesity, insulin resistance, and hypertension). Other conditions associated 
with NAFLD include polycystic ovarian syndrome, hypothyroidism, HCV, starva-
tion, hyperalimentation, obstructive sleep apnea, hypopituitarism, Wilson disease, 
hypogonadism, medications (amiodarone, antiretroviral medications, methotrexate, 
tamoxifen, corticosteroids, valproate), and inborn errors of metabolism [6, 11].

Hepatitis C
42%Hepatitis B

3%

Hepatitis C and
Alcohol Related
Liver Disease

22%

Alcohol Related
Liver Disease

8%

Non-alcoholic
Fatty Liver Disease

9%

Other
7%

Etiology
Undetermined

9%

Fig. 6.1 Underlying etiologies in patients newly diagnosed with chronic liver disease. Chronic 
liver disease surveillance network. 1999–2001, n = 1040. From Bell BP et al. American Journal of 
Gastroenterology. 2008;103(11):2727–36
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In the general U.S. population, NAFLD is believed to be the most common form 
of liver disease. It is estimated that the prevalence of ultrasound-ascertained NAFLD 
is 19% corresponding to an estimate of 28.8 (95% confidence interval: 26.6, 31.2) 
million adults with NAFLD nationwide [5]. Men, Hispanics (and more specifically 
Mexican-Americans), those with diabetes, insulin resistance without diabetes, with 
dyslipidemia, and with obesity are disproportionately affected [5, 12].

Of individuals with chronic liver disease (CLD), NAFLD accounted for 47% of 
cases from 1988 to 1994, 62.8% in 1999 to 2004 and 75.1% from 2005 to 2008. In 
patients with obesity undergoing bariatric surgery, the prevalence of NAFLD is as 
high as 90% and up to 5% of patients have cirrhosis [13–15]. NAFLD is believed to 
be the most common cause of cryptogenic cirrhosis [11, 16] . These patients com-
monly have the metabolic risk factors for NAFLD and the histologic features of 
steatosis are often lost with the development of cirrhosis [1, 11].

Williams et al. reported on the ethnic distribution of biopsy-proven NAFLD in a 
cohort of patients with abnormal liver ultrasounds. Similar to previous reports, 
Hispanic persons had the highest prevalence of NAFLD (58.3%), followed by 
Caucasian (44.4%), and African American (35.1%) persons [10, 17]. In this same 
study [17], Hispanics were found to have a higher prevalence of NASH compared 
with Caucasians (19.4% vs. 9.8%; p = .03).

The natural history of fatty liver tends to be dichotomous; NAFLD is generally 
benign whereas NASH can progress to cirrhosis, liver failure, and hepatocellular 
cancer. The long-term outcomes of patients with NAFLD and NASH have been 
reported in several studies. Generally, (a) patients with NAFLD have increased 
overall mortality compared to matched control populations, (b) the most common 
cause of death in patients with NAFLD, NAFL and NASH is cardiovascular disease 
likely owing to similar risk factors, and (c) patients with NASH (but not NAFL) 
have an increased liver-related mortality rate [11, 18–25].

6.4  Hepatitis C

The hepatitis C virus (HCV) was discovered in 1989, and tests for it soon followed. 
Most prior cases of non-A, non-B hepatitis are believed to have been viral hepatitis 
C. Starting in the late 1980s, NHANES has included HCV antibody and retrospec-
tive confirmatory HCV RNA testing. Analysis of over 20,000 serum samples from 
NHANES participants between 1988 and 1994 suggested that an extrapolated 
2.7 million people in the United States had chronic HCV infection [26]. Between 
1999 and 2002, analysis of over 15,000 samples showed an estimate of 3.2 million 
people with chronic HCV [27]. A more recent analysis of 2003 through 2010 data 
of over 20,000 participants showed a prevalence of 1%, which extrapolates to 
approximately 2.7 million people with chronic HCV [26].

As already mentioned, a particular criticism of the NHANES cohorts has been its 
exclusion of several high-risk populations, leading to an underestimate of the true 
prevalence of HCV in the United States. Edlin et al. conducted a systematic review 
of studies that incorporated subgroups of individuals excluded from NHANES, par-
ticularly those who were hospitalized, residing in nursing homes, active-duty 

Y. Yang et al.



61

military, homeless, incarcerated, and Native Americans residing in reservations. 
The authors estimated that approximately 1  million individuals excluded from 
NHANES had a positive HCV antibody test, of which 0.8 million had chronic HCV 
infection. This brings the estimated total number of individuals in the United States 
with chronic HCV to at least 3.5 million, a prevalence of approximately 1.3% [28].

As a blood-borne pathogen, HCV infection is most common in individuals with 
percutaneous blood exposure (Fig. 6.2) [29]. Through logistic regression models of 
individuals aged 20–59, NHANES identified that individuals who were illicit drug 
users and recipients of blood transfusions before 1992 were more likely to be 
infected with HCV [26]. Specifically, the prevalence of HCV virus infection was 
highest in persons with hemophilia requiring transfusions before 1987 at 87%, fol-
lowed by persons with IV drug use at 79%; persons on chronic hemodialysis had an 
HCV prevalence of around 10% [29]. Due to improvements in blood blank screen-
ing in 1990s, injection drug use now accounts for approximately 60% of the trans-
mission of HCV infection [29].

Analysis of several NHANES cohorts demonstrated that persons born between 
1945 and 1965 accounted for as high as 75% of individuals with HCV infection; the 
approximate prevalence of HCV in this birth cohort was 3.25%, three times that of 
the general population [30]. In order to improve yield of HCV screening, based 
upon the NHANES birth cohort and demographic findings, the Centers for Disease 
Control and Prevention (CDC) issued recommendations in 2012 to screen all indi-
viduals born in 1945 through 1965 for HCV infection [31].

Further risk factors identified by analysis of NHANES data included male gen-
der and non-Hispanic black race/ethnicity (Fig. 6.3) [26]. The reason for the higher 
rate in blacks is unclear. Blacks have a twofold lower lifetime prevalence of injec-
tion drug use than whites (0.8% vs. 1.7%) but appear to clear the virus after an 
episode of acute hepatitis C less frequently [10]. Sequelae of chronic liver disease 
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(e.g. cirrhosis) are more common in patients with chronic HCV who also ingest 
alcohol than in those with chronic HCV alone [2, 3].

Both outpatient and inpatient HCV diagnoses have greatly increased since hepa-
titis C received its own ICD code in the early 1990s. The number of hospitalizations 
prior to 1992 was too small to provide estimates. Much of the increase can be attrib-
uted to increasing recognition of the disease. There was also the introduction of 
antiviral therapy that required frequent patient monitoring.

Since most patients with acute hepatitis C are anicteric, the reported incidence 
rate underestimates the true burden of disease. The cases of acute hepatitis C declined 
until 2003, remained steady until 2010 and have increased through 2013 (Fig. 6.4). 
The incidence rate in 2013 was 0.7/100,000 with a death rate of 0.2% [32].
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Utilizing Quest Diagnostics test results in individuals with HCV infection from 
2010 through 2013, Klevens et  al. estimated the proportion of patients that had 
advanced fibrosis or cirrhosis, defined as APRI score >1.5 or FIB-4 score >3.25 
[33]. They estimated that among individuals with chronic infection, approximately 
23% (27% in those born between 1945 and 1965) had advanced fibrosis at first 
diagnosis. Data from the United Network for Organ Sharing show that the proportion 
of liver transplants performed on patients with HCV-related end-stage liver disease 
increased from 12% in the 1990s to 35–40% in the last decade [34]. HCV is now the 
leading etiology for liver transplantation in the US [31].

In 2004, 85% of hepatitis-related deaths were from HCV.  Hepatitis C was 
listed as a contributing cause of death more often than as the underlying cause. 
About two- thirds of deaths occurred between the ages of 45 and 64 years. Age-
adjusted death rates among blacks were nearly twice those of whites, and males 
had more than double the death rate of females [7]. In 2013, the death rate for 
hepatitis C was 5.0/100,000 population compared with the death rate for hepatitis 
B (0.52/100,000) [32].

Further studies will need to be conducted to determine the impact of the new 
direct-acting anti-viral therapies on HCV prevalence and mortality.

6.5  Hepatitis B

Hepatitis B is a reportable infectious disease in the United States and the CDC 
conducts ongoing monitoring for its incidence [35]. Starting in 1982, the CDC 
began monitoring the incidence of acute viral hepatitis B in the Sentinel Counties 
Study of Viral Hepatitis. This survey incorporated four counties representative 
of the U.S. population, including Denver County, Colorado; Jefferson County, 
Alabama; Pierce County, Washington; and Pinellas County, Florida. Cases of 
HBV infection were reported to the health department by clinical providers and 
laboratories. Using data collected from this study, Goldstein et al. calculated inci-
dence rates of acute hepatitis B using county-specific census data. They initially 
found an HBV incidence of 13.5/100,000 persons in 1982, with a decrease to 
3.3/100,000 persons by 1998 and, and to 2.1/100,000 by 2004 [35, 36]. By 2013, 
the rate had dropped further, to 1.0/100,000. [31] Stratified by age group, individ-
uals aged 10–19 years old had the greatest decline in incidence (72.5%), followed 
by individuals 20–29 years old (70.6%). In 2013, infections were most commonly 
recognized in those between ages 30 and 39 years (incidence of 2.4/100,000), and 
hospitalizations with the diagnosis occurred across the age range of adults. In 2013, 
the incidence was higher in men that women (1.21/100,000 vs. 0.73/100,000). 
Based on data from 2001 to 2005, approximately 79% of newly acquired cases of 
hepatitis B were associated with high-risk sexual exposure or injection drug use; 
other known exposures (occupational, household, travel, and health-care related) 
together accounted for 5% of new cases and 16% denied a specific risk factor for 
infection [37].
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This reduction in HBV incidence in the United States (Fig. 6.5) may be attrib-
uted to several measures implemented since 1991. Elements of this strategy included 
(1) universal vaccination of infants beginning at birth, (2) prevention of perinatal 
HBV infection through routine screening of all pregnant women for hepatitis B 
surface antigen (HBsAg) and the provision of immunoprophylaxis to infants born to 
HBsAg-positive women, (3) routine vaccination of previously unvaccinated chil-
dren and adolescents, and (4) vaccination of previously unvaccinated adults at 
increased risk for infection. The last group includes health care workers, dialysis 
patients, household contacts and sex partners of persons with chronic HBV infec-
tion, persons with a recent history of multiple sex partners or a sexually transmitted 
disease, men who have sex with men, and injection drug users [35]. While nation- 
wide vaccination programs have decreased the incidence and prevalence of HBV in 
the young and adolescent population, the prevalence of chronic HBV infection has 
remained relatively unchanged, and is higher in non-Hispanic Asians and non- 
Hispanic black populations [38].

Utilizing similar strategies as described in the NHANES studies of chronic HCV 
above, NHANES demonstrated that prevalence of chronic HBV decreased after intro-
duction of the vaccination program. In 6–19 year olds, prevalence of chronic HBV 
decreased from 0.24% in 1988–1994 to 0.05% in 1999–2006 [39]. However, the over-
all prevalence of chronic HBV infection was found to be fairly constant over the last 
two decades at approximately 0.3% [38]. This is thought to be due to the migration of 
foreign-born individuals with HBV infection into the United States who are thought 
to account for approximately 95% of new U.S. cases of chronic hepatitis B [40]. 
Notably, NHANES found that 3.1% of non-Hispanic Asians had chronic HBV infec-
tion, a prevalence tenfold higher than the general population; non-Hispanic black indi-
viduals had a prevalence two- to threefold higher than the general population [38].

NHANES data indicate that the prevalence of HBsAg-positive individuals is low 
(0.33% in 1976–1980 and 0.42% in 1988–1994). More recent unpublished data from 
2005 to 2006 are similar (0.30%). The NHANES data did not include statistically 
valid samples from populations in which HBV is most common, such as Asians, 
Pacific Islander and Alaskan Natives, and also did not include institutionalized 
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individuals, the homeless, and those in prison, all of whom would be expected to 
have a higher prevalence rate [35]. For instance, estimates of HBV prevalence in 
Asian and Pacific Island immigrants to the United States who reside in urban areas 
range from 10% to 15% [35]. Because of these limitations, the true prevalence of 
hepatitis B infection in the United States may be several times higher than estimated.

Through CDC’s enhanced viral hepatitis surveillance which reported on 
chronic hepatitis B, 56% of reported cases were male and 43.4% were female; 
35.4% were Asian or Pacific Islander; 65.4% of cases were among patients aged 
25–54 [32]. Of those with country of birth recorded, 63.9% were born outside of 
the United States [32].

Rates of both ambulatory care visits and hospitalizations with hepatitis B were 
higher among blacks than whites and among males than females. Hepatitis B was 
rarely the first-listed hospital diagnosis. There has been a vaccine available for hep-
atitis B since the 1980s, but the rates of both ambulatory care and hospitalizations 
have increased markedly since 1999. This increase has also been attributed to 
increased rates of immigration of chronic carriers of hepatitis B virus.

A recent report on the burden of digestive diseases used the National Ambulatory 
Medical Care Survey and the National Hospital Ambulatory Medical Care Survey 
and estimated that outpatient visits for an HBV-related diagnosis in the United 
States occurred at a rate around 100 visits per 100,000 in 1992, which increased to 
roughly 250 visits per 100,000 by 2004 [41]. The National Hospital Discharge 
Survey data showed a similar increase in discharges with a HBV diagnosis: in 1992, 
the rate of hospitalization for a HBV-related illness was 5 per 100,000  in 1992, 
which increased to more than 20 per 100,000 in 2002. These data strongly suggest 
that the number of patients with HBV requiring in- and outpatient care increased 
substantially during the late 1990s and early 2000s [35, 41]. These increases were 
accompanied by increases in total charges. For hospitalizations, inflation-adjusted 
to 2006 US$, increased from $357 million in 1990 to $1.5 billion in 2003 [35].

The majority of deaths with HBV as either underlying or contributing cause 
occurred in middle age, between age 45 and 64 years. As with other forms of infec-
tions, HBV was more often listed as a contributing rather than as an underlying 
cause. In 2013, the hospitalization rate for reported cases of acute hepatitis B was 
58.8% and the mortality rate was 0.9% For chronic HBV, the mortality rate was 
0.5% between 2009 and 2013 [32].

6.6  Alcohol-Related Liver Disease

Several studies have previously identified a link between alcohol consumption and 
the development and mortality from alcohol-related liver disease (ALD).

In Europe, the Dionysos study was a cohort study conducted in two northern 
Italian communities of over 6000 participants aged 12–65 without viral liver 
disease. Using self-reported alcohol consumption levels, multivariate analysis 
showed that a threshold of ingesting greater than 30 g of alcohol daily was asso-
ciated with an odds ratio of 7.5 for developing CLD, and 10.9 for developing 
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liver damage or cirrhosis [42]. The odds ratio of developing CLD or cirrhosis 
increased in a dose-dependent fashion (see Fig. 6.6) [43]. However, only a small 
proportion of individuals with high alcohol consumption developed ALD. For 
instance, in patients with >120  g/day of alcohol intake, approximately 14% 
developed chronic ALD.

A series of nationwide household surveys suggest that the proportion of incident 
cases of heavy drinkers in the United States between 1984 and 1992 was highest 
among Hispanics, followed by African Americans and then whites [44]. A subse-
quent analysis from 1984 to 1995 showed that nationwide declines in heavy alcohol 
consumption were different with respect to race. Whereas the prevalence of heavy 
alcohol drinking decreased among white men (20–12%) and women (5–2%) during 
the period, it remained unchanged for African American men (15%) and women 
(5%). Similarly, a reduction in heavy alcohol use was not observed in Hispanic men 
(17–18%) and women (2–3%) [45]. In contrast, data from the National Longitudinal 
Alcohol Epidemiologic Study suggest that heavy alcohol consumption (>5 drinks/
day) did not vary significantly by race or ethnicity [46]. There is evidence to suggest 
that African Americans have a higher level of liver test elevation at all levels of 
alcohol consumption when compared with whites [10].

Accurate assessments in the literature of the use of alcohol and prevalence of 
ALD has faced several limitations, including the under-coding of alcohol use disor-
der in medical records, variable accuracy of self-reported alcohol consumption, and 
tendency of patients with excessive alcohol use to not seek medical care until a 
decompensation event has occurred.

Several studies assessing the etiologies of CLD have been based upon data from 
NHANES datasets (methodology as described above). Recently, Younossi et  al. 
published a population-based study in 2011 utilizing NHANES data collected from 
1998 through 2008. A diagnosis of alcohol-related liver disease was assumed if 
participants had self-reported excessive alcohol use, had an ALT >40 or AST >37 in 
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men or either ALT or AST >31 in women, and no other identified etiology of liver 
disease. The study suggested a prevalence of ALD of 1.4% between 1988 and 1994, 
increasing to 2.2% between 1999 and 2004, and remaining stable at 2.0% between 
2005 and 2008. Male gender, history of smoking, and hypertension were found to 
be associated with alcohol-related liver disease in multivariate analyses [6].

An outpatient population-based study by Bell et  al. conducted from 1999 to 
2001 identified patients in gastroenterology practices in three counties across the 
United States who had newly-diagnosed chronic liver disease as defined by ele-
vated liver enzymes for six months or pathologic, clinical, or imaging findings 
consistent with CLD.  Extrapolated to the U.S. population, the study suggested 
that approximately 150,000 individuals were newly diagnosed with CLD yearly 
between 1999 and 2001. Physician diagnoses and in-person interviews utilizing a 
self-reported lifetime alcohol consumption history revealed that approximately 8% 
of newly- diagnosed patients had ALD; approximately 22% had comorbid HCV 
and ALD [3]. These results suggest that in the United States, approximately 12,000 
and 33,000 people were diagnosed with ALD alone, or alcohol- and HCV-related 
liver disease, respectively. Approximately 45% of patients with ALD had cirrho-
sis, whereas 20% of patients with HCV and ALD had cirrhosis at time of diag-
nosis. Patients with alcohol-related liver disease were mostly male (72%), white 
(84%), and without a college degree (90%). In a subgroup analysis of these data, 
we found that only 40.2% of patients who met criteria for alcohol-related liver 
disease attributed their liver disease to alcohol use [47]. Age-adjusted incidence 
rates of alcohol- related cirrhosis from 1970 through 1998 by gender and race are 
depicted in Fig. 6.7 [43].

Alcohol-related liver disease remains a main cause of CLD in the United States 
and is often associated with cirrhosis at the time of diagnosis.

6.7  Hepatocellular Carcinoma

In the United States, the annual incidence rate of hepatocellular carcinoma 
(HCC) was 1.5 cases per 100,000 in 1973 and rose to 6.2/100,000 in 2010, using 
Surveillance, Epidemiology, and End Results (SEER) data [48, 49]. The rate was 
threefold higher in men than in women (11.5 vs. 3.9 per 100,000 between 2008 
and 2012). The highest age-adjusted incidence rates had been noted in Asian and 
Pacific Islanders. However, for the first time in 2011, Hispanics had the highest 
rate. The reasons for this recent trend are not clear but may be related to higher 
rates of HCV, alcoholic liver disease, NAFLD, and metabolic syndrome in 
Hispanics [50].

Although incidence rates had increased by approximately 3.1% per year, a slow-
ing of the rate was noted beginning in 2006 [49, 51]. A significant survival improve-
ment in HCC was also noted from 1973 to 2010, which seems to be driven by earlier 
detection of HCC at a curative stage (possibly driven by increased screening) and 
greater utilization of curative modalities (especially liver transplantation) [49].
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In the United States, the major risk factors for HCC include chronic infection with 
hepatitis B and hepatitis C viruses, excessive alcohol consumption, obesity, and type 
2 diabetes mellitus [52]. In patients with pre-existing chronic liver disease, additional 
independent risk factors for hepatocellular carcinoma include age >40, male gender, 
presence of cirrhosis, lifetime smoking, and Asian ethnicity [53]. Among patients 
with HCC currently diagnosed in the US, 50–60% are infected with HCV, 10–15% 
are infected with HBV, and 20–25% have alcoholic liver disease. Approximately 
20–30% of HCC cases do not have any of the previously mentioned factors but have 
some features of the metabolic syndrome [48]. Although most cases of HCC are seen 
in the setting of cirrhosis, HBV can lead to HCC in the absence of advanced fibrosis 
[48]. It is hoped that newer treatments for hepatitis C will change the trajectory of 
HCV-related HCC in the United States. However a lack of systematic screening and 
treatment of those infected with HCV may translate to a continued increase in HCC 
cases until after 2020, when it is hoped that incidence will decline [48].
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 Summary Table of Landmark Literature

Study title and 
authors Study design Summary results Main limitations
Younossi, ZM, et al. 
Changes in the 
prevalence of the 
most common 
causes of chronic 
liver diseases in the 
United States from 
1988 to 2008. 
Clinical 
Gastroenterology & 
Hepatology. 
2011;9(6):524–30.

Repeated 
cross- sectional 
surveys using 
NHANES to 
determine trends 
in the etiologies of 
chronic liver 
disease in the 
United States 
from 1988 to 
2008.

•  Prevalence of HCV has 
remained stable

•  Prevalence of alcoholic 
liver disease has 
remained stable

•  NAFLD has increase in 
prevalence from 5.5% 
in 1988–1994 to 11.0% 
in 2005–2008

•  NHANES only 
captures non- 
institutionalized 
adults

•  Immigrants, 
incarcerated 
persons, those in 
hospital or nursing 
homes, and the 
homeless are 
underrepresented

Bell BP, et al. The 
epidemiology of 
newly diagnosed 
chronic liver disease 
in gastroenterology 
practices in the 
United States: 
results from 
population-based 
surveillance. 
American Journal of 
Gastroenterology. 
2008;103(11): 
2727–36

Prospective study 
of patients newly 
diagnosed with 
chronic liver 
disease in 
specialty offices 
(gastroenterology 
and hepatology). 
Patients 
underwent a chart 
review, interview, 
and additional 
viral hepatitis 
testing

•  Yearly incidence rate 
was 63.9/100,000 
population between 
1999 and 2001

•  42% were related to 
hepatitis C, 22% to 
hepatitis C and alcohol, 
9% related to non-
alcoholic liver disease, 
8% from alcohol alone, 
and 3% to hepatitis B

•  18% presented with 
cirrhosis

•  Referral population
•  49% of eligible 

patients participated
•  Three geographical 

areas in the United 
States were 
included

•  Patients with HIV 
infection were 
excluded

Lazo M, et al. 
Prevalence of 
nonalcoholic fatty 
liver disease in the 
United States: the 
Third National 
Health and Nutrition 
Examination 
Survey, 1988–1994. 
American Journal of 
Epidemiology. 
2013;178(1):38–45.

Cross-sectional 
study using 
ultrasonography in 
the diagnosis of 
nonalcoholic fatty 
liver

•  Prevalence of NAFLD 
was 19.0%

•  28.8 million adults 
estimated to have 
NAFLD nationwide

•  More common in 
Mexican-Americans 
and in men compared 
with women

•  Independently 
associated with 
diabetes, insulin 
resistance dyslipidemia, 
and with obesity

•  Cross-sectional so 
could not define 
causality

•  Unable to detect 
inflammation as 
used ultrasound 
alone

•  Data are 20 years 
old
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Study title and 
authors Study design Summary results Main limitations
Goldstein ST, Alter 
MJ, Williams IT, 
Moyer LA, Judson 
FN, Mottram K, 
et al. Incidence and 
risk factors for acute 
hepatitis B in the 
United States, 
1982–1998: 
implications for 
vaccination 
programs. J Infect 
Dis. 
2002;185(6):713–9.

Cross-sectional 
analysis of patient 
data from 
county- based 
health department 
reports of HBV 
infection in four 
U.S. counties 
from 1982 to 
1998.

•  Incidence of HBV 
decreased from 
13.5/100,000 persons 
initially in 1982 to 
3.3/100,000 by 1998

•  Individuals aged 
10–19 years old had the 
greatest decline in 
incidence (72.5%)

• Data are 20 years 
old

Roberts H, 
Kruszon- Moran D, 
Ly KN, Hughes E, 
Iqbal K, Jiles RB, 
et al. Prevalence of 
chronic hepatitis B 
virus (HBV) 
infection in U.S. 
households: 
National Health and 
Nutrition 
Examination Survey 
(NHANES), 
1988–2012. 
Hepatology. 
2016;63(2):388–97

Repeated 
cross- sectional 
surveys of 
NHANES data 
assessing the 
prevalence of 
hepatitis B in the 
United States 
from 1988 
through 2012.

•  Overall prevalence of 
chronic HBV infection 
was found to be fairly 
constant over the last 
two decades at 
approximately 0.3%

•  3.1% of non- Hispanic 
Asians had chronic 
HBV infection, tenfold 
higher than the general 
population; non-
Hispanic black 
individuals had a 
prevalence two- to 
threefold higher than 
the general population

•  In 6–19 year olds, 
prevalence of chronic 
HBV decreased from 
0.24% in 1988–1994 to 
0.05% in 1999–2006

•  NHANES only 
captures non- 
institutionalized 
adults

•  Immigrants, 
incarcerated 
persons, those in 
hospital or nursing 
homes, and the 
homeless are 
underrepresented
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Study title and 
authors Study design Summary results Main limitations
Smith BD, Morgan 
RL, Beckett GA, 
Falck-Ytter Y, 
Holtzman D, Teo 
CG, et al. 
Recommendations 
for the identification 
of chronic hepatitis C 
virus infection among 
persons born during 
1945–1965. MMWR 
Recommendations 
and reports: 
Morbidity and 
mortality weekly 
report 
Recommendations 
and reports. 
2012;61(RR-4):1–32

Systematic 
Review. 
Guidelines based 
upon multiple 
population-based 
epidemiologic 
studies (mostly 
NHANES) on the 
prevalence of 
HCV by age 
corhort

•  Individuals born 
between 1945 and 1965 
have a threefold higher 
prevalence of HCV 
infection compared to 
the general population. 
Approximately 75% of 
individuals with 
chornic HCV infection 
were born during this 
time

•  CDC recommends 
one-time HCV 
screening of all 
individuals in this birth 
cohort

•  NHANES only 
captures non- 
institutionalized 
adults

•  Immigrants, 
incarcerated 
persons, those in 
hospital or nursing 
homes, and the 
homeless are 
underrepresented

Denniston MM, 
Jiles RB, Drobeniuc 
J, Klevens RM, 
Ward JW, 
McQuillan GM 
et al. Chronic 
hepatitis C virus 
infection in the 
United States, 
National Health and 
Nutrition 
Examination Survey 
2003 to 2010. Ann 
Intern Med. 
2014;160(5): 
293–300.

Repeated 
cross- sectional 
surveys using 
NHANES to 
determine trends 
in hepatitis C 
incidence and 
prevalence in the 
United States

•  Chronic HCV infection 
affects approximately 
1% of the U.S. 
population, or an 
estimated 2.7 million 
people

•  Individuals who use IV 
drugs, or who received 
blood transfusions prior 
1992 were more likely 
to be infected than the 
general population

•  NHANES only 
captures non- 
institutionalized 
adults

•  Immigrants, 
incarcerated 
persons, those in 
hospital or nursing 
homes, and the 
homeless are 
underrepresented
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7Epidemiology of Alcoholic Liver Disease

C. Taylor Richardson and Ashwani K. Singal

Abstract
Alcohol abuse is recognized as a major determinant of public health outcomes. 
The use of alcohol accounted for 5.9% of all deaths worldwide in 2012. Only in 
the twentieth century has alcohol been found to be a direct hepatotoxin. A dose 
dependent relationship has been described in many studies across many coun-
tries between the consumption of alcohol and the development of alcoholic liver 
disease.

There is not a clear consumption threshold for development of liver disease, 
which spans a spectrum from steatosis to steatohepatitis to fibrosis to cirrhosis. 
Other factors for development of cirrhosis include type of alcohol, pattern of 
drinking, gender, age, ethnicity, obesity, viral hepatitis, genetics, smoking, cof-
fee, and hepatic iron overload.

Worldwide data from 2010 indicate greater than 1 million deaths (2% of all 
deaths) and 31 million disability adjusted life years (DALYs) lost were related to 
liver cirrhosis and alcohol contributed to 493,300 of those deaths (47.9%). Often 
alcoholic liver disease affects a relatively more productive middle-aged cohort 
relative to other liver diseases and this effect poses unique societal and economic 
costs.

Regional variations in consumption and public policy have provided out-
comes worthy of study and understanding the epidemiology of alcoholic liver 
disease is important to this end. In countries where the per capita consumption of 
alcohol decreases, there appears to be an associated drop in the burden of dis-
ease. Avoidance of alcohol remains the best treatment of alcoholic liver disease 
and the burden of this lethal disease is preventable.
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7.1  Introduction

The pathologic consumption of alcohol remains a major determinant of public 
health outcomes. Alcohol abuse is defined by a pattern of alcohol consumption that 
causes damage to physical and/or mental health. Alcohol dependence is defined as 
a syndrome that develops after repeated alcohol use which includes a strong desire 
to consume alcohol, difficulties in controlling its use, persistent use despite harmful 
consequences, increased tolerance, and sometimes a physiological withdrawal state. 
The Diagnostic and Statistical Manual of Mental Disorders (DSM) 5 combines 
alcohol use and dependence into a single entity called “alcohol use disorder”. In 
terms of specific amounts, heavy drinking is typically defined as three or more 
drinks per day in men and two or more drinks per day in women, where one drink 
equates to about 15 g of alcohol. Using this definition and given weight by volume 
percent alcohol content, one drink is contained in 12 ounces of beer (5% weight/
volume or w/v), 6 ounces of wine (8% w/v), or 1.5 ounces of hard liquor (45% w/v) 
(Table 7.1) [1].

According to the World Health Organization (WHO), harmful use of alcohol is a 
factor in over 200 diseases and injuries, and one of the top five risk factors for dis-
ease. WHO data from 2012 show that alcohol accounted for 5.9% of all deaths and 
5.1% of the global burden of disease measured in DALYs (disability-adjusted life 
years), with a total of 3.3 million deaths attributable to alcohol [2]. According to this 
data, alcohol has become the fifth leading cause of premature death and disability in 
2010 (up from eighth place in 1990). Alcohol was outpaced only by hypertension, 
tobacco smoking, pollution, and diets low in fruit; while scoring higher than ele-
vated body mass index, high fasting plasma glucose, and physical inactivity [3]. 
While this chapter will focus on alcoholic liver disease, it is important to remember 
the ill effects of pathologic alcohol consumption on multiple other organ systems 
(Table 7.2).

Table 7.1 National Institute on Alcohol 
Abuse and Alcoholism (NIAAA) 
definition of a standard drink

One drink of 1.5 oz. hard 
liquor

14 g alcohol

One glass or 5–6 oz. of wine 11 g alcohol
One 12 oz. can of beer 12.8 g 

alcohol

C. Taylor Richardson and A. K. Singal
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7.2  Natural History of Alcoholic Liver Disease

The most common histologic abnormality in patients with harmful alcohol use is 
hepatic steatosis or alcoholic fatty liver. More than 90% of heavy drinkers develop 
macrovesicular or microvesicular steatosis without necrosis or inflammation [4]. These 
changes can occur within only two weeks of alcohol intake, but fortunately can resolve 
rapidly with complete alcohol cessation [5]. While the damage may be reversible, the 
presence of hepatic steatosis may not always be benign. One study showed that patients 
with hepatic steatosis alone have a 10% risk of progressing to cirrhosis and an 18% risk 
of progressing to fibrosis or cirrhosis over a median time period of 10.5 years. These 
risks were dramatically increased with heavier alcohol consumption [6].

Alcoholic hepatitis or steatohepatitis occurs less commonly than steatosis, and 
typically requires a heavier exposure to alcohol to develop. The true prevalence of 
this spectrum of disease is difficult to estimate, as many of these patients do not 
have any clinical symptoms with no epidemiologic reports available on patients 
with early alcoholic liver disease. In one study, histologic inflammation and necro-
sis consistent with alcoholic steatohepatitis was found in one-third of heavy drink-
ers [7]. Patients with alcoholic hepatitis will generally progress to cirrhosis at a rate 
of 10–20% a year and about 80–100% of patients with alcoholic hepatitis have or 
will eventually progress to cirrhosis [8, 9]. It is important to note that not all patients 
that progress from steatosis to cirrhosis will develop steatohepatitis.

Advanced fibrosis and cirrhosis is defined histologically by the presence of 
bridging fibrosis and the distortion of hepatic architecture with regeneration nod-
ules. Alcohol remains the most common cause of cirrhosis and contributes to the 
highest proportion of cirrhosis mortality as compared to other liver diseases. 
According to 2009 data in the United States, 48% of all cirrhotic deaths were related 
to alcohol [10]. The five-year survival rate for compensated (no encephalopathy, 
variceal bleeding, or ascites) cirrhotics is 90% with alcohol cessation and 70% with 
persistent drinking. In decompensated cirrhotics, the five-year survival decreases to 
60% with alcohol cessation and 30% with persistent drinking [1].

Table 7.2 Conditions associated with alcohol use

A. Liver disease: fatty liver, steatohepatitis, alcoholic hepatitis, cirrhosis, and liver cancer
B. Cardiovascular diseases: dilated cardiomyopathy, arrhythmias, hypertension
C. Neurological diseases: stroke, neuropathy, myopathy, epilepsy, withdrawal
D. Psychological diseases: depression, anxiety, psychosis
E.  Gastrointestinal diseases: pancreatitis, pancreatic cancer, malabsorption, alcoholic 

diarrhea
F. Malignancy: oropharyngeal, esophagus, breast, liver, prostate, liver, pancreas
G. Miscellaneous: psoriasis, sucicide, violence, abortion, fetal alcohol syndrome
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7.3  Historical Perspective of Alcohol Use

Alcohol has been present in human society for more than 10,000 years and initially 
served as a source of both water and calories at a time when available water sources 
were often contaminated and unreliable. Fermented alcoholic beverages were lim-
ited in their alcohol content by the ability of the yeasts to survive at higher alcoholic 
concentrations. This fact changes in the twelfth century in Europe when distillation 
was described allowing for the production of spirits [11].

Traditionally alcohol was produced and consumed on a same scale in the house-
hold where drinking occurred as communal activity. This pattern began to change 
with early industrialization in the European empires. With the development of dis-
tilled spirits and increased productive capacity, alcohol became more of a commod-
ity. Effort was devoted to the promotion of alcohol and transportation improvements 
facilitated increased distribution and availability [12]. By the nineteenth century, 
many industrial leaders in modernizing countries viewed rampant alcohol abuse as 
an impediment to a sober and productive workforce.

As social leaders began to recognize the public health implications of changing 
alcohol consumption patterns, temperance movements gained some political trac-
tion in certain countries [2]. For example, the United States enacted a nation-wide 
ban on the production, importation, and sale of alcoholic beverages during the 
period of Prohibition from 1920 to 1933. Interestingly, the cirrhosis mortality rate 
in the United States, which had peaked in 1911, decreased significantly during 
Prohibition. After its ultimate repeal in 1933, both the per-capita consumption of 
alcohol and cirrhosis related mortality increased. A similar phenomenon occurred in 
Europe during the First and Second World Wars when rationing of alcohol was 
enforced [13].

At the turn of the twentieth century, the relationship between heavy drinking and 
increased mortality was beginning to be described. It was initially proposed that 
health outcomes were affected secondarily through poor nutrition in those who over 
indulged in alcohol. In the 1930s, lab rats were fed large amounts of alcohol and 
were discovered to subsequently develop liver disease [14]. The biochemical basis 
of alcohol as a primary hepatotoxin began to be established in the 1960s. It was 
understood that the oxidation of ethanol and profound metabolic effects on the liver 
contributed to development of liver disease as a result of harmful alcohol use [15]. 
These findings underscored the basis for further study of the misuse of alcohol at the 
population and global level.

7.4  Alcohol Consumption

Alcohol consumption is typically reported as per capita consumption, or the amount 
of alcohol consumed in liters per person. There are several limitations in the report-
ing of alcohol consumption. Individual studies often rely on self-reporting, which 
often are underestimates of true alcohol consumption. Global studies of disease 
burden often rely on ICD codes, which are not used consistently across the world. 
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Review of ICD codes may also not capture individuals who do not seek medical 
care, of which alcohol abusers may be over represented. Lastly, reporting of national 
consumption figures rely on calculations of legal sales of alcohol, which do not 
account for alcohol that is illegally produced, smuggled, or home-brewed [1].

According to the most recent WHO data [2], about half of the world’s popula-
tion over 15 years old (48%) has never consumed alcohol, and 61.7% have not 
consumed alcohol in the past 12 months. Individuals drink on average 6.2 L of pure 
alcohol per year or 13.5 g of pure alcohol per day. Figure 7.1 shows the per capita 
consumption across WHO member states. The highest rates of drinking are in 
Eastern Europe and the former Soviet Union, while some of the lowest rates are 
seen in countries with significant Islamic populations (i.e. the Middle East and 
Southeast Asia). The type of alcohol consumed also has some geographic varia-
tion. Globally, 50.1% of total alcohol is spirits followed by beer (34.8%), wine 
(8%), and other (7.1%).

Countries with the highest consumption are not necessarily those where drinking 
rates are increasing (Fig. 7.2). Alcohol consumption in North America and Europe 
remains more or less stable over time. In the United States, 67.3% of the population 
over the age of 18 drinks alcohol each year and 7.4% of the U.S. population meets 
criteria for alcohol abuse or alcoholism [16]. Data from the U.S. National Institute 
on Alcohol Abuse and Alcoholism indicate a decrease in per capita consumption 
from the early 1980s to 1998 and then a slight uptrend since that time from 2.14 gal-
lon/year to 2.18 gallon/year in 2001 [17]. In the countries that compose the European 
Union, one-fifth of the population over the age of 15 reported heavy episodic drink-
ing (five or more drinks on an occasion or 60 g alcohol) at least once a week [2].

Perhaps more alarming, is that largely populated, developing countries like China 
and India are seeing significant growth in their per capita consumption of alcohol. 
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Fig. 7.1 Total alcohol consumed per capita consumption (L alcohol) in 15+ year/old in 2010. 
Reproduced with permission. World Health Organization. Global status report on alcohol and 
health. Geneva, Switzerland: World Health Organization; 2014
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Drinking patterns in these countries reflect an increase in the use of spirits and episodic 
heavy drinking. In China, per capita consumption from 2003–2005 to 2008–2010 rose 
from 4.9 to 6.7 L of alcohol annually, with 69% of all alcohol consumed in the form of 
spirits. In India, per capita consumption from 2003–2005 to 2008–2010 rose from 3.6 
to 4.3 L of alcohol annually, with 93% of all alcohol consumed in the form of spirits 
[2]. Projections by the WHO forecast that this trend will continue and suggest that 
increased marketing and disposable incomes may be factors in this change.

7.5  How Alcohol Causes Liver Disease?

Multiple studies have showed a dose dependent relationship between alcohol and 
the development of alcoholic liver disease. In 1974, Lelbach studied 319 alcoholics 
in Germany and discovered a relationship between the presence and severity of liver 
disease and the patient’s mean daily alcohol intake and average duration of use. 
Patients with normal liver function had drank a mean 90 mg of alcohol per kg of 
body weight for an average duration of 7.7 years, and those with uncomplicated 
fatty liver had also drank a mean 109 mg of alcohol per kg of body weight for an 
average of 7.8  years. In contrast, individuals who developed liver cirrhosis con-
sumed 147 mg of alcohol per kg of body weight for an average duration of 17.1 years 
[14]. More recently, the Dionysos study proposed that alcoholic liver disease does 
not develop below a lifetime alcohol ingestion of 100 kg, equivalent to an average 
daily alcohol intake of 30 g for 10 years. The Dionysos group selected two towns in 
Northern Italy (Compogaliano, Modena and Cormons, Gorizia) and studied 6917 of 
the 10,151 total inhabitants (70%) starting in 1991. Alcohol consumption was 
recorded on the basis of questionnaires and the subject’s responses were validated 
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Fig. 7.2 Five-year change in recorded alcohol per capita (15+ years), 2006–2010. Reproduced 
with permission. World Health Organization. Global status report on alcohol and health. Geneva, 
Switzerland: World Health Organization; 2014
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by interviewing family members and the local alcohol sales during the time period 
of the study. The presence of liver disease was determined based on thorough his-
tory, physical exam, blood testing, and ultrasound of the liver if indicated. The study 
findings showed significant changes in the odds ratio for cirrhosis in persons who 
consumed greater than 30 g of alcohol daily, with dose dependent increase in the 
risk of liver disease. For consumption of 31–60 g/day and for >120 g/day the odds 
were 10.9 and 63.2, respectively [18].

Critiques of the Dionysos cohort have centered on whether the results of a 
Northern Italian cohort can be generalized to the rest of the world. A review of the 
mortality from cirrhosis in France between 1925 and 1964 showed that 14 per 
100,000 persons who drank less than 80 g of alcohol daily died from cirrhosis as 
compared to 357 per 100,000 persons who drank more than 160 g of alcohol daily 
[19]. While an exact pathologic daily dose may be debated, there is sufficient evi-
dence that above some amount of alcohol consumption, one has a progressive dose 
dependent risk for developing alcoholic liver disease and increased mortality in 
excess of any cardioprotective benefits of moderate alcohol use. The National 
Institute on Alcohol Abuse and Alcoholism, recommends no more than 28 g of alco-
hol daily for men (2 drinks) and 14 g of alcohol daily for women (1 drink). Many 
other factors outside of the volume and duration of alcohol consumed also appear to 
affect the development of liver disease given that only 8–20% of chronic alcoholics 
develop cirrhosis [20]. Factors including the amount of alcohol, pattern of alcohol, 
type of alcohol, host factors, and environmental factors may influence progression 
to advanced liver disease and cirrhosis.

7.6  Factors Associated with the Development of Alcoholic 
Liver Disease (Fig. 7.3)

Alcoholic
liver

disease
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Age

Gender
Ethnicity
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Comorbidities:
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Viral hepatitis
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Environment:
Amount of alcohol

Type of alcohol
Pattern of drinking

Smoking
Caffeine

Fig. 7.3 Disease modifiers and co-actors associated with the development of alcoholic liver 
disease
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7.6.1  Type of Alcohol

Many studies have examined association of the type of beverage consumed (i.e. beer, 
wine spirits) with the development of liver disease. In one study during the first half of 
the twentieth century in the United States, Canada, and the United Kingdom, an asso-
ciation was noted between mortality from liver cirrhosis and the variable consumption 
of wine and spirits [21]. However, the Dionysus study did not find a relationship 
between the choice of beer, wine, or spirits and the development of cirrhosis.

In a pooled data between 1953 and 1993 from Australia, Canada, New Zealand, 
United Kingdom, and United States, association between beverage specific alcohol 
consumption and cirrhosis mortality was analyzed. As expected, total alcohol con-
sumption was significantly related to cirrhosis mortality rates. A 1 L increase in per 
capita alcohol consumption was associated with a 16% increase in cirrhosis mortality. 
Using attributable fraction analysis, total alcohol was found to account for 67% of 
cirrhosis deaths. When the analysis was stratified by beverage type, the beverage spe-
cific model coefficient was only statistically significant for spirits as opposed to beer 
and wine. Attributable fractions to cirrhosis mortality were 41% for spirits, 13% for 
wine, and 8% for beer [22]. Specifically in the United States, it has been noted that 
mortality from cirrhosis rose from 1950 to 1973 and then began to fall, but paradoxi-
cally per capita alcohol consumption continue to rise until 1980. While there are many 
explanations for this apparent discrepancy, closer analysis showed that per capita con-
sumption of spirits followed the trend in cirrhosis mortality [23]. It is speculated that 
differences in behavioral patterns on drinking alcohol in spirit drinkers may explain 
the increased risk for liver disease. United States data suggest that consumers of spirits 
are older, less educated, and heavier drinkers, and that they more frequently engage in 
episodic heavy drinking and the use of alcohol without food [24–26]

7.6.2  Pattern of Drinking

Most population data is commonly reported in per capita amount or volume of alco-
hol consumed. However, given for equal amounts of alcohol consumed, drinking 
patterns may vary. For example, one individual may consume alcohol only 2 days a 
week but 7 drinks on each of these days. In contrast, another individual may drink 
all days of the week but only 2 drinks every day. Do these two individuals have dif-
ferent risk for liver disease in spite of similar amounts of total alcohol consumed? A 
study of over 5000 respondents from a 1984 National Alcohol Survey in the United 
States found that male respondents who reported intermittent heavy occasions of 
drinking (>8 drinks) or drinking to the point of intoxication were found to have a 
70% increased risk of mortality while adjusting for age and ethnicity. The same pat-
tern was present for females, but to a lesser degree [27]. It must be noted that all- 
cause mortality including mortality from accidents and injuries was reported in this 
study and not mortality specifically from liver disease.

The Dionysus group reported the effect of drinking pattern on the development 
of alcoholic liver disease in their Northern Italian cohort. On multivariate analysis, 
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they showed that independent of the amount of alcohol consumed, those who drank 
multiple types of alcohol and alcohol outside of meal times had increased risk of 
liver disease. For those who drank multiple types of alcohol beverages, the odds 
ratio for cirrhosis was 23.2 compared to those who drank only one form of alcohol. 
For those who drank outside of meals, the odds ratio for non-cirrhotic liver disease 
was 5.0 and the odds ratio for cirrhosis was 3.4 [28]. A speculated mechanism for 
the differential risk of liver disease with pattern and type of alcohol use is that above 
particular blood alcohol content (BAC), the usual metabolic pathway for alcohol is 
overwhelmed with increased risk of alcohol related hepatotoxicity [29]. Thus, intui-
tively, it makes sense that binge drinking could be a factor in developing associated 
liver injury relative to other drinking patterns that do not achieve a similar BAC.

As epidemiologic studies suggest increased rates of cirrhosis in countries with a 
stronger tradition of binge drinking, there has also been research into cellular mech-
anisms for liver injury in binge drinking. Studies in rodents have shown decrease in 
hepatic glutathione after binging, which results in increased oxidative stress and 
damage to hepatic mitochondrial DNA. Recurrent hepatic mitochondrial degrada-
tion with repeated episodes of binging ultimately overwhelms the typical repair 
mechanisms. Other consequences of binge drinking include increased intestinal 
permeability, FAS-L expression leading to hepatic apoptosis, and sinusoidal endo-
thelial cell dysfunction leading to ischemic injury [30].

7.6.3  Age

While not entirely understood, it is believed that children and the elderly are more sus-
ceptible to alcohol related harm from a given quantity of alcohol. A report in 2002 esti-
mated that 19.7% of all alcohol was by underage drinkers [31]. Importantly from a public 
policy standpoint, it is known that those who consume alcohol earlier in life are at higher 
risk for engaging in heavy episodic drinking, and for developing problematic drinking 
habits later in life. WHO data shows that largest proportion of alcohol attributed deaths 
is in the age group from 40 to 49 years old. The age group at highest risk for hospitaliza-
tion due to alcoholic liver disease is 45–64 years, with a prevalence of 94.8 per 10,000, 
while the prevalence among individuals aged 25–44 years is 60.4 per 10,000 [1]. Policy 
efforts in many countries aim to curtail the use of alcohol amongst youth by restricting 
access and marketing and setting a legal age limit for consumption. Additionally, there 
has been increased awareness for the existence of alcohol abuse among the elderly, and 
a need for screening in this population to prevent alcohol related harm.

7.6.4  Gender

In all parts of the world, men consume alcohol more frequently and are less likely 
to abstain as compared to women, with more frequent alcoholic liver disease and 
resultant mortality and morbidity among men. According to data from the WHO, 
trends on alcohol consumption show increasing alcohol use in women, likely due to 
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redefinition of traditional gender roles [2]. Outside of gender based differences in 
drinking patterns and behaviors, women as compared to men are more susceptible 
to alcohol induced liver injury, with women developing advanced liver disease at a 
much lower amount of alcohol consumed compared to men (Fig. 7.4). In men, the 
risk of cirrhosis increases with daily alcohol intake greater than 40–80 g per day, but 
for women this figure is 20–60 g per day [1].

One explanation of this finding is that women achieve a higher BAC relative to 
men for a given amount of alcohol consumed and thus potentiates increased hepa-
totoxicity. It has been described that the gastric levels of alcohol dehydrogenase 
may be lower in females, resulting in decreased gastric oxidation of ethanol, 
decreased first pass metabolism, and increased systemic bioavailability [32]. 
Females also have a lower body size with increased percentage of body fat and 
decreased proportion of body water compared to men. Given that alcohol is water 
soluble, women will have higher blood levels for a given amount of alcohol con-
sumed [33]. Estrogen is also thought to play a role. Alcohol is thought to make the 
gut leaky allowing for increased endotoxin levels in the portal blood flow that stimu-
late an inflammatory response in the liver resulting in hepatotoxicity. In rat models, 
estrogen has been shown to augment this inflammatory response. Rats who had 
been ovarectomized were relatively protected from histiologic liver injury after 
being fed ethanol and this effect was ultimately reversed with administration of 
exogenous estrogen hormone [34]. Other genetic factors may be involved in gender 
specific differences in alcohol metabolism and further research is ongoing.

7.6.5  Ethnicity

In the first part of the twentieth century, cirrhosis mortality rates were higher for 
whites than non-whites in the United States. This pattern reversed by the 1950s, 
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with higher mortality rates from alcoholic cirrhosis among blacks and Hispanics as 
compared to whites. These findings were true for both men and women [35]. A 
longitudinal epidemiologic study of alcohol use in the United States in 1992 did not 
find significant differences in the prevalence of heavy drinking between whites, 
blacks, and Hispanics [36]. Demographic characteristics like income, education, 
employment, access to healthcare resources, and increased prevalence of chronic 
viral hepatitis have also been speculated to be possible explanations.

7.6.6  Obesity

The role of obesity in the development of alcoholic liver disease has been debated. 
Data from the Dionysus study from Northern Italy, with 25% prevalence of obesity 
in their cohort showed 2.8-fold risk for steatosis in non-obese heavy drinkers com-
pared to non-obese non-drinker controls. The odds were 4.6-fold for obese, non- 
drinkers and 5.8 for obese heavy drinkers [18].

In a cohort of over 1600 French alcoholics with alcohol use of >50 g alcohol/day 
over the preceding year, being overweight (BMI >27 in males and >25 in females) 
was independently correlated with the presence of cirrhosis. Of 172 (10%) of over-
weight individuals, 60% had cirrhosis compared to 35% prevalence of cirrhosis 
among non-overweight patients (P < 0.001). On multivariate analysis, being over-
weight for >10 years was associated with 2.15-fold risk of cirrhosis relative to a 
non-overweight person, after adjusting for age, sex, amount and duration of alcohol 
consumption [37].

Obesity is known to be a predictor of fibrosis in non-alcoholic fatty liver disease 
and been shown to predict fibrosis in alcoholic liver disease as well. A group of 268 
French alcoholics without chronic hepatitis underwent liver biopsy to assess for 
degree of fibrosis. After adjusting for daily alcohol use and duration of use, the 
authors found that BMI, fasting plasma glucose, and iron overload were all signifi-
cantly associated with higher fibrosis scores [38]. This finding raises considerations 
for counseling and treatment especially in light of the growing, worldwide epidemic 
of obesity.

7.6.7  Viral Hepatitis

Concomitant hepatitis C virus (HCV) infection potentiates the development of alco-
holic liver disease in heavy drinkers. The prevalence of HCV infection in alcoholics 
is high at 16–34%. Patients with HCV and alcohol abuse are more likely to develop 
more frequent and faster progression to advanced fibrosis or cirrhosis, complica-
tions of liver disease, and hepatocellular carcinoma. A study of patients with chronic 
HCV infection showed that severity of histologic injury was more likely to progress 
to worsening fibrosis or cirrhosis in patients with even moderate drinking. An alco-
hol use of 31–50 g per day in men and 21–50 g per day in women was independently 
associated with progression of liver injury [39]. A review of data from the Nationwide 
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Inpatient Sample dataset in the United States from 1998 to 2007 showed that in 
patients admitted with acute alcoholic hepatitis, infection with HCV was an inde-
pendent predictor of mortality with and OR of 1.29 [40]. Additionally, in the era of 
interferon treatment, it was shown that alcohol use during therapy decreased 
response rates [41].

The interaction between HCV and alcohol in the development of cirrhosis has 
been shown to be multiplicative as opposed to additive, indicating synergy in creat-
ing pathology [42]. Patients with HCV infection should be counseled to completely 
abstain of alcohol, as even minimal or moderate alcohol use has been shown to be 
detrimental.

The effect of hepatitis B virus (HBV) on alcoholic liver disease is less well 
understood. Two small studies in the 1980s showed a higher prevalence of HBV 
infection [43, 44]. A larger case-control study from the same time period showed 
that alcohol use and unresolved HBV infection were independently associated with 
development of cirrhosis; however synergistic association could not be established 
as for HCV infection [45]. A more recent study from Portugal showed that alcohol 
use in patients with chronic HBV infection was associated with more severe liver 
disease [46]. In a case control study from Albania, that included about 300 patients, 
synergistic association was shown for patients with increased alcohol use (>67 g 
alcohol per day) and hepatitis B surface antigen positivity for the development of 
cirrhosis [47].

Based on pre-clinical data, alcohol use has been shown to augment signaling 
pathways resulting in higher replication of both HCV and HBV with more severe 
liver injury [48, 49]. Acetaldehyde derived from alcohol metabolism and micro- 
RNA upregulation by alcohol consumption both have been shown to inhibit the 
interferon-gamma pathway, a known mechanism for HCV clearance [50]. Further, 
damage associated molecular proteins released as a result of HCV related cell injury 
and oxidative stress mediated by both alcohol and HCV infection contribute to more 
severe liver injury with faster progression to fibrosis [51].

7.6.8  Genetic Factors

Genes involved in the metabolism of alcohol including genes encoding for alcohol 
dehydrogenase (ADH2, ADH3), aldehyde dehydrogenase (ALDH2), and micro-
somal ethanol oxidation system (cytochrome P4502E1 [CYP2E1]) have been exam-
ined for their association with development of alcoholic liver disease. In one study 
from Japan, a specific polymorphism of the ADH gene (ADH2*2) was associated 
with the development of alcoholism and alcoholic cirrhosis [52]. A meta-analysis of 
studies looking at possible effects of ADH2 and ADH3 genes on the risk of develop-
ing alcoholic liver disease showed an association with ADH2 allele type, especially 
in Asian subjects [53]. However, a subsequent Korean study did not show an associa-
tion between ADH polymorphisms and the development of alcoholic cirrhosis [54].

There is a variant in the gene encoding aldehyde dehydrogenase, ALDH2*2, that 
has been found in Japanese, Taiwanese, and Han Chinese populations to result in 

C. Taylor Richardson and A. K. Singal



87

severe reduction in its activity with increased levels of acetaldehyde after alcohol 
consumption. This allele appears to protect against alcohol dependence due to the 
aversive symptoms of acetaldehyde during drinking [29]. Rates of alcoholic cirrho-
sis are believed to be about 70% reduced in populations with ALDH2*2 [55].

In another study from China, allelic variants of the cytochrome P450 system 
were not associated with risk of alcoholic liver disease [56]. Data from the Dionysus 
cohort showed association of one allele C2 of CYP2E1 and homozygosity of 
ADH3*2 allele with risk of alcoholic liver disease [18]. In a study from Mexico, the 
C2 allele of CYP2E1 was associated with alcoholic cirrhosis relative to healthy 
control and also to the severity of liver damage suggesting possible prognostic 
value. The believed mechanism for injury stems from the propensity for alcohol 
induced oxidative stress and the resultant detrimental accumulation of acetaldehyde 
[57]. These studies are limited by small sample size and have yielded contradictory 
responses, underscoring need for further research.

Most recently, a systematic review and meta-analysis reviewed the relationship 
between a genetic polymorphism in the patatin-like phospholiapse domain protein 
3 (PNPLA3) genes. An association between a specific mutation in PNPLA3 and 
increased hepatic fat content had been described. The pooled analysis of ten prior 
studies showed increased odds ratio for the presence of alcoholic liver injury, alco-
holic cirrhosis, and hepatocellular carcinoma in patients with the studied polymor-
phism [58]. Further research into a genetic basis for alcoholic liver disease is 
ongoing and may have both screening and therapeutic implications.

7.6.9  Smoking

Smoking has been negatively associated with multiple medical conditions including 
development of liver disease. In a large Danish cohort of over 18,000 patients fol-
lowed for over 20 years, smoking was associated with risk of liver disease from 
alcohol [59]. However, the relationship of smoking to liver disease is confounded 
due to the relationship of smoking to alcohol use. In this Danish study, smokers car-
ried a higher risk of cirrhosis after adjusting for confounders including alcohol con-
sumption [59]. In another case control study, smoking was associated with 
development of hepatocellular carcinoma, with risk increasing with degree of smok-
ing. The impact of smoking and alcohol was multiplicative, suggesting a possible 
mechanism of carcinogenesis that is enhanced by the combination [60].

7.6.10  Coffee

Coffee is among the most consumed beverages in the world and has been recently 
shown to be protective from liver disease. A meta-analysis of nine studies found a 
relative risk of 0.56 for developing cirrhosis (of any type) in patients that consumed 
at least two cups of coffee a day [61]. These findings do not hold up in other caffein-
ated beverages and it is believed that the benefit is derived from coffee’s antioxidant 
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properties, which exerts an anti-fibrotic effect. In a recent study on a large popula-
tion, consumption of more than 4 cups of coffee was associated 80% reduction in 
the development of alcoholic cirrhosis [62].

7.6.11  Iron

Iron overload negatively impacts the outcome of patients with alcoholic liver dis-
ease with more frequent progression to cirrhosis and development of hepatocellular 
carcinoma. In a French cohort, hepatic iron scores were associated with the devel-
opment of hepatocellular carcinoma in alcoholic cirrhotics, and not in HCV related 
cirrhosis [63]. An exact mechanism of iron induced carcinogenesis is not under-
stood, but it is hypothesized that iron results in oxidative stress and increased DNA 
mutations. Interestingly, the amount of alcohol consumed by the patient did not 
correlate with the burden of iron overload. Although, HFE gene mutations may play 
a role in mediating iron overload, the frequency of these mutations is not higher 
among alcoholics as compared to general population [63].

Hepcidin influences iron metabolism in that it blocks intestinal uptake of iron 
and release of iron by macrophages, effectively serving as a negative regulator. 
Hepcidin is produced in the liver and it is thought that oxidative stress and tissue 
hypoxia from chronic alcohol use suppresses its production. In a cohort of over 200 
patients with alcoholic cirrhosis, lower hepcidin levels were associated with a sta-
tistically significant higher risk of hepatocellular carcinoma and death over the 
study period (hazard ratios 1.7 and 1.6, respectively). On multivariate analysis, 
lower hepcidin was independently associated with death in these patients [64].

7.7  Magnitude and Burden of Alcoholic Liver Disease

The prevalence of cirrhosis and the mortality from cirrhosis are associated with 
alcohol consumption throughout the world. Alcohol attributed costs (not isolated to 
solely liver disease) are tremendous with total costs estimated at 125 billion Euros 
in the European Union in 2003 and 233 billion dollars in the United States in 2006 
[65, 66]. These figures have been noted to constitute 1.3–3.3% of gross domestic 
product [67].

While the costs of alcohol as a whole are staggering, the epidemiologic data 
pertaining to alcoholic liver disease and cirrhosis are equally troubling. In the 
United States in 2009, 48.2% of all cirrhosis deaths were alcohol related with most 
(70.6%) among individuals aged 35–44 [68]. Clearly, alcoholic liver disease dispro-
portionately affects individuals in their most productive years of life, resulting in 
significant direct and indirect social costs. Centers for Disease Control (CDC) data 
from 2006 to 2010 attributed an average annual rate of 87,798 deaths and 
2,560,290 years of potential life lost to excessive drinking. Tallying an economic 
cost of 223.5 billion dollars in 2006, this equated to a $1.90 cost per alcohol bever-
age consumed [69]. While the total cost to society is enormous, the direct healthcare 
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costs are also concerning. An admission for acute alcoholic hepatitis, one of the 
more severe presentations of alcoholic liver disease, costs an average of $46,264 
and resulted in a 6.1 day length of stay in 2010 in US hospitals [70].

The pattern in Europe is similar to the United States, with alcohol being the 
most common cause for advanced liver disease. In the United Kingdom, liver 
disease is the third leading cause of premature mortality and alcohol is responsi-
ble for three- quarters of the deaths from liver disease. It was calculated that the 
National Health Service (NHS) spends approximately £3.5 billion annually on 
complications related to alcoholic liver disease [71]. A report from Portugal in 
2015 studied the admissions for cirrhosis to all state hospitals from 1993 to 2008 
and found that 84% of the admissions were related to alcoholic liver disease. Over 
the time period studied, there was a disproportionate increase in admission for 
males aged 40–54 with alcoholic cirrhosis. These patients were found to have 
increased length of stay and mortality relative to the other patients identified [72]. 
These findings highlight not only the prevalence of alcoholic liver disease and the 
substantial resultant medical costs, but also the indirect opportunity cost given the 
relative incidence in middle aged patients who would otherwise be in their most 
productive years. As opposed to alcohol, non-alcoholic cirrhosis tends to most 
affect elderly patients.

Given its population, China has a large impact on the worldwide burden of liver 
disease and it is estimated that nearly 300 million Chinese people suffer from liver 
disease. Chronic viral hepatitis remains the largest cause of liver disease, but alco-
hol abuse is increasing and treatment and screening programs for viral hepatitis are 
being put in place. Nationwide epidemiologic data for alcoholic liver disease does 
not exist, but in specific, regional populations the prevalence has ranged from 2.3% 
to 6.1% of the total population. The annual incidence of alcoholic liver disease as a 
cause of hospitalization relative to other types of liver disease is steadily increasing 
and the number of patients undergoing liver transplantation for alcoholic liver dis-
ease is also growing [73].

In 2010 global data, it was found that greater than one million deaths (2% of all 
deaths) and 31 million disability adjusted life years (DALYs) lost were related to 
liver cirrhosis. Alcoholic cirrhosis accounted for 493,300 deaths or 47.9% of total 
cirrhosis related deaths. Alcoholic cirrhosis accounted for 1.2% of all male deaths 
and 0.7% of all female deaths overall. Central Europe had the highest proportion of 
alcohol related liver cirrhosis deaths and DALYs relative to total cirrhosis deaths 
and DALYs with 72.3% and 74.6%, respectively. At the other end of the spectrum, 
likely due to the influence of Islam, Northern Africa and the Middle East had the 
lowest proportion of liver cirrhosis deaths and DALYs due to alcohol with 14% and 
15.9%, respectively. The incidence of death from alcoholic cirrhosis in 2010 was 
highest in Central Asia where 17.5 deaths per 100,000 persons occurred due to alco-
holic liver disease and it was followed by Central Latin America with 15.8 deaths 
per 100,000 persons [74]. Epidemiologic studies aiming to understand how these 
figures have changed over time and the patterns that have emerged have important 
implications in driving public policy decisions to counteract the burden of alcoholic 
liver disease.
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7.7.1  Worldwide Trends in Alcoholic Liver Disease

Any analysis of trends in the epidemiology of liver disease over the past several 
decades needs to account for the fact that viral hepatitis B and C were not recognized 
as distinct clinical entities prior to the 1980s. However, it is informative to look at 
different experiences around the world as pertains to alcoholic liver disease.

Natural experiments such as Prohibition in the United States or the relative scar-
city of alcoholic beverages in Europe during the First World War suggest that a 
decrease in per capita consumption of alcoholic beverages results in a decrease in 
population mortality of alcoholic liver disease. An analysis of mortality data from 
14 European Union countries from 1950 to 1995 show that, on average, a 1  L 
increase in per capita consumption was associated with a statistically significant 
increase in male cirrhosis of 12% and in female cirrhosis of 8%. When stratified by 
a regional gradient, these findings were more pronounced in Northern Europe and 
less so for Southern Europe, possibly reflecting a difference in pattern in drinking 
and/or differences in public policy and legislation at the governmental level. A simi-
lar analysis was conducted in Canada and revealed that an increase in 1 L of per 
capita alcohol consumption resulted in a 16% increase in male mortality and a 12% 
increase in female mortality [75]. Thus, when thinking about trends in the morbidity 
and mortality of alcoholic liver disease, it is paramount to consider trends in the 
consumption of alcohol.

In the United States, a study of alcohol consumption from 1949 to 1994 showed 
mortality from cirrhosis rose by 75% from 1950 to 1973 when it reached its peak 
and thereafter began to decline slowly. Per capita alcohol use also rose during this 
time but it reached its peak in 1980 with a decline thereafter. The authors explained 
these incongruent findings by showing that mortality more closely paralleled the 
consumption of spirits [23]. As discussed earlier, spirits may be more dangerous 
relative to other types of alcohol and may be associated with a more pathologic pat-
tern of drinking. Another explanation offered by the authors was that there was an 
improvement in the treatment of alcoholism during this time that could account for 
a decrease in mortality a few years prior to the decrease in consumption [23]. While 
not discussed in the analysis, it is also worth remembering the possible effect of 
undiagnosed, chronic viral hepatitis.

United States data from 1970 to 2009 show a decrease in the death rate from cir-
rhosis from 17.8 to 9.4 deaths per 100,000 people (47.6% decrease). This finding 
was present across ethnicities and gender though to varying degrees. More specifi-
cally, the death rate from alcoholic cirrhosis decreased from 6.3 to 4.5 deaths per 
100,000 people (28.6% decreases) [10]. Other than a decrease in alcohol consump-
tion between 1980 and 1998, there was an increase in participation in Alcoholics 
Anonymous, an increase in the use of liver transplantation to treat alcoholic liver 
disease, and an increase in the diagnosis of hepatitis C after the introduction of test-
ing in 1991 (patients’ hepatitis C related liver disease may have been miscatego-
rized as alcoholic liver disease) [76].

Recent trends in Australia are similar to the United States. From 1991 to 2005, 
mortality from alcoholic liver disease decreased by 21.7% for men and by 8.3% for 
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women. During this same time period, it was observed that admissions for alcoholic 
liver disease increased by 20% suggesting either improved access to healthcare or 
improved healthcare outcomes [77]. According to government statistics, per capita 
alcohol consumption remained flat during this time period. Total alcohol consump-
tion per capita trended from 10.6 to 10.5 L per year. Consumption of beer decreased, 
while that of wine and spirits increased.

In Japan, alcoholic liver disease was largely unheard of based on autopsy studies 
prior to 1955. Per capita annual alcohol consumption from 1955 to 1988 increased 
sixfold. By 1988, the annual per capita alcoholic consumption was 6.3 L, which is 
less than most European and North American countries. However, if you excluded 
persons with ALDH2 the figure approached the level seen in Western countries. 
Unsurprisingly, the estimated incidence of alcoholic liver disease rose from 5.1% of 
all liver disease to 14.1% during this time period. Additionally rates of cirrhosis 
mortality paralleled in the increase in consumption [78].

In Korea per capita alcohol consumption has increased from 1 L in 1960 to 
7 L by 1980 with a male per capita consumption of 18.4 L and rate of frequent 
drinking of 34% among males. The pattern of drinking has also changed from the 
use of mildly fermented beverages to regular and heavier consumption of dis-
tilled spirits. The percent of patients with alcohol as the etiology of their chronic 
liver disease increased from 1.5% in 1980 to 24% by 1993 [79]. An analysis from 
2000 to 2009 showed that the per capita alcohol consumption had increased by 
2009 to 8.54 L and that mortality rate for alcoholic liver disease had increased 
from 2000 to 2009 from 2.98 per 100,000 persons to 7.29 per 100,000 persons. 
The mortality rate was higher for men and highest in the age range from 40 to 
50 years old [80].

India serves as an important example due to the country’s recent trends in 
pathologic alcohol use and its effect on the worldwide burden of disease given the 
large population. Per capita alcohol use in India by adults has increased 106.7% 
between the years of 1970–1972 and 1994–1996 [81]. Particularly in young 
adults, there is a growing culture of heavy and binge drinking. A large survey of 
cirrhosis admitted to a Northeast Indian hospital found that 72% of diagnosed 
cases of cirrhosis were related to alcohol. The patients with alcoholic cirrhosis 
tended to be younger, middle class, male, and non-Muslim relative to the non-
alcoholic etiologies. Similar to other countries, this demographic is expected to be 
a more socially productive group and thus the negative health outcomes has a 
disproportionate effect on societal costs. They also found that relative to non-
alcoholic cirrhosis, the alcoholics tended to have more episodes of hepatic 
encephalopathy, upper gastrointestinal bleeding, and ascites and secondarily 
worse overall mortality [82].

As shown above, changes in the incidence of alcoholic liver disease and mortal-
ity are affected by drinking patterns and consumption and these trends have geo-
graphic variations. There have likewise been changes in the medical treatment of 
alcohol abuse and liver disease that may have some impact. The identification  
of viral hepatitis and future treatment will also affect the morbidity and mortality of 
alcoholic liver disease. Another arena of intervention is that of public policy given 
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the substantial social costs of alcoholic liver disease. Research highlighted by the 
WHO, found that the most “cost-effective” public policy intervention in terms of 
decreasing alcohol attributable deaths were taxation of alcoholic beverages, restrict-
ing the availability of alcoholic beverages and imposing bans or restrictions on alco-
hol advertising [2].

For instance, a dramatic increase in taxation of alcoholic products was imposed 
in 2002. The most common alcoholic beverage in Taiwan at the time was a domestic 
rice based spirit and in 2002 the rice alcohol tax was $0.73 per liter. The tax was 
increased to $6.16 per liter by 2003 meaning that retail prices increased sevenfold. 
There was a dramatic, immediate decrease in alcoholic consumption and analysis of 
hospital inpatient changes for alcohol attributable diseases showed a corresponding 
reduction that was sustained for several years despite a prior increasing rate of 
expenditures for alcoholic disease [83].

Other countries have employed multiple mechanisms for curbing alcohol con-
sumption. There has been use of a legal drinking age, regulation in the density of 
alcohol selling outlets, and limitations on the days and hours when alcohol can be 
sold. Governments have also used monopoly and licensing power to control the sup-
ply of various alcoholic beverages. Laws against public consumption and drinking 
and driving further aim to limit the consumption of alcohol. In many countries, 
advertising in alcohol has been viewed as being causative in driving further con-
sumption and an unhealthy pattern of drinking. Data from the WHO in 2012 from 
166 different countries showed that 39.6% of those countries had no restrictions 
with regard to alcohol advertising while 10.1% imposed total bans with the majority 
somewhere in between with specific but not total regulation [2]. Enforced labeling 
of alcoholic beverages with a warning of possible medical risks is another avenue 
by which some countries warn prospective consumers. Many countries, particularly 
those with the highest and rising burdens of disease are utilizing the above interven-
tions at population level.

 Conclusion
Studying the changes in the epidemiology of alcoholic liver disease has led to 
many advances including the hypothesis that alcohol was a hepatotoxin in the 
first place. Understanding current trends is essential in recognizing the current 
burden of disease and in identifying strategies to combat alcoholic liver dis-
ease. Given current consumption patterns, alcohol is likely to remain a pri-
mary driver of liver disease for the decades to come. In contrast, hepatitis B 
now has effective therapies and ultimately there is a goal for universal vacci-
nation against hepatitis B. Just recently, effective and safe therapies for hepa-
titis C are becoming more available and will likely further shift the 
epidemiology of liver disease. The connection between obesity and liver dis-
ease is now better understood and great deal of research has been performed 
for the purpose of finding therapies for non-alcoholic fatty liver disease. 
Projections in the United States suggest that alcohol consumption and the 
incidence of alcoholic cirrhosis will increase in the upcoming decades [84]. 
There remains a paucity of therapies directed at alcoholic liver disease. 
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Medically, the molecular mechanisms of alcoholic liver disease and alcoholic 
liver injury must be better understood in order to understand possible thera-
peutic interventions. The best current therapy remains complete abstinence of 
alcohol. The future of therapeutics for alcoholic liver disease depends on the 
availability and willingness to conduct clinical trials. It is hoped that with 
increased research efforts, there may be new drugs for managing this lethal 
disease. Socially, the opportunity exists for various societies to decide on pub-
lic policy interventions that can affect the consumption of alcohol with direct 
health benefits and cost savings. The future of alcoholic liver disease world-
wide will be determined by efforts in each of these realms.
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 Summary Table of Landmark Literature

Study title and 
authors Study design Summary results Main limitations
Bellentani S, 
et al. Journal of 
Hepatology. 
1994; 
20:1442–1449

Italian cohort study 
assessing the 
prevalence of liver 
disease and attributable 
risks

•  Above the 30 g/day 
threshold, the incidence 
of alcoholic liver 
disease and of cirrhosis 
increases linearly with 
increasing alcohol 
intake

•  Limited study 
population and 
unclear if results 
can be generalized 
to other 
populations

Corrao G, et al. 
Addiction 
Biology. 1998; 
3:413–422

Descriptive study that 
assesses cirrhosis 
mortality trends in 
seven Eastern Europe 
countries relative to 
Europe as a whole

•  In Europe the cirrhosis 
mortality rates were 
explained by their 
relationship with per 
capita alcohol 
consumption with a 
specific lag time

•  Descriptive, 
epidemiologic 
study that does not 
address natural 
history of cirrhosis

•  Does not account 
for other factors 
like viral hepatitis?

Ramstedt M, 
et al. Addiction. 
2001; 
96:S19–34

Analysis of yearly 
changes in gender and 
age specific mortality 
rates from 1990 to 
1995 in 14 European 
countries in relation to 
corresponding yearly 
changes in per capita 
alcohol consumption

•  There exists a positive 
and statistically 
significant effect in 
changes of per capita 
consumption on 
changes in cirrhosis 
mortality, particularly in 
northern Europe

•  Mortality data 
based on ICD 
codes

•  Per capita 
consumption data 
based on alcohol 
sales

Roizen R, et al. 
BMJ. 1999; 
319:666–669

Trend analysis using 
data on US cirrhosis 
mortality and per 
capita alcohol 
consumption

•  A relationship exists 
between per capita 
consumption of distilled 
spirits and mortality 
from cirrhosis in the 
United States

•  Relationship 
between 
consumption and 
mortality does not 
establish a causal 
relationship
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Study title and 
authors Study design Summary results Main limitations
Kerr W, et al. 
Addiction. 
2000; 
95:339–346

Pooled cross-sectional 
time series analysis to 
compare beverage 
specific per capita 
consumption and 
cirrhosis mortality in 
multiple countries

•  Associations between 
mortality and 
consumption were 
found for total alcohol 
and for distilled spirits 
specifically

•  Use of spirits may 
affect mortality more 
than wine and beer

•  Multiple potential 
confounder factors 
exist (i.e. those 
who drink spirits 
may be more prone 
to binging, heavier 
drinking)

•  Does not establish 
a causal 
relationship

Rehm J, et al. 
Journal of 
Hepatology. 
2013; 
59:160–168

Review of global 
mortality and 
consumption data to 
calculate and report the 
global burden of 
alcoholic liver disease

•  In 2010 alcohol 
attributable liver disease 
was responsible for 
493,300 deaths and 
14,544,000 DALYs

•  Reliability of 
global data on 
consumption

•  The role of past 
consumption to the 
current burden of 
disease for a 
disease like 
cirrhosis

Naveau S, et al. 
Hepatology. 
1997; 
25:108–111

French cohort study to 
assess whether being 
overweight was a risk 
factor for the 
development of 
alcoholic liver disease

•  In patients with alcohol 
abuse, being 
overweight for at least 
ten years was 
independently 
correlated with 
developing cirrhosis, 
acute alcoholic 
hepatitis, and steatosis

•  Does not establish 
a causal 
relationship

Carrrao G, et al. 
Hepatology 
1998; 
27:914–919

Data used from two 
case control studies in 
Italy to assess the joint 
effect of alcohol and 
hepatitis C infection on 
the development of 
cirrhosis

•  The interaction between 
lifetime daily alcohol 
intake and the presence 
of the hepatitis c virus 
was additive for low 
volume consumers, but 
multiplicative in high 
volume consumers 
suggesting a synergistic 
effect

•  Small study size
•  Self-reported 

alcohol use.
•  Small presence of 

heavy drinkers 
who had hepatitis 
C in the control 
(non- cirrhosis) 
group

Singal AK. Eur 
J Gastroenterol 
Hepatol. 2012; 
24:1178–1184

Data from the US 
Nationwide Inpatient 
Sample dataset 
(1998–2007) reviewed 
to identify patients 
with alcoholic 
hepatitis and factors 
associated with 
hepatitis C positivity 
and mortality

•  Hepatitis C infection is 
an independent 
predictor of mortality in 
patients with alcoholic 
hepatitis

•  Does not establish 
a mechanism for 
the impact of 
hepatitis C in 
patients with 
alcoholic hepatitis
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8Hepatitis B Virus: Asian Perspective

Wai-Kay Seto and Man-Fung Yuen

Abstract
Chronic hepatitis B virus (HBV) infection is a major cause of liver cirrhosis and 
hepatocellular carcinoma in Asia. HBV is generally endemic in many parts of 
Asia. China has the largest number of chronic HBV patients worldwide (74.6 mil-
lion), with hepatitis B surface antigen (HBsAg) seroprevalence in different 
regions of China ranging from 3.7% to 10.4%. Other Asian countries with a high 
HBsAg seroprevalence include Taiwan, Mongolia, Vietnam and Uzbekistan. 
Migratory and behavioral patterns influence HBsAg seroprevalence rates, and 
the impact of HBV vaccination is gradually emerging in the younger age groups. 
Seroprevalence of antibody to the hepatitis B core antigen (anti-HBc) is gaining 
epidemiological significance due to the risk of HBV reactivation during high- 
risk immunosuppressive therapy. HBV genotypes B and C are commonly found 
in East and South East Asia, while genotypes A and D are the common genotypes 
in South and Central Asia. Under-treatment of HBV might be common from a 
public health perspective, and there is currently a paucity of evidence on the 
epidemiological effect of nucleoside analogue therapy on HBV-related compli-
cations. Based on available prescription patterns, nucleoside analogue coverage 
could be improved among the elderly age groups.
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8.1  Introduction

Chronic hepatitis B virus (HBV) infection affects 248 million individuals world-
wide, with a high prevalence found especially in Asia [1], and is a major cause of 
liver-related morbidity and mortality. Cirrhosis develops in untreated chronic HBV 
infection at an incidence rate of 838 per 100,000 person years [2], with 30% of cir-
rhosis worldwide attributed to HBV [3]. HBV is also a major determinant of hepa-
tocellular carcinoma (HCC). Liver cancer is currently the fifth most common cancer 
in men and the seventh most common cancer in women worldwide [4], with 53% of 
HCCs globally attributed to HBV [3]. HBV-related HCC can also uniquely occur in 
non-cirrhotic individuals [5]. When compared to individuals without the infection, 
chronic HBV (CHB) patients have a 223-fold of increased risk of HCC [6].

While chronic HBV infection is generally endemic throughout many countries in 
Asia, regional and national variations do exist. The molecular epidemiology of differ-
ent HBV genotypes also differs among ethnicities. Besides the seroprevalence of hepa-
titis B surface antigen (HBsAg), the seroprevalence of antibody to hepatitis B core 
antigen (anti-HBc) is also gaining clinical significance. The epidemiological impact of 
universal HBV vaccination is also gradually emerging. The following sections will 
describe the clinical epidemiology of CHB from an Asian perspective in detail.

8.2  Natural History

The natural history of chronic HBV infection is depicted in Fig. 8.1 [7]. In the first 
phase, the immune tolerant phase, patients are hepatitis B e antigen (HBeAg)-
positive, with high serum HBV DNA levels, normal liver biochemistry and minimal 

Phase Immune tolerance

HBV-DNA

Persistent low grade viraemia
Reactivation

Anti-HBe

HBsAg
Seroclearance

HCC
Cirrhosis

HBeAg

ALT

Decade
of Life

1st – 2nd 3rd – 5th 4th – 5th onward

Immune clearance Late/Residual

Fig. 8.1 The natural history of chronic hepatitis B infection with the depiction of different disease 
phases (adopted from Lai CL, Locarnini S 2008 with permission)
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disease changes in liver histology [8]. The immune tolerant phase is markedly dif-
ferent between Asian HBV-infected patients and patients of European descent. 
Asian patients usually acquire the infection perinatally with the phase usually last-
ing for more than 20 years, unlike European patients who usually acquire the dis-
ease during adulthood and have a relatively shorter first phase [9]. The second 
disease phase, the immune clearance phase, is characterized by immune-mediated 
liver damage, with high serum alanine aminotransferase (ALT) and HBV DNA lev-
els, and with active necroinflammatory changes in histology [10]. Patients then 
undergo HBeAg seroconversion, and in the subsequent late/residual HBeAg- 
negative phase, the disease could be quiescent, or could be characterized by inter-
mittent virological or biochemical flares. Disease progression to cirrhosis or HCC is 
common during the HBeAg-negative phase [11].

A minority of patients will then proceed to the clearance of HBsAg from the 
sera. This HBsAg seroclearance occurs at a mean age of 50 years [12] and at a rate 
of 2.26% per year [13]. Intrahepatic HBV is still present at low transcriptional levels 
[12]. Nonetheless, serum HBV DNA is usually undetectable [14], with anti-HBc, an 
indication of past HBV exposure, being the only definite positive HBV serum 
marker. Therefore, for a newly-presenting HBsAg-negative, anti-HBc positive indi-
vidual with no prior HBV-related assessment, it is extremely difficult to distinguish 
chronic HBV infection with past HBsAg seroclearance versus merely past exposure 
and without intrahepatic presence of HBV. The term “occult HBV infection” is used 
to define HBsAg-negative, anti-HBc positive individuals with underlying presence 
of intrahepatic HBV DNA [15]. These patients are at risk of HBV reactivation after 
high-risk immunosuppressive therapies including rituximab [16] and hematopoietic 
stem cell transplantation [17], rendering the seroprevalence of anti-HBc relevant 
from an epidemiological perspective to the disease burden of HBV.

8.3  Epidemiology: HBsAg Seroprevalence

The clinical epidemiology of chronic HBV infection is usually presented in terms 
of the seroprevalence of HBsAg. Other relevant HBV-related epidemiological 
parameters include the seroprevalence of anti-HBc, HBV genotype distribution and 
in the current era of long-term nucleoside analogue therapy, the coverage of nucleo-
side analogue treatment.

Many countries with a high HBsAg seroprevalence are found in Asia, as depicted 
in Fig. 8.2, of which selected countries will be described in the following sections.

8.3.1  Mainland China and Hong Kong

Historically China had a very high rate of HBsAg seroprevalence, quoted at 9.8% 
prior to the availability of HBV vaccination [18]. Nonetheless, it must be noted that 
China is a geographically and ethnically diverse country, with wide variations in 
HBsAg seroprevalences observed throughout different regions of China (Fig. 8.3). 
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China also has a huge burden of liver-related complications. HCC, of which 80% 
are HBV-related, is the second-leading cause of cancer mortality in China [19]. 
Currently, China accounts for 51% of deaths from liver cancer worldwide [20]. 
HBV is also responsible for 79% of liver cirrhosis in China [20].

A pooled analysis of published data estimated China to have the largest number 
of infected individuals worldwide (74.6  million) and a HBsAg seroprevalence of 
5.49% (95% confidence interval (CI) 5.47–5.50%) [1]. A recent population-based 
study among Chinese men demonstrated the wide disparity in HBsAg seropreva-
lence still remaining present throughout different China regions. Eastern China had 
a higher HBsAg seroprevalence (7.98%) when compared to Central (5.46%) or 
Western China (6.47%) [21]. Local prevalence studies found HBsAg seroprevalence 
to be markedly higher in South and Southeast China, ranging from 8.76% in 
Guangdong [22] to 10.4% in Zhejiang [23]. Meanwhile, the HBsAg positivity rate in 
Beijing and Henan, Central China were only 5.72% [24] and 3.7% [25], respectively. 
As for Hong Kong, a population-based study of more than 10,000 participants found 
the HBsAg seroprevalence to be 7.8% [26]. HBsAg seroprevalence among high-risk 
groups were expectedly higher, with the prevalence among hemodialysis patients 
and HIV-positive patients being 11.9% and 12.49%, respectively [27].

HBsAg seroprevalence rates were consistent throughout different age groups 
born prior to the availability of neonatal HBV vaccination [21]. As for the younger 
age groups that benefited from neonatal HBV vaccination programs, HBsAg serop-
revalence was much lower, ranging from 1% to 2.3% [18]. The coverage of HBV 
vaccination in Mainland China was variable, achieving up to 99% in major cities but 
only reaching 70% in more rural areas [18]. Hong Kong introduced universal neo-
natal HBV vaccination in 1988 and among individuals born in Hong Kong in or 
after 1988, HBsAg seroprevalence was greatly reduced to 1.8%. The actual HBsAg 
seroprevalence among the same age group, when including individuals born outside 
Hong Kong, was higher at 3.4% [26], an example of how migration can substan-
tially impact HBV prevalence.

8.3.2  Taiwan

Similar to Mainland China, Taiwan historically also had very high rates of HBsAg 
seroprevalence, reported at 14.5% in the pre-HBV vaccination era [28]. Taiwan was 
also the first country to commence a nationwide HBV vaccination program since 
July 1984. Vaccination coverage rates were >95% [29]. By 1999, the impact of uni-
versal vaccination was evident, with HBsAg seroprevalence in children younger 
than 15 years of age dropping to only 0.7% [30]. The incidence of childhood HCC 
was also in decline [31].

A nationwide survey conducted in 2002–2007 involving 6602 participants found a 
HBsAg positivity rate of 13.7% (95% CI 12.5–14.5%) [32]. The results suggest, despite 
approximately 20  years since the commencement of nationwide HBV vaccination, 
chronic HBV infection would remain a substantial health care burden in Taiwan. In addi-
tion, among individuals born after the commencement of nationwide HBV vaccination, 
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HBsAg seroprevalence was 5.04% (95% CI 2.45–7.62%) [32]. The HBsAg seroposi-
tivity rate was significantly higher than the 1.2% found among 18,779 subjects born in 
or after 1984 in Taiwan and followed up from neonatal to adulthood [33]. A reason for 
this disparity could be due to the impact of migration, similar to the situation in Hong 
Kong. Another reason is the study by Ni et al. was confined to the capital city of Taipei, 
while Chen et al. included the rural areas of Taiwan as well as the Taiwanese aboriginal 
populations in which HBV vaccination coverage might had been incomplete.

8.3.3  Korea

Prior to the introduction of HBV vaccination programs in Korea in 1991, approxi-
mately 8% of the urban Korean population was HBsAg-positive [34]. The latest 
HBsAg seroprevalence estimate in South Korea based on pooled data is 4.36% (95% 
CI 4.36–4.37%) [1]. A population-based cross-sectional study conducted in 2007–2009 
involving 18,091 individuals found the HBsAg positivity rate to be 6%. However, 
chronic HBV infection is no longer the most important cause of deranged liver bio-
chemistry; 74.9% of elevated ALT cases were instead related to metabolic causes [35].

HBsAg seroprevalence is gradually decreasing in South Korea. A longitudinal 
study of 50,140 participants also showed a stepwise decrease in HBsAg seropreva-
lence, from 4.61% in 1998 to 2.98% in 2010. Significant decreases were only noted 
in the younger age groups of <50 years. Among participants age 50 years or above, 
HBsAg seroprevalence remained similar over time [36], implying HBV will remain 
an important health care issue in the middle-aged and elderly populations. Another 
large population study involving 11,513 subjects showed the seroprevalence of 
HBsAg decreasing from 5.5% in 1998–2001 to 4.2% in 2008–2011. Interestingly, 
females with the highest income and education levels exhibit the largest decreases, 
while no significant reduction was noted in males with a higher education level [37].

8.3.4  Japan

When comparing with nearby Asian countries, Japan has a relatively lower HBsAg sero-
prevalence. Currently the estimated HBsAg positivity rate is at 1.02% (95% CI 1.01–
1.02) [1]. Prevalence studies among blood donors found the seroprevalence of HBsAg to 
be 0.71% [38]. Japan implemented a policy of selective HBV vaccination of infants born 
to HBsAg-positive mothers in 1986. A nationwide study conducted from 2005 to 2011 
among children aged 4–15 years found the HBsAg positivity rate to be only 0.17% [39].

Adult-acquired HBV is emerging as an important route of transmission in Japan. 
In a study involving 212 patients acutely infected with HBV, 8 patients (4.2%) 
developed chronicity of infection with persistence of HBsAg for more than 
12  months. The majority of patients developing chronic HBV infection were of 
genotype A, the predominant genotype of adult-acquired HBV in Western countries 
[40]. With horizontal transmission of HBV gaining importance in Japan, prevalence 
studies targeting high-risk groups will be required to accurately understand the 
future health care burden of HBV.
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8.3.5  Mongolia

Mongolia has a high HBsAg seroprevalence of 9% [1]. In addition, co-infection 
with hepatitis C virus (HCV) and hepatitis delta virus (HDV) is common, reaching 
7.7% and 26.6%, respectively among patients with known chronic liver disease. 
Mongolia is one of the few regions worldwide with patients possessing concomitant 
triple infections of HBV, HCV and HDV (30.0%) [41]. Mongolia has one of the 
highest incidences of HCC worldwide (78.1 per 100,000 persons) [42], of which 
many have underlying triple HBV/HCV/HDV infection [41].

8.3.6  South East Asia

Vietnam is the South East Asian country with the highest HBV burden, with HBsAg 
positivity estimated at 10.79% (95% CI 10.29–1.31%) [1]. HBsAg positive rates in 
the rural areas of Vietnam are even higher, reaching 19.0% [43]. Universal HBV 
vaccination only started in 2003 and its benefits are not expected to be reflected 
anytime soon. Based on the expected population growth in Vietnam, HBV-related 
mortality from 1990 to 2025 is expected to increase by more than threefold [44].

HBV is of intermediate endemicity in the remaining of South East Asia, with 
HBsAg seroprevalence ranging from 3.40% in Myanmar to 6.42% in Thailand. The 
exceptions are Malaysia and Indonesia, with low HBsAg positivity rates of 0.74% 
and 1.86%, respectively [1].

8.3.7  South Asia

India has the second-largest population of HBsAg-positive patients worldwide, with 
37.6 million infected individuals, and an HBsAg seroprevalence rate estimated at 
1.46% (95% CI 1.44–1.47%) [1]. This is however likely an underestimation, since 
majority of Indian prevalence studies are based on blood donors, and with profes-
sional blood donors constituting 40% of the blood donor population, bias from a 
large healthy donor pool would be anticipated [45].

HBsAg seroprevalence estimates in other South Asian countries ranges from 
0.82% in Nepal to 3.10% in Bangladesh [1]. A weighted average of HBsAg serop-
revalence in Pakistan was 2.4%, and with coverage of HBV vaccination suboptimal, 
HBV-related disease will still be present in the foreseeable future [46].

8.3.8  Central Asia

HBV is prevalent in Central Asian countries, with HBsAg seroprevalence esti-
mates ranging from 6.05% in Kazakhstan [1] to 13.3% in Uzbekistan [47]. 
Unlike other parts of Asia, the predominant method of transmission is horizon-
tal [48]. A similarly high HBsAg seroprevalence was noted among high-risk 
groups for horizontal transmission, including people who inject drugs and men 
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who have sex with men [47]. While currently most Central Asian countries have 
universal HBV vaccination programs for newborn infants, vaccination coverage 
remains variable. Extension of HBV vaccination to high-risk groups remains a 
challenge [48].

8.4  Epidemiology: Anti-HBc Seroprevalence

Without antiviral prophylaxis, HBV reactivation rates in Asian HBsAg-negative, 
anti-HBc positive individuals after high-risk immunosuppressive therapy exceeds 
40% [16, 17]. At the same time, accessibility to high-risk immunosuppressive ther-
apy in Asia is improving. Asia is facing an aging population, and increasing num-
bers of elderly individuals are being treated with rituximab or other B-cell depleting 
agents [49]. The percentage of hematopoietic stem cell transplants being performed 
in the Asia-Pacific region also increased from 5.6% in 1985 to 17.5% in 2012 [50]. 
All these signify that the clinical significance of anti-HBc positivity, the marker of 
past HBV exposure, in Asia will continue to rise.

The available data on anti-HBc seroprevalence in Asia is depicted in Fig. 8.4 
[26, 32, 43, 51–58]. Generally speaking, for regions with HBsAg seroprevalence 
exceeding 10%, (e.g. Taiwan and Vietnam), anti-HBc seroprevalence would 
be >60% [32, 43]. Regions with HBsAg seroprevalence between 5% and 8% 
(e.g. China) would demonstrate an anti-HBc seroprevalence of >35%. In India, 
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where HBsAg seroprevalence is below 2%, different sources of anti-HBc serop-
revalences consistently exceeded 10% [58, 59]. All recorded anti-HBc positivity 
levels are substantially higher than the 4.6–7.3% seropositive rates of Western 
countries [60, 61].

Population-based data is still lacking from many regions of Asia, including the 
whole of Central Asia. Nonetheless, since Kazakhstan has one of Asia’s highest 
anti-HBc positivity rates among intravenous drug users (79.5%) [62], the general 
anti-HBc seroprevalence in Central Asia should expectedly be high. An important 
determinant of anti-HBc positivity is age. While the reported prevalence of anti- 
HBc in Hong Kong is reported to be 37.3%, positivity rates increases significantly 
with age, reaching 44.7%, 57.8% and 74.0% among individuals aged 55–65 years, 
66–75 years and >75 years, respectively [26].

8.5  Molecular Epidemiology

HBV is a molecularly diverse virus, with HBV genotypes defined as a viral genomic 
sequence divergence greater than 8% of the entire HBV genome, and subgenotypes 
defined genomic sequence divergence between 4% and 8% [63]. Currently there are 
eight well-defined HBV genotypes (A to H), with a ninth (I) and tenth (J) recently 
described in Vietnam and the Ryukyu Islands, Japan, respectively [64]. The distinct 
geographic distribution of HBV genotypes in Asia is depicted in Fig. 8.5. Genotypes 
B and C are found in East Asia and South East Asia, with genotype C being the 
more common genotype, with the exception of Taiwan and Indonesia where geno-
type B is more common. South Asia and Central Asia mainly consists of genotypes 
A and D, with genotype D being the more common genotype [64]. There are Asian 
countries with exclusively one HBV genotype: Korea only has genotype C, while 
Mongolia only has genotype D [65].

HBV genotypes are clinically important as they influence the disease pro-
gression, and to a certain extent, the treatment response of chronic HBV. When 
comparing genotypes B and C, hepatitis B e antigen (HBeAg) seroconversion 
occurs much earlier in genotype B [66]. Genotype C is associated with a higher 
risk of HCC development [67], although the apparently higher risk of HCC is 
due to the close association of the core promoter mutation [68]. As for geno-
types A and D, genotype A is associated with a more quiescent disease after 
HBeAg seroconversion [69], while a study from the Indian subcontinent showed 
genotype D to have more severe liver disease and an increased probability of 
developing HCC [70]. In terms of treatment response, HBV genotype A has a 
higher chance of response during pegylated interferon therapy when compared 
to genotypes B to D [71]; as for nucleoside analogue therapy, the predominant 
treatment of choice nowadays, HBV genotypes are not an important determi-
nant to successful treatment [72].

Behavioral and migratory patterns are continuously influencing the geographical 
distribution of HBV genotypes. An example is Japan where genotype A is gaining 
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prominence as a result of increased adult-acquired infection via horizontal transmis-
sion [40]. Bangladesh now has all four common HBV genotypes A to D, possibly 
due to its close geographical proximity with South East Asia [73].

8.6  Nucleoside Analogue Prescription Coverage

Besides the serological prevalence of HBV, the health care burden of HBV is also 
reflected through the morbidity and mortality of liver-related complications (acute 
decompensation, cirrhosis, HCC). Long-term nucleoside analogue therapy for 
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chronic HBV infection is effective in achieving virological suppression, reduce 
liver-related complications and reverse liver fibrosis [74, 75]. However, the impact 
of nucleoside analogue therapy in Asia at an epidemiological level has not been 
well-reported.

Based on treatment recommendations from international guidelines, up to 
59% of chronic HBV patients followed up in specialist clinics could be eli-
gible for therapy [76]. Yet under-treatment of HBV is common worldwide [77], 
with only 27% of chronic HBV patients in the United States being treated 
with nucleoside analogues [78]. From Taiwan’s national health insurance data-
base, 41% of chronic HBV patients were nucleoside analogue-experienced, but 
the mean treatment duration was only 1.44 years [79]. Data on HBV nation-
wide treatment coverage in other Asian countries is otherwise lacking, but is 
essential from a public health perspective in order to determine the epidemio-
logical efficacy of nucleoside analogue therapy in reducing HBV-related liver 
complications.

A recent study analyzed nucleoside analogue prescription patterns from 1999 to 
2012 within the public hospital network of Hong Kong, which covers 90% of health 
care in the territory. While nucleoside analogue prescription patient headcount 
increased at 2006 patients per year to 26,411 patients in 2012, prescription volume 
mainly concentrated in the 55–64 years and 45–54 years age groups (Fig. 8.6). The 
age group of ≥65 years only took up 18.8% of prescription volume, but had the 
highest liver cancer burden with 52% of newly diagnosed liver cancers in the terri-
tory. Nucleoside analogue prescription was ecologically associated with a decreased 
incidence in liver cancer overall, although this association was not present among 
patients ≥65 years [80]. The results imply HBV treatment coverage not only needs 
to be enhanced, but also should be expanded especially in the elderly chronic HBV 
population in order to maximize the oncoprotective effects of nucleoside analogue 
therapy against HCC.

8.7  Concluding Remarks

HBV endemicity is steadily on the decline in Asia, largely due to the impact of 
HBV vaccination programs. However, due to differences in public health policy 
and vaccine the efficacy of vaccination differs from country to country. Other 
factors, including migration and behavioral patterns, can influence HBV preva-
lence. Given the effectiveness of long-term nucleoside analogue therapy, data on 
HBV treatment coverage among different Asian populations will be valuable in 
understanding whether current treatment regimens can effectively reduce liver-
related morbidity and mortality at a public health level and decrease the global 
burden of HBV.
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 Summary Table of Landmark Literature

Study title and authors Study design Summary results Main limitations
Schweitzer A et al. Lancet 
2015;386(10003):1546–
1555

Systematic review 
and pooled analysis 
of worldwide 
chronic HBV 
prevalence published 
between 1965 and 
2013

•  Asia-Pacific 
regions had 
highest rates of 
HBsAg 
seroprevalence 
(5.26%, 95% CI 
5.26–5.26)

•  Asian countries 
with high HBV 
endemicity include 
China, Vietnam, 
Mongolia, 
Kyrgyzstan and 
Uzbekistan

•  Paucity of 
prevalence data 
might affect 
extrapolated 
prevalence 
estimates in 
some regions

Liu J et al. Lancet Infect 
Dis 2016;16(1):80–86

Population-based 
prevalence study of 
HBV prevalence 
among Chinese men 
from different 
regions of China

•  HBsAg 
seroprevalence 
overall was 6%

•  HBV markers 
were more 
prevalence in the 
eastern regions of 
China when 
compared to the 
central or western 
regions

•  Only married 
men aged 21–49 
enrolling into 
family planning 
programs were 
included

Ito K et al. Hepatology 
2014;59(1):89–97

Nationwide cohort 
study on the clinical 
course of acute 
hepatitis B in Japan

•  >50% of acute 
hepatitis B 
infections were of 
HBV genotype A

•  Time to 
disappearance of 
HBsAg and 
progression to 
chronicity was 
higher in genotype 
A when compared 
to other genotypes

•  Clinical 
outcomes were 
mainly 
retrospective and 
descriptive in 
nature

Chen CL et al. J Hepatol 
2015;63(2):354-363

Nationwide survey 
on the prevalence of 
HBV markers in 
both vaccinated and 
unvaccinated 
populations in 
Taiwan

•  Overall HBsAg 
seroprevalence 
was high, at 13.7%

•  HBsAg 
seroprevalence 
among vaccinated 
individuals was 
5.04%, 
significantly lower, 
but still a 
substantial rate

•  Vaccination 
history among 
certain cohorts 
might not be 
accurate
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Study title and authors Study design Summary results Main limitations
Seto WK et al. Aliment 
Pharmacol Ther 
2017;45(4):501–509

Ecological study 
evaluating the 
territory-wide 
association of 
nucleoside analogue 
prescription for 
chronic hepatitis B 
with liver cancer 
incidence in Hong 
Kong

•  Nucleoside 
analogue 
prescription was 
overall associated 
with reduced liver 
cancer incidence

•  No association 
was noted in 
elderly age groups, 
which had the 
highest liver 
cancer burden

•  Ecological study 
design, which 
might affect the 
control of 
confounding 
factors
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9Viral Hepatitis: The African Experience

Ramou Njie

9.1  Introduction

It is estimated that chronic viral hepatitis affects nearly 550 million people world-
wide. While previous studies report approximately 350 million individuals are 
infected with hepatitis B virus (HBV), 185 million with hepatitis C virus (HCV) and 
15 million with hepatitis delta virus [1, 2], recent updates from the World Health 
Organization (WHO) have revised estimates placing worldwide burden of chronic 
HBV at 257 million individuals. Viral hepatitis causes substantial mortality, glob-
ally accounting for more than 1 million deaths each year. Chronic viral infection is 
the primary cause of hepatocellular carcinoma (HCC), which is one of the most 
common cancers in developing countries and the second cause of cancer-related 
mortality worldwide [3].

The vast majority of individuals infected with viral hepatitis live in Africa and 
Asia, where screening and access to care and treatment are not readily available. In 
Africa, about 100  million individuals are estimated to be infected with HBV or 
HCV compared to 23 million HBV or HCV-infected individuals in more developed 
regions of the world [4]. In The Gambia, West Africa, the prevalence of chronic 
HBV infection in adults exceeds 8% [5] and HCC is the most frequent type of 
malignancy. There is strong epidemiological evidence that nearly 70% of HCC in 
sub-Saharan Africa is due to chronic infection with HBV, with fewer cases due to 
HCV [6].
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9.2  The Devastating Burden of Viral Hepatitis in Africa

In Africa, HBV and HCV infections are highly endemic and responsible for 80% of 
cirrhosis and HCC cases, with HBV being the main cause of end-stage liver disease 
[2, 6, 7]. HCC has been reported as the most common cancer in males, the second 
most common in females and affects young individuals often below 40 years of age 
with a rapid and fatal outcome. HCV is steadily becoming an important cause of 
HCC; chronic viral hepatitis leading to HCC is enhanced by widespread exposure 
to aflatoxin, a carcinogenic mycotoxin that contaminates staple crops in many 
African countries [8]. There is lack of accurate data in Africa on the exact burden of 
cirrhosis and end-stage liver disease due to viral hepatitis because of a lack of infra-
structure and skilled personnel, inadequate disease surveillance, and poor resources 
for proper data collection and management. Recent estimates show that, with 
1.4 million attributed deaths in 2010, viral hepatitis poses a greater mortality threat 
than tuberculosis or malaria worldwide; most of these deaths occur in Africa [7].

The WHO estimates that HBV infection affects more than 5% of the local popu-
lation in Sub-Saharan Africa and more than 8% in West Africa, reaching up to 15% 
in some areas [1, 7]. The transmission of the virus occurs early in life and is associ-
ated with a low rate of spontaneous viral clearance and a high risk of chronic liver 
disease. It is estimated that 25% of young adults, infected during childhood, will die 
prematurely from HBV-related cirrhosis or HCC [9]. The prevalence of HCV infec-
tion varies geographically with estimates between 3% and 5.3% [10]. Egypt bears 
the highest prevalence worldwide with a recent estimation of 14.7% in subjects 
aged 15–59 years [11]. This epidemic was the result of nosocomial transmission 
following mass treatment of schistosomiasis with the injectable drug antimony 
potassium tartrate during the 1960s. East and Central African countries, such as 
Burundi, Cameroon and Gabon, are also highly endemic for HCV with a prevalence 
in some areas reaching 11%, 13%, and 5% in the three respective countries [10]. In 
HIV infected individuals or other specific populations, such as drug users, sex work-
ers, men who have sex with men, prisoners or patients with multiple transfusions 
secondary to sickle cell disease, estimates can even reach up to 50% [7, 12, 13]. The 
distribution of HCV genotypes in Africa also varies by sub-regions and is character-
ized by a considerable HCV subtype diversity. In West Africa, genotypes 1, 2, and 
3 are predominant, whereas in Central Africa genotype 4 is more frequent. Genotype 
5 is more frequently observed in Southern Africa [13].

9.3  Preventative Strategies

9.3.1  Vaccination

Major progress in the global response to viral hepatitis has been achieved through 
the expansion of routine hepatitis B vaccination, which was facilitated by the intro-
duction of new combination vaccines. In 2015, global coverage with three doses of 
hepatitis B vaccine during infancy reached 84%. Between the date of introduction 
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of the vaccine, (ranging from the 1980s in The Gambia, West Africa to the early 
2000s in different countries) and 2015, the proportion of children <5 years of age 
who became chronically infected fell from 4.7% to 1.3 % [14]. However, in those 
African countries where high hepatitis B vaccination coverage has not been 
achieved, children continue to have intermediate or high hepatitis B surface antigen 
(HBsAg) prevalence. A substantial burden of chronic HBV infection persists 
because the global coverage with the birth vaccine dose is still low, estimated glob-
ally at 39% in 2015 [14]; in The Gambia, one of the first countries to introduce mass 
infant HBV vaccination, less than 3% of children received the birth dose within 24 h 
of birth [15]. In the absence of the universal birth dose or other effective interven-
tions, the transmission of HBV infection from mother to child remains a major 
source of chronic liver disease when infected children become adults [14].

9.3.2  Prevention of Transmission

Nosocomial transmission at medical and dental facilities is an important route of 
viral hepatitis transmission in Africa. The World Health Organisation estimates that 
24% of blood donations in low-income countries are not systematically screened for 
HBV or HCV and 2  million new HCV infections worldwide result from unsafe 
injections each year. In 2000, about 20% of medical injections were estimated to be 
administrated under unsafe conditions. Transmission of HCV through medical or 
dental procedures has also been documented in many African countries. A tragic 
illustration of such transmission is Egypt where the national campaign to eradicate 
schistosomiasis using reusable syringes led to the rapid spread of HCV.  Similar 
health campaigns have led to iatrogenic spread of HCV in Cameroon and Gabon [7, 
16]. Intravenous drug use, though not a major mode of transmission in Africa, has 
nevertheless been observed in some major cities. More research is needed to map 
out in more detail the HCV transmission routes in Africa. In the meantime, adopting 
universal infection control measures in all health facilities, blood donor screening, 
safe injection practices, routine antenatal screening as well as screening of high risk 
groups will be critical to prevent further transmission in the community.

9.3.3  Screening

Halting the transmission of HBV and HCV in Africa will require, in addition to 
the measures outlined above, screening and treatment of infected persons. WHO 
published recommendations on viral hepatitis testing in February 2017, in which 
it stated that testing and diagnosis of HBV and HCV infection is the gateway for 
access to both prevention and treatment services, and is a crucial component of an 
effective response to the viral hepatitis epidemic. Early identification of persons 
with chronic HBV or HCV infection enables them to receive the necessary care 
and treatment to prevent or delay progression of liver disease. Testing also pro-
vides an opportunity to link people to interventions to reduce transmission, through 
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counselling on risk behaviours and provision of prevention commodities (such as 
sterile needles and syringes) and HBV vaccination. Overall, the guidelines recom-
mend the use of a single quality-assured serological in  vitro diagnostic test (i.e. 
either a laboratory-based immunoassay [enzyme immunoassay or chemiluminis-
cence immunoassay] or rapid diagnostic test [RDT]) to detect HBsAg and HCV 
antibody. RDTs used should meet minimum performance standards, and be deliv-
ered at the point of care to improve access and linkage to care and treatment. Access 
to affordable hepatitis testing is limited in Africa. There are very few comprehen-
sive screening programmes that offer screening and treatment, in part because the 
assays, and effective treatments, are quite expensive and not accessible to those who 
need them the most. This is further compounded by lack of skilled manpower to 
undertake clinical liver assessment. There is thus a paucity of data from Africa on 
screening and treatment of viral hepatitis. In The Gambia, a small country in West 
Africa, two population-based, HBV preventative programs were set up to address 
this issue, and will be briefly described below.

9.4  Population-Based Approaches: The Gambian 
Experience

The Gambia is the smallest country in the African continent with a population of 
1.8 million people. Two population-based intervention studies to control HBV infec-
tion, namely, the Gambia Hepatitis Intervention Study (GHIS) and Prevention of 
Liver Fibrosis and Cancer in Africa (PROLIFICA) have been undertaken [17] to gen-
erate data that will hopefully guide policy in the fight against viral hepatitis in Africa.

The GHIS started in 1986 as a nation-wide trial of the HBV vaccine to evaluate 
the effectiveness of infant HBV vaccination in preventing infection and chronic 
HBsAg carriage in childhood, and in preventing HCC in adulthood. The vaccination 
phase began in August 1986. Over the subsequent four years the vaccination was 
gradually introduced to each immunization team on a team by team basis in a 
cluster- randomized, “step-wedge” design. This resulted in half the children born 
over these four years receiving HBV vaccination (approximately 60,000) and the 
other half only receiving the other routine WHO expanded program on immuniza-
tion (EPI) vaccinations. A second phase of assessment of the effect of vaccination 
on rates of infection with HBV began in 1986 with a cohort of 1000 vaccinated 
children who were followed until they were 9 years old. They were compared to 
cross sectional samples of unvaccinated children at the ages of 5 and 9 years. These 
studies showed a high effectiveness of the vaccine against acute infection (90%) and 
in particular against chronic infection (95%). Two further cross sectional surveys of 
both vaccinated and unvaccinated individuals have been made at the age of 15 years 
and at the age of 20 years. These studies have shown that although the surface anti-
body induced by vaccination is no longer detectable in more than half of the indi-
viduals, they continue to have 70% protection against infection and 95% protection 
against chronic infection. No case of acute HBV has been seen in any vaccinated 
individual—all infections have been sub-clinical and only detected on serology 
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[18]. The third phase of the study consists of the identification of cases of HCC and 
chronic liver disease in the study groups and linkage to their vaccination status. A 
national cancer registry has been running in The Gambia since 1986 to track out-
comes of this study. To improve the quality of diagnosis of HCC cases and provide 
an outcome to the study this author was recruited as a hepatologist to lead the GHIS 
program, among other things, to improve the diagnostic capacity, provide training 
to local staff, improve the care and management of patients with liver disease 
(including palliative care for HCC) and enhance registration over the next 
5–10 years; the study participants are now in their mid- to late twenties. It is esti-
mated that a clear quantitative estimate of the protective efficacy of vaccination 
against cancer will be possible in this time. There is only one other study globally 
addressing this question in China and uses a similar cluster randomized design but 
on the background of a very different epidemiology of HBV infection.

Despite the introduction of mass immunization for HBV since 1990, HBV- 
related morbidity and mortality remains high in The Gambia. The number cases of 
HCC and end-stage liver disease have not declined as individuals chronically 
infected with HBV prior to the immunization program continue to present with 
advanced disease. The PROLIFICA project was set up in 2011 in The Gambia and 
Senegal initially for 5 years with the primary objective of assessing whether antivi-
ral therapy using oral Tenofovir would reduce the incidence of HCC in West Africa. 
An additional objective was to determine the applicability and effectiveness of a 
population-based screening, clinical assessment and treatment in West Africa. 
Between Dec 7, 2011, and Jan 24, 2014, individuals living in randomly selected 
communities in western Gambia were offered hepatitis B surface antigen (HBsAg) 
screening via a point-of-care test. The test was also offered to potential blood donors 
attending the central hospital in the capital, Banjul. HBsAg-positive individuals 
were invited for a comprehensive liver assessment and were offered treatment 
according to the European Association for the Study of the Liver (EASL) 2012 
guidelines. Linkage to care was defined as visiting the liver clinic at least once. Of 
the over 11,500 individuals screened (5980 from the community and 6832 blood 
donors) HBsAg was detected in 9% of individuals from the communities and 13.0% 
of blood donors, who were all almost exclusively male. Overall prevalence was 
higher in men (10.5%) versus women (7.6%). Linkage to care was high in the com-
munities, with 81.3% of HBsAg-positive individuals attending the liver clinic but 
only 41.6% of HBsAg-positive people (mainly men) screened at the blood bank, 
linked into care. Overall less than 10% of all those who tested positive for HBsAg 
met the EASL criteria for treatment. Male sex was strongly associated with treat-
ment eligibility. The PROLIFICA project confirmed that an HBV screen-and-treat 
programme targeting the general population is a feasible and realistic public health 
intervention in The Gambia. Such an intervention deserves to be assessed on a 
larger scale in sub-Saharan Africa and in other resource-limited countries, with 
eventual integration into international and national guidelines to fight against the 
burden of HBV infection in endemic areas [5]. The PROLIFICA programme in The 
Gambia and Senegal is one of very few addressing the issue of HBV testing, com-
bined with assessment of the severity of chronic HBV and the screening of liver 
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cancer. It also aims at demonstrating the efficacy of tenofovir-based antiviral ther-
apy for preventing cirrhosis and HCC in West Africa; the on-going clinical follow-
 up of the treatment and observation cohorts is expected to yield valuable data on 
treatment outcomes in an African setting and contribute towards the further devel-
opment of guidelines in this part of the world.

9.5  Future Strategies

The Gambia, like much of Africa, carries a disproportionate burden of viral hepati-
tis, with high mortality and morbidity from liver cancer and end-stage liver disease. 
However, it has very limited access to innovative new diagnostic tools and highly 
effective antiviral drugs that other regions of the world take for granted. This needs 
urgent attention from local governments, but the scale of the problem is such that 
the assistance of the global community will be crucial if any meaningful progress is 
to be made. Future strategies to improve prevention, screening, care and treatment 
can be achieved through existing health care infrastructure. Operational programs 
and clinical trials should be conducted in countries in Africa with the support of 
local governments and the international health community. WHO’s elimination 
strategy by 2030 aims to reduce mortality from chronic infection with HBV and 
HCV by 65%. To achieve this goal, it is essential to scale up antiviral treatment 
programmes in low-income and middle-income countries, where most deaths due to 
viral hepatitis occur. These programmes must identify, engage, and retain infected 
populations. The recent call for action by WHO, through the Global Hepatitis 
Programme and Global Partners needs indeed to be translated into concrete action.

 Summary Table of Landmark Literature

Study title and 
authors Study design Summary results Main limitations
Lemoine M, et al. 
Lancet Glob 
Health. 
2016;4(8):e559–
67

Population-based 
prospective study from 
December 7, 2011 to 
January 24, 2014 
evaluating the 
effectiveness of point of 
care HBsAg testing 
among individuals in 
randomly selected 
communites in western 
Gambia and potential 
blood donors in the 
central hospital of 
Banjul.

•  Among the 
community-based 
cohort that 
underwent testing, 
HBsAg prevalence 
was 8.8%.

•  Among the cohort of 
potential blood 
donors, HBsAg 
prevalence was 
13.0%.

•  HBsAg prevalence 
was significantly 
higher in men 
compared to women 
(10.5% vs. 7.6%, 
p = 0.004)

•  Single country 
study among 
select populations 
may not be 
generalizable to 
populations in 
other African 
countries.

•  Overall test 
acceptance rates 
were 68.9% 
among the 
community- based 
cohort and 81.4% 
among the blood 
donor-based 
cohort
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Study title and 
authors Study design Summary results Main limitations
Kirk GD, et al. 
Hepatology 
2004;39:211–9

The Gambia Liver 
Cancer Study (GLCS) 
was conducted in 
conjunction with The 
Gambia Hepatitis 
Intervention Study, an 
international 
collaborative project 
designed to evaluate the 
efficacy of phased 
introduction of hepatitis 
B vaccine into The 
Gambia’s national 
immunization program 
in preventing chronic 
HBV infection, chronic 
liver disease, and HCC 
from September 1997 
through January 2001

•  216 incidence cases 
of HCC and 408 
controls were 
recruited into the 
study.

•  HBsAg prevalence 
was 61% among 
incidence HCC 
patients and 165 
among non-HCC 
controls.

•  Overall, 57% of 
HCC cases were 
attributed to chronic 
HBV infection

•  Single country 
study among 
select populations 
may not be 
generalizable to 
populations in 
other African 
countries

•  Relatively small 
sample size and 
may not reflect 
larger population-
based HBV 
prevalence

Lemoine M, et al. 
J Hepatol 
2015;62:469–76

Review paper 
highlighting the burden 
of viral hepatitis in 
Africa and discussion on 
potential strategies to 
achieve eradication 
among this high 
prevalence region

•  According to WHO, 
HBV infection 
affects more than 5% 
of the local 
population in 
Sub-Saharan Africa 
and more than 8% in 
West Africa, reaching 
up to 15% in some 
areas

•  WHO estimates that 
very few countries 
have implemented an 
HBV birth dose 
vaccine strategy and 
that only 23% of 
children born in the 
African continent 
benefit from the 
early birth dose

•  Nosocomial 
transmission is 
another major route 
of viral hepatitis 
transmission in 
Africa. WHO 
estimates that 24% 
of blood donations in 
low-income 
countries are not 
systematically 
screened for HBV

•  Review paper is 
limited by the lack 
of epidemiological 
data in many parts 
of the African 
continent.

•  Lack of 
epidemiological 
studies prevents an 
accurate 
assessment of 
HBV prevalence 
in many regions of 
Africa.
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10Hepatitis B: The Western Perspective

Elana Rosenthal and Rachel Baden

Abstract
Chronic infection with hepatitis B virus (HBV) is present in approximately 257 
million individuals worldwide and is a major cause of liver disease, liver cancer, 
and liver-related mortality. The prevalence of chronic hepatitis B (CHB) varies 
by region, and is often difficult to define due to limited surveillance. In highly 
endemic regions in Europe and the Americas, which have immigrants from 
endemic regions, a predominant cause of transmission remains perinatal infec-
tion. In low prevalence regions, sexual transmission has historically been a major 
source of HBV acquisition. More recently, implementation of widespread vac-
cination campaigns in some regions has dramatically reduced HBV prevalence 
and rates of acute HBV in children and young adults. However, due to high-risk 
behaviors and limited access to health services, marginalized populations—such 
as injection drug users (IDUs) and incarcerated individuals—continue to suffer 
from disproportionate rates of infection relative to the general population, with 
new outbreaks of HBV in IDUs in the United States becoming a health care 
crisis.

Keywords
Chronic HBV · Acute HBV · Perinatal transmission · HBV vaccination · PWID · 
Incarcerated individuals

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94355-8_10&domain=pdf
mailto:rbaden@alamedahealthsystem.org


126

10.1  Introduction

Chronic infection with hepatitis B virus (HBV) is present in approximately 257 mil-
lion individuals worldwide and caused 887,000 deaths in 2015 [1]. There are over 2 
billion people who have been exposed to HBV, as indicated by antibody to the hepa-
titis B core antigen (anti-HBc), and are at risk for HBV reactivation with changes in 
their immune system. Overall burden in the Western hemisphere is difficult to fully 
quantify due to lack of surveillance and screening programs in certain regions and 
in various populations. However, understanding the epidemiology of chronic hepa-
titis B (CHB) allows for better screening and early intervention so appropriate mon-
itoring and treatment can be implemented to avoid complications from this 
disease.

10.2  Prevalence: The Americas

Overall, most countries in the Americas, including the United States (U.S.), 
have a low prevalence of CHB as defined by HBsAg seroprevalence of less 
than 2%. However, certain regions such as Belize, Colombia, the Dominican 
Republic, Ecuador, and Peru have a low-intermediate prevalence of 2–4.99%. 
Importantly, Haiti is the one outlier across the Americas with recent data 
revealing a prevalence as high as 13.55% [2]. The most recent (2007–2012) 
U.S.  National Health and Nutrition Examination Survey (NHANES) data 
shows that 3.9% of noninstitutionalized U.S. residents had anti-HBc, indicat-
ing approximately 10.8 million who have ever been infected; prevalence of 
CHB has remained constant since 1999 with an estimated prevalence in 2012 
of 0.3% (847,000 residents) [3]. However, population- based surveys such as 
NHANES likely underestimate the burden of disease from CHB as they do not 
account for individuals who are institutionalized, incarcerated or not currently 
housed. The highest reported prevalence in the United States is in non-Hispanic 
Asians who have a tenfold higher rate of chronic infection than the general 
population. Non-Hispanic Asians accounted for 50% of cases in the U.S. from 
2011 to 2012. Among the non-Hispanic Asians with CHB in the United States 
identified during 2011–2012, 93.1% were foreign-born. Higher rates of chronic 
infection are also reported in non-Hispanic blacks in the U.S., with a two to 
threefold greater prevalence than the general population. Among the non-His-
panic blacks in the U.S. with CHB, prevalence was 2.5% among those who 
were foreign-born compared to only 0.4% among the U.S.-born [3]. CHB dis-
proportionately affects the immigrant population in the U.S. Over 90% of all 
new cases are in individuals born outside the country [4]. Importantly, attempts 
at accurately accounting for individuals with CHB who have migrated to the 
U.S. over the last several decades reveal that the prevalence may be much 
higher than previously reported. Taking into account these important popula-
tions, it is estimated that currently there are 2.2 million individuals living in the 
U.S. with chronic hepatitis B [5, 6].
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10.3  Prevalence: Europe

Across Europe, there is geographic variation in the incidence and prevalence of 
CHB. Some of this variation is due to differences in surveillance and reporting. 
Additionally, the epidemiology of this disease is changing in this region. Much 
of Europe has a low HBsAg seroprevalence of 2% or less. However, some coun-
tries such as Azerbaijan, Belarus, Bulgaria, Cyprus, Georgia, Italy, Kosovo, 
Russia, and Turkey have a reported low-intermediate prevalence of 2–4.99%. 
Albania, Kazakhstan, Moldova, Romania, Tajikistan and Uzbekistan have a high- 
intermediate seroprevalence of 5–7.99%. Kyrgyzstan has the highest rate of CHB 
in the region with an estimated prevalence of 10.32% [2]. In 2013, 28 EU/EEA 
member states reported 19,101 cases of hepatitis B, approximately 3000 of which 
were acute [7]. Overall, the rate of acute cases declined from 2006 when it was 
1.3/100,000 to 2013 when the reported rate was 0.7/100,000. However, the reported 
rate of chronic infections increased from 5.7/100,000  in 2006 to 7.4/100,000  in 
2013. This increase in reported chronic infections is thought to be in part from 
increased surveillance. Additionally, as in the U.S., many European countries have 
seen an influx of CHB from migration of individuals from more highly endemic 
countries. In the six European countries studied by Chu and colleagues (Denmark, 
Finland, Germany, the Netherlands, Sweden, and the United Kingdom of Great 
Britain and Northern Ireland), incident infection was decreasing overall. However, 
migration into these regions has had a major impact on HBV prevalence. In the 
UK, for instance, it was estimated that 96% of newly identified chronic HBV infec-
tions were in individuals who had immigrated from more highly endemic regions. 
Similarly, in the other five countries studied a majority of individuals with CHB 
were born abroad [8].

10.4  Vaccination and Pregnancy

In the U.S., rates of acute hepatitis B have decreased significantly since the early 
1980s when the first hepatitis B vaccine was introduced and have continued to 
decline since 1991 when the recommendation to vaccinate all infants born in the 
U.S. was first implemented [9]. Since 1995, guideline recommendations in the 
U.S. have expanded to include vaccination of all adolescents and to give stronger 
recommendations for all high-risk adult populations, including adults with diabe-
tes in 2011 [10]. However, HBV vaccination coverage for higher risk adults 
remains low in the U.S. In adults with up to 3–4 risk factors for HBV, only 54.5% 
are vaccinated [11]. Strikingly, only 63.8% of health care workers have completed 
the full HBV vaccine series [12]. While the incidence of acute infection in the U.S. 
is the lowest it has been in decades, it is estimated that in 2014 there were still 
approximately 19,000 new cases of HBV, with 1200 cases of HBV from maternal 
fetal transmission (CDC 2017) [9]. Hepatitis B immunoglobulin and an initial dose 
of hepatitis B vaccine within 12 h of delivery should be given to infants who are 
born to mothers with CHB. This combination of hepatitis B immunoglobulin and 
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vaccination at birth has decreased the rate of perinatal transmission from over 90% 
to less than 10% [13]. Other countries in the Americas have also gradually intro-
duced hepatitis B vaccine into their childhood immunization schedules since 1991 
with the last being Bonaire, Haiti, and Saba in 2012. However, as of 2016, only 
69% of countries in the Americas include the birth dose vaccine in the schedule. 
Six countries have employed catch-up vaccination and, like the U.S., expanded 
vaccination to include older age groups. Moreover, Argentina, Cuba and Brazil 
have expanded their HBV vaccination recommendations to include the entire pop-
ulation, regardless of risk or age. For the period of 2010–2015, vaccine coverage 
rate in the Americas for infants and children ranged from as low as 36% in Haiti 
(likely owing to the fact that the national vaccination efforts for this age group 
were just introduced in 2012) to 99% in countries like Nicaragua, Anguilla and St. 
Lucia. Of the countries which had policies in place for vaccination for that entire 
time period, 74% reported a vaccination rate in children over 90% [14]. Of 29 
European Union countries including Iceland and Norway reporting in 2010, all had 
implemented childhood HBV vaccination programs. However, seven countries in 
the EU report only risk-based vaccination programs, namely the United Kingdom, 
Sweden, Norway, The Netherlands, Iceland, Denmark, and Finland. All others 
either mandate or recommend universal HBV vaccination in childhood [15]. Data 
suggest that infants who still acquire hepatitis B despite immunoglobulin and vac-
cination at birth are more likely to be born to a mother with a high HBV viral load. 
To further combat perinatal transmission, current guidelines in Europe and the U.S. 
now also support the use of antivirals in pregnancy in women with baseline viral 
loads greater than 200,000 IU/mL [13, 16, 17].

10.5  Transmission

The largest burden of hepatitis B lies in the population of individuals living with 
chronic infection as 15–25% of these individuals are at risk for premature death 
from complications from their CHB including end-stage liver disease and hepato-
cellular carcinoma. Worldwide, hepatitis B accounts for 47% of viral hepatitis- 
associated mortality [18]. The risk of developing chronic infection depends on the 
age of infection. Up to 90% of perinatal infections become chronic while only 
5–10% of adults and older children will develop chronic infection [19]. Risk factors 
for infection vary by region and by demographics. In highly endemic regions, for 
instance, vertical transmission is the most common cause of infection. For acute 
cases identified in Europe in 2013, heterosexual transmission, nosocomial transmis-
sion, injection drug use and transmission among men who have sex with men were 
reported as common causes of infection. However, likely reflecting that many indi-
viduals in the EU region with CHB were born in more highly endemic regions, 
vertical transmission was the most common etiology of infection, accounting for 
43.5% of infections in individuals with CHB [7]. For the acute cases of HBV identi-
fied in the U.S. in 2014, sexual transmission and especially injection drug use were 
among the most common risk factors that could be identified [9].
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10.6  Special Populations at Risk: Injection Drug Users

HBV is found in the highest concentrations in the blood and can be viable and infec-
tious in the environment for as long as a week. Therefore, injection drug users 
(IDUs) are at particular risk of HBV transmission due to microtransfusions that 
occur when sharing injection equipment such as needles and syringes. In addition, 
transmission can occur from backloading, sharing cookers, cottons, and injecting 
water, even after several days without use. Up to 80% of IDUs who have injected for 
five or more years have evidence of exposure to HBV [20]. Prevalence of HBV in 
IDUs increases with duration of drug use, injection frequency, and prior history of 
sharing drug preparation equipment [20].

Worldwide there are 13 million IDUs, of whom 1.2 million are estimated to be 
chronically infected with hepatitis B [21]. In Europe, the estimated HBsAg preva-
lence in IDUs has been shown to be as high as 34% in some studies, with estimates 
nine times that of the general population [22, 23]. In the EU/EFTA region, 3.7% are 
estimated to have HBsAg, while outside the EU/EFTA that prevalence is believed to 
be 21% [23]. Higher prevalence among IDUs in these regions may reflect higher 
prevalence in the general population, as well as decreased access to vaccination and 
harm reduction strategies for IDUs. In the U.S., the prevalence of CHB in IDUs is 
estimated as 2.7–11%; IDUs with HIV have estimated prevalence of 7.1% [24]. 
Among all U.S. citizens known to have CHB, 4–12% report a history of injection 
drug use [24].

While injection drug use historically accounted for 15–20% of reported cases of 
acute HBV in the U.S., from the 1980–1990s, the predominant risk factors were 
high risk heterosexual sex, and sex between men who have sex with men [20, 25]. 
However, as overall incidence of HBV in the U.S. declined from the 1980s through 
the 2010s, the proportion of incidence attributable to drug use has increased. In a 
CDC study of seven surveillance sites in the U.S. between 2006 and 2011, the pre-
dominant risk factor for transmission was drug use, with the majority of cases in 
men who were aged 30–49, of white non-Hispanic race, and born in the U.S. [25].

Of note, declining HBV incidence has not been consistent across the US.  In 
fact, between 2009 and 2013, HBV incidence increased 114% in three states: 
Kentucky, Tennessee, and West Virginia. In a review of these cases, the proportion 
of white individuals, aged 30–39, from non-urban counties increased. Further, the 
proportion of injection drug use as the predominant risk factor increased from 53% 
to 75%. This rise in incidence paralleled an increase in HCV infection in the 
Appalachian region, and an HIV outbreak in Indiana, all believed to be associated 
with the rising opioid epidemic currently impacting the US. Both opioid use disor-
ders and viral hepatitis are particularly marked in regions with limited access to 
opioid use disorder treatment and harm reduction strategies such as needle and 
syringe programs [26].

IDUs with HBV infection are more likely to be coinfected with hepatitis delta 
than the general population, with HDV often identified during incident infection 
with HBV.  Prior to widespread HBV vaccination, hepatitis delta coinfection in 
IDUs with CHB was found to be as high as 64% in Italy, 44% in Denmark, 33% in 
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Switzerland, and 31% in Ireland [27]. In an HBV outbreak in Washington state in 
the U.S., 34.5% of all IDUs identified as having acute HBV had evidence of HDV 
coinfection [20]. These individuals were more likely to inject more than four time 
per day, share cookers with more than two people in an average week, and have 
more than one sex partner in the previous 6 months [20]. However, more recent data 
from Spain indicate that HDV infection has dramatically declined amongst IDUs, 
largely the result of universal HBV vaccination and introduction of needle and 
syringe programs [28]. Measures have been taken to address HBV in IDUs, but 
prevention and harm reduction strategies remain suboptimal. While a history of 
injecting drug use is an indication for HBV immunization, immunization rates 
remain low among IDUs, even among the young [29, 30]. Further, the value of 
needle and syringe programs is incompletely understood. A study in the 1990s of 
needle and syringe programs in Seattle failed to demonstrate an impact of program 
enrollment on HBV acquisition [31]. Despite this, anti-HBc prevalence in IDUs in 
Seattle declined from 43% to 15% from 1994 to 2004 [29]. This decline was cor-
related with increases in self-reported needle exchange use, condom use, and HBV 
vaccination, without change in sharing of injecting equipment [29]. A comparison 
of IDUs in Newark, where syringe distribution was illegal, and NYC, where syringe 
distribution was legal, found higher prevalence of anti-HBc in IDUs in Newark [32]. 
Taken together, these data indicate that comprehensive programs to immunize and 
reduce harm in IDUs may contribute to a declining prevalence of CHB in this popu-
lation. However, while these benefits have been seen in urban opioid epidemics in 
the U.S., HBV continues to spread in IDUs in non-urban regions and European 
regions with limited access to vaccines and needle and syringe programs.

10.7  Special Populations at Risk: Incarcerated Individuals

Due to a combination of factors including criminalization of drug use, criminal-
ization of sex work, and disproportionate incarceration of marginalized popula-
tions people who are incarcerated have a higher prevalence of HBV infection than 
the general population [33]. As such, of the 10.2 million people worldwide esti-
mated to be incarcerated on any given day, 491,500 (4.8%) have CHB [34]. In the 
U.S., HBsAg prevalence is 2% among jail and prison inmates, compared to 0.5% 
in the non-inmate population [24, 35]. Anti-HBc prevalence among adult inmates 
ranges from 13% to 47% [35]. Further, 12–39% of all individuals with CHB or 
chronic hepatitis C in the US were released during the previous year [35]. 
Outbreaks of acute HBV have been identified in prisons, with associated risk 
behaviors including tattooing, sharing a razor, condom-less sex, and injection 
drug use [34, 36]. HBV incidence in U.S. correctional settings ranges from 0.82% 
to 3.8% per year, with the highest risk of transmission attributable to sex with 
another inmate [35].

While immunization of inmates is recommended, immunization programs are 
not found in all correctional settings, and programs that exist vary in size and scope 
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[35]. However, when implemented, these programs have found relative success. In 
states offering universal vaccine coverage, 60–80% of inmates accept vaccination 
[35]. Further, studies of accelerated vaccination schedules in the Los Angeles county 
jail and in Denmark both demonstrated improved completion rates compared to the 
standard schedule [37]. In Scottish prisons, universal HBV vaccination of inmates 
was introduced and resulted in a complete elimination of acute HBV outbreaks 
among IDUs over 5 years [38]. Overall, incarcerated individuals remain a high risk 
population for HBV infection, in whom universal vaccination has the potential to 
dramatically limit HBV transmission both during incarceration and upon return to 
the community.

 Summary Table of Landmark Literature

Study title and authors Study design Summary results Main limitations
Schweitzer A, et al. 
Lancet. 
2015;386(10003): 
1546–55

Systematic 
review and 
pooled analysis 
of HBV 
prevalence in 
1965 and in 
2013 in 161 
countries

Comprehensive 
evaluation of country- 
specific HBV 
prevalence data

Lack of data for 
some regions and 
much of the 
available data did 
not likely represent 
the population on a 
national level as 
certain groups were 
not included in 
analysis

Mitchell T, et al. PLoS 
One. 2011;6(12):e27717

Country specific 
prevalence was 
multiplied by 
yearly number of 
immigrants from 
each country 
between 1974 
and 2008 to 
estimate the 
number of 
imported cased 
of HBV

Imported cased of HBV 
make up approximately 
95% of new cases in the 
US
Important to account for 
burden of disease in 
foreign-born Americans

Epidemiologic data 
from many 
countries still 
limited and may not 
necessarily 
represent the 
prevalence in the 
immigrant 
population from 
that region

Chu JJ, et al. Eur J Public 
Health. 
2013;23(4):642–7

Literature review 
and statistical 
analysis on 
migration and 
HBV infection in 
six European 
countries

Incidence of HBV 
decreasing
Similar prevalence in 
three largest migrant 
groups in all six 
countries of about 4%
Immigrants from 
countries with high/
intermediate endemicity 
makes up a substantial 
portion of all chronic 
cases of HBV

Overall prevalence 
of HBV is likely 
underestimated due 
to under-reporting
Great heterogeneity 
in reporting across 
the six countries 
studied
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Study title and authors Study design Summary results Main limitations
Ropero Alvarez AM, 
et al. BMC Public 
Health. 2017;17(1):325

Data and survey 
collection 
regarding HBV 
vaccination 
schedules and 
strategies in 51 
countries in the 
Americas

All countries and 
territories in the 
Americas have HBV 
vaccination in the 
immunization schedules
Significant 
opportunities still exist 
ahead in birth dose 
vaccination and 
vaccination of high risk 
adults

Harris AM, et al. 
MMWR Morb Mortal 
Wkly Rep. 
2016;65(3):47–50

Analysis of data 
available on 
cases of acute 
HBV infection 
reported to CDC 
from Kentucky, 
Tennessee, and 
West Virginia 
during 
2006–2013

Three states in the 
Appalachian region 
reported an increase in 
cases of acute HBV 
infection, among 
non-Hispanic whites, 
persons aged 
30–39 years, and 
injection drug users. A 
significant increase in 
the proportion of cases 
from injection drug use 
was reported during 
2010–2013

Not all cases are 
reported and 
asymptomatic cases 
excluded
May underrepresent 
most vulnerable 
populations who 
may note present 
for care or have 
cases reported

Dolan K, et al. Lancet. 
2016;388(10049):1089–
102

Meta-analysis of 
studies 
identifying 
infections in 
incarcerated 
individuals

Prevalence of HBV, is 
higher in prison 
populations than in the 
general population and 
is estimated to be 4.8%
Higher prevalence of 
infection in incarcerated 
individuals likely from 
the criminalization of 
drug use and the 
detention of people who 
inject drugs

Heterogeneity of 
reporting and lack 
of data in some 
regions
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11Hepatitis D Virus
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Abstract
Hepatitis D is caused by the hepatitis D virus (HDV), a ubiquitous RNA agent 
which depends upon the envelope proteins of the hepatitis B virus (HBV) for 
assembly of progeny virus. The infection is transmitted parenterally as well as 
sexually. Intravenous drug users are at the highest risk of infection. HBV infected 
patients who become superinfected with HDV are the major reservoir of the 
virus due to the high rate of chronicity. With the advent of universal HBV vac-
cination, the incidence of hepatitis D has declined in developed and developing 
countries. Residual disease persists in the aging domestic population of Southern 
Europe and in injection drug users and immigrants throughout Europe and the 
United States, with high concentrations in Mongolia and northwestern Amazonia 
as well as pockets of high-risk people in other countries. The prevalence of hepa-
titis D remains high and has a major medical impact in many areas of the devel-
oping world where HBV remains endemic and not controlled.

Keywords
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11.1  Introduction

The discovery of the hepatitis D virus (HDV, also known as hepatitis Delta virus) 
dates back to the mid-1970s [1]. It was characterized as a defective viroid like-agent 
relying on a concomitant infection with the hepatitis B virus (HBV) to become 
pathogenic [2]. Assays for the antibody to HDV (anti-HD), the serological signature 
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of its infection, became available commercially in 1984 [3], expediting epidemio-
logical surveys. HDV was endemic throughout the Mediterranean basin and in the 
Middle East, Turkey, Central Africa, the Amazon Basin and Taiwan. Worldwide, no 
less than 5% of chronic hepatitis B patients (defined as HBsAg- positive) were esti-
mated to be HDV-infected, corresponding to approximately 15,000,000 individuals. 
Prevalence was highest in injection drug users (IDUs) sharing needles. HDV serop-
revalence rates among HBsAg-positive IDUs reached 90% in Taiwan and Thailand. 
The burden was also high in IDUs in the United States where 42–67% of chronic 
hepatitis B (CHB) patients had anti-HD (total antibody to HDV) in studies from 
1972 to 1988. Outbreaks of fulminant hepatitis D in drug- using communities were 
reported in the United States, the United Kingdom, Sweden, Ireland, and Italy.

Clinical scrutiny showed that chronic hepatitis D ran a severe course progressive 
to cirrhosis in most patients [4]. This ominous feature was confirmed in virtually all 
subsequent studies [5] and the finding of anti-HD has become synonymous with a 
virulent type of liver disease [6]. However, almost 40 years later, the prevalence and 
medical impact of hepatitis D has been determined only in the developed world. 
Both remain largely unknown in many parts of the developing world, although frag-
mentary evidence indicates that these areas, including Mongolia, bear the highest 
brunt of hepatitis D.

11.2  The Unique Biology of HDV

HDV is the smallest virus in human virology. It has a circular RNA genome of about 
1700 nucleotides [7]. The diminutive HDV has no replicative machinery of its own. 
Its genome is copied by host DNA-dependent RNA polymerases deceived to repro-
duce the viral RNA as if it were a cellular DNA [8]. It does not require HBV viremia. 
From the partner HBV all that is required is a supply of HBsAg for virion formation. 
As a rule, HDV inhibits HBV-DNA production while maintaining the synthesis of 
HBsAg. The affinity of HDV for the surface antigen is very high. HBsAg acts as a 
magnet that traps HDV RNA with only infinitesimal amounts of HDV present. For 
example, HDV has been shown to be transmitted to chimpanzees carrying HBsAg by 
a 10−11 dilution of infectious serum [9], representing the highest infectivity titer 
recorded in human disease.

11.3  The Complex Epidemiology of HDV

Since hepatitis D disease results from the double infection of HDV with HBV, the 
epidemiological and clinical approach must take into account the variables related to 
either infection and to the interplay of this dual viral infection. The critical variable 
determining the epidemiologic pattern of hepatitis D is the prevalence of chronic 
HBV infections in a given population [2]; the tighter the mesh of HBsAg carriers 
with concomitant blood exposure in a given population, the more rapid, extensive 
and virulent is the spread of HDV. However, despite the extreme infectivity of HDV 
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in the HBsAg-positive setting, the epidemiology of HDV is not simply a replica of 
the epidemiology of HBV. Prevalence rates overlap but do not coincide. Early sur-
veys showed that the prevalence of HDV was high in areas of Africa and of the 
Amazon basin where the prevalence of HBV was also high, but was low throughout 
Southeast Asia where HBV was endemic, with genotypes B and C and vertical trans-
mission dominant [3]. In follow-up studies in Japan [10] and Korea [11], HDV did 
not spread to these countries as expected from modern migratory exchanges in spite 
of a consistent number of CHB patients. Therefore, genuine differences appear to 
exist in the capacity of HDV to infect HBV populations. Whether these are related to 
variable virulence of HDV, different genetic susceptibility of the HBsAg carrier, 
HBV genotypes, or local socio-cultural constraints remains unknown.

Eight genotypes of HDV have been identified [12] with 81–89% homology in 
nucleotide sequences within the same genotype and as much as 35% divergence 
between different genotypes. Genotype 1 is widely distributed and predominates in 
Europe, North America, the Mediterranean basin, Iran and Nigeria. Genotype 2 is 
found mainly in East and Northern Asia. Genotype 3 has been found only in the 
Amazon basin. Genotype 4 is present in Taiwan and Okinawa. Genotypes 5–8 have 
been isolated in West and Central Africa; genotype 8 was also isolated in two 
Brazilian patients who presumably arrived in Brazil through the slave migration from 
Africa [13]. The different genotypes are credited with differing pathogenic potential. 
Genotype 3 appears to be the most virulent and has been associated with outbreaks 
of fulminant hepatitis in South America [14]. Genotype 1 has variable pathogenicity; 
in Taiwan, patients with genotype 1 had a more adverse outcome than those infected 
with genotype 2 [15].

11.4  Problems in the Clinical–Epidemiological Analysis

Major problems with clinical-epidemiological analyses are how to interpret the dif-
ferent serological patterns resulting from the interactions of HDV with HBV, and 
determining the correlations between serological profiles and clinical outcomes 
[16]. Diagnosis relies only on serology; no clinical, histological or biochemical fea-
ture distinguishes HDV from HBV. Although HDV patients may display the whole 
spectrum of HBV markers, the prototype patient at risk of HDV exhibits anti-HBe 
in serum and has no or low levels of circulating HBV-DNA. The lack of replicative 
markers of HBV may provide a clue to the differential diagnosis from hepatitis B.

Diagnosis is made by the finding of total or IgG anti-HD but this assay is not 
robust enough for screening for overall exposure [17]. Testing for HDV in acute 
HBsAg-positive hepatitis D (i.e., acute hepatitis D acquired by coinfection) is unre-
liable. In this setting, the expression of HDV markers (IgM, IgG and total anti-HD) 
is weak and transitory and does not persist after the clearance of HBsAg. It is com-
mon practice to test for all hepatitis markers at onset of the acute disease, including 
IgM anti-HD and total anti-HD; for patients who present with chronic disease, 
remote from their acute or high-risk exposure, total anti-HD. Clearly, due to under-
testing and missed diagnoses that are due to incorrect use of HDV testing for acute 
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disease, incidence figures from early samples of acute HBV underestimate the 
impact of HDV coinfection. HDV superinfection of HBsAg carriers is accompanied 
by a brisk total and IgM anti-HD response; the IgG persists over time and can be 
measured in random samples of the patient; therefore, chronic HBsAg carriers are 
the most reliable source of information on the prevalence of HDV. However, not all 
HBV carriers are suitable for testing. HDV is directly pathogenic and upon superin-
fection patients usually develop a chronic hepatitis with progressive liver disease 
[18]. Therefore, surveys for the prevalence of HDV should be oriented to HBsAg-
positive carriers with liver disease. Studies of the prevalence of anti-HD in HBsAg 
carriers without liver disease, such as the blood donors who often represent the 
reference population for serologic surveys, are unrewarding because HDV superin-
fection results in a chronic hepatitis and an illness pattern that would preclude blood 
donation. Finally, while in most cases total anti-HD reflects an underlying HDV 
infection, in some carriers the antibody may represent a serological marker of past 
infection with no clinical significance. Thus, the presence or absence of HDV RNA 
determined by PCR is the ultimately confirmatory test.

Several in-house and commercial assays have been developed to detect viremia 
[19] but testing for HDV RNA is still not generally available. Though improvements 
in the reverse transcription polymerase chain reaction has increased sensitivity, 
allowing detection of serum HDV-RNA in up to 100% of patients with chronic HDV 
infection who are truly viremic, the generalized use of qualitative and quantitative 
HDV RNA tests is limited by lack of standardization, restricted genotype coverage 
with primers or probe mismatches related to the high genetic variability of HDV, and 
lack of internal controls. In 2013, the first WHO International Standard of HDV RNA 
for nucleic acid amplification technique (NAT)-based assays has been developed 
[20]. Taking advantage of this standard, the first international external quality control 
for HDV quantification was recently performed [21]. Panels of HDV-RNA samples 
were sent to 28 laboratories in 17 countries worldwide. The comprehensive analysis 
revealed a very high heterogeneity of assay characteristics and results, including 
variable technical steps and inconsistent technologies. Thirteen labs (46.3%) prop-
erly quantified all 18 positive samples; 16 (57.1%) failed to detect at least one posi-
tive specimen. In some cases up to 10 samples were deemed negative, and several 
laboratories underestimated by >3 log IU/mL HDV of African genotypes [1, 5–8].

11.5  The Clinical–Epidemiological Scenarios

With the background of an epidemic of HDV infection among IDUs worldwide, 
three epidemiologic scenarios were recognized in the 1980s based on the preva-
lence of anti-HD in the general CHB population: a high, intermediate and low 
HDV endemicity [6]. Low endemicity areas were North America, Northern Europe 
and Australia where HDV was virtually confined to IDUs; high endemicity areas 
were poor countries of Africa and South America; intermediate endemicity areas 
were Eastern Europe, countries facing the Mediterranean Sea, and Taiwan. The 
clinico- epidemiological analysis showed that in Italy in 1983 the prevalence of 
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HDV in chronic HBsAg liver disease was 24% [6] with peaks close to 50% in 
advanced cirrhotic disease; in Taiwan in the early 1990s HDV prevalence was 
approximately 55% among prostitutes and as high as 91% in IDUs [22].

In the last 25 years, HBV vaccination, public health measures and improvements 
in hygiene have increasingly controlled HBV infection in the industrialized world, 
leading to a secondary effect of containment of HDV; formerly intermediate ende-
micity countries have now been downgraded to low endemicity areas. Vice-versa, 
the risk of HDV has not changed in the poorest communities of the world where 
HBV remains uncontrolled.

11.5.1  The Current Clinical Epidemiology in the Developing 
World

The epidemiological information concerning HDV in the developing world is 
derived primarily from prevalence rates of total anti-HD, with serum HDV-RNA 
having been measured in only a few studies. In more recent studies, a distinction has 
been made between HBsAg carriers recruited at liver clinics and those collected at 
blood banks, in community surveys, and at healthcare screenings in general medical 
clinics; the latter were often grouped as a general population comparator. A detailed 
serological or clinical analysis of patients is usually lacking other than in the case of 
HDV testing in HIV infection in some series.

The earliest epidemiologic studies in the 1980s were promoted by international 
agencies which became interested in severe cases of HBsAg-positive hepatitis 
occurring in the Amazon basin [23], the Central African Republic [24], and the 
Himalayan foothills [25]. These studies recognized that the liver disease was related 
to local outbreaks of fulminant hepatitis D in a large number of HBsAg carriers who 
had acquired HBV infection early in life. Since then, diagnostic facilities have 
improved in several disadvantaged countries and local reporting has distinctly 
increased; the following data refer to studies published in the last 15 years.

Replicates of the outbreaks of severe hepatitis D in the 1980s were reported after 
2000 in Samara, Russia [26], Greenland [27], and Mongolia [28]; these epidemics 
occurred through superinfection on a background of high HBV endemicity and 
affected mainly a young population. HDV infection remains endemic in the Eastern 
Mediterranean basin [29, 30] and throughout Asia [31]; high prevalence rates have 
been reported in Russia east of the Urals [32, 33], Pakistan [34], Iran [35], and 
Tajikistan [16, 35], and in special populations in Vietnam [36, 37], as well as in 
general in Mongolia [38], with correspondingly high rates of cirrhosis and hepato-
cellular carcinoma (HCC). Mongolia has the highest prevalence of HDV in the 
world. In a recent study, as many as 61% of 123 HBsAg-positive patients from the 
general population were found to have anti-HD using a newly developed sensitive 
quantitative microarray antibody capture for IgG anti-HD [39].

Using older assays, fragmentary information from India [16, 40, 41] indicates 
that the prevalence of HDV is low there; a nationwide survey in 2006 concluded that 
the infection was present in only about 5% of CHB patients [42]. Variable but 
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generally low figures were reported from studies in China [16]; in a recent study in 
Guangdong, 6.5% of 6604 CHB patients tested positive for IgM anti-HD [43] with 
the corresponding caveats.

Also irregular is the distribution of HDV in the Pacific area: HDV-RNA was 
found in 37% of 54 CHB patients in Kiribati, Western Pacific, but in no patient from 
Tonga, Fiji or Vanuatu; the Kiribati genotype was type 1, clustering with an isolate 
previously found in Nauru to form a distinct clade of Pacific HDV [44]. Minimal 
information is available from Indonesia, Malaysia and the Philippines.

Of note, the low seroprevalence reported in India, China and other areas where 
the endemicity of HBV has been historically high, must be interpreted with caution 
in the absence of comprehesive and systematic surveys. The striking differences 
between the low rates of HDV in India and China as opposed to the high rates in 
neighbouring Pakistan, Mongolia and Vietnam could also depend on lack of screen-
ing, thus leading to misinformation that reduces awareness of the HDV issue so that 
testing is further restricted to only special patients.

Consistent rates of anti-HD in HBsAg carriers with liver disease were reported 
in sub-Saharan Africa [45], Gabon [46, 47], Cameroon [48, 49], Mauritania [50, 
51], Senegal [52], Benin [53], Ghana [54], and Nigeria [55]. In the Central African 
Republic seroprevalence rates of 50% were reported in 2014 in cirrhotics [45], who 
were at very high risk to develop hepatocellular carcinoma [56].

In combined samples of blood donors and pregnant women in West and Central 
Africa HDV seroprevalence rates were 14.9% and 37.8%, respectively. In studies from 
Mauritania, Nigeria and Senegal, the seroprevalence was three times higher among 
patients with advanced fibrosis or HCC compared to asymptomatic HBsAg carriers. 
HDV infection remains highly endemic in the western Amazon Basin [57, 58].

Of note, prevalence estimates in third world countries are sometimes inaccurate, 
as shown by the bizzarre results between nearby geographical areas [6]. For instance, 
in Brazil and Saudi Arabia [59], pockets of hyperendemic HDV were found close to 
areas where the infection was negligible or nonexistent; likewise, north of Mount 
Kenya, 30% of the HBsAg carriers had anti-HD as opposed to none of 123 patients 
with HBsAg liver disease south of Mount Kenya [60] and in China anti-HD varied 
from 20% to 40% in Chongqing to 0% in Wuhan [16].

Conflicting prevalence rates have been reported in other small studies from 
Africa, suggesting epidemiological patterns based on multiple local independent 
clusters of the infection. However, many of these studies included small series of 
patients with disparate demographic and clinical features; discrepancies, therefore, 
may also be related to biases in the selection of the patients.

11.5.2  Current Clinical–Epidemiological Pattern in the Developed 
World

With the development of widespread HBV vaccination programs since the 1990s, 
HDV infection has consistently declined in the developed world [16]. At the end of 
the 1980s, the prevalence of HDV started to diminish in Europe [61]. In Italy, it 
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diminished from 24% in 1983 to 8% in 1997 [62]. Consistent declines occurred 
throughout the Mediterranean, in Taiwan, and in areas of Eastern Europe that imple-
mented vaccination. In Taiwan, HDV infection varied widely between groups, with 
reported prevalence of 74.9% among HIV-infected IDUs, 43.9% among HIV- 
uninfected IDUs, 11.4% among HIV-infected men who have sex with men, and 
11.1% among HIV-infected heterosexuals, but only 4.4% in the general population 
of HBsAg-positive patients [63]. The reduction was so profound in southern Europe 
that it led at the end of the 1990s to the assumption that HDV infection was on the 
way to eradication. This perception reduced awareness of HDV and led to reduced 
testing, a factor that by itself concealed the true epidemiologic situation. This opti-
mism was premature; hepatitis D is now reviving in Europe, reintroduced by immi-
grants from areas where HDV remains endemic [64].

The residual burden of hepatitis D in Europe did not decrease further in the last 
15 years. In 1386 HBsAg carriers studied in Italy in 2006–2007, the overall preva-
lence of anti-HD was 8.1% [65] with no further downtrend. In London, the antibody 
was detected in about 8.5% of HBsAg carriers between 2000 and 2006 [66]. In 
Hannover, seroprevalences were 8–14% from 1999 onward [67]. In the United 
Kingdom and in Germany, most patients with hepatitis D come from Eastern 
Europe, Africa, the Middle East, and Turkey. In France and Spain [68, 69], HDV 
infection is seen predominantly in people from northern Africa. The proportion of 
immigrants has also increased in Australia [70]; 71% of 87 HDV patients notified in 
Victoria in the period 2000–2009 were born overseas.

Recent surveys have acknowledged that in Europe and Taiwan there are still con-
sistent communities of IDUs in which HDV remains endemic [63, 71]. In the United 
Kingdom, Germany, and Spain more than 70% of the HDV patients born in those 
countries were injection drug users [72]. In Switzerland, a country with a low general 
prevalence of HDV infection, a 2011 study reported that 62% of the HDV cases were 
related to the use of drugs [73]. A consistent proportion of IDUs with HDV also have 
HCV infection, with as many as 30% of such patients reported in Central Europe 
[74]. In triple HBV/HDV/HCV infection, HDV is usually the dominant virus [75], 
inhibiting the expression of serum HCV-RNA as well as of HBV- DNA. However, in 
a longitudinal study from Italy, viral dominance has changed over time with fluctuat-
ing HCV/HBV/HDV virologic profiles [76]. Rates of HDV are high in IDUs with 
HBV/HIV [77]. In 1319 cases recruited throughout Europe, the prevalence of anti-
HD was 14% [16]. In Taiwan, HDV is increasing among individuals with HIV and in 
recent studies from Taipei and Southern Taiwan 84% to 90% of the HBsAg-positive 
addicts with HIV were coinfected with HDV [63, 78, 79]; hepatitis D is a major 
determinant of liver decompensation and death in these patients [80]. Thus, the 
remaining reservoir of HDV in Europe is maintained by three sources: the historical 
IDU population, the aging and shrinking residual domestic population that survived 
the hepatitis D epidemic in the 1970s–1980s, and the expanding population of 
younger patients immigrating from areas where HDV is endemic.

The lack of proper HDV testing was reported as emblematic in the United States. 
In the last 25 years attention to HDV waned on the perception that, with the control 
of HBV, hepatitis D was no longer a problem. Only 8.5% of 25,603 HBsAg patients 
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observed in the US from 1999 to 2013 were tested for anti-HD [81]; therefore, low 
hepatitis HDV prevalence estimates in the country may be biased due to low testing 
rates. In the 2003–2004 National Health and Nutrition Examination Survey 
(NHANES) in the U.S., only 3.6% of the HBsAg carriers were positive for anti-HD 
[82]. Recent studies are urging reconsideration. In 2005, Bialek and colleagues 
reported a 34.5% prevalence of HDV infection among 58 drug addicts with acute 
HBsAg hepatitis [83]. In 2010, Kucirka and colleagues in Baltimore compared the 
prevalence of anti- HD between 48 IDUs with CHB collected in 1988–1989 and 38 
patients collected in 2005–2006; the prevalence of anti-HD increased from 25% in 
the early cohort to 50% in the recent cohort [84]. In a retrospective review of 1296 
CHB patients at California Pacific Medical Center in 2013, 499 were tested for anti-
HDV total, and 82 patients were found to be positive (6.3%); 34% were also infected 
with HCV [85]. Sixty-three percent were born in North America, while most of the 
others came from Southeast and East Asia and the Middle East; only 23% reported 
a history of drug use.

In summary, the prevalence of HDV is a dynamic process that is affected by use 
of the HBV vaccine birth dose as well as by adult vaccination. There is a high risk 
of death in patients with aggressive liver disease. The most important dynamic cur-
rently affecting HDV prevalence in most countries is immigration which may 
increase or replenish HDV prevalence in a given population even as patients die of 
HBV/HDV-associated disease or other comorbidities.

11.6  Clinical Changes

The early perception of hepatitis D as a very virulent disease running a swift course 
to liver failure refers mainly to the epidemic of HDV occurring in the 1970s–1980s 
in IDUs. The virulence of HDV was attributed to the emergence of more pathogenic 
strains of HDV through the rapid circulation of the virus in these communities; in 
retrospect, however, many of these patients had HCV infection as an additional 
source of liver damage. Although less virulent in non-IDUs, HDV coinfection in the 
general CHB population correlates with a disease that is more severe and progres-
sive than CHB alone or other forms of viral liver disorders [86]. Patients with 
chronic hepatitis D are on average one decade younger than those with CHB and the 
rate of anti-HD increases with the severity of the underlying liver damage.

With the decline of HDV, the clinical scenario of hepatitis D has changed. While 
most patients with hepatitis D observed in Italy in the 1980s had a florid hepatitis 
with cirrhosis seen in less than 20% of cases, by the end of the 1990s the proportion 
of cirrhosis residual to burnt-out inflammation had increased to almost 70% [87]; at 
the time, patients were classified in retrospective studies into two clinical groups, a 
larger one in which patients had advanced to cirrhosis and a smaller one in which 
patients had an asymptomatic non-progressive disease course. In a recent analysis 
in Torino (A. Smedile, personal communication) the prevalence of chronic hepatitis 
D among HBsAg-positive patients increased from 6% to 8.4% in the period 2001–
2014 due to an increase from 14.5% to 41.6% of HDV-infected immigrants. The 
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finding of cirrhosis was similar (62%) throughout the observation period; patients 
recruited in the first half had higher levels of ALT and HDV-RNA while liver decom-
pensation and HCC occurred more frequently in the second half. The mean age of 
the patients was 45 years with no variations during the follow-up. The similar age 
and percentage of cirrhotics at the end of the 1990s and 15 years later would indi-
cate that the minority of patients originally considered to have a benign disease had 
instead an indolent but slowly progressive disease that ultimately reached cirrhosis. 
Similar clinical data were reported from Barcelona [88]. Patients recruited from 
1983 to 1995 acquired HDV mainly by coinfection and were often IDUs coinfected 
by HCV and HIV. In contrast, patients recruited from 1996 to 2008 were older, with 
a higher proportion of immigrants, most presenting with chronic hepatitis D 
acquired by superinfection.

In summary, the current clinical scenario of HDV in Europe includes two main 
clinical features, a disease with a longstanding base that has advanced to cirrhosis 
in local domestic populations and a more fresh disease in immigrants, recapitulating 
the florid hepatitis D seen in Europe in the 1970s–1980s.

11.7  HDV and Hepatocellular Carcinoma

The role of HDV in the development of HCC is controversial [89]. In a retrospective 
multinational European study, HDV infection increased the risk of HCC threefold 
compared to HBV monoinfection [5]; a comparison of HBV/HDV coinfected patients 
and HBV monoinfected patients in Sweden indicated that HDV was a strong risk for 
HCC [90]. However, in a study in England, the risk in the coinfected was not increased 
compared to the risk seen in the HBV monoinfected although a high death rate in 
those with HDV infection may have masked the HCC risk [66]. The current impact of 
HCC in HDV/HBV infections compared to HBV monoinfection should be reconsid-
ered according to the changing natural history of HBV. The latter can now be effi-
ciently treated. Therefore, HCC deaths are increasing in HBV whereas liver failure 
remains the major cause of death and reason for transplantation in HDV patients.

11.8  Concluding Remarks

Hepatitis D is controlled in industrialized countries with the implementation of uni-
versal HBV vaccination in infants and catch up vaccination in adolescents and at 
risk adults. Residual pools of the infection persist in IDUs and the disease is being 
reconstituted by immigrants from areas where HDV is endemic. HDV may be 
returning not only by importation but also by spreading in local populations; immi-
grants from many parts of the world are often also heavily infected with HBV and 
circulation of the HBV in their communities might locally restore an HBsAg net-
work providing a fertile terrain for the spreading of HDV. Awareness of hepatitis D 
was recently resuscitated in the U.S., pointing to IDUs as the major residual pool of 
HDV in the country.
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HDV remains an important public health problem in developing countries where 
HBV is endemic and not controlled by vaccination. In many areas of Africa and 
Asia information on the epidemiology of HDV is lacking or incomplete. An impor-
tant relevant factor that may conceal the true impact of HDV is the lack of testing; 
this is true not only in the poorest countries of the world, where diagnostic facilities 
are nevertheless increasing, but also in industrialized countries where testing for a 
disease incorrectly considered as being on the way to extinction has been neglected 
in recent years. While efforts are underway in developing countries to improve med-
ical awareness of hepatitis D, more vigilance is needed in the industrialized world 
to prevent the return of HDV through migratory fluxes.

Control of HDV in superinfected HBsAg carriers remains a challenge. There is 
no immune prophylaxis to protect the HBsAg carrier from HDV superinfection [91] 
and the role of therapy is limited. Only a few patients are cured with pegylated 
interferon, the only therapy for chronic hepatitis D available since the 1990s. New 
therapeutic strategies are being explored, but the results from preliminary studies 
have not yet provided evidence of cure [92].

While the prospect of HDV cure in superinfected HBsAg carriers is at present 
dismal, HBV vaccination offers a simple, cheap and effective protection for the 
virus-naïves; vaccination campaigns should be implemented with priority in coun-
tries and communities where HDV is highly endemic, recognizing that it would take 
many decades to eliminate the disease globally with a concomitant population at 
high risk of death from cirrhosis and possibly liver cancer.

 Table of Landmark

Reference 6
Comprehensive summary of the knowledge on HDV, and of the prevalence and medical impact 
of Hepatitis D in the 1980s, when the epidemic of HDV was rampant throughout Southern 
Europe
Reference 7
Description of the structure of the HDV, its ribozyme and the unique replication strategy 
through a rolling circle mechanism unknown to human viruses
Reference 12
Classification of the genotypes of HDV; their geographical distribution and medical 
importance, their potential use in epidemiological analyses
Reference 16
Comprehensive summary of the distribution and prevalence of HDV in the world, derived from 
35 years of epidemiological surveys since the discovery of the virus
Reference 20
Establishment of the First International Standard for HDV RNA; will provide the reference for 
a common molecular approach to diagnosis and monitoring of therapy
Reference 23
The first description of an outbreak of fulminant hepatitis D on the background of high HDV 
endemicity; a paradigm of other outbreaks that have ravaged poor countries in the third world
Reference 39
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Recent recognition that Mongolia is the country with the highest prevalence of HDV in the 
world, corresponding with the highest incidence of Hepatocellular Carcinoma
Reference 61
Perception of the incipient decline of HDV in Europe in the 1990s; analysis of the factors 
influencing the decline
Reference 74
Current scenario of hepatitis D in Western Europe; impact of immigration in recapitulating the 
disease
Reference 77
Comprehensive review of the importance and ominous clinical role of HDV in patients with 
HIV infection
Reference 85
Raises awareness to the neglected problem of HDV in the US, urging consideration to more 
extensive testing for hepatitis D
Reference 91
Reports the discouraging results of efforts to develop a HDV vaccine and the reasons why it is 
difficult to reach immune protection
Given that majority of the landmark literature as it relates to HDV are narrative reviews 
without a significant amount of original research, the author of this chapter has provided the 
above take-home messages for key references in place of the landmark table format that is 
used for other chapters in this book
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Chronic infection with hepatitis C virus (HCV) is a global health challenge with 
over 75 million people affected globally. The widespread transmission of the virus 
in the past century has created a large infectious reservoir, especially in low- and 
middle-income countries (LMICs). There remain 1–2 million new HCV infections 
worldwide every year.

12.1  Global Prevalence

Over the past decade, several publications have noted a gradual decrease in the esti-
mated global prevalence of HCV [1–5]. In 2005, Hanafiah et al. reported a global 
HCV antibody-positive (anti-HCV+) prevalence of 180 million persons [1]. Ten 
years later, Gower et  al. reported anti-HCV+ prevalence of 110 million persons 
globally, with 70–80 million persons with chronic HCV infection (CHC) [4]. The 
five most populous countries (China, Pakistan, India, Egypt and Russia) account for 
approximately 50% of the global HCV burden [5].

The decreasing prevalence estimates are attributed to several factors. The older 
HCV antibody assay was not specific and yielded a high false positive rate, espe-
cially in studies performed in Africa. Additionally, many countries reported esti-
mates based on small, regional non-representative samples. For example, the 
HCV seroprevalence rate in Cameroon was reported as 13.8% in 2002 and 
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corrected to 1.1% in 2016 [6, 7]. In Nigeria, initial estimates reported 7.5 million 
chronically infected persons but this was corrected to 2.8 million in 2016 [4–6]. 
Similarly, more recent estimates in south and east Asia corrected the prevalence 
of CHC from 50 million to 10–14 million [1, 5]. The decrease in estimated preva-
lence is also a function of time and background mortality of an aging cohort of 
individuals with chronic infection. This is especially true in LMICs where trans-
mission of HCV occurred in the healthcare setting in the 1960s and 1970s. Lastly, 
the approval of highly effective direct-acting antivirals (DAAs) for treatment of 
CHC has resulted in virologic cure of more than 1 million persons in 2015 and 
2016 alone [5, 7].

12.2  Genotypes and Genotype Distribution

Hepatitis C virus is a genetically diverse virus with seven known genotypes and 
regional variations in genotype prevalence [2, 8].

Genotype 1 is the most common worldwide, accounting for nearly 50% of all 
chronic HCV infections. Genotype 1a is more prevalent in Europe and North America 
and genotype 1b in Asia. In the United States (U.S.), 75% of all CHC infections are 
with genotype 1; genotypes 2 and 3 account for the remainder with 10–12% each.

Genotype 2 accounts for 12% of infections globally. It is the predominant geno-
type in the Sahel region of West Africa, and in eastern parts of South America, 
representing previous slave trade routes. In Europe, it is more common in countries 
that had colonial influence in West Africa [9].

Genotype 3 is the second most common genotype globally, accounting for 20% 
of the infection burden. It is prevalent in South Asia and the Indian subcontinent, 
where it represents 80–85% of CHC in Bangladesh and Pakistan, 70–75% in east 
and northeast India, and 40% in central and south India [10–12].

Genotype 4 represents 12–15% of the global HCV burden and is most prevalent 
in Egypt, the Middle East, and central Sub-Saharan Africa. Egypt is home to 50% 
of the global HCV genotype 4 population, but its prevalence is increasing in Europe. 
It accounts for 15% of chronic infections in Belgium, 13.9% in Greece, and 10.1% 
in Switzerland. Genotype 4 is also over-represented in patients coinfected with both 
HCV and human immunodeficiency virus (HIV) [10, 13].

Genotype 5 is responsible for 1% or less of the global HCV burden. It is found 
mainly in South Africa, where it accounts for 40% of all chronic infections. Scattered 
pockets have been reported in Europe and Syria [2, 10, 14]. Genotype 6 is found 
predominantly in southeast Asia regions.

Genotype distribution is important in predicting disease progression and was 
previously important in selecting suitable treatment regimens. Genotype 1a patients 
had lower SVR rates compared to patients infected with genotype 1b. This was 
likely due to the higher frequency of mutations at the Q80 position (Q80K) which 
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decreased response to the NS3/4 protease inhibitor simeprevir when combined 
with pegylated interferon and ribavirin or with sofosbuvir [15]. The Q80K variant 
is present in more than 30% of patients with genotype 1a infection but in only 0.5% 
of patients infected with genotype 1b [16]. In addition, NS5A resistance associated 
variants (RAVs) at positions M28, Q30, L31, and Y93 are found in 5–10% of 
treatment- naïve patients with genotype 1a and decrease response to NS5A-
containing regimens [17]. Genotype 3 is associated with more rapid progression of 
fibrosis and a higher risk of hepatocellular carcinoma compared to other genotypes 
[18]. In addition, genotype 3 infection was difficult to treat with the first generation 
of highly effective DAAs, but now has equal cure rates with subsequent genera-
tions of DAAs [19].

HCV variability by Gross National Income (GNI): Low income countries, 
defined as annual per capita GNI less than $1025, have an estimate of 5.4 million 
chronically infected persons [20, 21]. Low-middle income countries, with annual 
per capita GNI $1025 to <$4035, account for an estimated 32.4 million chroni-
cally infected persons. High-middle income countries, defined as annual per 
capita GNI 4035 to <$12,475, are home to approximately 23.3 million persons 
with CHC. High- income countries, defined as annual per capita GNI ≥ $12,475, 
account for 16.7 million cases of CHC globally. In total, low and middle income 
countries account for 78.5% of the global burden of CHC (61.1 million cases) [6, 
22, 23]. Unfortunately, many of these countries have limited capacity to diagnose 
and treat their large burden of chronically infected patients. This calls for a global 
effort to improve access to HCV treatment where it is needed the most 
(Table 12.1).

12.3  Incidence

The incidence of new infections has decreased markedly since 1989 [24]. In the 
United States, there were approximately 300,000 new infections in 1990 compared 
to 50,000 in 1994 and 20,000 in 2000. However, there has been a recent increase in 
the number of acute HCV infections in the past decade [25]. This is likely due to 
the resurgence of intravenous drug use among teenagers and young adults in their 
20s [26].

12.4  Acute HCV Infection

While acute hepatitis B virus (HBV) infection becomes a chronic infection in up to 
20% of patients, acute HCV infection results in chronic infection in up to 75% of 
patients (Fig. 12.1).
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Table 12.1 HCV Prevalence in Low and Middle Income Countries

Country Population
% HCV 
viremia

HCV 
prevalence

Annual GNI per 
capita, $, 2015

Low income countries (annual per-capita GNI < 1025)
Burundi 11,691,348 1.03 120,000 260
Central African Republic 4,426,230 0.61 27,000 330
Malawi 17,307,692 0.26 45,000 340
Liberia 4,500,000 1.2 54,000 380
Niger 20,000,000 1.2 240,000 390
Democratic Republic of 
the Congo

75,941,176 1.7 1,291,000 410

Madagascar 24,898,144 0.22 55,000 420
The Gambia 2,000,000 1.2 24,000 460
Guinea 12,583,333 1.2 151,000 470
Togo 7,250,000 1.2 87,000 540
Ethiopia 102,166,667 0.6 613,000 590
Guinea Bissau 1,833,333 1.2 22,000 590
Mozambique 27,868,852 0.61 170,000 590
Afghanistan 33,339,406 0.55 183,000 610
Sierra Leone 6,416,667 1.2 77,000 620
Burkina Faso 7,919,747 1.33 105,000 640
Rwanda 10,000,000 0.7 70,000 700
Uganda 40,538,462 1.3 527,000 700
Haiti 11,000,000 0.64 70,400 728
Nepal 28,043,478 0.46 129,000 730
Mali 17,583,333 1.2 211,000 760
South Sudan 12,500,000 0.6 75,000 790
Benin 10,833,333 1.2 130,000 840
Zimbabwe 16,086,957 2.3 370,000 860
Chad 5,359,057 1.12 60,000 880
Tanzania 54,000,000 0.6 324,000 920
Senegal 15,083,333 1.2 181,000 980
Total low income 
countries

581,170,549 0.93% 5,411,400 617

Low-middle income countries (annual per-capita GNI 1025–4035)
Cambodia 15,944,758 1.59 254,000 1070
Yemen 27,973,856 0.77 214,000 1140
Myanmar 54,084,507 0.71 384,000 1160
Kirghizstan 5,868,421 3.8 223,000 1170
Bangladesh 159,130,435 0.46 732,000 1190
Lesotho 2,090,909 1.1 23,000 1280
Tajikistan 8,461,538 3.77 319,000 1280
Cameroon 23,923,445 0.69 165,000 1320
Kenya 47,379,455 0.24 113,000 1340
Mauritania 4,000,000 1.2 48,000 1370
Cote d’Ivoire 22,666,667 1.2 272,000 1420
Pakistan 211,932,272 3.38 7,172,000 1440
Ghana 27,671,822 1.44 399,000 1480
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Table 12.1 (continued)

Country Population
% HCV 
viremia

HCV 
prevalence

Annual GNI per 
capita, $, 2015

Zambia 16,333,333 0.6 98,000 1490
India 1,285,683,806 0.47 6,026,000 1600
Nicaragua 6,200,000 0.54 33,480 1849
Sudan 41,666,667 0.6 250,000 1920
Moldova 3,500,000 3.30 115,500 1978
Vietnam 94,336,283 1.13 1,066,000 1990
Uzbekistan 30,423,156 4.26 1,297,000 2160
Papua New Guinea 7,779,444 1.2 93,400 2240
Honduras 8,700,000 0.54 46,980 2313
Bhutan 652,174 0.46 3000 2380
Bolivia 11,000,000 0.70 77,000 2393
Nigeria 188,636,028 1.35 2,553,000 2820
Ukraine 42,600,000 3.30 1,405,800 2826
Morocco 31,088,768 0.76 235,000 3030
Guatemala 16,100,000 0.54 86,940 3052
Swaziland 1,181,818 1.1 13,000 3280
Egypt 89,578,947 6.65 5,957,000 3340
Indonesia 261,036,857 0.49 1,289,000 3440
Philippines 103,477,523 0.59 610,000 3550
Guyana 746,000 0.64 4774 3663
Kosovo 1,800,000 0.97 17,460 3796
Sri Lanka 20,704,225 0.71 147,000 3800
Paraguay 6,900,000 0.87 60,030 3823
El Salvador 6,500,000 0.54 35,100 3853
Mongolia 3,011,056 6.38 192,000 3870
Armenia 3,054,054 3.7 113,000 3880
Tunisia 5,905,304 0.95 56,000 3980
Georgia 3,700,000 6.50 240,500 4010
Total low-middle 
income countries

2,903,423,530 1.12% 32,439,964 2020

High-middle income countries (annual per-capita GNI 4035–<12,475)
Angola 24,588,235 1.7 418,000 4180
Fiji 870,000 0.07 609 4350
Belize 380,000 0.64 2432 4393
Albania 2,800,000 0.32 8960 4543
Jordan 7,643,312 0.31 24,000 4680
Bosnia and Herzegovina 3,500,000 0.97 33,950 4802
Algeria 39,823,529 1.7 677,000 4870
Jamaica 2,700,000 0.64 17,280 5001
Macedonia 2,000,000 1.00 20,000 5094
Namibia 2,363,636 1.1 26,000 5190
Ecuador 16,600,000 0.70 116,200 5367
Serbia 7,000,000 0.97 67,900 5661
Thailand 68,178,450 0.67 460,000 5720

(continued)
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Table 12.1 (continued)

Country Population
% HCV 
viremia

HCV 
prevalence

Annual GNI per 
capita, $, 2015

Iraq 37,861,915 0.22 85,000 5820
Peru 31,000,000 0.70 217,000 5935
South Africa 20,941,176 1.7 356,000 6080
Cuba 11,200,000 0.64 71,680 6157
Belarus 9,500,000 3.30 313,500 6159
Botswana 2,181,818 1.1 24,000 6460
Iran 83,613,445 0.24 199,000 6550
Dominican Republic 10,000,000 0.64 64,000 6553
Azerbaijan 9,863,981 1.93 190,000 6560
Dominica 71,000 0.64 454 6917
Maldives 344,000 0.64 2202 7222
Montenegro 621,000 1.00 6210 7260
Turkmenistan 5,305,040 3.77 200,000 7380
Colombia 50,000,000 0.87 435,000 7448
Bulgaria 7,100,000 1.30 92,300 7612
Lebanon 5,060,729 0.15 7500 7710
China 1,394,000,000 0.7 9,758,000 7930
Grenada 103,000 0.54 556 8391
Suriname 500,000 0.64 3200 9115
Gabon 1,734,694 4.9 85,000 9200
Costa Rica 4,800,000 0.54 25,920 9238
Mexico 122,000,000 0.44 536,800 9511
Romania 19,700,000 2.50 492,500 9531
Mauritius 1,311,475 0.61 8000 9780
Turkey 79,571,664 0.61 483,000 9950
Argentina 44,000,000 0.77 338,800 10,515
Malaysia 31,073,677 1.22 380,000 10,570
Panama 3800,000 0.31 11,780 10,751
Brazil 207,000,000 0.87 1,800,900 11,159
Kazakhstan 24,115,222 2.11 509,000 11,390
Russia 144,774,162 3.28 4,747,000 11,450
Total high-middle 
income countries

2,541,595,163 0.92% 23,316,633 8315

High income countries (annual per-capita GNI ≥ 12,475)
Norway 5,188,607 1.67 86,650 93,530
Switzerland 8,282,396 1.74 144,114 84,550
Qatar 2,481,539 1.15 28,538 83,990
Luxembourg 569,604 1.56 8886 77,480
Denmark 5,683,483 1.09 61,950 60,270
Australia 23,789,338 2.94 699,407 60,050
Sweden 9,799,186 1.09 106,811 57,900
United States 320,896,618 1.15 3,690,311 55,980
Ireland 4,676,835 1.35 63,137 52,550
Singapore 5,535,002 1.87 103,505 52,090
Iceland 330,815 1.53 5061 50,110
Netherlands 16,939,923 0.96 162,623 48,850
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Table 12.1 (continued)

Country Population
% HCV 
viremia

HCV 
prevalence

Annual GNI per 
capita, $, 2015

Austria 8,633,169 1.70 146,764 47,260
Canada 35,848,610 0.86 308,298 47,250
Finland 5,479,531 1.70 93,152 46,560
Germany 81,686,611 0.93 759,685 45,790
Belgium 11,274,196 1.96 220,974 44,510
Andorra 78,014 1.76 1373 43,270
United Kingdom 65,128,861 1.38 898,778 43,700
Kuwait 3,935,794 1.28 50,378 42,150
France 66,624,068 1.22 812,814 40,710
New Zealand 4,595,700 1.41 64,799 40,020
Japan 127,141,000 1.93 2,453,821 38,840
Brunei 417,542 1.68 7015 38,010
Israel 8,380,100 1.41 118,159 35,770
Italy 60,730,582 2.50 1,518,265 32,830
Spain 46,447,697 1.84 854,638 28,380
South Korea 51,014,947 1.59 811,138 27,450
Greenland 56,114 1.26 707 26,020
Cyprus 1160,985 1.51 17,531 25,810
Malta 431,874 1.66 7169 23,900
Saudi Arabia 31,557,144 0.66 208,277 23,550
Slovenia 2,063,531 1.92 39,620 22,250
Bahamas 386,838 2.24 8665 20,740
Portugal 10,358,076 1.94 200,947 20,470
Greece 10,820,883 1.53 165,560 20,270
Bahrain 1,371,855 1.32 18,108 19,840
Puerto Rico (USA) 3,473,181 2.35 81,620 19,320
Estonia 1,315,407 2.77 36,437 18,320
Czech Republic 10,546,059 1.86 196,157 18,150
Trinidad and Tobago 1,360,092 2.32 31,554 17,640
Slovakia 5,423,801 1.74 94,374 17,570
Oman 4,199,810 1.62 68,037 16,910
Uruguay 3,431,552 1.45 49,758 15,720
Lithuania 2,904,910 2.45 71,170 15,080
Latvia 1,977,527 2.80 55,371 14,990
Seychelles 93,419 2.85 2662 14,680
Barbados 284,217 2.49 7077 14,510
Chile 17,762,681 0.98 174,074 14,100
Virgin Islands (USA) 103,574 2.61 2703 13,660
Poland 37,986,412 1.55 588,789 13,310
Antigua and Barbuda 99,923 2.19 2188 13,270
Hungary 9,843,028 1.86 183,080 12,970
Equatorial Guinea 1,175,389 3.42 40,198 12,820
Croatia 4,203,604 1.49 62,634 12,760
Total high income 
countries

1,145,981,654 1.75% 16,695,511 34,518
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12.5  HCV Transmission

HCV is transmitted mainly by blood or blood products. The sexual transmission 
rate is low and it is not transmitted by casual contact (hugging, kissing), sharing of 
utensils (drinking glasses, food plates, spoons) or towels [27]. The risk of infection 
following needle stick for HCV is 1.8% (compared to 6–30% for HBV, and 0.3% 
for HIV) [28]. Iatrogenic transmission is an important method in low-middle income 
countries with areas of high prevalence. Patient-to-patient transmission can occur 
from contaminated multi-dose vials and sharing of needles and syringes.

In areas of high prevalence, unsafe injections and nosocomial transmission are 
the most important routes of spread. On the other hand, in areas of low prevalence, 
recreational injection drug use is the most common route of transmission [29]. In a 
lower prevalence country such as the U.S., 60% of HCV infections are transmitted 
through injection drug use, 15% by sexual transmission, and 10% due to blood 
transfusions before 1992 [30]. In higher prevalence countries such as Egypt, 50% of 
infections are attributed to unsafe healthcare vaccination and treatment regimens 
including the mass use of anti-schistosomal medications in the 1960s–1980s [31].

HCV in Egypt is a prototypical example of parenteral transmission due to wide-
spread use of unsafe injections [32]. Between 1960 and 1980, mass treatment for 
schistosomiasis was advocated by the Egyptian government with support of the 
World Health Organization in an effort to eliminate the disease. A series of six to 
nine daily intravenous injections were the standard treatment at that time. There 
were over 2 million injections annually in approximately 250,000 patients totaling 
36 million injections for over 6 million persons during the time period. Almost all 
of these treatments utilized shared, poorly sterilized syringes and needles. Using 
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Fig. 12.1 Reported cases of acute HCV in the USA (CDC data) [29]
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cohort specific exposure indices for anti-schistosomal treatment and HCV preva-
lence rates, there is a clear association between the transmission of HCV and schis-
tosomiasis therapy [33].

The role of unsafe injections in transmission of HCV is also noted in Cameroon. 
In urban communities where healthcare facilities and vaccination were present with 
unsafe practices between 1950 and 1970, the age specific HCV seroprevelance rate 
was 30–40% in those who were older than 40  years in 2005. In contrast, in 
Yokaduma, a jungle community where health services were almost non-existent and 
vaccination was not introduced, the HCV seroprevalence rate in the same age cohort 
is much lower [34].

HCV can survive on environmental surfaces at room temperature for 
16–72 hours. In a recent report, HCV was detected for up to 6 weeks in syringes, 
swabs and drug sharing equipment. Among injection drug users (IDUs), sharing 
drug preparation equipment (cookers, cotton, compresses, etc.) can transmit 
infection, and distributing clean needles and syringes is insufficient to interrupt 
transmission [35]. In a study from the U.S., the greatest risk factor for HCV 
acquisition was a history of intravenous drug use with an odds ratio of 149 (45–
494) [36]. HCV seroprevalence rates of 60–90% have been reported among IDUs 
in Moscow [37], Bulgaria [38], Amsterdam [39], New York [40], New Zealand 
[41], and Alexandria (Egypt) [42].

The age-related HCV seroprevalence rates in a community are related to the 
prevalent method of transmission. In LMICs where unsafe healthcare injections 
play an important role in transmission (as in Egypt [43], Pakistan [44], Turkey [45], 
Mongolia [46], and parts of China [47]), HCV seroprevalence rates continuously 
increase with age (Fig. 12.2). On the other hand, in regions where injection drug use 
is the main source of transmission, the age-related prevalence curve is usually bell- 
shaped, with a peak around the age equivalent to the time when drug use was most 
common in each community: 1950–1970 in the USA [48], 1960–1980 in Australia 
[49], and 1970–1990 in the UK [49] and Russia [49] (Fig. 12.2).

In an effort to diagnose patients with HCV, the Centers for Disease Control and 
Prevention (CDC) identified individuals at risk as those who were exposed to blood 
products before the availability of HCV testing, individuals who intermittently used 
or continue to use intravenous drugs or inhale cocaine, individuals with chronic 
renal failure on dialysis, incarcerated individuals, those occupationally exposed to 
blood products, individuals who received organ or tissue grafts from HCV-positive 
donors, and individuals who have had body piercing and tattooing [50].

Although an increased risk of HCV infection has been reported in individuals 
with multiple sexual partners, there is no evidence of transmission in monogamous 
relationships. A study of 776 serodiscordant spouses who were followed for an 
average of 10  years did not show transmission through sexual intercourse. 
Individuals in these partnerships had regular intercourse without using barrier pro-
tection. Only three new HCV infections were detected (incidence: 0.37/1000 
person- years), and the infecting strain in the partner was different from the strain in 
the HCV-infected spouse, indicating the low risk of HCV transmission by sexual 
intercourse [49].
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12.6  Clinical Manifestations

Although the majority of patients with CHC are asymptomatic, approximately 37% 
have symptoms, of which the most common is fatigue. CHC can significantly impair 
quality of life. Compared to controls and patients with HBV infection, CHC patients 
had more profound impairment of all aspects of the short form-36 (SF-36) quality 
of life questionnaire, especially social functioning, energy and fatigue [51].

HCV can have extrahepatic manifestations, mostly induced by immune mecha-
nisms. These extrahepatic manifestations can on occasion be the only sign of the 
infection and, at times, can be more troubling than the liver disease [52]. Nearly any 
organ system may be involved including hematologic, dermatologic, renal, endo-
crine, salivary, ocular, vascular, and neuromuscular systems [53]. The spectrum of 
extrahepatic manifestations includes glomerulonephritis, diabetes, thyroiditis, sero-
negative arthritis/arthralgia, aplastic anemia, porphyria cutanea tarda, autoimmune 
phenomena including Sjogren syndrome, granulomas, presence of autoantibodies, 
and CREST syndrome (calcinosis cutis, Raynaud’s phenomenon, esophageal dys-
function, sclerodactyly, telangiectasia).

Cryoglobulins (immune complexes of polyclonal IgG, monoclonal IgM, com-
plement component C1q and HCV) form cold precipitate plasma complexes that 
bind to endothelial C1q receptors and deposit in small and medium-sized blood 
vessels. They cause inflammation in skin, kidney and other tissues, and are 
detected in 50% of patients with CHC [54, 55]. The clinical syndrome of essential 
mixed cryoglobulinemia affects 1–2% of CHC patients, and presents with rash, 
digital ischemia and ulcers, arthralgia and neuropathy. Pulmonary fibrosis and 
pulmonary vasculitis may occasionally be manifestations of CHC-associated 
cryoglobulinemia [56].

12.7  Prognosis of HCV

Acute HCV infection results in a chronic infection in 65–70% of people, where it 
follows a slowly progressive course. The rate of progression is variable, but most 
patients have either no progression or slowly progressive liver disease. Over 
20 years, only 10–20% of those chronically infected will develop cirrhosis, and of 
those, 1–4% per year progress to develop severe hepatic decompensation or hepato-
cellular carcinoma (HCC) [57].

An estimated 15–30% of chronically infected persons will never develop liver 
fibrosis or cirrhosis, and the HCV infection will not significantly impact life expec-
tancy. Another 20% to 30% of patients develop rapidly progressive fibrosis with 
cirrhosis, decompensated cirrhosis, and liver cancer within 20–25 years of expo-
sure. The remaining 50–65% of patients develop fibrosis progression to cirrhosis, 
but at variable rates ranging from 25 years to more than 40 years [58].

The progression of HCV infection was demonstrated in a series of liver biop-
sies performed 17 years after acquisition of HCV through anti-D immune globulin 
in 363 women in Ireland during 1977 and 1978 [56]. Almost half (49%) had no 
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fibrosis; 34% had early fibrosis; 15% had advanced fibrosis with bridging; and 
only 7 (2%) had established cirrhosis (two of whom reported excessive alcohol 
intake). The most common symptom was fatigue (66%); and liver enzymes were 
normal in 45%.

12.8  Factors Affecting Rate of Progression of Fibrosis

Several factors have been found to impact the rate of fibrosis progression in patients 
with CHC.

• Initial fibrosis: The present level of fibrosis helps predict progression rate over 
the following years. For individuals who do not have any evidence of fibrosis on 
an initial biopsy, the risk of developing cirrhosis over the next 20  years is 
25–30%. If a patient has fibrosis on initial biopsy, he/she will develop progres-
sive fibrosis and eventually cirrhosis. All patients with portal fibrosis develop 
cirrhosis over 18–20 years. Individuals with more advanced fibrosis on initial 
biopsy will develop cirrhosis in only 8–10 years [59].

• Alcohol use: Patients with chronic HCV who drink alcohol on a regular basis 
(>30 g/day in males, >20 g/day in females) have a higher fibrosis score compared 
with individuals who do not drink alcohol [60].

• Age at initial infection: Patients who acquire HCV when they are greater than 
40 years of age have more advanced fibrosis regardless of how long they have 
had the disease, compared with individuals who are infected at a younger age 
[61, 62]. Only 40 of 1667 HCV-positive young IDUs developed end-stage liver 
disease or HCC over a 14-year follow-up (2.4%) [63], while end-stage liver dis-
ease developed over 9 years in 12% of patients older than 58 who contracted 
HCV through blood transfusion [64].

• Degree of steatosis: Patients with higher degrees of steatosis have more fibrosis 
and develop cirrhosis at a faster rate. At 6 years follow-up, fibrosis progressed in 
6% of those who had less than 5% steatosis, and in 33% of those who had more 
than 30% steatosis [65].

• Other factors: Family history of advanced liver disease [62], coinfection with 
HBV or HIV [66, 67], and/or insulin resistance and the metabolic syndrome [68, 
69] also increase the rate of progression of liver disease.

12.9  Complications from HCV Cirrhosis

Patients with well-compensated cirrhosis have a 10-year survival close to 80%. By 
contrast, individuals who have moderate to severe liver dysfunction or hepatic 
decompensation have a 10-year survival of 30%. The rate at which patients with 
cirrhosis develop decompensated liver disease is approximately 3–5% per year. The 
rate at which individuals develop HCC is on the average about 1–4% per year, vary-
ing by ethnicity and region [70]. The 5-year calculated cumulative incidence of 
HCC in patients with HCV-associated cirrhosis was 30% in Japanese patients and 
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17% in European and American patients. This is higher than the 5-year cumulative 
rates from other causes of cirrhosis including HBV-associated cirrhosis and alco-
holic cirrhosis [71].

Benvegnù et al. [72] followed patients with compensated cirrhosis for a decade 
in Italy. Most HCV monoinfected patients did not develop complications (69%), 
while 31% developed at least one complication. The most frequent complication 
was HCC, which occurred in 21% of cases, followed by ascites (19%), gastrointes-
tinal bleeding (4.5%), and encephalopathy (2%). Death from liver disease occurred 
in 19%, mostly due to HCC, indicating that, in this population, HCC was the most 
frequent and life threatening complication.

HCV infection increases mortality from liver disease and from extrahepatic 
causes. In a community-based long-term prospective cohort study involving 23,800 
adults over a 16.2 years follow-up (REVEAL-HCV study), the mortality rates over 
the duration of the study due to hepatic diseases was 12.8% for patients who had 
chronic HCV infection, 1.6% for those who were HCV seropositive but with unde-
tectable HCV RNA, and 0.7% for seronegative individuals. Mortality rates from 
extrahepatic causes were 19.8% for patients who had CHC, 12.2% for HCV sero-
positive individuals, and 11.0% for seronegative individuals [73].

12.10  Effect of Treatment Outcome

A sustained virologic response (SVR) to treatment is associated with improved out-
come and significantly less progression of liver disease. Veldt et al. showed that in 
patients with advanced fibrosis-cirrhosis the 5-year incidence of liver related mor-
tality was 4.4% (CI: 0–12.9%) in patients who achieved SVR with interferon-based 
therapy vs. 12.9% (CI: 7.7–18.0%) in patients who failed to achieve an 
SVR. Additionally, the 5-year rate of liver failure was 0% in those who achieved an 
SVR and 3.3% (CI: 8.4–18.2%) in those who did not [74].

In addition, an SVR is associated with reduced all-cause mortality. van der Meer 
et al. followed patients with advanced fibrosis/cirrhosis treated with an IFN-based 
regimen from 1990 to 2003, and found that the 10-year cumulative rate of all-cause 
mortality was close to 26.0% in patients who failed to achieve an SVR and 8.9% in 
patients who achieved an SVR.  The 10-year incidence of liver-related death or 
transplant was 1.9% in patients with an SVR and 27.4% without SVR; the 10-year 
cumulative rate of HCC was 5.1% vs. 21.8%, respectively [75].

12.11  Future Trends and Prospects

Although the prevalence of HCV is decreasing globally and has the potential to 
decrease further over the next few years with highly effective DAA therapies, the 
burden of the disease will probably increase over the coming years as the population 
with chronic infection ages, especially in LMICs. As the infected cohorts age, a 
greater fraction will have HCV infection for sufficient periods of time to develop 
cirrhosis, complications from end-stage liver disease and HCC. Infected populations 
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in LMICs, where infection is mainly concentrated in older ages, have already reached 
this threshold, and complications of HCV infection are increasing. In Egypt, the age 
standardized rate (ASR)/100,000 for HCC has been gradually increasing over the 
past three decades. The ASR was 5.2 in the 1980s, and has reached 25.6 in 2012, 
representing the massive infections that occurred more than 35 years ago [76]. The 
increase in HCC incidence in Egypt will be mirrored in other countries with a similar 
pattern of transmission history although at a much lower rate. The ASR for HCC has 
also more than doubled over the period from 1980 to 2012 in countries where intra-
venous drug use was the main cause of transmission of HCV (e.g., in the USA from 
3 to 6.1, and in Australia from 2 to 4.2) [77, 78]. The infected population in these 
countries acquired HCV in the 1970s and 1980s and is now approaching the thresh-
old of developing complications from liver disease (Fig. 12.3).

The global burden of disease (GBD) study has shown that the relative impact of 
viral hepatitis (including HCV) on global mortality has increased over the last 
20 years. In 1993, viral hepatitis was the 10th leading cause of global mortality, and 
the 5th leading cause of mortality due to infectious diseases. By 2013, viral hepatitis 
had become the 7th leading cause of global mortality and the 2nd leading cause of 
mortality due to infections disease (following lower respiratory infections), with the 
relative impact of other infectious diseases decreasing (diarrheal disorders from 4th 
to 12th, TB from 6th to 11th, and infections in preterm infants from 7th to 19th) [79].

Second and third generation DAAs have high cure rates in clinical trials and in 
real-life treatment [78, 80–87]. Achieving SVR in patients who have not developed 
advanced fibrosis or cirrhosis will reverse the natural history of the disease and 
prevent further development of complications [80, 81]. However, in patients with 
advanced fibrosis/cirrhosis, the natural history may not be completely reversed. The 
rate of progression to end-stage liver disease and HCC will decrease, but will not be 
abolished among patients with cirrhosis who successfully clear infection [88, 89]. 
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Fig. 12.3 Dynamic course of HCV infection in the US. As the cohort born between 1945 and 
1965 ages, a greater fraction will have HCV infection for sufficient time at old-enough ages to 
develop liver failure and HCC [3]
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Furthermore, whether patients with end-stage liver disease will benefit from suc-
cessful treatment is not confirmed, and the need for liver transplantation, develop-
ment of HCC and mortality will continue in this group.

To change the increasing trend in global burden of HCV, global treatment access 
and uptake must increase rapidly, especially in low-middle income countries, and 
must be available to patients with all stages of fibrosis. Treating patients with no 
fibrosis or with early stages of fibrosis will prevent progression to cirrhosis and its 
complications, and treating patients with advanced fibrosis/cirrhosis has the poten-
tial to decrease the rate of developing complications. However, unless global access 
is increased soon, the impact of DAAs on the burden of disease will not be seen in 
the near future.

In 2016, the 69th World Health Assembly approved the Global Health Sector 
Strategy to eliminate hepatitis infection by 2030, and the WHO introduced global 
targets for all countries to be met by 2030 for the care and management of HCV 
including “a 90% reduction in new cases of chronic hepatitis C, a 65% reduction in 
hepatitis C deaths, and treatment of 80% of eligible people with chronic hepatitis C 
infections.”

With the advent of newer generations of highly effective DAAs, HCV has the 
potential to become the first chronic viral infection to be eradicated with treatment. 
The ability to cure HCV calls for a global effort to increase access and make treat-
ment available for all.

 Summary Table of Landmark Literature—HCV

Study title and authors Study design Summary results Main limitations
Mohd Hanafiah K, 
Groeger J, Flaxman 
AD, Wiersma 
ST. Hepatology. 
2013;57:1333–42

Systematic review of 
Medline, Embase, and 
Cinahl from 1980–
2007 to update the 
global epidemiology 
of hepatitis C virus 
(HCV), which 
included pooled 
estimates from 232 
articles

•  Global prevalence and 
number of people with 
anti-HCV has increased 
from 2.3% to 2.8% and 
from >122 to >185 
million between 1990 
and 2005

•  Central and East Asia and 
North Africa/Middle East 
are estimated to have 
high prevalence (>3.5%); 
South and Southeast 
Asia, sub-Saharan Africa, 
Andean, Central, and 
Southern Latin America, 
Caribbean, Oceania, 
Australasia, and Central, 
Eastern, and Western 
Europe have moderate 
prevalence (1.5–3.5%); 
whereas Asia Pacific, 
Tropical Latin America, 
and North America have 
low prevalence (<1.5%)

•  Estimates are 
limited to 
available 
literature and 
some regions 
without robust 
HCV 
epidemiology 
data may have 
inaccurate 
estimates

•  Prevalence 
data included 
studies through 
2007, which 
precedes major 
efforts to 
improve HCV 
screening, 
linkage to care, 
and treatment
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Study title and authors Study design Summary results Main limitations
Blach S, Zeuzem S, 
Manns M, Altraif I, 
Duberg AS, Muljono 
DH, Waked I, 
Alavian SM, The 
Polaris Observatory 
HCV Collaborators. 
Lancet 
Gastroenterology 
Hepatology. 
2017;2(3):161–176

Systematic review 
followed by a 
country- level disease 
burden models using 
data from manuscripts 
published after 2013

•  Study provided updated 
prevalence data in the 
more recent era

•  The global prevalence of 
chronic HCV is estimated 
to be 1.0% (95% 
uncertainty interval 
0.8–1.1) in 2015, 
corresponding to 71.1 
million (62.5–79.4) 
individuals

•  Genotypes 1 and 3 were 
the most common cause 
of infections (44% and 
25%, respectively)

•  Estimates are 
limited to 
available 
literature and 
some regions 
without robust 
HCV 
epidemiology 
(especially in 
sub-Saharan 
Africa), data 
may have been 
less accurate

•  Inherent 
limitations of 
assumptions 
made by the 
model design 
may have 
affected the 
estimates that 
were generated

Riou J, Aït Ahmed 
M, Blake A, 
Vozlinsky S, 
Brichler S, Eholié S, 
Boëlle PY, Fontanet 
A, HCV 
Epidemiology in 
Africa Group. 
Journal of Viral 
Hepatitis. 
2016;23:244–55

Systematic review 
with meta-analysis of 
HCV seroprevalence 
data among adults in 
African countries via 
2000–2014 structured 
search of MEDLINE, 
AJOL, and grey 
literature, which 
included 262 studies

•  Among North Africa 
region, HCV 
seroprevalence was high 
in Egypt at 14.7% and 
lowest in Libya at 1.2%

•  In West Africa region, 
highest HCV 
seroprevalence was in 
Burkina Faso at 6.1% and 
lowest in Senegal at 1.0%

•  In Middle Africa region, 
highest HCV 
seroprevalence was seen 
in Cameroon and Gabon 
at 4.9% and lowest in the 
Democratic Republic of 
Congo at 2.1%

•  In East Africa region, 
highest HCV 
seroprevalence was seen 
in Ethiopia at 2.7% and 
lowest in Mozambique at 
1.3%

•  In South Africa region, 
overall prevalence was 
low overall ranging from 
1.1% to 1.6%

•  Estimates are 
limited to 
available 
literature and 
some regions 
without robust 
HCV 
epidemiology 
data may have 
inaccurate 
estimates
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Abstract
Hepatitis A is an infectious disease of the liver caused by hepatitis A virus. 
Hepatitis A has a global distribution with endemicity inversely proportional to 
higher socioeconomic conditions and standards of sanitation and hygiene. 
Hepatitis A virus infection is predominantly spread directly from one person to 
another through orofecal transmission and through contaminated food and water. 
The clinical outcome is strongly correlated with age, being mostly subclinical in 
young children and symptomatic in older children and adults. Hepatitis A vac-
cine is safe, highly immunogenic and protective against clinical hepatitis A.

Hepatitis E is an infectious disease of the liver caused by the hepatitis E virus. 
Hepatitis E is the most common cause of large-scale waterborne epidemics of 
jaundice in developing countries. In addition, around a third to a half of endemic 
acute viral hepatitis in these countries is caused by hepatitis E. The disease has 
high incidence and severity in pregnant women. Recently, hepatitis E is being 
recognized as an important clinical problem in the industrialized world that is 
related to unique zoonotic foodborne transmission. Hepatitis E in these countries 
has particular relevance to the solid organ transplant population due to risk of 
progression of infection to chronic hepatitis E and cirrhosis with liver failure and 
death in such patients. Hepatitis E causes a number of extrahepatic  manifestations 
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including a wide spectrum of neurological syndromes. Hepatitis E virus can be 
transmitted through blood and blood component transfusions, and donor screen-
ing is being done in many countries. There has been a significant advance in drug 
treatment of chronic hepatitis E and the availability of hepatitis E vaccine prom-
ises control of the hepatitis E burden in future.

13.1  Introduction

Viral hepatitis is an infection which involves predominantly the liver [1]. As of today, 
five unrelated hepatotropic pathogens, hepatitis A virus (HAV), hepatitis B virus 
(HBV), hepatitis C virus (HCV), hepatitis D virus (HDV) and hepatitis E virus (HEV) 
are recognized to cause almost all cases of viral hepatitis [2]. A few more parenterally-
transmitted agents have been identified that were suspected to cause hepatitis including 
human pegivirus (HPgV) (formerly known as GBV-C/HGV), TT virus (TTV) and 
other TTV-related viruses (SANYAN, YONBON, SEN viruses and TTV-like Mini-
virus). None of these are known to cause hepatitis in humans as of today [3, 4]. There 
have been “new kids on the block” about whom we have more to learn. Two more 
novel agents in the pegivirus genera of the family Flaviviridae have been identified and 
named as human hepagivirus 1 (HHpgV-1) [5] and human pegivirus 2 (HPgV-2) [6]. A 
number of other systemic viral infections that may involve the liver and cause hepatitis 
include Epstein-Barr virus (EBV), cytomegalovirus (CMV), herpes simplex virus 
(HSV), varicella zoster virus (VZV) and Severe Acute Respiratory Syndrome [3].

Viral hepatitis is a global health problem. Hepatitis viruses play a significant role 
in the story of global disease and death and pose a colossal health challenge [7]. The 
Global Burden of Disease (GBD) Study 2013 revealed, unlike most communicable 
diseases, a significant increase in the mortality and morbidity for acute hepatitis, 
cirrhosis and liver cancer from 1990 to 2013 [8]. The deaths rose from 0.89 to 1.45 
million; years of life lost (YLLs) from 31.0 to 41.6 million; years lived with dis-
ability (YLDs) from 0.65 to 0.87 million and disability-adjusted life-years (DALYs) 
from 31.7 to 42.5 million. Viral hepatitis ranked as the seventh leading cause of 
death in 2013, an increase from tenth in 1990.

The 2014 World Health Assembly requested the World Health Organization 
(WHO) to examine the feasibility of eliminating viral hepatitis by 2030. Recently, 
WHO published an advocacy brief on “Combating Hepatitis B and C to reach 
Elimination by 2030” [9]. It was proposed that the viral hepatitis response should 
reach five prevention and treatment service coverage targets by 2030. These include 
increases in (1) three-dose hepatitis B vaccine coverage from 82% to 90%, (2) pre-
vention of mother-to-child transmission of HBV from 38% to 90%, (3) blood and 
injection safety coverage from 89% to 100%, (4) safe syringe set distribution for 
injection drug users (IDUs) from 20 to 300 per person per year and (5) diagnosis 
and treatment coverage for HBV and HCV from 5% to 90% and from <1% to 80%, 
respectively. This will reduce incidence of HBV and HCV by 90% and mortality by 
65%. As 90% of deaths are caused by HBV and HCV, the advocacy brief did not 
elaborate on how to reduce the impact of HAV and HEV by 2030.

M. S. Khuroo et al.



173

Hepatitis viruses are broadly divided into two distinct groups, based on the mode 
of transmission and ability to cause persistent infection. Three viruses (HBV, HCV 
and HDV) are transmitted either by parenteral, sexual or mother-to-baby routes and 
can cause persistent viremia, chronic hepatitis, cirrhosis and hepatocellular carci-
noma. In contrast, the other two hepatitis viruses (HAV and HEV) share an enteric 
route of transmission and a self-limiting course and do not contribute to liver cir-
rhosis and liver cancer [10]. In this chapter we cover the historical background, 
morphology, replication, global epidemiology, clinical manifestations, laboratory 
features, and diagnosis, treatment and global control of the two enteric hepatitis 
viruses HAV and HEV.

13.2  Hepatitis A Virus

Hepatitis A is an infection of the liver etiologically related to HAV. Hepatitis A has 
global distribution with endemicity proportional to socioeconomic conditions and 
standards of sanitation and hygiene. It is estimated that HAV infected 117 million 
people with 31 million symptomatic illnesses and 30,283 deaths in 1990, with an 
increase to 126 million infections with 35,245 deaths in 2005 [8]. The mortality had 
increased over the years in the age groups 2–12 years and above 35 years of age. 
HAV infection is predominantly spread from one person to another through the orof-
ecal route or by contaminated food and water. The clinical outcome is strongly cor-
related with age, being mostly subclinical in children ≤6 years and symptomatic in 
older children and adults. Hepatitis A vaccine is safe, highly immunogenic and pro-
tective against clinical hepatitis A [11].

13.2.1  Historical Background

Viral hepatitis had a devastating effect on the military population during World 
War II [12]. Early volunteer studies principally among prisoners led to recogni-
tion of two types of hepatitis differing in the primary route of transmission and 
period of incubation. In 1947 McCallum et al. termed infectious and serum hepa-
titis as hepatitis A and hepatitis B, respectively [13]. Studies on the existence of 
two types of viral hepatitis were confirmed and extended in volunteer studies in 
mentally- challenged children at the Willowbrook State School in New York [14]. 
The two infectious sera, namely MS-1 and MS-2 (obtained from serum of patient 
M.S. during his first and second bout of hepatitis) played a crucial role in subse-
quent studies on the two forms of viral hepatitis. Studies on humans and marmo-
sets characterized HAV as a small virus resistant to ether and heat, transmitted 
through feces and distinct from HBV. However, HAV could not be cultivated or 
identified [15]. In 1973 HAV was identified by Feinstone et  al. using immune 
electron microscopy to examine stool specimens taken from a prison volunteer 
infected with the Willowbrook MS-1 infectious sera [16]. Further studies led to a 
serological test for HAV, isolation of the virus in cell culture and development of 
the HAV vaccine [17, 18].
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13.2.2  Morphology

HAV is classified in the hepatovirus genus of the Picornaviridae family [1, 11]. 
HAV exists only as a single serotype, with three genotypes (I–III) that circulate in 
humans and three additional genotypes (IV–VI) recognized in non-human primates 
[19, 20]. Humans are the only natural host for HAV. The virus is heat-stable and an 
acid/ether resistant RNA virus [17]. The virion is a non-enveloped, symmetrical, 
small 27-nm, spherical particle. The capsid of the virus is icosahedral in symmetry. 
The icosahedron is a three-dimensional figure with 20-faces resembling a soccer 
ball. The capsid is made of subunits called capsomeres. Each capsomere is made of 
five protomers. Each protomer of HAV is made of three capsid proteins namely VP1 
(ID), VP2 (IB) and VP3 (IC). VP4 (IA) does not seem to be incorporated into the 
virion. Thus, the HAV capsid is made from 60 densely-packed protomers, each 
consisting of three major structural proteins. The HAV genome is about 7.5 kb and 
is divided in to three parts: a long untranslated region (UTR) at the 5′ end which 
contains a type III internal ribosome entry site (IRES), a single open reading frame 
and a short UTR at the 3′ polyadenylated end. The HAV genome is organized into 
three regions, namely P1, P2 and P3, and encodes 11 genes. The P1 region encodes 
four capsid proteins and the P2 and P3 regions encode a series of non-structural 
proteins [1, 10, 11] (Fig. 13.1).

Fig. 13.1 Hepatitis A virus genome and gene expression. The genome is 7.470 kb and is divided 
in to three parts: long UTR (nucleotide 1–734) at 5′ end which contains IRES, a single ORF 
(nucleotide 735–7416) and short UTR (nucleotides 7416–7470) at 3′ polyadenylated end. HAV 
genome is organized in to three regions namely P1, P2 and P3 and encodes 11 genes (shown by 
colors in genome bar). ORF is translated in to a polyprotein of 2227 amino acids. This polyprotein 
is cleaved posttranslationally at 10 specific sites (shown by arrows). The function of proteins is 
delineated (Author’s original work) [UTR untranslated region, ORF open reading frame, IRES type 
III internal ribosome entry site, VPg viral protein genome]
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13.2.3  Replication

Replication of HAV RNA starts with attachment of the virus to receptors on the 
cell wall with endocytosis of the virus into the hepatocytes [21]. In the cell, VP4 
is released, which in turn opens a hole in the host endosomal membrane, allow-
ing viral genome into the host cytoplasm. The genome (ORF, 6681 nucleotides), 
under influence of IRES, is translated into a polyprotein (2227 amino acids). 
This polyprotein is cleaved post-translationally at ten specific sites to release 
four capsid proteins and seven non-structural proteins. The cleavage occurs at 
eight specific sites by unique 3C viral protease, at one site by a cellular protease 
and at another site by an unknown protease. Four structural proteins [VP1 (ID), 
VP2 (IB), VP3 (IC) and VP4 (IA)] correspond to the P1 segment of the genome, 
while P2 and P3 segments represent a series of nonstructural proteins. The 
structural proteins (VP1, VP2 and VP3) form the procapsid (Fig. 13.1). A nega-
tive-sense RNA replicon is formed within vesicles derived from the ER, with the 
binding of non-structural proteins to the 3′ end of the genomic RNA. Subsequent 
to this, multiple copies of positive- sense RNA are synthesized and packed in to 
the procapsid, forming the virion. Virion is egressed from the hepatocytes after 
cell lysis [1, 11].

13.2.4  Global Epidemiology

The understanding of the epidemiology of hepatitis A is based on population-based 
seroprevalence (IgG anti-HAV) studies. The world is divided into three zones, the 
very-high endemic zone, the high-to-intermediate endemic zone and the low endemic 
zone [22] (Table 13.1). In addition, the morbidity and mortality of HAV infection 
depends upon the age of exposure to infection. HAV infection is usually asymptom-
atic or subclinical in children below 6 years of age. In contrast, clinical disease with 
jaundice occurs in older children and adults [23, 24].

The very-high endemic zone includes resource-poor countries of Southeast 
Asia and Sub-Saharan Africa. In such countries, poor sanitary conditions, over-
crowding, and contaminated water and food promotes universal exposure to HAV 
infection in children soon after weaning. The age at the midpoint of population 
immunity (50%) is in childhood at around age 5  years. The majority of these 
infections are subclinical and seroconversion is usually asymptomatic. 
Seroprevalence data reveal that ≥90% of children seroconvert before 10 years of 
age and adults have protective IgG anti-HAV. HAV circulation in the community 
is ubiquitous, but clinical hepatitis E disease occurs in only a small percentage of 
children and is of mild severity. HAV infections in adults are reported infrequently 
in such countries [25].

The high-to-intermediate endemic zone for HAV comprises the developing 
countries of Asia, Latin America, Eastern Europe, and the Middle East [26–28]. 
In these countries, there is recent continued improvement in sanitary conditions 
and access to safe water, with reduced exposure of children to HAV infection. The 
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age at the midpoint of population immunity (50%) is from 5 to 14 years (high 
endemic zone) and 15 to 34 years (intermediate endemic zone). HAV circulation 
in the community is common. There is exposure to HAV infection in older chil-
dren and adolescents and most of these infections are symptomatic. Person-to-
person and foodborne outbreaks of HAV infection are common. Thus, 
paradoxically, such regions of the world have high occurrence of clinical hepatitis 
A in young adults.

The low endemic zone of HAV spreads over the developed world, including 
Western Europe, Australia, New Zealand, Canada, the United States, Japan, Korea, 
and Singapore. HAV circulation in the community is negligible. Exposure to chil-
dren in these countries is infrequent and anti-HAV seropositivity increases slowly 
throughout early childhood. The age at the midpoint of population immunity (50%) 
is after 35 years of age. The seroprevalence of IgG anti-HAV is high in older age 
groups as a result of past exposure to HAV during childhood (cohort effect). A high 
proportion of children and adults are susceptible to HAV infection. However, clini-
cal disease in these age groups is not encountered as there is negligible circulation 
of the virus in the community. However, HAV infections are reported in travellers to 
endemic countries and in crowded situations with suboptimum sanitary conditions 
like schools, prisons and camps. Outbreaks and large-scale epidemics of HAV have 
been traced to contaminated foods and fruits, imported from endemic zones [29–
32]. It is estimated that there was a significant increase in morbidity and mortality 
from hepatitis A over the years from 1990 to 2005 [33].

Table 13.1 Global epidemiology of hepatitis A virus

Endemicity zones Very high High to intermediate Low
Socio-economic 
status

Low-resource Developing Developed

Countries Sub-Saharan 
Africa, 
south-east Asia

Asia, Latin America, 
Eastern Europe, 
Middle East

Western Europe, Australia, 
New Zealand, Canada, 
USA, Japan, Korea, 
Singapore

Age at midpoint of 
population 
immunity (50%)

<5 years High 5–14 years, 
Intermediate 
15–34 years

>35 years

Ig anti-HAV >90% <50% <50%
Childhood 
infections

Universal Uncommon Nil

Immunity High Low Very low
HAV circulation in 
community

Very common Common Negligible

Adult infections Not seen Common 
(paradoxical)

Not seen

Disease load Negligible Adolescents and 
adults

Special groups (Travelers); 
schools; camps

Outbreaks Not seen Person-to-person, 
foodborne

Food borne outbreaks 
(imported)
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13.2.5  Mode of Transmission

Humans are the lone hosts and source of spread and transmission for HAV. HAV 
infection is spread directly from one person to another through the orofecal route. 
Large quantities of virus (up to >108 infectious particles per milliliter) are shed in 
feces from the late incubation period until the first week of clinical disease. The 
infectious period starts 1–3 weeks before and lasts for 1–8 days after onset of jaun-
dice. The transmission is supported by low hygiene, overcrowded families, and 
close contact and occurs among international travellers, prisoners and military 
forces and in day-care centers, schools, and institutions with the mentally chal-
lenged. Endemicity of HAV in developing countries is maintained by person-to- 
person spread from subclinical HAV infections in children once they are weaned 
from breastfeeding and exposed to a contaminated environment and low hygiene 
standards.

Contaminated food and water can transmit HAV infection. Foods of a diverse 
nature including dairy products, shellfish, and produce can be contaminated [30, 34, 
35]. Shellfish can become contaminated with HAV in sea water contaminated with 
human fecal material, and are a particular risk for transmission of the virus because 
certain shellfish, including oysters, are often eaten raw [35]. Outbreaks and large- 
scale epidemics of hepatitis A have been traced to consumption of raw or partially 
cooked bivalve mollusks including mussels, oysters, and clams [36, 37]. Bivalve 
mollusks concentrate HAV over 100-fold from contaminated sea water [38]. The 
Shanghai epidemic of 1988, causing more than 300,000 cases, was caused by con-
taminated clams [39]. Fresh produce can be contaminated by irrigation water that 
contains human fecal material. Infected food handlers may also contaminate food-
stuffs and beverages and result in outbreaks of HAV [40]. The risk of transmission 
of HAV occurs from virus shedding during the incubation period. Contaminated 
food includes uncooked food items or cooked foods handled after cooking by infec-
tious food workers. It is important to be aware that although the level of infectious 
HAV in foodstuffs generally declines over time, the length of time over which infec-
tious virus remains varies widely between foods and levels may remain high even 
after lengthy periods of refrigeration (up to a month or more) or freezing (for several 
months) in some food items [35]. Researchers have found that the length of time 
over which HAV remains infectious on produce (green onions, lettuce, peppers, and 
spinach in one study) refrigerated at a cold temperature (<10 °C) exceeds the aver-
age shelf life of those foods [35]. Frozen foods are another area of concern. Both 
shellfish and berries that had been frozen for several months have been associated 
with HAV outbreaks, with studies showing that when food has been contaminated 
prior to being frozen, a substantial percentage of hepatitis A viruses will still be 
infectious even after lengthy frozen storage [35]. Water is also a risk for transmitting 
HAV infection to western unvaccinated tourists [41]. HAV can be transmitted to a 
traveller through contaminated drinking water, ice and water-based drinks, fruits 
and salads washed with contaminated water, milk products, contaminated shellfish, 
and swimming in polluted water.
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Bloodborne transmission of HAV infection has been reported [42], but occurs 
rarely. Outbreaks of HAV infection occurring in Injection Drug Users (IDUs) may 
be caused by sharing infected needles [43]; however, such source of spread has not 
been conclusively proved in view of the confounding potential of fecal-oral trans-
mission. HAV infection does also spread among men having sex with men [44].

13.2.6  Clinical Manifestations

Acute hepatitis A disease passes through four phases including incubation period 
(15–45 days), prodromal symptoms (1–7 days), icteric period (2–6 weeks) and con-
valescence (up to 6 weeks) (Fig. 13.2). The clinical outcome is strongly correlated 
with age. HAV infection in children below 6 years of age is either asymptomatic or 
subclinical, while older children and adults commonly experience symptomatic dis-
ease [45]. Acute hepatitis A presentation resembles disease caused by other hepati-
tis viruses and may vary from mild short-lasting icteric disease to acute liver failure. 
During the incubation period the patient is asymptomatic, but sheds the virus in the 
stools in large quantities and is infectious. The prodromal stage lasts for 1–7 days 
and precedes onset of jaundice. Patients develop constitutional symptoms which 
include anorexia, nausea and vomiting, abdominal discomfort, diarrhea, fatigue, 
malaise, arthralgia, myalgia, and headache. Patients often complain of altered taste 
and aversion to fat and smoking. Low grade fever between 38  and 39  °C (100–
102 °F) lasts for several days but subsides with the onset of jaundice. The icteric 
phase starts with dark urine and light colored stools; within 1–5  days patients 
develop icterus of the sclera and skin. Within days, patients develop varying degree 
of pruritus, which lasts for a variable period related to the severity of cholestasis. 

Fig. 13.2 Clinical course of hepatitis A (Author’s original work)
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With the appearance of jaundice, there is significant abatement of systemic symp-
toms. Physical examination reveals icterus and tender hepatomegaly. Splenomegaly 
and cervical lymphadenopathy is detected in 10–20% of patients. Rarely, a few 
spider angioma may appear which disappear during convalescence. The icteric 
phase lasts for up to 4–6 weeks and patients convalesce over several weeks. Patients 
complain of fatigue and weight loss of 2.5–5 kg. Clinical examination is unremark-
able except for mild tender hepatomegaly. Complete clinical and biochemical 
recovery occurs in almost all patients [46].

A small percentage of patients may present with an unusual variant called chole-
static hepatitis A [47]. Patients have a protracted clinical course lasting for 
12–18 weeks that is dominated by severe cholestasis with deep jaundice, dark urine, 
clay stools and severe itching, resembling large bile duct obstruction. All patients 
show clearance of the virus and clinical recovery. Occasionally, HAV disease relapses 
in some patients after recovery from the acute illness [48]. Relapse is characterized 
by reappearance of jaundice and other symptoms of hepatitis with abnormalities of 
liver tests and fecal viral shedding [49]. All patients eventually recover.

Fulminant hepatitis A occurs in 1:1000 cases of acute hepatitis A and may be 
fatal [50]. The disease can be recognized early on by worsening prothrombin time, 
significant reduction in liver size (detected on percussion for liver dullness), irrita-
bility, and alteration in sleep rhythm. The risk for fulminant hepatitis increases with 
patient age and is particularly high in patients above 30 years [51]. HAV superinfec-
tion in patients with compensated chronic liver disease are at higher risk for fulmi-
nant hepatitis A [52].

Rare complications of acute hepatitis A include joint pains, cutaneous vasculitis, 
cryoglobulinemia, pancreatitis, myocarditis, atypical pneumonia, aplastic anemia, 
red cell aplasia, and neurologic syndrome such as Guillain–Barre, myelopathy, 
mononeuritis and meningoencephalitis [53, 54]. Rarely, autoimmune hepatitis can 
be triggered by a self-limited acute hepatitis A [55].

13.2.7  Laboratory Features and Diagnosis

During the incubation period patients with hepatitis A have no abnormality in labo-
ratory tests. However, there is short-term viremia and significant fecal shedding of 
the virus. Alanine transaminase (ALT) and aspartate transaminase (AST) are ele-
vated during the prodromal phase, while serum bilirubin remains within normal 
limits. Peak levels may vary and can reach from 400 to 4000 IU or more. The serum 
enzymes show a progressive decline during convalescence and eventually return to 
normal. The magnitude of rise in serum enzymes has no prognostic significance. 
Serum alkaline phosphatase may be normal or show mild elevation. However, 
patients with cholestatic hepatitis A depict marked elevation of serum alkaline phos-
phatase and GGT. Serum albumin levels stay unchanged in most patients [56].

Serum bilirubin rises above 2.5 mg/dL during the icteric phase of disease. Serum 
bilirubin rises to levels ranging from 5 to 20 mg/dL. Hyperbilirubinemia is biphasic, 
with rise of both conjugated and unconjugated bilirubin. Deep jaundice with serum 
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bilirubin levels of 20 mg/dL are associated with severe disease. HAV infection in 
patients with glucose 6-phosphatase deficiency or sickle cell anemia, can induce 
acute hemolytic crises leading to extremely high levels of serum bilirubin (≥30 mg/
dL). This is not necessarily associated with a poor prognosis.

HAV infection is associated with several abnormalities in blood counts including 
transient neutropenia and lymphopenia followed by relative lymphocytosis and 
atypical lymphocytes (2–20%). The INR has prognostic significance and increased 
values occur in patients with severe hepatic synthetic defect which signifies exten-
sive hepatocellular necrosis. Hypoglycemia occurs occasionally and is related to 
inadequate intake with underlying poor hepatic glycogen reserves. IgM anti-HAV is 
detectable during early clinical disease and stays reactive for 4–6 months and is the 
gold standard for diagnosis of acute HAV infection [57–59]. IgG anti-HAV are 
detected during acute phase and persist for life. IgG anti-HAV are used to evaluate 
seroprevalence of HAV. Stool HAV RNA is rarely employed for diagnosis of acute 
hepatitis A [60].

13.2.8  Treatment

Patients with acute hepatitis A need supportive treatment [56]. No specific antiviral 
therapy is available. During the prodromal period, nausea and vomiting may require 
treatment with antiemetics. A few patients will require a short hospital stay to manage 
dehydration. Intravenous alimentation is rarely needed, most commonly in patients who 
have persistent vomiting and cannot maintain oral intake. Patients often need bed rest 
with bathroom privileges during prodromal and icteric disease. At a later stage patients 
should be advised to restrict activity and not resume working until disease recovery 
ensues. Restriction of diet has no proven benefit. A high calorie diet is advisable. A low-
fat, high-carbohydrate diet is often enforced. However, apart from being palatable this 
regimen has no added advantage. Alcohol and hepatotoxic drugs should be avoided. 
Acetaminophen may be administered if needed to a maximum dose of 2–4 g/day in 
adults. Patients with cholestasis may benefit from bile salt sequestering resin cholestyr-
amine and/or ursodeoxycholic acid (UDCA) [61]. Corticosteroid therapy has no role, 
even in severe cases, unless there is evidence for autoimmune hepatitis.

At the outset, it is not possible to predict the course of disease and all patients 
need to be watched carefully for severe disease and impending acute liver failure. 
Patients with rapidly shrinking liver size, high INR, rapid rise in serum bilirubin and 
ascites with confusion, altered sleep pattern and disorientation should be identified 
early and admitted to intensive care for management of acute liver failure. Liver 
transplantation has been done in patients with progressive liver failure [50, 62].

13.2.9  Global Control

Global control of hepatitis A is dependent upon improved socioeconomic status and 
improvement in living standards, which in turn reduce virus transmission in the 
community and disease burden, independent of other measures. Another important 

M. S. Khuroo et al.



181

measure is to supply safe potable drinking water and ensure proper sewage disposal 
to reduce person-to-person transmission of HAV infection. We need to target per-
sonal hygiene practices like regular hand washing, especially in restaurants, schools, 
offices, homes for the mentally challenged etc., in order to help reduce the risk of 
infection. Western tourists should be discouraged from ingestion of uncooked or 
inadequately cooked foods, salads, untreated tap water and ice creams.

Both passive and active immunization are playing a major role in global control of 
hepatitis A [25, 63, 64]. Fortunately, all preparations of immune serum globulin (IG) 
contain HAV antibodies in sufficient concentrations to impart effective protection 
[65]. IG, administered 0.02  mL/kg, prevents clinically apparent hepatitis A when 
administered before exposure as in international travelers or following exposure as in 
intimate contacts. HAV vaccine is safe, immunogenic and effective in preventing hep-
atitis A [66, 67]. Vaccine is safe above 1 year of age and protects 4 weeks after a pri-
mary inoculation [68]. National immunization programs with good coverage rates in 
children have dramatically declined incidence rates of HAV infections in Italy, Spain, 
and, most strikingly, in the U.S. [69]. Targeted HAV vaccine, especially in travelers to 
endemic regions and in other high risk groups, is effective and needs to be enforced 
[70]. If travel is imminent, concomitant IG (0.02  mL/kg) should be administered 
along with the first dose of vaccine. Developing countries have implemented a single 
dose of inactivated HAV vaccine to improve coverage and reduce costs; this has been 
successful to control HAV epidemics in Argentina and Chile [66, 71–73].

A number of HAV vaccines are available (Table 13.2). These include three mon-
ovalent inactivated HAV vaccines [HAVRIX (GSK), Vaqta (Merck) and Avaxim 

Table 13.2 Hepatitis A vaccines

Vaccine Age yr. Dose (mL) Antigen quantity Schedule
Monovalent inactivated HAV vaccines
Havrix (GSK) 
Junior

2–16 0.5 720 ELISA units inactivated HAV 
antigen

0, 6–12 mon

Havrix (GSK) 1440 >16 1 1440 ELISA units inactivated 
HAV antigen

0, 6–12 mon

Vaqta (Merck) Paed 1–18 0.5 25 units inactivated protein 0, 6–18 mon
Vaqta (Merck) Adult >18 1 50 units inactivated protein 0, 6–18 mon
Avaxim (Sanofi) >2 0.5 160 ELISA units of inactivated 

HAV antigen
0, 6–12 mon

Combined HAV-HBV vaccine
Twinirix (GSK) 
Junior

1–16 0.5 360 ELISA units HAV and 10 μg 
recombinant HBsAg protein

0, 1, 6 mon

Twinirix (GSK) 
720/20

2–16 1 720 ELISA units HAV and 20 μg 
recombinant HBsAg protein

0, 1, 6 mon

Combined HAV-typhoid vaccine
Vivaxim (Sanofi) >16 1 160 ELISA units HAV antigen 0, 6–36 mon
Live attenuated HAV vaccine (Chinese)
H2-strain >1 1 105.50 TCID50 given subcutaneously 

(tissue culture infective dose)
Single dose

L-A-1-strain >1 1 105.50 TCID50 given subcutaneously 
(tissue culture infective dose)

Single dose
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(Sanofi)], two combined vaccines [Twinirix (GSK) and Vivaxim (Sanofi)] and two 
Chinese live attenuated vaccines [H2-strain and L-A-1-strain] [25, 74]. Based on 
the global epidemiology and hepatitis A disease pattern, WHO has put forward rec-
ommendations for global pre-exposure prophylaxis. These include:

 1. HAV vaccination programs are not recommended in very high endemic zones. In 
such countries, there is universal exposure to HAV infection in children below 
5 years of age, and thus the population is “protected” from HAV infection.

 2. Countries with improving socioeconomic status and with high to intermediate 
endemicity have high rate of HAV infection in adults. It is recommended that an 
HAV vaccination program should be incorporated into the national immunization 
schedule for children over 1 year of age. This decision should be individualized for 
each country based on incidence of acute infections, the magnitude of change from 
high to intermediate endemicity and cost considerations. This algorithm causes a 
striking decrease in incidence of new and symptomatic HAV infections [75–78].

 3. In low endemic zones, HAV circulation is negligible and HAV are rarely reported 
in adults. Thus, mass vaccination is not recommended. However, most of the 
adult population lacks anti-HAV and is susceptible to HAV infection. Thus, tar-
geted vaccination in selected groups who are at increased risk of infection is 
recommended. These include: (1) travelers to intermediate and high endemic 
zones; (2) people needing life-long blood products; (3) men who have sex with 
men; (4) IDUs; (5) patients with cirrhosis, as they run a risk of a severe clinical 
disease course.

 4. HAV vaccine is now being recommended for western travelers to endemic areas 
and for contacts of patients with acute HAV infection [79].

 5. HAV vaccine has been successfully used to control community wide outbreaks. 
Vaccination should be initiated early on during the epidemic. Supplemental 
health education and improved sanitation needs to be enforced.

13.3  Hepatitis E Virus

Hepatitis E is an infectious disease of the liver etiologically related to HEV. Hepatitis 
E is the most common cause of massive outbreaks of jaundice in resource-poor 
countries. In addition, around a third to a half of endemic acute viral hepatitis in 
such regions is caused by HEV. In 2005, the hepatitis E worldwide disease burden 
was computed in 9 of the 21 GBD 2010 regions, representing 71% of the world’s 
population. It was estimated that around 20 million cases of incident HEV infection 
had occurred, with an estimated 3.4 million cases causing around 70,000 deaths and 
3000 stillbirths [80]. Pregnant women are highly susceptible to HEV infection with 
concomitant high death rates. Recently, HEV infections have been reported in many 
industrialized countries related to unique zoonotic foodborne transmission. Hepatitis 
E in these countries has particular relevance to organ transplant populations due to 
an increased risk of progression of acute infection to chronic hepatitis E and cir-
rhosis, liver failure and death. HEV infection targets body organs other than the 
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liver and causes a number of manifestations and several syndromes affecting the 
nervous system, including Bell’s palsy, encephalitis, brachial neuropathy, peripheral 
neuropathy and Guillain–Barre syndrome. Transfusion-associated HEV infections 
are known to occur and can be prevented by donor screening using NAT testing. 
There has been a significant advance in antiviral treatment of chronic hepatitis E and 
the availability of recombinant vaccine promises control of the hepatitis E burden in 
future [81].

13.3.1  Historical Background

Hepatitis E was discovered in Kashmir, India, in 1978 during studies on an epi-
demic of hepatitis which resulted in 52,000 icteric cases with 1700 deaths. The 
ingenious field studies leading to its discovery had remarkable human interest sto-
ries related to the hard weather, primitive healthcare and remote region of the world 
[82] (www.drkhuroo.in). The disease had several unique features which now are 
fundamental to description of the disease [83]. The epidemic was water borne and 
the epidemic curve was highly compressed lasting for around 7 weeks. No second-
ary cases were reported following the epidemic [84]. The disease affected young 
adults and selectively spared children [85, 86]. Pregnant women were highly sus-
ceptible to HEV infection with high death rates [87, 88] and there was high propen-
sity for vertical transmission with fetal and perinatal morbidity and mortality [89, 
90]. The disease was self-limited and chronic viremia, chronic hepatitis and cirrho-
sis did not occur following HEV infection [91]. A disease with similar characteris-
tics was described to cause around half of endemic disease in this region [92].

In 1983, Dr. Mikhail Balayan identified virus-like-particles (VLP) from his own 
stool samples collected during an episode of hepatitis which occurred following his 
self-ingestion of nine stools collected from Soviet soldiers who had developed an 
outbreak of non-A hepatitis in Afghanistan from August to September 1981 [93]. 
The disease was transmitted to several primates and VLP were characterized [94–
96]. However, the virus could not be cloned and sequenced due to paucity of VLP 
in stools. Finally, it was observed that bile samples of infected cynomolgus macaques 
had large quantities of VLP. Reyes et al. (1990) reported on partial cloning of HEV 
[97]. Later, a full length genome (7.6 kb) was cloned [98] and an enzyme immuno-
assay developed for detection of antibodies to HEV [99].

13.3.2  Morphology

HEV has marked heterogeneity and is widely distributed in the animal kingdom 
[100] (Fig. 13.3). HEV has been classified in the family Hepeviridae with two gen-
era: Orthohepevirus with four species A–D and Piscihepevirus with one isolate 
infecting Cutthroat trout [101]. Orthohepevirus A species comprises seven HEV 
isolates (genotype HEV-1 to HEV-7). These include two isolates involving human 
alone (genotypes HEV-1 and HEV-2), two isolates prevalent in pigs, boar, deer and 

13 Enteric Hepatitis Viruses: Hepatitis A Virus and Hepatitis E Virus

http://www.drkhuroo.in


184

Fi
g.

 1
3.

3 
H

ep
at

iti
s 

E
 v

ir
us

 d
is

tr
ib

ut
io

n 
in

 a
ni

m
al

 k
in

gd
om

. T
he

 g
en

om
ic

 s
tr

uc
tu

re
, w

ith
 o

pe
n 

re
ad

in
g 

fr
am

es
 o

f v
ar

io
us

 is
ol

at
es

 o
f H

E
V

 h
av

e 
be

en
 d

ra
w

n.
 T

he
 

di
st

ri
bu

tio
n 

of
 e

ac
h 

is
ol

at
e 

in
 v

ar
io

us
 a

ni
m

al
s 

is
 s

ho
w

n.
 R

ef
er

 t
o 

te
xt

 f
or

 d
et

ai
le

d 
cl

as
si

fic
at

io
n 

of
 h

ep
at

iti
s 

E
 v

ir
us

es
 (

K
hu

ro
o 

M
S,

 K
hu

ro
o 

M
S,

 K
hu

ro
o 

N
S.

 H
ep

at
iti

s 
E

: d
is

co
ve

ry
, g

lo
ba

l i
m

pa
ct

, c
on

tr
ol

 a
nd

 c
ur

e.
 W

or
ld

 J
 G

as
tr

oe
nt

er
ol

. 2
01

6;
22

(3
1)

:7
03

0–
45

)

M. S. Khuroo et al.



185

infecting humans (HEV-3 and HEV-4), two isolates infecting wild boar in Japan 
(HEV-5 and HEV-6) and one isolate identified in dromedaries from Dubai, which 
also infected a liver transplant patient (HEV-7). Orthohepevirus B includes HEVs 
infecting chicken with three different genotypes (avian HEV-1, avian HEV-2 and 
avian HEV-3). Orthohepevirus C includes HEVs infecting rats (HEV-C1) and fer-
rets (HEV-C2) and orthohepevirus D includes HEV isolate infecting the bat.

HEV is a non-enveloped, spherical, icosahedral particle of 27–30 nm in size. The 
surface of the virus has spikes [96]. The virus resists acid and mild alkaline media 
and does not get inactivated by chloroform and ether [102]. The genome of the virus 
is a single-stranded RNA of ∼7.2 kb, with a 7-methylguanine cap (m7G) at its 5′ 
end. It is polyadenylated at its 3′ end. HEV RNA replicons express genomic RNA 
and only one bicistronic 2.2 kb subgenomic RNA. The genome has three partially 
overlapping ORF (open reading frames). ORF1encodes a non-structural polyprot-
ein (pORF1); ORF2 encodes the major viral capsid protein (pORF2); and ORF3 
encodes a small phosphoprotein (pORF3) which is associated with the cytoskeleton 
and microtubules. This phosphoprotein is also involved in HEV egress from hepa-
tocytes [103] (Fig. 13.4).

13.3.3  Replication

The life cycle of HEV has not been studied in detail. The gut is the primary site of 
entry of virion into the body and viral replication occurs in the hepatocytes. The 
virus concentrates and binds on the surface of hepatocytes and is internalized. On 
entry, the virus uncoats itself and releases the HEV genome. The HEV genome in 
turn replicates into a negative-sense transcript which becomes the template for full 
length positive-sense genomic RNA and a subgenomic RNA (2.2 kb). The subge-
nomic RNA translates into ORF2 and ORF3 proteins. ORF2 protein packages the 
genomic RNA leading to formation of the virion. ORF3 protein along with lipids 
envelop the virion which in turn is egressed from the cell [104, 105].

13.3.4  Global Epidemiology

HEV has a global distribution [106] (Fig. 13.5). There are several global epidemio-
logical disease patterns, determined by several factors including socioeconomic sta-
tus, quality of drinking water, sanitary conditions, prevalent HEV genotypes in 
humans (Fig. 13.6) and regional occurrence of HEV infection in animals [107].

Hyperendemic zone. Hyperendemic disease presents as massive water borne 
outbreaks of hepatitis which hit such regions on periodic intervals [108] (Table 13.3). 
Around half of endemic disease in such regions is caused by hepatitis E. HEV-1 is 
prevalent in regions of southern, central and southeast Asia, north, east and southern 
Africa, Latin America, and northwest China (Xinjiang Uyghur) [109, 110]. HEV-2 
has been reported to cause hyperendemic disease in central America (Mexico) and 
west Africa.

13 Enteric Hepatitis Viruses: Hepatitis A Virus and Hepatitis E Virus
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Fig. 13.4 Hepatitis E virus genome and gene expression. The genome ∼7.2  kb, with a 
7- methylguanine cap (m7G) at its 5′ end and a poly (A) at its 3′ end. The genome has short UTRs 
at 5′ end (27 nucleotides) and at 3′ end (65 nucleotides) and a conserved 58-nucleotide stretch near 
its 5′ end region within ORF1; these elements fold into conserved stem-loop and hairpin struc-
tures. HEV RNA replicons express genomic RNA and bicistronic 2.2 kb subgenomic RNA. The 
genome contains three partially overlapping ORFs-which encode three proteins: pORF1 (693 aa, 
non-structural protein), pORF2 (660 aa, capsid protein), pORF3 (114 aa, cytoskeleton protein) 
(Khuroo MS, Khuroo MS. Hepatitis E: an emerging global disease—from discovery towards con-
trol and cure. J Viral Hepat. 2016;23(2):68–79) [UTR  untranslated region, ORF open reading 
frame, aa amino acids]

Endemic zone. Hepatitis E in an endemic zone accounts for nearly one-fourth of 
sporadic acute viral hepatitis. No epidemics of hepatitis E are reported in these 
regions. This zone includes several countries in the Middle East, southeast Asia, 
Taiwan and central and eastern China. The socioeconomic status of these regions 
has shown recent improvement and with access to better sanitation and safer water 
sources there has been a fall in disease incidence. The disease is etiologically related 
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to HEV-1 in the Middle East, while HEV-4 is the predominant prevalent genotype 
in Taiwan, China and southeast Asia [111, 112].

Distinctive zone. A distinctive hepatitis E zone is limited to Egypt [113]. Young 
children in this community are exposed to HEV infection and most of such infec-
tions are asymptomatic or subclinical. Adults have a high seroprevalence of anti- 
HEV, resembling hepatitis A seroepidemiology. Epidemics of hepatitis E do not 
occur and a small percentage of endemic hepatitis in adults is etiologically related 
to HEV infection. The phenomenon of higher death rates in pregnant women is not 
encountered. HEV-1 is a predominant cause of disease with distinct isolates not 
encountered in endemic zones [114].

Sporadic zone. Autochthonous sporadic HEV infections are present as isolated 
case reports or small outbreaks of HEV infection in developed countries. These 
infections are spread through food-borne zoonotic transmission; however, some 
cases may be transfusion-associated. The sporadic zone includes most of the indus-
trialized regions including North America, western Europe, some countries of South 
America, Russia, Japan, South Korea, Australia and New Zealand. The disease is 
generally caused by HEV-3 in all these countries; however, HEV-4 contributes to 
disease in Japan and a few European countries [115–118].

13.3.5  Mode of Transmission

Waterborne transmission. Hepatitis E in developing countries causes large-scale 
epidemics, involving hundreds to thousands of cases [95, 108, 119, 120] (Fig. 13.7). 
The disease is etiologically related to HEV-1 and HEV-2. The majority of these 
epidemics are caused by gross fecal contamination of public water supplies. There 
are several settings by which the public water sources become fecally contaminated. 
These include (1) heavy rains causing flooding and reversal of flow of fecally con-
taminated river water into the drinking water sources upstream; (2) cracks in water 

Table 13.3 Account of 10 periodic epidemics recorded in Kashmir, India from 1978 to 2013

Place Year Population exposed Icteric cases Deaths
Gulmarg 1978–79 600,000 20,083 600
Sopore 1979–80 200,000 6000 200
Handwara 1980–81 400,000 11,500 400
Jammu Army Camp 1981–82 845 206 0
Kupwara 1981–82 500,000 15,000 550
Jammu 1983–84 176,833 518 2
Pinglina 1993–94 10,000 156 2
Shopian 1994–95 60,000 1500 17
Maharajpora, Sopore 2007–2008 720 21 2
Pattan, Gulmarg 2012–13 20,000 600 2
Total 1978–2013 1,968,398 55,563 1775

Khuroo MS, Khuroo MS, Khuroo NS. Transmission of hepatitis E virus in developing countries. 
Viruses. 2016;8(9). pii: E253
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pipes laid within the sewage channels with consequent fecal contamination; (3) raw 
sewage contaminating open drinking water sources; and (4) crowded refugee camps 
with poor sewage disposal and unsafe water supplies. Understanding the circum-
stances of contamination of public water sources is useful in planning control of 
epidemics.

Person-to-person transmission. Transmission of hepatitis E from one person to 
another has been documented during an epidemic of hepatitis E [121]. The epi-
demic, with 10,196 icteric cases and 160 deaths, occurred in northern Uganda from 
October 2007 through June 2008 [121]. Risk factors for transmission of HEV infec-
tion included attending the funeral, close contact with the index patient and practice 
of washing hands in the family basin prior to meals. Person-to-person transmission 
has been suspected in some epidemics of hepatitis E showing multiple epidemic 
peaks over a protracted period [120].

Endemic hepatitis E disease in developing countries is possibly transmitted from 
one person to another. This is supported by the observation that around a third of 
these infections were in close contact with another case of hepatitis E [88, 92]. Also, 
one-third of the close contacts develop evidence of HEV infection several weeks 
after onset of disease in the index case [122]. This pointed to a spread of HEV infec-
tion from one person to another rather than infections occurring simultaneously. 
However, intrafamilial spread of sporadic HEV infection was reported to occur 
infrequently in another study [123].

Zoonotic transmission. Hepatitis E is a zoonotic disease [100]. HEV-3 and 
HEV-4 are ubiquitous in domestic pigs, wild boar and sicca deer and show cross- 
transmission of infection from one animal species to another. The common practice 
of eating the parboiled flesh or liver of game animals can cause autochthonous iso-
lated cases and small outbreaks of hepatitis E [124] (Fig.  13.8). Pig liver in the 
supermarket and Corsican figatelli sausage in several industrialized countries are 
infected with live HEV and consumptions of these food items can cause human 
infections [125–127]. Another risk factor for HEV transmission is vocational expo-
sure of veterinarians and workers on pig farms to pig manure and pig sewage. 
Several agricultural products like raspberries, strawberries and some vegetables can 
become contaminated infected from pig slurry used as a pasture fertilizer and can 
transmit hepatitis E. Similarly, surface run-off of the pig slurry can contaminate 
surface water, which in turn can contaminate produce like fruits and vegetables. 
These run-offs can also contaminate coastal waters, fish and shellfish, which are risk 
factors for spread of hepatitis E. HEV infection is prevalent in several animal spe-
cies in India including domestic pigs, sheep, goat and buffalo [128, 129]. However, 
these infections are not transmitted to humans in this population. All human infec-
tions in India are caused by HEV-1, while animals are infected with HEV-4 and 
unrelated to human infections [129].

A distinct isolate named HEV-7 (Camelid HEV) has been found in dromedaries 
in Dubai and caused chronic hepatitis E in a liver transplant patient. This patient had 
the habit of consuming camel meat and milk [130]. Recently, evidence of past hepa-
titis E infection has been documented in around half of dromedaries from several 
countries [131]. Around 2% of such animals were either viremic or showed 
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shedding of virus in stools. Thus, camel meat and/or milk is a potential source of 
transmission of camelid HEV-7 in these countries. The epidemiology of hepatitis E 
in China has been complex and in continuous transformation [132, 133]. Hepatitis 
E was hyperendemic all over China in the past. However, over the years, HEV-4 has 
been introduced in northeast China and at present is the dominant genotype in this 
community.

Parenteral transmission. Transfusion-associated hepatitis E caused by HEV-1 
was documented in Kashmir in 1995 [134]. Subsequent to this, transfusion-associ-
ated HEV infections were reported from several countries including Japan and the 
United Kingdom [135–137]. Recently, healthy donors from several industrialized 
countries were found to be viremic, lasting for up to 45 days [138–141]. Extrapolating 
data from such studies, the number of transfusion- associated HEV infections per 
year amounted to 80,000–100,000 in England and 1600–5900 in Germany. Blood 
and blood products are often required in pregnant women, patients with chronic 
liver disease, solid organ transplant patients, HIV+ patients, and patients with hema-
tological neoplasm. HEV infections are known to cause either severe disease or run 
a complicated protracted course in these clinical conditions. In view of the above, 
there is urgent need to conduct donor screening programs for HEV in many indus-
trialized countries using NAT testing.

Vertical transmission. Vertical transmission from HEV-infected mother to fetus 
and neonates is known to occur frequently [89]. Intrauterine fetal and neonatal HEV 
infections cause significant perinatal morbidity and mortality [90]. Occurrence and 
severity of fetal HEV infections correlate with severity of liver disease in the mother 

Dromedary

Milk/flesh

Pig
Wild boar

sika deer

Raspberry

Strawberry

Salad

Vocational exposure: vets,
farmers, processing and retail staff

Slurry

Pas
tur

e

Crops

Surface water

Mollusk

Cow’s milkMongoose
Suspects

Rabbit

Blood
transfusion

Figatelli sausage
(Corsican)

Pig liver

Supermarket

Run-off from
outdoor pig farms

Fig. 13.8 Zoonotic transmission of HEV genotype 3 and 4 in developed and many developing 
countries (Khuroo MS, Khuroo MS, Khuroo NS. Transmission of hepatitis E virus in developing 
countries. Viruses. 2016;8(9). pii: E253)
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[142]. HEV is known to replicate in many body tissues including the placenta, and 
placental infections correlate with fetal and maternal mortality [143]. In view of the 
above data, it has been postulated that severe intrauterine infections may produce 
toxins which overwhelm maternal circulation and cause severe liver disease and 
systemic disease.

Transmission of HEV through milk. Colostrum from infected mothers is often 
positive for HEV RNA [144]. As viral titers are low, breastfeeding is an unlikely 
route of transmission for neonatal HEV infections. Camelid HEV-7 infection can be 
transmitted from camel milk as reported in a liver transplant patient from Dubai 
[145]. Recently, HEV-4 in high titers was detected in cow’s milk in a mixed farm 
from Dali, Yunnan, China. Raw and pasteurized milk samples were infectious to 
rhesus monkeys. In contrast, a short spell of boiling inactivated the virus and did not 
transmit the disease to rhesus monkeys [146]. These findings point to cow’s milk as 
a potential source of transmission of hepatitis E in endemic regions of the World.

Nosocomial transmission. Healthcare workers are not particularly at high risk 
for contracting HEV infections [147]. However, HEV is known to spread in hemo-
dialysis units and small outbreaks have been reported in inpatient populations and 
healthcare workers [148–150].

Sexual transmission. Sexual contact is not a high risk for spread of HEV infec-
tion. High seroprevalence of IgG antibodies in men who have sex with men and in 
HIV-infected patients has been reported [151, 152].

13.3.6  Clinical Manifestations

The clinical manifestations of acute hepatitis E resemble those of acute hepatitis A, 
including an incubation period (15–45  days), prodromal symptoms (1–7  days), 
icteric period (2–6  weeks) and convalescence (up to 6  weeks) [84, 153]. HEV 
infection can present from subclinical infection to typical acute viral hepatitis, to 
acute liver failure [50, 85, 154]. Most of the patients with epidemic or endemic 
hepatitis E in developing countries are young adults (15–45 years) (Table 13.4). 
Cholestatic features occur in around 20% of patients and are more pronounced 
[84]. Disease runs a severe clinical course in pregnant women, with maternal mor-
tality of over 44.4% in the third trimester [87, 88]. The clinical profile of acute liver 
failure during pregnancy is dramatic with severe encephalopathy, gastrointestinal 
bleeding, cerebral edema and cerebellar coning developing in a matter of a few 
days. HEV infections can superinfect patients with well-compensated liver cirrho-
sis and culminate in rapid hepatic decompensation and death [155–158]. HEV 
superinfection occurs in approximately 21% of cirrhotic patients in India, with a 
rapid worsening in liver synthetic function, causing rapidly progressive liver fail-
ure and culminating in 30-day mortality of 34%. Almost all cases of hepatitis E in 
developing countries are self-limiting unless patients are immune suppressed. 
However, there may be relapse of clinical and biochemical disease activity in an 
occasional patient and a small percentage of patients present with prolonged cho-
lestasis as seen in hepatitis A [159].

13 Enteric Hepatitis Viruses: Hepatitis A Virus and Hepatitis E Virus
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Hepatitis E in industrialized countries is seen as an autochthonous infection 
caused by HEV-3 and HEV-4 and mostly related to zoonotic food-borne transmis-
sion or following blood transfusion [124, 135, 136, 160–162]. Disease occurs in 
higher age groups and has more severe clinical manifestations than disease in 
endemic zones. Hepatic and extrahepatic complications are reported in around 15% 
of such patients and acute liver failure occurs in 8–11% of patients. HEV superin-
fection in chronic alcoholic patients with cirrhosis in these countries leads to rapid 
hepatic decompensation and high mortality. Hepatitis E in such regions does not 
cause high mortality in pregnant women.

Most HEV infections run a self-limiting course with eventual clinical, biochemi-
cal and virologic recovery. However, a subset of immunocompromised patients with 
solid-organ transplant, HIV and hematological neoplasm infected with HEV-3 can 
develop chronic hepatitis E and cirrhosis [160, 163, 164]. The diagnostic criteria of 
chronic hepatitis E include persistent viremia using PCR in blood and stool and 
modest liver abnormalities lasting beyond 3 months. Acute HEV disease usually is 
asymptomatic with isolated liver enzyme abnormality resembling drug toxicity. 
However, a subgroup of patients run a rapid downhill course with progressive liver 
fibrosis and cirrhosis and culminating in end-stage liver disease in a 2 to 3-year 
period. Use of tacrolimus, low platelets and low CD4s in HIV-infected patients are 
associated with high risk for development of liver fibrosis [165].

Hepatitis E can present with a wide range of extrahepatic manifestations, includ-
ing cryoglobulinemia with skin rashes, glomerulonephritis, autoimmune thyroiditis, 
thrombocytopenia, aplastic anemia, myositis and acute pancreatitis [166–171]. A 
small percentage of infected patients present with a broad group of manifestations 
involving the nervous system. These include Guillain–Barre syndrome, brachial 
neuropathy, peripheral neuropathy, and Bell’s palsy [166, 172–175]. Extrahepatic 
hepatitis E disease has a global distribution, is independent of genotype, and has 
variable clinical outcome. The pathogenesis of HEV-related manifestations of the 
nervous system may be multifactorial. HEV may trigger immune reactions and 
induce antiganglioside antibodies through molecular mimicry [176]. Also, HEV 
replicates in many body tissues and shows significant neurotropism which may 
cause disease.

13.3.7  Laboratory Manifestations and Diagnosis

Laboratory abnormalities in acute hepatitis E resemble those seen in acute hepatitis 
caused by other hepatitis viruses and have been described above (HAV). Diagnosis 
of acute hepatitis E is primarily based on detection of IgM antibody to HEV [177]. 
The test becomes positive within 2 weeks of infection and stays detectable for up to 
5 months. There have been major issues concerning the sensitivity and specificity of 
this assay. The test results may vary based on HEV genotype in the sample tested. 
The test shows especially poor performance in immunocompromised patients. 
Several related viral infections may cross-react in such a test system [178]. Two 
assays namely Wantai HEV-IgM ELISA based on improved mu-capture (Beijing 
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Wantai Biological Pharmacy) and Assure HEV IgM rapid chromatographic test 
(Genelabs Diagnostics) have shown improved performance and diagnostic positiv-
ity of over 90% in immunocompetent patients. [179–182]. In view of the above, 
IgM antibody to HEV is the recommended diagnostic test for HEV infection in an 
immunocompetent host. IgG antibody to HEV is useful for seroprevalence studies. 
Antibody levels have also been employed to assess protective antibody levels during 
vaccine trials. IgG anti-HEV levels of 2.5 WHO units and above are believed to be 
protective [170, 183]. HEV RNA detection in serum and stools have a role in diag-
nosing HEV infections in immunocompromised patients who often show negative 
IgM anti-HEV tests [184, 185]. The test is also useful in the diagnosis of chronic 
HEV-3 infection. Such patients continue to be viremic and show fecal viral shed-
ding beyond 3 months. Serial HEV RNA testing is essential to document response 
to antiviral drug therapy [183, 186, 187]. Another NAT test, the loop-mediated iso-
thermal amplification (LAMP) assay is a one-step, single-tube isothermal amplifi-
cation of HEV RNA. The assay can be performed quickly and needs no special 
equipment and is recommended for resource limited areas [188] (Table 13.5).

13.3.8  Treatment

Patients with acute hepatitis E need supportive care as in acute hepatitis A (see 
above). HEV infection in pregnant women requires a careful combined approach 
between the hepatologist and the obstetrician [88]. Such patients are at high risk of 
acute liver failure. Patients with impending signs of acute liver failure need inten-
sive care management. Termination of pregnancy and its beneficial effects on liver 
disease in the mother is debatable [142]. Vertical HEV transmission to fetus causes 

Table 13.5 Diagnosis of hepatitis E virus infection

Test Method Uses Comments
IgM 
anti- HEV

ELISA
ICT (POCT)

Acute infection Assays vary in performance, issue of 
genotype applicability, poor performance in 
immune disorders, cross-reactive with other 
viral infections

IgG 
anti- HEV

ELISA
ICT (POCT)

Seroprevalence
Acute infection
Natural protection
Vaccine efficacy

Assays vary in performance

HEV 
RNA

NAT Acute infection
Confirm chronicity
Anti-viral response
Donor screening

Viremia short-lasting, in-house assays vary 
in performance, advantage immune 
disorders

HEV 
antigen

EIA Acute infection 81% concordance with HEV RNA

Khuroo MS, Khuroo MS. Hepatitis E: an emerging global disease—from discovery towards con-
trol and cure. J Viral Hepat. 2016;23(2):68–79
ICT  immunochromatographic test, POCT point of care test, NAT nucleic acid test, EIA enzyme 
immunoassay
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intrauterine deaths and high perinatal morbidity and mortality [89, 90]. Neonates 
born to such mothers need neonatal intensive care management.

HEV superinfection in compensated chronic liver disease presents as rapid 
acute on chronic hepatic decompensation. Patients need active management of 
complications of liver failure, namely ascites, encephalopathy, variceal bleed and 
renal failure. Such patients may benefit from ribavirin therapy against HEV 
infection [189].

Immunosuppressed patients with chronic hepatitis E are successfully man-
aged with antiviral therapy and selective reduction in immunosuppressant ther-
apy (Table 13.6). Ribavirin in a dose of 600 mg per day is the drug of choice and 
clears the virus within a few weeks of therapy; most such patients maintain a 
sustained virologic response [183]. Calcineurin inhibitors and mTOR inhibitors 
enhance replication of HEV and may lead to incremental increases in viral levels 
in blood and stool and persistence of HEV RNA [190]. These immunosuppres-
sants need to be reduced in dose for virus clearance. In contrast, mycophenolic 
acid inhibits HEV RNA replication and promotes clearance of the virus. Recently, 
sofosbuvir has been shown to inhibit HEV replication and may be useful in 
selected patients [191].

13.3.9  Global Control

Control of hepatitis E in developing countries is a challenging task and requires 
clean drinking water, good sanitation, and proper personal hygiene [192]. Western 
travelers to such regions should avoid drinking contaminated water or beverages 
and avoid eating uncooked shellfish [193]. Patients with solid organ transplant 

Table 13.6 Effect of drugs on HEV replication and their use and impact on immunosuppressant 
therapy during chronic HEV infection in solid organ transplant patients

Class Drug Effect on HEV replication Clinical use
Calcineurin inhibitors Cyclosporine, 

tacrolimus
Stimulates HEV replication 
with increase in HEV load and 
promotes HEV persistence

Reduce dose

mTOR inhibitors Rapamycin, 
everolimus

Stimulates HEV replication 
with increase in HEV load

Reduce dose

Antimetabolite 
immunosuppressant

Mycophenolate 
mofetil

Inhibits HEV replication and 
helps HEV clearance

Continue the 
drug

Guanosine analog Ribavirin Inhibits HEV replication and 
causes HEV clearance

Primary drug 
for therapy

Cytokines PEGylated 
interferon α

Inhibits HEV replication and 
causes HEV clearance

Indicated if 
ribavirin 
therapy fails

Nucleotide analog Sofosbuvir Inhibits HEV replication 
in vitro

Unclear, 
clinical trials 
indicated

Khuroo MS, Khuroo MS, Khuroo NS. Hepatitis E: discovery, global impact, control and cure. 
World J Gastroenterol. 2016;22(31):7030–45
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need to eat properly-cooked pork and deer meat. Patients should abstain from eat-
ing raw or undercooked pork liver from supermarkets. Intake of Corsican figatelli 
sausage is a high risk for HEV infection and should be avoided [194]. Development 
of a hepatitis E vaccine has been a major breakthrough in control of hepatitis E 
[195]. The Chinese vaccine HEV-239 has been derived from a HEV-1 Chinese 
isolate. It is a particulate vaccine, consists of truncated ORF2 protein (368–606 
amino acids) and has been expressed in Escherichia coli. The vaccine induces a 
healthy T-cell dependent immune response. HEV-239 marketed as Hecolin in 
China is administered as 30 μg doses at 0, 1 and 6 months. The vaccine is highly 
immunogenic and efficacious [196, 197]. HEV-239 has been shown to give cross 
protective efficacy against HEV-4. It is imperative that hepatitis E vaccine be made 
available in other countries for trials and use [198]. To do so, we need to extend 
vaccine safety data in the pediatric age group, the elderly and pregnant women. 
Post-marketing phase IV studies need to be done once the vaccine is available 
globally. Studies of the cost effectiveness of the vaccine program for prevention of 
hepatitis E need to be done [170].

13.4  Summary

Viral hepatitis is a global disease that causes approximately 1.45 million deaths 
per year, of which hepatitis A contributes to over 35,000 deaths and hepatitis E 
to approximately 70,000 deaths and 3000 stillbirths. Hepatitis A has global dis-
tribution, with endemicity proportional to socioeconomic conditions and clinical 
disease correlating with age of occurrence of infection. Paradoxically, of late, 
clinical disease is being encountered more often in the adult population in devel-
oping countries with recent improvement in sanitary conditions and safer water 
supplies. Epidemics of hepatitis A continue to occur in industrialized countries, 
including the U.S., due of consumption of polluted fruits imported from develop-
ing countries. Hepatitis A vaccine has a major role to play in global control of 
hepatitis A.

Hepatitis E is being recognized as a disease of reemerging importance. Hepatitis 
E viruses have several animal reservoirs with complex ecology and genetic hetero-
geneity. Originally reported as a major health problem in resource-poor countries, 
zoonotic hepatitis E is now recognized as an important clinical problem in the 
industrialized world. Hepatitis E virus can be transmitted through blood and blood 
component transfusions, and donor screening is being done in many countries. 
Recently, major strides have been made in the management of the disease. 
Furthermore, an effective vaccine is available that promises better control of the 
hepatitis E burden.
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 Summary Table of Landmark Literature

Publication Topic/study design Summary
Main 
limitations

Berg MG, et al. 
Discovery of a novel 
human pegivirus in 
blood associated with 
hepatitis C virus 
co-infection. PLoS 
Pathog. 
2015;11(12):e1005325 
[6]

Metagenomic next-
generation sequencing 
and the sequence-based 
ultra-rapid pathogen 
identification 
bioinformatics pipeline 
were used for pathogen 
detection in an 
HCV-infected patient 
who died from sepsis 
and multi-organ failure. 
Serological assays were 
then used to screen for 
the newly identified 
pathogen human 
pegivirus 2 in 2440 
plasma samples from 
patients infected with 
HIV, HBV, or HCV and 
volunteer blood donors 
testing negative for all 
of those

A new member of the 
family Flaviviridae, a 
second human pegivirus, 
was identified: human 
pegivirus 2 (HPgV-2) 
Phylogenetic, PCR, and 
serological analyses 
confirmed that HPgV-2 is 
a novel blood-borne virus 
infectious to humans. 
HPgV-2 viremia was 
found in 1.1% of 742 
HCV- infected 
individuals; none of the 
1458 non-HCV infected 
samples were HPgV-2 
RNA positive

Samples all 
originated 
from the 
U.S.; ongoing 
studies will 
be needed to 
determine 
global 
prevalence of 
HPgV-2 and 
the full extent 
of its 
sequence 
diversity

Feinstone SM, et al. 
Hepatitis A: detection 
by immune electron 
microscopy of a 
viruslike antigen 
associated with acute 
illness. Science. 
1973;182(4116): 
106–8 [16]

Stool specimens from 
patients with hepatitis A 
were examined for 
virus-like antigens 
using immune electron 
microscopy

A virus-like particle 
serologically associated 
with hepatitis A infection 
was detected. A serologic 
technique was developed 
with which antibody to 
hepatitis A can be 
detected, providing for 
the first time a means of 
diagnosing and studying 
hepatitis A

Khuroo MS. Study of 
an epidemic of non-A, 
non-B hepatitis. 
Possibility of another 
human hepatitis virus 
distinct from post-
transfusion non-A, 
non-B type. Am J Med. 
1980;68(6):818–24 
[84]

A team survey of every 
household in the 
Baramulla district of 
Kashmir, India was 
carried out to assess a 
hepatitis epidemic using 
a questionnaire and 
physical examination to 
look for jaundice. Blood 
samples were collected 
from those with 
suspected hepatitis and 
their contacts with 
serum assays carried 
out to test for hepatitis 
A and B

Among 16,620 
inhabitants, 275 viral 
hepatitis cases were 
found (1.65% incidence). 
Tests of samples from the 
drinking water source (a 
local stream) found a 
coliform reaction in all 
samples, suggesting fecal 
contamination and a 
waterborne source of the 
hepatitis epidemic. This 
was the important first 
large study that identified 
the virus later known as 
hepatitis E
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Publication Topic/study design Summary
Main 
limitations

Khuroo MS et al. 
Hepatitis E: discovery, 
global impact, control 
and cure. World J 
Gastroenterol. 
2016;22(31):7030–45 
[81]

This is a recent major 
review of hepatitis E 
that covers its discovery, 
taxonomy and 
classification, genetic 
organization, 
replication, animal 
reservoirs, global 
distribution, mode of 
transmission, diagnosis, 
vaccine, and treatment

This review gives updates 
on all aspects of hepatitis 
E, with important 
information on the 
contrasting 
epidemiological and 
disease patterns in 
developing and 
industrialized countries, 
approaches to control in 
developing countries, the 
best assays for diagnosis, 
treatment requirements, 
and the risks associated 
with hepatitis E in the 
immunocompromised 
and pregnant women
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is defined as the presence of hepatic 
fat accumulation after the exclusion of other causes of hepatic steatosis, includ-
ing other causes of liver disease, excessive alcohol consumption, and other con-
ditions that may lead to hepatic steatosis. NAFLD encompasses a broad clinical 
spectrum ranging from nonalcoholic fatty liver to nonalcoholic steatohepatitis 
(NASH), advanced fibrosis, cirrhosis, and hepatocellular carcinoma. NAFLD is 
the most common liver disease in the world and NASH may soon become the 
most common indication for liver transplantation. The ongoing persistence of 
obesity with increasing rate of diabetes will increase the prevalence of NAFLD, 
and as this population ages, many will develop cirrhosis and end-stage liver dis-
ease. There has been a general increase in the prevalence of NAFLD, with Asia 
leading the rise, but the United States (U.S.) is following closely behind with 
prevalence increasing from 15% in 2005 to 25% within 5 years. NAFLD is com-
monly associated with metabolic comorbidities, including obesity, type II diabe-
tes, dyslipidemia, and metabolic syndrome. Our understanding of the 
pathophysiology of NAFLD is constantly evolving. Based on NAFLD subtypes, 
it has the potential to progress into advanced fibrosis, end-stage liver disease and 
hepatocellular carcinoma. The increasing prevalence of NAFLD with advanced 
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fibrosis is concerning because patients appear to experience higher liver-related 
and non-liver-related mortality than the general population. The increased mor-
bidity and mortality, healthcare costs and declining health related quality of life 
associated with NAFLD makes it a formidable disease, and one that requires 
more in-depth analysis.

Keywords
Nonalcoholic fatty liver disease · Hepatic steatosis · Fatty liver · Prevalence · 
Incidence · Fibrosis · Risk factor · Epidemiology · Outcomes · Nonalcoholic 
steatohepatitis

14.1  Definition of Nonalcoholic Fatty Liver Disease

Since its first description in 1980 as the “unnamed disease” [1], nonalcoholic 
fatty liver disease (NAFLD) has become a common cause of chronic liver disease 
worldwide [2]. It has been studied in depth with a myriad of further investiga-
tions being carried out on this soon to be common indication for liver transplan-
tation. NAFLD encompasses a wide histological variety: nonalcoholic fatty liver 
(NAFL), nonalcoholic steatohepatitis (NASH), fibrosis, NASH cirrhosis and 
NASH-related hepatocellular carcinoma (HCC) (Table 14.1). NAFLD is charac-
terized by ≥5% of hepatic fat accumulation in the absence of any secondary 
causes. NAFLD is a diagnosis of exclusion. Therefore, other etiologies leading 
to similar hepatic histology must be ruled out including excessive alcohol con-
sumption; viral hepatitis; other chronic liver disease such as Wilson’s disease, 

Table 14.1 Definitions of spectrum of NAFLD

Type Definition
Nonalcoholic fatty 
liver disease 
(NAFLD)

Presence of greater than 5% of hepatic fat accumulation with or without 
inflammation, hepatocyte ballooning degeneration, and fibrosis. No other 
causes of secondary hepatic fat accumulation (e.g. alcohol, infections, 
medications, etc.)

Non alcoholic fatty 
liver (NAFL)

Presence of hepatic steatosis without hepatocyte ballooning 
degeneration, or fibrosis. The chances of progression in cirrhosis or 
hepatocellular carcinoma are minimal

Non alcoholic 
steatohepatitis 
(NASH)

Presence of hepatic steatosis with histological manifestation of either 
lobular inflammation and/or hepatocyte ballooning degeneration, with or 
without fibrosis

NASH cirrhosis Presence of cirrhosis with evidence of steatosis or NASH diagnosed via 
histology

Cryptogenic 
cirrhosis

Unclear etiology of cirrhosis which is usually enriched with metabolic 
abnormalities after extensive serological, clinical and pathological 
assessment has been performed. Progression of NAFLD to cirrhosis may 
cause difficulty in diagnosing NASH cirrhosis due to reduced hepatic 
steatosis
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hemochromatosis, autoimmune hepatitis, cholestatic liver disease and etc. star-
vation; lipodystrophy; celiac disease; Cushing’s disease; and medications (corti-
costeroids, methotrexate, diltiazem, oxaliplatin, amiodarone, isoniazid, highly 
active antiretroviral therapy, etc.). Current guidelines recommend utilizing crite-
ria requiring alcohol exposure of less than 30 g/day for men and less than 20 g/
day for women as a component of NAFLD diagnosis [2].

14.2  Incidence and Prevalence of NAFLD

NAFLD has diverse manifestations described in all ethnicities over the world and 
present in both genders [3]. The variable presentations likely contribute to the 
underreported new and existing cases of NAFLD as well as the limited studies 
undertaken to elucidate the exact incidence and prevalence of NAFLD.

14.2.1  Incidence of NAFLD

A study from Japan which followed 3147 patients over 414 days found a 10% 
annual incidence rate [4]. Another Japanese study evaluated elevated amino-
transferase levels, weight gain and insulin resistance development over 5 years 
to classify patients with NAFLD and their incidence was reported as 31 per 
1000 person-year [5]. A retrospective study done in England later demonstrated 
a much lower incidence of 29 per 100,000 person-years [6]. A recent extensive 
meta-analysis described a pooled regional incidence of NAFLD in Asia and 
Israel to be 52 (95% CI: 28–97) per 1000 person-years and 28 (95% CI: 19–41) 
per 1000 person-years, respectively [3]. Current data on incidence for NAFLD 
are limited in some regions of the world due to the limited number of studies. 
Further studies seem warranted to determine the accurate incidence in the gen-
eral population.

14.2.2  Prevalence of NAFLD

In general, the prevalence of NAFLD has increased over the last 20 years. In addi-
tion to the gold standard diagnostic test using a liver biopsy, there are some nonin-
vasive modalities available to diagnose NAFLD.  Hepatic ultrasonography, 
computed tomography, and magnetic resonance imaging are accepted modalities 
for detecting hepatic fatty infiltration. The difference in sensitivity of diagnostic 
modalities may account for the discrepancy in prevalence data for NAFLD. Using 
aminotransferase as a screening laboratory test for liver disease, the prevalence of 
elevated aminotransferases was 7.9% in the United States (U.S.) general popula-
tion (1988–1992) with unexplained liver disease in 69% of these subjects [7, 8]. In 
a recent meta- analysis, hepatic ultrasonography allowed for the reliable and accu-
rate detection of moderate-to-severe fatty liver and is now considered the screening 
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modality of choice [9]. Prevalence of ultrasonographic diagnosis of NAFLD ranged 
from 17% in India to 46% in the U.S. [7, 10, 11]. Magnetic resonance spectroscopy 
remains one of the most sensitive and accurate noninvasive tests available with a 
NAFLD prevalence of 33% reported in the Dallas Heart Study [12, 13]. The Middle 
East and South America have the highest NAFLD prevalence at 31% and 32%, 
respectively, with the lowest prevalence in Africa at 13.5% [3]. Recently, Asia has 
been facing the highest obesity epidemic and thus not surprisingly has been expe-
riencing a rapid rate of increase in the prevalence of NAFLD. Chinese adolescents 
consuming a “Westernized” diet have a greater than 25% prevalence of 
NAFLD. Studies from Korea, China, Japan and Taiwan all have reported a preva-
lence ranging from 11% to 45% [14]. The U.S. has also experienced increasing 
prevalence. Data from the National Health and Nutrition Examination Survey 
(NHANES) that used serologic and clinical data to establish liver disease diagno-
ses showed a doubling of NAFLD prevalence (5.51–11.01%) from 1988 to 2008 
[15]. Based on the NHANES-III data collected between 1988 and 1994, the preva-
lence of ultrasonography-diagnosed NAFLD was 34% [16]. In a major study that 
used U.S. Medicare claim files to examine the prevalence of chronic liver disease 
and cirrhosis by underlying etiologies among African Americans, Native Hawaiians, 
Japanese Americans, Latinos and whites in the Multiethnic Cohort Study (MEC), 
there were 5783 cases (3575 chronic liver disease and 2208 cirrhosis) between 
1999 and 2012. The study showed that in the entire cohort NAFLD was the most 
common cause of chronic liver disease (52%) and, for the first time, showed that 
NAFLD was the most common cause of cirrhosis [17]. A meta-regression of stud-
ies done globally also displayed an increased prevalence of NAFLD from 15% in 
2005 to 25% in 2010 [3]. The discrepancy in the prevalence of NAFLD between 
studies is most likely due to differences in sample selection, diagnostic modalities, 
and dietary and lifestyle habits.

14.3  Role of Demographic and Clinical Factors 
in Predisposition to NAFLD

Based on our current knowledge, it appears that a combination of demographic and 
clinical factors may play a role in determining the likelihood of NAFLD in a given 
patient. Therefore, the pathogenesis of NAFLD is a multifactorial and multi-step 
process.

14.3.1  Impact of Age on NAFLD

Based on the NHANES data from 12 to 19-year-olds (males and females), sus-
pected NAFLD prevalence defined as elevated ALT rose from 3.9% in 1988–1994 
to 10.7% in 2007–2010, with increases among all race/ethnic subgroups [18]. These 
trends were also consistent among adolescents and young adults aged 15–39 years 
[19]. Although the majority of studies are among people aged 30–70  years, the 
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general trend of increased prevalence is observed with age with NHANES III data 
showing peak prevalence of NAFLD at age 50–60 in men [20]; with 16.1% at ages 
30–40 years, 22.3% at 41–50 years, 29.3% at 51–60 years, and 27.6% at >60 years 
[21]. In women, prevalence of NAFLD increased with age especially after meno-
pause; with 12.5% at ages 30–40 years, 16.1% at 41–50 years, 21.6% at 51–60 years, 
and 25.4% at >60 years [21]. A study with octogenarians admitted to a geriatric 
hospital showed a higher than usual prevalence of 46% [22]. In a cross-sectional 
analysis of adults prospectively enrolled in the NASH Clinical Research Network 
studies it was shown that elderly patients had a higher prevalence of NASH com-
pared to the non-elderly (72% versus 56%) and a higher prevalence of advanced 
fibrosis (44% versus 25%) [23].

14.3.2  Impact of Gender on NAFLD

Generally, gender differences exist in NAFLD. The overall prevalence of NAFLD 
and NASH has been shown to be higher in men [11]. Among obese adolescents, 
NAFLD prevalence is also higher in men [18]. However, it has been shown that 
women are at a reduced risk of NAFLD compared with men during their reproduc-
tive period, whereas after menopause women lose the protective effect and have 
comparable prevalence of NAFLD versus men [24].

14.3.3  Impact of Ethnicity on NAFLD

Ethnicity is another variable affecting the prevalence of NAFLD, with the high-
est prevalence among Hispanics followed by non-Hispanic whites, and the low-
est prevalence in African Americans [11, 12, 25]. The numbers reported are at 
times double for Hispanics (45–58%) in comparison to African Americans (24–
35%), with Latinos of Mexican origin having the highest prevalence in a sub-
group analysis of the Latino population [12, 26]. These findings hold true even in 
studies in the pediatric population [18]. Underlying genetic and lifestyle varia-
tions among these ethnicities could further account for the skewed prevalence of 
NAFLD.

14.3.4  Impact of Genetic Factors on NAFLD

Although obesity, lifestyle variation, and insulin resistance are the most prevalent 
NAFLD risk factors, NAFLD varies substantially among people with comparable 
lifestyle factors, environmental impact, and metabolic abnormalities, indicating 
that other factors contribute to pathogenesis. The familial heritability [27] and 
interethnic variations in susceptibility [12] suggest that genetic factors may play an 
important role in determining the phenotypic manifestation and overall risk for 
NAFLD.  NAFLD clusters in families with certain genetic variants on or near 
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TM6SF2, PNPLA3, NCAN, and PPP1R3B genes that increase the heritability of 
NAFLD to up to 27% within families [27, 28]. One genetic variant that is associ-
ated with NAFLD is a missense mutation [Ile148→Met148 (I148M)] in the pala-
tin-like phospholipase domain-containing 3 gene (PNPLA3) [28]. A recent 
meta-analysis showed that PNPLA3 exerts a strong influence not only on hepatic 
fat accumulation (GG homozygous individuals showed a 73% higher hepatic fat 
content compared with CC homozygous individuals, p < 1 × 10−9) but also on the 
susceptibility to develop more severe histologic liver damage (GG homozygous 
individuals had a 3.24-fold greater risk of higher necroinflammatory scores and a 
3.2-fold greater risk of developing fibrosis compared with CC homozygous indi-
viduals, p < 1 × 10−9, respectively) [29]. These associations were maintained irre-
spective of the degree of obesity or the presence of diabetes [30–32]. The highest 
frequency of a single variant in the PNPLA3 gene (I148M) has been observed in 
Hispanics followed by non- Hispanic whites, with the lowest frequency seen in 
African Americans [28]. A minor allele in transmembrane 5 superfamily member 
2 (TM6SF2) was associated with MRS-measured hepatic triglyceride content from 
the Dallas Heart Study [33]. In addition, a minor allele of TM6SF2 was noted to 
increase the risk for hepatic fibrosis independent of age, obesity, diabetes, and 
PNPLA3 genotype [34].

14.3.5  Impact of Obesity and Weight Gain on NAFLD

The prevalence of NAFLD in the obese population ranges from 30% to 37% [7]. 
Abdominal obesity with higher waist circumference is specifically more strongly 
correlated with NAFLD [35]. In a recent cohort study of 2017 people during a 
median 4.4 year follow-up, visceral adiposity was associated with incident NAFLD 
in a dose-dependent manner, with an adjusted hazard ratio (HR, per one-standard 
deviation [SD] increase) for incident NAFLD of 1.36 (1.16–1.59) [36]. In addition, 
this study found significant relationships with subcutaneous adiposity for regressed 
NAFLD of HR 1.36 (95% CI 1.08–1.72) independent of visceral adiposity [36]. 
Furthermore, a recent study reported that visceral adiposity increased the risk for 
NAFLD both with and without significant fibrosis after adjusting for known risk 
factors [37]. Multivariate analysis showed that the visceral adipose tissue area was 
independently associated with increased risks of NASH and significant fibrosis 
[37]. These studies suggest that certain types of abdominal fat are risk factors for 
NAFLD and more advanced NAFLD-related fibrosis, whereas other types could 
reduce risk for NAFLD.  In recent years, several cohort studies demonstrated an 
association between body weight change and incident NAFLD [38–41]. Even a 
modest gain in body weight of 2 kg within the normal range has been shown to 
increase the risk of developing NAFLD [39]. Obesity has also been noted to be an 
additive factor causing a twofold increase in steatosis in avid alcohol drinkers [32]. 
While it is common to have NAFLD in the obese population, it is even more com-
mon to have obesity in patients with NAFLD. The pooled prevalence of obesity in 
NAFLD globally is reported to be 51% [3].
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14.3.6  Impact of Diet and Dietary Habits on NAFLD

Some macro- and micro-nutrients contribute more to the epidemic of 
NAFLD. Fructose is a major player, either from sucrose or high fructose corn syrup 
found in beverages. Consumption of sugar-containing beverages has increased five-
fold in the US since 1950, and drinking two average size servings of these for 
6 months ends up mirroring many features of NAFLD [42]. It is hypothesized that 
sugars promote de novo lipogenesis and trigger inflammatory responses leading to 
hepatocyte apoptosis via the c-Jun-N-Terminal (JNK) pathway [43]. Multiple stud-
ies have also shown a protective effect of higher rates of coffee consumption, includ-
ing a significant reduction in risk of fibrosis among NASH patients [44]. In a study 
of the >215,000 participants in the Multiethnic Cohort it was shown that coffee 
drinking was inversely associated with risk of NAFLD [45]. Compared to not drink-
ing coffee, consumption of 2–3 cups of coffee daily and ≥4 cups daily yielded a 
reduction in risk for NAFLD-associated chronic liver disease of 15% and 32%, 
respectively.

14.3.7  Impact of Diabetes on NAFLD

Pre-existing metabolic disorders, especially type 2 diabetes mellitus (T2DM), have 
a close association with NAFLD, with more than three-quarters of patients with 
T2DM reportedly having NAFLD [46]. T2DM and insulin resistance promote lipol-
ysis of adipose tissue leading to release of free fatty acids and their deposition in the 
liver leading to steatosis [43]. T2DM is a significant risk factor for progression of 
NASH, fibrosis, and cirrhosis and an independent risk factor for mortality in addi-
tion to liver-related mortality [47]. Other emerging contributors to NAFLD develop-
ment include hypothyroidism, hypopituitarism, polycystic ovarian disease and 
obstructive sleep apnea (Table 14.2) [2].

Table 14.2 Risk factors for 
NAFLD

Established risk factors:
    • Obesity
    • Type 2 diabetes mellitus
    • Hypertriglyceridemia
    • Metabolic syndrome
Risk factors being studied:
    • Hypothyroidism
    • Hypopituitarism
    • Hypogonadism
    • Obstructive sleep apnea
    • Polycystic ovarian syndrome
    • Total parenteral nutrition
    • Excess fructose consumption
    • Rapid weight loss
    • PNPLA3 and TM6SF2 gene
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14.4  Natural History of NAFLD

In terms of progression of NAFLD, the cohort of patients falls into two broad cate-
gories, NASH and NAFL. They are primarily divided by the likelihood of progres-
sion. NAFL represents simple steatosis and steatosis with non-specific inflammatory 
changes and follows a more indolent course of progression, while NASH may prog-
ress more rapidly to end-stage liver disease.

14.4.1  Progression of Histological Damage in NAFLD

NAFL is more readily reversible if lifestyle modifications are implemented in a 
timely fashion. The benign progression of NAFL and rapid progression of NASH 
has also been supported by earlier cohort studies from the United Kingdom [48] and 
Denmark [49]. In one of the earliest histology-based studies, biopsy-proven NAFLD 
was divided into four types with type 3 (fatty liver and ballooning degeneration) and 
type 4 (fatty liver, ballooning degeneration, and either Mallory body or fibrosis) 
representing the modern day definition of NASH [50]. Over follow up periods of 
8 years, 21–28% of patients with histological type 3 and type 4 developed cirrhosis 
compared to only 3% of patients with type 1 (fatty liver alone) and type 2 (fatty liver 
and lobular inflammation). Liver-related mortality was also increased in types 3 and 
4 in comparison to types 1 and 2 (11% vs 2%) [50]. A more recent study using fol-
low- up data from the same cohort reported 18% liver-related mortality in NASH 
patients compared to 3% in non-NASH patients during 18.5 years [51].

14.4.2  Complications in NAFLD

NAFLD is associated with increased overall mortality, with ranges for the standard-
ized mortality ratio (SMR) of 1.34–2.6 compared to the general population [52]. An 
early landmark study by Adams et  al. documented that patients with NAFLD 
(n  =  435) from Olmsted County, diagnosed histologically or by ultrasonography, 
demonstrated a significantly higher risk of mortality during 7.6 years of follow-up 
(SMR 1.34, 95% CI 1.003–1.76) [53]. In this study, liver-related mortality was the 
third most common cause of death, after malignancy and cardiovascular disease [53]. 
This is in contrast to the general population where liver-related mortality is the 12th 
most common cause of death [54]. Previous studies comparing NAFLD to the gen-
eral population have consistently shown increased mortality in NAFLD. However, 
these studies did not adjust for metabolic confounders in the setting of NAFLD. Data 
from NHANES III revealed no significant difference in the overall survival of 
ultrasonography- diagnosed subjects with NAFLD compared with the non-NAFLD 
population after adjusting for multiple metabolic factors [16]. These results suggest 
that NASH and/or fibrosis may be the major driver contributing to significant long- 
term outcomes [16]. The NAFLD activity score (NAS) has gained popularity for 
defining NASH, yet histology is still the gold standard. Newer studies are 
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challenging the widespread belief that NAFL has a benign course. Based on histo-
logical diagnosis and follow up biopsies of 52 patients, NAFL advanced to NASH in 
23% of cases over a period of 3 years [55]. The evolution into NASH can be as high 
as 44–64% and progression of NAFL into advanced fibrosis was reported in up to 
24% of the patients with NAFL [56, 57]. Risk factors causing increasing NASH 
likelihood include obesity, older age, female sex, non-African American race/ethnic-
ity, T2DM, and hypertension [58] (Table 14.3). The risk for progression of NASH 
into cirrhosis has been estimated to be between 21% and 26% in 8  years [59]. 
Although development of cirrhosis further increases the risk of progression to HCC 
and/or hepatic decompensation, the stages of fibrosis are also an excellent predictor 
of outcome. A retrospective longitudinal study over 12.6 years showed that increas-
ing fibrosis from stage 1 (HR: 1.88) to stage 4 (HR: 10.49) increased mortality, liver-
related events and need for liver transplantation [60]. With fibrosis staging and its 
progression from one stage to another being an important marker of mortality, recent 
studies reported that approximately 9–25% of patients developed NASH [61]. NASH 
cirrhosis has been compared to hepatitis C-related cirrhosis in multiple studies, with 
the majority of the studies showing decreased or comparable mortality and lower or 
similar cirrhosis-related complications and/or HCC [52, 61]. However, the cardio-
vascular mortality was higher in NASH cirrhosis [54]. Increased cardiovascular mor-
tality can be explained by the decreased morbidity when compared to chronic 
hepatitis C-related cirrhosis. In other words, most patients may outlive their liver 
disease and thus become more likely to develop fatal complications from cardiovas-
cular disease. As NASH advances to cirrhosis, it loses its characteristic histologic 
features, including inflammation and steatosis, becoming increasingly recognized as 
“cryptogenic cirrhosis” which essentially means cirrhosis of unclear etiology. 
Cryptogenic cirrhosis is referred to as ‘burnt out’ NASH by experts in the medical 
literature [7, 62]. Patients with cryptogenic cirrhosis have clinical manifestations 
commonly observed in patients with NASH such as obesity, dyslipidemia, insulin 
resistance, T2DM and metabolic syndrome. The incidence of HCC has been increas-
ing in parallel to the rise in NAFLD and its subsets. HCC incidence has grown four-
fold from 1973 to 2011 [63]. Advanced fibrosis is an important risk factor for HCC 
with an 8% 5-year cumulative incidence rate of developing HCC in patients with 
advanced fibrosis [64]. The annual incidence of NAFLD-related HCC (0.44 per 1000 
person-years) is rare at this moment and 15–35 times lower than the incidence of 

Table 14.3 Risk factors 
associated with developing 
NASH [54]

    • Obesity
    • Older age
    • Non-African American ethnicity
    • Type 2 diabetes mellitus
    • Hypertension
    • High ALT or AST
    • Higher AST/ALT ratio
    • Low platelet count
    • Elevated fasting C-peptide level
    • Ultrasound steatosis score
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HCC in chronic hepatitis B [3]. In comparison, the annual incidence rate of NASH-
related HCC has been reported as a significant 5.29 cases per 1000 person-years [3]. 
As the prevalence of NAFLD increases so will the incidence of NASH-related 
HCC. Younossi et al. described a 9% annual increase of HCC cases related to NAFLD 
over a period of 6 years from 2004 to 2009 [65]. This highlights the increased need 
for preventive measures. While previous studies have described progression of 
advanced fibrosis and cirrhosis as a major link between NAFLD and HCC, the latest 
studies are describing 35–50% of HCC without cirrhosis [66, 67]. Understanding the 
underlying pathogenetic pathways remains unclear at best. A few potential mecha-
nisms to explain the link between NAFLD and HCC include hyperinsulinemia or 
metabolic syndrome, functioning of hepatic progenitor cells activated by hepatocyte 
damage, activation of CD8+/CD4+ T lymphocytes and natural killer cells causing 
self- damage, and PNPLA3-related pathways [68].

 Conclusions

NAFLD remains the most common liver disease globally with increasing preva-
lence. The current annual medical and societal costs due to NAFLD are esti-
mated at $292 billion in the U.S. [69]. The projected cost of caring for patients is 
an increase of 18% from year 2000 to 2035 while health-related quality of life of 
NAFLD patients is described as declining [70, 71]. The population at risk of 
developing progressive liver disease creates a challenge for the healthcare sys-
tem in terms of screening for this evolving epidemic of liver disease. Further 
studies should be conducted to define accurate incidence, current disease burden, 
and socioeconomic effect of this disease.

 Summary Table of Landmark Literature

Study title and authors Study design Summary results Main limitations
Hamaguchi M, et al. 
The metabolic syndrome 
as a predictor of 
nonalcoholic fatty liver 
disease. Ann Intern 
Med. 
2005;143(10):722–8

A prospective 
cohort study done 
over 414 days to 
investigate the 
effect of metabolic 
syndrome on 
pathogenesis of 
NAFLD

•  Participants with 
metabolic 
syndrome had 
4–11 times higher 
risk of future 
NAFLD

• Abdominal 
ultrasonography, 
which is not the gold 
standard, was used to 
classify NAFLD

Szczepaniak LS, et al. 
Magnetic resonance 
spectroscopy to measure 
hepatic triglyceride 
content: prevalence of 
hepatic steatosis in the 
general population. Am 
J Physiol Endocrinol 
Metab. 
2005;288(2):E462–8

Randomized 
controlled clinical 
trial to measure 
hepatic 
triglyceride 
content (HTGC) 
using magnetic 
resonance 
spectroscopy

•  A value of 5.56% 
or greater of 
HTGC defined as 
abnormal in 
patients with no 
risk factors.

•  Estimated 
prevalence of 
NAFLD as 33.6% 
in the Dallas heart 
study cohort

•  43% of the study 
population was 
obese contributing 
to the higher 
prevalence 
reported in 
comparison to 
general population
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Study title and authors Study design Summary results Main limitations
Younossi ZM, et al. 
Changes in the 
prevalence of the most 
common causes of 
chronic liver diseases in 
the United States from 
1988 to 2008. Clin 
Gastroenterol Hepatol. 
2011;9(6):524–30

A retrospective 
analysis of 
national health and 
nutrition 
examination 
surveys used to 
estimate changes 
in the prevalence 
and predictors of 
chronic liver 
disease (CLD)

•  Prevalence of 
CLD is 
increasing: 
11.78 ± 0.48% 
(1988–1994), to 
14.78 ± 0.58% 
(2005–2008) 
(P < 0.0001)

•  Prevalence of 
NAFLD has 
increased steadily 
as well: 
5.51 ± 0.31% 
(1988–1994) to 
11.01 ± 0.51% 
(2005–2008) 
(P < 0.0001)

•  The analysis and 
results are limited 
to adults only

•  There was no 
histological 
definition of 
NAFLD or NASH 
used to account 
for prevalence

Younossi ZM, et al. 
Global epidemiology of 
nonalcoholic fatty liver 
disease-meta-analytic 
assessment of 
prevalence, incidence, 
and outcomes. 
Hepatology. 
2016;64(1):73–84

A systematic 
review and 
meta-analytic 
approach to report 
the incidence, 
prevalence, disease 
progression and 
burden of NAFLD

•  Pooled incidence 
rate from Asia and 
Israel were 52 and 
28 per 1000 
person-year 
respectively

•  Prevalence of 
NAFLD in US has 
increased from 
15% to 25% 
between 2005 and 
2010

•  Prevalence of 
NASH is between 
1.5% and 6.45%

•  9% of NASH 
patients had 
advancements in 
their fibrosis

•  High unexplained 
heterogeneity of 
included studies

•  Under 
representation of 
under-developed 
countries and 
besides two 
studies all others 
were from 
countries with 
high human 
development 
index

Schwimmer JB, et al. 
Prevalence of fatty liver 
in children and 
adolescents. Pediatrics. 
2006;118(4):1388–93

A retrospective 
review to 
determine the 
prevalence of 
pediatric fatty liver 
as diagnosed by 
histology in a 
population-based 
sample

•  Prevalence of 
fatty liver in 
pediatric age 
group 2–19 years 
old was 9.6% 
(95% CI: 
7.4–11.7)

•  Prevalence 
increases with 
increasing age. 
Ages 2–4: 0.7 
(95% CI: 0–2.0), 
ages 15–19: 17.3 
(95% CI: 
13.8–20.8)

•  A specific cause 
of fatty liver 
disease could not 
be determined
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Study title and authors Study design Summary results Main limitations
Wong VW, et al. 
Disease progression of 
non-alcoholic fatty liver 
disease: a prospective 
study with paired liver 
biopsies at 3 years. Gut. 
2010;59(7):969–74

Prospective 
longitudinal 
hospital based 
cohort study to 
investigate disease 
progression over 
36 months of 
different degrees 
of NAFLD

•  13 patients with 
simple steatosis at 
baseline, three 
(23%) continued 
to have simple 
steatosis at month 
36, five (39%) 
developed 
borderline NASH 
and three (23%) 
developed NASH

•  Among 17 
patients with 
NASH at baseline, 
ten (59%) 
continued to have 
NASH and six 
(35%) had 
borderline NASH 
at month 36. Only 
one (6%) patient 
regressed to 
simple steatosis

•  All patients 
received lifestyle 
advice and regular 
monitoring of 
metabolic factors. 
This might have 
altered the natural 
history of the 
disease

•  Patients with 
NAFLD in a 
hospital clinic 
may have more 
advanced disease 
than those in the 
community

•  Small sample size 
precluded more 
detailed analysis 
of factors 
associated with 
disease 
progression

•  Liver biopsy 
might be limited 
by sampling bias

Angulo P, et al. Liver 
fibrosis, but no other 
histologic features, 
associated with 
long-term outcomes of 
patients with 
nonalcoholic fatty liver 
disease. 
Gastroenterology. 
2015;149(2):389–97

A retrospective 
analysis of 619 
patients diagnosed 
with NAFLD from 
1975 through 2005 
underwent analysis 
of their laboratory 
and biopsies 
results

•  Features 
associated with 
death or liver 
transplantation 
included fibrosis 
stage 1 (HR, 1.88; 
95% CI, 1.28, 
2.77), stage 2 
(HR, 2.89; 95% 
CI, 1.93, 4.33), 
stage 3 (HR, 3.76; 
95% CI, 2.40, 
5.89), and stage 4 
(HR, 10.9; 95% 
CI, 6.06, 19.62) 
compared with 
stage 0

•  Survival free of 
liver 
transplantation in 
patients with 
non-NASH was 
significantly lower 
in those with 
fibrosis as 
compared to those 
without fibrosis 
(p < 0.001)

•  Lack of a specific 
protocol for 
patient follow-up 
with regards to 
endoscopy and 
imaging 
procedures in 
non-cirrhotic 
patients, and thus 
it is possible that 
the number of 
liver-related 
events was 
underestimated

•  Over- 
representation of 
the white 
population

D. Kim et al.
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Study title and authors Study design Summary results Main limitations
Hashimoto E, et al. 
Hepatocellular 
carcinoma in patients 
with nonalcoholic 
steatohepatitis. J 
Gastroenterol. 
2009;44(Suppl 
19):89–95

A large case- 
control study of 
NASH patients 
with and without 
HCC as well as a 
prospective cohort 
study on the 
natural history of 
NASH patients 
with advanced 
fibrosis who 
underwent 
follow-up for HCC 
at a single tertiary 
care hospital

•  Stage of fibrosis 
(OR = 4.232; 95% 
CI, 1.847–9.698; 
P = 0.001) was an 
independent 
predictor of 
development of 
HCC

•  Older age 
(OR = 1.108; 95% 
CI, 1.028–1.195; 
P = 0.008) and 
low AST levels 
(OR = 0.956; 95% 
CI, 0.919–0.995; 
P = 0.027), were 
other factors 
leading to HCC

•  As histological 
diagnosis is a 
requirement for 
diagnosis of 
NASH, the 
patients diagnosed 
with this condition 
consisted of 
significantly 
altered liver 
function test. 
Findings might be 
affected by this 
selection bias

Rafiq N, et al. Long- 
term follow-up of 
patients with 
nonalcoholic fatty liver. 
Clin Gastroenterol 
Hepatol. 
2009;7(2):234–8

A retrospective 
analysis of patients 
with biopsy proven 
NAFLD and long 
term follow up 
(>5 years), to find 
the long term 
outcome and 
specifically liver 
related mortality in 
patients with 
NAFLD

•  NASH group had a 
liver-related 
mortality of 17.5% 
in contrast to only 
2.7% in the 
non-NASH group 
(P = 0.0048)

•  NASH on biopsy 
(P = 0.0250) was 
an independent 
predictor of liver 
related mortality

•  A relatively small 
cohort sample size

•  There was no 
histologic or clinical 
data to assess the 
development of 
cirrhosis or other 
complications 
during the follow-up 
period
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Abstract
Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related 
deaths in the world. Incidence of HCC is expected to increase in the future with 
much of this burden concentrated in developing nations, currently accounting for 
83% of total HCC deaths. Worldwide rates of HCC vary dramatically by region, 
reflecting major epidemiologic differences. Incidence is higher in men and the 
elderly. Chronic hepatitis B and hepatitis C viral infections are the leading causes 
of HCC with rising rates of obesity, diabetes and nonalcoholic steatohepatitis 
playing an ever-increasing role in the development and progression of HCC. To 
develop effective region specific prevention, screening and management strate-
gies will require close examination of the epidemiology of HCC. In this chapter, 
we aim to explore the global epidemiologic aspects of HCC with a focus on cur-
rent trends and the risk factors that contribute to these trends.
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15.1  Introduction

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related 
deaths in the world. It is the fifth most common cancer in men, the ninth most com-
mon cancer in women and the second most common cause of death in both sexes, 
accounting for 9% of total deaths from cancer [1, 2]. Incidence of HCC is expected 
to increase in the future with much of this burden concentrated in developing nations 
(Fig. 15.1), currently accounting for 83% of total HCC deaths [3]. Based on the 
World Health Organization’s International Agency of Research on Cancer, Africa 
and East Asia account for approximately 80% of HCC globally [4]. Developed 
nations are also significantly affected. In the United States the incidence of HCC 
increased from 4.4/100,000 in 2000 to 6.7/100,000 in 2012 [5]. Chronic viral infec-
tions of hepatitis B virus (HBV) and hepatitis C virus (HCV) are well documented 
risk factors for HCC. These two viruses combined account for 60% of HCC cases 
worldwide [6]. Furthermore, rising rates of obesity, diabetes and nonalcoholic ste-
atohepatitis play an ever-increasing role in the development and progression of 
HCC [7, 8]. In this chapter, we aim to explore the global epidemiologic aspects of 
HCC with a focus on current trends and the risk factors that contribute to these 
trends (Table).

15.2  Epidemiology by Geography

15.2.1  Africa

Africa has a population of about 1.2 billion people [9]. The true incidence of HCC 
in Africa is difficult to assess due to incomplete and sometimes inaccurate or 
biased data [10]. Furthermore, the lack of access to medical care and absence of 
advanced diagnostic methods contribute to an underestimation of HCC incidence. 
With the current data available, it is estimated that the incidence of HCC is 
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41.2/100,000  in sub-Saharan Africa, 29.7/100,000  in eastern Africa, and 
20.9/100,000 in western Africa [11]. HCC is estimated to account for 20% of all 
malignancies in sub-Saharan Africa [10, 12]. HCC is not uniformly common in 
African countries with significant regional differences. For example, in 
Mozambique recorded rates of HCC occur at a higher incidence in eastern areas 
[10, 13]. Furthermore, differences in HCC rates have been noted between high 
and low lying geographic areas in Swaziland, between different tribes in Uganda 
and between urban and rural populations in South Africa [10, 14–16]. These dif-
ferences highlight the environmental influences that likely play an important role 
in the epidemiology of HCC in Africa.

Changes in HCC rates in Africa over time are difficult to ascertain due to limited 
data. In Uganda, the incidence of HCC may have remained unchanged from 1954–
1960 to 1993–1997 [10, 17]. However a recent study evaluating HCC incidence in 
Kampala, Uganda found rates of HCC increasing in the city from 1960–1980 to 
1991–2005 [18]. The age-standardized incidence rates of HCC in males remained 
stable from 6.15/100,000 (95% CI 5.13–7.17) to 5.38/100,000 (95% CI 4.55–6.20) 
while the incidence in females increased from 2.65/100,000 (95% CI 1.85–3.44) to 
4.14/100,000 (95% CI 3.42–4.86) with the male to female ratio decreasing from 
2.32 to 1.3. The same study found no indication of increasing prevalence of HBV 
or HCV. The authors hypothesized that the increasing rates may be due to the large 
influx of rural populations, who have documented higher exposures to environ-
mental toxins such as aflatoxin. Yet another study in South Africa found a decrease 
in the rates of HCC by 32% between 1964 and 1994 [19]. The study population 
were gold miners who often immigrated from neighboring African countries. 
Interestingly over the same time period there was a significant shift in the labor 
force with more migrant workers arriving from countries with a lower incidence of 
HCC, highlighting the complex and dynamic effect of migration in the rates of 
HCC in African countries.

Chronic HBV is the primary cause of HCC in Africa [20]. It is believed that the 
vast majority of HBV infections in Africa occur as a result of horizontal transmis-
sion, with only a small rate of perinatal infection [21]. The institution of HBV vac-
cination began in Africa in the 1990s with significant variance in adoption rates in 
different countries. Overall, the contribution of HCV in the development of HCC is 
significantly less than that of HBV in Africa [10]. Data from the Republic of the 
Gambia found that 57% of HCC could be attributed to HBV and 20% attributed to 
HCV [22]. Furthermore, exposure to environmental toxins like aflatoxin and iron 
overload also likely contribute to the high incidence of HCC and large geographic 
variations of HCC rates [23–25].

15.2.2  China

Liver cancer is the second most common cancer in China [26]. Males have an esti-
mated incidence of 40.0/100,000 and females of 15.3/100,000. It is the second lead-
ing cause of cancer mortality in males and third in females. The mortality rate in 
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males is estimated to be 37.4/100,000 and in females 14.3/100,000. China alone 
accounts for 50% of all HCC-related deaths worldwide [27].

While trends in disease incidence in China are mixed, there are some signs of 
decreasing HCC incidence (Fig. 15.2). In Shanghai and Tianjun, there has been a 
documented decline in HCC incidence rates over the last 30–40 years [28]. In Hong 
Kong there has been an overall decrease in HCC incidence in all age groups over the 
past 25 years [29]. This may be partially explained by the decline in HBV infection 
after the introduction of universal HBV vaccination in Hong Kong in 1988.

Viral hepatitis accounts for the clear majority of HCC in China [30]. According 
to one systematic assessment of relative risk meta-analyses and large scale observa-
tional studies in China, HBV accounts for 63.9% of all cases of HCC, 65.9% among 
men and 58.4% among women [30]. Hepatitis C virus accounts for 27.7% of all 
HCC in China, 27.3% in men and 28.6% in women. Other commonly associated 
risk factors include aflatoxin exposure (25%), alcohol (15.7%) and tobacco use 
(13.9%).

15.2.3  Europe

HCC accounts for approximately 47,000 deaths per year in Europe [31]. Europe has 
an overall higher rate of HCC than the United States with significant geographic 
variation. Southern Europe has the highest incidence of HCC (9.8/100,000) while 
Northern Europe has the lowest (3.8/100,000). Eastern Europe has an incidence of 
4.6/100,000 and Western Europe has a rate of 7.2/100,000.

Blachier et al. conducted a survey of 260 epidemiological studies and found that 
while the etiology HCC in Europe varies with geographic distribution, HCV is the 
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major risk factor for HCC in Europe, accounting for 60–70% of cases of cirrhosis 
[32]. Alcohol accounts for 20% and HBV 10–15%. Overall the incidence of chronic 
HCV in Europe is estimated between 0.13% and 3.26%, compared to HBV at 0.1–
0.7%. Many acquired HCV in the 1970s and 1980s prior to the identification of the 
virus. While the transmission of HCV has been reduced dramatically since then, a 
high prevalence is still present in injection drug users (IDUs). Prevalence in IDUs 
ranges from 50% in Cyprus to 83.2% in Italy [33, 34]. However, due to the pro-
longed progression of the disease, Europe is only seeing the peak of disease 
burden.

15.2.4  India

Based on recent population-based cancer registries published in 2012, liver cancer 
is the 7th most common cancer in India among men and the 11th in women [35]. 
Historical autopsy data revealed the presence of HCC in 0.2–1.9% of cases, with 
a higher prevalence of HCC in Southeastern states of India [36]. It is estimated 
that the age adjusted incidence rate of HCC in men ranged from 0.9 to 7.5/100,000 
and in women from 0.2 to 2.2/100,000 [35]. The male to female ratio of HCC in 
India is 4:1.

HCC in India has been increasing (Fig. 15.2). In 1998 there were 10,000 docu-
mented cases of HCC, in 2002 13,630 cases and in 2009 25,000 cases; it is predicted 
that there will be 30,000–50,000 cases by 2016 [35, 37]. Dikshit et al. conducted a 
landmark population based survey of cancer related mortality in India from 2001 
and 2003 using verbal autopsy data from 1.1 million homes across India [38]. The 
authors used this data along with the United Nations data for deaths in India in 2010 
to extrapolate the mortality rates from HCC that occurred in 2010. In men, it is 
estimated that in 2010, 14,000 deaths might have occurred due to liver cancer with 
an age standardized mortality rate of 6.5/100,000. In women, it is estimated that 
approximately 12,000 deaths occurred due to liver cancer with an age standardized 
mortality rate of 5.1/100,000. Overall there has been a large discrepancy between 
population-based estimates and documented cases of HCC in India, leading many 
to believe that there is a considerable underestimation in reporting of HCC [37]. 
There may, however, be an overestimation of the impact of HBV on development of 
HCC in India for several reasons. A large portion of HBV cases in India have low 
HBV DNA, which is associated with lower frequency of HCC. In addition, there 
may be variances in HBV genotypes and mutations that confer lower risk for 
HCC. Last, the average life expectancy in India is 68, whereas the incidence of HCC 
tends to peak in those older than 70 [4].

HBV is the most common cause of HCC in India [39]. In one case- control 
study involving 213 patients with hepatocellular carcinoma, HBV accounted for 
150 cases, 70.42% (OR, 48.02; 95% CI 25.06–91.98). In contrast, HCV 
accounted for only 26 cases of HCC, 12.21% (OR, 5.45; 95% CI 2.02–14.71). 
Coinfection with HBV/HCV was found in ten patients (4.69%). Heavy alcohol 
intake was found in 34, 15.96% (OR, 2.83; 95% CI 1.51–5.28). While the study 
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did not find any synergism between alcohol and HBV, a synergistic effect 
between HCV and alcohol was found (synergy index, 1.257).

15.2.5  Middle East

The incidence of HCC varies greatly among different regions in the Middle East 
[40, 41]. Egypt sees the highest incidence of liver cancer with 21.9/100,000 in males 
and 4.5/100,000  in females [40]. In contrast, Iran has the lowest incidence with 
1.4/100,000 in males and 1.9/100,000 in females. In Middle Eastern countries, the 
prevalence of HCC is high among males and rural residents.

Viral hepatitis is the main etiology of HCC in the Middle East. Depending on the 
region, HBV or HCV are responsible for most HCC cases. HBV prevalence varies 
significantly between regions, ranging from 0.8–7% in Iran to 16–20% in Sudan 
[42–45]. Interestingly, even though HBV is prevalent in the Middle East, the preva-
lence of HCC is lower than what would be expected when comparing data from 
Asia. For example, in Iran HBV is the most common etiology of cirrhosis, with up 
to 35% of the population exposed to the virus and 3% with chronic infection [46]. 
However HCC is the 16th most prevalent cancer, diverging from higher rates docu-
mented in regions with similar prevalence of HBV [4]. This may be due regional 
variances in HBV genotype and mutations [47, 48]. Overall, HBV is likely the pre-
dominant factor in the development of HCC in Jordan, Kuwait, Lebanon, Syria, Iran 
and Turkey [49]. As with HBV, the prevalence of HCV in the Middle East varies 
greatly depending on region, ranging from 0.1–0.6% in Lebanon to 22% in Egypt 
[50]. In one Egyptian case-control study comparing 33 patients with HCC and 35 
health patients, HCV was found in 75.8% of patients with HCC and 42.9% in 
healthy individuals (p = 0.01) [51]. The authors estimated the attributable fraction 
of HCC to HCV at 64% in the study population and 48% in the general Egyptian 
population. In addition to Egypt, HCV is likely the most common etiology of HCC 
in Saudi Arabia [49].

15.2.6  United States

The overall incidence of HCC in the United States is lower than that in the develop-
ing world. In 2012, the age adjusted incidence rate for HCC was 6.7/100,000 [5]. 
The average age of diagnosis of HCC in the United States is 65 years with 95% of 
patients diagnosed between 2000–2012 older than 45 and 54% diagnosed during 
age 50–69 years. Males comprise a clear majority of those with HCC at 73%. Males 
had an incidence rate of 10.8/100,000 and females of 3.2/100,000  in 2012. The 
racial distribution of HCC is 48% Caucasian, 13% African American, 15% Hispanic 
and 24% other/Asian [52]. The southern and western regions of the United States 
have the highest rates of HCC. In 2012, the highest incidence of HCC was in Texas 
(9.71/100,000), with Hawaii having the second highest (9.68/100,000) [5]. The state 
with the lowest HCC incidence rate was North Dakota (2.4/100,000).
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The incidence of HCC in the United States has been rising. The age-adjusted 
incidence of HCC has tripled from 1975 to 2005 [53]. Furthermore, data from the 
National Cancer Institute’s Surveillance, Epidemiology and End Results (SEER) 
Database of the National Cancer institute in the U.S. indicate that the incidence 
rates of HCC increased by 3.1% per year from 2008 to 2012 [54]. The rate of 
increase does appear to have slowed, with incidence increasing by 4.5% from 2000 
to 2009 but only by 0.7% from 2010 to 2012. This increase in HCC incidence in the 
United States is likely due to the prevalence of HCV from blood transfusion and 
injection drug use. The average annual percentage change from 2000 to 2012 was 
highest in 55–59 year olds at 8.9% [5]. Males have seen a higher rate of increase in 
incidence with the average annual percentage change from 2000 to 2012 of 3.7% 
compared to females at 2.7%. Variations in the incidence of HCC in populations in 
the United States are continuously changing, as well [55]. In 2008, the highest inci-
dence was seen in Asian/Pacific Islanders with an incidence of 11.7/100,000 and the 
lowest in whites with an incidence of 3.9/100,000 [53]. In 2012, the rates in 
Hispanics had surpassed that of Asians [5]. Hispanics have seen the fastest sus-
tained rise in HCC age adjusted incidence rates. While the reasons for this are not 
fully understood, high rates of HCV, alcoholic liver disease, metabolic syndrome 
and nonalcoholic fatty liver disease (NAFLD) are likely contributing factors [56–
60]. The decrease in incidence in Asian/Pacific Islanders is largely thought to be due 
to the widespread adoption of the HBV vaccine and effective antiviral therapies, as 
chronic HBV is the predominant cause of HCC in this population [5]. The states that 
have seen the largest increase in HCC incidence rates are Kansas, Utah, Idaho, 
Arizona and Georgia.

HCC trends in the United States reflect the changing prevalence of risk factors. 
The leading risk factor in the United States is HCV with approximately 50–60% of 
HCC attributed to chronic HCV [27]. Like Europe, the United States is likely only 
now experiencing the peak of HCV-associated comorbidities. The baby boomer 
generation (1945–1965), in particular, is heavily affected due to exposure to blood 
products in the 1970s and potentially higher rates of high risk behavior among this 
group. This has led to adaptation of HCV screening protocols for this population 
[61]. Due to the widespread implementation of HBV vaccination programs, HBV 
only contributes to 10–15% of HCC in the United States [62].

15.3  Risk Factors

15.3.1  Viral Hepatitis

15.3.1.1  Hepatitis B
Much of the worldwide HCC burden is attributed to HBV infection (Fig. 15.3) [63]. 
HBV is a DNA virus with eight known genotypes. Genotype A is typically found in 
sub-Saharan Africa, Western Africa and Northern Europe while genotype B is pre-
dominantly found in Japan and East Asia. Genotype C can be found in China, Korea, 
Japan, Southeast Asia and South Pacific Islands. Genotype D has a large distribution 
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including Eastern Europe, the Middle East, North Africa and India. Genotype E is 
endemic to West Africa, with genotype F and H in Central and South America [64]. 
In endemic areas, HBV is typically acquired at birth or early childhood. In Asia, the 
primary modality of transmission is vertical while in Africa horizontal transmission 
is more common. In the U.S., it is estimated that 850,000 to 2.2 million people are 
living with chronic HBV [65]. The carcinogenicity of chronic HBV was first estab-
lished by the Internal Agency for Research on Cancer in 1994 after the analysis of 
multiple cohort and case-control studies [66]. Unlike many other HCC risk factors, 
HBV does not require cirrhosis prior to malignant transformation. The likely mech-
anism of HBV-associated HCC is twofold: one via chronic hepatic injury resulting 
in hepatocyte regeneration leading to mutations and secondly via direct HBV DNA 
integration in the host genome resulting in transactivation of oncogenes [67, 68]. 
Vaccination against HBV has been extremely effective; in fact, HCC was the first 
malignancy to have rates demonstrably reduced by vaccination. One longitudinal, 
20-year follow up study in Taiwan after the introduction of vaccination found that 
the incidence of HBV decreased significantly among children with the incidence of 
HBV decreasing in children 6–9  years from 0.51 to 0.15/100,000, in children 
10–14 years from 0.6 to 0.19/100,000, and in children 15–19 years from 0.52 to 
0.16/100,000 [69].

15.3.1.2  Hepatitis C
The increasing incidence of HCC in the developed world is largely due to chronic 
HCV infection [7, 70]. HCV is an RNA virus that was first identified in 1989 [71]. 
There are six major genotypes of HCV. Genotype 1 is the most common worldwide, 
with genotypes 1a and 1b predominantly found in Europe and the Americas while 
genotype 1b is found mainly in Asia [72]. Genotype 4 is endemic in Africa. It is 
estimated that 200 million people are infected with HCV worldwide (Fig.  15.3) 
[73]. In the U.S., it is estimated that 2.7–3.5 million people have chronic HCV 
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infection [74]. HCV can be acquired at any age via contact with blood and transmis-
sion varies depending on country-specific medical and recreational practices. 
Injection drug use is an important risk factor for HCV. It is estimated that as high as 
60–80% of IDUs worldwide have anti-HCV antibodies, a higher incidence of infec-
tion than that of human immunodeficiency virus (HIV) in this population [75]. 
Hepatitis C has a high rate of conversion to chronic progressive infection regardless 
of the age at which it is acquired. The mechanism of HCV-mediated HCC is likely 
through the development of liver fibrosis and cirrhosis from chronic inflammation. 
Malignant transformation is primarily due to viral proteins evoking host responses 
that lead to apoptosis, reactive oxygen species formation, upregulation of interleu-
kin 1, 2 and tumor necrosis factor α [76]. In contrast to HBV, HCV is unable to 
integrate directly into the host genome and does not lead to HCC in the absence of 
cirrhosis. With the advent of direct acting antiviral agents (DAAs), there is now the 
potential to successfully treat chronic HCV infection with high rates of sustained 
virologic response (SVR) even in previously difficult to treat populations [77, 78]. 
A 2013 meta-analysis of 30 studies showed that SVR was associated with a reduced 
risk of HCC (RR 0.24; 95% CI 0.18–0.31) [79]. HCC developed at a rate of 0.33% 
per year in patients with SVR compared to 1.67% per year among patients with 
detectable viral loads.

15.3.2  Toxins

15.3.2.1  Alcohol
Alcoholic cirrhosis is a leading cause of HCC globally [64, 80–82]. Alcohol 
accounts for around 1.8 million deaths annually, with HCC being a major contribu-
tor to alcohol-related mortality [83]. Chronic use of alcohol is associated with a five 
to tenfold increase in the risk of HCC [84–86]. Daily alcohol use later in life is 
associated with the development of liver cirrhosis, which is an independent risk fac-
tor for HCC [87]. Approximately 8–20% of those who chronically consume alcohol 
will eventually develop liver cirrhosis, putting them at increased risk for HCC [88]. 
However, while case studies exist demonstrating development of HCC without cir-
rhosis, a strong understanding of the carcinogenic effects of alcohol on the liver has 
yet to be established [81, 89]. A direct, dose-dependent relationship has been identi-
fied between alcohol and HCC [84, 90–92]. Alcohol is proposed to affect the devel-
opment of HCC by way of activating the NF-kB pathway as well as by formation of 
reactive oxygen species through upregulation of CYP2E1 and metabolic abnormali-
ties caused by increased NADH to NAD+ ratio [93–96]. Among those with alco-
holic cirrhosis, the incidence of HCC is 0.2–2.5% per year [85, 97, 98], which is 
higher than the incidence in alcoholics without cirrhosis (0.01% per year) [85, 86, 
99]. Alcohol use has been observed to act synergistically with HCV and HBV infec-
tions to increase the risk for HCC [39, 87, 100, 101]. Differences in risk for HCC 
among those with alcoholic cirrhosis varies based on genetics, and polymorphisms 
in several genes have been linked to increased risk of HCC in alcoholic cirrhosis, 
including PNPLA3 rs738409, myeloperoxidase, superoxide dismutase 2, MTHFR, 
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ALDH2 [102–104]. Other risk factors for progression to HCC in alcoholic liver cir-
rhosis include diabetes mellitus, male sex, and age [105].

15.3.2.2  Aflatoxin
The aflatoxin class of mycotoxins produced by certain members of the Aspergillus 
genus is a known hepatic carcinogen, categorized as a Class 1 carcinogen by the 
International Agency for Research on Cancer [106]. There are four known carcino-
genic aflatoxins, which are aflatoxin B1, aflatoxin B2, aflatoxin G1 and aflatoxin 
G2, with aflatoxin B1 being the strongest carcinogen of the four, and the strongest 
reported hepatic carcinogen in existence [107]. Exposure to aflatoxins is classically 
through consumption of food contaminated with Aspergillus molds from unsafe 
storage methods, or by occupational exposure from those who work with contami-
nated foods, particularly cereals, oleaginous seeds, cocoa, coffee, grapevine, wine, 
fruits, spices, and dried fruit [107, 108]. Contamination of food by Aspergillus mold 
is most common in regions of the world with warm and humid climates which sup-
port its growth, such as sub-Saharan Africa, Eastern Asia, and parts of South 
America [64, 107]. A synergistic relationship in HCC carcinogenesis between afla-
toxin B1 and HCC is becoming better established, with recent studies reporting that, 
while aflatoxin B1 exposure and HBV infection alone had a mean odds ratio of 
HCC development of 1.9 and 9.5 respectively, a combination of both risk factors 
had an odds ratio of 63.2 [107]. This is of particular importance, as it is estimated 
that 4.5–5.5 billion people in the world are at risk of being exposed to aflatoxins, 
and an estimated 55 million people worldwide currently suffer from exposure to 
levels of aflatoxins above the safe level of consumption, with many of the regions 
where aflatoxin exposure is most common having high rates of HBV infection as 
well [109–111]. The mechanism by which aflatoxin B1 achieves tumorigenesis is 
most commonly through an arginine to serine mutation at codon 249 of the p53 
tumor suppressor gene made possible by a toxic epoxide metabolite of aflatoxin B1 
which can bind to DNA [112–114]. Repair of this damage is inhibited in HBV 
infection due to inhibition of repair enzymes by HBV X protein, the gene for which 
is often integrated into cellular DNA by HBV virions [115, 116].

15.3.3  Metabolic

15.3.3.1  Nonalcoholic Fatty Liver Disease
Nonalcoholic fatty liver disease (NAFLD) is another important risk factor for HCC 
to be aware of, especially given the rising rates of obesity, metabolic syndrome, and 
type 2 diabetes mellitus globally, all of which are risk factors for the development 
of hepatic steatosis [7, 64, 117–119]. As many as 94% of people with obesity will 
develop some degree of hepatic steatosis during their lifetime, the severity of which 
directly correlates with their body mass index (BMI) [64, 120, 121]. With the rising 
rate of NAFLD, it has become one of the major causes of HCC in developed regions 
of the world, despite the fact that HCC incidence in NASH-cirrhosis is significantly 
lower than in HCV-cirrhosis [7, 8, 122, 123]. A U.S.-based population study found 
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that in 2010, 59% of HCC cases could be attributed to NAFLD [124]. A more recent 
study found that the number of HCC cases associated with NAFLD is increasing by 
9% every year [118]. NAFLD and its more severe form nonalcoholic steatohepatitis 
(NASH), increase the risk for developing liver cirrhosis which puts an individual at 
increased risk for HCC [120, 125]. However, many non-cirrhotic patients with 
NAFLD develop HCC, which may be explained by the pro-inflammatory character-
istics of obesity, enhanced oxidative stress from increased fatty acid oxidation in 
hepatocytes, inflammatory and angiogenic influences of insulin resistance often 
seen alongside NAFLD, and steatosis-induced loss of CD4+ T-lymphocytes in the 
liver [126–130]. Patients who are obese and suffer from type 2 diabetes mellitus 
have twice the risk of developing HCC [131, 132]. The yearly cumulative incidence 
of HCC in patients with cirrhosis is 0.3–4% per year [8, 133–135]. This is particu-
larly significant since as many as 5–7% of people living in the western world cur-
rently have NASH, and 2–3% are living with cirrhosis [126, 136, 137].

15.3.3.2  Diabetes
Not only does type 2 diabetes mellitus (DM) increase risk of HCC by increasing 
risk for NAFLD and cirrhosis, it is also believed to be an independent risk factor for 
HCC [64, 80, 138–140]. Individuals with type 2 DM (T2DM) have 1.87–4.1 times 
the risk of developing HCC than non-diabetic persons [101, 127]. The mechanism 
of tumorigenesis in T2DM-associated HCC involves a complex relationship 
between cellular proliferation due to hyperinsulinemia and enhanced oxidative 
stress from the upregulation of inflammatory cytokines [119, 141, 142]. Furthermore, 
studies have demonstrated that treatment with metformin and statins greatly reduces 
HCC risk in those with T2DM [143, 144]. T2DM also synergistically increases 
HCC risk when present alongside heavy consumption of alcohol (>4 drinks per day) 
and viral hepatitis [101, 145].

15.3.4  Other

Other risk factors for HCC include less common causes of liver cirrhosis such as 
primary biliary cholangitis, autoimmune hepatitis, alpha-1-antitrypsin deficiency 
and Wilson’s Disease [7]. HIV has also been shown to act synergistically in increas-
ing the severity of HCV infections, further increasing HCC risk [80].

15.3.4.1  Hereditary Hemochromatosis
Hereditary hemochromatosis is an autosomal recessive disorder that results in 
excess absorption of iron from the gastrointestinal tract, resulting in an iron over-
load state. It is associated with increased risk for HCC even in non-cirrhotic patients 
[146]. Yang et  al. analyzed the data from the United States National Center for 
Health Statistics and found that patients with hereditary hemochromatosis had a 
23-fold increased risk of developing liver cancer compared to those without the 
disease (proportionate mortality ratio 22.6; 95% CI 20.6–24.6) [147]. It is believed 
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that iron overload states stimulate hepatic fibrogenesis through the production of 
oxygen free radicals and cytokines such as tumor growth factor β [148].

15.3.4.2  Tobacco
Data on tobacco as a risk factor for HCC have been mixed. One prospective case 
control study looking at 210 patients with HCC in Michigan found an increased risk 
of HCC in those with greater than 20 pack-years compared with cirrhotic patients 
without HCC (OR 4.9; 95% CI 2.2–10.6) and those with no underlying liver disease 
(OR 63.7; 95% CI 16.7–144.2) [91]. Another United States-based study using case- 
control data from the Selected Cancer Study found no increase in risk of primary 
liver cancer in current smokers, although there was a statistically significant increase 
in risk of primary liver cancer in former smokers (1.85; 95% CI 1.05–3.25) [149]. A 
study based in Taiwan involving 12,008 men found that tobacco interacted addi-
tively with HCV positivity in the development of HCC, although the synergistic 
indices were not statistically significant [150]. There is also strong evidence that 
tobacco use increases mortality in patients with HCC. Jee et al. found that current 
smoking was associated with an increased risk of mortality among Korean men with 
HCC (RR 1.4; 95% CI 1.3–1.6) [151].

 Conclusion

Hepatocellular carcinoma is a common worldwide malignancy that places a sig-
nificant burden on global healthcare resources. While the rates of HCC vary 
greatly by region, the incidence of HCC in general is increasing. The primary 
driver of HCC is chronic liver disease which may result from a wide variety of 
etiologies. Of these etiologies, HBV is the leading cause of HCC in the develop-
ing world, while HCV is the leading cause in the developed world. Chronic liver 
disease related to metabolic disorders are increasing in prevalence and likely will 
play a significant role in HCC development in the future, especially in the devel-
oped world. There is an imperative need for further study of the epidemiology of 
HCC and its risk factors to help guide the prevention, screening and management 
strategies of tomorrow.
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Abstract
Autoimmune hepatitis, primary biliary cholangitis, and primary sclerosing chol-
angitis are immune-mediated chronic liver diseases of uncertain cause that have 
a global distribution and highly variable occurrence. The goals of this review are 
to describe the epidemiological studies that have identified the populations at 
risk, estimated the incidence and prevalence of each disease, suggested environ-
mental and genetic bases for their occurrence, and indicated trends that should 
direct the allocation of healthcare resources and investigational efforts. 
Population-based epidemiological studies have described patterns of susceptibil-
ity for each liver disease that reflect predilections for certain age groups, gender, 
geographical regions, and ethnic background. Familial studies and genetic analy-
ses have implicated a genetic predisposition for each disease, and population- 
based studies have suggested associations with triggering agents, including 
pollutants, xenobiotics, viruses, bacteria, and the intestinal microbiome. 
Variations in prevalence between ethnic groups within regions or between coun-
tries may reflect differences in early diagnosis, management, and outcome, and 
the increasing incidence of these diseases in certain regions and ethnic groups 
may help identify pivotal etiological factors that might be modified. Population- 
based epidemiological studies are lacking in China, India, and developing coun-
tries, and they are needed to complete the global perspective of these diseases 
and their consequences. In conclusion, autoimmune hepatitis and the immune- 
mediated cholangiopathies are rare, but they constitute a global healthcare bur-
den that is increasing in certain geographical regions and ethnic groups. 
Populations at risk and susceptibility factors must continue to be characterized, 
and interventions must be tailored to meet individual and regional needs.
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16.1  Introduction

Population-based epidemiological studies are essential for understanding the 
genetic susceptibilities and the possible antigenic triggers of autoimmune liver dis-
ease [1, 2]. They are also necessary to correctly allocate resources for improving 
the early diagnosis and management of this disease category [3]. Autoimmune 
liver disease encompasses acute and chronic forms of liver injury that are defined 
by cell- and antibody-mediated immune responses that lack a definable etiological 
agent [4]. They may have variable clinical phenotypes and severity, but they all 
tend to be persistent, progressive, and variably responsive to current therapies. 
Autoimmune hepatitis is the prototypic autoimmune liver disease, and primary 
biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC) complete the 
disease category. Variant phenotypes also exist in which the features of autoim-
mune hepatitis can be intermixed with those of PBC or PSC [5–7]. The lack of 
codified diagnostic criteria for these variant or overlap syndromes and uncertainty 
about their pathogenic basis have limited the performance of epidemiological stud-
ies that clarify their disease burden.

Autoimmune liver disease is a consequence of misdirected and dysregulated 
immune responses against self-antigens in a genetically susceptible individual 
[4]. The triggering antigens may reflect molecular mimicry between environ-
mental or infectious agents and normal proteins within the liver [8]. Chronic or 
repeated exposures to these extrinsic agents may break immune tolerance of 
these normal self- proteins, and liver-infiltrating, antigen-sensitized, cytotoxic T 
lymphocytes may initiate and sustain hepatic injury [4, 9, 10]. The class II mol-
ecules of the major histocompatibility complex (MHC) can contribute to the 
presentation of antigens, sensitization of T helper lymphocytes, and differentia-
tion of the activated immune cells along cytokine-mediated pathways that result 
in cellular- and antibody- dependent immune responses [11–16]. Genetic factors 
outside the MHC, including polymorphisms of genes that influence the produc-
tion of various cytokines and immune modulators, may also affect the propen-
sity for tissue damage and its severity [17, 18]. Epigenetic factors that influence 
the transcriptional activity of regulatory genes without altering the sequence of 
deoxyribonucleic acid (DNA) can unbalance homeostatic mechanisms that 
maintain immune tolerance of self- antigens, alter susceptibility for immune-
mediated disease, and create an inheritable trait that has transgenerational con-
sequences [19–21].

Autoimmune liver disease has a global distribution, and its occurrence varies 
between ethnic groups within the same geographical region, in different age groups, 
and in different countries [1, 22]. The diversity of individual susceptibilities for 
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autoimmune liver disease may reflect genetic and epigenetic differences and varia-
tions in the nature and duration of exposure to environmental and microbial anti-
gens within a specific age range or geographical location [21, 23]. Region- specific 
environmental antigens may derive from water and food sources, industrial pollut-
ants, or toxic waste sites [24], and the microbial antigens may be indigenous infec-
tious agents [25] or region-specific microflora within the intestinal microbiome that 
are affected by factors such as diet, sanitation, socioeconomic status, and antibiotic 
exposure [26–32]. Epigenetic alterations in gene activity can be induced by these 
environmental factors [33, 34], and they can influence the risk for immune- mediated 
disease in individuals and their progeny in different geographical regions and eth-
nicities [35]. Population-based epidemiological studies are key mechanisms by 
which to identify these antigenic sources and develop management strategies that 
impact on disease occurrence.

Autoimmune liver disease constitutes only a fraction of patients with chronic 
liver disease, but it affects most individuals during productive phases of life [3]. 
Accordingly, its indirect costs due to years of productive life lost may far exceed its 
direct costs for medical care [3]. Furthermore, the recognition of differences in 
liver-related mortality among different ethnic groups in the same geographical 
region can direct efforts to understand and improve outcomes [36]. Hispanics in the 
United States have an overall liver-related mortality that is 49% higher than in non- 
Hispanic whites (13.7 cases per 100,000 persons versus 9.2 cases per 100,000 per-
sons) and 82% higher than in African Americans (13.7 cases per 100,000 persons 
versus 7.5 cases per 100,000 persons) [37]. The proper allocation of medical 
resources, the formulation of healthcare policies, and the direction of future investi-
gation in the autoimmune liver diseases require epidemiological studies that define 
the burden of each disease type in the general population and in different ethnic 
groups within that population.

The goals of this review are to describe the epidemiology of autoimmune hepa-
titis, PBC and PSC and to indicate how continued strengthening of this knowledge 
base can clarify pathogenic mechanisms, identify at risk subgroups, and direct the 
allocation of healthcare resources and future investigational efforts.

16.2  Epidemiology of Autoimmune Hepatitis

Population-based studies that have estimated the incidence and prevalence of auto-
immune hepatitis have been performed in Alaska [38], Australia [39], Denmark 
[40], southern Israel [41], the Netherlands [42], New Zealand [43], Norway [44], 
Singapore [45], Spain [46, 47], and Sweden [48]. Population-based studies within 
the United States have been performed mainly in the pediatric population [49] 
(Table 16.1). These assessments have indicated the rarity of autoimmune hepatitis 
(defined as an annual incidence less than 50 cases per 100,000 persons [50]) and the 
regional variability of its occurrence [38–42, 45]. Countries with healthcare systems 
that provide universal access, systematic data accumulation, and prescribed follow-
 up examinations (Sweden, Netherlands, Denmark, Norway, and New Zealand) have 
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performed the strongest population-based evaluations [51]. They have also been 
able to describe changes in occurrence, phenotype, and mortality, albeit mainly in 
homogeneous white populations.

16.2.1  Annual Incidence of Autoimmune Hepatitis

The annual incidence of autoimmune hepatitis in adults ranges from 0.67 cases per 
100,000 persons in southern Israel [41] to 2.0 cases per 100,000 persons in the 
Canterbury Region of New Zealand (95% confidence interval [CI]: 0.8–3.3 per 
100,000) (Table 16.1). The annual incidence of autoimmune hepatitis in Canadian 
children was 0.23 cases per 100,000 persons between 2000 and 2009 [52], and it 
was 0.4 cases per 100,000 persons in children residing in the United States (Utah) 
between 1986 and 2011 [49].

Two studies evaluating temporal trends have suggested that the incidence of 
autoimmune hepatitis has been increasing in the adult populations of Spain [46, 47] 
and Denmark [40] over 10–18 years, whereas a third study in New Zealand has 

Table 16.1 Incidence and prevalence of autoimmune hepatitis in different regions (lowest to 
highest annual incidence)

Geographical region
Annual incidence per 100,000 
persons Prevalence per 100,000 persons

Canada (children) [52, 
53] (2000–2009)

0.23 2.4, non-First Nations children
9.9, First Nations children

United States (children) 
[49] (1986–2011)

0.4 3.0

Singapore [45] Not reported 4.0 (similar in Chinese, 
Malaysian, and Indian 
subgroups)

Australia (Capital 
Territory) [39]

Not reported 8.0

Israel (southern) [41] 0.67 11.0
Spain (Sagunto/Valencia) 
[46, 47]

0.83–1.07 (women, 1.37–1.96; 
men, −0.12 to 0.26) (increasing 
incidence in women)

11.61 (women, 19.17; men, 
3.66)

Sweden [48] 0.85 10.7
Netherlands [42] 1.1 (increasing incidence over 

10 years)
18.3

Denmark [40] 
(1994–2012)

1.68 (rising incidence from 1.37 
to 2.33)

23.9 (women, 34.6; men, 13.0)

Norway (Oslo) [44] 1.9 16.9
New Zealand 
(Canterbury Region) [43] 
(2001–2007)

2.0 (1.7, age-standardized) 
(stable incidence over 6 years)

24.5 (18.9, age-standardized)

Alaska (native 
population) [38]

Not reported 42.9

Numbers in brackets are references
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suggested a stable incidence over a 6 year period from 2001 to 2007 [43]. Temporal 
trends may reflect changes in the methods of case-recognition, but they may also 
indicate a true increase in disease occurrence that warrants additional scrutiny. The 
wide range in incidence may reflect variations in the type and frequency of antigenic 
exposures, differences in genetic predispositions, or the effects of gender-specific 
(possibly hormonal) modifiers of the immune response [1, 4].

16.2.2  Prevalence of Autoimmune Hepatitis

The prevalence of autoimmune hepatitis in adults ranges from 4.0 cases per 100,000 
persons in Singapore (with a similar prevalence in the Chinese, Malaysian and 
Indian subpopulations) [45] to 42.9 cases per 100,000 persons in Alaskan natives 
[38] (Table 16.1). The prevalence of autoimmune hepatitis in Alaskan natives is 1.7- 
fold greater than the highest reported prevalence of autoimmune hepatitis elsewhere 
[38]. In children, the prevalence of autoimmune hepatitis is 3.0 cases per 100,000 
persons in Utah [49] and 2.4 cases per 100,000 persons in the non-native children of 
British Columbia, Canada [49, 53]. In contrast, the prevalence of autoimmune hepa-
titis in the First Nations (Aboriginal) children of British Columbia (9.9 cases per 
100,000 persons) is nearly fourfold greater than that of the non-native children 
within this same geographical region (2.4 cases per 100,000 persons) [53].

The differences in prevalence between children and adults from different geo-
graphical regions and between children within the same geographical region sug-
gest that predispositions for autoimmune hepatitis may be associated with 
age-related antigenic exposures and hereditary or culturally-specific factors. Other 
differences in prevalence among populations with autoimmune hepatitis have less 
apparent associations. Whereas the prevalence of autoimmune hepatitis is similar in 
Sweden and Spain (10.7–11.6 cases per 100,000 persons) [46–48], it is higher in 
Norway, the Netherlands, and Denmark (16.9–23.9 case per 100,000 persons) 
despite similarly predominant white adult populations, geographical proximity, and 
availability of tertiary medical care [40, 42, 44] (Table 16.1).

16.2.3  Variations of Phenotype in Different Geographical 
Regions and Ethnic Groups

The phenotype of autoimmune hepatitis can vary between different ethnic groups 
and geographical regions [1]. Autoimmune hepatitis is characterized by its inflam-
matory nature, and codified diagnostic criteria and scoring systems have been 
refined to exclude prominent cholestatic features [54–56]. In Alaskan natives [38], 
Somalians [57], and individuals from the Middle East [58] who have autoimmune 
hepatitis, clinical, laboratory, and histological changes of cholestasis are common 
(57–67%) (Table 16.2).

In the United Kingdom, 50% of children with autoimmune hepatitis have chol-
angiographic changes that suggest an autoimmune sclerosing cholangitis [59], 
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Table 16.2 Regional and ethnic differences in phenotypic manifestations of autoimmune 
hepatitis

Variable feature Manifestations Regional or ethnic differences
Age Children and adults in same 

geographical region have 
different frequencies of AIH 
[40, 43, 49, 52]
Adults in different countries 
have different ages of disease 
onset [40, 42]
Peak age shift to elderly 
adults [40, 43]

Highest prevalence in adults [40, 42, 43, 
49, 52]
Peak age (New Zealand), 60 years [43]
Peak age (Denmark), 70 years [40]
Median age (Netherlands), 
43–48 years [42]

Gender Female predilection varies in 
different countries [38, 40, 41, 
44, 45, 47]

Young Somalian men affected [57]
Unusual high female frequency in 
Alaskan natives and southern Israelis 
(91–95%) [38, 41]
F:M ratio (Singapore), 11:1 [45]
F:M ratio (USA, Europe), 2.6–5.2:1 [40, 
44, 47, 63]

Cholestasis Clinical, laboratory or 
histological findings of 
cholestasis [38, 57, 58]

Present in 57–67% of Alaskan natives, 
Somalians, Middle Easterners [38, 
57, 58]
Unusual in white North American and 
European adults [54, 55]

Autoimmune 
sclerosing 
cholangitis

Focal strictures and dilations 
by cholangiography in 
otherwise classical AIH [59]

Present in 50% of British children with 
AIH [59]
Present in 21% of Utah children with 
AIH [49]
Rare in North American and European 
adults (1–10%) unless CUC present 
(44%) [60–62]

Antibodies Variable frequencies of 
serological markers of AIH in 
children and adults between 
countries [52, 67, 70, 71, 73]

Anti-LKM1 occur mainly in children [66]
•  13% of Canadian children with 

AIH [52]
•  38% of British children with AIH 

[59, 67]
•  1% in American adults [68, 69]
Alaskan natives versus American adults
•  Anti-dsDNA, 48% versus 23–34% [70, 

71]
• ANCA, 38% versus 96% [70, 72]
• Anti-Ro, 11% versus 40% [70, 73, 74]
Japanese versus American adults
• Anti-Ro, 62% versus 38% [73]

AIH autoimmune hepatitis, ANCA anti-neutrophil cytoplasmic antibodies, anti-dsDNA antibodies 
to double-stranded deoxyribonucleic acid, anti-LKM1 antibodies to liver kidney microsome type 1, 
anti-Ro antibodies to ribonucleoprotein, CUC chronic ulcerative colitis, F:M ratio female-to- male 
ratio, USA United States of America
Numbers in brackets are references
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whereas in the United States (Utah), only 21% of children with autoimmune hepa-
titis have features of autoimmune sclerosing cholangitis [49] (Table 16.2). The over-
all incidence of autoimmune sclerosing cholangitis in Utah is 0.1 cases per 100,000 
persons, and the prevalence is 0.6 cases per 100,000 persons [49]. Cholangiographic 
changes of sclerosing cholangitis (focal biliary strictures and dilations) are even less 
frequent (2–10%) in white North American and European adults with autoimmune 
hepatitis [60, 61] unless they have concurrent chronic ulcerative colitis [62].

Autoimmune hepatitis has had a female propensity in all countries with the pos-
sible exception of Somalia where the disease appears to affect young males [57] 
(Table 16.2). Among Alaskan natives, 91% of patients with autoimmune hepatitis 
are women [38], and in southern Israel, 95% of patients are women [41]. The 
female-to-male ratio in Singapore is 11:1 [45]. In contrast, women constitute 
72–78% of patients with autoimmune hepatitis in Denmark [40], Sweden [48], the 
Netherlands [42], and the United States [63], and the prevalence of autoimmune 
hepatitis in northern Europe is only 2.6–5.2 times greater in women than in men 
[40, 44, 46, 47]. Women may also have a predilection to have concurrent immune 
diseases more commonly than men in white North American and European popu-
lations [64, 65].

Autoimmune hepatitis affects all ages, but its prevalence is higher in adults than 
children [40, 42–44, 49, 52] (Table 16.2). Furthermore, the age of onset in adults 
may be shifting from the young and middle-aged populations to the elderly. In New 
Zealand, the peak age at presentation was in the sixth decade, and 72% of patients 
presented after the age of 40 years [43]. In Denmark, the peak incidence of autoim-
mune hepatitis in both genders was at the age of 70 years [40]. In contrast, the peak 
incidence of autoimmune hepatitis in the Netherlands was in the middle age range. 
The median age at presentation was 48 years in Dutch women and 43 years in 
Dutch men [42].

The serological manifestations of autoimmune hepatitis can also vary between 
age ranges, ethnic groups, and countries [1] (Table 16.2). Antibodies to liver kidney 
microsome type 1 (anti-LKM1) occur mainly in children with autoimmune hepatitis 
[66]. They are detected in 13–38% of children with autoimmune hepatitis in the 
United Kingdom [59, 67] and in Canada [52], but they are present in only 1% of 
North American adults with autoimmune hepatitis [68, 69]. In Alaskan natives with 
autoimmune hepatitis, there is a higher frequency of antibodies to double stranded 
deoxyribonucleic acid (anti-dsDNA) (48% versus 23–34% depending on the assay) 
than in white North American patients [70, 71], and the frequencies of anti- 
neutrophil cytoplasmic antibodies (ANCA) (38% versus 96%) [70, 72] and antibod-
ies to ribonucleoprotein (anti-Ro) are lower (11% versus 40%) [70, 73, 74]. In 
contrast, antibodies to Ro are detected more commonly in Japanese patients with 
autoimmune hepatitis than in North American patients (62% versus 38%, 
P < 0.0001) [73].

Plasma cells that stain for immunoglobulin G4 (IgG4) and number more than 5 per 
high power field are present in the liver tissue of 3–35% of patients with autoimmune 
hepatitis [75–77]. These patients have been classified as having IgG4- associated 
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autoimmune hepatitis, and they commonly, but not invariably, have increased serum 
levels of IgG4 [76–78]. The frequency of IgG4-associated autoimmune hepatitis var-
ies with the stringency of the diagnostic criteria. Application of the most stringent 
criteria (definite autoimmune hepatitis by international criteria, ≥10  IgG4-staining 
plasma cells/high power field, and serum IgG4 level ≥135 mg/dL) has recognized the 
variant form in only 3.3% of patients with autoimmune hepatitis [76, 78].

IgG4-associated autoimmune hepatitis may represent a variant clinical pheno-
type of autoimmune hepatitis that is within a spectrum of IgG4-related diseases that 
includes autoimmune pancreatitis and IgG4-associated cholangitis [79]. Liver 
injury is recognized in 60–70% of patients with autoimmune pancreatitis, and the 
associated IgG4-hepatopathy is characterized by IgG4-staining plasma cells near 
the portal vein, portal inflammation, portal sclerosis, bile duct damage, lobular hep-
atitis, and cholestasis [76, 78]. The features of IgG4-associated autoimmune hepa-
titis have typical histological findings of autoimmune hepatitis except for the 
prominent infiltration of IgG4-staining plasma cells [76].

IgG4-associated autoimmune hepatitis has been described mainly in Japan and 
China, and all experiences have emphasized responsiveness to conventional gluco-
corticoid therapy [75–77, 80]. The de novo occurrence of IgG4-associated autoim-
mune hepatitis after liver transplantation [80], the absence of relapse after drug 
withdrawal [77], the development of autoimmune pancreatitis 2 years after diagno-
sis in one patient [81], and the occurrence of IgG4-associated cholangitis 5 years 
later in another patient [76] are clinical vignettes that emphasize the uncertain 
nature and consequences of this variant [76].

Patients with IgG4-associated autoimmune hepatitis have higher serum immu-
noglobulin E (IgE) levels than patients with classical autoimmune hepatitis, and 
this finding suggests that the IgG4-associated autoimmune hepatitis may be trig-
gered by antigens that generate an allergic response [76]. Both IgG4 and IgE are 
immune responses that have been recognized in allergic reactions [82, 83], and 
they are mediated by IL-10-secreting regulatory T cells which are abundant in 
autoimmune pancreatitis and IgG4-associated cholangitis [84]. The IgG4-staining 
histological phenotype of autoimmune hepatitis may reflect an allergic reaction to 
environmental antigens in a genetically-predisposed individual. Epidemiological 
studies are required to clarify the global distribution of IgG4-associated autoim-
mune hepatitis and the antigenic exposures associated with this variant form of 
autoimmune hepatitis.

16.2.4  Variations in Liver-Related Mortality in Different 
Geographical Regions and Ethnic Groups

Mortality rates can vary between ethnic groups and geographical regions, and these 
differences may reflect variable access to medical care, promptness of diagnosis and 
treatment, frequency of cirrhosis at presentation, type of treatment administered, dili-
gence of follow-up, frequency of co-morbidities (concurrent diseases, alcohol intake), 
and socioeconomic status [1]. Regional- and ethnic-specific differences in the intrinsic 
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behavior of the liver disease cannot be excluded, but they are more difficult to discover 
beneath an overlay of cultural, economic, and healthcare disparity [1]. Furthermore, 
the liver-related death burden may be underestimated in population studies that apply 
only one diagnostic category of the International Classification of Diseases (ICD). 
Liver-specific descriptors, such as hepatic encephalopathy, hepatorenal syndrome, and 
liver malignancy, must also be included in all outcome analyses [85].

Liver-related mortality can vary in different ethnic groups within the same geo-
graphical region [1]. Liver failure is more common at presentation in African- 
Americans with autoimmune hepatitis than in white American adults (38% versus 
9%) [86] (Table 16.3). African-Americans with autoimmune hepatitis are younger 
at diagnosis than white Americans; they have cirrhosis more frequently (57–85% 
versus 38%); they require liver transplantation more often (51% versus 23%); and 
their overall mortality is significantly higher (24% versus 6%), especially in black 

Table 16.3 Regional and ethnic differences in outcomes of autoimmune hepatitis

Outcomes Findings Regional or ethnic differences
Liver-related 
mortality

Different between ethnic groups 
in same region [86]
Different between geographical 
regions [40, 41, 45, 95–97]

African-American versus white 
American adults
•  Liver failure at presentation, 38% 

versus 9% [86]
• Mortality, 24% versus 6% [86]
•  Highest mortality in black 

males [86]
Regional differences in mortality
•  10 years, 7–10.3% in Europe, Israel, 

USA [40, 41, 95, 96]
• 5 years, 29% in Singapore [45]
•  <3 years (mean, 15.7 ± 17 months), 

25% in India [97]
Cirrhosis Different in ethnic groups in same 

region [86]
Different between geographical 
regions [40, 41, 45, 95–97]
Differences may reflect disease 
severity, genetic predisposition, or 
socioeconomic status [86]

African-Americans versus white 
Americans
• Younger at presentation [86]
•  Cirrhosis at presentation, 57–85% 

versus 38% [86, 87]
Regional differences in cirrhosis at 
presentation
• 42% in Singapore [45]
• 76% in India [97]
•  12–29% in Europe, Israel, USA 

[40–42, 96]
Mortality hazard (1st year), 3.25 (95% 
CI: 2.25–4.7) [40]

Liver 
transplantation

Differences may reflect disease 
severity, delayed diagnosis, or 
limited access to medical care 
[86, 92]

African-Americans versus white 
Americans
•  Liver transplantation indicated, 51% 

versus 23% [86]
•  Access to transplantation may be less 

[92, 94]

(continued)
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males [86, 87]. African-Americans also have a higher mortality associated with 
small, non-metastatic hepatocellular carcinoma [88, 89]. These findings may reflect 
a more aggressive autoimmune hepatitis, possibly because of different antigenic 
triggers or genetic predispositions in the black population, or they could reflect 
cultural or socioeconomic differences between the white and black populations that 
prevent early diagnosis and limit access to medical interventions, especially liver 
transplantation [90–94].

Liver-related mortality can also vary in different geographical regions. 
Autoimmune hepatitis has a 10-year all-cause mortality of 26.4% in Denmark (95% 
CI: 23.7–29.1%), but only 38.6% of the known causes of death are liver-related [40] 
(Table 16.3). The estimated 10-year liver-related mortality in Denmark is 10.2% 
and similar to the 10-year liver-related mortality of 9% in the United Kingdom [95], 
10.3% in southern Israel [41], and 7% in North America [96]. In each of these non- 
Asian countries, the mortality estimates are lower than the 5-year liver-related mor-
tality of 29% in Singapore [45] and the overall mortality of 25% in India during a 
mean observation period of only 15.7 ± 17 months [97].

The presence of cirrhosis at presentation in 42% of the patients in Singapore [45] 
and 76% of the patients in India [97] may explain the differences in mortality 
(Table 16.3). Cirrhosis at presentation occurs in only 12–29% of patients with auto-
immune hepatitis in Denmark [40], southern Israel [41], the Netherlands [42], and 
the United States [96], and it has a greater mortality hazard during the first year after 

Table 16.3 (continued)

Outcomes Findings Regional or ethnic differences
Hepatocellular 
carcinoma

Differences may reflect limited 
access to treatment in ethnic 
groups of same or different region 
[89–94]
Referral bias in tertiary medical 
centers may over-estimate 
occurrence [100]

African-Americans versus white 
Americans
•  Higher mortality with localized HCC 

[88, 89]
•  Lower frequency of liver 

transplantation [94]
Regional differences in occurrence
•  0.8 cases per 1000 person- years in 

Denmark [40]
•  0.7% 10 year cumulative risk in 

Denmark [40]
•  1% frequency (median, 6 years) in 

Netherlands [42]
•  1 case per 965 person-years in 

USA [99]
•  10.9 cases per 1000 person-years in 

UK [100]
Male predominant except in UK 
[40, 42, 98, 100]
Develops in cirrhosis only except in 
UK [40, 98, 100]

CI confidence interval, HCC hepatocellular carcinoma, UK United Kingdom, USA United States 
of America
Numbers in brackets are references
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diagnosis than the absence of cirrhosis (mortality hazard of cirrhosis, 3.25; 95% CI: 
2.25–4.70) [40].

Hepatocellular carcinoma has an incidence of 0.8 cases per 1000 person-years 
(95% CI: 0.3–1.5) in Denmark, especially in men with cirrhosis, and the 10-year 
cumulative risk of hepatocellular carcinoma has been 0.7% (95% CI: 0.3–1.5) 
[40] (Table 16.3). These findings are similar to those in the Netherlands where 
the frequency of hepatocellular carcinoma has been 1% during a median observa-
tion interval of 6 years [42]. In the United States, hepatocellular carcinoma has 
developed only in patients with longstanding cirrhosis (≥5 years duration) [98]; 
it has been male predominant [98]; and its incidence has been 1 per 965 person-
years [99]. In the United Kingdom, hepatocellular carcinoma has occurred at a 
rate of 10.9 cases per 1000 patient-years or 1.1% per year [100]. It has affected 
3.4% of patients without cirrhosis, and it has developed equally in men and 
women (6.4% versus 6.1%) [100]. The study in the United Kingdom was per-
formed in a tertiary medical center, and it may have reflected referral bias associ-
ated with more advanced and severe autoimmune hepatitis than encountered 
elsewhere.

16.2.5  Variations of Genetic Predisposition in Different 
Geographical Regions and Ethnic Groups

Autoimmune hepatitis has a complex genetic predisposition that can vary in chil-
dren and adults within the same geographical region and between adults in different 
regions [11]. Autoimmune hepatitis does not have a causative gene, but a constella-
tion of normal genes within and outside the MHC may favor immune reactivity. 
Familial occurrence is rare (0.2% in Brazil [101] and 0.3% in the Netherlands [42]), 
but monozygotic (not dizygotic) twins have been affected [42]. Furthermore, 42% 
of first-degree relatives in the Netherlands have had other autoimmune diseases 
(rheumatoid arthritis, type 1 diabetes, and autoimmune thyroid disease) [42]. The 
antibodies associated with autoimmune hepatitis have been uncommon in first 
degree relatives of juvenile patients in Britain, but the frequency of the human leu-
kocyte antigen (HLA) DRB1*0301, which has been associated with autoimmunity, 
has been similar in both populations [102]. These findings suggest a familial pro-
pensity for immune reactivity.

16.2.5.1  Genetic Susceptibilities Within the MHC
Genes within the MHC encode the antigen-binding groove of the class II MHC mol-
ecules, and they can affect the presentation of antigens and the nature of the autoreac-
tive response [11]. DRB1*0301 and DRB1*0401 are the principal susceptibility 
alleles in white North American and European adults with autoimmune hepatitis 
[103, 104] (Table 16.4). Each allele encodes a six amino acid sequence (leucine-
leucine-glutamic acid-glutamine-lysine-arginine) at positions DRβ67–72 of the anti-
gen binding groove, and this sequence has been associated with the occurrence of 
autoimmune hepatitis in these adult populations [103, 105].
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DRB1*0404 and DRB1*0405 are the principal susceptibility alleles in Japan 
[106, 107], mainland China [108], and Mexico [109], and DRB1*0405 and 
DQB1*0401 are the main susceptibility alleles in South Korea [110] (Table 16.4). 
The DRB1*0404 and DRB1*0405 alleles differ from the DRB1*0301 and DRB1*0401 
alleles by encoding an arginine for lysine at the DRβ71 position. This substitution of 

Table 16.4 Ethnic differences in genetic factors for autoimmune hepatitis

Genetic factors
Principal associations in ethnic 
groups with autoimmune hepatitis Clinical associations

Alleles inside 
MHC

White North American and 
European adults
•  DRB1*0301 and DRB1*0401 

[103, 104]
Japanese, Chinese, Mexicans, 
South Koreans
•  DRB1*0404 and DRB1*0405 

[106–110]
Argentina, Brazil, Venezuela, Peru
• DRB1*1301 (children) [111–115]
• DRB1*0405 (adults) [23]
•  DRB1*1301, DRB1*0405, 

DQB1*02, DQB1*0603 
(meta-analysis) [116]

North American and European 
children
• DQB1*0201 [122, 123]
•  Linked with DRB1*07, DRB1*03 

[123]

DRB1*03 and DRB1*04 alleles
•  Encode similar amino acid sequences 

in class II MHC molecules [11, 
103, 105]

•  May present similar triggering 
antigens [4]

DRB1*1301
•  Encodes different amino acid 

sequence than DRB1*03 and 
DRB1*04 alleles in class II MHC 
molecules [11, 117]

• Affects mainly children [23, 111]
• Associated with HAV infection [25]
•  May favor viral triggers [4]
DQB1*0201, DRB1*07 and DRB1*03
•  Associated with anti-LKM1 [122, 

123]
• Affects mainly children [122, 123]
•  May favor CYP2D6 or homologous 

viral epitopes [128, 129]
Variants outside 
MHC

North American adults
• CTLA-4 [131, 135]
• TNFRSF (Fas) [137]
• TNFA [138, 139]
European and Chinese adults
•  Vitamin D receptor (VDR) [140, 

141]
European adults
• SH2B3 [104]
• CARD10 [104]
Japanese adults
• TNFRSF (Fas) [136]
• STAT4 [142]
South American children and 
adults
• TGF-β1 [18]

Controversial pathogenic significance 
[134]
Statistical associations in small 
cohorts [132]
Not disease-specific [17, 130–132]
Uncertain functional differences 
between variants of same gene [4]
Variable presence in ethnic groups 
[131, 133]
No direct comparisons between 
ethnicities [1]
Constellations may be more important 
than any single variant [4, 11]

CARD10 caspase recruitment domain family member 10 gene, CTLA-4 cytotoxic T lymphocyte 
antigen-4 gene, MHC major histocompatibility complex, SH2B3 Scr homology 2 adaptor protein 
3 gene, STAT4 signal transducer and activator of transcription 4 gene, TGF-β1 transforming growth 
factor-beta 1 gene, TNFA tumor necrosis factor-α gene, TNFRSF tumor necrosis factor receptor 
super-family (Fas) gene
Numbers in brackets are references
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a similarly structured and charged amino acid for lysine would not greatly alter anti-
gen selection and presentation by the class II MHC molecules. Accordingly, the auto-
immune hepatitis associated with the alleles, DRB1*0301, DRB1*0401, DRB1*0404 
and DRB1*0405, could be triggered in different geographical regions and ethnic 
groups by antigens with homologous epitopes [4].

In contrast, DRB1*1301 is the principal susceptibility allele in Argentina [23, 
111], Brazil [112, 113], Venezuela [114], and Peru [115], and DRB1*0405, 
DQB1*02, and DQB1*0603 have also been implicated by meta-analysis [116] 
(Table  16.4). Children with autoimmune hepatitis in Argentina have mainly 
DRB1*1301 [111], whereas adults with autoimmune hepatitis in Argentina have 
mainly DRB1*0405 [23]. DRB1*1301 encodes a different amino acid sequence 
(isoleucine-leucine-glutamic acid-aspartic acid-glutamic acid-arginine) between 
positions DRβ67–72 than the DRB1*03 and DRB1*04 alleles, and this sequence 
would change the steric and electrostatic properties of the antigen binding groove of 
the class II MHC molecules [117].

The substitution of the negatively charged aspartic acid and glutamic acid at 
positions DRβ70 and 71 within the antigen binding groove suggest that the autoim-
mune hepatitis in South American children with DRB1*1301 is triggered by anti-
gens different than those encountered in South American, North American, and 
European adults who have mainly DRB1*03 and DRB1*04 alleles. The association 
of protracted hepatitis A virus infection in patients with DRB1*1301 [25] has sup-
ported speculation that the hepatitis A virus is a cause of autoimmune hepatitis, 
especially in areas like South America that are endemic for the virus [118–121]. 
This hypothesis might also extend elsewhere to other infectious agents that are more 
common in children than adults.

DQB1*0201 has been proposed as the principal susceptibility allele of autoim-
mune hepatitis that is characterized by the presence of anti-LKM1 [122, 123] 
(Table  16.4). This allele is in strong linkage disequilibrium with DRB1*07 and 
DRB1*03 [123], and HLA DRB1*07 has been associated with this type of autoim-
mune hepatitis in Brazil [112, 113, 124, 125], Britain [126], and Germany [127]. 
The cytochrome P450 2D6 (CYP2D6) is the target antigen of anti-LKM1, and it has 
homologies with peptide sequences in the hepatitis C virus, cytomegalovirus, and 
herpes simplex type 1 virus [128, 129]. The autoimmune hepatitis characterized by 
anti-LKM1 in European children may be a reflection of exposures to indigenous 
infectious or environmental agents that mimic CYP2D6. Susceptibility might be 
enhanced by alleles of the MHC that favor presentation of these antigens.

16.2.5.2  Genetic Susceptibilities Outside the MHC
Genetic polymorphisms outside the MHC are not antigen-directed, and they may 
modify the immune response and modulate the mechanisms of tissue damage and 
repair in a fashion that is not disease-specific [17, 130–132]. They are frequently 
present in non-hepatic immune-mediated diseases, and they are commonly absent 
in the same immune-mediated disease but in different ethnic groups [131, 133]. 
Accordingly, their presence is not essential for disease occurrence, and their true 
role in autoimmune hepatitis has been unclear and controversial [134].
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Polymorphisms of the cytotoxic T lymphocyte antigen-4 gene (CTLA-4) [131, 
135], Fas gene (tumor necrosis factor receptor super-family [TNFRSF] gene) [136, 
137], tumor necrosis factor-α (TNFA*2) gene [138, 139], vitamin D receptor (VDR) 
gene [140, 141], signal transducer and activator of transcription 4 (STAT4) gene 
[142], transforming growth factor-beta 1 (TGF-β1) gene [18], the Scr homology 2 
adaptor protein 3 (SH2B3) gene [104], and the caspase recruitment domain family 
member 10 (CARD10) gene [104] have been implicated as genetic factors in auto-
immune hepatitis (Table  16.4). Each has been described in region- and ethnic- 
specific cohorts; each has been implicated by statistical association of varying 
strength; and none has an established role in the occurrence or manifestations of 
autoimmune hepatitis. A constellation of polymorphisms may be a more critical 
determinant of the phenotype and behavior of autoimmune hepatitis in different 
populations than a single prime variant.

16.2.5.3  Genetic Associations with Clinical Course
The alleles within the MHC have been associated with differences in the phenotype 
and behavior of autoimmune hepatitis in patients of the same or different ethnicity 
[11]. DRB1*0301 has been associated with an earlier age of onset, more severe dis-
ease, higher frequency of treatment failure, and greater requirement for liver trans-
plantation than patients with DRB1*0401 in white North American and European 
adults [16, 64, 105, 143]. In contrast, patients with DRB1*0401 are more commonly 
women, have concurrent immune diseases more frequently, respond better to immu-
nosuppressive therapy, and are older at disease onset than patients with DRB1*0301 
[16, 64, 105]. Elderly patients (aged ≥60 years) have DRB1*0401 more often than 
young adults (aged ≤30 years), and they respond better to immunosuppressive ther-
apy despite having a greater frequency of cirrhosis at presentation [144, 145].

DRB1*0301 is rare in the Japanese population, and DRB1*0405 is the principal 
susceptibility allele for autoimmune hepatitis [106, 146, 147]. Japanese patients 
with autoimmune hepatitis are typically women with late onset disease, few or no 
symptoms, mild disease severity, responsiveness to treatment, and favorable long- 
term prognosis [148–150]. In this ethnic group, the common association of 
DRB1*0405 with autoimmune hepatitis and the almost complete absence of 
DRB1*0301 in the general population may have shaped a disease phenotype that is 
similar to that of women in western countries who also have DRB1*04 alleles. 
Genome wide association studies (GWAS) in diverse geographical regions and eth-
nic groups may be able to identify other genetic factors that influence outcome and 
help individualize management strategies.

16.2.6  Possible Epigenetic Changes Affecting Predisposition 
and Outcome

Micro-ribonucleic acids (miRNAs) are regulatory molecules that exert an epigene-
tic effect on the transcriptional activity of genes by binding with the messenger 
RNA (mRNA) produced by the gene and marking it for degradation by an RNA- 
induced silencing complex (RISC) [151, 152]. This gene silencing effect can repress 
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the activity of protein-encoding genes, and it may alter the expressions of pro- and 
anti-inflammatory genes in autoimmune liver disease [21]. Serum levels of the miR-
NAs miR-21 and miR-122 have fluctuated with the serum ALT concentrations in 
Japanese patients with autoimmune hepatitis, and the circulating level of miR-21 
has correlated with the histological grade of inflammation [153].

miRNAs have organ but not disease specificity, and their association with inflam-
matory activity in autoimmune hepatitis suggests that they may affect susceptibility 
and outcome. The expression of miRNAs is influenced by genetic factors, and the 
genes expressing the miRNAs themselves can be affected by epigenetic mecha-
nisms that may be cued from the environment [154, 155]. Epidemiological studies 
are required to determine if differences in clinical phenotype and outcome in diverse 
populations can be ascribed to variations in the expression of miRNAs as a result of 
genetic variation or environmental cues.

Vitamin D deficiency occurs in 51–92% of patients with non-cholestatic chronic 
liver disease [156–158] and 81% of Turkish patients with autoimmune hepatitis 
[159]. Low serum levels of 25-hydroxyvitamin D3 may result from impaired liver 
hydroxylation of the skin-derived vitamin D3 [156, 157] or impaired synthesis, 
absorption, or consumption of vitamin D3 [160]. Variations in sun exposure, sea-
sonal climate, diet, and contact with toxins that alter the metabolic activity of P450 
cytochromes can promote vitamin D deficiency and perturb the immunomodulatory 
actions of vitamin D [161].

Vitamin D has diverse immunomodulatory effects on the innate and adaptive 
immune systems [162–164], and the vitamin D receptor (VDR) is expressed on mul-
tiple cell types [165, 166]. Furthermore, the hydroxylating enzyme (25-hydroxyvita-
min D-1α hydroxylase) that converts inactive 25-hydroxyvitamin D3 to the active 
1,25-dihydroxyvitamin D3 is not restricted to the kidney. The expression of 
25-hydroxyvitamin D-1α hydroxylase can be induced in diverse cell types, and the 
hydroxylating enzyme can activate vitamin D outside the kidney [167, 168].

The activated 1,25-dihydroxyvitamin D3 can in turn interact with the vitamin D 
response element (VDRE) in regulatory genes, and it can modulate the immune 
response by exerting an epigenetic effect on the transcriptional activity of the tar-
geted gene [169]. Genetic factors can affect the structure and avidity of the VDR, 
and differences in vitamin D availability and metabolism may also affect suscepti-
bility to autoimmune hepatitis and its clinical phenotype in diverse populations 
[140, 141]. Population-based epidemiological studies will be pivotal in determining 
the impact of vitamin D deficiency and epigenetic changes on the distribution and 
consequences of autoimmune hepatitis.

16.3  Epidemiology of Primary Biliary Cholangitis

Primary biliary cholangitis is a progressive chronic liver disease in which the biliary 
epithelial cells rather than the hepatocytes are the primary targets of the immune 
response [170]. Clinical, laboratory, and histological changes (bile duct injury, 
destruction or loss) define a cholestatic phenotype that typifies PBC and distin-
guishes it from autoimmune hepatitis [171]. Importantly, the classical cholestatic 
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components can be absent at presentation [172] or intermixed with features of auto-
immune hepatitis (overlap syndrome) [6]. Furthermore, many patients may be 
asymptomatic and escape early detection [173, 174]. For these reasons, population- 
based epidemiological studies of PBC can be influenced greatly by the level of 
clinical expertise within the community being scrutinized [175].

16.3.1  Annual Incidence of Primary Biliary Cholangitis

The annual incidence of PBC has ranged from 0 to <1 case per 100,000 persons in 
Brunei, Darussalem [176] and Estonia [177] to 3.2 cases per 100,000 persons in 
Newcastle, United Kingdom [178, 179] (Table 16.5). Olmsted County, Minnesota 
(2.7 cases per 100,000 persons) [180], Calgary, Canada (3.03 cases per 100,000 
persons) [181], and Newcastle, United Kingdom (3.2 cases per 100,000 persons) 
[178, 179] have reported an annual incidence of PBC that is almost twofold greater 
than the annual incidence of PBC in Denmark (1.14 cases per 100,000 persons) 
[182], Sweden (1.4 cases per 100,000 persons) [173], Norway (1.6 cases per 100,000 
persons) [44], Italy (1.67 cases per 100,000 persons) [182], and Spain (1.72 cases 
per 100,000 persons) [183]. Furthermore, the annual incidence of PBC in Olmsted 

Table 16.5 Incidence and prevalence of primary biliary cholangitis in different regions (lowest to 
highest annual incidence)

Geographical region
Annual incidence per 
100,000 persons Prevalence per 100,000 persons

Australia (Victoria) [194, 198] Not reported 1.9–5.1 (Australian-born, 3.72; 
Italian-born, 19.9; Greek-born, 
20.8; British-born, 14.1)

Brunei, Darussalem [176, 306] 0–1 2.6 (Malaysian, 2.3; Chinese, 4.1)
Estonia [177] 0.23 2.69
Japan [175, 195] Not reported 2.7–5.4
China (southern) [196] Not reported 4.92 (15.6 in women aged 

>40 years)
Israel (southern) [197] Not reported 5.5
Denmark [182] 1.14 11.5
Sweden [173] 1.4 12.8
Norway (Oslo) [44] 1.6 14.6
Italy (Lombardia) [182] 1.67 16 (increasing prevalence)
Spain (Sabadell) [183] 1.72 19.5
United States (Olmsted County, 
Minnesota) [180]

2.7 (women, 4.5; men, 
0.7) (stable for 
20 years)

40.2 (women, 65.4; men, 12.1)

Canada (Calgary) [181] 3.03 (women, 4.84; 
men, 1.04) (stable from 
1996 to 2003)

22.7 (increased from 10 over 
6 years)

United Kingdom (Newcastle) 
[178, 179, 199]

3.2 (increased from 2.3 
over 7 years)

25.1 (increased from 14.9 over 
7 years)

Numbers in brackets are references
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County, Calgary, and Newcastle is almost 14-fold greater than the annual incidence 
of PBC in Estonia (0.23 cases per 100,000 persons) [177]. Importantly, each region 
with the highest annual incidence of PBC (Olmsted County, Minnesota, Calgary, 
Canada, and Newcastle, United Kingdom) has an academic medical center with a 
long-standing interest and expertise in PBC.

The annual incidence of PBC has been stable for 7 years in Calgary, Canada 
[181] and for 20 years in Olmsted County, Minnesota [180], but it has increased in 
Newcastle, United Kingdom (2.3–3.2 cases per 100,000 persons over 7 years) [178, 
179] (Table 16.5). In adults aged ≥20 years in Newcastle, the annual incidence has 
increased from 3.1 to 4.3 cases per 100,000 persons, and in women aged ≥40 years, 
it has increased from 9.1 to 10 cases per 100,000 women [179]. These trends have 
not been statistically significant, but they have been consistent in each analyzed 
subgroup. Since the three regions with the highest annual incidence of PBC have 
academic medical centers with similar interest and expertise in PBC, the increasing 
annual incidence of PBC in one area is unlikely to reflect a difference in case detec-
tion. Continued separation of the Newcastle region from the other two regions 
would suggest a newly introduced environmental factor for PBC or a changing 
population by age, gender or genetic composition.

The annual incidence of PBC in women has been 4.5 cases per 100,000 persons 
in Olmsted County, Minnesota [180] and 4.84 cases per 100,000 persons in Calgary, 
Canada [181]. The annual incidence of PBC in women has been 4.6- to 6.4-fold 
greater than in men residing in these same regions (Table 16.5). The female-to-male 
ratio of patients with PBC has been 2.3:1 in Lombardia, Italy [182], 4.2:1 in Denmark 
[182], and 9–10:1  in most other studies [50, 175, 184]. The bases for the female 
predisposition for PBC and the variable sex ratios in different regions are unclear 
[170]. Recent studies have suggested that the composition of the intestinal microbi-
ome can influence the immune response in PBC [185–188]. The intestinal microflora 
may also contribute to gender bias by influencing serum sex hormone levels and 
altering the antigenic stimuli that modulate the immune response [32, 189, 190].

The annual incidence of PBC is highly dependent on age, and in Calgary, the 
highest incidence is among individuals aged 60–79  years (annual incidence, 6.3 
cases per 100,000 persons) [181]. Primary biliary cholangitis does not affect chil-
dren, and the absence of childhood PBC also distinguishes it from autoimmune 
hepatitis and PSC [59, 67, 191–193]. The bases for protection against PBC in chil-
dren are unknown, and this uncertainty must generate speculation about the patho-
genic role of post-pubescent female hormones, infections, environmental factors, 
and age-related changes in the intestinal microbiome [32, 170].

16.3.2  Prevalence of Primary Biliary Cholangitis

The prevalence of PBC ranges from 1.9 cases per 100,000 persons in Victoria, 
Australia [194] to 40.2 cases per 100,000 persons in Olmsted County, Minnesota 
[180]. Asian countries (Japan [195] and China [196]) and southern Israel [197] have 
a prevalence of PBC that is one third the prevalence of PBC in Europe and one fifth 
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the prevalence in North America (Table 16.5). In contrast, Australia, whose popula-
tion is descended mainly from European settlers, has a lower prevalence of PBC 
than Europe, North America, Asia and southern Israel [194, 198]. Prevalence has 
been 5.4-fold higher in women than men in the United States (65.4 cases per 100,000 
women versus 12.1 cases per 100,000 men) [180], and it has been 15-fold higher in 
patients aged 60–79 years than in patients aged 20–39 years in Canada (57.3 cases 
per 100,000 persons versus 3.8 cases per 100,000 persons) [181].

Australian-born women aged ≥24  years have a prevalence of 5.1 cases per 
100,000 persons (95% CI: 3.75–6.79) [194], but this estimate is still lower than that 
reported in Europe [44, 173, 178, 179, 182, 183], North America [180, 181], and 
Japan [195] (Table 16.5). Australian-born individuals also have a lower prevalence 
of PBC (3.72 cases per 100,000 persons) compared to individuals who have migrated 
to Australia from Britain (14.1 cases per 100,000 persons), Italy (19.9 cases per 
1000,000 persons), and Greece (20.8 cases per 100,000 persons) [198]. Genetic fac-
tors are unlikely to be the basis for protection from PBC since most Australians are 
descended from British and European settlers [194] whose native populations have 
had a higher prevalence of PBC than native Victorians [179, 198]. These findings 
have justified speculation that individuals in Australia are protected from PBC 
because they lack an environmental factor encountered elsewhere [194, 198].

The prevalence of PBC has increased by more than twofold over a 6 year period 
in Calgary, Canada (from 10 to 22.7 cases per 100,000 persons) and by 1.7-fold over 
a 7 year period in Newcastle, United Kingdom [178, 179, 199] (Table 16.5). The 
prevalence may also have increased in Lombardia, Italy [182]. An increasing preva-
lence of PBC in certain regions suggests that the disease is being recognized at 
earlier asymptomatic stages and individuals with the disease are living longer [179]. 
Whereas greater recognition of the disease can be a consequence of improved case- 
detection, improved survival may relate to changes in the behavior, management or 
cause of the disease.

16.3.3  Variations in Liver-Related Mortality in Different 
Geographical Regions

The number of liver transplants performed in patients with PBC has been decreas-
ing [3, 200], and this finding suggests that earlier detection and improved manage-
ment have had an impact on prevalence. This possibility has not been established (or 
excluded) by comparisons of mortality between regions with rising and stable prev-
alence of PBC. The annual mortality of PBC in Calgary, Canada has been 3.4%; the 
standardized mortality ratio (SMR) has been 2.1 (95% CI: 1.2–3.4); the frequency 
of liver transplantation over 5.8 years (range, 10 days–10.9 years) has been 4.4%; 
and the 5- and 10-year survivals have been 83% and 73%, respectively [181]. The 
5- and 10-year survivals of women with PBC in Calgary are 87% and 80%, respec-
tively, compared to those of men (64% and 0%, respectively). Calgary has had a 
greater increase in prevalence of PBC than Newcastle, England and Lombardia, 
Italy. Survival has also been better in this region.

A. J. Czaja



269

The SMR for PBC has been 2.85 (95% CI: 2.54–3.19) in Newcastle, United 
Kingdom [179], and the 5- and 10-year survivals have been 70% and 61%, respec-
tively, in Lombardia Italy [182]. Women with PBC in Lombardia have had 5- and 
10-year survivals of 77% and 67%, respectively, compared to those of men (55% 
and 47%, respectively). In contrast, the estimated 10-year survival of PBC in 
Olmsted County, Minnesota, which has had a stable prevalence of PBC for 20 years, 
is 59% [180]. Countering the suggestion that increased survival is a basis for 
increasing prevalence of PBC in certain communities is the lack of statistically valid 
comparisons of survival between the regions of interest.

The marked predilection of women for PBC [50, 175, 177, 180, 182], the lower 
occurrence but higher mortality of men than women with the disease [181, 182], the 
relative protection of native-born Australians from PBC [194, 198], and the sparing 
of children [170] are epidemiological observations that lack an explanation, and 
these findings should direct future investigations.

16.3.4  Environmental Factors and the Occurrence of Primary 
Biliary Cholangitis

Environmental agents and conditions have been implicated as risk factors for PBC, 
and they may help explain the clustering of cases in certain areas within the same 
geographical region [201, 202].

16.3.4.1  Tobacco Smoking
Tobacco smoking has been strongly implicated as an environmental risk factor for 
PBC (Table 16.6). Regular smoking and a history of previous smoking have been 
more frequent in patients with PBC than control populations [203–209], and 
patients with PBC have had a higher frequency of persistent passive exposure to 
tobacco smoke [209, 210]. Furthermore, smoking history and the amount of 
tobacco consumed have been associated with advanced hepatic fibrosis [211, 
212]. Smoking intensity, defined by the number of pack-years, has been higher in 
patients with advanced hepatic fibrosis (stages 3 and 4) than in patients without 
these histological findings, and the likelihood of advanced hepatic fibrosis at pre-
sentation has increased by 5% (95% CI: 1.3–8.7%) for each increase in pack-year 
exposure [212]. Smoking has also been more frequent in other immune-mediated 
diseases, including rheumatoid arthritis (RA), systemic lupus erythematosus 
(SLE), multiple sclerosis (MS), and Graves’ disease [213]. These observations 
have supported concerns that tobacco smoke has deleterious effects on the immune 
system.

Smokers in general have increased plasma levels of the pro-inflammatory cyto-
kines, interleukin (IL)-1, IL-6, IL-8, and interferon-gamma (IFN-γ) [214–216]. The 
anti-inflammatory cytokine, IL-10, is also increased, but plasma IFN-γ (not IL-10) 
levels are higher in female smokers than male smokers [208, 217]. The predomi-
nance of IFN-γ in women in conjunction with other pro-inflammatory cytokines 
favor a type 1 cytokine pathway of lymphocyte differentiation and proliferation in 
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PBC [218]. Predominance of the type 1 cytokine pathway can in turn promote 
hepatic fibrosis [219]. Tobacco smoking can also suppress the secretion of cyto-
kines, IL-12 and IL-23, by dendritic cells and weaken the immune response to bac-
terial lipopolysaccharide [220]. A compromised immune defense could favor the 
occurrence of infections that might also trigger PBC [220]. Chronic expression of 
IFN-γ in a mouse model can produce an autoimmune cholangitis with female pre-
dominance that mimics human PBC [221].

Table 16.6 Environmental risk factors for primary biliary cholangitis

Risk factor Possible mechanism(s) Evidence
Cigarette 
smoking

Releases polycyclic aromatic 
hydrocarbons (including benzene) and 
ROS [216, 222, 223]
Pro-inflammatory cytokines increased 
[215]
Protective dendritic cell functions less 
[220]
Risk of infection increased [220]
Xenobiotic transformation of 
mitochondrial antigen into neo-antigen 
[216, 224]

History of smoking associated with 
PBC [205]
Regular smoking more common in 
PBC [209]
More lifetime exposure to second 
hand smoke [209]
Associated with advanced fibrosis 
[211, 212]
Dose-dependent effect on fibrosis 
risk [212]
Linked to RA, SLE, MS, Graves’ 
disease [213]

Toxic waste 
exposure

Possible exposures to benzene, 
trichloroethylene, and other aromatic 
and halogenated hydrocarbons [227]
Toxic liver injury may trigger 
autoreactive immune response [227]

Increased frequency of PBC on liver 
transplant list in zip code areas in or 
adjacent to Superfund toxic waste 
sites in New York [227]

Water source Soft water, low fluoride levels found 
[226]
Uncertain pathogenic effects [216]

PBC >10-fold more common in 
areas of Sheffield, England receiving 
water from one reservoir [184]

Nail polish
Hair dye

May alter or complex with self- 
proteins changing structure to induce 
immune response (xenobiotic effect) 
[228]

Controlled interview-based study 
showed increased association with 
PBC [205]

HRT Uncertain pathogenic effect [233]
Improves liver tests in PBC [234]

HRT use more frequent in PBC 
[205]
May be prescribed more commonly 
[205]

Urban living Presumed exposure to industrial 
pollution, infectious agents, toxic 
waste [230]

Associated with higher prevalence 
than in rural community [230]

Seasonality May relate to seasonal infections, 
pollutants, exercises, diets, sunlight/
UV exposure [235]

Peak diagnosis of PBC in northeast 
England during month of June [235]

HRT hormonal replacement therapy, MS multiple sclerosis, PBC primary biliary cholangitis, RA 
rheumatoid arthritis, ROS reactive oxygen species, SLE systemic lupus erythematosus, UV 
ultraviolet
Numbers in brackets are references
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Numerous other cytotoxic agents are also inhaled during tobacco smoking, 
including nicotine, polycyclic aromatic hydrocarbons (benzene), and reactive oxy-
gen species (ROS) [222, 223]. Chemical transformation of benzene through haloge-
nation can have a xenobiotic effect, and it may contribute to the development of 
PBC by altering mitochondrial antigens and inducing an autoreactive response 
[224]. ROS may also contribute by altering mitochondrial function, inducing apop-
tosis, provoking nitrosative stress, and stimulating hepatic fibrosis [225].

16.3.4.2  Water Sources, Toxic Waste Sites, Nail Polish, 
and Hormonal Replacement Therapy

The unusual occurrence of PBC in certain areas within a geographical region has 
supported the concept that a toxic agent might predispose to the disease by exerting 
a xenobiotic effect [24, 224, 226, 227]. Xenobiotics are foreign substances (chemi-
cals, drugs, and pollutants) that are not naturally produced or consumed. Their 
introduction into the system is usually fortuitous and unsuspected, and they can 
have deleterious consequences. The mitochondrial component, pyruvate dehydro-
genase complex-E2 (PDC-E2), can be altered in vitro by a xenobiotic [224, 228], 
and this molecular alteration could create a neo-antigen that enhances or extends an 
autoreactive response [229]. Modification of the PDC-E2 peptide with 2-octynoic 
acid induces a greater reactivity against PBC sera than against control sera, and the 
use of 2-octynoic acid in perfumes, lipstick, and food colorings ensures ample 
opportunity for environmental exposure to this xenobiotic [224].

Epidemiological studies have supported the concept of a xenobiotic effect in 
PBC (Table 16.6). A single water source in Sheffield, England has supplied an area 
in which the prevalence of PBC has been >10-fold higher than the prevalence of 
PBC in areas supplied by other water sources [226]. Neighborhoods in close prox-
imity to a toxic waste site have had more patients with PBC awaiting liver transplan-
tation than other neighborhoods of New York [227], and case-control studies have 
indicated a statistical association between the occurrence of PBC and yearly expo-
sures to nail polish (P < 0.0001) and hair dye (P = 0.04) [205]. The higher preva-
lence of PBC in urban communities (14.4 cases per 100,000 persons) than in rural 
communities (3.7 cases per 100,000 persons) supports speculation that PBC-causing 
xenobiotics are more plentiful in the urban environment [230].

Drugs may also exert a xenobiotic effect or cause drug-induced liver injury 
which may in turn promote a pro-inflammatory immune response [231]. A case- 
control study by questionnaire has demonstrated a statistically higher frequency of 
hormonal replacement therapy (HRT) in patients with PBC than in unaffected 
women [205] (Table  16.6). The pathogenic significance of this finding remains 
speculative since HRT is frequently prescribed in PBC as part of a management 
strategy to prevent or improve osteoporosis [232]. Estrogen receptors are present in 
the biliary epithelial cells of patients with PBC (in contrast to normal liver), but they 
disappear in advanced stages and their role in disease progression is unclear [233]. 
Furthermore, estradiol therapy has actually improved liver tests in PBC [234].
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16.3.4.3  Seasonal Variation
The diagnosis of PBC has a seasonality that may influence its detection at early 
stages and its prognosis (Table 16.6). The symptoms of PBC have been recognized 
most commonly in the Spring and early Summer in northeast England [230, 235], 
and the peak month for diagnosing PBC in this region has been June [235]. 
Furthermore, the distribution of patients with survivals >10 years has had a similar 
seasonality that has not been evident in the distribution of patients with survivals 
<5 years [235]. These findings have suggested that the summer occurrence of symp-
toms may have contributed to an early diagnosis of PBC that in turn favored an 
improved survival.

The seasonality of the diagnosis of PBC in northeast England could not be attrib-
uted to changes in the number of patients attending medical clinics or admitted to 
hospital, and a transient seasonal factor with a short lag time between exposure and 
effect has been suspected [235, 236]. Infections [237–241] and air pollutants whose 
occurrence can vary with weather conditions [242, 243] have been prime consider-
ations, but other seasonal factors (activities, dietary adjustments, and exposure to 
sunlight and ultraviolet radiation) cannot be overlooked. Similar epidemiological 
studies have not been performed in other countries to assess the regional specificity 
of the observations.

16.3.5  Infectious Agents and the Occurrence of Primary Biliary 
Cholangitis

Infectious agents may trigger an immune-mediated disease by sensitizing 
immune cells to peptide sequences within the pathogen that resemble those 
within the host (molecular mimicry) [9, 244]. They may also cause tissue dam-
age, create or expose neo-antigens within the host, and promote a pro-inflamma-
tory immune response that breaks self-tolerance [4]. Some infectious agents 
may metabolize xenobiotics, and these metabolic products may then alter the 
immunogenicity of normal host proteins (xenobiotic effect) [238]. An infectious 
etiology has long been considered in PBC [245–247], and this speculation has 
been supported by several epidemiological studies. Escherichia coli has been 
the most commonly implicated organism, and it induces the expression of anti-
bodies to PDC-E2 and histological changes of cholangitis in a mouse model 
[244]. Multiple other pathogens have also been proposed [247], but only 
Novoshingobium aromaticivorans [238, 241, 248, 249] and β-retrovirus 
 [250–254] have been well studied.

16.3.5.1  Escherichia coli and Urinary Tract Infections
Escherichia coli and PDC-E2 have structural similarities, and these homologies 
between the pathogen and the host (molecular mimicry) may generate a promiscu-
ous immune response that breaks self-tolerance of PDC-E2 and triggers PBC [9, 
244, 255, 256] (Table 16.7). In the United Kingdom, the frequency of urinary tract 
infection (UTI) has been higher in women with PBC (19%) than in women with 
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other chronic liver (7%) or non-liver (8%) diseases, and most UTIs have been 
caused by Escherichia coli [257, 258]. Furthermore, most women with PBC have 
had multiple, often asymptomatic UTIs that have disappeared and re-appeared 
spontaneously in patterns unaffected by antibiotic therapy [259].

Similar associations between UTIs and PBC have been recognized in the United 
States [205, 209, 216] and France [210] (Table 16.7). Multiple UTIs have been com-
mon in women with PBC (>1 episode per year in the United States [209] to >5 
episodes per lifetime in France [210]), and the infections have occurred mainly 
before the diagnosis of PBC [260]. The highest adjusted odds ratio (OR) for the 
occurrence of PBC (OR: 2.60 [1.02–6.63]) has been in British women aged 

Table 16.7 Infectious agents and the occurrence of primary biliary cholangitis

Infectious agent Laboratory evidence Clinical evidence
Escherichia coli Structural homologies with PDC-E2 [9]

Induces antibodies to PDC-E2 and 
cholangitis in mouse model [244]

UTIs more common in 
PBC [257, 258]
Most UTIs caused by 
E. coli [257]
Multiple UTIs are risk 
factors [259]
Association exists across 
regions [209, 210]

Novoshingobium 
aromaticivorans

Metabolizes xenobiotics [238]
Two homologies with PDC-E2 [241]
PBC sera reactive against bacteria [238]
Infected mice develop cholangitis [244]

PBC sera react to bacterial 
proteins [240]
Reactivity consistent with 
AMA [240]
FDRs may also react 
(1.2%) [240]
Bacteria in 25% PBC fecal 
specimens [240]

Human β-retrovirus Viral sequences in diseased livers [251]
Exogenous virus signature [251]
Retroviral antibodies in serum [250]
Retroviral sequences in genome [253]
Virus-like particles in biliary cells [237]

Better after anti-retroviral 
therapy [254]
Retroviral infection not in 
all PBC [252]
Retrovirus not disease-
specific [262]

Less robust candidates
• Epstein-Barr virus
•  Mycobacterium 

gordonae
•  Helicobacter pylori
•  Chlamydia 

pneumoniae
•  Mycoplasma 

pneumoniae

Increased EBV DNA in PBMC, liver 
tissue, and saliva of PBC patients [263]
PBC sera react against M. gordonae [264]
M. gordonae and AMA cross- react [264]
H. pylori in PBC liver tissue [265]
C. pneumoniae antigen and RNA in 
PBC liver tissue [266]
PDC subunits on mycoplasma [267]
Reactivity to mycoplasma in PBC [267]

No epidemiological studies 
or treatment trials [247]

AMA antimitochondrial antibodies, EBV DNA Epstein-Barr virus deoxyribonucleic acid, FDRs 
first degree relatives, PBC primary biliary cholangitis, PBMC peripheral blood mononuclear cells, 
PDC-E2 pyruvate dehydrogenase complex E2 subunits, RNA ribonucleic acid, UTIs urinary tract 
infections
Numbers in brackets are references

16 Autoimmune Hepatitis and Immune-Mediated Cholestatic Liver Diseases



274

<55 years who have had pyelonephritis 5 years prior to the diagnosis of PBC [260]. 
Animal studies have supported the epidemiological findings by demonstrating the 
development of autoimmune cholangitis and antimitochondrial antibodies (AMA) 
in genetically susceptible mice after infection with Escherichia coli [244].

16.3.5.2  Novoshingobium aromaticivorans
Novoshingobium aromaticivorans is an alphaproteobacterium. Alphaproteobacteria 
are ubiquitous, gram-negative, non-spore-forming, rod-shaped, aerobic organisms 
that are found mainly in soil sediments [239]. Novoshingobium aromaticivorans 
degrades aromatic compounds which may then act as xenobiotics, and it also activates 
environmental estrogens [238, 241] (Table  16.7). Two lipoylated proteins within 
Novoshingobium aromaticivorans have homology with PDC-E2, and sera from 
patients with PBC have uniformly reacted against these bacterial proteins in titers 
100- to 1000-fold higher than against Escherichia coli [238]. Furthermore, geneti-
cally-modified mice infected with Novoshingobium aromaticivorans have developed 
biliary changes, albeit less severe than in mice infected with Escherichia coli [244].

In Iceland, the sera of patients with PBC have reacted against the proteins of 
Novoshingobium aromaticivorans in a fashion consistent with their AMA status, 
and the one of 85 first-degree relatives (1.2%) who had AMA also had reactivity to 
the proteins of Novoshingobium aromaticivorans [239, 240] (Table  16.7). 
Novoshingobium aromaticivorans has been isolated in 25% of fecal specimens from 
patients with PBC, but it has also been recovered with similar frequency in healthy 
individuals from the same household (26%) and healthy individuals from different 
households (27%) [238].

There have been no epidemiological studies within the same geographical region 
or between regions to define the distribution or clustering of PBC that is associated 
with Novoshingobium aromaticivorans. Furthermore, there have been no studies 
that suggest routes of bacterial transmission, identify genetic, ethnic or age-related 
predispositions, characterize the clinical phenotype, or determine differences in out-
come. Causal relationships are difficult to establish by demonstrating molecular 
mimicries in the laboratory, coincident colonization of comparable frequency in 
patients and healthy individuals, and compatible but nonspecific biliary changes in 
genetically-modified animal models.

16.3.5.3  Human β-Retrovirus
Human β-retrovirus emerged as an etiological consideration in PBC when explor-
ative studies in the livers of patients with PBC failed to demonstrate bacterial 
infection [254]. Subsequent studies using subtractive hybridization techniques 
found viral sequences in the diseased livers that were consistent with an exogenous 
virus that had nucleotide similarities with a β-retrovirus associated with breast 
cancer in mice [251] (Table 16.7). Later studies in PBC demonstrated retroviral 
antibodies in serum samples [250], virus-like particles in biliary epithelial cells 
[237], and retroviral sequences in the genome of biliary epithelium [253]. 
Biochemical responses to a treatment combination of reverse transcriptase 
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inhibitor and protease inhibitor in patients with PBC provided a proof of principle 
that retrovirus might cause PBC [254, 261].

Subsequent studies have challenged the role of β-retrovirus in PBC. Immunological 
and molecular evidence of retroviral infection has been absent in one study [252], 
and retrovirus has been detected in liver diseases other than PBC in another study 
[262] (Table  16.7). Furthermore, the frequency of retroviral detection has been 
higher in other liver diseases than in PBC (27% versus 12%) [262]. There have been 
no epidemiological studies demonstrating the incidence, prevalence, distribution 
and consequences of human β-retroviral infection in PBC, and the pathogenic rela-
tionship between this viral agent and PBC remains uncertain.

16.3.5.4  Other Infectious Candidates
Epstein-Barr virus (EBV) [263], Mycobacterium gordonae [264], Helicobacter 
pylori [265], Chlamydia pneumoniae [266], and Mycoplasma pneumoniae [267] 
have all been proposed as causative agents of PBC, but none has been validated or 
aggressively pursued [247] (Table 16.7). Infection may be a consequence of chronic 
liver disease rather than its cause. Furthermore, the burden of infection with one or 
more organisms may be the critical factor triggering the disease rather than any 
individual agent [268].

16.3.6  Variations in Genetic Predisposition in Different 
Geographical Regions and Ethnic Groups

Epidemiological studies have implicated genetic factors in the occurrence of PBC 
[269–271], and these observations have been supported by genome-wide associa-
tion studies in North American, European, and Japanese cohorts [272–275]. PBC 
has occurred in 5 of 8 monozygotic twin sets within families that have had at least 
one index case of PBC, and it has not occurred in 8 dizygotic twin sets selected by 
the same criteria [270] (Table 16.8). The concordance rate of 0.63 among individu-
als that have genetic identity and shared environmental background (monozygotic 
twins) contrasts with the absence of disease in individuals that lack genetic identity 
but have shared environmental background (dizygotic twins). The findings strongly 
implicate genetic factors in the occurrence of PBC, and they are supported by other 
studies of familial occurrence.

PBC has clustered in families, including 5 of 8 sisters of Palestinian origin [202], 
and familial occurrence has been documented in 0.72% of first degree relatives in 
Newcastle, England [276]; 1% in Brazil [277]; 1.3% in London, England [278]; 
5.1–5.8% in different regions of Japan [269, 279]; 6.4% in New York, New York 
[280]; and 9.9% in Crete, Greece [271] (Table 16.8). First degree family members 
may also manifest autoantibodies, hypergammaglobulinemia, and extrahepatic 
autoimmune diseases that suggest a genetic propensity for immune reactivity. AMA 
have been demonstrated in 13% of first degree relatives in Olmsted County, 
Minnesota [281] and 18.8% in Larissa, Greece [282]. Immune mediated diseases of 
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a non-liver nature have also been present in 4% of first degree relatives in Brazil 
[277] and 14% of first degree relatives in Newcastle, England [283].

These findings are consistent with a hereditary propensity for the development of 
PBC, but they do not indicate a disease-related genotype of strong penetrance 
(Table 16.8). Only 1.2% of the offspring of PBC patients develop PBC [276], and 
the frequency of first degree relatives developing PBC is only 0.7% in the absence 
of AMA [284]. First degree relatives have a greater frequency of developing PBC if 
they express AMA (24%), but only if the serum alkaline phosphatase level is also 
increased [284]. The occurrence of PBC may be favored by hereditary factors, but 
other infectious, toxic or environmental agents may be necessary to trigger the dis-
ease. The variations in the occurrence of PBC, its laboratory manifestations, and 
other immune-mediated diseases in first degree relatives from different geographi-
cal regions and ethnic groups support these considerations.

PBC has been associated with the DRB1*08-DQB1*0402 haplotype, and this hap-
lotype extends weakly to include DPB1*0301 in British patients and DPB1*0501 in 
Japanese patients [285] (Table  16.8). Polymorphisms of genes that can affect the 
immune response in PBC are located on chromosomes 6p21.3 and 2q [286], and a 
polymorphism of the cytotoxic T lymphocyte antigen-4 (CTLA-4) gene has been 

Table 16.8 Genetic associations with primary biliary cholangitis

Sources Principal associations Clinical implications
Twin studies PBC in 5 of 8 MZ twin sets [270]

PBC in 0 of 8 DZ twin sets [270]
High concordance with genetic identity 
(0.63) [270]

Genetic identity a risk factor 
[270]
Shared environment less 
critical [270]

Familial occurrence PBC in 5 of 8 Palestinian sisters [202]
PBC in 0.72–10% of FDR [271, 276]
AMA in 13–19% of FDR [281, 282]
Autoimmune diseases in 4–14% of 
FDR [277, 283]
PBC in 1.2% of offspring [276]

Hereditary propensity for 
PBC [280]
Low penetrance of genotype 
[276]

HLA associations DRB1*08-DQB1*0402 haplotype 
[285]
Extends weakly to DPB1*0301 in 
British [285]
Extends weakly to DPB1*0501 in 
Japanese [285]
DRB1, DQA1, DQB1 loci by GWAS 
[275, 287, 288]

Contributory not causative 
[275]
Weak association [285]

Non-HLA 
associations

Located on chromosomes 6p21.3 and 
2q [275]
IL-12A, IL-12RB2 are major factors 
[289]
CTLA-4 implicated [17, 130]

Lack disease specificity [275]
Modulate immune reactivity 
[290]

AMA antimitochondrial antibodies, CTLA-4 cytotoxic T lymphocyte antigen-4 gene, DZ dizygotic, 
FDR first degree relatives, HLA human leukocyte antigen, IL interleukin, MZ monozygotic, PBC 
primary biliary cholangitis
Numbers in brackets are references
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implicated in PBC [17, 130]. Genome wide association studies have demonstrated 
genetic associations in PBC within and outside the MHC, and at least 27 risk loci unre-
lated to the human leukocyte antigen (HLA) have been associated with PBC [275, 287, 
288]. The HLA variants that have been described in PBC by GWAS are at DRB1, 
DQA1 and DQB1 loci, and the non-HLA loci have been mainly genes that affect the 
production of IL-12 and the family of cytokines that modulate immune reactivity [275]. 
Variants of IL-12A and IL-12RB2 have had strong associations with PBC [289], and 
they encode subunits on CD4+ T lymphocytes that induce molecular signaling path-
ways that promote the immune response [275, 290]. These loci have not been disease-
specific, have been shared in other immune-mediated diseases, and can vary in different 
ethnic groups. They probably constitute a genetic background that favors immune reac-
tivity after exposure to one or more environmental or infectious agents.

16.3.7  Possible Epigenetic Changes Affecting Predisposition 
and Outcome

Epigenetic changes that affect the expression of the chemokine receptor CXCR3 
may influence the migration of activated T lymphocytes and natural killer (NK) 
cells to sites of liver injury in PBC [291], and the miRNAs miR-451a and miR- 
642a- 3p may silence immune regulatory genes and contribute to disease severity 
[292]. Demethylation of the DNA molecule enwrapped with histones within the 
nucleosomes of chromatin can enhance the accessibility of transcription factors to 
DNA binding sites, increase the activity of ribonucleic acid polymerase (RNAP), 
and promote the transcriptional activity of immunomodulatory genes [21, 293, 
294]. In PBC, the CXCR3 gene promoter in the X chromosome of CD4+ T lympho-
cytes is demethylated [291], and this epigenetic change may affect the migration of 
liver-infiltrating inflammatory cells and the severity of PBC [295]. Similarly, the 
over-expression of miR-451a and miR-642a-3p in exosomes isolated from the 
plasma of patients with PBC may silence anti-inflammatory genes and increase dis-
ease severity as described in patients with rheumatoid arthritis [296]. Epigenetic 
changes are under-evaluated factors in the autoimmune liver diseases, and they may 
be affected by environmental cues, inherited as stable traits, and help shape suscep-
tibility and phenotypic diversity.

16.4  Epidemiology of Primary Sclerosing Cholangitis

The epidemiology of PSC has been difficult to study because its diagnosis has been 
dependent on evolving criteria and techniques [297–303]. Older studies may not 
have applied the same diagnostic tools or had the same interpretative expertise as 
more recent studies [61], and the same diagnostic methods may not have been applied 
uniformly in all centers in the same study or in different studies. Furthermore, certain 
aspects of the disease, such as small duct PSC [304], PSC unrelated to inflammatory 
bowel disease [305], PSC in children [192] and asymptomatic PSC [303], may have 
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been overlooked in some medical centers. Consequently, variations in the incidence 
and prevalence of PSC between studies in different regions may reflect differences in 
diagnostic methods and case identification rather than actual regional differences in 
the occurrence of the disease. These interpretive difficulties may be more pronounced 
in population-based studies of PSC than in population- based studies of autoimmune 
hepatitis and PBC [306].

16.4.1  Annual Incidence of Primary Sclerosing Cholangitis

The annual incidence of PSC has ranged from 0 cases per 100,000 persons among 
Alaskan natives [38, 307] to 1.3 cases per 100,000 persons in Norway [44] 
(Table  16.9). The most recent studies in Sweden (1992–2005) [305] and the 
Netherlands (2008–2011) [308] indicate a more than twofold difference in the 
annual incidence of PSC between the countries (1.22 cases per 100,000 persons in 
Sweden versus 0.5 cases per 100,000 cases in the Netherlands). Swedish men have 
a threefold higher incidence of PSC than Dutch men (1.78 cases per 100,000 per-
sons versus 0.6 cases per 100,000 persons), whereas Swedish women have a 1.7- 
fold higher incidence of PSC than Dutch women (0.69 cases per 100,000 persons 
versus 0.4 cases per 100,000 persons) [305, 308].

The United Kingdom [309, 310], the Netherlands [308]), the United States [311, 
312] and Canada [313] have annual incidences of PSC that are less than 1 case per 
100,000 persons (0.41–0.91 cases per 100,000 persons in the United Kingdom, 0.5 
cases per 100,000 persons in the Netherlands, 0.41–0.9 cases per 100,000 persons 
in the United States, and 0.92 cases per 100,000 persons in Canada) (Table 16.9). 
Spain is an exception among the European countries as the annual incidence of PSC 
was only 0.07 cases per 100,000 persons in a questionnaire study performed between 
1984 and 1988 [314]. Small duct PSC has an incidence of 0.15 cases per 100,000 
persons in Calgary, Canada, whereas the overall incidence of PSC in this region is 
more than sixfold greater at 0.92 cases per 100,000 persons [313].

In contrast to the European and North American experiences, the Scandinavian 
countries (Sweden, Norway) have an annual incidence of PSC that is greater than 1 
case per 100,000 persons (1.22 cases per 100,000 persons in Sweden and 1.31 cases 
per 100,000 persons in Norway), and the incidences are similar to each other despite 
differences in the time intervals of each study [44, 305] (Table 16.9). In all studies, 
PSC has been more common in men than women, and in the few pediatric studies, 
children have been less commonly affected than adults. The annual incidence of 
PSC among children in the United States (Utah) is 0.2 cases per 100,000 persons 
[49], and this incidence is lower than the annual incidence of 0.9 cases per 100,000 
persons among adults in the United States (Olmsted County, Minnesota) [311]. The 
annual incidence of PSC in Canadian children is 0.23 cases per 100,000 persons, 
and it is also lower than the annual incidence of PSC in Canadian adults (1.11 cases 
per 100,000 persons) [313]. The similar incidence of PSC in the children of Utah 
and Canada suggests that possible differences in ethnicity or cultural background 
were inconsequential.
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A meta-analysis restricted to eight population-based studies [44, 305, 309–311, 
313–315] has estimated the overall annual incidence of PSC as 1.0 case per 100,000 
persons [316]. The incidence of PSC was considered to be similar in North America 
and Europe, and the incidence ratio for males versus females was 1.7 (range, 1.34–
2.07). The median age at diagnosis was 41 years (range, 35–47 years), and the fre-
quency of concurrent inflammatory bowel disease was 67%. Importantly, the 
average annual percentage change (AAPC) in the incidence of PSC had increased in 
four studies, ranging from 3.06% to 27.2% [316]. A population-based study in 

Table 16.9 Incidence and prevalence of primary sclerosing cholangitis in different regions 
 (lowest to highest annual incidence)

Geographical region
Annual incidence
Per 100,000 persons

Prevalence
Per 100,000 persons

Alaska (Natives) [38, 307] 
(1984–2000)

0 Not reported

Spain [314] (1984–1988) 0.07
Increased from 0.02 to 0.07 
over 5 years

0.22 (December 31, 1988)
Increased from 0.08 to 0.22 
over 5 years

United States (Utah) [49] 
(1986–2011)

0.2 (children) 1.5 (children)

United Kingdom [309, 310] 
(1991–2001 and 1984–2003)

0.41–0.91
No significant increase over 
10 years

3.85 (2001)–12.7 (July 1, 
2003)
United Kingdom versus 
South Wales

Netherlands [308] 
(2008–2011)

0.5 (men, 0.6; women, 0.4)
0.25, female adolescents
0.93, men aged 40–49 years

6.0 (January 1, 2008)
Increasing prevalence 
(possible greater frequency 
of IBD)

United States [311, 312] 
(1991–2000 and 2000–2006)

0.41–0.9 (men, 0.45–1.25; 
women, 0.37–0.54)
No increase in men or women

4.03 (men, 4.92; women, 
3.19) to 13.6 (men, 20.9; 
women, 6.3)
California versus Minnesota

Canada (Calgary) [313] 
(2000–2005)

0.92 (adults, 1.11; children, 
0.23)
Small duct PSC, 0.15

Not reported

Japan [367] (2007) Not reported 0.95 (2007)
Sweden [305] (1992–2005) 1.22 (men, 1.78; women, 0.69)

Increased overall AAPC, 3.06
Increased AAPC for women:
• IBD-associated PSC, 7.01
• Large duct PSC, 6.32
Increased AAPC for men:
• Non-IBD related, 9.69
• Small duct PSC, 17.88

16.2 (December 31, 2005) 
(men, 23.7; women, 8.9)

Norway [44, 315] 
(1986–1995)

0.7–1.31 5.6–8.5 (December 31, 1995)

AAPC average annual percentage change, IBD inflammatory bowel disease, PSC primary scleros-
ing cholangitis
Numbers in brackets are references
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Sweden has indicated that the AAPC for large duct PSC has increased by 6.32% in 
women and that the AAPC for small duct PSC has increased by 17.88% in men 
[305] (Table 16.9).

The disparities between studies may reflect differences in the time intervals of 
each study, the methods that were applied for detection of PSC, and the level of 
expertise and interest in PSC among the participating institutions. Alternatively, the 
disparities may reflect true differences in susceptibility to the disease. Predispositions 
for PSC may be influenced by genetic factors [15, 132, 317–326], exposure to envi-
ronmental agents [327–329], alterations in the intestinal microbiome [330–332], 
and the presence of inflammatory bowel disease, especially ulcerative colitis [333, 
334]. These predisposing factors may vary among age groups, races, and regions 
within a country or between countries [321].

Inflammatory bowel disease (IBD), mainly ulcerative colitis, has been pres-
ent in 67–80% of patients with PSC in Europe and North America [311, 316, 
335], and men with PSC have had IBD more commonly than women with PSC 
in the United States (73% versus women 52%) [312]. Since 2.4–7.5% of patients 
with IBD have PSC [303, 336, 337], an increasing frequency of IBD in a popula-
tion may impact on the annual incidence of PSC in that region. The annual 
incidence of ulcerative colitis has increased from 22.1 cases per 100,000 per-
sons in Finland to 27.4 cases per 100,000 persons from 2001 to 2007 [338]. The 
annual incidence of ulcerative colitis is also higher in Finnish men than women 
(27.8 cases per 100,000 persons versus 21.9 cases per 100,000 persons). An 
increasing frequency of men with ulcerative colitis may explain in part an 
increasing annual incidence of PSC in some regions. An increase in the annual 
incidence of IBD has also been reported in Denmark [339] and suggested in the 
Netherlands [308].

16.4.2  Prevalence of Primary Sclerosing Cholangitis

The prevalence of PSC has been as low as 0.22 cases per 100,000 persons in Spain 
[314] to as high as 16.2 cases per 100,000 persons in Sweden [305] (Table 16.9). 
Sweden (16.2 cases per 100,000 persons) [305], Olmsted County, Minnesota in 
the United States (13.6 persons per 100,000 persons) [311], and Norway (8.5 
cases per 100,000 persons) [44] have had the highest prevalence of the disease, 
and these regions have also had tertiary medical centers with long-standing exper-
tise and interest in PSC. Men have had a 2.7-fold greater prevalence of PSC than 
women in Sweden [305] and a 3.3-fold greater prevalence in Olmsted County, 
Minnesota [311].

Prevalence in a geographic region has not closely reflected the incidence of the 
disease in that region (Table 16.9). Countries with similar annual incidences of 
PSC (United Kingdom [309] and the Netherlands [308], and Sweden [305] and 
Norway [44]) have had 1.9–2.3-fold differences in prevalence. A striking increase 
in the prevalence of PSC in Spain from 0.08 cases per 100,000 persons to 0.22 
cases per 100,000 persons over a 5 year period may have reflected improved case 
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detection [314], but a more recent population-based study in the Netherlands using 
current diagnostic criteria and methods has also suggested that the prevalence of 
PSC is increasing [308]. A factor that may account for this apparent increase in 
prevalence is improved survival through early diagnosis and the availability of 
liver transplantation.

16.4.3  Variations in Clinical Phenotype

16.4.3.1  Variant (“Overlap”) Syndromes
PSC may have clinical features that resemble autoimmune hepatitis or PBC [340], 
and the mixed manifestations may be present concurrently [341, 342] or emerge 
later [343–346]. Features reminiscent of autoimmune hepatitis are present in 4–54% 
of patients with PSC [347, 348], and cholangiographic features of PSC are present 
in 2–10% of patients with autoimmune hepatitis [60, 61]. The frequency that find-
ings of PSC and PBC coexist is estimated at 0.76% based on the presence of a 
mixed syndrome in two of 261 patients with autoimmune liver disease [346]. The 
diagnostic criteria for the variant (“overlap”) syndromes of PSC have not been codi-
fied, and treatment recommendations are based on weak clinical evidence [6, 7, 301, 
349]. Immunosuppressive therapy (prednisone or prednisolone with azathioprine) 
in combination with ursodeoxycholic acid has been recommended by the European 
Association for the Study of the Liver (EASL) [350] and the American Association 
for the Study of Liver Diseases (AASLD) [301]. The epidemiology of the variant 
syndromes of PSC is unknown.

16.4.3.2  IgG4-Associated Cholangitis
IgG4-associated cholangitis has cholangiographic features that are indistinguish-
able from those of PSC [351, 352]. The inflammatory lesions usually involve the 
extrahepatic, hilar, and perihilar bile ducts by cholangiography [352], but histologi-
cal examination of the liver can indicate small bile duct damage in 26% [353]. The 
histological manifestations of small bile duct injury are most common (80%) in 
patients with intrahepatic strictures [353], and the histological spectrum includes 
portal inflammation, >10 IgG4-staining plasma cells, and distinctive portal-based 
fibro-inflammatory micro-nodules composed of fibroblasts, plasma cells, lympho-
cytes, and eosinophils [354, 355].

IgG4-associated cholangitis is within the spectrum of IgG4-related diseases that 
have been characterized as fibro-inflammatory processes with a dense lymphoplas-
macytic infiltrate enriched with IgG4-staining plasma cells, storiform fibrosis, and 
obliterative phlebitis [355, 356]. The IgG4-related diseases have affected the colon, 
salivary glands, periorbital tissues, kidneys, lungs, thyroid, prostate, skin, and peri-
cardium in addition to the pancreas, liver, and biliary tract [356]. The diagnostic 
criteria of the Japan Biliary Association for IgG4-associated cholangitis include 
coexistence of IgG4-related disease outside the biliary tract [357]. The other criteria 
are characteristic cholangiographic changes, elevated serum IgG4 level, and typical 
histopathological findings.
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Autoimmune pancreatitis occurs in 19–92% of patients with IgG4-associated 
cholangitis, depending in part on the presence or absence of jaundice [351, 358], 
and the lungs, kidneys, colon, mesentery, retroperitoneum, and salivary glands may 
also be involved [359]. A lymphoplasmacytic infiltrate that contains >50 IgG4- 
staining plasma cells/high power field may involve the colon in patients with 
IgG4- associated cholangitis and mimic ulcerative colitis [359–361]. IgG4-related 
colitis should be differentiated from the ulcerative colitis more frequently associ-
ated with PSC.

Serum IgG4 levels are increased in 74–90% of patients with IgG4-associated 
cholangitis (versus 9–15% in patients with PSC) [358, 359, 362], and a ratio of 
serum IgG4/IgG1  >0.24 has been proposed as a feature distinguishing IgG4-
associated cholangitis from PSC [359]. IgG4-associated cholangitis must be distin-
guished from PSC and cholangiocarcinoma [363], and its characteristic 
responsiveness to glucocorticoid therapy can be a distinguishing feature and another 
criterion for its diagnosis [357]. The epidemiology of the IgG4-related diseases is 
unknown, albeit the early reports of this disease have been mainly from Japan.

16.4.4  Variations in Outcomes of Primary Sclerosing Cholangitis 
in Different Age Groups

The estimated median survival from diagnosis to liver transplantation or death from 
PSC was 21.2 years in a population-based study from the Netherlands, and the dura-
tion of transplant-free survival was 20.6 years [308]. Small duct PSC was associated 
with a better survival than large duct PSC, and the main causes of death were chol-
angiocarcinoma (32%), liver failure (18%), complications of liver transplantation 
(9%), and colorectal carcinoma (8%) [308].

The median transplant-free survival for pediatric patients with PSC has been 
12.7 years, and overall survival has been shorter than in an age- and gender-matched 
population [364]. Small duct PSC may be more common in children than adults 
(36% versus 6–11%), but the shorter transplant-free survival for children than adults 
suggests differences in the stage of PSC at diagnosis or the aggressiveness of the 
liver disease [365]. The 5-year survival with the native liver in children has been 
80%, and the 10-year survival after liver transplantation has been 89%. Unlike PSC 
in adults, the PSC in children has not been complicated by cholangiocarcinoma 
[364, 365].

Survival in adults has been better in studies based on population-based cohorts 
that are not weighted by disease severity compared to studies from tertiary medical 
centers where referrals for advanced disease are likely (median survival, 21.3 years 
in population-based cohorts versus 13.2 years in cohorts from tertiary referral cen-
ters) [308]. These observations may also apply to the pediatric experiences which 
are mainly derived from referral institutions [59, 192, 364, 365]. Variations in the 
prevalence of PSC among countries with a similar incidence of the disease may 
reflect differences in the severity and stage of the disease at presentation which may 
in turn vary with the nature of the medical centers participating in the study.
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16.4.5  Variations in the Occurrence of PSC in Different 
Geographic Regions and Ethnic Groups

Population-based epidemiological studies of PSC have been sparse in developing 
countries and different ethnic groups. PSC has been described in Japan [366, 367], 
India [368], and Singapore [369], and the major phenotypic difference between the 
PSC of Asia and western countries has been a lower frequency of concurrent IBD in 
Asia. PSC has been associated with IBD in only 20% of patients in Singapore [369], 
37% in Japan [366], and 50% in India [368]. A questionnaire-based epidemiological 
study in Japan in 2007 (which excluded sclerosing cholangitis associated with 
immunoglobulin-4) estimated the prevalence of PSC as 0.95 cases per 100,000 per-
sons [367]. This prevalence was at least fourfold lower than in western countries 
(Table 16.9). The basis for this disparity remains uncertain, albeit a lower frequency 
of IBD in these countries may have contributed.

Disparities in the occurrence of PSC have also been recognized in certain regions 
within the same country, and ethnic diversity may have been a contributing factor. 
The prevalence of PSC has been 3.3-fold greater in a region of the United Kingdom 
(South Wales) [310] than in the entire country [309], and the annual incidence (0.41 
versus 0.91 cases per 100,000 persons) and overall prevalence (4.03 versus 13.6 
cases per 100,000 persons) of PSC have varied in different regions of the United 
States (northern California [312] versus Olmsted County, Minnesota [311]).

Non-Hispanic whites in northern California (Oakland) account for 80% of the 
cases of IBD [312, 370]. African Americans account for 16% of cases, and Asians 
account for 9% [312, 370]. These ethnic variations in the occurrence of IBD may 
explain in part the regional differences in the occurrence of PSC. Importantly, the 
occurrence of IBD may not closely correlate with the occurrence of PSC as each 
disease has genetic factors that are independent of each other [319, 320]. Well- 
designed, population-based epidemiological studies are required to understand the 
regional differences within the same country.

16.4.6  External and Internal Environmental Factors in Primary 
Sclerosing Cholangitis

The major external environmental risk factor that has been implicated in PSC has 
been non-smoking (Table  16.10). Four case control studies have indicated that 
patients with PSC are more commonly non-smokers than healthy control subjects 
(66–70% versus 39–47%) [327–329, 371]. Furthermore, the odds ratio for PSC in 
current smokers compared to never-smokers is reduced (odds ratio, 0.13–0.21). The 
decreased odds for PSC in current and former smokers has been independent of the 
presence or absence of IBD, and a systemic protective effect of smoking on the 
occurrence of PSC has been proposed [327, 371]. Tonsillectomy has also been asso-
ciated with a decreased risk of PSC [329], whereas the protective effect of appen-
dectomy that had been proposed for ulcerative colitis [372] has not been recognized 
in PSC [328, 329, 371].
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Investigational scrutiny has also focused on the intestinal microbiome as a reser-
voir of microbial antigens, metabolic products, and activated immune cells that 
could affect susceptibility to IBD and PSC [32] (Table  16.10). Biliary epithelial 
cells in PSC express toll-like receptors (TLR4 and TLR9) that can respond to 
bacterial- derived lipopolysaccharide and produce pro-inflammatory cytokines [331, 
373]; atypical perinuclear anti-neutrophil cytoplasmic antibodies (pANCA) are 
directed against β-tubulin which cross-reacts with an intestinal bacterial antigen 
(FtsZ) [330]; and commensal bacteria in a murine model of PSC are protective 
against the disease [332]. Preliminary translational studies have supported the 
potential pathogenic role of the intestinal microbiome by demonstrating clinical and 
laboratory improvement in patients with PSC after antibiotic therapy [374]. The 
internal environment may be more important than the external environment in mod-
ulating the occurrence of this disease and affecting its distribution among different 
ethnic groups and countries [375].

16.4.7  Genetic Factors in the Occurrence of Primary 
Sclerosing Cholangitis

The disparities in the occurrence of PSC between age-groups, different ethnicities, 
and various countries may be a consequence of genetic factors that favor or protect 
against IBD or PSC (Table 16.10). The frequency of PSC among first degree rela-
tives is 0.7%, and it is 1.5% among siblings [376]. Three percent of patients with 
PSC have first degree relatives with PSC, and this occurrence is almost 100-fold 
greater than in the general population [376]. The risk of PSC in first degree relatives 
is independent of the presence of IBD, and the genetic factors associated with PSC 
have been different than those associated with IBD by high resolution typing of 
DRB1 and DQB1 loci [319]. These observations support a genetic basis for PSC, 
and they suggest a complex genetic disease that lacks a single genetic determinant.

PSC has been associated with HLA DRB1*03 and HLA B8 [377, 378], and hap-
lotypes containing DRB3*0101-DRB1*0301 and DRB3*0101-DRB1*1301 have 
been proposed as risk factors for the disease [318] (Table 16.10). Furthermore, the 
haplotype containing DRB1*04-DQB1*0501 has been associated with protection 
from the disease [318, 378]. Genome wide association studies have found the stron-
gest associations with PSC near HLA-B at chromosome 6p21, and it has also impli-
cated alleles outside the HLA complex at chromosome 13q31 [12, 336].

HLA associations with HLA B8 and HLA DRB1*13 have been identified as risk 
factors for PSC in patients listed for liver transplantation, and HLA DRB1*04 has 
been protective [321] (Table 16.10). African Americans were at greater risk for liver 
transplantation than European Americans (odds ratio, 1.323; 95% CI: 1.221–1.438), 
and they had HLA B8 more commonly than the HLA B8-DRB1*03 linkage dis-
equilibrium found in European Americans. These observations introduced the pos-
sibility that refinements in HLA typing might be able to distinguish ethnic differences 
in susceptibility to PSC. Such differences might explain in part regional variations 
in the occurrence of PSC and support future studies designed to discover triggering 
antigens in different age groups, ethnic populations, and geographical regions.
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Table 16.10 Risk factors for primary sclerosing cholangitis

Risk factor Presumed mechanism Evidence
Non-smoking Smoking may be 

protective against 
IBD [327, 371]
Actions uncertain 
[327]

More non-smokers in PSC than controls [327–329, 
371]
Independent of protective effect on IBD [327, 371]

Tonsillectomy Uncertain [329] Statistical association in risk survey [329]
Intestinal 
microbiome

Reservoir of 
microbial agents, 
metabolic products, 
and activated 
immune cells affect 
systemic immune 
responses [32]

BEC express TLR4 and TLR9 [373]
BEC respond to bacterial LPS [331, 373]
BEC produce pro-inflammatory cytokines [331, 373]
pANCA cross-react with microbial antigen [330]
Commensal intestinal bacteria protective [332]
Antibiotic therapy improves patients [374]

IBD Disordered intestinal 
microbiome 
(dysbiosis) [32]
Increased intestinal 
permeability to 
microbial antigens 
and gut-derived 
immune cells [32]

Present in 67–80% of patients with PSC [311, 316, 
335]
Different genetic risk factors than PSC [320]
More frequent in men with or without PSC [312, 338]
Increasing frequency in certain countries [308, 338, 
339]
May be basis for increasing frequency of PSC [338, 
339]

Family history Genetic 
predisposition with 
low penetrance [376]

PSC in 0.7% of FDRs and 1.5% of siblings [376]
3% of patients with PSC have FDRs with PSC [376]

Genetic 
predisposition

Complex genetic 
disease associated 
with susceptibility 
loci within and 
outside MHC [12, 
322, 325]

Associated with HLA DRB1*03 and HLA B8 [377]
HLA DRB1*04 protective [321, 378]
DRB3*0101-DRB1*0301 and DRB3*0101-
DRB1*1301 are susceptibility haplotypes [318]
DRB1*04-DQB1*0501 is protective haplotype [318]
Associated with HLA-B locus at chromosome 6p21 
and non-HLA alleles on chromosome 13q31 by 
GWAS [12]

BEC biliary epithelial cells, FDRs first degree relatives, GWAS genome-wide association studies, 
HLA human leukocyte antigen, IBD inflammatory bowel disease, LPS lipopolysaccharide, MHC 
major histocompatibility complex, PSC primary sclerosing cholangitis, TLR toll-like receptors
Numbers in brackets are references

16.4.8  Possible Epigenetic Changes Affecting Predisposition 
and Outcome

Patients with PSC have 21 miRNAs that are differentially expressed, and miR-200c 
is the principal distinguishing marker [379]. miR-200c is down-regulated in PSC 
compared to healthy individuals but up-regulated in patients with cholangiocarci-
noma. The miRNAs associated with PSC may influence the actions of diverse regu-
latory genes that may include anti- and pro-inflammatory genes and tumor 
suppressors. Aberrant DNA methylation has been described in the genes of patients 
with cholangiocarcinoma and PSC [380], and these epigenetic changes might be 
clues to the mechanisms of malignant transformation in PSC and the identity of 
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biomarkers that reflect this propensity [381]. The genes regulating the expression of 
the miRNAs are subject to epigenetic factors that may be influenced by inheritable 
traits or environmental cues, and these epigenetic changes could contribute to varia-
tions in disease behavior between individuals, populations or geographical regions.

16.5  Overview

Autoimmune hepatitis, PBC and PSC are rare chronic liver diseases (annual inci-
dence, <50 cases per 100,000 persons), but they are persistent, progressive, and 
variably responsive to current management strategies. They can affect individuals in 
their most productive phases of life, and their societal costs may be high. Misdirected 
immune-mediated mechanisms and regulatory pathways have been implicated in 
their occurrence, and a constellation of genetic factors may influence susceptibility 
to the disease and outcome.

Variant (overlap) syndromes have also been described in which patients with 
autoimmune hepatitis may have features similar to those of PBC or PSC, and 
patients with PBC or PSC may have features similar to those of autoimmune hepa-
titis [5, 6]. The pathogenic bases for these variant syndromes are uncertain; diagnos-
tic criteria have not been codified; and their inclusion within the classical disease 
categories based on their predominant component remains controversial [349]. 
These variant syndromes may confound epidemiological studies of the classical 
immune-mediated liver diseases. They may also re-shape the understanding of host- 
dependent mechanisms and pathogenic pathways of autoimmunity and help explain 
regional differences in the occurrence, clinical phenotype, and outcomes of autoim-
mune hepatitis, PBC and PSC.

Population-based epidemiological studies have indicated that autoimmune hepa-
titis, PBC, and PSC can occur with different frequencies in different geographical 
regions, ethnic groups, and age-ranges and that the incidence and prevalence of each 
disease may be increasing in certain regions. The etiological triggers for autoim-
mune hepatitis, PBC and PSC are uncertain, but the preferential emergence of these 
diseases in certain populations and their clustering in certain locations suggests that 
environmental and infectious agents are critical factors in genetically predisposed 
individuals.

Variations in the incidence of the disease in different regions and ethnic groups 
should direct investigations that define genetic susceptibility factors and etiological 
agents, and variations in prevalence should direct evaluations of management strate-
gies that impact on immediate and long-term survival. Population-based studies 
have been lacking in developing countries, and they have also been deficient in 
describing the burden, distribution, and trends of autoimmune hepatitis and the vari-
ant syndromes world-wide. Epidemiological studies that fill these current gaps in 
knowledge are essential to design pertinent investigational protocols, appropriately 
allocate resources, and impel changes in healthcare policy and practice.
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 Table of Landmark Literature

Study title and authors Study design Summary results Main limitations
Ngu JH et al. J 
Gastroenterol Hepatol 
2010;25:1681–86

Population-based 
study of AIH in 
Canterbury, New 
Zealand

•  Peak age in sixth 
decade

• Ethnic-specificity

•  Tertiary referral 
center 
over-representative

Gronbaek L, et al. J 
Hepatol 2014;60:612–17

Population-based 
study of AIH using 
Danish National 
Patient Registry

• Cirrhosis in 28%
•  Incidence 

increasing
•  Prognosis 

improving

•  Uncertain 
uniformity of 
diagnostic criteria

Van Gerven NM, et al. 
Scand J Gastroenterol 
2014;49:1245–54

Population-based 
study of AIH in the 
Netherlands

•  Concurrent immune 
diseases in 26%

•  Incomplete 
datasets

•  Diagnostic 
uncertainties

Sood S, et al. 
Gastroenterology 
2004;127:470–5

Population-based 
studies of PBC in 
Victoria, Australia

• Victorians protected
•  Absent 

environmental 
trigger possible

•  Inconsistent case 
finding methods 
used

Myers RP, et al. 
Hepatology 
2009;50:1884–92

Population-based 
study of PBC in 
Calgary, Canada

•  Increasing 
prevalence

•  Need for better 
therapy

•  Risk factors 
unavailable

•  Incomplete 
datasets

Gershwin ME, et al. 
Hepatology 
2005;42:1194–1202

Large case- 
controlled 
interview-based 
study of PBC

•  Risk factors of 
family history, 
UTIs, past smoking, 
and HRT

•  Patients highly 
selected

•  Dependent on 
patient’s recall and 
understanding

Bambha K, et al. 
Gastroenterology 
2003;125:1364–69

Population-based 
study of PSC in 
U.S. community

• Male predominance
•  73% of PSC with 

IBD
•  Poor overall 

survival

•  Uncertain case 
discovery

Molodecky NA, et al. 
Hepatology 
2011;53:1590–99

Meta-analysis of 8 
mainly population- 
based studies of 
PSC

•  Incidence 
increasing

•  Small number of 
studies

• No prevalence data

Boonstra K, et al. 
Hepatology 
2013;58:2045–55

Population-based 
study of PSC in the 
Netherlands

•  Lower survival in 
tertiary referral 
centers

• CRC increased

•  Incomplete 
datasets

•  Uncertain case 
discovery

AIH autoimmune hepatitis, CRC colorectal cancer, HRT hormone replacement therapy, IBD 
inflammatory bowel disease, PBC primary biliary cholangitis, PSC primary sclerosing cholangitis, 
UTIs urinary tract infections
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17.1  Introduction

A rare disease is defined by the European Health Commission as a disorder  occurring 
in less than 5 per 10,000 individuals in the population whereas the United States 
definition sets a numerical maximum of fewer than 200,000 affected individuals in 
the country [1, 2]. A disease is defined as ultra-rare if less than 1 person per 50,000 
people is affected [2]. The medical and socioeconomic impact of rare diseases is 
quite significant as there may be as many as 30 million people who live with a rare 
disease in the US and another 3.5 million in the UK [3, 4]. There are over 100 indi-
vidual liver diseases, and it is estimated that more than 29 million people in the 
European Union and more than 30 million Americans suffer from liver disease [5, 
6]. This chapter discusses the epidemiology of four rare metabolic liver disorders 
encountered by gastroenterologists and hepatologists: Wilson disease, lysosomal 
acid lipase deficiency, α1-antitrypsin deficiency and HFE-related hereditary hemo-
chromatosis. The OMIM database codes (online Mendelian inheritance in man) 
have been included for each disease as these have been used extensively in the 
 literature especially in relation to genotype-phenotype characterization.
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17.1.1  Wilson Disease (OMIM #277900)

Wilson disease (WD) was initially described as pseudosclerosis by the German 
 neurologist Carl Westphal in 1883, and similar descriptions exist in the literature by 
William Gowers and Adolph Strümpell in 1888 and 1898 respectively [7]. The con-
dition was named after the American born and British trained neurologist Samuel 
Alexander Kinnier Wilson who in 1912 presented a series of 13 patients with pro-
gressive lenticular degeneration with associated liver cirrhosis [8]. WD is an inher-
ited autosomal recessive condition characterized by ineffective copper metabolism 
[9]. The specific association between WD and excess copper deposition in tissues 
such as the brain and the liver came much later in 1948 [10]. The deposition of cop-
per in various organs explains the neuropsychiatric and hepatic manifestations of 
this disease. The molecular defect for WD has been mapped to chromosome 13 
(13q14.3) and encodes ATP7B, a copper transporting ATPase that is mainly 
expressed in hepatocytes [11–17]. The gene, ATP7B, is approximately 80 kb and 
contains 21 exons that encode an approximately 7.5 kb transcript. ATP7B functions 
in copper homeostasis to facilitate transport of copper into bile, and in WD, there is 
a reduction in biliary copper transport and pathologic copper accumulation. The 
ATP7B gene was cloned in 1993 [18]. To date, over 500 unique ATP7B mutations 
have been described [19, 20].

The true worldwide prevalence of WD has not been fully elucidated, and several 
studies suggest there may be a range of disease prevalence. Most studies on muta-
tion analysis focus on a limited number of mutations, especially His1069Glu, which 
is the commonest, especially in European populations. Similarly, Arg778Leu, 
R778L, A874V, and N1270S appear to be the commonest mutation in Asian regions 
[21, 22]. Many patients are compound heterozygotes and mutation frequency varies 
depending on the population/country being studied [23, 24].

Scheinberg et  al. used published data from East Germany, USA and Japan to 
estimate a disease prevalence of 30 per million individuals and a carrier frequency 
of 1:90 [25]. A similar carrier frequency was described by Kim et al. for a Korean 
population, who estimated the disease incidence to be 1:30,778 [26]. Riley et al. 
reported a carrier frequency of 1:139 with a disease incidence of 1:58,823 [27]. 
Using the prevalence by Scheinberg et al., and the expectation that 2000 patients 
should be identified in UK’s 60,000,000 population, Coffey et al. explored screen-
ing using molecular sequencing in a series of 181 patients with WD.  Following 
identification of 116 mutations, they suggested that within the population, the likeli-
hood of inheriting two mutated ATP7B alleles to be around 1  in 7026 [28]. The 
marked discrepancy between the genetic prevalence and the number of clinically 
diagnosed cases of WD may be due to a number of reasons including reduced pen-
etrance of ATP7B mutations and failure to diagnose patients with this eminently 
treatable disorder. There may also be instances where WD may be mistaken for 
autoimmune hepatitis and/or other liver diseases that are found synchronous to WD 
which may be unrelated. These observations could lead to not only a delay in WD 
diagnosis but eventually lead to a particularly severe and  pronounced WD.
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Olivarez et al. carried out newborn screening in a U.S. Caucasian population for 
the His1069Glu mutation. The mutation was found in 0.285% of babies with an 
estimated heterozygote frequency of 0.855% and WD frequency of approximately 
1 in 55,000 births [29].

The disease prevalence of WD is much higher in certain areas of the world. The 
highest prevalence reported was in a village on the Greek island Crete outside 
Heraklion where 1 in 15 babies born were affected by WD. This has been attributed 
to consanguinity. The estimated carrier frequency was 1:11 [30]. High prevalence 
for WD has also been found in the Far East. In 1999, Ohura et al. screened 2789 
Japanese children for low ceruloplasmin levels using dry blood-spot (DBS) testing 
and found the incidence to be 1 in 40,000 and prevalence to be ∼1:1500 [31]. Using 
DBS testing for screening in a Korean sample, Hahn et al. report a prevalence of 
∼1:3600. The combined mutation frequency for R778L, A874V, and N1270S for a 
Korean population was found to be 2%. These mutations are believed to constitute 
54.2% of Korean WD patients and the estimated prevalence was found to be ~1:3000 
[22]. Mak et al. analysed the p.L770L/p.R778L status of 660 Hong Kong Chinese 
patients and found a prevalence of ∼1:5400 [32]. In Sardinia, the prevalence is 
believed to be ∼1:7000 [33].

Other areas appear to have a low prevalence of WD. Park et al. identified WD 
patients clinically in Scotland and reported a much lower estimated prevalence of 4 
patients per million [34]. Low prevalence of ∼1:250,000 and 1:38,168 births have 
been reported in Swedish [35] and Irish [36] cohorts, respectively, although the true 
prevalence of WD in the UK is not known.

Historically, WD was not considered to have gender preponderance. Lau et al. 
studied a population of 37 Chinese patients and found no significant gender differ-
ences [37]. Emre et al. reported the outcomes in 17 patients who underwent liver 
transplantation including nine males and eight females [38]. In a large Austrian 
series of 229 patients, Beinhardt et al. identified 110 male and 119 female patients 
[39]. In a much larger Polish registry study, Litwin et al. registered 627 patients, 337 
men and 290 women, eluding to a significantly different predilection of WD for 
male individuals [40]. In his pediatric series of 283 Japanese children, Takeshi Saito 
found a slight difference with 158 male and 125 female patients (44.2%).

Copper accumulation begins after birth and children may present as early as ages 
3–5, but more often after the first decade of life. The age of presentation depends on 
the extent of copper accumulation. It is generally recognized that patients with pre-
dominantly hepatic involvement present earlier and are at a higher risk for hepatic 
decompensation and liver failure; a smaller percentage present with acute liver fail-
ure (ALF). Children more often present with hepatic disease [41]. Acute severe liver 
disease secondary to WD can present with very high bilirubin and normal/low alka-
line phosphatase (ALP). A high bilirubin (mg/dL) to alkaline phosphatase (IU/L) 
ratio (>2.0) and an AST:ALT ratio >2.2 have a high sensitivity and specificity in 
diagnosing a patient with fulminant liver failure due to WD [42, 43]. Serum uric 
acid levels may be low. Extrahepatic manifestations of WD may involve the kidneys 
(renal tubular acidosis and renal calculi), heart (cardiomyopathy and arrhythmias), 
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the bone marrow and red blood cells (hemolytic anemia) and the joints/bones (pre-
mature arthritis, arthralgia, chondrocalcinosis). The neurological manifestations of 
WD include dystonia, dysarthria, cerebellar dysfunction (including dysdiadochoki-
nesis, ataxia, nystagmus, intention tremor, staccato speech, hypotonia), basal gan-
glia dysfunction, peripheral neuropathy and seizures. The psychiatric and behavioral 
manifestations of WD include falling behind with school, hallucinations, personal-
ity and behavioural changes, deliberate self-harm, depression/mania/bipolar disor-
der, euphoria, anxiety, apathy, mood changes, suicidal ideation, memory impairment, 
hypersexuality, paranoia, disinhibition, schizophrenia/psychosis, catatonia, delu-
sions and obsessive compulsive disorder.

In the pediatric series by Saito et al. from Japan, the mean age of presentation 
was 12 years (range 4–30). Patients with hepatic involvement had higher mortal-
ity [44]. Similarly, in his case series of 87 children with predominantly hepatic 
WD, Walshe described a mean age of presentation of 11 years (range 5–22) [45]. 
Children who are identified through screening of a family proband are often 
asymptomatic [41].

In their patient series of adult and pediatric cases, Beinhardt et al. and Litwin 
et al. reported a mean age of symptomatic presentation of 22.1 and 26.3 years, 
respectively, with patient age ranging from 6 to 61 years. Unlike children with 
WD, older patients will more commonly present with neuropsychiatric instead of 
hepatic symptoms (and therefore present later in life) [40]. Most of these patients 
are males. Ala and Schilsky first described the notion of later onset WD which 
appears to be frequently overlooked in the diagnostic algorithm of evaluating a 
patient with WD. They reported two septuagenarian siblings presenting with WD 
[46]. Specific molecular studies demonstrated compound heterozygosity for dis-
ease specific identical ATP7B mutations E1064A and H1069Q in both these 
patients. These observations were later confirmed by Ferenci et al. and raise the 
question of the degree of penetrance for these and other ATP7B mutations [47]. 
Environmental and extragenic factors appear to be pivotal determinants of disease 
phenotype. We suggest that WD must be considered at all ages in patients with 
hepatic disease, neurological disease, or psychiatric symptoms. While in most 
cases, the diagnosis can be made by a combination of clinical and biochemical 
testing, none of the available tests is specific for the diagnosis of Wilson disease. 
Clinical symptoms may be absent in a large proportion of patients. A diagnostic 
algorithm based on all available tests was proposed by the Working Party at the 
Eighth International Meeting on Wilson’s disease, Leipzig 2001 [48, 49]. The 
Leipzig score was developed to guide clinicians as to whether further testing is 
needed or whether the diagnosis is established. Following this meeting the scoring 
system was supported by the European Association for the Study of the Liver 
(EASL) and the EASL Clinical Guidelines. A score of 4 or above is required to 
establish the diagnosis of Wilson Disease. If after all the testing is complete the 
score is below 4, then an alternative diagnosis needs to be considered. The Leipzig 
scoring system has now been validated in both adult and pediatric patients with 
Wilson Disease.
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Some postulate that female patients may have delayed manifestation of neuro-
psychiatric symptoms, possibly due to the protective effect of estrogens and differ-
ences in iron metabolism [40]. However, since a higher number of female patients 
will present with the hepatic sequelae of WD [40, 41] it is possible that they are 
identified with the liver disease prior to what might have been a later presentation 
with neuropsychiatric symptoms. More men were reported to be symptomatic at 
diagnosis than women [40] and, just like children, adults with hepatic symptoms 
present at a younger age compared to those presenting with neuropsychiatric 
symptoms [39].

The treatment of WD is primarily pharmacological while liver transplantation 
may be considered for patients with decompensated liver disease or acute liver 
failure. The pharmacological management of WD involves two phases, the initial 
phase of de-coppering of body tissues and blood using potent chelators and the 
maintenance phase where accumulation of excess copper is prevented primarily by 
inhibition of intestinal absorption. The chelators of choice are d-penicillamine, 
trientine and tetrathiomolybdate (under study), while zinc salts are mainly recom-
mended for the maintenance phase [48, 50]. The primary chelator traditionally 
used is d- penicillamine. However, many patients may not tolerate the extended 
adverse effect profile initially, or will develop late complications. Trientine can be 
used for patients intolerant of d-penicillamine or can be considered for primary 
therapy for certain patients such as those with neurological manifestations, 
although paradoxical early worsening has been reported with ~10–25% with both. 
Tetrathiomolybdate is a novel chelator with promising results in prospective clini-
cal trials, especially for patients with neurological WD [51–53]. For the more 
severe hepatic disease, zinc and chelators have been used synergistically, but there 
are no data comparing outcomes [54, 55]. A diet low in copper is also recom-
mended but is not sufficient for therapy alone.

The first liver transplantation for WD took place in 1971 [56]. The modified 
Wilson index (King’s score) that uses laboratory data on patients can be used as a 
predictive model for liver transplantation for adult and pediatric patients with WD 
[57]. Transplantation is curative for patients with hepatic WD. However, there is an 
ongoing debate about its indication in patients with neuropsychiatric disease [58, 
59]. The long-term outcomes appear to be excellent and similar for both adults and 
children. Arnon et al. evaluated 170 children and 400 adults and reported the 1- and 
5-year survival rates to be 90.1% and 89%, respectively, in children, and 88.3% 
and 86%, respectively, in adults. These rates were not found to be significantly dif-
ferent [60]. Smaller case series showed slightly worse survival rates. Weiss et al. 
reported transplantation outcomes in 19 patients (mean age 29.3 years) with 1- and 
5-year survival rates of 78% and 65% respectively. Schilsky et al. examined the 
outcomes in 55 patients (mean age 17.4 years, range 8–51) and reported a 1-year 
survival rate of 79% [61]. Over the last few years, the number of liver transplants 
for WD does not appear to have changed significantly, and these trends are depicted 
in Fig. 17.1.
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17.1.2  Lysosomal Acid Lipase Deficiency (OMIM #278000)

Wolman disease (WoD) and cholesteryl ester storage disorder (CESD) are two dis-
ease entities that lie on the spectrum of lysosomal acid lipase deficiency (LALd) 
which was described more than 55 years ago [62]. Acid lipase deficiency was dem-
onstrated in patient fibroblasts in 1972 and the lipase gene (LIPA) was identified in 
1994 [63, 64]. Human lysosomal acid lipase (LAL) was purified in small amounts 
in 1985 [65]. LAL is involved in the intra-lysosomal hydrolysis of cholesteryl esters 
(CE) and triglycerides (TG) [66]. WoD is regarded as the infantile form of the dis-
ease and patients exhibit none or less than 1–2% of the LAL enzyme activity. CESD 
describes the same disease in patients who still retain some LAL activity of up to 
12% [67–88]. Patients will often present with abdominal distension due to hepato-
splenomegaly, malnutrition, dyslipidemia, general gastrointestinal disturbances, 
elevated liver enzymes and, in severe cases, abnormal liver function tests (LFTs) 
[67–88]. Patients are often misdiagnosed as suffering from nonalcoholic fatty liver 
disease (NAFLD), nonalcoholic steatohepatitis (NASH), cryptogenic cirrhosis or 
Fredrickson type IIa and IIb hyperlipoproteinemia [68, 88, 89].

The prevalence of the disease has been estimated by Reiner et al. to be between 
1:40,000–300,000 depending on geographical and ethnic background [66]. More 
than 100 mutations have been identified to date, the commonest being the exon 8 
splice junction mutation (c.894G>A); E8SJM [70, 82, 90–97]. The carrier fre-
quency of the E8SJM allele in a cohort of 1152 in Germany was found to be 1 in 200 
with a homozygote frequency of 25 per million [98]. Scott et al. evaluated the allele 
frequency by analysing 8000 multi-ethnic blood samples in New York and Dallas 
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and reported the c.894G>A allele frequency for the Caucasian, Hispanic, Ashkenazi 
Jewish and Asian populations to be 1 in 298 (prevalence ∼0.8 in 100,000), 1 in 296 
(prevalence ∼0.8 in 100,000), 1 in 500 (prevalence ∼0.3 in 100,000) and 1 in 1000 
(prevalence ∼0.1 in 100,000), respectively [99]. The overall, prevalence was esti-
mated to be approximately 1 in 130,000 (95% CI: ∼1 in 90,000–1 in 170,000) [99]. 
Combination of the data with the German cohort estimated a much higher carrier 
frequency of 1 in 242; prevalence of ∼1.2 WoD was found to be 1 in 528,000; inci-
dence was 1 in 704,000 births [100]. Valles-Ayoub et al. studied 162 samples for the 
LIPA Exon 4 p.G87V (ggc>gtc, alternative numbering p.G66V) mutation in an 
Iranian and Iraqi-Jewish community in the Los Angeles area. The mutation inci-
dence was reported to be 1  in 4200  in this cohort [101]. Overall, there are very 
limited data for the epidemiology of this ultra-rare liver disease.

Several treatment modalities have been used for the management of LALd, 
including statins, ezetimibe, cholestyramine, low-fat diets, liver transplantation and 
stem-cell transplantation. More recently, enzyme replacement therapy with sebeli-
pase alfa has been used with good results [102–105]. Eight clinical trials have 
explored the efficacy of sebelipase alfa in humans and these are listed in Table 17.1 
[102–104, 106–108]. The long-term outcomes from liver transplantation or medical 
therapy have not been fully established [109].

The largest of these clinical trials is the phase 3 ARISE study by Burton et al. 
which examined the effectiveness of sebelipase alfa in a cohort of 66 adults and 
children for 36  weeks. Statistically significant improvements in most endpoints 
were observed including normalization of alanine and aspartate aminotransferase 

Table 17.1 Summary of clinical trials using enzyme replacement therapy related to LALd

Name of trial Phase Author Type of patients n Status
LAL-CL01
NCT01307098

I–II Balwani et al. [102] Adults 9 Completed

LAL-CL04
NCT01488097 
(extension of 
LAL-CL01)

II Valayannopoulos 
et al. [104]

Adults 8 Ongoing

LAL-CL03
NCT01371825
VITAL

II–III Jones et al. [160] Infants 9 Ongoing

LAL-CL02
NCT01757184
ARISE

III Burton et al. [103] Children and 
adults

66 Ongoing

LAL-CL06
NCT02112994

II Alexion Pharma [161] Children 
(>8 months) 
and adults

30 Ongoing

LAL-CL08
NCT02193867

II Friedman et al. [162] Infants 
<8 months

10 Ongoing

LAL-1-NH01
NCT01358370

Observational Jones et al. [106] Children and 
adults

35 Completed

LAL-2-NH01
NCT01528917

Observational Burton et al. [107] Children and 
adults

49 Completed
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levels, improvement of low and high density lipoproteins, reduction in hepatic ste-
atosis and reduction in the spleen volume [103]. Though long-term data are not yet 
available, sebelipase alfa appears to be safe and well tolerated for the management 
of LALd.

17.1.3  Α1-Antitrypsin Deficiency (OMIM #107400)

This condition was first described by Laurell et al. in 1963 in relation to emphyse-
matous pulmonary changes [110] while its association with liver disease was 
defined in 1969 [111]. A1-antitrypsin belongs in the superfamily of serine protease 
inhibitors (SERPINs) and physiologically it inhibits the proteolytic degradation of 
neutrophil elastin. Therefore, deficiency of α1-antitrypsin (A1AD) leads to an 
imbalance in the levels of elastin in various tissues, causing structural abnormalities 
in the organs involved, mainly the lungs and liver. Whereas in the lungs the damage 
is induced by the uncontrolled destruction of elastin due to the loss of function of 
α1-antitrypsin, the damage observed in the liver is via the mechanism of toxic accu-
mulation of an aggregated and polymerized form of α1-antitrypsin in the hepato-
cytes. The extent of tissue damage is determined by the amounts expressed of 
α1-antitrypsin and the extent of proteosomal degradation [112]. For these reasons 
the disease has a variable genotype to phenotype expression. Smoking and occupa-
tional exposure have been identified as risk factors which can accelerate the devel-
opment of lung disease [113, 114]. Thus, the interplay between endogenous and 
exogenous factors can determine the outcome in A1AD [115].

The SERPINA1 gene which encodes for the 52 kDa α1-antitrypsin glycoprotein 
has been located on chromosome 14 (q31–32.3) [116]. The disease is inherited in an 
autosomal recessive condition with co-dominant expression (each allele contributes 
to 50% of the circulating enzyme). While there are over 100 identified alleles which 
can predispose to A1AD, three alleles, M, S and Z, are most frequently encountered 
and can determine the phenotypic outcome of the disease [117]. These alleles are 
given letters based on older methods for protein separation by isoelectric focusing 
protein electrophoresis. PiMM phenotype is normal while PiZZ is associated with 
the highest risk of developing disease, including severe liver injury and hepatocel-
lular carcinoma [118–120]. The PiZZ is believed to be found in 98% of patients 
with A1AD [121]. PiSS has not been associated with lung disease. Currently, diag-
nostic genotyping has significantly influenced how we differentiate between these 
types and can be used to identify specific alleles by utilizing polymerase chain reac-
tion and molecular gene sequencing.

The prevalence of A1AD has been estimated using population-based screening 
studies as well as indirect epidemiological genetic studies using the Hardy-Weinberg 
Equilibrium principle. While it was previously assumed that A1AD was a disease of 
white Caucasians, a plethora of non-Caucasian countries have reported several 
cases. de Serres et  al. used data from 69 countries in an attempt to estimate the 
prevalence of five phenotypic types of A1AD. The world prevalence of each pheno-
type was found to be PiMS (2.8%), PiMZ (0.6%), PiSS (0.6%), PiSZ (0.2%) and 
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PiZZ (0.004%) [122]. While PiS and PiZ are moderately-highly encountered in 
European countries (or those colonized by Europeans), both alleles are rare in 
Asians and aboriginals. The PiS allele was found to be high in Sub-Saharan coun-
tries and Southern Europe. The highest prevalence of the PiZ allele was reported in 
Northern European countries. The same group reviewed the data from an additional 
25 countries 2 years later. The highest prevalence of PiZZ and PiSS phenotypes was 
reported in an area covering Brazil, Ecuador and Peru. The disease was found to be 
absent in Amerindians [123]. More data by Blanco et al. from 224 cohorts (65 coun-
tries) confirm that most homozygous PiZZ patients are European or from European 
descent living in North America. The same authors identify that the Pi*Z mutation 
must have occurred in Sweden approximately 2000 years ago [121].

Screening studies are also useful in elucidating the epidemiology of a rare dis-
ease. A large prospective Swedish study screened 200,000 newborns for A1AD and 
identified 1 PiS (prevalence 1:200,000), 122 PiZ (prevalence 1:1639), and 48 PiSZ 
(prevalence 1:4166) infants. The total prevalence was ∼1:1170 [124]. O’Brien et al. 
screened 107,038 newborns in the US and identified 21 patients (prevalence 1:5097) 
[125]. Silverman et al. screened 20,000 blood samples in the US and found 7 PiZ 
patients (prevalence 1:2857) [126]. Spence et al. screened 11,081 specimens from 
newborns and found 3 PiS patients estimating an incidence for the disease of 
1:2019 in Caucasians and 1:3694 in the general population. Stoller et al. combined 
data from the largest US screening studies into a cohort of 138,119 patients and 
estimated a PiZZ prevalence in the US of 1:4455 [127]. In addition Stoller et al. 
looked at the screening results from 23 selected smaller studies from several 
European countries, the USA, Africa, Saudi Arabia and Japan. Just as in the afore-
mentioned studies by de Serres et al., the heterogeneity in geographical distribution 
and dispersity of allele frequency were once again highlighted. PiZ and PiS appears 
to be more prevalent in Western and Southwestern European countries, respectively. 
These striking differences between the distributions of PIS and PIZ have also been 
demonstrated in a study of 21 European countries (75,390 individuals) by Blanco 
et al. [128]. Currently, the exercise of mass screening in newborns and other indi-
viduals is generally discouraged unless performed in a high-risk area. A more tar-
geted screening approached is preferred following risk stratification [121].

Gender predilection in A1AD has not been widely reported. A large registry 
study of 929 patients identified a male preponderance for both PiZZ (male 56%, 
female 45%) and PiSZ (male 55%; female 45%) phenotypes [129]. The AlphaNet 
cohort includes 646 patients with COPD on augmentation therapy. Pardinas- 
Gutierrez et al. reported equal numbers of male and female patients in this AlphaNet 
cohort [130].

A1AD usually involves the lungs and, less commonly, extrapulmonary sites such 
as the liver and skin. Reports of A1AD manifesting as vascultis, inflammatory 
bowel disease, and glomerulonephritis can also be found in the literature even 
though these are far less common. Emphysema due to A1AD commonly represents 
symptoms of classic chronic obstructive pulmonary diseases (COPD) including 
dyspnea, purulent phlegm, wheezing and recurrent chest infections. In contrast to 
COPD secondary to smoking, A1AD lung disease often occurs at a younger age. 
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Patients may also present with secondary pneumothorax and bronchiectasis. Hepatic 
manifestations are commonly seen in patients with mutations in the M and Z alleles. 
In neonatal cases, patients not uncommonly present with neonatal hepatitis, jaun-
dice and cirrhosis. Adult patients may show manifestation of chronic hepatitis, cir-
rhosis and hepatocellular carcinoma (more common in male patients). The most 
common dermatological presentation is necrotizing panniculitis.

The treatment of A1AD involves supportive care and pharmacological treatment. 
Smoking cessation is advised and so is optimization of pulmonary therapy for 
emphysema. Perhaps the most effective treatment, but mainly for those with lung 
disease, is intravenous augmentation therapy with pooled human alpha-1 antitryp-
sin. Weekly infusions are required for carefully-selected patients with a particular 
focus on the effectiveness of therapy on lung function. Most studies describing aug-
mentation therapy do not focus on the impact on hepatic disease, and this remains 
largely unexplored and experimental [131, 132]. For patients with hepatic disease, 
liver transplantation is a curative option. Approximately 1% of all adult liver trans-
plants were for A1AD and the number of liver transplants appears to be decreasing 
for the pediatric population [133]. Overall, the number of liver transplants for A1AD 
is increasing (Fig. 17.1).

Since protein handling and proteosomal degradation are involved in the patho-
genesis and the phenotypic severity of the disease, the role of molecular chaperones 
has been considered for the management of hepatic A1AD in recent years. One such 
chaperone is carbamazepine which is of particular interest and is currently being 
investigated in a phase 2 multicenter trial [134]. Other future therapies are aimed at 
reducing hepatic protein production and accumulation, either by anti-sense or 
microRNA technologies. The role of these modalities remains to be determined.

17.1.4  HFE-Related Hereditary Hemochromatosis  
(OMIM #235200)

Hereditary hemochromatosis (HH) is the commonest inherited genetic disease in 
Europe, especially in populations from Northern European descent [135]. The con-
dition is autosomal recessive and is caused by mutations on the HFE gene on the 
short arm of chromosome 6. The gene was identified approximately 20 years ago 
but the close association of HFE to the locus of HLA-A3 on chromosome 6 was 
discovered 40  years ago [136, 137]. The commonest mutation is a cysteine-for- 
tyrosine substitution at amino acid position 282 (C282Y). This is regarded as the 
major HFE-associated polymorphism. The minor HFE-associated polymorphism 
involves a substitution of aspartate for histidine at amino acid position 63 (H63D). 
Rarer HFE polymorphisms such as Ser65Cys (S65C) have also been reported [138]. 
HFE mutations lead to excessive iron absorption from the gut and unregulated intra-
cellular iron accumulation, especially in hepatocytes. The clinical presentation can 
be described by the triad of liver disease, diabetes mellitus, and skin pigmentation. 
This clinical trial is a feature of late disease. Not uncommonly, patients may present 
with arthralgia, arthritis, hypogonadism, hypopituitarism, dilated cardiomyopathy 
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and hepatocellular carcinoma. Iron-overload states can also predispose individuals 
to infections including Listeria monocytogenes, Yersinia enterocolitica and Vibrio 
vulnificus [139].

Population-based studies provide an insight into the frequency of HFE muta-
tions in the general population. In a large study in the United States Steinberg 
et  al. genotyped 5171 specimens from the third National Health and Nutrition 
Examination Survey (NHANES III) DNA bank [140]. Homozygosity for C282Y/
C282Y and H63D/H63D was found to occur in 0.26% and 1.89%, respectively, in 
the U.S. population. C282Y/H63D heterozygosity was observed in 1.97% of indi-
viduals. The homozygous C282Y/C282Y mutation frequency was considerably 
higher in non-Hispanic whites (0.30%), compared to non-Hispanic blacks (0.06%) 
and Mexican-Americans (0.03%) [140]. Similarly, the homozygous H63D/H63D 
mutation was higher in non-Hispanic whites (2.15%), compared to non-Hispanic 
blacks (0.32%) and Mexican-Americans (1.08%) [140]. Heterozygosity for 
C282Y/H63D was also higher in non-Hispanic whites (2.35%), compared to non-
Hispanic blacks (0.06%) and Mexican-Americans (0.19%) [140]. In a much 
larger study in U.S. primary care, Adams et al. analyzed the genotypes and iron 
profiles of 99,711 individuals. As previously reported, the authors found much 
higher carrier frequencies for non-Hispanic whites. Specifically, homozygosity 
for C282Y/C282Y was reported in 0.44% of whites, compared to 0.11% in Native 
Americans, 0.027% in Mexican-Americans, 0.014  in blacks, 0.012% in Pacific 
islanders and 0.000039% in patients of Asian origin. Homozygosity for H63D/
H63D was reported in 2.40% of whites, compared to 1.3% of Native Americans, 
1.1% of Mexican-Americans, 0.089% of blacks, 0.20% of Pacific islanders and 
0.20% of patients of Asian origin [141]. In a meta-analysis of 36 studies focused 
on European and Northern American countries, the genotypes of 127,613 indi-
viduals were analyzed. The population carrier allelic frequency of Cys282Tyr was 
found to be 6.2% with an estimated C282Y/C282Y homozygosity of 0.38% 
(1:260) [138]. Prevalence appears to be lower in the countries of Southern Europe. 
Similarly, the carrier allelic frequency for His63Asp was on average much higher 
(14%) with less geographic variation [138]. The Ser65Cys polymorphism is 
found in approximately 0.5% of the population. Asberg et  al. screened 65,238 
Norwegian blood samples and found the prevalence of the C282Y/C282Y to be at 
least 0.68% [142].

Several studies looked at the prevalence of HFE mutations in patients with rec-
ognised HH. A meta-analysis included 2802 patients with phenotypic HH from 32 
studies and found that 80.6% were C282Y/C282Y homozygous and 5.3% com-
pound heterozygous C282Y/H63D [138]. The studies were primarily focused on 
patients with European ancestry. Although this meta-analysis does not report the 
frequency of H63D homozygosity, this was found to be 0–1.5% by other authors 
[136, 143–147]. The remaining patients are believed to be heterozygotes for C282Y, 
H63D or S65C or to have other non-HFE related iron overload due to other heredi-
tary pathology including juvenile hemochromatosis, Transferrin receptor 2 disorder, 
ferroportin disease, hereditary hyperferritinemia-cataract syndrome, H-ferritin dis-
order and aceruloplasminemia [139].
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The genotype-to-phenotype relationship of HH is challenging to elucidate due to 
variable disease penetrance as well as the heterogeneous research methodology used 
in different studies. Furthermore, the definition used for confirmed diagnosis of HH 
appears to vary between studies. A large population study of 41,000 individuals in 
the U.S. by Beutler et al. identified 152 patients with homozygous C282Y/C282Y 
genotype, out of which only 1 patient had clinically diagnosable HH (penetrance 
0.67%) [148]. In a similar European study of 3011 individuals, Olynyk et al. identi-
fied 16 homozygous C282Y/C282Y patients and described clinical disease in half of 
them [149]. In a French study of 352 patients, penetrance was reported to be 15.8% 
[150]. In a recent meta-analysis of 19 studies, the penetrance of C282Y/C282Y 
homozygous disease was 13.5% [138]. Penetrance appears to be higher for C282Y/
C282Y homozygous patients identified through family screening compared to popu-
lation studies [138]. Patients who are C282Y/H63D compound heterozygotes appear 
to have an estimated disease penetrance of 0.5–1.5% [144, 151] and may only 
develop clinic disease when there is an additional compound hepatic insult [151].

Large studies have shown that homozygosity for C282Y appears to be more 
common in female patients [141, 152]. However, a smaller study by Steinberg et al. 
reported a higher number of homozygous male patients compared to females (5 vs. 
3 patients) [140]. Men display more frequent biochemical and symptomatic HH 
compared to females, possibly due to the physiological iron loss during menstrua-
tion, the effect of estrogen and the gender-specific HFH genetic modifiers [135]. In 
their Australian cohort of 31,192 patients with northern European ancestry, Allen 
et al. found 29.2% of patients with phenotypic HH (males 28% vs. females 1.2%) 
[152]. Aguilar-Martinez et al. also reported higher prevalence and earlier diagnosis 
in men with C282Y/C282Y homozygosity (19% vs. 13%).

The treatment of HH depends on symptoms and status of iron overload. Dietary 
restrictions are not often required and patients with HH should be advised not to 
take any supplementary iron or extra vitamin C. Excessive consumption of agents 
which have been shown to reduce iron absorption such as oxalates, tannates, oxa-
lates, calcium and phosphate is not required in patients who are being treated with 
therapeutic phlebotomy. The consumption of alcohol is discouraged.

Patients without iron overload or organ involvement do not require treatment and 
systematic monitoring is advised. Patients with iron overload or organ involvement 
will require treatment. Therapeutic phlebotomy remains the simplest and most eco-
nomical method of removing excess iron. Ferritin levels can be used to dictate the 
frequency of phlebotomy as discussed in published guidance [138, 153]. 
Erythrocytapheresis has been described as a treatment for patients with symptom-
atic HH and involves the removal of red blood cells (RBC) from patients’ blood 
(apheresis) and the return of the erythropenic plasma to the body. Probably the big-
gest advantage of erythrocytapheresis over therapeutic phebotomy is the fact that 
much larger amounts of RBC can be removed per single procedure. A phase 3 trial 
compared phlebotomy vs. erythrocytapheresis in 38 C282Y/C282Y homozygous 
patients. The authors reported significantly lower mean number of procedures 
required in the erythrocytapheresis group and the treatments were found to be 
equally cost-effective [154]. However, the treatment remains expensive and the 
technique largely unavailable.
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Patients who are intolerant or have contraindications to phlebotomy (e.g., signifi-
cant anemia) or in cases where phlebotomy is not possible (e.g., poor intravenous 
access) should be considered for iron chelation therapy. Historically, deferoxamine and 
deferiprone had been used with good clinical and biochemical responses; however, 
therapy remains expensive and potentially toxic [155, 156]. Deferasirox is another che-
lator which has been evaluated in a Phase 1/2 trial. Despite the encouraging initial 
results, the study had to be terminated due to poor recruitment [157]. A subsequent 
phase 2 study with 10 patients receiving deferasirox demonstrated good efficacy and 
acceptable adverse effect profile [158]. More studies on more patients are required to 
appreciate the merits and long-term outcomes of chelation therapy with deferasirox.

Liver transplantation is an option for the treatment of HH and in the more recent 
era has comparable 1-, 3- and 5-year survival rates compared to other indications for 
liver transplantation [159]. Figure 17.1 shows the transplantation trends in the U.S. 
which remain unchanged over several years. There also may be occasional patients 
that require dual organ transplant, heart and liver, if they have severe cardiomyopa-
thy and liver disease. These results could, however, be biased as patients with HH 
and cirrhosis have a significantly higher risk of hepatocellular carcinoma, and may 
undergo transplant on the basis of having tumor and not for decompensated liver 
failure due to HH per se. Therefore, transplantation outcomes should not only be 
analyzed in the context of HH as the indication for transplantation, but also from the 
angle of development of hepatocellular carcinoma.

In conclusion, we have described four mainly genetically determined rare meta-
bolic liver diseases and the growing awareness, knowledge and expertise in epide-
miology about these. There are clear variations in genotype and phenotype, better 
diagnosis through improved molecular biology techniques, improving management 
repertoire through international multicenter clinical trials and liver transplantation 
which may be curative and lifesaving in some patients.

 Summary Table of Landmark Literature

Wilson disease
Study title and authors Study design Summary results
Progressive lenticular degeneration: a 
familial nervous disease associated with 
cirrhosis of the liver. Samuel Alexander 
Kinnier Wilson, Brain 1912: 34; 295–509

Case series 13 patients with 
progressive lenticular 
degeneration with 
associated liver cirrhosis

La dégénérescence hépato-lenticulaire 
(Maladie de Wilson—Pseudo-sclérose). 
Hall HC, Masson, Paris, 1921
Scheinberg IH, Gitlin D. Deficiency of 
ceruloplasmin in patients with 
hepatolenticular degeneration (Wilson’s 
disease). Science 1952, 116:484–5
Biochemical abnormalities in Wilson’s 
disease. Bearn AG and Kunkel HG, 
J Clin Invest, 1952, 31:616

Case Control study Pattern of inheritance 
described as autosomal 
recessive
Caeruloplasmin 
deficiency as a 
phenotypic marker that 
can be used for disease 
screening

(continued)
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Wilson disease
Study title and authors Study design Summary results
Assignment of the gene for Wilson 
disease to chromosome 13: linkage to the 
esterase D locus. Frydman M et al., Proc 
Natl Acad Sci U S A. 
1985;82(6):1819–21

Linkage analysis Localization of disease 
locus to chromosome 13

Isolation of a candidate gene for Menkes 
disease and evidence that it encodes a 
copper-transporting ATPase. Vulpe C 
et al., Nat Genet. 1993;3(1):7–13
Isolation of a candidate gene for Menkes 
disease that encodes a potential heavy 
metal binding protein. Chelly J et al., Nat 
Genet. 1993;3(1):14–9

Gene isolation and 
sequencing

The gene for Menkes 
disease encodes a 
copper- transporting 
P-type ATPase

The Wilson disease gene is a putative 
copper transporting P-type ATPase similar 
to the Menkes gene. Bull PC et al., Nat 
Genet. 1993;5(4):327–37

Gene isolation and 
sequencing

The gene for Wilson 
disease encodes a 
copper- transporting 
P-type ATPase

Isolation of a partial candidate gene for 
Menkes disease by positional cloning. 
Mercer JF et al., Nat Genet. 
1993;3(1):20–5
Mapping, cloning and genetic 
characterization of the region containing 
the Wilson disease gene. Petrukhin K 
et al., Nat Genet. 1993;5(4):338–43
The Wilson disease gene is a copper 
transporting ATPase with homology to the 
Menkes disease gene. Tanzi RE et al., Nat 
Genet. 1993;5(4):344–50

Gene isolation, 
sequencing, linkage 
disequilibrium and 
haplotype analysis

ATP7B gene is 
identified as the gene for 
Wilson disease. Specific 
mutations begin to be 
recognised

Isolation and characterization of a human 
liver cDNA as a candidate gene for 
Wilson disease. Yamaguchi Y et al., 
Biochem Biophys Res Commun 
1993;197:271–7
Characterization of the Wilson disease 
gene encoding a P-type copper 
transporting ATPase: genomic 
organization, alternative splicing, and 
structure/function predictions. Petrukhin 
K et al., Hum Mol Genet. 
1994;3(9):1647–56

Screening of cDNA 
clones, genomic 
organization, 
alternative splicing

Identification of 
disease- specific 
mutations and ATP7B 
polymorphisms and 
prediction of structure/
function features of WD 
protein

Note: These studies were collectively limited by the small number of patients included due to the 
rarity of the condition

Α1-Antitrypsin deficiency (A1AD)

Study title and authors
Study design/
method Summary results

The electrophoretic alpha-1-globulin 
pattern of serum in alpha-1-antitrypsin 
deficiency. Laurell C-B et al., Scand J 
Clin Lab Invest 1963, 15:132–140

Serum protein 
electrophoresis

Absence of the α1-globulin peak 
in many patients with COPD 
noticed
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Α1-Antitrypsin deficiency (A1AD)

Study title and authors
Study design/
method Summary results

Cirrhosis associated with alpha-1- 
antitrypsin deficiency: a previously 
unrecognized inherited disorder. Sharp 
HL et al., J Lab Clin Med 1969, 
73:934–939

Observational 
study

A1AD is associated with liver 
disease and cirrhosis

Liver disease in alpha1-antitrypsin 
deficiency detected by screening of 
200,000 infants. Tomas Sveger, N Engl 
J Med 1976; 294:1316–1321

Prospective 
study

Liver disease has been associated 
with the PiZ and PiSZ 
phenotypes. Approximately 8% 
of patients developed clinically 
significant liver disease

α1-Antitrypsin deficiency in 26-year- 
old subjects. Piitulainen E et al., Chest 
2005, 128:2076–2081

Case-control 
study

Interplay of exogenous and 
endogenous factors will 
determine phenotype and 
outcomes

Performance of enhanced liver fibrosis 
plasma markers in asymptomatic 
individuals with ZZ a1-antitrypsin 
deficiency. Janciauskiene S et al., Eur J 
Gastroenterol Hepatol 2011, 
23:716–720

Case-control 
study

The enhanced liver fibrosis 
plasma markers are useful in 
identifying PiZZ young adults 
who are at risk of developing 
significant liver disease

Characteristics of hepatocellular 
carcinoma in a murine model of 
alpha-1-antitrypsin deficiency. Marcus 
NY et al., Hepatol Res. 2010, 
40:641–653
Analyses of hepatocellular proliferation 
in a mouse model of alpha-1- 
antitrypsin deficiency. Rudnick DA 
et al., Hepatology. 2004, 39:1048–1055

Animal studies Association of the homozygous 
PiZZ phenotype with HCC

Note: These studies were collectively limited by the small number of patients included due to the 
rarity of the condition
Abbreviations: COPD chronic obstructive pulmonary disease, ELF enhanced liver fibrosis, HCC 
hepatocellular carcinoma

Hereditary haemochromatosis
Study title and authors Study design/method Summary results
Association of HLA-A3 and 
HLA-B14 antigens with 
idiopathic haemochromatosis. 
Simon M et al., Gut 1976, 
17:332–334

Case series with 
determination of 
histocompatibility 
antigens

Idiopathic haemochromatosis is a 
genetic condition and the responsible 
gene may be localized to the region of 
the histocompatibility complex

A novel MHC class I-like 
gene is mutated in patients 
with hereditary 
haemochromatosis. Feder JN 
et al. Nat Genet 
1996;13:399–408

Disequilibrium and 
full haplotype 
analysis

Identification of gene for most common 
form of hereditary hemochromatosis. 
Close association of HLA-H (renamed 
later as HFE) to the locus of HLA-A3 
on chromosome 6 and identification of 
pathogenic mutations of this gene and 
corresponding change in HFE protein 
that potentially leads to disease

(continued)
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Hereditary haemochromatosis
Study title and authors Study design/method Summary results
Hemochromatosis and 
iron-overload screening in a 
racially diverse population. 
Adams PC et al., N Engl J 
Med 2005;352:1769–1778
Iron-overload-related disease 
in HFE hereditary 
hemochromatosis. Allen KJ 
et al., N Engl J Med 2008, 
358:221–230
Screening for 
hemochromatosis: high 
prevalence and low morbidity 
in an unselected population of 
65,238 persons. Asberg A 
et al., Scand J Gastroenterol 
2001, 36:1108–1115
Penetrance of 845G–>A 
(C282Y) HFE hereditary 
haemochromatosis mutation 
in the USA. Beutler E et al., 
Lancet 2002, 359:211–218

Population studies 
with a pooled 
cohort of 235,663 
people

The prevalence of C282Y 
homozygosity in the general population 
is 1:146–333

European association for the 
study of the liver. EASL 
clinical practice guidelines for 
HFE hemochromatosis. 
Journal of Hepatology 2010, 
53:3–22

Meta-analysis of 
2802 patients with 
phenotypic HH 
from 32 studies

80.6% of patients are C282Y/C282Y 
homozygotes and 5.3% compound 
heterozygotes (C282Y/H63D)

Abbreviations: HH hereditary haemochromatosis

Lysosomal acid lipase deficiency
Study title and authors Study design/method Summary results/milestone
Primary familial xanthomatosis with 
involvement and calcification of the 
adrenals. Report of two more cases 
in siblings of a previously described 
infant. Wolman, M. et al., Pediatrics, 
1961. 28: p. 742–57

Observational study Moshe Wolman describes the 
first case series of three 
siblings with Wolman disease

Lipid accumulation and acid lipase 
deficiency in fibroblasts from a 
family with Wolman’s disease, and 
their apparent correction in vitro. 
Kyriakides EC et al., J Lab Clin 
Med, 1972. 80(6): p. 810–6

Case control study 
measuring acid lipase 
activity of cultured 
fibroblasts

Acid lipase deficiency is 
demonstrated in fibroblasts

Genomic organization of the human 
lysosomal acid lipase gene (LIPA). 
Aslanidis, C et al., Genomics, 1994. 
20(2): p. 329–31

Gene isolation, 
sequencing and 
linkage

The lipase gene(LIPA) is 
assigned to locus 
10q23.2q23.3
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Lysosomal acid lipase deficiency
Study title and authors Study design/method Summary results/milestone
Lysosomal acid lipase/cholesteryl 
ester hydrolase. Purification and 
properties of the form secreted by 
fibroblasts in microcarrier culture. 
Sando GM et al. J Biol Chem, 1985. 
260(28): p. 15186–93

Enzyme purification, 
structural analysis and 
ascertainment of 
catalytic properties of 
the human enzyme

Human LAL is purified in 
small amounts

Wolman disease/cholesteryl ester 
storage disease: efficacy of 
plant-produced human lysosomal 
acid lipase in mice. Du H et al., J 
Lipid Res, 2008. 49(8): p. 1646–57

Animal study Enzyme replacement therapy 
effective in the murine model

Clinical effect and safety profile of 
recombinant human lysosomal acid 
lipase in patients with cholesteryl 
ester storage disease. Balwani M 
et al., Hepatology, 2013. 58(3): 
p. 950–7
Sebelipase alfa over 52 weeks 
reduces serum transaminases, liver 
volume and improves serum lipids in 
patients with lysosomal acid lipase 
deficiency. Valayannopoulos V et al., 
J Hepatol, 2014. 61(5): p. 1135–42

Phase I–II 
interventional trial

Enzyme replacement therapy 
is tried successfully on 
humans

A phase 3 trial of sebelipase alfa in 
lysosomal acid lipase deficiency. 
Burton BK et al., N Engl J Med, 
2015. 373(11): p. 1010–20

Phase III 
interventional trial

Enzyme replacement therapy 
has been shown to 
successfully normalise ALT 
and AST levels, improve 
LDL and HDL, reduce 
hepatic steatosis and reduce 
spleen volume

Abbreviations: ALT alanine aminotransferase, AST aspartate aminotransferase, LDL low-density 
lipoprotein, HDL high-density lipoprotein
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Abstract
Cryptogenic cirrhosis (CC) is defined as the development of cirrhosis in the 
absence of a clear etiology of liver dysfunction. Over time, definitions of various 
forms of liver disease have been refined and improved so that the incidence of 
CC is in decline. With the advent of hepatitis C testing and better definitions of 
alcohol related liver disease these etiologies of cirrhosis have decreased their 
impact on the diagnosis of CC. Autoimmune hepatitis and non- alcoholic fatty 
liver disease (NAFLD), both of which can lose their characteristic histologic 
features with advancement to cirrhosis, have taken over as the primary explana-
tions for developing CC, but even now as definitions and recognition of NAFLD 
improve these numbers are waning. Since CC is a diagnosis of exclusion, pro-
spective investigations are challenging and thus study methodology has a large 
impact on how relevant data are interpreted. Herein we focus on how the diagno-
sis of CC is made, the liver diseases that have contributed most to this diagnosis 
over time, and how study design affects the results and interpretation of prior 
investigations.
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18.1  Introduction

Cryptogenic cirrhosis (CC) is defined as cirrhosis arising in the absence of a 
clear etiology of chronic liver disease which makes it a difficult entity to define 
and investigate. The prevalence of CC is difficult to define due to this broad defi-
nition and is likely decreasing as emerging liver diseases such as nonalcoholic 
fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH) are better 
defined. In prior studies the prevalence of CC has ranged from 5% to 30%, but 
much of this data is retrospective and derived from single centers and thus sub-
ject to various biases [1–3]. Transplant databases have estimated the prevalence 
of CC to be approximately 10%, but these estimates frequently include CC in 
categories with “other” diagnoses, which further compromises ascertaining 
prevalence accurately [4, 5].

Over time the prevalence of CC is expected to decline as definitions of chronic 
liver diseases are refined and new liver diseases are discovered [1, 2, 4]. Alcohol- 
related liver disease is likely the oldest diagnosed liver disease, existing as long ago 
as 10,000 B.C. and commonplace in medical texts of the nineteenth century [6, 7]. 
In 1961 a group of diabetic patients were noted to have fatty liver outside of signifi-
cant alcohol use, and some progressed to cirrhosis which at that time was referred 
to as “nutritional cirrhosis” [8]. In the 1960s and 1970s hepatitis B became better 
defined as a cause of chronic hepatitis as better serum tests enabled more reliable 
detection [9, 10]. Hepatitis C soon followed in the late 1980s and early 1990s 
[11–13]. Autoimmune hepatitis, originally called lupoid hepatitis, has gained 
improved diagnostic accuracy since its inception in the 1950s, but still remains a 
chief suspect in the quest to define CC [14, 15]. Over the last few decades NASH 
has grown in prominence in large part due to better definitions and improved rec-
ognition [16–19].

In this chapter we focus on the underlying liver diseases with the largest impact 
on development of CC, a diagnosis of exclusion (Table 18.1). In addition to a full 
biochemical work up for chronic liver diseases, careful attention to personal, fam-
ily, and social histories is vital to find an accurate diagnosis (Table 18.2). In some 
cases, primarily when assessing alcohol intake or substance use history, it may also 
be important to speak with family members to comprehensively ascertain patient 
exposures potentially lost to recall bias. Assessing changes in physical stature over 
time, both prior to and following confirmed diagnosis of cirrhosis, may help to 
identify the possible underlying etiology of cirrhosis that may be masked by recent 
malnutrition and/or large volume ascites [20]. Medication exposure may also be 
difficult to discern as certain medications may cause drug-induced liver injury with 
long-term advanced fibrosis despite medication withdrawal [21, 22]. Histology 
may be very helpful in assessing for clues of underlying causes of CC, and a clas-
sification system was devised to help guide clinicians and pathologists in interpret-
ing findings in the context of chronic liver disease of unclear etiology (Table 18.3) 
[15, 20, 23, 24].
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Table 18.1 Disease 
associations with CC

Established associations
Nonalcoholic steatohepatitis
Autoimmune hepatitis
Occult viral hepatitis (hepatitis X)
Occult ethanol exposure
Less established but noted in some series
Occult biliary disease
Hepatic vascular disease
Celiac disease
Other associations
Mitochondriapathies
Familial Mediterranean fever
Systemic lupus erythematosus
Alstrom syndrome (celiopathy)
Abnormalities of apolipoprotein B with low-density-
lipoprotein cholesterol
Short telomere syndromes
Keratin 18 mutations
Glutathione S-transferase mutations

Derived from Caldwell S.  CC: what are we missing? Curr 
Gastroenterol Rep. 2010;12(1):40–48

Table 18.2 Key factors in 
determining the underlying 
diagnosis of CC

History
Prior fatty liver by imaging or biopsy: direct inquiry
Prior obesity, diabetes, or hyperlipidemia (cirrhosis causes 
loss of body fat/muscle mass)
Percutaneous exposures: blood or needles
Family history of liver disease
Personal or family history of autoimmune diseases
Careful assessment of cumulative ethanol exposure
Occupational history
Laboratory
Viral serologies
Autoantibodies
Immunoglobulin levels
Iron and copper indices

α-1-Antitrypsin level and phenotype
Celiac disease markers
Histology
Predominant type and distribution of inflammation, if present
Cellular ballooning
Mallory-Denk bodies
Glycogenated nuclei
Foci of macrosteatosis
Bile ductular proliferation
Apoptotic bodies

Derived from Caldwell S.  CC: what are we missing? Curr 
Gastroenterol Rep. 2010;12(1):40–48
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18.2  The Impact of Study Methodology

Background in research methodology, particularly in defining disease definition, 
helps to inform about the changes in prevalence of CC diagnosis over time. 
Randomized, controlled trials are not helpful in evaluating underlying disease prev-
alence: strict diagnostic criteria are used to clearly define the study population with 
randomized implementation of a specific intervention. Instead, observational stud-
ies, including cohort and case control studies, better align associations of diagnoses 
and diagnostic tests with clinical outcomes. Nearly all cohort studies evaluating CC 
are retrospective, and thus understanding different types of study and research bias 
is critical to assessing the strengths and weaknesses of individual studies. 
Misclassification or information bias is a common flaw of retrospective cohort stud-
ies [25]. For example, in studies of alcoholic liver disease (ALD) patients may be 
misclassified as having CC when, as more history of alcohol exposure is known 
over time, their proper group assignment likely should have been ALD all along [1].

Observations from cohort studies often lead to a second generation of case con-
trol studies to more directly compare patient characteristics and outcomes between 
cases (in this instance CC) and controls (well defined chronic liver diseases) to show 
stronger associations with a particular disease entity. Significant bias can be 

Table 18.3 Proposed classification system for CC

1.  Cirrhosis with features of steatohepatitis including scattered foci of macrosteatosis, 
occasional ballooned hepatocytes with Mallory bodies, megamitochondria, and 
glycogenated nuclei, usually with a history of obesity and insulin-resistant syndrome. 
Family history of liver disease is common. Based on the existence of this late stage of 
NASH, stage 4 NASH should be further divided into:

  (a) NASH with cirrhosis
  (b) Cirrhosis with features of NASH
  (c) Bland cirrhosis with risks for NASH (obesity, diabetes, hyperlipidemia)
2.  Cirrhosis with features of autoimmune disease such as portal inflammation, plasma cells, or 

granulomas. Patients may have significant autoimmune score. Family history of 
autoimmune disease common

3.  Occult viral infection such as postnecrotic hepatitis B or as-yet unidentified viral infection 
(non-B, non-C hepatitis or hepatitis X). Risk history may include prior blood transfusion, 
intravenous drug use, or other percutaneous exposure. Histologic characteristics possibly 
include predominant mononuclear inflammation, lymphoid follicles

4.  Cirrhosis with lifelong history of significant alcohol consumption but with subthreshold 
consumption on a daily or weekly basis. Requires careful assessment of prior exposure 
including lifetime cumulative consumption. Less evidence of glycogenated nuclei and 
insulin receptor staining may distinguish NASH from ASH (see text)

5.  Cirrhosis with features of biliary disease including proliferation of bile ductules and 
cholestasis

6. Bland cirrhosis: cirrhosis lacking other distinguishing features and without identifiable risks

Derived from Caldwell S. CC: what are we missing? Curr Gastroenterol Rep. 2010;12(1):40–48
ASH alcoholic steatohepatitis, NASH non-alcoholic steatohepatitis
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introduced when attempting to study a less clearly defined condition such as 
CC. Selection bias may occur when patients included for analysis are not represen-
tative of the greater population; i.e., hospital-based populations have different char-
acteristics than the general population thus overestimating certain health exposures 
[25]. In some studies of CC certain groups of patients may be excluded from the 
study focus findings within a specific group of patients. Unfortunately, this may 
result in a potentially important group being excluded, thus introducing selection 
bias. For a disease such as CC, a diagnosis of exclusion, selection bias may cause an 
important variable or group of patients to be misrepresented in either the control or 
case groups. Lastly, confounding variables are prevalent in studies of CC, mainly 
because the variable’s association with CC is learned after the study was performed. 
In addition, because most studies of CC are retrospective, potential confounding 
variables may not have been collected at the time of diagnosis and thus cannot be 
controlled for during analysis. Naturally, as we learn more about specific disease 
processes over time some definitions may change and our understanding of patho-
physiology may change the way a diagnosis is made. This may provide information 
to potentially control for confounding variables but given the fluid nature of CC 
diagnostic criteria, prior studies always require cautious consideration.

18.2.1  CC and NAFLD

Nonalcoholic fatty liver disease (NAFLD) has now become the most prominent 
form of chronic liver disease worldwide and is one of the leading indications for 
both liver transplant and simultaneous liver and kidney transplant in the United 
States [4, 5, 19, 26]. NAFLD appears to have the largest overlap with CC over the 
last 20–30 years. As definitions of ALD were refined and testing for hepatitis C was 
brought into mainstream practice, the influence of these two conditions in the set-
ting of CC understandably waned [2, 7]. Over the same time period structured defi-
nitions and a more informative natural history of NAFLD and NASH led to the 
discovery of many clinical features that overlapped with CC [16–18, 27, 28]. There 
are much older reports suggesting that metabolic-related fatty liver disease may 
play a role in the development of a bland cirrhosis but the most significant break-
through in making this connection came with an observational cohort series of 
NASH patients published in 1991 by Powell et al. [8, 29]. At that time NASH had a 
histologic definition that is similar to today’s general definition [16], and the group 
rigorously excluded confounding disease processes such as ALD, drug-induced 
fatty liver disease, and other alternative causes of liver enzyme elevation. Their 
results from paired biopsy data revealed progression of NASH in some patients to 
bland, micronodular cirrhosis with loss of steatosis that implicated NASH as a 
potential significant cause of CC [29]. This produced a new hypothesis for develop-
ment of CC and highlights the advantages of observational cohort studies as hypoth-
esis generating. The study’s methodology allowed the authors to set rigid criteria for 
NASH as well as other liver diseases to increase diagnostic confidence while allow-
ing for adjustments with new diagnostic criteria over time.
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Unfortunately, further assessment of this relationship becomes difficult given the 
hypothesis that clear evidence of the underlying etiology—steatosis and hepatocyte 
ballooning in the case of NASH—may deteriorate over time. There were case 
reports published confirming the findings of Powell et al. that NAFLD could prog-
ress to bland cirrhosis suggestive of CC; however, these singular studies unfortu-
nately did not provide further insight into the degree of this relationship [30]. 
Further prospective cohort studies with larger sample sizes may certainly add more 
information but are time- and resource-consuming.

Case-control studies possess the advantage of allowing analysis of well-defined 
groups at the outset, thus pinpointing the similarities and differences between cases 
and controls via direct comparison. This methodology was successfully utilized in 
a study by Caldwell et al. in 1999 which compared 70 subjects with CC with control 
groups of subjects with NASH without cirrhosis, HCV-related cirrhosis, and pri-
mary biliary cholangitis (PBC)-related cirrhosis. The authors noted that many 
patients with CC had features similar to the NASH group, both clinically and histo-
logically, and thus suggested that a significant portion of CC may develop from 
previously undiagnosed NASH [27]. Similarities in the AST:ALT ratios that sug-
gested progression from NASH to CC [31] and a difference in age between the 
NASH and CC groups indicated a possible transition between these two entities, 
with the average age of the NASH group about 10 years less than the CC group. 
There were also overlapping metabolic features, including type 2 diabetes mellitus 
(T2DM) and obesity, between the NASH and CC groups that were not present in 
either the HCV cirrhosis or the PBC cirrhosis groups [27]. By isolating the groups 
in a case-control manner the similarities and differences between CC and the con-
trol groups are easier to evaluate. The authors did take a much more conservative 
approach to excluding ALD patients from analysis in order to reduce bias with that 
disease entity, but confounding data for autoimmune hepatitis (AIH) could still have 
been present given that this was not directly assessed.

A subsequent study employed slightly different methods in using age- and 
gender- matching of case and control groups composed of subjects drawn from their 
institution’s liver transplant registry [32]. Because of the previous findings that 
NASH has significant association with T2DM and obesity, known NASH patients 
were excluded from the analysis, thus isolating CC for direct comparison to non- 
NASH etiologies. A weakness of this study is that the authors could no longer 
directly compare CC cases to NASH cirrhosis controls; however, it does provide a 
cleaner analysis for finding negative associations to other etiologies of liver disease. 
A strength of this study is that the control group subjects were selected randomly to 
provide a more representative sampling of the general population, thus minimizing 
selection bias. Remarkably, the authors found a significantly increased proportion 
of obesity and T2DM in the CC patients compared to the control groups, suggesting 
that CC is more similar to NASH than other causes of chronic liver disease and 
confirming the suspicions provoked by previous studies [32]. These results were 
further supported by similar findings of significant associations of T2DM and 
hypertriglyceridemia in obese patients with CC compared to lean patients with CC 
as well as obese or lean patients with HCV [33].
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Further studies utilized similar methods to the case-control study design but 
employed patients undergoing liver transplantation (LT) as their main population of 
study [15, 23, 34–36]. This allowed complete examination of the histologic features 
of explanted livers in an attempt to define the underlying etiology of CC [23]. The 
authors noted that NASH and autoimmune hepatitis were the two largest groups of 
CC identified which is concordant with previous data [15, 27]. This particular study 
is unique in the CC literature in that the authors relied heavily on explant pathology 
to define their groups (NASH, AIH, other) and then attempted to associate clinical 
features with the presumed histologic diagnosis. Most previous studies have done 
the opposite where clinical features suggest a diagnosis and histology is subse-
quently defined based upon that diagnosis. The bias introduced by using histology 
as the defining feature post hoc relies upon the assumption that when patients 
develop cirrhosis they will maintain the features of their underlying disease. 
Unfortunately, prior studies showed that in many cases histology becomes unreli-
able once patients progress to cirrhosis. Since the study premise is based primarily 
on the underlying histology, significant bias is likely introduced [23]. Ideally for a 
study such as this there would be confirmatory data that patients with known NASH 
and/or AIH who progress to cirrhosis show similar features in their biopsies to 
patients with CC. Fortunately there was a follow up study some years later specifi-
cally evaluating histology in known NASH patients who progressed to cirrhosis 
noting many of the same histologic findings as Ayata and colleagues [37]. The dif-
ference in this study is that the investigators paired CC diagnoses histologically 
(termed non-specific cirrhosis by a blinded pathologist) to patients who had prior 
liver biopsies showing non-cirrhotic NASH. This overcomes the assumption that 
histologic features would be similar pre- and post-cirrhosis and confirmed that 
although steatosis deteriorates as NASH progresses to cirrhosis, other underlying 
features such as cellular ballooning and Mallory-Denk bodies (MDB) may remain. 
The authors also compared these results to a subgroup of patients with HCV-related 
cirrhosis to show that findings of cellular ballooning and MDB are much more fre-
quent in NASH cirrhosis compared to viral etiologies and in the right clinical con-
text more likely indicate prior NASH rather than viral cirrhosis [37].

The study by Ayata and colleagues also went on to note differences in the 
patients’ post-transplant courses. While their initial histologic inclusion criteria 
may have biased their results, this does reveal the potentially important assessment 
of NASH recurrence post-transplant as confirmation of the relationship between CC 
and NASH. Earlier studies evaluated similar post-transplant changes as a potential 
corroborating factor related to the underlying etiology of liver disease, but these 
authors primarily focused on viral and autoimmune risk factors [2, 38]. In a study 
by Ong et al., a cohort of CC patients was monitored after LT for recurrence of 
NAFLD.  They found that 25% of CC patients developed NAFLD in the post- 
transplant follow up period and suggested that these patients had higher risk of DM 
and obesity post-transplant [34]. Unfortunately, this cohort study of CC patients 
included relatively significant assumptions that likely biased their results, perhaps 
even leading away from identifying a more significant association. For example, of 
the 51 patients in the cohort, the majority did not have a post-LT liver biopsy and 
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were therefore assumed to not have NAFLD, possibly biasing results towards not 
seeing differences. Excluding those patients completely from the analysis would 
have introduced a different bias simply because only biopsied patients from the CC 
cohort would be included. Other investigations have overcome this problem by only 
including patients with serial liver biopsies in the post-OLT period and one such 
study also included control groups with ALD as well as cholestatic liver disease to 
provide contrast [35]. This study did note that patients with CC suspected to be from 
NASH had an almost 100% chance of developing NAFLD in the post-transplant 
period compared to only 25% in the ALD and cholestatic groups. It should be noted 
that of the CC patients, most were included based upon histologic features concern-
ing for NASH which as stated above may not be accurate once these patients prog-
ress to cirrhosis. In addition, they only included CC patients with suspicion for 
NAFLD and thus the near 100% recurrence rate post-transplant is somewhat con-
founding as these patients had a much higher pre-test probability to develop NAFLD 
than other CC patients. This design feature limits meaningful findings to only those 
CC patients with clinical and pathologic features of NASH rather than the entire 
population of CC patients. For a more complete assessment of the impact of CC on 
post-transplant NAFLD, it would be important to investigate all pre-transplant diag-
noses and assess for post-transplant NAFLD in each group. For instance, one study 
noted that of six patients that developed fatty liver disease post-transplant they were 
evenly distributed among all the suspected etiologic groups suggesting that post- 
transplant pathology may not directly correlate with pre-transplant disease [15].

In addition, these studies assume that post-transplant disease is solely related 
to the recipient’s pre-transplant disease, ignoring the potential impact of donor 
characteristics in the development of post-transplant liver disease. With the excep-
tion of viral hepatitis and ALD, which have a more recognizable influence on 
post- transplant liver dysfunction, it seems more feasible that a combination of 
recipient and donor factors lead to post-transplant NAFLD, autoimmune disease, 
and episodes of rejection. In fact, it has been theorized that donor graft steatosis 
may play a role in post-OLT development of NAFLD [39, 40]. This is further 
represented in the varying rates of disease recurrence from CC and NAFLD stud-
ies. Contos et al. note a rate of post-transplant NAFLD of nearly 100% while Ong 
et al. note a much lower rate of approximately 25% [34, 35]. Their definitions of 
CC clearly differ which contributes to their disparate results. Neither study ade-
quately accounts for donor factors in their assessment of disease recurrence, a 
common flaw in CC studies [15, 36]. In an attempt to overcome some of these 
limitations Yalamanchili et al. compared distinct groups of patients with NASH 
cirrhosis at transplant to subjects with CC at transplant to assess differences in 
post-transplant outcomes. The authors note that the recurrence rate for NAFLD in 
the NASH cirrhosis group was approximately 45% but only 23% in the CC group. 
This may suggest that CC is not as closely related to NASH as previously thought, 
but more likely this represents our evolving understanding of NASH and its 
increased rate of diagnosis prior to transplant.

If we assume that NASH is a significant cause of CC, then as recognition and 
incidence of NASH cirrhosis increases over time, the prevalence of CC should 
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decrease relatively. If the number of CC cases with previously unrecognized 
NASH decreases, then it is reasonable to conclude that post-transplant rates of 
NAFLD in the CC population will also decrease as NASH patients leave this 
group. This is supported by a recent analysis of Scientific Registry of Transplant 
Recipients (SRTR) data regarding the change in indication for liver transplanta-
tion from 2001 to 2009. In this study, the rates of NASH as an indication for OLT 
increased substantially while rates of CC decreased over the same time period 
[4]. According to this study NASH became the third leading indication for OLT 
behind HCV and ALD, and a more recent evaluation has shown that NASH con-
tinues to increase as an indication for transplant, overtaking ALD as the second 
leading indication for OLT (Fig. 18.1) [4, 5]. Epidemiologically this mirrors the 
increasing epidemic of NASH and obesity worldwide [19]. However, it should 
be noted that in both of the different databases used, NASH diagnosis was at 
least partially derived from CC patients who were obese. This assumption that 
obese CC patients actually had NASH as their underlying etiology biases these 
results in favor of increasing rates of NASH; thus, these studies should be inter-
preted cautiously. Large databases will in the future hopefully make a more 
concerted effort to differentiate between NASH and CC and therefore erase this 
type of overlap. Evolving terminology and nomenclature over time presents a 
significant limitation to use of these databases and must be acknowledged and 
accounted for in the analysis where feasible. Lastly, rare diseases such as lyso-
somal acid lipase deficiency as well as some drug-induced effects can mimic 
NAFLD/NASH on imaging as well as histology and may play a role in CC that 
has previously gone unquantified. (See Chapter 17 for a discussion of metabolic 
disorders that can lead to a diagnosis of CC when the correct diagnostic tests are 
not performed.)
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Fig. 18.1 The prevalence of specific indications for liver transplantation over time. HCV hepatitis 
C virus, ALD alcohol related liver disease, HBV hepatitis B virus, NASH non-alcoholic steatohepa-
titis, CC cryptogenic cirrhosis, PSC primary sclerosing cholangitis, PBC primary biliary cholangi-
tis, AIH autoimmune hepatitis. Derived from Charlton MR, Burns JM, Pedersen RA, Watt KD, 
Heimbach JK, Dierkhising RA. Frequency and outcomes of liver transplantation for nonalcoholic 
steatohepatitis in the United States. Gastroenterology. 2011;141(4):1249–1253
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18.2.2  CC and ALD

Alcohol related liver disease has been apparent for centuries and is easily one of the 
most recognized liver diseases worldwide [6, 7]. However, multiple issues arise 
when attempting to interpret the impact of ALD on CC. First, the definitions of 
alcohol- related liver injury have changed over time as we have gained better under-
standing of the amount of alcohol intake needed to cause significant liver injury, 
something which is likely affected by gender, genetics, and size [7]. This may result 
in subjects being misclassified into CC groups or other etiologies of liver disease 
due to an assumed inadequate alcohol intake. As the amount of alcohol intake 
required to cause ALD has decreased over the years the true prevalence of ALD has 
become clearer. Older studies have used a definition of 80 g or more per day of 
alcohol intake as significant enough to cause ALD [1]. They noted a slow rise in 
ALD over their study period and an overall slight decline in CC. While the exact 
number is unclear they report that up to one-fourth of the CC patients may have had 
some amount of alcohol intake, though less than 80 g/day [1]. Currently a much 
lower threshold has been suggested at which ALD may occur, approximately 
40 g/day in men and 20 g/day in women [41, 42].

This discrepancy in definitions may have biased the authors’ results toward the 
null; i.e., the increase in alcoholic cirrhosis may have actually been underreported if 
the patients in the CC group were drinking alcohol in excess of our modern stan-
dards for ALD [1]. In addition, there was no delineation between the intakes of men 
or women in this study, something that is now strongly suspected to have a signifi-
cant impact on ALD [42]. Inherently, as more data is uncovered regarding chronic 
liver disease processes, better disease definitions will result in fewer unknown diag-
noses with therefore reduced CC diagnoses over time.

Current recommendations in the United States regarding alcohol intake for ALD 
suggest a cutoff of 20 g/day for women and 40 g/day for men [7]. Using these num-
bers as representative of significant alcohol intake, ALD represents around 18% of 
the patients listed for liver transplantation with another 10% having ALD in con-
junction with HCV infection [5]. This remains a significant burden while remaining 
significantly confounding. Despite current recommendations there is still incom-
plete data regarding the actual amount of alcohol intake necessary to cause ALD 
[42–44] and the role of genetic susceptibility is largely unclear [45–47]. For this 
reason, a more conservative interpretation of ALD when assessing etiologies of CC 
seems most reasonable. This approach reduces the risk of misclassifying an ALD 
patient as CC and improves assessment of NAFLD in CC but may lead to under-
counting of CC patients. This approach was taken in a study by Caldwell et al. in 
which the authors were primarily trying to assess the potential impact of NAFLD, 
AIH, and viral hepatitis on the diagnosis of CC [27].

There may also be a component of overlap for some NASH patients. Obesity has 
been shown to increase risk for ALD and even lead to progression of cirrhosis with-
out clinically apparent injury [48, 49]. However, moderate alcohol consumption 
may have no impact on obesity-related steatohepatitis and could possibly mitigate 
the injury [50–52]. This sort of overlap with NASH requires further investigation 
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and opens the larger question of the interaction of alcohol intake with other previ-
ously diagnosed liver disease [20]. The overlap between ALD and HCV has been 
large enough that liver transplant databases separately report the combination of the 
two [5]. Fortunately, many of the studies of NASH and CC have gone to extreme 
lengths to exclude alcohol intake as much as possible, some including use of experi-
mental lab testing [27, 29]. In a study by Ayata et al., up to 15% of patients had 
evidence, either clinically or histologically, of ALD, but the clear overlapping histo-
logic features of ALD with NASH necessitates that this finding be interpreted with 
caution [23]. Depending on gender, genetics, and potentially recall bias, ALD may 
still play a significant part in development of CC, albeit probably less than other 
liver disease etiologies.

18.2.3  CC and Viral Hepatitis

Prior to the 1970s, viral hepatitis was primarily notable for an acute hepatitis with 
jaundice or a chronic mildly active hepatitis and was thought to be secondary to 
hepatitis B or hepatitis A. As hepatitis B was becoming better defined, there were 
notable cases of a transfusion related non-A, non-B hepatitis which was also noted 
in patients without transfusion exposure, eventually termed hepatitis C [12, 53]. The 
advent of widespread testing for hepatitis C infection in 1991 led to a whole class of 
patients with viral hepatitis being clearly defined [13]. To determine the impact of 
HCV on patients with chronic unknown hepatitis and CC many investigators began 
testing for HCV antibodies. Initially, using HCV antibody testing it was estimated 
that up to 50% of patients with CC in the United States were due to chronic HCV 
infection [54, 55].

In a subsequent study by the same group, evaluating patients with chronic hepa-
titis using HCV RNA detection, HCV infection accounted for 44% of the patients 
with chronic liver disease [2]. The authors overcame a large hurdle from their initial 
study in this more recent study by using the RNA test rather than the antibody test 
to detect true chronic infection rather than prior exposure without ongoing infec-
tion, but interestingly the overall number of CC cases did not change greatly [2, 55]. 
Only 5% were labelled as CC and almost half of this group had a history of blood 
transfusion suggesting that there could be another unnamed viral etiology involved, 
now coined non-A, non-B, non-C viral hepatitis. Unfortunately, the authors did not 
report rigorous testing for AIH or other metabolic disease that could have suggested 
NAFLD.  They did note that histology was bland or nonspecific on many of the 
biopsies [15, 23, 29]. Subsequently, other investigators began looking into a viral 
etiology of CC. Many hypothesized that in the setting of immunosuppression after 
LT an occult viral infection would become more predominant and have clinical and 
histologic characteristics similar to other viral infections [56].

In a case-control manner, Maor-Kendler and colleagues assessed the post-OLT 
course of CC patients compared with other identified etiologies of cirrhosis and 
found a closer association with cholestatic liver disease and ALD as compared to 
HCV infection. While the authors could not identify a strong association with any 

18 Cryptogenic Cirrhosis



342

particular etiology of cirrhosis, they did note a significant difference in post-OLT 
outcomes for CC and HCV, concluding that a viral etiology of CC was unlikely 
since it would be expected to follow a course similar to HCV in the setting of post- 
transplant immunosuppression [57].

Other viruses such as hepatitis G and TT virus were also assessed directly in 
studies of CC.  Initial studies suggested there may be some association of these 
viruses with CC based upon a noted prevalence of up to 15% in CC patients and 
possible evidence of post-transplant hepatitis related to their presence [56, 58, 59]. 
These studies were observational studies related back to clinical outcomes and 
over time repeat studies determined that there actually was no significant impact on 
CC or post-transplant outcomes for these patients [27, 60–62]. This signifies the 
importance of repeating studies over time as previously noted associations may 
have been secondary to random chance or simply a biased sample rather than true 
association. Lastly, there has been some suggestion that occult or silent HBV 
infection may be implicated as a potential viral etiology for CC [63, 64]. In some 
of these studies the HBV core antibody positivity did not correlate with chronic 
hepatitis and its presence suggests prior exposure and natural progression of HBV 
rather than a true cause of CC [20, 65]. These patients were not prospectively fol-
lowed through to liver transplantation and/or death due to liver failure which would 
have been very helpful as chronic HBV in the setting of immunosuppression is 
often severe and leads to a notable hepatitis [66, 67]. In more recent papers as well 
as a seminal paper in 1978, anti-HBc would have indicated persistent infection, the 
presence of cccDNA, occult HBV infection with blood and/or tissue positive for 
HBV by PCR, providing support for HBV as a cause of cryptogenic liver disease 
and cirrhosis. The additional data on HBV reactivation in patients with CLD and 
CC who flare and decompensate, need liver transplant or die further support that 
HBV can be a contributor to CC. With this new understanding of HBV being an 
incurable infection like other DNA viruses, it is plausible that HBV has had a sig-
nificant impact on CC outside of its already recognized disease course in HBsAg 
positive patients.

18.2.4  CC and AIH

Autoimmune hepatitis was initially described in the context of lupoid hepatitis 
[14]. Over the years, discovery of particular auto-antibodies and biochemical as 
well as histological patterns of disease led to a diagnostic scoring system [14, 68–
70]. Autoimmune hepatitis, when not presented in classical fashion, can be diffi-
cult to exclude as a cause of CC. While there is literature suggesting that cryptogenic 
chronic active hepatitis may be related to AIH, once cirrhosis is clearly present, it 
may become more difficult to discern the underlying etiology [71, 72]. In a study 
of type 1 autoimmune hepatitis patients almost 25% presented with cirrhosis 
despite an absence of prior clinically relevant disease [73]. Additionally, CC 
patients with suspected AIH may also have inactive cirrhosis histologically with-
out significant features of AIH, further confounding diagnostic efforts [38]. This 
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supports a similar hypothesis to the data in NAFLD patients that progression to 
cirrhosis may also lead to loss of classic histologic features. This may also suggest 
that patients previously suspected of having NASH related CC may have actually 
had AIH, with the only real separation being in clinical features of disease rather 
than histologic features. This can also be confusing when considering the impact 
of drug-induced autoimmune- related liver injury. These patients may have resolv-
ing inflammation with drug cessation but may still progress to advanced fibrosis or 
even cirrhosis [22].

Berg et al. showed that in their subset of patients with CC undergoing liver trans-
plantation the group of patients with a hepatocellular pattern of injury (ALT pre-
dominant) had much higher median IAH scores as well as a higher number of 
positive HLA-B8-DR3 haplotypes suggesting a diagnosis of AIH [15]. These 
patients also had higher risk of post-transplant chronic hepatitis, which has also 
been noted in patients with diagnosed AIH-related cirrhosis [15, 74]. Ultimately, it 
should also be noted that a third of these patients had pre-transplant biopsies with 
bland cirrhosis again suggesting that once patients progress to cirrhosis, histologic 
features may not remain accurate for diagnostic purposes. The findings in this 
observational study of CC are telling in regards to AIH. The hepatocellular group of 
patients all had IAH scores of 10 or greater and had significantly increased risk of 
post-transplant chronic hepatitis suggesting burned out AIH as the underlying etiol-
ogy [15]. These results are somewhat contrary to the study by Caldwell et al. that 
saw a more even distribution of AIH parameters among all subgroups of CC and 
could not adequately distinguish these patients from NAFLD patients [27]. 
Unfortunately, a control group of AIH cirrhosis patients was not included in the 
study by Berg et  al. to confirm similarities between the hepatocellular subset of 
patients and true AIH patients. However a prior study with a control group of AIH 
cirrhosis subjects had different results suggesting no significant overlap between 
CC and AIH [38]. The benefit to this prior study is in the case-control design as this 
allows for direct comparison to an AIH control group. The disadvantage is that it is 
retrospective and makes it difficult to control for confounding variables. 
Unfortunately, these limited studies in U.S. populations present conflicting data in 
regards to the interaction of AIH with CC. While there does seem to be some degree 
of clinically inactive AIH that progresses to cirrhosis it is likely a small portion of 
CC overall, but further study should occur to better define this entity.

Similar to studies with NASH and CC, authors have attempted to assess the post- 
transplant course as a means to identify AIH in their CC patients as well [15, 24, 
38]. The prior studies presented conflicting results in their determination of AIH as 
a cause of CC, at least partially due to differences in study design [15, 38]. European 
studies appear to suggest AIH as a more common cause of CC than their American 
counterparts [24, 75]. In the study by Duclos-Vallee the majority of CC cases were 
deemed to have been related to AIH, based upon IAH scores and also post- transplant 
findings of graft hepatitis as well as auto-antibodies. However, similar to our previ-
ous assertions with NAFLD in the post-transplant setting, it is unclear if AIH pre-
senting post-transplant is relative to the recipient’s pre-transplant disease or could 
be secondary to a donor specific factor, which would be more appropriately termed 
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allo-immune hepatitis or, even more succinctly, rejection. In addition, AIH and 
acute cellular rejection frequently appear similar on post-transplant biopsy, thus 
making differentiation of these two entities difficult. The diagnoses of de novo or 
recurrent AIH are very difficult to make post-transplant, even in patients that had 
accurately diagnosed AIH in the pre-transplant setting.

 Conclusion

In the United States CC accounts for up to 10% of patients listed for liver trans-
plantation and is suspected to account for 5–10% of all patients with cirrhosis [2, 
5, 76]. Previous studies note its prevalence to be much higher, but with better 
recognition of chronic liver diseases such as NAFLD, this has declined over time 
[1, 2, 4]. By its very nature as a diagnosis of exclusion, the epidemiologic study 
of CC relies heavily on advances in knowledge regarding diagnosis of other liver 
diseases rather than any direct diagnostic observation or finding, making it a dif-
ficult entity to investigate. The most direct example of this reductionist process 
has been the relationship between CC and viral infections, most specifically 
hepatitis C formerly known as non-A, non-B viral hepatitis. With the discovery 
of the hepatitis C virus and the advent of standardized testing, a substantial pro-
portion of patients with previously described CC could be characterized cor-
rectly as HCV instead [2]. Since that discovery, the rising prevalence of correctly 
diagnosed NASH has been implicated in declining rates of CC, and the clinical 
overlap between these sets of patients is highly suggestive that NASH makes up 
most of the patients labelled with CC. However, as recognition of NASH becomes 
widespread in clinical practice, the prevalence of CC is expected to decline dras-
tically granted the association between these two conditions is as strong as previ-
ously described.

There remain a number of key questions regarding CC. Does the descriptor 
‘cryptogenic’ require histology or can this be a noninvasive diagnosis requiring 
careful serological and historical review? Clearly, despite many clinical diagnos-
tic advances, there indeed remains a group of patients with advanced cirrhosis 
who lack NASH risk factors or an antecedent diagnosis of ‘fatty liver’, known 
history of high risk viral exposure such as blood transfusion or other blood expo-
sure, associated autoimmune conditions, or significant ethanol exposure. 
However, studies based on even careful assessment of existing large databases 
are also subject to local practices, accepted diagnoses and evolving terminology 
and nomenclature. In such studies, extensive testing and thoughtful analysis for 
an individual patient invariably come down to accurate and informed data entry. 
This will inherently reflect local practices regarding institutional tenets such as 
acceptance of NASH as a cause of CC and local diagnostic tenets regarding 
advanced autoimmune- and alcohol-related liver disease. It seems likely to these 
authors that a residual core of patients will remain with true CC which warrants 
additional exploration of etiology.
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 Summary Table of Landmark Literature

Study title and authors Study design Summary results Main limitations
Powell EE, et al. 
Hepatology. 
1990;11(1):74–80

Retrospective cohort 
study of NAFLD 
patients to associate 
clinical outcomes 
and histologic 
changes over time

•  First study to 
associate NASH with 
progression to 
CC—loss of 
histologic features of 
NASH

•  Weight loss may 
improve features of 
NASH

•  Retrospective 
nature impedes 
ability to control 
for confounding 
factors

Caldwell SH, et al. 
Hepatology. 
1999;29(3):664–669

Retrospective 
case-control study 
comparing patients 
with CC to patients 
with NASH, HCV 
cirrhosis, and PBC 
cirrhosis

•  Metabolic features of 
NASH (obesity and 
T2DM) were 
significantly more 
prevalent in CC than 
HCV cirrhosis or 
PBC cirrhosis

•  NASH and CC groups 
had much more 
overlap than in 
clinical feature than 
other causes of 
cirrhosis

•  Retrospective 
nature impedes 
ability to control 
for confounding 
factors

•  Absence of NASH 
cirrhosis or AIH 
cirrhosis control 
groups limit 
comparison

Poonawala A, et al. 
Hepatology. 
2000;32(4):689–692

Retrospective 
case-control study of 
patients with CC at 
time of transplant 
listing compared to 
age-matched controls 
with other etiologies 
of cirrhosis

•  Metabolic risk factors 
(obesity and type 2 
diabetes mellitus) 
were significantly 
more common in  
CC and NASH than 
other causes of 
cirrhosis suggesting 
NASH as a major 
etiology of CC

•  Retrospective in 
nature so could not 
control for all 
confounding 
factors

•  Selection bias 
introduced by 
using only patients 
listed for liver 
transplantation

Caldwell SH, et al. 
Ann Hepatol. 
2009;8(4):346–352

Retrospective 
case-control study 
comparing histology 
findings in patients 
with NASH that has 
progressed to CC to 
patients with HCV 
cirrhosis

•  NASH patients lose 
steatosis 
histologically once 
progressed to 
cirrhosis, but other 
features remain

•  Features of NASH are 
much less common in 
HCV cirrhosis 
biopsies

•  Only a single 
comparison group 
of HCV cirrhosis 
patients—
including other 
groups may have 
noted more overlap

•  Small sample 
size—only 7 
NASH/CC patients

Charlton MR, et al. 
Gastroenterology. 
2011;141(4):1249–
1253

Retrospective cohort 
study of the scientific 
registry of transplant 
patients (SRTR) data

•  NASH increased 
rapidly from 2001 to 
2009 as an indication 
for LT

•  CC declined over the 
same period of time

•  Selection bias 
from poor 
definitions of 
disease process in 
large, anonymous 
database
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